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1. Energy efficiency and Renewable Energy  

Introduction to Core Concepts 
 

Zoran Morvaj 

 

1.1. What is energy? 

When it comes to energy efficiency (EE) and renewable energy (RE), starting with simple questions has always been a 
more effective way of learning. The first question we should ask is: “What is energy and why do we need it?” 
 
In technical terms, energy can be defined as "the ability (or capacity) to do useful work". Modern everyday life cannot 
be explained without energy, even if we are not aware of it. We need and use energy in our homes and workplaces. 
 
Therefore, the energy used by a country is actually the energy used by its citizens in their homes, schools and 
workplaces. Some of our energy uses in our daily life are as follows: 
 

 Charging our phones, tablets and computers; 

 Driving a car; 

 Preparing our meals; 

 Lighting, heating or cooling our homes; 

 Watching TV, etc. 
 
The sources or types of energy that meet our energy needs can be generally divided into two groups: 

 Energy from fossil fuels; 

 Energy from renewable energy sources. 
 
The main fossil fuels include: 

 Coal 

 Oil 

 Gas 
 

Renewable energy sources can be listed as follows: 

 Solar 

 Wind 

 Hydro 

 Biomass 

 Biogas 

 Geothermal 

1.2.1. Energy Units and Measurement 

The standard international unit for the energy content of any fuel is Joule (J). The most common types of energy we 

use in our homes and offices are electricity and natural gas. The unit of measurement used for natural gas is cubic 

meters (m3). 
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The unit of measurement used for electrical energy is KiloWatt hour (kWh). The relationship between “J” and “kWh” 

is explained below: 

1J = 1 Ws (Watt seconds);  1,000 W = 1 kW; 1 h = 3,600 seconds 

1 kWh = 3.600 x 1.000 = 3,600,000 J 

Each apartment or office is equipped with a meter to measure the amount of energy used over a certain period of 

time. Electricity and natural gas meters are shown in the photo below: 

 

 

Figure 1: Electricity and natural gas meters 

1.2.2. Greenhouse Effect 

Combustion of fossil fuels pollutes the environment and causes CO2 (carbon dioxide) emissions. Thus, CO2 accumulates 
in the atmosphere and creates a greenhouse effect in our planet. As a result, we are faced with global warming. That 
is, a rise in temperature occurs because of human activities throughout the world, resulting in climate change. 
 
The greenhouse effect refers to a natural process where various gases form a kind of "blanket" around the Earth, 
preventing heat from escaping. The main gases contributing to the greenhouse effect include carbon dioxide, methane 
and nitrous oxide. The gases have remained at a constant volume for thousands of years, but recently the rate at 
which man-made greenhouse gases are produced has accelerated dramatically. 
 
Energy is constantly used at home, at work or while traveling, and more and more greenhouse gases are released into 
the atmosphere by burning more and more fossil fuels such as coal, oil and gas. This increases the extent of the 
"blanket" mentioned above day by day. 
 
We are already experiencing the harmful effects of greenhouse gases, including: 
 

 Drought 
 Sea level rise 
 Increase in severe weather events 
 Melting glaciers 
 Global warming 

 
However, the use of renewable energy does not pollute the environment and does not cause climate change. So, it 
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helps reduce the bad effects of greenhouse gas emissions, along with energy efficiency. 

1.3. What is Energy Efficiency? 

All our daily and business needs are supported by energy. While energy efficiency reduces the amount of energy 
consumed, it refers to the efforts to meet all our needs at home and at work. 
 
In more technical terms, energy efficiency means “reduction of energy consumption per service 
or product without causing any reduction in living standards in buildings or reduction in 
production quality and volume in industrial facilities”. 
 
Energy efficiency is achieved by: 

 using more efficient products and technologies; 

 changes in individual behavior. 
 
There are energy efficiency measures that are easy to implement, inexpensive and low-cost as 
well as costly measures that provide significant financial benefits in the medium- and long-term. 
 
Energy Efficiency Indicators for Buildings: 
 
The factors that affect energy consumption in a building include: 

 construction and insulation; 

 heating and cooling equipment; 

 climatic conditions; 

 user behavior. 
 
All these factors contribute to the amount of energy a building will need to maintain comfortable indoor conditions. 
Due to the effect of these factors, there may always be some energy loss. 
 
A typical example of energy loss is shown in Figure 2. 
 

 

   Figure 2: Typical energy loss from indoor heating 
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It is clear that the lower the energy loss, the less energy will be required for heating. Houses or buildings with low 
energy losses are more efficient than those that require more energy per square meter (m2) of heated space and have 
high energy losses. 
 
This brings us to the definition of energy efficiency indicators (EEI) for a house or building: 
 
    Energy used annually for heating E (kWh) 
   EEI = ---------------------------------------------------------  
     Heated space A (m2) 
 
Dividing these two values by each other gives numerical indicators of energy efficiency of a particular building. The 
visible range is from 50 kWh/m2 or less to 250 kWh/m2 or more. 
 
The lower the value is, the higher energy efficiency is achieved. 

1.4. Renewable Energy Sources 

Renewable energy sources include the following: 

 Solar 

 Wind 

 Hydro 

 Biomass 

 Biogas 

 Geothermal 
 
The use of renewable energy (RE) sources does not cause CO2 emissions. So, they are considered environmentally 
friendly because they do not contribute to global warming and climate change. 

1.4.1. Solar Power 

Solar Power can be used in four different ways:  

 Solar collectors that convert light directly into electricity; 

 Solar collectors for water heating: used to heat water through glass panels on the roof; 

 Solar ovens/cookers: used to concentrate solar energy on a small area through an array of mirrors, thereby 
generating very high temperatures; 

 Passive solar heating: modern architecture view solar energy as an option and adjusts the positions of 
buildings to take advantage of solar energy. 

 
Solar collectors use the sun's rays to heat a transfer fluid, which is a mixture of water and glycol used to prevent the 
water from freezing in winter. The water heated by collectors is pumped to the heat exchanger in a water cylinder 
(Figure 3). 
 
Another type of solar collectors is photovoltaic (pV) panels that convert sunlight directly into electricity. These panels 
enable photons, i.e. light particles, to separate electrons from atoms, thereby creating an electric current.   
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Figure 3: A solar system for hot water generation 

 

 

 

 

 

 

 

 

 

Figure 4: a) A vertical solar power system              b) A rooftop solar power system 

 

 

 
Figure 5: A ground-mounted solar power system 

1.4.2. Wind Power 

The sun heats our atmosphere unevenly, so some areas get hotter than others. The hot air in the heated parts rise 
and is replaced by another mass of air. This is how we feel the blow of the wind. 
 



 

14 
 

We can use the energy in the wind by building a tall tower with a large propeller on top. The wind turns the propeller, 
which drives a generator that generates electricity. 

 

 
Figure 6: Some components of a wind turbine 

These towers need to be built together to construct a wind farm and generate more electricity. 
 

 

 
Figure 7: A wind farm 

1.4.3. Hydropower 

 
To generate hydropower, a dam is usually built to hold back the water in the valley where an existing lake is located. 
The water passes through the tunnels in the dam and turns the turbines to drive the generators. 
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Figure 8: Functioning of hydroelectric power plants 

1.4.4. Biomass Power 

Biomass power can come be obtained from wood, forest residues or agricultural wastes. A biomass power plant 
generates electricity by burning biomass in a steam-generating boiler. The steam turns a turbine, which drives a 
generator that produces electricity, as in standard thermal power plants. 

1.4.5. Biogas Power  

Biogas is produced by fermenting biomass. The raw material used for the production of this methane-containing gas 
usually consists of energy crops such as maize or waste materials such as manure or food waste. Once produced, 
biogas can be used to generate electricity through a process similar to what biomass passes through, or it can be used 
directly for heating and cooking. 
 
 
 

 
 
 
 
 
 
 

 
 
 

Figure 9: Working principles of a biogas plant 

1.4.6. Geothermal Power 

Geothermal energy is the heat generated within subsurface of the earth. It is transported to the surface of the earth 
via water and/or steam. Depending on its properties, geothermal energy can be used for heating, cooling or generating 
clean electricity. 
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Figure 10: Working principles of a geothermal power plant 

1.5. Benefits of Energy Efficiency and Renewable Energy 

The current energy policy of the government of the Republic of Turkey is to encourage the use of renewable energy 
as far as technically and economically possible and to reduce the use of fossil fuels. The Energy Efficiency Law No. 
5627, enacted in 20071, defines its main purpose as using energy efficiently, preventing waste, reducing the burden of 
energy costs on the economy, and increasing efficiency in the use of energy resources and energy in order to protect 
the environment. However, energy efficiency (EE) is always a priority because the main purpose of energy efficiency 
is to reduce energy waste and change wasteful energy use practices. 
By doing so, we save money, reduce pollution in our cities, live in more comfortable environments and help fight 
climate change. 
 
The starting point to change our attitude towards energy use is to be aware that all the energy used in Turkey is used 
by us, the citizens! We use energy in our homes and workplaces and when we travel for business or leisure. Therefore, 
using energy efficiently and wisely is an individual and social responsibility. 

1.6. Social Responsibility in Energy Use 

 
In general, the social perspective on how citizens perceive energy efficiency is that the society has no responsibility to 
improve energy efficiency and this responsibility falls on the government and energy companies. 
 
However, as we said before, all the energy used in a society is used by us, the citizens. In this context, we should raise 
awareness and encourage citizens to change their habits to achieve more efficient energy use in their homes and 
workplaces. 

1.7. Energy Efficiency at Home 

Heating, cooling, cooking, washing, lighting, hot water generation, other household appliances and travel expenses 
account for a large portion of monthly energy costs in a home. 
 
The government of the Republic of Turkey promotes energy efficiency through its policies in this field and gives advice 

                                                            
1Energy Efficiency Law (No. 5627). (2007). 

https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=5627&MevzuatTur=1&MevzuatTertip=5 

 

https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=5627&MevzuatTur=1&MevzuatTertip=5
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on energy efficiency on its website, which is quite informative2.  

1.7.1. How to improve Energy Efficiency? 

As mentioned in the poster below, you can find simple tips on how to improve energy efficiency in your homes on the 
website. (Figure 11). 

 

Figure 11: Tips for improving energy efficiency at home 

Heating and cooling are the areas that consume the most energy, so it is important to have good exterior insulation 
(Figure 12) and double-glazed windows (Figure 13) in homes and buildings. Through such measures, we can achieve 
energy savings up to 50%. 

                                                            
2 http://www.yegm.gov.tr/verimlilik/bilinclendirme.aspx). 

https://aklinlaverimliyasa.com/ 

 

DID YOU KNOW THAT? 

A+++ refrigerators use 
50% less energy than 

A+ refrigerators 

On average, A+++ 

electrical appliances 

use 25% less energy 

than A+ electrical 

appliances 

 

In the winter, 

lowering the room 

temperature by 1°C 

increases fuel savings 

by 7% 

 

An energy efficient 

lamp provides the 

same lighting comfort 

while using less 

electricity 

 

Heat loss from 

windows is reduced by 

50% with thermally 

insulated frame and 

glass systems 

 

In buildings with 

thermal insulation, the 

heat loss caused by 

exterior walls is 

reduced by 40% 

 

The use of a solar 
energy system in 

water heating reduces 
energy expenses 

significantly 

Dripping taps waste 

tons of water each 

year 

 

When washing dishes 

in a machine instead 

of by hand, 10 times 

less water is wasted 

 

GENERAL DIRECTORATE OF 

RENEWABLE ENERGY 

 

REPUBLIC OF TURKEY 

MINISTRY OF ENERGY AND 

NATURAL RESOURCES 

 

http://www.yegm.gov.tr/verimlilik/bilinclendirme.aspx
https://aklinlaverimliyasa.com/
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   Figure12: Examples of insulation materials 

 
 
 
 
 
 
 
 
 
 
 
    

 

Figure 13: Framed double-glazed windows 

Household appliances should always be of class A (A+, A++, A+++) and bulbs should be LED type. Nevertheless, besides 
the advanced technologies for devices and lighting sources, the most important thing is how we use them! Homes 
should neither be overheated nor overcooled, lights should not be left on when no one is in the room, and televisions 
and computers should be turned off when not in use. 
 
Water is one of the resources that we need to use efficiently. Water is a scarce resource and energy is used to bring 
water into our homes, so energy efficiency also includes efficiency in water use.  
 
Particularly, a significant amount of electrical energy is used to generate hot water. In addition to using hot water 
efficiently, solar collectors can be used for domestic hot water supply. The sun is the most common renewable energy 
source and is already widely used in Turkey. 
 
You can find more information on the use of renewable energy in the relevant sections of the training booklet. 
 
To sum up, here are some things to remember about awareness of energy efficiency at home: 

 If you are not using a device, you should keep it turned off. 

 During the heating season, you should keep the room at 22°C and if you are need to cool spaces in summer 
you should fix the temperature at 25°C. 
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 Your home must be properly insulated before you buy new heating or cooling equipment. 

 Household appliances should always be of class A (A+, A++, A+++). 

 LED lights should be used for illumination. 

 Efficient use of water is also an important factor for energy efficiency. 

 Solar collectors and PV panels can be installed to reduce electricity consumption from the grid. 
 
For more information on improving energy efficiency at home, you can visit the websites listed below.3 

1.8. Energy Efficiency in Workplaces 

Energy efficiency is one of the most cost-effective ways to reduce emissions, improve energy security and make energy 

more economically affordable for consumers. Efficient use of resources is one of the components of energy efficiency. 

Resource efficiency policy aims to increase the efficient use of all resources (water, paper, chemicals, raw materials, 

etc.) that an organization uses other than energy. Efficient use of resources is also a policy of the government of the 

Republic of Turkey4. The public sector, especially municipalities and universities, is a good example in this regard. 

Ambitious targets should be set for energy consumption in the public sector. Policies that promote resource efficiency, 

including energy efficiency investments, can be very beneficial in the medium and long term, although they require a 

certain amount of investment in the short term. However, being energy efficient does not always mean that large 

investments are required. Sometimes small and simple changes in habits (e.g. turning off office equipment when not 

in use, etc.) can significantly reduce your workplace's electricity bill. 

1.8.1. Use of energy and energy resources in workplaces 

 
When it comes to energy, it is important to clarify how much energy is used for all energy-consuming activities. When 

evaluating energy use, we should not forget the following areas and activities: 

• Computers, servers, office equipment and other electronic devices; 

 Heating, ventilation and cooling (HVAC) systems; 

 Modes of transportation used when coming to the office or on business trips; 

 Works such as cooking and laundry/dishwashing; 

 Water use; 

 Paper use; 

 Reducing and minimizing waste. 

There are numerous activities to reduce consumption, but they all have the same goal: to increase the efficiency of 

the use of energy resources. For example, a simple action like lowering the room temperature in the office by 1°C 

reduces energy use by 6%! 

This is the very reason why awareness of energy use that we have the ability to control is important. The behavior of 

people towards the efficient use of energy and resources is an important factor in achieving efficiency goals. If we 

want to change people's energy-related behavior in the workplaces, we need to implement certain energy policies 

and promote efficient activities.  

                                                            
3https://elektrikinfo.com/enerji-verimliligi/  

4Regulation on Increasing Efficiency in the Use of Energy Resources and Energy (28097). 

(2011).  https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=15437&MevzuatTur=7&MevzuatTertip=5  

 

https://elektrikinfo.com/enerji-verimliligi/
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=15437&MevzuatTur=7&MevzuatTertip=5
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1.8.2. How to Increase Energy Efficiency in Workplaces? 

Green Office 

Going green in the offices has proven to be a successful approach to increasing awareness of energy efficiency in the 

workplace and saving energy, reducing resource use and minimizing its consumption. 

"Green Office" applications can be viewed as the implementation of a simple and "light" energy management system 

(EMS). For a company to switch to Green Office, it needs to develop an EMS that provides a systematic approach to 

planning and implementing environmental performance measures and serves to continuously improve energy 

efficiency performance. 

An EMS monitors energy performance in a similar way to how a financial management system monitors expenditure 

and income and enables regular checks of a company’s financial performance. An EMS follows the Plan-Do-Check-Act 

(PDCA) Cycle. This is essentially a systematic approach that includes the elements of identifying an organization’s or 

an activity's energy use, formulating a policy, setting targets for efficiency improvements and having mechanisms to 

enable improvements to be made, measuring progress and monitoring results. For an effective EMS to be developed 

and implemented, the organization needs to be committed at all stages of the cycle (Figure 14). 

 
 

Figure 14: Implementing an energy management system in a green office 

 

How to Start a Green Office Application? 

 
 Get to know your workplace 

In order to determine what needs to be done and improved in terms of energy and resource use in the office, we first 
need to have some basic information. Here are some sample questions we need to answer:  
 

How big is the office and what are the main energy consumers?  
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How much money is spent on energy?  
Does the office have any energy management policy in place?  
Who is responsible for matters such as paper use, bills and procurement?  
  

 Appoint an “Energy Manager” 
 
An "Energy Manager" should be appointed in the office to assist in the preparation, implementation and promotion 
of green office practices and initiatives. The Energy Manager is responsible for improving the office's energy efficiency. 
 
The basic principle for green office practices is the 4R (reduce, reuse, recycle, replace) approach. The four "R" elements 
are: 

i. Reduce 
– Reduce energy, water, product and material consumption 

ii. Reuse 
– Make full use of the products 
– If it is a recyclable product, do not throw it away 

iii. Recycle 
– Products are recycled in two ways: 

 Give unused items to someone in need; or 
 Recycle degraded recyclable products so that they can be turned into raw materials 

that can be used to manufacture other products. 
iv. Replace 

- Use environment-friendly products instead of those that are not, e.g. replace old incandescent lamps or 
light bulbs with LED lamps. 

 
  

Tips for Switching to Green Office 

Below are tips and implementation steps to support energy managers in promoting green office practices 
incorporating the 4R principle. The activities listed below are categorized according to their level of impact and 
difficulty. Implementation should start with simple actions first and then move on to the next level when the initial 
results are obtained. 
 

 Energy efficiency 
 
Level 1 

 Encourage your staff to turn off office lights during lunch hours or when out of the office. 
 Set default sleep mode times for printers, copiers and computers. 
 Maintain and clean fan coils at least once a year. 

 
Level 2 

 Install systems to monitor electricity consumption of equipment to monitor electricity use and prioritize 
replacement of equipment. 

 Consider using a Weekly Timer Switch on some equipment (such as water filters, copiers and printers) 
to shut down appliances outside of office hours. 

 Clean the ventilation sources (which can be wasteful) and make sure the thermostats are set properly. 
Level 3 

 Install motion-sensing lights in offices and underutilized areas, which will turn the lights off if no motion 
is detected after a certain period of time. 
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 Encourage the building manager to replace equipment with eco-friendly and energy-saving products 
(replacing lighting with LED bulbs, replacing broken toilets with water-saving toilets, using eco-friendly 
cleaning products, installing motion-sensing lighting for shared areas, etc.). 

 
 Paper use efficiency 

 
Level 1 

 Encourage staff to use printers/copiers only when necessary. 
 Encourage staff to share documents/files electronically. 
 Encourage staff to use double-sided printers/copiers. 
 Encourage staff to use printers/copiers setting them to print/copy many pages on a sheet if possible. 
  Set double-sided printing as default mode for all network printers. 
 Put a box/tray next to the printer to enable reuse of papers printed on one side. 
 Encourage staff to use papers printed on one side as scrap paper. 

 
 Recycling – reducing waste 

 
Level 1 

 Recycle used ink/toner cartridges. 
 Recycle waste paper (including newspapers, paper towels, paper bags, packaging materials, 

cardboard, etc.). 
 Recycle torn paper. 

 
Level 2 

 Put waste sorting boxes in the office. 
 Metals (including aluminum cans, biscuit tins, clean lunch tins, containers, vacuum flasks) 
 Plastics (plastic bottles, bags and packaging, clean plastic containers, CDs) 
 Glass (glass bottles) 

 Inform staff about recyclable products: 
 Rechargeable batteries 
 Electronic gadgets 
 Collect all used toner/ink cartridges for recycling. 
 Donate old but still usable office equipment to your staff or associations in need. 

 
 

1.9. Energy Audit: ESCO Companies in Turkey 

Although energy consumption data is difficult to obtain and check, energy managers can seek help from external 
government-approved consultants to provide energy audit services. 
 
An Energy Audit provides an overview of a building's energy and water consumption from the data on the consumption 
by all energy- and water-using equipment and devices collected, measured and processed to monitor the potential for 
energy efficiency improvements, energy savings and monetary savings. Companies that provide such services in 
Turkey are referred to as “Energy Efficiency Consulting Companies” (EVD). 
 
They are engaged in implementation of energy efficiency projects and often provide turnkey energy services. 
Improving the energy efficiency of a building or facility increases energy savings, which is sufficient to pay off the 
monthly costs of the improvement. 
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ESCO companies in Turkey should comply with the Energy Efficiency Law No. 5627 and the Regulation on Increasing 
Efficiency in the Use of Energy Resources and Energy when conducting energy audits. 
 
There are currently 46 certified ESCO companies in Turkey, 30 of which can conduct audits in buildings, 7 in industrial 
buildings and facilities, 9 in both buildings and industrial buildings and facilities. 

The full list of certified ESCOs can be accessed by clicking the link below5.  

More information on Energy Efficiency and Renewable Energy legislation and energy audits in Turkey is provided in 
other sections of the training manual. 

1.10. Smart City 

Cities are centers of national economies. They account for 80% of global GDP and 70% of energy and greenhouse gas 
emissions. 

Reduction of the cities’ energy consumption and greenhouse gas emissions is possible by improving the energy 
management of all cities' infrastructures and making them "SMART". The main building blocks of cities are BUILDINGS, 
which need to be made smart. 

1.10.1. Smart net-zero energy buildings (S-NZEB) 

An NZEB can be simply defined as a building that produces all the energy it needs throughout the year. The NZEB 
concept indicates that energy efficiency is always a priority, and that renewable energy and energy efficiency measures 
and equipment minimize a building's energy needs and work together to meet energy needs on site (Figure 15). 

Thus, a building becomes a “prosumer” and is connected to the grid with a “smart” meter. It can transfer energy to 
the grid intermittently when there is a surplus or take energy from the grid when necessary. 

Regarding S-NZEB, it is also possible to mention e-mobility or electric cars. They can be charged overnight, but the car 
battery can also act as an energy storage that can meet the building's needs in times of shortage. 

                                                            
5 http://www.yegm.gov.tr/verimlilik/y_yetki_b_a_d_sirketler.aspx 

 

http://www.yegm.gov.tr/verimlilik/y_yetki_b_a_d_sirketler.aspx
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Figure 15: An S-NZEB 

1.10.2.  Smart Grids 

“Prosumer” buildings that are engaged in distributed energy generation are endeavoring to transfer the technologies 
of classical distribution grids to smart grids. Smart meters that provide bidirectional communication between an NZEB 
and the grid are the basic building blocks of smart grids. 

To manage consumption within an NZEB, grid control centers need to have access to designated energy users, which 

brings with it connectivity, communication and IT infrastructure problems as well as energy infrastructure problems. 

 

 

 

 

 

 

 

 

Figure 16: The concept of smart grid 

1.10.3.  Connectivity 

Connectivity brings together sensors and actuators on one end and advanced analytics and people on the other. A 

Consumption management - Smart meters 

Smart  

grid 

E-mobility  

management 
Generation management 

(decentralized energy generation) 

 

Smar
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sample sensor and actuator range can be seen in Figure 17. 

The outputs of sensors and actuators are digitized and placed in networks so that the generation systems distributed 

to consumers can be controlled and managed (Figure 18). 

 

 

 

 

  

 

 

 

 

 

Figure 17: A sample sensor and actuator range 

 

 

 

 

 

 

 

 

Figure 18: Local networks for distributed generation management 

 

There are emerging standards to enable interoperability of various systems, mostly based on the wireless platform 
called "LoRa" (long range, low power) for low-power applications and battery-powered sensors supporting 
connectivity and "Internet of Things" (IoT) operations as the basis of smart cities. 

1.10.4.  Smart Cities 

Smart city is an urban development vision that integrates multiple Information and Communication Technology (ICT) 
and Internet of Things (IoT) solutions to manage and improve information systems and services of local departments, 
schools, libraries, hospitals, residential and commercial buildings, energy supply, water supply, transportation 
systems, waste management and other community services. 

Position I  Presence I  Proximity 
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Smart cities use technology to make the lives of their citizens better. Figure 19 shows a series of applications. 

 

Figure 19: Various applications in a smart city 

In smart cities, infrastructures such as the following need to be made more effective: 

 Operational technologies (OT) 
o Built environment 
o Energy, gas, heating 
o Hydro  
o Traffic management 

 Internal systems – legacy systems 

 Real-time control systems (interoperability) 

 Geographic Information System (GIS) 

 Internet of Things  (IoT) 
o Integrated, open standard ICT architecture: IT + OT + IoT + GIS 
o High-speed wireless Internet 

Key smart city technologies: 
• Smart net-zero energy buildings 
• Connectivity and Internet of Things (IoT) 
• Smart meters and smart grids 
• Power generation based on distributed renewable energy systems 
• Smart urban transportation systems  
• Integrated urban energy management systems 

 
However, technology is not enough on its own to transform a city into a smart city. Civic engagement is crucial at this 
point! City government should develop policies and road maps and lead the citizens in this regard. Civic engagement 
and changing attitudes are essential to a successful transformation into a smart city. 
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1.11. Communication 

Humans first! 

Communication is an important tool to support green office practices aimed at ensuring successful implementation of 
measures to increase the efficiency of energy use. Staff should be consulted at all key stages of the process. This is 
necessary to ensure the participation and commitment of all staff. Communication creates motivation to actually put 
the Green Office principles into practice. 

1.11.1. Motivating the staff 

The most important thing is making sure that the staff are motivated to maintain and develop green office practices 

in the workplace. This is not an easy task, as it often requires behavioral changes. That is, it requires constant effort, 

as change will not be achieved in one day. 

The effort involved in motivating the staff will vary depending on the type of energy efficiency improvements. For 

example, the effort required for an energy efficiency and waste reduction program that affects everyone in the 

company will be significantly greater than purchasing energy-efficient equipment. Nevertheless, the impact of such 

efforts is greater than purchasing new equipment, which affects far fewer people. 

To maximize the potential energy savings in an organization, efforts should be made to raise awareness among 

everyone involved. An organization can reduce costs and increase energy efficiency by changing the behavior at the 

workplace and involving the employees. 

This is why there is need for an energy awareness campaign that will cover the entire workplace. 

1.11.2. Energy awareness campaign 

To make a general definition, it is reasonable to say that energy awareness is about raising awareness of the following: 
 

 Amount of energy used; 
 What this energy is used for; 
 Where this energy comes from; 
 What can be done to reduce energy consumption and its undesirable effects; 
 It is important that the office’s energy consumption can be greatly reduced by making small changes in habits! 

 
Awareness campaigns and EE-themed weeks can be used to support communication and motivation. Every year, the 
second week of January is celebrated as the "energy saving" week in the world. 
 
Raising awareness of energy among the staff means showing them how much energy their daily activities at work 
consume and how small changes can result in huge energy savings. Campaigns should inform and guide the staff in 
relation to energy use and energy saving activities in their daily work in order to achieve the goals for improving energy 
efficiency at the organizational level. 
Every year, many organizations around the world organize Energy Awareness-themed weeks. These weeks encourage 
the staff to use energy responsibly and consist of campaigns on energy saving options involving several steps: 

 Identify potential energy saving options in everyday activities; 
 Collect data to highlight energy waste; 
 Communicate where and how the staff can make improvements, highlighting concrete individual steps to 

meet efficiency goals; 
 Collect data and show progress during and after the campaign to motivate the employees; 



 

28 
 

Campaigns and thematic weeks are a very good way for municipalities and universities to encourage their employees to 

save energy as part of their daily work, while at the same time showing citizens and students the proactive steps taken 

by the organization. 

One of the main duties of Energy Managers is to promote office awareness and staff engagement, which is crucial to 

the green office initiative. No green office initiative will be successful without the staff’s participation. 

Here are some practical tips for increasing office awareness and staff engagement: 

 Inform the staff about adoption of the energy policy or green office initiative. 
 Upload the energy policy and implementation progress report to the organization's website for internal 

review. 
 Display awareness-raising posters in shared areas. 
 Place “please turn off” signs near light switches and doors. 
 Place energy and paper saving signs next to each staff member's desk. 
 Keep enthusiasm high by rewarding the staff for their energy-efficient behavior. 

 

1.11.3. Monitoring process 

Remember: If you can't measure, you can't manage! 

It is simply an old saying that energy and resource use should be measured to increase the efficiency of their use. This 
is one of the key tasks of energy managers. Unless we have quality data on energy and resource use, we will have to 
work harder to understand the organization's energy use and go a long way to improve efficiency. Weekly or monthly 
meter readings are a good start, showing us how much energy, our office uses at different times during the week or 
month. 
 
The next step will be to reduce this data to certain areas of the office or to certain patterns of use (e.g. heating, 
lighting). Our ability to do this may depend on the number of meters we have, but it is usually possible to make some 
sensible extrapolations and estimations. The more we can relate our figures to people's daily routines and activities, 
the stronger the energy awareness we can build and the greater the savings we can achieve. 
 
It is often best to use exact numbers to raise energy awareness among the staff. For example:  

"Leaving the tea machine on unnecessarily when we go home wastes ‘x’ kWh, ‘y’ lira and ‘z’ kg of CO2 every 
night." 

 
When energy managers find specific energy-wasting practices to target, quantify that waste and encourage the staff 
to reduce that waste, we want to see changes in the performance of those energy uses. Providing the staff with 
targeted figures showing their savings will be very helpful in motivating them to keep moving forward. 
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2. Energy Efficiency and Energy Management System 
Naci Işıklı 

2.1. Energy 

Energy is defined in the Turkish Language Institution’s Current Turkish Dictionary as “the power, 
energy that exists in matter and emerges in the form of heat and light”.  

People use energy in buildings, industry, transportation, and agriculture for many different purposes 
such as heating, cooling and lighting. However, most of this energy we use reaches us from long 
distances as a result of considerable investments and expenses. Thus, energy is actually a very precious 
asset as far as we are concerned.  

It is possible to divide energy sources into two categories: 

1- Renewable Resources: Solar, wind, water, geothermal, wave etc. 
2- Non-renewable Resources: Coal, oil, natural gas etc. fossil (carbon-based) resources and 

nuclear energy 

Fossil-based energy sources are used as heat obtained as a result of the combustion of carbon with 
oxygen or by converting it into electrical energy. However, "greenhouse gases" and especially CO2 
(carbon dioxide) released during this time are among the most important causes of climate change.  

 

 

 

 

 

 

 
Figure 1: Greenhouse gases 

As can be seen in Figure-2, greenhouse gases listed above create a quilt effect by accumulating in the 
upper layers of the atmosphere, causing the sun's rays to be reflected back, that is, greenhouse effect 
causing an increase in temperature. Thus, energy obtained from fossil fuels means climate change. 
Since water vapor (clouds) creates similar effects, it is considered as a greenhouse gas in some sources. 

 

Figure 2: Effect of greenhouse gases on sunrays 
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2.1.1. Global Energy Consumption 

Fossil energy sources still preserve their importance to the world. As seen in Figure-3, total energy use 
has increased approximately three times from 1971 to 2018, and could only be reduced from 86% to 
82% despite the oil crisis in the 1970s, the decision to limit greenhouse gases pursuant to the 1992 
Kyoto Protocol, and studies conducted.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Global energy consumption 

2.1.2. Energy Consumption in Turkey 
Although significant investments have been made in power generation in such fields such as wind, 
solar and geothermal energy in recent years as seen in Figure-4, approximately 86% of primary energy 
in Turkey is obtained from fossil sources, according to 2018 data. On the other hand, 72% of the total 
energy demand is met through imports and $41.6 billion paid for energy imports in 2019 has a share 
of approximately 20% in total imports amounting to $210.3 billion. In this respect, energy means a 
“current account deficit” for Turkey. 
 
 

 
 

 

 

 

 

 

 

 

Figure 4: Quantity and ratio of resources in Turkey's primary energy supply in 2018 
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The distribution of 108.8 MTOE of energy consumed in Turkey in 2018 by different sectors is given in 
Figure 5. It shows that industry ranks first with 33.2% in terms of consumption, followed by residential, 
commercial and service buildings with 30.6%, and transportation sector with 26%, which ranks third. 
From this point of view, it is seen that there are many things that can be done for ensuring energy 
efficiency in buildings. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Distribution of Turkey's primary energy supply in 2018 by sectors 

2.2. Key Energy Definitions 

PRIMARY ENERGY: Resources that can be used directly in energy production as they are in nature. 
(Oil, natural gas, coal, wood, water, wind, solar, geothermal, biomass, wave, tides, etc.)  

SECONDARY ENERGY: Energy types such as electricity, fuel oil, diesel oil, hydrogen, which are 
converted from primary sources into usable forms. When these resources are obtained, conversion 
losses occur in facilities such as thermal power plants and refineries. 

TON OF OIL EQUIVALENT (TOE): It is an energy unit equivalent to 10 million kCal, which enables 
various energy sources to be expressed in a single unit.  
1 TOE is equivalent of approximately:  

 1 ton of fuel oil 

 11,600 kWh 

 1,200 m3 natural gas. 

ENERGY DENSITY:  It is the amount of energy consumed per income generated by production (such 
as TOE/1,000$, kWh/TL). It can be used for a business as well as a country.  

SPECIFIC ENERGY CONSUMPTION: The amount of energy consumed per unit product (such as 
TOE/piece, kWh/m2). It is mostly used for manufacturing businesses. 

One of the important indicators of energy efficiency for countries is energy density, and the "primary 
energy amount" consumed per gross domestic product (GDP) is taken into account. Another indicator 
is the energy consumption per capita. The ideal condition for a country's development in terms of 
energy is high per capita energy consumption and low energy density.  

  

Residential 
19.6% 

Agriculture 
and Livestock 

4.2% 

 

 

Trade and Services 
11.0% 

Non-Energy 
5.8% 

Transportation 
26.1% Industrial 

33.2% 108.8 million TOE 

https://enerji.mmo.org.tr/2020/05/13/mmo-turkiye-enerji-gorunumu-2020/ Source: MENR-GDEA 

https://enerji.mmo.org.tr/2020/05/13/mmo-turkiye-enerji-gorunumu-2020/


32 
 

 

 

 

 

 

 

 

 

 

 

 
Figure-6: Energy density and per capita energy consumption in Turkey and in the world 

 

As can be seen in the figure above, Turkey's primary energy density is 0.12 toe, which is lower than 
the world average of 0.18 toe, but higher than the OECD average of 0.11 toe. In order to increase the 
competitiveness of Turkey, the "target" is to ensure that it secures a place among the developed 
countries with high energy consumption per capita and low energy density.  

2.3. Energy Efficiency 

ENERGY EFFICIENCY: It means providing the same product and service with less energy without 
compromising on living standard and service quality in buildings, production amount, quality and 
working environment comfort in industrial enterprises without hindering economic development and 
social welfare.  

Example 1: Replacing four 100W incandescent lamps in a hall with four 11W LED lamps, provided 
the brightness level remains the same. 

ENERGY SAVING: It is the reduction of energy consumed without considering standard of living, 
quality, production amount, quality and working environment.  

Example 2: Turning off two of the four 100W incandescent lamps in a hall. In this case, the lighting 
level decreases with consumption. 

SOLUTION: Since the 1970s in the USA and the beginning of the 2000s in the EU countries, most of 
new demands for energy has been met by "investing in energy efficiency instead of investing in energy 
generation".  

The shaded part in Figure-7 shows “demand met by energy efficiency investment instead of building 
new power plants” in the USA. 

  

Mexico Poland Canada 

TURKEY USA 
New Zealand 

Portugal 
France 

The Netherlands 

Sweden 

Spain 
Goal 

Germany 

Italy Japan 

United Kingdom Switzerland 

Denmark 

 

Energy Consumption (toe/person) Source: NEEAP 2017-2023 

P
ri

m
ar

y 
en

e
rg

y 
In

te
n

si
ty

 (
to

e
/0

0
0

 2
0

1
0

$
 



33 
 

 

 

 

 

 

 

 

 

 
Figure-7: Savings in energy generation through energy efficiency in the USA 

 

Plans to build many new power plants were dropped as a consequence. 

Likewise, savings achieved as a result of the energy efficiency studies carried out in EU countries are 
shown in Figure-8 as “negajoules” which is inspired by the definition of negative joule. 

 

 

 
 

 

 

 

 

 

 

Figure-8: Savings provided by energy efficiency in EU countries 

In Figure 9, the green part shows benefits derived from energy efficiency as "avoided consumption" 
on a global scale.  
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Figure-9: Global savings ensured through energy efficiency 

Therefore, Energy Efficiency is actually a new energy source. Energy efficiency is defined as the “sixth 
fuel” in a book titled Energy Efficiency and Management for Engineers, authored by Prof. Mehmet 
Kanoglu and Prof. Yunus Çengel, and as "the first fuel for a sustainable energy system" in numerous 
publications of the International Energy Agency.   
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Figure-10: Energy efficiency – a new resource 
 

2.4. Relationship Between Energy Efficiency and Renewable Energy 

It would be extremely rational to use "renewable resources" with much lower carbon emissions 
instead of "fossil resources" with high carbon emissions, which is one of the biggest causes of climate 
change. However, instead of investing in high-capacity renewable energy in a building or facility that 
uses energy inefficiently, reducing demand for energy through energy efficiency (it is possible to 

 

FIGURE 1: PRIMARY ENERGY CONSUMPTION INCLUDING 

AVOIDED CONSUMPTION (WORLD LEVEL PERCENTAGE) 

* The difference between current consumption and actual energy consumption at 1980 energy intensity 
levels is used to calculate avoided consumption. 

Source: Energy Efficiency: A Straight Path towards Energy Sustainability- World Energy Council 2016 
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achieve energy efficiency above 60% through deep renovation in buildings) and meeting the remaining 
demand from a source of renewable energy with a lower capacity would be the wisest approach. 

 
 

 

 

 

 

 

 

 

 

 

 

Figure-11: Relationship Between Energy Efficiency and Renewable Energy 

NON-ENERGY BENEFITS:  

Experts have calculated that non-energy benefits can be approximately 2.5 times the monetary 
savings achieved through energy efficiency.  

Some non-energy benefits are listed below: 
 

 Higher ambient comfort (low noise, improved air quality, optimal ambient temperature, 
appropriate lighting, etc.) 

 Higher sanitary conditions (improvement in humidity, shading, etc.)  

 Reduction in health expenses and absence from work, 

 Increase in production quantities per unit time 

 Increase in product quality 

 Improved equipment performance and fewer failures 

 Prolonged useful lives of equipment 

 Decrease in work accidents and enhanced work safety 

 Reduction in the amount of waste (waste water, ash, stack emissions, waste products, etc.) 
and better waste management 

 

Example 3: 

A study conducted in the USA demonstrated that when 15% efficiency is achieved in annual 
electricity consumption as a result of energy efficiency; 

• Air pollution will decrease, 

• Loss of six lives will be prevented every day, 

• There will be a 30,000 decrease in asthma cases per year, 

• USD 20 billion can be saved in health expenditures. 

 

  

 

Renewable energy is too valuable to be wasted. 

Let's prioritize energy efficiency. 
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2.5. Energy Management System and ISO 50001: 2018 Standard 

2.5.1. Energy Management 

Energy management includes all activities carried out in order to ensure the efficient use of energy 
resources and energy. Energy management system (EnMS), on the other hand, aims at systematic and 
continuous improvement of organizational and technical processes, behavior, and energy efficiency 
in order to reduce the total energy consumption in the building / business (hence the energy required 
for service / production) from an economic point of view.  

Example 4: 
- In Canada, which has a high level of awareness about energy consumption, it has been 
observed that around 10% savings are achieved in the first 18 months and 20% at the end of 4 
years at the facilities where ISO 50001 is applied.7  
- Dow Chemical achieved 22% efficiency through its EnMS study conducted between 1994-2005, 
and conducted studies for an additional 25% efficiency between 2005 and 2015.8 

The results of unplanned energy efficiency will be temporary; a systematic approach should be 
adopted for permanent results within the scope of EnMS. 

 

 

 

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-12: Unplanned and systematic approach to energy efficiency 

                                                            
7 http://oee.nrcan.gc.ca/publications/statistics/parliament/2015-2016/pdf/parliament15-16.pdf 
8 https://www.osti.gov/biblio/983191 
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ISO 50001 EnMS is based on continuous improvement of energy performance. This can be achieved 
by adopting a systematic approach based on the PDCA cycle, also known as the “Deming Cycle” of 
“Plan – Do – Check – Act” for energy management. 

 
 

 

 

 

 

 

 

 

 

 

 

Figure-13: PDCA cycle for continuous improvement (Plan, Do, Check, Act) 

By analyzing energy consumption points with a systematic roadmap throughout the building / 
enterprise and implementing Energy Efficiency Opportunities (EnEP, which are technically, 
economically and strategically feasible, energy savings of more than 30% can be achieved potentially.  

BENEFITS OF ENERGY MANAGEMENT SYSTEM 

 Financial Benefits:  

 Thanks to the reduction of energy consumption, energy costs of the organization are reduced. 

 In order to ensure continuity, energy consumption, working conditions, and maintenance of the 
device/equipment are monitored and thus malfunctions and production/service disruptions are 
prevented.  

 Turkey’s energy imports are reduced. 

 Compliance with Legal Obligations: 

 All legislation regarding energy efficiency is followed and continuous compliance is ensured. 

 According to the Regulation on Increasing Efficiency in the Use of Energy Resources and Energy, 
the requirement for the establishment and certification of the TS EN ISO 50001 Energy 
Management System, which must be met by the end of 2023, should be fulfilled for designated 
buildings/facilities.  

 In accordance with the Presidential Circular, a 15% savings target should be achieved in the 
public sector by 2023.  

 External Gains: 

 The organization’s green business and social responsibility reputation is enhanced. 

 The fight against climate change is supported and damage inflicted on the environment is 
reduced. 

 Internal Gains: 

 Coordination between units is ensured.  
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 As a result of improved working conditions, operational efficiency is enhanced and health 
problems decrease. 

 A safer working environment is provided for employees through measures taken with regard to 
energy risks. 

 As a result of awareness trainings, corporate identity is strengthened and employees' sense of 
belonging increases. 

 It is ensured that innovations are followed in order to continuously improve energy 
performance. 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-13: Improvement in energy performance is achieved through an effective EnMS 

2.5.2. ISO 50001-2018 Energy Management System 

With the latest version published in 2018, “high-level structure” has been adopted and compliance 
with ISO's other management standards has been ensured, the context (structure) of the organization 
and leadership was highlighted, and new concepts such as Energy Baseline (EnBL), Energy 
Performance Indicators (EnPI), and normalization were introduced.  

In the introduction of the standard, it is stated: “The purpose of this document is to enable 
organizations to establish the systems and processes necessary for the continuous improvement of 
energy performance, including energy efficiency, energy use and energy consumption. This document 
specifies the energy management system (EnMS) requirements for organizations. 9 Accordingly, PDCA 
approach derived from the high-level structure of ISO is given below.  
 

 
 

 
 
 
 
 
 
 
 
 

                                                            
9 TS EN ISO 50001-2018, page viii 
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Figure-14: PDCA cycle with ISO 50001-2018 approach 10 

STRUCTURE OF THE STANDARD: The standard consists of the following 10 sections. 

1. Scope 

 It can be applied in all large and small industrial facilities and private, public and commercial 
buildings, 

 It can cover the entire facility or it can be created for a limited region. 

 It is applicable to all activities that the organization manage and controls and affect its energy 
performance (energy efficiency, energy use, energy consumption), 

 It is independent of consumption and production quantities, 

 The aim is to ensure continuous improvement of energy performance, 

 Can be installed in conjunction with other management systems or independently 

2. Binding references 
None 

3. Terms and definitions 
Specified in the standard. 

4. The context of the organization (structure, content) 
The organization must identify: 

 Internal and external matters, interested parties and requirements,  

 Which of the needs and expectations will be included in the EnMS, 

 Legal requirements; 

 Boundary and scope of EnMS, 

 that may influence the improvement of energy performance as required by the standard and 
how it can meet them and also identify risks and solutions and constantly improve them.  

5. Leadership 
Responsibilities of senior management: 

 To determine the scope and limits of the EnMS,  

 To create and follow the energy policy and the goals and targets in line with it, 

 Ensuring compliance of EnMS with processes,  

 Ensuring the implementation of action plans, 

 Allocating necessary resources (personnel capacity, professional competence, financial 
resources, etc.), 

 Emphasizing the support for EnMS within the organization, 

 Identifying, addressing and implementing the factors that will affect energy performance, 

 Performing management reviews. 

                                                            
10  Adapted from ISO 50001:2018 standard 
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Top management support is essential for a successful EnMS. 

 
Energy Policy  

 It should be compatible with the purpose of the organization, 

 It should provide objectives, targets and framework for review, 

 It should be documented, 

 It should be announced within the establishment, 

 It should be accessible to interested parties, 

 It should be regularly reviewed and updated 
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Figure-15: Hierarchy of "Policy-Objectives-Targets Opportunities-Action Plans" in ISO 50001 

 

Commitments/supports that should be included in the policy: 

 Provision of all necessary information and resources to achieve goals and objectives 

 Comply with the legal and other requirements that the establishment is obliged to comply with 
in terms of energy use, consumption and efficiency 

 Continuous improvement of energy performance and EnMS  

 Supporting the purchase of energy-efficient products, services to improve energy performance 

 Supporting designs to improve energy performance 

Responsibilities and authorities of the Energy Management Team: 

 Establishment, implementation, maintenance and continuous improvement of the EnMS, 

 Ensuring compliance of EnMS with standard requirements 

 Implementation of action plans for continuous improvement 

 Reporting to senior management on the improvement of the EnMS 

 Determining the criteria and methods for the effective implementation and control of the 
EnMS. 
 
 
 

 
 

 

 

Figure-16: An exemplary EnMS team for a medium-sized factory 

6. Planning 
Identifying Risks and Opportunities 

 The establishment should review its activities and processes, taking into account its context and 
the needs and expectations of interested parties. 

 Planning should be aligned with the establishment's policy and supported by appropriate 
actions, 

 Risks and opportunities should be identified, taking into account the following outputs: 
- Assurance that the desired results will be achieved, 
- Reducing undesirable effects, 
- Ensuring continuous improvement,  

 Action plans should be planned and implemented in accordance with the identified risks. 
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Figure-17: Energy Planning Process11 

Goals, Objectives and action plans 

 They should be consistent with the policy and each other, 

 They should be measurable, applicable, 

 they should be monitored, announced,  

 They should be updated when necessary, 

 Resource requirement, responsible persons, implementation schedule, verification method, 
etc. should be determined and 

 They should be documented. 
 
Energy Review (ER) 

 The types of energy used should be determined, 

 Analysis of energy consumption and use in the current and previous periods should be made,  

 Significant Energy Uses (SEUs) should be determined 

 Opportunities should be identified and prioritized, 

 Next period energy consumptions/uses should be estimated, 

 ER plan should be documented and revised when necessary 
 

 
 

 
 
 
 
 
 
 
 

Significance 
 
 

 
Figure-18: Significant Energy Use and related areas 

Energy Performance Indicators (EnPls) 

 Reasonable EnPIs should be determined for the establishment 

                                                            
11 Taken exactly from TSE EN ISO 50001:2018 
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 EnPIs should be reviewed at specified intervals and compared with the energy baseline (EnBL).  

 EnPIs should be documented and revised when necessary 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure-19: Example Energy Reference Indicator (EnPI) table prepared by targeting 2.5% 

savings with expected and actual consumptions in 2019 as a result of the regression 
calculation made according to the consumptions of 2018 

Energy Baseline (EnBL) 

 Based on the data obtained from the ER, an "EnBL" should be created.  

 It should be normalized according to the relevant "variables"12 

 The EnBL should be recorded and preserved. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-20: Energy Baseline (EnBL) and Energy Performance Indicator (EnPI) 13 
 
 
 
 
 

                                                            
12 Regularly/irregularly changing factors that significantly affect energy performance (for example: production, 
number of users, indoor/outdoor temperature, working hours, etc.)  
13 Taken exactly from TSE EN ISO 50001:2018 
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(Energy Improvement) 

Target 
(Energy Target) 

Target exceeded 

Report range Baseline range 
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Collecting energy data 

 The establishment should regularly identify, audit, measure and analyze the effects of studies 
affecting energy performance. 

 A plan for energy measurement (data collection) should be defined and implemented, suitable 
for its structure and including the following (scope: from simple electricity meters to complex 
energy monitoring-measurement systems) 
- Energy consumptions and variables of establishments and SEUs, 
- Working conditions of SEUs, 
- Data in the action plan 
- Static factors if needed, 

 Measuring devices must provide error-free and repeatable data. Records should be kept for 
calibration and similar activities. 

7. Support  
Resources  
It should identify and provide the resources necessary for the establishment, maintenance and 
continual improvement of energy performance and the EnMS 
 
Competence 

 It should determine the competency criteria required 
for those affecting energy performance and the 
EnMS, and for SEU operators among employees; 

 All kinds of activities should be performed in order for 
them to gain the necessary experience and 
competence, 

 All competency building activities should be 
supervised and documented. 

 
Awareness 
All employees within the scope should have at least the 
following awareness: 

 Energy policy 

 The positive results of the improvement of energy 
performance with the duties that fall on it for an 
effective EnMS,  

 Consequences of not performing their duties within the scope of EnMS.  
 
Communication 

 A plan for internal and external communication should be established 

 It should establish a system where all employees, including subcontractors, can report 
opportunities and opinions about EnMS. 

 
Documented information 

 Documents showing mandatory and continuous improvement should be created appropriately 
and updated, when necessary, 

 Documented information must be protected against all risks and kept up to date at all times. 

8. Operation 
 
Forwarding, maintenance, repair 

 In order to achieve the goals and objectives, the Critical Business Parameters (CBP) and limit 
values of the SEUs should be determined, and the relevant people should be informed. 

 In case of deviation, the path to be followed should be determined. 

Awareness 

Training 

Competence 
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 Operating and maintenance instructions should be prepared and ensured that they are 
followed. 

 
Design 

 Energy efficient design should be applied in changes such as purchasing, construction, 
modification of facilities, equipment, systems, processes. 

 Design activities should be documented.  
 
Supply 
To consider energy performance in the supply of products, installations, services and energy that 
will have an impact on energy use: 

 Criteria should be determined 

 Lifetime cost should be considered,  

 With regard to energy use/consumption/efficiency, suppliers have to be informed that energy 
will play a role in the purchasing decision. 

9. Performance evaluation 

 The following activities should be followed to evaluate the performance of the EnMS: 
- Effective implementation of action plans, 
- EnPIs, 
- The study of SEUs, 
- Comparison of expected and actual consumption, 

 Monitoring, measurement, analysis and evaluation methods and time should be determined 

 By evaluating EnPls, improvement in EnBL should be confirmed. 

 Monitoring, measurement and analysis results should be documented. 
 
Evaluation of compliance with legal and other requirements 

 Legal and other requirements regarding energy performance and EnMS should be monitored 
periodically. 

 The results of this follow-up and implementation should be documented. 
 
Internal inspection: 

 Internal inspections should be conducted to ensure that EnMS is constantly improved, 

 EnMS is compatible with the policy, goals and objectives of the establishment, 

 It meets the requirements of EnMS (standard), 

 EnMS is effectively implemented and operated. 
 
Management review (MR) 
The senior management should periodically review the EnMS in terms of suitability, adequacy, 
effectiveness and continuous improvement and take decisions on necessary issues. 

 Results should be documented. 

10. Improvement: 
 
Non-compliance and corrective action 

 Corrections (actual or potential) or corrective and preventive measures against non-compliance 
should be envisaged. 

 Action should be taken to ensure that the non-compliance does not recur. 
 
Continuous improvement 
The establishment should be able to demonstrate; 

 that EnMS is appropriate, sufficient and effective,  

 the continuity in the improvement of energy performance. 
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EnMS MUST HAVE:    

 Senior management support, 

 Owning of the work by the EnMS team 

 Ensuring continuous communication at all levels 

 Having a detailed energy policy, 

 Cultural exchange 

 Energy planning, implementation of action plans, measurement and follow-up 

 Running a continuous improvement process 

 

2.6. Conclusion 

Non-renewable energy sources are the biggest source of global warming and climate change, 
especially due to CO2 emissions. For Turkey, it means foreign dependency and current account deficit. 
Meeting the increasing energy demand with the usual method of "production" causes the problems 
to grow even more. In this case, the most rational solution is to reduce demand/consumption, namely 
“energy efficiency”, and the most important tool we have for the sustainability of energy efficiency 
studies is ISO 50001 EnMS. The next step is to meet the decreased demand from “renewable 
resources”.  

In the "Sustainable Development Scenario" created as a result of the work done by the International 
Energy Agency (IEA) to limit global warming to 2°C, it is seen that an important part of the solution is 
based on energy efficiency and renewable energy, as seen in figure-21.  

.  

 

Figure-21: "Sustainable Development Scenario" to limit global warming 
 

  

There is no one-size-fits-all solution to accomplishing sustainable energy goals! 
Energy-related CO2 emissions and reductions by source in the Sustainable Development Scenario 
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3. Energy Audits 
Arif Künar 

3.1. Introduction 

An energy audit is carried out to identify opportunities and greenhouse gas emissions to improve 
energy performance, and to reveal the related regenerative or preventive measures with technical, 
economic and environmental dimensions.  

It is important and necessary to conduct an energy audit in order to increase energy efficiency in 
buildings and industrial facilities that have energy efficiency potential and/or will be renovated.  

3.2.3. Buildings and Facilities Requiring Energy Audit 

In accordance with the provisions of the "Energy Efficiency Law" No. 5627 and the "Regulation on 
Increasing Efficiency in the Use of Energy Resources and Energy", an energy audit is required in 
buildings and facilities with the characteristics described below.  

With the amendment made in the "Regulation on Increasing Efficiency in the Use of Energy Resources 
and Energy" promulgated in the Official Gazette dated January 25, 2020 and numbered 31019, public-
commercial-industrial facilities, which are legally required to have audits, have the audit carried out 
by authorized "Energy Efficiency Consulting Companies (EECCs)" or if there are personnel with building 
audit-project certificate among its own employees, it conducts the survey by itself.  

The list of authorized “Energy Efficiency Consulting Companies (EECCs)” is available on the official 
website of the “Ministry of Energy and Natural Resources (MENR)-Department of Energy Efficiency 
and Environment (DEEE)” (1). Detailed information about the buildings and facilities that need to have 
an Energy Audit can be found in the 2nd Part of this Training Booklet (Energy Efficiency Legislation). 

3.2. What is Energy Audit? 

The audit encompasses works conducted in accordance with the application procedures and principles 
prepared by the Ministry, which consists of information gathering, measurement, evaluation and 
reporting stages, which are conducted to reveal the possibilities for increasing energy efficiency, and 
which determines the energy saving potentials and the measures for the recovery of these potentials 
through measurement, calculation and market research14. 

An energy audit is a study that reveals where and how much energy (electricity, natural gas, other fuel 
and water, etc.) is used throughout the building and facility, and where efficiency can be achieved.  

The aim of the energy audit is to measure and evaluate the energy consumption of the building and 
facility, and as a result, to prepare a report that includes the feasibility of energy efficiency and savings 
opportunities, the required investment cost, the amount of efficiency and savings to be obtained, and 
the recovery and return period of these investments. By presenting this report to the senior 
management, it is ensured that these investments and improvements are prioritized and the 
implementations are planned to be implemented in the short-medium-long term. 

In a detailed energy audit, basic information including the holistic, efficient and effective working 
performance of the building and facility is provided, and recommendations and financial analyzes are 
made for each measurement system and device.  

Energy audits are carried out mainly to create energy efficiency awareness and sustainable "energy 
management system" in building and facility users, to identify benefit-opportunity-saving points and 

                                                            
14 https://www.resmigazete.gov.tr/eskiler/2020/01/20200125-27.htm 
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investment potentials, to make operation and maintenance processes healthy, and to increase the 
comfort-performance of employees-users. 

The energy audits to be conducted must comply with the ISO 50002 EN 16427 standard and the audit 
format of the MoENR. 

3.2.1.  Energy Audit Levels 

3.3.1.1. Preliminary Audit (Level 1) 

Here, the potential for energy consumption reduction and/or efficiency improvement is estimated 
with the help of invoice review, documents, preliminary interviews, observations. For example, if 
there is no thermal insulation in the building envelope or mechanical installation systems, it is 
indicated that these should be done. In addition, suggestions are developed to eliminate the 
deficiencies observed in the energy management profile, and studies that are deemed necessary to 
be included in the detailed audit are determined. In buildings with simple installation systems such as 
residences, lodgings, hangars, the "preliminary audit" stage is usually sufficient for evaluation. 

3.3.1.2. Detailed Audit (Level 2) 

With the most appropriate measures, EIP guiding information is revealed and reporting is carried out. 
During the detailed energy audit studies, the efficiency performances of the energy consuming 
systems in the building such as measurements for the U-value determination of the building envelope, 
thermal camera shots, boiler measurements, air handling unit measurements, lighting system 
measurements, pump measurements are determined, and investment cost and recovery for 
"efficiency increasing projects" times are calculated. 

3.3.1.3. Investment Level (Advanced) Audit (Level3) 

It is applied when more precise measurements and calculations are required for a certain system, prior 
to investment, or within the scope of an "efficiency increasing project (EIP)," such as a high-cost or 
"energy performance contract (EPC)" tender.  

With the energy simulation analysis of the building and systems, even more comprehensive and 
detailed calculations, feasibility and audit reports can be prepared. Especially if EIP and EPC 
applications are to be made, it is very useful to use various energy simulation programs to compare 
the pre-existing and post-application status, and to make "measurement and verification (M&V)".  

In major renovations, major energy efficiency conversions, it is recommended to follow the path 
below as part of a detailed energy survey: 

 The centers of energy efficiency increase are determined by examining the building. For 
example, calculations are made for this identified focus of efficiency increase, such as 
insulation of the building envelope, renewal of lighting systems, renewal of mechanical 
installation systems, etc. 

 Energy modelling of the building is done. Scenarios are created by including the determined 
energy efficiency centers in the model (many and different energy efficiency scenarios can be 
analyzed quickly, the situations that cause annual and daily load profile changes can be easily 
understood). 

 The initial investment costs corresponding to the scenarios are calculated. 

 The recovery times for different scenarios are determined.  

 The most suitable scenario is selected. The selected EIP proposals are projected and the 
tender dossier is prepared.   
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3.2.2.  Energy Audit Profiles  

Within the scope of energy audits, 7 audit profiles are evaluated annually. 

Input Profile  Types of energy entering the entity or building (natural gas, fuel oil, 
electricity, etc.), unit energy quantities (energy amounts carried by the unit 
mass or volume of the inputs in kWh), usage amount-time graphics. 

Waste Profile   Types (flue gas, steam, etc.), formation reasons, quantity and time graphs of 
utilizable energy wastes from heating/cooling systems, energy conversion 
systems or production processes. 

Loss-Leakage 
Profile   

The amount of energy lost due to but avoidable steam/gas/water leaks in 
buildings and equipment and incompatibilities in electrical systems. 

Inefficiency Profile   
 

Amounts of energy wasted but avoidable due to energy-inefficient 
equipment or process application. 

Wastage Profile   The amount of energy wasted on, in standby or idle in equipment that is used 
excessively in heating, cooling, lighting, etc. areas. 

Emission Profile   Greenhouse gas amounts based on energy types in the input profile. 

Energy 
Management 
Profile 

The adequacy of the energy management unit in the buildings and facilities, 
the procedures applied, the awareness level of the employees and the view 
of the senior management on energy management. 

 

3.2.3. Energy Audit Stages 

Energy surveys consist of determination of energy efficiency foci, preliminary interview, data 
collection, necessary measurements and evaluation of measurement results, preparation of economic 
analyzes related to investments in efficiency, savings foci and reporting stages. 

 

 

 

 

 

 

 

 

 

 

 

Figure-1 Audit process pyramid 
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estimate is made for the prevention or recovery potentials. The measures that can be applied for these 
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covers the general introduction of energy efficiency with its benefits and costs, exemplary practices in 
the world and in Turkey, preliminary audit results and measures to be taken. 

Documents are distributed and the opinions of the participants are taken. It is stated that a detailed 
audit is needed and that a EIP can be prepared according to the results of this audit, and the decision 
of the top management is requested. 

3.3.3.3. Detailed Audit  

According to the results of the preliminary energy audit, the prevention or recovery potentials are 
estimated with a maximum error of ∓10% by making measurements and calculations under the 
operating conditions on the subjects that are suitable for inclusion in the detailed energy audit. In 
addition, the most appropriate measures and EIP guiding information are revealed and reporting is 
carried out. 

3.3.3.4. Reporting and Analysis 

According to the measurements made, reports are prepared with evaluation and result analysis. The 
measurement results and the collected information are evaluated and the current status of the 
enterprise and the energy efficiency potential are determined as dimensions and measures and 
presented in a detailed report.  

An "executive summary" is attached as cover of this comprehensive report for the information-
evaluation of the senior management, so that attention is drawn to the current situation, 
recommendations, priorities, energy efficiency and investment potential.  

In addition, suggestions and evaluations of renewable energy, cogeneration-trigeneration-heat pump 
etc. are also presented. Operation and maintenance recommendations, user-employee indoor air 
quality and thermal environment comfort measurements and recommendations are presented (these 
issues have become even more important, especially after the COVID-19 pandemic). 

Existing energy contracts and consumption trends are also analyzed, and suggestions for demand 
management are presented. It is recommended to conclude an energy contract that is more suitable 
for current consumption. 

3.2.4. Energy Audit Measurements 

In energy audits, equipment and systems that consume energy are measured in certain seasonal 
periods (for example, chiller groups in winter, heating groups in summer) and in certain time periods 
(weekdays, weekends, nights, full load, etc.).  

Measurements such as illumination light intensity, flare, glare, light reflection levels and powers with 
luminance camera and luxmeter; boiler, HVAC (heating, ventilation and cooling systems) inlet-outlet 
temperature, flow rate, power values, pump, motor flow, power, speed values with flowmeter, 
ammeter, energy analyzer and flue gas, temperature measurement probes; thermal transmittance 
coefficients (U value) of the building envelope, indoor-outdoor temperature values, indoor humidity, 
temperature, pressure, CO2, air velocity with thermal camera; panel, transformer measurements, 
energy quality with energy analyzer are made. In order to make these measurements specified in the 
energy audits, calibrated measuring devices with different features determined by the MoENR are 
used. 

Measurements are made in the following devices and systems, and the efficiency-increasing potential 
is revealed by evaluating the measurements made: 

 Boilers, 
 Chillers, 
 Cooling towers, 
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 Pumps, 
 Fans, blowers, 
 Air handling units, 
 Heat exchangers, 
 Air ducts and vents, 
 Insulation performance measurement and calculation in pipes and ducts, 
 Lighting systems, 
 Building envelope performance, 
 Thermal camera shots and evaluation, 
 Elevators,  
 Automation, “building management system (BMS)”, “energy monitoring and management 

system (EMMS)”, 
 Switchboards, transformers etc. 
 Indoor air quality, 
 Other systems. 

Before starting the measurements, the catalogs and technical information of the devices and systems 
are collected and entered into the measurement forms. Measurement forms are filled as completely 
as possible. For example, in pump and fan measurement, the type and properties of the fluid, the label 
of the device and the electric motor (if not, the project information) are recorded. Then, the parts 
related to the measurements are filled and the calculation is made. A measurement form is filled in 
for each system or device by the person making the measurements, and it is signed and given to the 
relevant parties.                                                                 

3.2.5. “Measurement and Verification (M&V)” Method in the Case of “Energy 

Performance Contract (EPC)” Application (Optional) 

According to the Procedures and Principles Regarding Energy Performance Contracts in the Public, 
promulgated with the Presidential Decree No. 31220 on Friday, August 21, 2020, “energy performance 
contracts” (EPC) will be concluded in energy efficiency transformations that require an investment of 
more than 2.000.000 TL in public buildings in order to reduce energy expenditures and energy 
consumption.  

According to this Decree, “measurement and verification (M&V)” is required in EPC applications. The 
“measurement and verification (M&V)” method should be used to control whether the 
improvements, transformations, energy efficiency projects that have been made or will be made 
before and after the implementation of the EIPs and EPCs that emerged after the energy audits, can 
be achieved at the calculated, predicted and promised energy performance ratios.  

As explained above, in order to be able to define and report energy efficiencies, two situations should 
be considered: pre-renovation (baseline, previous state) and post-renovation (reporting period). The 
performance change and the amount of energy efficiency before and after the renovation can be 
expressed as in Figure-2. 
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Figure -2 Energy performance comparison before and after renovation 

In this context, the following should be defined: 

 Measurement limit and measurement options, 

 Measurement period, 

 Adjustment methods. 
 

Imaginary measurement limits including equipment and/or systems that affect efficiency should be 
determined, and the energy consumption of all equipment or systems within these imaginary 
measurement limits should be measured or calculated. According to the "International Measurement 
and Verification Protocol (IPMVP)", there are basically 4 methods.  

These are called “Option A, Option B, Option C and Option D”. These evaluations are summarized in 
Table-1. While Options A and B limit the improvement and evaluate them in isolation from the 
building, Options C and D consider the entire building as the measurement limit and audit on total 
energy use.  

Apart from this distinction, factors such as the level of audits to be performed (simple or complex) and 
the expected amount of productivity also affect the choice of method. While applying energy 
efficiency measures, the applied energy efficiency measure may have an energy change effect in 
another system beyond the selected measurement limit, and this is called "interactive effect". Some 
“interactive effects” can be difficult to measure. However, this “interactive effect” should also be 
calculated while calculating the energy efficiency provided. 

 Table -1: IPMVP “measurement and verification (M&V)” methods 

IPMVP Method How are savings calculated? Typical applications 

A- Independent 
examination of 
renovation and 
measurement of 
key parameters. 

• Measurement of important 
parameters and short-term and 
continuous measurements and 
use of data in engineering 
calculations. 

• Estimated values for non-
priority parameters. 

• Making regular and irregular 
adjustments if necessary. 

It is used in systems where there is 
only one energy efficiency and the 
performance of the system can be 
measured. For example, it can be 
used in lighting systems. 
Performance measurements are 
made periodically, working hours 
are estimated according to the 
occupancy of the facility.   

Example: Use of high efficiency 
lamps instead of inefficient lamps. 

As the key parameter, luminous 
power, luminous intensity and 
lighting operating time etc. may be 
used. 

 

B-Independent 
examination of 
the renovation 
and measurement 
of all parameters 

• Gather data on the base 
condition, the condition after 
renovation, or make 
engineering calculations using 
indicators of energy 

Example-1, adjusting the motor 
and pump flow rate using variable 
speed drive and control 
applications. Obtaining data every 
minute with the electricity meter 
and energy analyzer installed at 
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consumption by short-term and 
continuous measurements. 

• Making regular and irregular 
adjustments if necessary. 

the electrical input of the motor. 
Setting up the meter to measure 
for a week before renovation, to 
determine the baseline constant 
load.  

Example-2, installation of 
renewable energy systems. 

Measurement of produced kW 
and kWh quantities with meters. 

 

C-Examination of 
All Facility Data 

• Analysis of the energy 
performance of the entire 
facility in the reporting period 
(after renovation) and baseline 
(before renovation) with 
measuring devices. 

• Incorporating regular 
adjustments if needed using 
simple comparison and 
regression analysis techniques. 

• Including non-irregular 
adjustments if needed. 

A comprehensive energy 
management program linked to 
many systems.  Measuring energy 
use with gas and electricity meters 
over a one-year (12-month) period 
and throughout the reporting 
period.  

 

 

 

 

D- Calibrated 
Simulation 

• A simulation model of energy 
use is made, which is calibrated 
with hourly or monthly 
electricity meter data. The last 
energy usage meter values can 
be used to calibrate the data 
used in the simulation.  

A comprehensive energy 
management program linked to 
many systems. Unlike Option C, 
there is no base case data here. 
The base case energy use is 
determined using calibrated 
simulation results.  

Current energy use is compared 
with a simulation of reporting 
period energy use, which is 
determined using a calibrated 
simulation model. (In order to 
calibrate the simulation, energy 
measurements can be used after 
the installation of gas, electricity, 
etc. meters).  

For example, building envelope 
improvements, energy 
management systems, installation 
of heat recovery systems in air 
conditioning and ventilation unit, 
etc. 
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3.2.6. Examples from Audit Reports 

Examples of energy audit measurements, tables, graphs, analyzes, etc. are shared below.   

3.3.6.1. Examples from the X Metropolitan Building Energy Audit Report 15 

In the 2013 energy audit report of a service building belonging to the X Metropolitan Municipality, the 
potential, investment cost and recovery periods in energy saving points were given and improvement 
suggestions were prioritized (See Table-2). Values given in red in this table indicate the priority 
improvements, and the green ones indicate the improvement suggestions to be evaluated later. The 
annual total savings potential that can be recovered at the identified energy saving points calculated 
as: 96.68 TOE, energy saving cost approx.: 324,816 TL, and total investment cost: 3,281,780 TL. 

Table-2 Energy Saving Points, Savings, Investment and Recovery Period Table 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 
 

 

                                                            
15 X BB Building Detailed Energy Audit Report, 2013. 

Energy Saving Points 
(in order of priority) 

Savings Potential 
Savings 

Potential Investment 
Cost 
TRY 

Payback 
Period (PP) 

Year kWh/Year TOE/Year TRY/year 

1. Energy Performance 
Monitoring System 

32,000 2.7 9,600 44 000 4.6 

2. Loft Insulation 415,915 35.7 47,690 250,000 5.2 

3.1. Installing New 
Generation Light Fixtures 

92,890 7.98 27,867 208.480 

5 

3.2. Lighting Automation 9,630 0.8 2,889 17.250 

3.3. Unit Maintenance Cost of 
the Light Fixture Used in the 
Current System, Reduced to a 
Year 

  17,470  

4. Installation of Water-
Cooled Chillers 

216,000 18.5 65,000 552.000 8.5 

5. Renovation of air handling 
units 

116,000 10 35,000 586.000 16.7 

6. Cooling towers 45,000 4 15,000 115.000 7.6 

7. Building automation 
system installation 

45,000 4 15,000 201.250 13.4 

8. Photovoltaic System 
Installation 

227,360 13 89,300 598,210 6.7 

9. Replacing Window Seals - - - 16,500 10 

10. Covering glass surfaces 
with thin film 

   124,200  

11. Tower and Chiller Circuits 
Water Circulation Pumps 

- - - 77,620 - 

12. Cooling installation piping 
renovation 

- - - 250,000 - 

13. Replacing Fan-Coils 
 

- - - 375,000 - 

14. LEED-EB Consultancy - - - 140,000  

TOTAL 1,199,797 96.68 324,816 3,281,780  
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X Metropolitan Municipality has achieved efficiency by changing the cooling group, changing the fan-
coils, converting the lighting to LED, installing the energy monitoring and management system, partial 
insulation, covering the south glass surfaces with thin films, etc. among the savings points specified in 
the above table in order of priority. 

3.3.6.2. Examples from the Y University Campus School Building Energy Audit Report 16 

According to the report of energy audit made in August 2020 in the school building located on the 
campus of Y University, very high efficiency potentials emerged after the insulation and window 
replacement and the conversion of lighting to LED (See Table-3).  

If the proposed EIPs are implemented, an efficiency of 47.72% in electricity consumption and 51.96% 
in natural gas consumption will be achieved (Table-4). 

Table-3 Efficiency Increasing Recommendation & Recovery Time List 

Table 77 EFFICIENCY INCREASING RECOMMENDATION & RECOVERY TIME LIST 

 COUNTERMEASURES 

ENERGY SAVINGS 
INVESTMENT 

COST 

RETURN 
TIME 

TERM 

TYPE 

UNIT 
COST RATE QUANTITY TOE/YEAR TL/YEAR ₺ YEAR 

₺/UNIT 

01 

Insulation of exposed wall 
components with 8 cm 
"POLYSTYRENE 
INSULATION SHEETS" 

NATURAL GAS ₺ 1.98 34.0% 33,838.9 Sm3 27.92 67,001.02 ₺ 475,894.00 7.10 
Long 
Term 

02 

Replacing Existing 
Aluminum Profile 4x12x4 
double glazed (942,5m2) 
windows with plastic 
profile 3-chamber Low-e 
coated 4x16x4 double 
glazed windows; replacing 
the roof windows 
(334,9m2) with 4x16x4 
double glazed Low-e coated 
glasses without profiles 

NATURAL GAS ₺ 1.98 12.9% 12,871.1 Sm3 10.62 25,484.81 ₺ 285,000.00 11.18 
Long 
Term 

03 

Replacing 36W Fluorescent 
lamps (928ad) with 120 cm 
18W LED tubes 

ELECTRICITY 

(PURCHASED) 
₺ 0.71 14.6% 38,218.8 kWh 3.29 27,144.10 ₺ 45,400 1.71 

Medium 
Term 

04 

Replacing 18W Fluorescent 
lamps (2576 pcs.) with 
60cm 8W LED tubes 

ELECTRICITY 

(PURCHASED) 
₺ 0.71 23.1% 60,278.4 kWh 5.18 42,811.53 ₺ 74,704 1.74 

Medium 
Term 

 

  

                                                            
16 Y University Campus School Building Audit Report, 2020. 
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 COUNTERMEASURES 

ENERGY SAVINGS 
INVESTMENT 

COST 
RETURN 

TIME 

TERM 

TYPE 

UNIT 
COST RATE QUANTITY TOE/YEAR TL/YEAR ₺ YEAR 

₺/UNIT 

05 

Assigning an Energy 
Manager, establishing 
an energy management 
system within the 
framework of EN ISO 
50001:2018 standard, 
reviewing electrical 
device system and 
lighting uses. 
(Procurement of 
technical and 
administrative 
consulting services) 

ELECTRICITY 
(PURCHASED) 

₺ 0.71 10.0% 26,112.0 kWh 2.25 18,545.53 ₺ 5,000.00 0.27 Short Term 

06 

Assigning an Energy 
Manager, establishing 
an energy management 
system within the 
framework of EN ISO 
50001:2018 standard, 
standardizing interior 
comfort conditions. 
(Procurement of 
technical and 
administrative 
consulting services) 

NATURAL GAS ₺ 1.98 5.0% 4,973.4 Sm3 4.10 9,847.30 5,000.00 0.51 Short Term 

 

 

 

 

 

 

Table-4 Overall Efficiency Potential 

3.3.6.3. 2015 Evaluation Result Report of the Energy Efficiency audit Study of 166 Public 

Buildings Constructed by the “General Directorate of Renewable Energy 

(YEGM)” 

In Table-5 and Table-6, the savings and recovery periods envisaged in the heating and electricity 
systems analyzed according to the results of the "166 Public Building audit Report"17 prepared by the 
MoENR in 2014-2015 are indicated.   

                                                            
17http://www.yegm.gov.tr/verimlilik/document/Et%C3%BCt%20Uygulama%20%C4%B0zleme%20Raporu%202
018.pdf  

IF ALL MEASURES ARE IMPLEMENTED 

TOTAL SAVINGS 
53.4 TOE/YEAR 
190.834,3 ₺/YEAR 

CO2 REDUCTION AMOUNT 168,1 TON/YEAR 

INVESTMENT AMOUNT 878.604,0 ₺ 

Table 2 OVERALL SAVING POTENTIAL 

FUELS 
2019 TOTAL 

CONSUMPTION VALUES 
UNIT 

SAVINGS AMOUNT SAVING RATE 

UNIT/YEAR TOE/YEAR ₺/YEAR % 

ELECTRICITY (PURCHASED) 261,120.00 kWh 124,609.15 10.716387 ₺ 88,501.16 47.72% 

ELECTRICITY (GENERATED) 0.00 kWh 0.00 0 ₺ 0.00  

NATURAL GAS 99,467.66 Sm3 51,683.40 42.638802 ₺ 102,333.12 51.96% 

FUELOIL 0.00 ton 0.00 0 ₺ 0.00  

LPG 0.00 ton 0.00 0 ₺ 0.00  

DIESEL FUEL 0.00 ton 0.00 0 ₺ 0.00  

OTHER 0.00  0.00 0 ₺ 0.00  

TOTAL     53.355189 ₺190,834.28 

http://www.yegm.gov.tr/verimlilik/document/Et%C3%BCt%20Uygulama%20%C4%B0zleme%20Raporu%202018.pdf
http://www.yegm.gov.tr/verimlilik/document/Et%C3%BCt%20Uygulama%20%C4%B0zleme%20Raporu%202018.pdf


57 
 

 Apart from PV system installation, insulation, cooling system, efficiency applications that are easy to 
do and have a recovery time of less than 4 years are in the majority. 

 

Tablo-6. Energy efficiency measures of analyzed electrical systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Table-5 Energy efficiency measures of analyzed heating systems 
Energy Efficiency Measures Analyzed 

Investment 
Cost 

Annual Projected 

Savings (TL) 
Payback 

Period (PP) 
Share of Savings in Total 

Fuel Consumption (%) 

Building Insulation 100,373,851 12,970,694 7.74 27.6 

Replacement of Inefficient Boilers 3,454,877 4,337,915 0.80 44.0 

Burner Adjustment 106,954 2,335,532 0.05 8.8 

Use of an Economizer 849,846 621,704 1.37 3.7 

Insulation of Installation 1,055,210 1,714,289 0.62 2.9 

Use of Thermostatic Valve 2,033,098 809,080 2.51 3.7 

Hot Water Production with Solar Panel 13,967,224 1,780,318 7.85 10.1 

Energy Efficiency Measures Analyzed Investment 

Cost 

Annual 

Projected 

Savings (TL) 

Payback 

Period 

(PP) 

Share of Savings 

in Total 

Electricity 

Consumption % 
Replacing Magnetic Ballasts with Electronic Ballasts 6,867,123 1,722,305 3.99 2.4 
Modernization of Lighting System 27,553,907 8,136,957 3.39 6.5 
Use of Motion Sensors in Lighting 280,068 181,969 1.54 0.6 
Replacement of Low Efficiency Electric Motors 1,748,175 811,877 2.15 0.9 
Photovoltaic Installation 49,852,529 6,613,360 7.54 7.1 
Choosing an Appropriate Electricity Tariff 12,314 4,811,298 0.00 6.4 
Improvement of the Compensation System 88,854 189,629 0.47 2.7 
Not Leaving Electrical Devices in Standby Mode 2,279 128,492 0.02 0.3 
Use of Zone Pump Based on the Need 303,124 663,580 0.46 0.5 
Improvement of Compressor Fresh Air Supply 3,245 1,729 1.88 0.1 
Modernization of Lighting System 5,239,674 718,541 13.15 2.1 
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3.2.7. Examples of Energy Audit Measurements   

                                        

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-2: Lighting Measurements 

  

NIGHT MEASUREMENTS 

LIGHTING CALCULATIONS 

AVARAGE 750 LUX 
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Figure-3 Boiler collector measurements with thermal camera (yellow ones show places of heat 
losses) 

  

 

Figure 10.2 Real Time Thermal Image of Circulation Pumps and Non-Insulated Armatures 

Figure 10.3 Domestic Hot Water Collectors Non-Insulated Armatures Real Time Thermal Image 

Figure 10.4 Real Time Thermal Image of Outflow Collectors Non-Insulated Armatures 



60 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-4 Thermal permeability measurements of buildings and windows with a thermal camera 
(yellow colors show heat losses and leaks.) 

  

 

Figure 11.4 Real Time Thermal Image of Uninsulated Building Envelope 

Figure 11.5 Real Time Thermal Image of Uninsulated Building Envelope 

Figure 11.6 Real Time Thermal Image of Uninsulated Building Envelope 
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Figure-5 (left): Electric panel electrical measurements with energy analyzer  

Figure-6: Air-conditioning-ventilation filter and air leakage measurement with air velocity measuring 
device18 

4.4. Conclusion 

According to the Presidential Circular, which has entered into force, energy surveys should be carried 
out or made first, especially in buildings that have legal obligations, and 15% savings should be 
achieved until 2023. 

For this reason, all relevant institutions and establishments to be established and with "energy 
management" and "energy management units", should plan and implement energy audit studies 
related to high energy consuming buildings that are not in the scope, starting from the buildings that 
are within the scope until 2023. 

 

  

                                                            
18 XYZ Buildings and Facilities Detailed Audit Reports, 2015, 2016, 2017. 
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4. Energy Monitoring and Management on Campuses 
Arif Künar 

 

4.1. Introduction 

Monitoring and controlling the increasing energy consumption and costs in campuses and buildings is 
very important for energy management and controlling costs and environmental effects. For this 
reason, it has become a legal requirement to carry out energy management, especially in campuses, 
to establish an energy management unit, to have certified energy managers, to establish an "ISO 
50001 Energy Management System (EnMS)".  

4.2. What is Energy Management, Energy Monitoring and Management 

System?  

Energy management covers all of the training, audit, measurement, monitoring, planning and 
implementation activities carried out to ensure the efficient use of energy resources and energy. In 
order to carry out energy management in campuses and facilities, first of all, people who are 
responsible for carrying out activities related to energy management in buildings within the scope of 
the "Energy Efficiency Law" and who have an energy manager certificate should be appointed. It is 
obligatory for the campuses and institutions with buildings that fall within this scope to have energy 
managers either in-house or by outsourcing this service. 
 
In order to carry out energy management applications, an “energy management unit” should be 
established  under the responsibility of the certified energy manager, to be accountable to the 
institution manager for the purpose of preparation of energy identity document in buildings, building 
consumption and comfort controls, determination of energy conversion, creation and updating of 
building and system inventories, energy monitoring, control and energy management, developing and 
improving energy culture and efficiency awareness, usage habits (See. Annex 1).  
 
Energy monitoring systems are simple software and systems that only monitor and report the values 
they read.  
 
Energy monitoring systems monitor and send warnings and reports to the user and manager if there 
are differences according to the determined limits.  
 
The “Energy Monitoring and Management System (EMMS)” monitors energy, follows it while 
monitoring, processes the data it collects instantly, sends warning data and analyzes consumption 
trends, makes predictive predictions, calculations and optimizations with "machine learning", 
"decision support mechanisms". It makes daily, weekly, monthly, yearly comparisons and sends 
reports to different managers at different levels. 
 
EMMS is a platform that enables the monitoring, measurement, analysis, control and management of 
electricity, natural gas, fuel, hot water, etc. consumption of a building or campus with meters, flow 
meters, energy analyzers, sensors, IoT, software using energy intelligence, data analytics, which 
supports energy management and energy management unit. Because you can't manage what you 
can't measure. 
 
With EMMS, issues such as whether energy consumption is normal or not, the status of losses and 
leaks, reduction potential can be easily analyzed. However, in order to perform similar analyzes 
correctly, first of all, “energy baseline” information is needed. In new buildings, energy modeling 
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results, consumption of high-performance buildings of similar structure, literature information can be 
used as “energy baseline” values. In existing buildings, in addition to these, past consumption and 
invoices are used as the "energy baseline". This information can be based on device, system, building, 
campus. 
 
When energy-using device, system and building measurements are started with EMMS, excess or 
incorrect, unnecessary consumptions can be determined by analysis, provided that the "energy 
baseline" information is also included. At the end of the first year, data begins to form for the new 
situation. This information can be used in the analyzes to be made in the following years.  
 
As shown in Figure-1, the reasons for the high energy bills experienced in all buildings in general and 
in common include inability to analyze bills and tariffs, analyze different building system 
consumptions, inability to see sub-distributions other than the main consumption point, insufficient 
maintenance-repair follow-ups, reactive power charges, and consumption excess etc. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure-1 Reasons for high energy bills in buildings 19 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure-2 Reasons for high energy bills on campuses 20 
 
In Figure-2, the reasons for the high energy bills on the basis of school and campus are indicated.  

                                                            
19 Arif Künar, Cezeri Yeşil Teknoloji Vocational and Technical Anatolian High School, Presentation of Energy 
Monitoring and Management System in Schools, 28 February 2019. 
20 Ibid. 
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cannot be followed up, failures 

cannot be foreseen. 
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Integration of consumption with 
systems such as PV, solar collectors etc. 
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turning off electrical equipment 

when not in use) 

Consumptions cannot be analyzed 
based on variables such as square 
meter, student etc. 
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not turned off while not in use. 

 

Air conditioners and boilers cannot be 
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Operational issues are not identified in 
a timely manner. 
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4.3. The Importance of Establishing EMMS on Campuses  

EMMS enables energy-using systems and devices (digital energy IoT platforms) to communicate with 
each other and to reduce, control and manage the amount of energy used, and to reduce costs, as 
well as to make more appropriate energy purchase agreements with consumption analyzes to be 
made, thus reducing the high energy costs faced by the building and campus. 
 
According to the measurements, monitoring, comparisons and analyzes made by the EMMS, the 
buildings and systems that consume more are determined first, and then detailed energy audits are 
made by ESCO and EECCs, and implementations, transformations and continuous improvements can 
be made according to the "efficiency increasing project (EIP)" and "energy performance contracts 
(EPC)" to be prepared. 
 
If the amount of consumption of any building and system is known, creating an “energy baseline”, 
“consumption curve”, “regression” for energy efficiency transformations, making optimization and 
feasibility, creating “energy performance indicators (EnPIs)”, and then following them, then making 
“measurement and verification (M&V)” after the implementation, operating the campus sustainably 
and improving it continuously, and managing the energy correctly will be much easier and more 
economical. 
 
The “Energy Monitoring and Management System (EMMS)” is also necessary for the establishment of 
the “ISO 50001 Energy Management System (EnMS)” in buildings and campuses and for the energy to 
be monitored, measured and comparable by the created “energy management unit”. The EMMS 
requirements can be summarized in general as follows: 
 

o To reveal what increases energy consumption and costs on the basis of building, 
region, floor, room, system, device and to reveal the effects of the increases on the 
enterprise, facility and campus, 

o To reduce energy consumption and costs, 
o To follow up bills (electricity, natural gas, fuel-oil, diesel and water) and to prevent 

penalties and delays, 
o To ensure that maintenance and operating costs are reduced by predicting possible 

malfunctions from abnormal energy increases, 
o To determine the priorities of which systems and devices need to be improved or 

changed, and monitor the efficiency and investment provided after the 
implementation, 

o To monitor and integrate the production and consumption of new systems such as 
renewable energy, energy storage, electric vehicle charging station, etc., 

o To be able to make detailed reporting and analysis for the senior management about 
energy consumption and expenses, 

o Based on consumption analysis, to make demand-side management, to provide 
demand shifting and load management if necessary.  

 
In summary, the benefits of EMMS are to provide, control and manage services like those shown in 
Figure-3. 
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Figure-3 Examples of some systems that EMMS can monitor and manage (1) 

4.4. General Features of the Campus “Energy Monitoring and Management 

System (EMMS)”  

In order to start energy management and energy efficiency transformation studies, first of all, a 
comprehensive EMMS suitable for the building and campus must be selected and installed. Existing 
energy consumptions should be monitored continuously, not instantaneously, and with these, 
necessary analyzes should be made, excess or incorrect consumptions should be determined and 
calculated.  
 
Since it is not possible to make an analysis as a result of instantaneous monitoring of energy 
consumption only from existing energy analyzers and energy meters, integrated hardware/devices 
specially designed for this purpose along with comprehensive-specific software have been developed 
(Figure-5).  
 
For this reason, software, platforms that is cost-effective, suitable for the infrastructure of buildings, 
schools, campuses, can be implemented quickly, modular, flexible and expandable, can communicate 
with existing systems (for example, that can work with communicating existing meters, automation 
and SCADA systems) and systems to be added later, can make very comprehensive and detailed 
analyzes, calculations, forecasts, reports, and give advance warnings to users should be preferred. 
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Figure-5 Advanced EMMS integration and application examples (2) 
 
EMMS should be able to provide fast and solution-oriented reporting and detailed analyzes-analytical 
results, to work on the web, in the cloud or on servers, to monitor renewable energy systems, to offer 
energy production and energy consumption optimization, if any, to present lighting, HVAC (heating, 
cooling and ventilation systems) etc., to be integrated with “mechanical and building automation 
systems (BAS)”.  
 
In addition, it is also important that EMMS optionally prepares reports in compliance with “ISO 50001 
EnMS” and has “energy baseline”, “energy performance indicator” and “measurement-verification 
(M&V)” calculation modules, if possible and available, for ESCO and EPC applications.  
 
EMMS should work integrated with wired-wireless sensors, “Wi-fi”, “LoRa” and “NB-IoT (narrowband-
internet of things)” ready for “cloud”, “energy blockchain” and “energy IoT” applications. “NB-IoT” 
communication devices can provide effective and continuous two-way communication with any item 
of equipment, including protection relays, analyzers, meters, sensor, etc., across a much wider 
coverage area and with much lower energy consumption than conventional GSM communication 
devices.  
 
However, if the equipment, systems and distances between buildings are not too large, and if the 
infrastructure is suitable, the preference of cable systems should also be considered. In Figure-6, the 
basic features that are used as up-to-date technology and that should be included in the EMMS are 
indicated. 

 
Figure-6 Basic features that should be included in the EMMS21 

4.5. Minimum Modules Required in EMMS Software  

The minimum software features of the EMMS, the relevant titles/modules, should be at least in the 
following scope and features: 
a. User Roles and Authorization 
- Role definition should be possible for each user based on their authorization. With defined 
roles, user privileges should be limited. 
- Users in the “admin” role with the authority should have the user role and user creation 
authority. Users in the admin role should have the right to restrict the privileges of any user they want. 
- Unlimited user roles and users can be created on the system. 
- Each user should be able to operate with his own profile and username and password. 

                                                            
21 Ibid. 

Advanced Data analysis and Reporting 

Access from Anywhere Anytime 

Secure Data Storage Advanced Data Analysis 

Real Time Monitoring 

Flexible Device Control 
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- When logging into the application, the user profile and information should appear on the 
screen. 
- With user roles, which pages each user can see and what actions can be performed on those 
pages should be adjustable. 
- By means of the authorization tool, it should be ensured that the users are authorized about 
which units they can monitor and access the historical data of that unit. 
- The software will have an authorization tree structure and a user who has access to a unit at 
the top should be able to access the subunits under that unit. 
 
b. Consumption/Production and Performance Monitoring 
- Energy production, consumption, targets and performance indicators of the units should be 
monitored on the main monitoring screen that will come as a standard in the EMMS. 
- The user should be able to monitor the data of the unit he/she wants (within his/her authority) 
with the tree structure to be found on the page. 
- If there are sub-units under a main unit, when going to the main unit, the consumption values 
of the sub-units and their percentages in the main unit consumption should be visible. 
- If there is no measurement in the main unit, the consumption and production of the sub-units 
under that main unit should be reflected to the main unit as a total.  
- If there are PV and battery storage systems in the monitored unit, there should be pages or 
tabs showing the general system in the form of production, storage and summary, apart from 
consumption. 
- From the main monitoring page, the user should be able to see the instant production and 
consumption of the relevant unit, as well as the periodic production and consumption on a daily, 
monthly and annual basis, both in total and graphically, and export these values in different formats. 
- The consumption of each unit, the cost corresponding to this consumption (based on the 
defined tariff) and the realization percentages of the targets defined for the relevant unit should be 
visible on the main monitoring page. 
- Performance indicators that can be defined by the user (consumption per square meter, per 
capita consumption, performance index for the production facility, etc.) should also be visible on the 
main monitoring page. 
- The user should be able to see the number of active alarms and their criticality levels on the 
main monitoring page. 
- When the user wants to choose different units, he will not leave the page and will be able to 
select the main unit he wants to monitor from a menu in the form of a tree structure. 
- Users should be able to choose which performance indices they want to see on the main 
monitoring page and they should be able to see them on the main monitoring page for each unit. 
 
c. Performance Indices Management 
- Users should be able to define their own performance indices (consumption per square meter, 
consumption per capita, etc.) to be displayed on the main monitoring page. 
- There should be a special interface for this definition and it should be possible to select the 
parameters to define the performance index. 
- The units in which the selected performance indices will be displayed should also be adjustable 
via this interface. 
- Performance indices should be displayed both on the home page and on customizable 
"dashboards". 
 
d. Analysis 
- EMMS should have an analysis module where users can view the historical data recorded in 
the database for each unit. 
- Users should be able to access all historical data saved in the system over this module.   
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- Templates such as energy consumption analytics, trend analytics with data such as power-
current-voltage, and air quality analytics with sensor data that the user will frequently use should be 
ready. The user should not have to select separate parameters to access these data, and should be 
able to access these data when they select ready-made templates. 
- It should be possible to display the data graphically with predetermined or user-created filters. 
- The graphic display should be able to be changed as a column or line graphic. 
- The graphical representation should have minute, five-minute, ten-minute, fifteen-minute, 
hourly, daily, monthly and yearly filters. 
- Historical data reflected on the chart should be downloadable as “.xls, .csv, .jpeg and .pdf”. 
- Options such as "today, this week, this month, this year" should be ready in the selection of 
the date range that the user wants to see the data of. Apart from these date ranges, the user should 
also be able to select a custom date range. 
- The user should be able to access the data of more than one unit (building, residence) in the 
analysis module and see the data of these units on the same graph. In this way, the user should be 
able to make comparisons between units. 
 
e. Reporting 
- There should be a report module in EMMS where users can receive predefined reports for 
each unit based on the historical data recorded in the database. 
- Production and consumption data on the basis of day, month and year should be available 
through the report module. 
- In addition to being able to see the data of all units in a single report, the user should also be 
able to receive unit-based reports. 
- The content of the report should include language options, especially Turkish. 
- Reports should be available for download in “xls, csv or pdf” format. 
- The user should be able to define periodic reports. It should be possible to send the report, 
whose period is specified, automatically to the user’s e-mail address periodically. 
- It should be possible to define periodic reports to more than one user. It should be possible 
to send the same periodic report to more than one user in a single definition without the need for a 
separate definition for each user. 
- It should be possible to deactivate the previously defined periodic reports according to the 
user's request. The user should be able to do this without deleting the definition, only with the 
deactivate button. 
- In addition to ready draft reports, new report types requested by the user should be definable 
by the system administrator. 
- The report should include consumption information, cost information, consumption per m2, 
comparison according to the previous month, week, day, reactive consumption information, target 
consumption deviation rate, target cost deviation rate, consumption comparisons between buildings 
and residences, production/consumption heat maps, etc. 
- It should also have the feature of downloading previously created reports without requiring 
re-definition. 
 
f. Alarm 
- The user should be able to receive an alarm in case of reactive overshoot, “demand power” 
overshoot, communication error, or any parameter exceeding or dropping below the specified 
threshold. 
- The user should be able to receive an alarm when a single value rises above or falls below the 
threshold set. 
- It should be possible to perform “AND (AND) and OR (OR)” operations on the conditions 
created. Thus, a solution should be provided in cases that require more than one unit and condition. 
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For example; the user should be able to define the conditions in a single alarm when the current rises 
above 100 A in building A and the phase neutral voltage rises above 253 V in building B. 
- The user should be able to set the level of the defined alarm as low, medium or high. 
- The user should be able to view the alarms that have occurred in the past. On this page, the 
user name of the person who created the alarm, the creation time of the alarm, its enabled or disabled 
status, alarm level, alarm type should be displayed. 
- The user must have the right to edit and delete the alarm that he/she defined earlier. 
- The user should be able to specify on which days and hours the alarm condition will be 
checked. The user should only be able to define alarms that will be controlled at certain days and times 
of the month, week. 
- The user should be able to receive alarm notifications as e-mail or SMS. 
g. Tariff Analysis 
- There should be single-time and multi-time tariff options in the tariff analysis module. In this 
way, the user will be able to make comparisons according to consumption data and choose the 
electricity tariff that is suitable for him/her. The user should be able to define the time zones such as 
T1, T2, T3 as desired. 
- The user should be able to define expenses such as distribution price, VAT and TRT share in 
the tariff to be defined. 
- The user should be able to select single-term and double-term tariffs as well as single-time or 
multi-time options. 
- The user should be able to define the power cost, excess power cost and reactive energy cost. 
- The user should be able to compare past bills and current electricity tariffs with other tariffs. 
- The user should be able to see graphically the comparison between the current tariff and the 
tariff entered for comparison. 
- The user should be able to define as many tariffs as he/she wants and choose one of the 
defined tariffs as the active tariff. 
- On the analysis screen, cost calculations should be made for each tariff based on the 
consumption of all months of the selected year, and the differences between the tariffs should be 
displayed. 
- If the active tariff is selected, it should be available for main cost calculation in all modules in 
the software. 
- It should be possible to download the comparison in terms of money as "xls, pdf, jpeg, csv". 
 
h. Last Resource Supply Tariff (LRST) Calculation 
- In the Last Resource Supply Tariff (LRST) module, hourly and monthly cost calculations should 
be possible according to the LRST tariff structure defined in the tariff analysis. 
- EPİAŞ integration should be possible in the module and Market Clearing Price (MCP) should 
be obtained automatically. 
- By using 24-hour MCP and hourly consumptions for each day, it should be possible to calculate 
the energy cost on an hourly basis and the weighted MCP that will emerge at the end of the month. 
- Estimated YEKDEM cost should be used when calculating the end-of-month costs, and after 
the actual YEKDEM cost is announced, the calculated and actual costs for the relevant month should 
be displayed. 
- The LRST module should also have a heat map where both consumptions and costs can be 
viewed on an hourly basis. 
 
i. Energy Management and Load Control 
- In this module, it should be possible to control the controllable loads manually and in a 
scheduled manner. 
- The user should be able to manually ON/OFF the loads that can be controlled for any unit 
he/she chooses or define a set value for analog parameters. 
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- With the definitions to be made on the module, it should be possible to send the values set 
for the selected units and signals to the devices on certain days and hours and control the loads 
automatically. 
 
j. Graphics Editor 
- Building and residence single line definitions should be possible via the graphic editor module. 
- Values such as current, voltage and power of the relevant units should be displayed through 
the single line definitions. 
- The user should be able to define and view any data of the desired unit through a single line. 
- The user should be able to add ready symbols such as transformer, UPS, generator, inverter, 
battery on the graphic editor. 
- It should be possible to select features such as font size, font, symbol color, symbol size, 
background color on the graphic editor. 
- The user should be able to receive warnings and alarms with coloring on a single line diagram. 
- It should be possible to define on-off buttons or control tools that will provide temperature 
set values on single line diagrams. 
 
k. Dynamic and Customizable “Dashboard” 
- The user should have the ability to create a user-specific panel according to his/her request. 
With this feature, the user should be able to view all meaningful data in a single panel. 
- The user should have the ability to add line charts, column charts, pie charts, and “heat maps” 
to the panel he/she will create. 
- The user should have the opportunity to dynamically change the position of the graphics 
he/she created on the page. 
- The graphics created should be downloadable in "xls, pdf, jpeg and csv" formats. 
- The user should have the ability to share the created panel with other users. 
 
I. Map Display 
- The user should be able to see the locations of all units defined in the system on the map. 
- The user should be able to view the daily, weekly, monthly, annual production consumption 
information of the relevant unit on the map. 
- The user should be able to view the percentage or kWh rates of the lower breakdown energy 
consumption of the selected unit on the map. 
-  Breakdown consumptions, expressed as a percentage, should also be shown on a pie chart. 
 
m. Mobile Application 
- EMMS should have a mobile application that can be downloaded directly from "Android and 
iOS" markets. 
 

4.6. Differences Between “Energy Monitoring and Management System 

(EMMS)” and “Building Management – Building Automation Systems 

(BMS/BAS)”  

Before investing in an appropriate and correct EMMS application in buildings and campuses such as “energy 
monitoring and management system (EMMS)”, “building management system (BMS)”, “Low Voltage-Medium 
Voltage SCADA management system” and “building automation system-mechanical automation system (BAS)” 
etc.; understanding and knowing what they are, what they can do, how and for what purpose they are used is 
very important in order to improve energy consumption and comfort. In the studies conducted with the building 
and campus technical managers, it is seen that EMMS, SCADA and BMS/BAS systems are often confused with 
each other or sometimes used in the same sense. 
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BAS/BMS manages only the comfort settings and on-off parts of the mechanical heating-cooling-ventilation-
lighting systems designed, applied and used during the construction phase of the building. The task of BAS/BMS 
is to ensure that these mechanical and lighting systems work separately and together in an appropriate manner.  
 
However, since BAS/BMS does not monitor or analyze how efficiently and correctly the systems work, the 
importance of EMMS emerges at this point. If it is desired to optimize the building performance by providing full 
management and control over the energy consumption, it is important to use the EMMS in addition to the BAS, 
if any. For this reason, first of all, it should be investigated whether the existing BMS/BAS and EMMS can work 
together. Today, building devices and systems are very advanced, but they are increasingly complex. In Figure-
7, this process from building management to smart building and smart grid is summarized.   

 

 
Figure-7 EMMS and smart building, development process of smart city management systems22 

 
EMMS is a fairly new and developing platform and application in the smart building technology and 
energy efficiency, energy management system sector. It has started to be used in buildings and 
campuses in Turkey with the integration of "internet of things (IoT)" and "big data analysis platform, 
energy intelligence" by simplifying energy measurements and sensor and device installations and 
usage, enabling energy efficiency applications. 

4.7. Application Examples 

4.7.1. Malatya İnönü University Campus 

In line with its “green campus goal”, Malatya İnönü University Campus continues its activities with 2 LEED Gold 
Certificate candidate buildings, the largest university-public solar power generation facility (5 MW) in our 
country, and a "campus energy monitoring and water management system".  
 
The general studies to be carried out within the scope of energy efficiency regarding the energy monitoring and 
water management system on campus are summarized below. 
 
“The following studies are planned to increase the quality of electrical energy in the campus, reduce electricity 
losses, ensure coordination between substations, strengthen the energy infrastructure and design the high 
voltage infrastructure. 

                                                            
22 Roland Ullmann, CEN TC  247 Otomasyon, Kontrol ve Bina Yönetimi (BACS) Teknik Komite Başkanı, Yüksek 
Performanslı Binalar– Akıllı Binalar Sunumu, 2015. 
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Figure-8 İnönü University energy management roadmap. 

4.4.1.1. Transformer Compensations 

 Energy quality will be increased by renewal of inappropriate compensation panels, 

 Renewal of unusable materials inside the panel, 

 Providing safer and more efficient compensation by redesigning the compensation system, 

 Changing the reactive relays and energy analyzers that do not have communication feature and 
making them suitable for the energy monitoring infrastructure, 

 And using harmonic filters. 
 

4.4.1.2. Gains to be Obtained as a result of Transformer Compensations 

 Increase in energy quality, 

 Reduction of the risk of penalty for reactive energy, 

 Increase in the security of electrical infrastructure, 

 Reduction of transformer losses, 

 Efficiency increase in transmission and distribution, 

 Reduction in malfunctions in sensitive electronic devices, 

 As a result of all these, financial savings will be achieved. 
 

4.4.1.3. High Voltage Modernization 

 Replacement of defective modular cells, 

 Replacement of faulty current transformers in transformer kiosks and building "main distribution 
panels (MDP)", which are not suitable for modernization, 

 Provision of suitable equipment for relays to communicate, 

 Changing the energy analyzers that do not have communication feature in building MDPs and 
transformer kiosks and making them suitable for the energy monitoring infrastructure, 

 Installation of camera systems in transformer and generator buildings, 

 Conducting studies and project studies for short circuit calculations, relay coordination and 
selectivity, and applying them in the field, thus preventing unnecessary power cuts, 

 Making the high voltage infrastructure suitable for digitalization, 

 Increasing the safety and lifetime of high voltage infrastructure. 

4.4.1.4. Energy Monitoring System 

 Purchase of energy monitoring system software, 

 Laying fiber optic cables to provide communication infrastructure, 

 Making all buildings communicable and incorporating measurement devices with communication 
feature into the system, 
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 Ability to analyze invoices and tariffs, 

 Ability to analyze consumption of different units, 

 Facilitating maintenance-repair follow-up and predicting malfunctions, 

 Enabling and verifying the applications for energy efficiency and saving, 

 Analyzing and verifying whether the energy quality complies with the contract and standards, 

 Identifying invoice inconsistencies, incorrect pricing and errors, 

 Gathering the necessary information for investment decisions on energy efficiency. 
 

 
Figure-9 İnönü University LEED Gold Certificate candidate Student Life Center EMMS screenshot 

 

4.4.1.5. Projected Savings 

If "transformer compensations", "high voltage modernization", "energy monitoring system" studies 
are carried out, it is evaluated that electricity energy savings will be close to 20%. In the first data 
obtained after the studies, it was seen that 69% savings were made in the operating times of the 
motors in the water wells and tanks.  
 
As can be seen in Table-2, savings of 63% and 398,376.26 TL were achieved in electricity consumption 
before and after SCADA (Supervisory Control and Data Acquisition System)23.  
 

Table-2. Electricity consumption data of water wells and reservoirs. 
WATER WELLS AND RESERVOIRS ELECTRICITY CONSUMPTION DATA 

Pump Name 

Consumption 
per Hour 

(kWh) 

Irrigation Season (6 Months) Consumption (kWh) 
 

Irrigation Season (6 Months) Consumption Cost (TL) 1 

BEFORE SCADA 
AFTER SCADA 

(01.04.2019-29.10.2019) 

  

(Well pumps work 24 hours a day, pumping station 
pumps work 18 hours/day a day) 

BEFORE SCADA AFTER SCADA 

Pump Center Small Well 5.11 22,081.73 8,120.00 17,665.39 6,496.00 

Pump Center Large Well 9.46 40,877.64 19,609.00 32,702.11 15,687.20 

Body Treatment Well 15.08 65,124.52 12,544.00 52,099.62 10,035.20 

Treatment Small Well 13.19 56,975.14 17,941.00 45,580.11 14,352.80 

Treatment Big Well 23.89 103,216.37 19,409.00 82,573.10 15,527.20 

Hobby Garden Well 20.27 87,563.74 10,184.00 70,051.00 8,147.20 

Uzumlu Well 19.73 85,244.01 43,320.00 68,195.21 34,656.00 

Pumping Station Pump 102.95 333,546.16 165,532.00 266,836.93 132,425.60 

TOTAL 794,629.32 296.659,00 635,703.46 237,327.20 

 

                                                            
23 İnönü University Head of Dep. Abuzer KALKAN, Mech. Eng. F. Ataman BİLEN, Elct. Eng. Doğan ERBAŞ Elct. 
Eng. Musab OKŞAR. Presentation titled CONTROL AND AUTOMATION SYSTEM OF DRINKING WATER WELLS 
AND DISTRIBUTION RESERVOIRS and INONU UNIVERSITY ELECTRICAL ENERGY MODERNIZATION AND 
EFFICIENCY SURVEYS, 2019. 
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4.7.2. Özyeğin University 

"Campus Energy and Water Resources Usage Guide" has been prepared by Özyeğin University's 
Energy Management Unit24.  
 
“Green energy is widely used on campus. There is a "Photovoltaic Solar Energy System" with a total 
capacity of 380 kWh on the roof of the MF, SCOLA, Faculty of Business and Energy Distribution Center 
buildings. In addition, there is a "Ground Source Heat Pump" system for heating the air used inside 
the SCOLA Building. In addition, there is a trigeneration system in the EDM building that can produce 
electricity, heating and cooling simultaneously using natural gas as fuel. 
 
In addition, the mains electricity of the campus is provided entirely from clean electricity produced 
from wind energy. An energy monitoring and management system has also been established on the 
campus, which has LEED GOLD certified buildings” (See  Figure-10). 
 

 
Figure-10 Özyeğin University Campus EMMS screenshot 

 

5.5. Conclusion 

For buildings over 10.000 m2 or using 250 tons of “tonnes of oil equivalent (TOE)” energy in the 
campuses, it is obligatory to have an energy audit, to have an energy manager, to save 15% energy 
until 2023 and to establish an "ISO 50001 Energy Management System (EnMS)". (see “ISO 50001 
Energy Management System Training Note” and “Energy Efficiency Legislation Training Note” in this 
booklet).  
 
Since energy monitoring (manually or automatically) and an "energy management unit" will be 
required within the scope of "ISO 50001 EnMS", which was established or will be established within 
the framework of these obligations, EMMS should also be among the priorities to be implemented in 
the public sector, especially on campuses.  
 
 
  

                                                            
24 https://www.ozyegin.edu.tr/sites/default/files/upload/HSE/emp-02-r01_kampus_enerji_ve_su_kaynaklari_kullanim_kilavuzu.pdf  

https://www.ozyegin.edu.tr/sites/default/files/upload/HSE/emp-02-r01_kampus_enerji_ve_su_kaynaklari_kullanim_kilavuzu.pdf
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5. Green Building 
Arif Künar 

 

5.1. Introduction 

Energy consumption and greenhouse gas emissions in buildings have a rate of approximately 34% in 
Turkey and 40% in the world. In addition, serious waste is produced in buildings, and many materials 
are produced in the industry for buildings. Buildings have the largest share in environmental impact 
and climate change. In studies conducted in the USA, it has been determined that buildings defined 
as "green" or "environmental" can reduce energy consumption by 24-50%, CO2 emissions by 33-39%, 
water consumption by 40% and waste by up to 70%25. For this reason, buildings must be 
environmentally friendly, green and sustainable. As can be seen in Figure-1, energy consumption has 
a very large place in the lifetime costs of buildings. 
 

 

 
 

Figure-1 Energy use in building lifetime cost analysis 

5.2. What is Green Building? 

Green buildings can be defined as structures created with an integrated design/application method, 
designed with an understanding of environmental responsibility, suitable for climate data and the 
conditions specific to that place, consuming as much as it needs, using renewable energy resources at 
the maximum rate, using local, natural and non-waste-producing materials, starting from the selection 
of the land, within the framework of lifetime cost analysis. 
 
In these buildings, it is aimed to make minimum and optimum use of energy and resources and to 
emit less emissions while providing good comfort. The comfort defined here consists of components 
such as thermal comfort, indoor air quality, noise, humidity, air movements, scenery, etc. 
 
The main reasons for the construction and widespread use of green buildings are the climate crisis, 
environmental pollution, population growth, and the decrease in natural resources. It is envisaged 
that such buildings will likely become the “normal standard” for all buildings in the near future.  
 
Green buildings, unlike conventional buildings, aim at the following criteria and applications: 

                                                            
25 https://cedbik.org/tr/yesil-bina-7-pg, 29.08.2020. 
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- Reducing the building's energy and water consumption needs, 
- Reducing the effects of global warming and climate crisis, 
- Reducing the negative effects of construction on natural life, 
- Ensuring the recycling of waste, 
- Reducing the negative effects that may occur on human health in the building,  
- Helping the protection of ecosystems and biodiversity, 
- Reducing fossil-based energy consumption with the use of renewable energy sources, 
- Reducing the amount of carbon emissions, 
- Ensuring the effective use of rainwater, 
- Ensuring the recycling of some of the water used in the building, 
- Providing people with a higher quality of life and a stress-free environment, 
- Reducing diseases such as sick building syndrome, headache, bronchitis, asthma and 

allergies, 
- Increase in the efficiency, motivation and happiness of working people, 
- Providing significant gains in long-term, lifetime costs due to low operating-maintenance 

costs, although the initial investment costs are a little high. 
 
While energy consumption is approximately 120-350 kWh/m2year in conventional buildings, it is 
around 45-120 kWh/m2year in green buildings. In passive buildings, it is a prerequisite that the 
heating-cooling energy consumption is less than 15 kWh/m2year.  

5.3. Green Building Design and Construction Process 

The main goal in green buildings is to optimize the lifetime cost. The lifetime cost consists of the 
consumption of energy, money and other resources during the design, construction and operation 
phases. The least costly but the most effective of these phases is the design, project and consultancy 
phases (Figure-2).  

  
 

Building lifetime cost = minimum 
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Figure-2 Components that make up the lifetime cost of the building 
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Figure-3 Conventional building and Green Building (Ankara Eryaman Green Technologies Vocational 
High School) lifetime cost comparison 

 
“Green Buildings” as shown in Figure-3 

 With an average life span of 50-60 years, they have much less operating and maintenance 
costs than conventional buildings, and they consume less energy and water,  

 Thanks to renewable energy, they provide low-cost energy, 

 They create new markets for sustainable materials and services, contribute to the green 
economy-green development by creating new business areas. 

 
As in conventional buildings, the green building construction process consists of the design phase, 
construction phase and operation phases. As seen in Figure-4, the sum of the costs in all these phases 
constitutes the lifetime cost.  
 
One of the most important phases of green building construction is the design phase, because the 
performance of the building depends on its design. Starting this process at the design phase reduces 
costs.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure-4 Importance of phases in green building construction costs 
 
If a building is not designed in sufficient detail and accurately during the construction phase and its 
construction is immediately on the agenda, the costs are much higher. For example, if a sufficient and 
good building envelope is not thermally insulated, it is much more costly to improve it later. The same 
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applies to mechanical installations, electrical installations, lighting installation systems, water systems. 
Some aspects of building construction processes are summarized below. 

5.5.5. Design Phase 

Depending on the type and size of the building, the energy need in buildings can be reduced by energy 
efficient design and project design. For example, issues such as high performance thermal insulation 
in the building envelope (transparent and opaque surfaces), high efficiency heating and cooling 
systems, ventilation systems, lighting systems, use of heat recovery systems, selection of variable 
speed and high efficiency pumps and fans, free cooling, the use of automatic control and automation 
systems/energy management systems, the selection of efficient office devices, the design of rainwater 
collection systems, gray water systems can be evaluated within this framework.  

5.5.6. Construction Phase 

It is possible to achieve the targeted building by reducing the environmental impacts (construction 
waste management) and using quality materials during the construction phase of the building, which 
is designed with high performance and whose the tender file is prepared. 

5.5.7. Operation Phase 

According to the type and condition of the building, the planned operation processes are implemented 
with the competent operating personnel. With an energy measurement, monitoring and management 
approach, energy saving focuses in the building are determined and improvements are made. In this 
process, the systems in the building can be renewed over time, depending on the development of new 
technologies. 

5.4. Green Building Certification Systems 

Buildings that consume less energy and other resources are called “High Performance Buildings”, 
“Sustainable Buildings”, “Environmentally Friendly Buildings” and “Green Buildings”. The concept of 
green building is based on the term “Green Building” of the US Green Building Council.  
 
Several certification systems have been developed to certify the performance of green buildings.  US 
ASHRAE Standards, EU Standards and local standards are used as the infrastructure of these 
certification systems. These standards also serve as guidelines for architects and engineers who want 
to design green buildings.  
 
The performance of green buildings is evaluated as follows.  
 

 
Minimum Acceptable    Good Practice         Subject Building      Best Practice 

 
Figure-5 Performance levels in buildings 

 
Minimum acceptable buildings represent the minimum requirements defined by the standards (e.g. 
envelope thermal insulation in accordance with TS 825). However, it is always possible to build better 
and higher performing buildings (e.g. net zero energy buildings, passive buildings, green certified 
buildings, etc.). Green buildings are at the “Best Practice” level in Figure-5.  
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As explained above, the amount of energy and water consumption of the buildings and how 
environmentally friendly they are can be documented by "green building certification systems". 
Similar scoring systems have been created in these and it is documented how "high performance 
(environmentally friendly, green, etc.)" the building is based on the scores obtained.  
All of these certification systems are preferred and implemented on a voluntary basis. Green building 
certification systems in different countries are listed below; 

 England, Netherlands: BREEAM (1990). 

  United States, Canada, Mexico: LEED (1998)  

 Australia, New Zealand, South Africa: GREENSTAR (2003) 

 Japan: CASBEE (2004) 

 Germany: DGNB (2009) 

 China: GBAS 

 United Arab Emirates: ESTIDAMA 

 Turkey: TSE – Green and Safe Building Certificate and ÇEDBİK B.E.S.T. Housing Certificate. 
 
In general, these certification systems have new building and existing building categories. In the new 
and old building certification, there are categories such as residence, office building, hospital, campus, 
school, neighborhood, etc., according to the building type.  
 
After the building feature is determined, the following areas are evaluated and scored: 
 

o Sustainable environmental planning, 
o Water efficiency, 
o Energy and atmosphere efficiency, 
o Materials and resources, 
o Indoor air and indoor life quality, 
o Innovation and green priority, 
o Noise, sealing, daylight, landscape measurements and calculations etc. 

5.5. Green Building Application Examples 

5.5.1. Eser Green Office Building  

Eser Green Office Building was designed and built with the "high performance green building model", 
a first in Ankara, in order to ensure water and energy efficiency and prevent environmental pollution 
(2008-2010). During this design process, consultants, civil, electrical and mechanical engineers and 
architects came together to carry out "integrated building project design and implementation".  
 

    
 

Figure-6 Eser Office Building and Renewable Energy Park 
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The target criterion during the design and construction phases of the building was to use high-
performance, renewable and sustainable material-systems and to be a LEED Certified building, which 
is common in the world. Especially in thermal insulation applications, materials and thicknesses that 
comply with international standards were used above the requirements of current local regulations. 
In the selection of the building materials of the building, criteria such as environment, health, hygiene, 
procurement from the nearest region, domestic product preference and recycling were taken into 
account.  
In the context of achieving a high energy performance, the features of the building are summarized 
below: 

 120 mm insulation was used on the roof of the building and 80 mm insulation was used on 
the exterior walls.  

 The windows in the building are triple-glazed and semi-reflective.  

 “Water Cooled VRV System” was chosen for the heating and cooling of the building. 
Environmentally friendly refrigerant was used in the system. In wet areas, underfloor heating 
was used. 

 Air handling units were used for the fresh air requirement of the building. According to 
summer-winter mode, heated or cooled fresh air is sent to the spaces and is controlled by 
“CO₂ sensors”. “VAV boxes” are used in the main distribution channels to adjust the air flow 
according to the need. 

 Solar PV electricity panels with a capacity of 6 kW were placed on the roof of the building 
and on the outer south surface of the building, on the sunshades, for the purpose of 
generating electricity. 

 

  
 

Figure-7 PV electrical panels integrated into the building above the sunshades and on the south 
façade, PV electrical panels on the roof 

 

 On the roof of the building, there is a wind turbine with a capacity of 1 kW for electricity 
generation.  
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Figure-8 Wind turbine on the roof 
 

 4 solar hot water collectors were used in order to obtain hot water. 

 In order to meet some of the heating and cooling loads, a 60-kW ground source heat pump 
was used and 5 boreholes with a depth of 120 m were drilled around the building. With a 
ground source heat pump, cold water in summer and hot water in winter are obtained by 
using the heat under the ground. 

 A cogeneration unit (electricity and hot water production from natural gas) with a thermal 
capacity of 90 kW was used. In addition, cooling is supported by absorption chiller and 
trigeneration. 
 

   
 

Figure-9 Micro cogeneration and trigeneration system 
 

 By using a ground source heat pump, chiller and trigeneration unit, hot, cold and ice storage 
is carried out except during peak loads. For this, 2 energy tanks and 1 ice tank were designed. 
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Figure-10 Ice tank 
 

 All motors used in mechanical systems were chosen as highly energy efficient according to 
the efficiency class of those years, pumps and fans were selected as frequency controlled.   

 In order for the mechanical installation systems to work in a way that provides maximum 
energy efficiency, a “building management system (BMS)” covering mechanical automation 
and lighting automation has been established. 

 “Energy Monitoring and Management System (EMMS)” and “TS EN 50001 Energy 
Management System (EnMS)” were established. 

 LED lighting, lighting automation and daylight light shafts were used. 
 

 
 

Figure-11 Light shafts on the roof 
 

 Gray water treatment system and rain collection system were installed. 
 

 
 

Figure-12 Gray water treatment facility 
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Figure-13 Representation of heating/cooling systems in the building 

 
 

Figure-14 Representation of water systems in the building 
 
By using the systems summarized above, energy consumption was reduced by 38.96% and water 
consumption by 58.55%, according to ASHRAE 90.1-2007 Standard, and air quality was increased by 
30% according to ASHRAE 62.1-2007 Standard.26 

                                                            
26 http://www.emo.org.tr/ekler/76441652bb56f52_ek.pdf  

http://www.emo.org.tr/ekler/76441652bb56f52_ek.pdf
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5.5.2. Ankara Eryaman Cezeri Green Technology Technical and Industrial Vocational High 

School  

One of the green buildings supported by MENR and MEU is MEB Ankara Eryaman Cezeri Green 
Technology Technical and Industrial Vocational High School, which was designed with the integrated 
building design method within the scope of the "Increasing Energy Efficiency in Buildings Project". This 
High School consists of 3 buildings: the school building, the gym and the guesthouse. 
“The possibility of natural ventilation in all classrooms and workshops, and the principle of natural 
ventilation in transition periods (springs) and air conditioning system were implemented. 
 

 
 

Figure-15 Energy efficiency applications in the School Building 

 
 

Figure-16 School entrance (north) facade, classrooms and applications 
 
As seen in Figure-17, the high-performance building targets from the conventional building energy 
model were achieved in the following 5 improvement steps.  
 

 Using air handling units with 70% heat recovery in the ventilation system,  

 High-performance building envelope,  

 Provision of natural illumination, suitable sunshade placements and lighting control with 
solar shafts,  

 Sustainable mechanical installation integration consisting of a high efficiency ground 
source heat pump, absorption chiller and cogeneration unit,  
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 Adding the annual energy contributions of solar wall that supports ventilation in 
workshops, photovoltaic that provides electricity generation, and underground piping 
systems that support ventilation in cafeteria and atrium spaces”27. 
 

 

 

 

 

 

 

 
 

 
 

Figure-17 Energy improvement applications for the school and annual energy consumption rates per 
square meter provided 

5.5.3. Gaziantep Metropolitan Municipality Passive Building 

Passive house comes from the German word “Passivehausen”. In German, "haus" means home. 
Passive building is a building standard developed in 1991 with its energy efficient, comfortable, 
economical and environmentally friendly concept.   

Passive building certification is carried out by the Darmstadt Passive House Institute in Germany. There 
are over fifty thousand examples of passive buildings worldwide28. 

5.6. Basic Design Principles of Passive Buildings 

As shown in Figure-18, there are 5 basic principles in passive building design: 

 High level of insulation (Ud < 0.15 W/(m²K) application is made. Approximately 30-35 cm of 
rock wool or glass wool insulation is used on the walls. 

 Extremely high performance and insulated, sealed window and door systems (Up < 0.8 
W/(m²K) are used. 

 Airtight building envelope (< 0.6 /h @50 Pa); after the construction of the building is 
completed, air tightness test (blowerdoor test) is mandatory during the certification 
evaluation. Compressed air is supplied into the building by a fan and the air flow from the 
doors, windows and column-beams is measured in terms of leakage.  

 Architectural detail solutions to prevent the formation of thermal bridges (Ψ ≤ 0.01 W/(mK) 
[TbCrit]; in order to ensure this, the building is generally designed as flat geometry to prevent 
thermal bridges, and plastic anchors are used in anchors. 

                                                            
27 https://webdosya.csb.gov.tr/csb/dokumanlar/mhgm0004.pdf, 29.08.2020. 
28 www.sepev.org  
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 High efficiency, heat recovery mechanical ventilation system (efficiency ≥ 75); since the 
building is impermeable, the ventilation system, which constantly changes the indoor and 
outdoor air and does not lose heat, is very important for the users. 

  

 
 
 
 

 
 
 
 

 
 
 
 
 

Figure-18 5 main principles of Passive Building 

5.7. Advantages of Passive Building 

Heating and cooling can be achieved using a small amount of energy. Compared to conventional 
buildings, 90% energy efficiency is provided. The annual energy consumption for heating and cooling 
in passive buildings is around 15 kWh per square meter. The primary energy requirement, which 
includes heating, cooling, ventilation, lighting, hot water and electricity consumption, is at the level of 
120 kWh per square meter per year. Passive buildings have also significantly increased the comfort of 
building users by constantly providing fresh air into the building with the heat recovery ventilation 
system. 

In this building, based on the following features and the 5 basic criteria of passive buildings in Figure-
18; annual heating-cooling energy is ensured as 15 kWh/m229. 

 Integrated architectural design, 

 Location facilitates public transport and pedestrian transport, 

 Green roof system, 

 Green landscape area, 

 Architecture that enables natural lighting, 

 3 Glazed window systems and heat insulated joinery system, 

 Highly thermal insulated building envelope,  

 Ground source ventilation / heat balance system, 

 Water source cooling system, 

 Water reuse/treatment systems, 

 LED lighting that uses low energy, 

 Solar panels. 

 

                                                            
29 http://www.gastroantep.com.tr/files/ekolojik-bina-projesi.pdf  

  

5 main principles; 

5. Mechanical Ventilation System 

MVHR Heat recovery: nO,75 
1. Thermal Insulation 

U  0,15 W/m2K  

Uw  0,8 W/m2K 
2. Thermal Bridges 

0,01 W/mK 
3. Triple Glazing 
(Low-e) 

4. Airtightness  

 @ ±50 Pa 0,6  

 AC/H 
0.8 W/m2K 
Reflection rate: 50-55% 

 
 

ANNUAL HEATING ENERGY REQUIREMENT 15 Kwh/(m2) 

http://www.gastroantep.com.tr/files/ekolojik-bina-projesi.pdf
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Figure-19 Gaziantep MM Passive Building (Both Passive Building and LEED Platinum Certified). 

5.8. Conclusion 

Although the initial investment costs increase by 5-10% compared to conventional buildings, green 
buildings are preferred because of the savings in operation and maintenance costs and the reduction 
of environmental emissions throughout the lifetime of the building.  
In addition, during the COVID-19 epidemic, a process has emerged in which, apart from efficiency, 
indoor air quality, natural ventilation, application of human-oriented lighting, non-use "volatile 
organic compounds (VoC)", chemical paints, adhesives, etc. materials are very important. This has 
further increased the importance of green buildings. 
For these reasons, green buildings should become increasingly widespread in both the public and 
private sectors in our country, and they should be among the priorities in urban transformation, green 
campus and sustainable city studies30.  

                                                            
30For more detailed information on the subject, see * ASHRAE Standard 189.1, 2017, “Standard for the Design 
of High-Performance Green Buildings”. 
* ASHRAE Uygulama El Kitabı 2003, “Nemlendiriciler”, Bölüm 20, TTMD Yayınları, İstanbul. 
* ASHRAE Sistemler ve Ekipmanlar El Kitabı, 2004, “Sistem Seçimi”, bölüm 1, TTMD Yayınları, İstanbul. 
* ASHRAE Green Guide, 2018, “The Design, Construction, and Operation of Sustainable Buildings – Edition 
5th”, Elsevier, New York. 
* Çakmanus, İ., Özbalta, T., 2008, "Binalarda Sürdürülebilirlik: Ömür Boyu Maliyete İlişkin yaklaşımlar”, Doğa 
Yayınları, İstanbul. 
* Çakmanus İ., Toprak G., Künar A, Gülbeden A., 2010, “A Case Study In Ankara For Sustainable Buildings” 
REHVA World Climate Congress. 
* Hausladen, G., Saldanha, M., Liedl, P., Sager, C., 2011, “Climate Design – Solution For Buildings that Can Do 
More With Less Technology “. 
* Kılkış, B., 2009, “What Is A High Performance Building and What Is Not? Description, Definitions And Basic 
Functions”, TTMD Journal, March-April 2009. 
* Roaf, S., 2003, "Ecohouse 2: A Design Guide”, Architectural Press, Oxford. 
* Yeang, K., 2012, “Ekotasarım Ekolojik Tasarım Rehberi (Çev. D. Eryıldız, S. Eryıldız). İstanbul. 
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6. Green Campus 
Arif Künar 

 

6.1. Introduction 

Universities are the environments where "sustainability" studies can be carried out most effectively. 
It has faculty members and students who can do research and practice. They train the practitioners, 
engineers and decision makers of the future. They have the potential and infrastructure to guide the 
public and other institutions and set an example.  
 
Campuses are exemplary structures for cities as transportation, energy, water, waste management, 
communication, IoT, infrastructure and superstructure compounds. At the same time, campuses are 
the environments where vocational education and training are carried out and R&D and scientific 
experiments are created as well as being an important part of life that changes socially, politically, 
technologically and culturally, raising awareness of environmental and social responsibility at the 
national and international level, and setting an example. 
 
Due to the ever-increasing climate and resource crisis, universities/campuses/compounds should aim 
to cause the least damage to the environment, nature, and use minimum transportation, energy, 
water and materials during planning, site selection, design, projecting and construction from the very 
beginning. It should be done on a lifetime cost basis with a user-oriented perspective that emphasizes 
energy efficiency and indoor air quality in building applications on campus.    
 

6.2. What is Green Campus? 

Green campus is defined as the design and transformation of university campuses and education 
systems according to sustainability principles, within the scope of "sustainable development and 
green growth goals", which are gaining importance in the world. The green campus is a concept that 
represents efforts to create environmentally sustainable practices in educational institutions around 
the world.  
 
The most important difference of the green campus from a standard campus can be stated as the 
sustainable campus-green campus vision and action master plan, the creation of a road map, the 
establishment of a sustainability office/coordination unit in line with these actions and goals, and the 
commencement of these practices. Figure-1 shows an exemplary model for the sustainable/green 
campus design process. 
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Figure-1 An exemplary model for the sustainable/green campus design process31 
 
In this context, in addition to the construction of new buildings in green building standards, first of all, 
the improvement of the building envelopes on the campus and the local plant landscape that requires 
less water, the use of efficient lighting systems, the revision and improvement of central 
heating/cooling (if any) ventilation systems, the addition of heat recovery mechanical ventilation 
systems, etc. to the classrooms should be considered. In addition, on-campus transportation (electric 
vehicles, use of bicycles, e-scooters, etc.), use of renewable energy systems, waste management, etc. 
should be considered. 
 

6.3. Green Campus Certificates and Criteria 

University campuses are building components where energy and water consumption is high, and 
transportation within and outside the campus is intense. “Green campus certification” systems are 
used to increase energy and environmental performance in new campuses as well as in existing 
campuses. Green campus certification systems guide universities in all these matters. 
 
“Designing sustainable and green university campuses requires comprehensive and long-term process 
management. In this process, setting the criteria for green/sustainable university campuses is one of 
the primary components that requires infrastructural, managerial and operational thinking. In this 
sense, one of the first guiding tools is the “Tallories Sustainable/Green Universities Declaration”. 
 
The Tallories Declaration is an action plan with the theme of “sustainability” that was the output of a 
conference held in 1990 in which 22 universities were invited. This declaration has been one of the 
major pillars in the drive toward sustainable universities. Today, more than 500 universities from over 
fifty countries have signed this declaration. 
 

                                                            
31 S.A. Günerhan, H. Günerhan, “Türkiye İçin Sürdürülebilir Üniversite Modeli”, Mühendis ve Makina, cilt 57, 
sayı 682, s. 54-62. 
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This document is a declaration stating that higher education institutions will be pioneers in terms of 
development, creativity, support and sustainability. At the end of the Declaration, all the participants 
agreed to apply the agreed sustainability actions, some of which are listed below:  
 

• Utilizing every advantage of environmental awareness of the public, governments, industry, 
organizations and universities in addressing problems for an environmentally sustainable 
future,  

• Encouraging all universities to engage in education, research, policy development and 
exchange knowledge on population, environment and development issues for a sustainable 
future,  

• Establishing programs in environmental management, sustainability, population and related 
fields where all universities will graduate young people as environmentally literate and 
sensitive citizens,  

• Creating programs to develop the capabilities of university faculties to teach environmental 
literacy to all undergraduate, graduate and professional students,  

• Increasing environmental responsibility by establishing programs for resource conversation, 
recycling and solid waste reduction in universities,  

• Increasing the participation of civil society in solving environmental problems,  
• Collaborating with primary and secondary schools to increase the capacity of universities to 

teach environmental and sustainable development issues.”32 
 
In order to facilitate these efforts, which are gaining in importance, and to create a roadmap, similarly, 
apart from the “Sustainable/Green Universities Declaration”, UNEP has published the “International 
Sustainable Campus Network Charter/Guideline”.   
 
“UNEP has published a tool/guide to help universities develop and implement their own 
transformation strategies in the process of creating a green, resource-efficient and low-carbon 
campus. Its focus is on the sustainable planning, design, development and management of university 
campuses. In addition, the guide aims to increase the sustainability performance of universities on the 
global platform.  
 
The guide has identified four main categories for short-term and long-term goals, which are listed 
below:   

• Energy, carbon and climate change,  
• Water consumption,  
• Land use - campus ecology, planning, design and development,  
• Material flows - procurement, pollution, toxicity, waste disposal and remediation.”33 

  
Another one is “International Sustainable Campus Network”; the International Sustainable Campus 
Network (ISCN) creates a global forum to support the exchange of knowledge, ideas and experiences 
among universities, partner campuses and colleges to realize sustainable campus practices, and aims 
to ensure continuity in the development of all components of sustainability through learning and 
innovation.  
 
In 2010, ISCN and together with the Global University Leaders Forum (GULF) prepared the Sustainable 
Campus Charter with the aim of providing a general framework for universities to set their own 
priorities and goals in the design process of sustainable campuses. With its integrative feature, the 
following three basic principles were defined to comprehensively address sustainability within the 
framework of the charter:  

                                                            
32 http://ulsf.org/talloires-declaration/ Akt. Bülent Yeşilata, YEVDES Projesi Eğitim Notları, 2020. 
33 http://wedocs.unep.org/bitstream/handle/20.500.11822/11964/Greening%20University%20Toolkit 
%20V2.0.pdf?sequence=1&isAllowed=y/ Akt. Bülent Yeşilata, YEVDES Projesi Eğitim Notları, 2020. 

http://ulsf.org/talloires-declaration/
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• Buildings and their sustainability impacts,  
• Plans and objectives for the holistic campus, 
• Integration of research, teaching and other services, 

 
Every organization that signed the charter is obliged to implement these principles, define their 
specific concrete and measurable targets under each principle and report their performance to ISCN 
regularly.”34 
 
Apart from these general studies, other studies have been developed that complement them and offer 
scorings, metrics, certifications. For example, systems that have criteria and certification for these 
goals such as "People & Planet Green League" and "Green Metric" are frequently used in "green 
campus" evaluations and are becoming increasingly common. Scoring is made according to criteria 
such as campus-campus-infrastructure-superstructure-buildings, energy and water use, waste 
management, transportation, education-training-research etc.   
 
The “People & Planet Green League” is the only comprehensive independent league table of United 
Kingdom universities in which they are ranked by environmental and impact performance. It is the 
platform that is compiled annually by the UK's largest student campaign "People & Planet" and a 
ranking is made according to the criteria.35 
 
In these studies, "Green Metric", which is the most common and accepted by universities, evaluates 
and compares the sustainability efforts of university campuses around the world. The evaluation 
platform was established in 2010 by the University of Indonesia. While the evaluations are made on 
the basis of points, universities are ranked separately in their countries, continents and all over the 
world in a competitive environment. 
 
The main objectives of the “UI Green Metric” rating system are listed as follows:  
 

• To contribute to the academic field in sustainability in education and greening of campuses.  
• To ensure social change in universities in line with sustainability goals.  
• To establish a self-evaluation system on sustainability in higher education institutions around 

the world.  
• Inform government, international and local environmental agencies and the community about 

sustainability programs on university campuses.  
 

This ranking system, rather than taking a specific rating system as a model, took all the sustainable 
evaluation and rating systems created today as an example and tried to produce the most valid system 
for university campuses. These systems include "The Holcim Sustainability Awards", "Greenship (a 
system created by the Green Building Council of Indonesia based on the LEED green building 
certification and evaluation system)", "Stars" and "The College Sustainability Report Card (Green 
Report Card)".36 
 
Many universities in Turkey apply for "Green Metric" every year. A list of universities with the highest 
"Green Metric" score of each country is published. Istanbul Technical University, Erciyes University, 
METU, Özyeğin University and Cyprus International University took place in the top five in the 2019 

                                                            
34 http://bildungskoalition.ch/media/medialibrary/2012/02/ISCNGULF_Charter_Guidelines_2010102 7.pdf/ 
Akt. Bülent Yeşilata, YEVDES Projesi Eğitim Notları, 2020. 
35 Green Campus: Scope | Application | Management, Ed. Prof. Dr. M. Kemal Öktem Assoc. Prof. Dr. A. Selin 
Mutdoğan, Hacettepe Publications, 2020, p. 44-45. 
36 www.greenmetric.ui.ac.id  

http://bildungskoalition.ch/media/medialibrary/2012/02/ISCNGULF_Charter_Guidelines_2010102%207.pdf/
http://www.greenmetric.ui.ac.id/
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“Green Metric” University rankings37. The applicant universities are evaluated according to the scoring 
system in Table-1. 
 

Table-1 “Green Metric” scoring criteria38 

 Category and Indicators Score Rate 

1 Setting and Infrastructure (SI)  15% 

SI1 Ratio of open area to total area 300  

SI2 Forest area on campus 200  

SI3 Afforested area on campus 300  

SI4 Water absorbing areas other than forested and wooded 
areas in the campus 

200  

SI5 Ratio of campus population to open area 300  

SI6 Budget allocated for sustainability 200  

Total  1500  

2 Energy and Climate Change (EC)  21% 

EC1 Use of energy-saving devices 200  

EC2 Smart Building Implementation 300  

EC3 Renewable energy sources on campus 300  

EC4 Ratio of electricity consumption to campus population 300  

EC5 Ratio of renewable energy to total energy use 200  

EC6 Green building implementation 300  

EC7 Greenhouse gas emission reduction policy 200  

EC8 Ratio of campus open space and population to total 
carbon footprint 

300  

Total  2100  

3 Waste (WS)  18% 

WS1 Recycling Program 300  

WS2 Reducing the use of cardboard and plastic on campus 300  

WS3 Utilization of organic waste 300  

WS4 Utilization of inorganic waste 300  

WS5 Toxic waste recycling 300  

WS6 Disposal of sewage waste 300  

Total  1800  

4 Water (WR)  18% 

WR1 Water Conservation Program 300  

WR2 Water Recycling Program 300  

WR3 Use of water efficient appliances 200  

WR4 Purified water consumption 200  

Total  1000  

5 Transportation (TR)  18% 

TR1 The proportion of motor vehicles in the campus 
population 

200  

TR2 Ratio of on-campus ring service to campus population 300  

TR3 Zero emission vehicle policy 200  

TR4 Ratio of zero emission vehicles to campus population 200  

TR5 Ratio of parking areas to campus area 200  

TR6 Studies carried out to reduce park areas in the last 3 
years 

200  

                                                            
37 https://ncc.metu.edu.tr/tr/yesil-kampus  
38 www.greenmetric.ui.ac.id  

https://ncc.metu.edu.tr/tr/yesil-kampus
http://www.greenmetric.ui.ac.id/
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TR7 Special implementations to reduce the use of private 
vehicles 

200  

TR8 Pedestrian policies 300  

Total  1800  

6 Education and Research (ED)  18% 

ED1 Ratio of sustainability courses to total courses 300  

ED2 Ratio of the sustainability research funding in the total 
budget 

300  

ED3 Publications on sustainability 300  

E4 Sustainability related events 300  

E5 Number of student organizations related to 
sustainability 

300  

E6 University-run sustainability website 300  

E7 Sustainability Report 1800  

Grand Total  10000  

 
 

6.4. Green Campus Examples 

The green campus in Turkey was developed for the first time in 2012 by ODTÜ, 19 Mayıs, Muğla and 
Sabancı Universities as a TÜBİTAK Project with the title of "Climate Friendly University Campuses", but 
unfortunately the project did not launch.  
 
One of the most comprehensive "green campus" implementation projects was started in 2011 at 
METU Northern Cyprus Campus. Today, many universities have started to work on "green campus", 
"sustainable campus", "smart campus", "green metric".   

6.4.1. T.R.N.C. METU Green Campus Project  

“Green Campus" is a social responsibility project that was started in the first half of 2011 with the 
activities carried out by different student groups with the aim of “preventing the waste of energy and 
water resources on campus” and expanded with the participation of students, academic and 
administrative staff who are interested in the subject. Here, “Green Campus” is a voluntary 
organization that set out for a sustainable and climate-friendly environment.  
 
The objectives of this organization can be summarized as follows: 

• Increasing the efficiency of energy production, transmission and consumption within the 
campus, 

• Prevention of unconscious use and waste, 
• Reducing carbon dioxide emissions of the campus in order to make energy costs sustainable, 
• Ensuring the protection of natural resources with land use and rain water management plan, 
• Preventing environmental pollution with a waste management plan, raising awareness of the 

society on energy and environmental issues, 
• Fighting against climate change. 

 
In line with these purposes, METU Northern Cyprus Campus has revealed its strategies, goals and 
actions towards these goals with the “Green Campus Strategy Document”.  
 
This action plan can be summarized as follows: 

• Realizing the institutional structuring in line with the main policy, purposes and objectives of 
the strategy document, 
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• Developing external financing opportunities, strengthening cooperation, increasing 
awareness-raising activities for sharers in line with the main policy, purposes and objectives 
of the strategy document, 

• Having a certificate related to the subject, which is internationally recognized as a result 
indicator of the actions taken to achieve the main policy, purposes and objectives specified in 
the strategy document, 

• Reducing energy consumption and losses, to increase energy use efficiency, 
• Expanding the use of renewable energy sources in existing buildings and to give priority to 

renewable energy systems in new buildings, 
• Increasing efficiency in energy generation, transmission and distribution, and reducing energy 

losses in electricity generation and distribution infrastructure, 
• Reaching indoor and outdoor air quality in international standards, 
• Prevention and control of environmental noise, 
• Establishing an effective waste and recycling management system, 
• Ensuring the protection of natural resources with land use and water management, 
• Establishing an environment-energy oriented management system, including purchasing, 

conversion and logistics activities. 
 
 The "Green Campus Coordination Board" consists of academic, administrative staff and students 
selected from among the volunteers of the "Green Campus Initiative" by the Campus Rector in order 
to carry out activities in line with the main policy and purpose of the “Strategy Document”, to take 
measures, to evaluate the results and to ensure coordination between units. 
 
The Board consists of a total of 12 members, including 4 students, 4 academic staff and 4 
administrative staff, with equal voting rights. The Board has no President and carries out its activities 
with a secretariat system. The activities managed by the “Green Campus Coordination Board” can be 
divided into three topics; 

Green Office Activities:  

These are organizing activities for the "Green Campus Strategy Document", promotional activities, 
corporate communication, social and cultural activities, activities to develop foreign relations and 
increase cooperation with external sharers, activities to raise awareness, activities to establish 
quality systems and activities under the title of “green purchasing management” of the “Green 
Campus Strategy Document”.  

Energy Activities:  

These are the activities to be carried out under the title of "sustainable energy management" of the 
"Green Campus Strategy Document". 

Environment Activities:  

These are the activities to be carried out under the title of "sustainable environment management" of 
the "Green Campus Strategy Document". 

 
Activities are carried out by three teams formed within the “Green Campus Coordination Board”. 
Accordingly, the "Green Office Secretariat and Team" is responsible for executing and coordinating 
the "Green Office" activities, the "Energy Team" is responsible for carrying out energy activities, and 
the "Environmental Team" is responsible for carrying out environmental activities. (7). 

6.4.2. Istanbul Technical University 

““Green Campus Office” at Istanbul Technical University carries out sustainability activities. As a result 
of the organizations and disciplined work, it has succeeded as 67th in the world and 1st in Turkey in 
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the "Green Metric" ranking published in 2018.39 ITU focuses its green campus studies around 
sustainable landscape. In this area, they have carried out many valuable works such as xeric plants, 
the arrangement of the pond and its surroundings.  
 
Thanks to the arrangements made, it has been observed that the time spent by students and 
academicians on campus has increased significantly. In addition, by adopting a pedestrian and bicycle 
priority transportation model, actions such as bicycle (Figure-2 and Figure-3) and pedestrian paths, 
ramps for the disabled and pavements to be of standards that disabled chairs can easily use were 
carried out in Ayazağa Campus. The material that absorbs rain water is used on the bike paths built in 
the campus. In this way, the plants on the campus can be irrigated.  
 

             
Figure-2 and Figure-3 ITU bicycle path. 
 
In addition, the sustainability course has been added to the curriculum of all departments to be taught 
in the first grade. Sustainability studies of researchers is specially supported”40. 

6.4.3. Adana Çukurova University 

“Çukurova University aims to realize more energy savings by paying close attention to energy 
management. All departments of the University plan their own energy consumption. For example, 
they realize their energy saving potential through the use of insulation, LED lighting and sustainable 
technology. Çukurova University aims to increase energy savings by using more energy-saving devices. 
For this purpose, the following practices have been carried out in the last five years: 

 All lighting elements have been replaced with LED lighting (approximately 80,000 LEDs with 25% 
savings). 

 All electrical devices such as computers (mandatory use of A+ and equivalent labels) have been 
replaced with new ones. (Replaced with old units, approximately 25,000 units and 80% savings)41.  

 Within the scope of the “Çukurova University Cycling Club” project, university students and staff 
are given bicycles for one to fifteen days. Along with the bicycle, equipment such as helmet, lock 
and basket are also given. “ÇÜ Bicycle Tracking System” software has been developed to monitor 
the entrustment and receiving processes, and in the software, each entrusted bicycle is tracked via 
student number or personnel registration number. 

 In addition to the activities carried out in the "Bicycle House" to promote the use of bicycles, 
infrastructure works have been completed within the campus and bicycle parking lots have been 
built at different points so that users can park and lock their bicycles”42. 

 

                                                            
39 www.yesilkampus.itu.edu.tr  
40 www.yesilkampus.itu.edu.tr  
41 https://green.cu.edu.tr/cu/energy/energy-efficient-devices  
42 https://green.cu.edu.tr/cu/energy/bicycle-house  

http://www.yesilkampus.itu.edu.tr/
http://www.yesilkampus.itu.edu.tr/
https://green.cu.edu.tr/cu/energy/energy-efficient-devices
https://green.cu.edu.tr/cu/energy/bicycle-house
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6.4.4. Malatya İnönü University 

Malatya İnönü University is one of the leading universities that conducts workshops on the green 
campus and publishes an application booklet. On the campus, green campus activities continue with 
the energy and water management system, 2 LEED Certified Green Buildings, the largest university-
public solar power generation facility (5 MW) in our country43. 
 

    
Figure-4 and Figure-5 İnönü University green campus booklet and 5 MW PV electricity generation 

facility 
 

6.4.5. Ankara METU Smart Campus Project 

As the "Green Campus and Smart Campus", the first "International Smart Campus Roadmap Project" 
was made by the METU Ankara Main Campus. In 2017, a project was granted 835 000 USD from the 
“US Trade and Development Agency (USTDA)”. 
 
The scope and outputs of the project are given below: 

Energy 

• Drafting of Current Energy (Electricity and Heat) Schemes 
• Analysis of Current/Planned Projects 
• Determination of Current Cost Analysis 
• Solar Energy Source Analysis (Roof type, parking lot, etc.) 
• CHP (Cogeneration-Combined Heat & Power) Feasibility 
• Integration with smart meter/SCADA (Supervisory Control and Data Acquisition) and ICT 

(Information and Communication Technology) Systems 
• Electric Vehicle Charging Stations 
• Smart LED Lighting Requirements 
• Cost/Opportunity Analysis 

 

                                                            
43 http://www.inonu.edu.tr/tr/1645/ad  

AN APPLICATION AT İNÖNÜ UNIVERSITY AND RECOMMENDATIONS 

SUSTAINABLE GREEN 

CAMPUS 

 

http://www.inonu.edu.tr/tr/1645/ad
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Figure-6 Electric charging station working with solar PV electricity system in METU Campus 
 

Transportation 

• Mapping of Transportation Intensity 
• Feasibility Studies 
• Car Sharing Systems 
• Smart Parking Systems 
• Smart Traffic Management Systems 
• PV Vehicle Charging Stations 
• Electric Bicycle Network 

Water  

• Investigation of Existing Drinking Water/Waste Water Data  
• Analysis of Current Operation/Maintenance Costs  
• Smart Water Meter Feasibility Study  
• Wastewater/Rainwater Recycling Feasibility Study in Buildings  
• Feasibility Study of Water Quality/Consumption Instant Monitoring System 

 

Smart Buildings  

• Determination of Building Usage Intensities  
• Determination of Building Consumption (electricity-heat-water) Values  
• Building Operation Cost Analysis  
• Feasibility Study for Energy Efficiency in Buildings  
• Building ICT (Information and Communication Technology) Applications and Central Security 

System Feasibility Study  
• Priority Study and Cost Analysis 

 “Information and Communication Technologies (ICT)” 

• Assessment of Current/Planned Projects  
• Campus Administration Room  
• Required Data Types  
• SCADA (Supervisory Control and Data Acquisition) Integration  
• Instant Problem Detection  
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• Investment Cost analysis  
• Operational Cost Savings Analysis 

Main Outputs of the Project  

• 10-Year Smart Campus Roadmap  
• 3-Year Priority Implementation Plan  
• Cost/Return Analysis  
• Possible Pilot Projects  
• Technological Options  
• Funding Opportunities  
• Business Models  
• Smart Campus Workshop44. 

 

6.4.6. Conclusion 

It is very important for Turkey in terms of the increase in green campuses, the creation of laboratories 
and R&D for concepts and applications such as urban transformation and smart city, and the fact that 
students can see and learn the applications that make up the "green campus" by experiencing them 
and apply them more easily when they graduate.    
  

                                                            
44 Prof. Dr. Ozan Keysan, ODTÜ Akıllı Kampüs Çalıştayı Sunumu, 2017. 
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7. Indoor and Outdoor Lighting 
Serhat Özenç 

In this section, the path and basic strategies to be followed in the modernization processes of lighting 
systems that aim to improve efficiency and/or performance will be explained. The purpose of the 
training document is to describe the method to be followed in the modernization process of a building 
or outdoor lighting installation. In this way, it is aimed to ensure that the participants from different 
training formations can make the right decisions in the modernization studies they will carry out in 
the enterprises they are responsible for, and in the most general form, they will have a command of 
the relevant principles. In short, rather than explaining the most efficient products or technologies to 
the participants, the strategies to be followed in establishing an efficient and correct system 
infrastructure will be explained. 

7.1. Introduction 

In most cases, lighting systems are the first investment point that comes to mind in energy efficiency 
and modernization studies. Factors affecting this trend can be listed as follows: 

 Major technological developments in the lighting sector over the last 10 years, 

 High effect of lighting on employee performance, comfort and safety, 

 The low cost of lighting modernization processes when compared to other systems, 

 The rapid progress of modernization processes and the relatively low construction operation 
required. 

Design is an important issue for all systems in buildings and transportation networks, as each system 
offers a certain economic burden and a certain benefit in return. The importance of an engineering 
field should be evaluated in terms of its impact on human comfort and performance rather than the 
economic effects it provides. From this perspective, it can be understood how important lighting 
engineering is due to the known effects of light and lighting on human biorhythm and psychology.  

The retina is one of the most metabolically active tissues in the human body. It consumes more oxygen 
than many tissues in the human body, including the brain. Any situation that hinders the healthy 
fulfillment of the visual function may cause more effort and loss of performance. For this reason, the 
design of lighting systems should be done meticulously in work areas, education and health buildings 
where there are continuous working conditions. Similarly, in places such as roads, tunnels, 
underpasses, it is important to make the right designs for safety and reducing accident risks. 

The amount and rate of electrical energy consumed for general lighting purposes in buildings may vary 
depending on the purpose of use of the relevant building, the limits of the technology used, the 
location of the building and the daylight potential. According to the data of the International Energy 
Agency, lighting systems consume 20% of the electrical energy in the world. If we want to dramatize 
the subject a little bit, it will be enough to say that this value corresponds to the production capacity 
of nuclear power plants around the world. 

7.2. Lighting 

Lighting is defined as the illumination application designed to make an environment and the objects 
within it visually perceivable in accordance with the desired criteria. Lighting designed to meet 
illumination demands in line with certain criteria in an entire space is called “general lighting”. In 
addition to general lighting in spaces, the lighting applied for the illumination of partial areas that need 
various emphasis, guidance or different illumination levels is defined as local lighting. While local 
lighting is sometimes used to provide the required level of illumination at points where general lighting 
is insufficient, it can also be used to emphasize an object or to add an aesthetic appearance to it.  
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7.2.1. Why is Lighting Made? 

Lighting, which is generally made to meet the minimum requirements of people's visual physiology, 
can be made in accordance with technical, aesthetic, commercial or scientific requirements in 
different industries and applications. 

 

 Good vision 

 Security 

 Architecture and Aesthetics 

 Marketing and Manipulation 

 Photosynthesis 

 Phototherapy and Biorhythm 

 Investigation and Research 

7.2.2. Why and When to Modernize? 

Increasing operating costs, rising energy costs, systems that have reached their economic life, and 
inadequately performing infrastructures are at the heart of modernization projects. A facility is 
generally modernized due to one or more of these reasons. Therefore, modernization projects should 
be put on the agenda only when appropriate technical and economic conditions arise. Nowadays, the 
increased cost of energy and the improved lower-cost lighting technologies support efforts to increase 
energy efficiency and reduce operating costs. 
HIGH OPERATING EXPENSES: Given the increasing and more diverse needs, the prolongation of 
operating times, and people’s increasing comfort limits, the amount of energy spent on lighting cannot 
be underestimated. As a result, energy costs can often be much higher than equipment costs. Whether 
in the public or private sector, due to choices made without considering operating loads of the systems 
at many investment points, costs that are far higher than the economic benefit that is thought to be 
provided in the procurement process can be incurred over an operating period of 3–5 years. For 
businesses that are aware of this situation, the main reason for efficiency-enhancing modernization 
approaches is high operating costs. The 5-year operating cost of a standard general lighting fixture 
and the ratios depending on the operating period are as follows: 

 

 
  

5-year cost projection of 36W LED office luminaire for 4,000 hours of annual operation 

INVESTMENT ELECTRICITY 
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HIGH ENERGY COSTS: Operating costs can create a serious burden depending on the system efficiency 
and energy costs. Energy costs, which tend to increase in general, make savings and efficiency 
approaches much more important. The change in the electricity tariff for a MV subscriber business 
between September 2017 and April 2020 is as shown in the chart.  

 

TECHNOLOGICAL DEVELOPMENT: The lighting sector has achieved considerable technological 
progress over the last decade, and dramatic decreases have been seen in unit costs in this period. This 
makes lighting modernization investments even more reasonable.  

 
In line with the development of the LED sector, both the technical features and efficiency of products 
have improved significantly in the last decade. Especially following the technological development in 
recent years, systems have become much more efficient than conventional solutions, and LED 
technologies have come to dominate the market. LED system costs have fallen dramatically as a result 
of the increased market share and the volume of production associated with performance 
improvements.  Today, in some product types with low power density, there is no price difference 
between conventional solutions and LED systems. 
 

 

INVESTMENT + 5-YEAR ENERGY COSTS 
The 5-year operating cost of a 36W LED Panel light fixture compared to the purchase price of around 250 TL may vary based on the operating time. Even in the event of the 

shortest operating time, the 5-year energy consumption creates as much burden as at least the purchase price. 

51% 
OPERATING SHARE 

68% 
OPERATING SHARE 

76% 
OPERATING SHARE 

81% 
OPERATING SHARE 

2,000 hours/year 4,000 hours/year 6,000 hours/year 8,000 hours/year 

ENERGY INVESTMENT: 509 TRY  
PURCHASING COST: 250 TRY 

 5-YEAR COST OF ENERGY: 259 TRY 

OPERATION + INVESTMENT: 768 TRY 

PURCHASING COST: 250 TRY 

5-YEAR COST OF ENERGY: 518 TRY 

ENERGY + INVESTMENT: 1,028 TRY 

PURCHASING COST: 250 TRY 

5-YEAR COST OF ENERGY: 778 TRY 

ENERGY + INVESTMENT: 1 287 TL 

PURCHASING COST: 250 TRY 

5-YEAR COST OF ENERGY: 1,037 TRY 
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7.2. Lighting Modernization in 6 Steps 

The steps to be followed in order to establish a correct and efficient system infrastructure or to make 
an existing system more efficient consist of 6 steps. 

 
1) DETERMINATION OF PRIORITY AREAS 
2) IDENTIFICATION OF NEEDS 
3) HIGH EFFICIENCY PRODUCT SELECTION 
4) ENGINEERING 
5) CONTROL  
6) MAINTENANCE OPERATING  

 

7.3.1. 1st Step: Determination of Priority Areas 

In efficiency improvement projects are prioritized or postponed depending on the benefit-cost ratio 
of the investment, rather than the rate or amount of savings. From this perspective, the operating 
period and the technological level of the existing infrastructure are major determining factors. In 
addition, the ease of implementation and the extent to which the infrastructure meets needs are also 
among the determining factors. 
OPERATING TIME: It is the best decision to give priority in investments to the parts where the annual 
operating time is the highest.  In general, the longer the operating time, the shorter the payback period 
of the investment. In many buildings, huge differences can be seen in the annual operating times 
defined for different parts of the building. In general, areas with long annual operating times are 
priority areas for modernization approaches.  

 
 

 

 

 

 

 

While 4x18W office fixtures with 86W circuit power in a building were replaced with 30W LED 
alternatives, 2x36W waterproof fixtures with 86W power used in car parks were replaced with 35W 
LED equivalents in the same building. The annual operating time for fixtures used in office areas is 
2,000 hours, and the annual operating time for parking areas is 6,000 hours. Accordingly, the savings 
rates and payback periods are as in the table. 
 
 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Performance

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Cost

 

ANNUAL 
OPERATING 

TIME 

(Hours) 

AVERAGE POOR GOOD VERY GOOD EXCELLENT 
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 4x18W FLUORESCENT 30W LED 2x36W FLUORESCENT 35W LED 

CIRCUIT POWER 86 W 30 W 86 W 35 W 

OPERATING TIME 2,000 hours 6,000 hours 

ANNUAL CONSUMPTION 172 kWh 60 kWh 516 kWh 210 kWh 

SAVING RATE  65%  59% 

ANNUAL SAVINGS  112 kWh  306 kWh 

MONETARY VALUE OF ANNUAL SAVINGS  80.6 TRY  220.3 TRY 

INVESTMENT COST  250 TRY  305 TRY 

PAYBACK PERIOD - 3.1 YEARS - 1.4 YEARS 

 
Even if the savings rate is lower, the annual savings will be higher for the areas with high operating 
time, and the payback periods will be shorter. For this reason, it is recommended that priority 
should be given to areas with long operating periods in investment areas. 

 
TECHNOLOGY LEVEL: Another factor that is as important as the operating time in determining the 
priority areas is the technology level of the existing infrastructure. In order to maximize savings and 
thus shorten payback periods, it is critical that priority be given to areas with the oldest and most 
inefficient infrastructural elements. 

While there may be products at different technology levels within the buildings, it is much more 
reasonable to consider the points where the oldest and inefficient technology is in principle. Because 
there are serious productivity differences even between conventional systems. Consumption 
information of fluorescent systems with equivalent luminous power, which are widely used in general 
area lighting, are as in the graph. In principle, it would be a right approach to include electromagnetic 
ballasted infrastructures in the scope of modernization primarily due to their high consumption and 
low efficiency.  

The amount of savings that can be achieved in case of modernization of 4x18W or 4x14W 
fluorescent systems used in general space lighting with 30W LED equivalents are as shown in the 
chart.  

 

As it can be understood from here, if products with lower efficiency and therefore higher consumption 
are modernized, the savings rates and the related payback periods will be much better.  

 

61

72

86

0 10 20 30 40 50 60 70 80 90 100

4x14W
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4x18W MB

CIRCUIT POWER (W)

Consumption
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APPLICABILITY: Especially in indoor applications, the integration of control systems and the degree of 
improvement in the layout plans are an important factor. In general, it is much easier to change the 
layout plans and apply the additional cabling required for control systems in facilities with rock wool 
or metal suspended ceiling structures. 

One of the primary problems encountered in modernization processes is in spaces where more 
equipment than is necessary is used. Since the infrastructure cannot be replaced for technical and 
economic reasons in many cases, modernization processes are mostly carried out sticking to the 
principle of one-to-one armature replacement. The improvement and revision of layout plans in the 
parts containing rock wool and metal suspended ceiling details, where modifications can be made 
without construction operations will be an appropriate approach to both minimizing investment costs 
and increasing savings. 

The numerical assessment results for a corridor area of 154 m2 are as follows. 

 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 

 

7.3.2. 2nd Step: Identification of Needs 

With the determination of the scope of modernization, it is essential to define the lighting limits to be 
applied at the application points and to select the products that will provide the minimum standards 
in the products to be selected as Retrofit. For this, it is necessary to make lighting analysis and 
calculations. 

 

154 m2 18% LOWER INVESTMENT COST 

MODERNIZATION COST: €780 MODERNIZATION COST: €640 

AVAILABLE QUANTITY NEW QUANTITY LIGHT POWER 

2.700 Lm 

PRODUCT POWER 

27 W 

SYSTEM POWER 

368 W 

AVAILABLE QUANTITY NEW QUANTITY LUMINOUS FLUX 

1.725 Lm 

PRODUCT POWER 

15 W 

SYSTEM POWER 

MODERNIZATION WITH REVISION OF THE LAYOUT PLAN MODERNIZATION WITH ONE-TO-ONE PRODUCT REPLACEMENT 

390 W 

30
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The first rule of establishing an efficient lighting system is to determine the needs correctly, rather 
than using the most efficient light source. However, after determining the need correctly, approaches 
can be made on design and material issues. In the studies carried out within the scope of energy 
efficiency practices, it is seen that the losses due to not establishing the infrastructures according to 
the needs can be at a rate that cannot be underestimated besides the material-related losses. 

STANDARDS: The norms developed by many international organizations such as IESNA, CIE, EN, etc. 
regarding lighting constitute the correct lighting definitions for different areas of application. The 
European Standards, on which the lighting of certain spaces is based, also apply in our country. These 
basic standards include: 

 
1. EN 12464-1: Light and Lighting of Work Places Part 1: Indoor Work Places 
2. EN 12464-2: Light and Lighting of Work Places Part 1 Outdoor Work Places 
3. EN 13201-2: Road lighting -  Part 2: Performance requirements 
4. EN 12193: Light and Lighting- Sports lighting 

 
The human eye perceives the color and luminance values of objects, depending on the quality and 
quantity of light reflected from the surface. Many parameters such as the spectrum and direction of 
light; the presence of surfaces with high luminance values that may cause glare; shading; uniformity 
of light distribution; and horizontal and vertical luminance values can affect this perception. Hence, 
when it comes to perception, it is vital to define lighting correctly, instead of making an assessment 
based only on luminance levels. The purpose of lighting design is not only to create a certain level of 
illumination, but also to provide good visual perception conditions. Therefore, lighting standards are 
based not only on horizontal luminance levels, but also on many parameters such as uniformity of 
lighting, color sufficiency, glare and visual comfort. The standards often define the basic minimum 
limits and the methodologies for measuring these limits. For correct design, international standards 
need to be expanded taking into account basic operating and design requirements. The technical 
criteria applied in an indoor lighting design process can be listed as follows: 

 

 AVERAGE LIGHTING LEVEL - HORIZONTAL 

 AVERAGE LIGHTING LEVEL - VERTICAL 

 MINIMUM AND MAXIMUM LIGHTING LEVELS 

 COLOR TEMPERATURE 

 COLOR RENDERING 

 UGR    
The parameters taken as basis in the road lighting projects where luminance-based design is 
envisaged are as follows;  

 AVERAGE BRIGHTNESS 

 AVERAGE UNIFORMITY, 

 LONGITUDINAL UNIFORMITY 

 TI 

 EIR 
              The importance of lighting criteria increases if; 

 Visual function is critical, 

 Cost of error is high, 

 Efficiency is essential, 

 Users' eyesight is lower than normal, 

 The details of the work performed are unusually small in size or with low contrast, 

 The operating time is long, 
Lighting criteria is less negligible if; 
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 The details of the work performed are unusually big in size or with high contrast 

 The operating time is short 

7.3.3. 3rd Step: High Efficiency Product Selection 

With the effect of the increasing importance of energy and energy efficiency around the world, the 
industry has primarily focused on the production of more efficient light sources. While the lighting 
industry has undergone a dramatic change, especially in the last 10 years, LED light sources have 
shown great improvement over conventional systems. While it can be said that technological 
satisfaction has been reached to a large extent for conventional systems that have developed in a 
certain band over the years, the technological development process for LED systems still continues.  

LUMINOUS EFFICACY: The ratio of the light [lm] emitted from a source to the electrical energy [W] 
consumed by this source is defined as luminous efficacy. 

 

The total cost of 6 years for the versions of an LED fixture with a luminous power of 4,000 Lumens to 
be used in a facility with an annual operating time of 4,000 hours, at different technology levels;  

 

In line with the current technological and economic limits reached, LED-based systems allow the 
establishment of infrastructures that are much more efficient, long-lasting and have low operating 
load compared to conventional solutions. However, if such modernization processes are not managed 
correctly, it is inevitable to fail technically and economically. For this reason, whether it is a new design 
or modernization work, it is important to manage the lighting design and equipment selection 
professionally. Uncontrolled LED modernizations can pose problems in terms of color quality, glare, 
luminous stability and flicker, despite the energy savings they offer. 
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FIXTURE: Lighting fixture can be defined as devices that contain many parts such as light source, 
optical materials, auxiliary components, control and limit the light coming from the source in line with 
the needs, protect the components inside from physical and environmental effects, and are designed 
to have an industrial and aesthetic identity. No matter how efficient components are used in a lighting 
fixture with poor optical performance, it will be insufficient to provide the targeted benefit. Therefore, 
in terms of application efficiency, the performance of the fixture should be considered rather than the 
source. 
 
LED products produced in certain standards are much more efficient compared to their conventional 
alternatives. However, this does not mean that every LED luminary will offer absolute savings. 
Unfortunately, it has been seen that there are LED systems that are much more inefficient than 
conventional systems in many projects carried out without defining performance limits and without 
necessary inspections. In general, it is possible to use products with different efficiency factors 
depending on the type and structure of the product.  Today, while products with an efficiency between 
100-140 lm/W are used in public specifications, this value may vary depending on the product type 
and color quality of the product. 
 

7.3.4. 4th Step: Engineering 

Contrary to popular belief, efficiency approaches are not just about using the most efficient and high-
tech equipment. Of course, current technologies offer more efficient solutions than 10 years ago. 
However, application and engineering choices can cost much more than the gains offered by 
technology. 

 

Material efficiency is the most important factor in terms of system efficiency, but it is wrong to think 
that the most efficient infrastructure can be established by using only the products with the highest 
performance. Today, modern lighting analysis software provides an opportunity to assess the effects 
of using different techniques and technologies in project design and/or modernization processes and 
to maximize efficiency. Considering the increasing energy costs, it is important to make the right 
product choices and engineering approaches for the effective use of energy beyond the correct 
management of the design and engineering processes. Using products with suitable optical properties 
and optimum quantity is one of the most basic truths that can be done to increase productivity. 
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USING THE APPROPRIATE QUANTITY AND STRENGTH OF PRODUCTS: It is important to use minimum 
pieces of equipment in terms of economy in lighting an area. On the other hand, it is necessary to use 
equipment in quantities that will ensure the smoothness of lighting and visual comfort limits in the 
space. Unfortunately, in infrastructures built without adequate assessment, either resource wastage 
due to the use of very high equipment or discomfort problems due to the use of insufficient equipment 
are encountered.  In general, the purpose of engineering assessment is to determine the optimum 
amount of equipment. In terms of efficiency, choosing the appropriate number of equipment, optical 
properties and power density is an important criterion.  

 

 

 

 

 

 

 

 

 

 

 

 

SAMPLE OFFICE AREA: As in the image, 36 general lighting fixtures can be used to illuminate an open 
office area of 225 m2, providing a lighting solution within optimum limits. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

AVAILABLE QUANTITY 

2.700 Lm 

154 m2 18% LOWER INVESTMENT COST 

PRODUCT POWER 
 

PRODUCT POWER SYSTEM POWER 

MODERNIZATION WITH ONE-TO-ONE PRODUCT REPLACEMENT MODERNIZATION WITH REVISION OF THE LAYOUT PLAN 

PRODUCT POWER 
15 W 

 

SYSTEM POWER 
368 W 

MODERNIZATION COST: €780 

2.700 Lm 

LUMINOUS FLUX AVAILABLE QUANTITY NEW QUANTITY 

1.725 Lm 390 W 

MODERNIZATION COST: €640 

27 W 
NEW QUANTITY LUMINOUS FLUX 

 

 

EN 12464-1 LIGHTING STANDARDS FOR OFFICES 

500 AVG. ILLUMINATION LEVEL 

AVG. UNIFORMITY 

UGR 
0.60 

 19.0 
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While using the number of equipment above the optimum value increases the investment costs, 
decreasing the number by increasing the product strengths may cause weakness in the headings such 
as smoothness and glare. The lighting performance values and investment costs to be obtained 
depending on the number of different equipment for an office plan as in the image are as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

DIRECTING LIGHT: The most basic function of a lighting fixture is to control the light emanating from 
the source in an appropriate and efficient way. Using a product with suitable optical properties is one 
of the most important issues in terms of efficiency. Lighting fixtures can be produced with different 
optical properties for different application types. The purpose of producing fixtures with different 
optical properties is to use light more effectively in applications with different mounting and 
architectural details.  

 

64 pcs. 18W LEDs 
INVESTMENT COST: €1,600 

AVG. ILLUMINATION LEVEL 

AVG. UNIFORMITY 

UGR 

500+ 

0.89 

16.7 

AVG. ILLUMINATION LEVEL 500+ 

0.75 

18.9 

AVG. UNIFORMITY 

UGR 

36 pcs. 32W LEDs 
INVESTMENT COST: €1,260 

16 PCS 72W LEDs 
INVESTMENT COST: 1.120€ 

AVG. ILLUMINATION LEVEL 500+ 

AVG. UNIFORMITY 0.62 

UGR  

9 PCS 125W LEDs 
INVESTMENT COST: 900 € 

AVG. ILLUMINATION LEVEL 500+ 

 AVG. UNIFORMITY 

UGR  

Lux 
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SELECTION OF PRODUCT WITH SUITABLE OPTICAL FEATURE: Apart from general volume lighting, it is 
a key element in terms of efficiency to choose the appropriate photometric product for points with 
different architectural or application details.  Even if agricultural products are high-tech and efficient, 
it is important that the optical properties of the product comply with the project details in order to 
use the produced light energy effectively.  The losses to be seen in the case of not paying attention to 
the ceiling height and application details in a storage area as in the image are as follows. 

 

Although the fixture used is highly efficient and technological, in cases where the fixture's light 
distribution feature is not suitable for the application needs, a large part of the light energy is absorbed 
in the upper parts of the shelf units and the upper parts of the building.  In this example, a product 
with 120W 15,000 lumen luminous power had to be used to achieve the targeted illuminance level 
between the shelves. The principle of using products with suitable photometric properties is to 
minimize application losses. In the case of using a suitable product, it was sufficient to use a product 
with 1/3 the power of the first example in order to reach the targeted illuminance level in the 
circulation areas by minimizing the losses. 

ROAD APPLICATIONS: Road lighting applications for the effective use of light energy can be shown 
among the most appropriate examples. In a road lighting application, it is aimed that the fixtures on 
the poles placed at certain intervals primarily illuminate the relevant road section at the desired level. 
Lighting equipment placed on one side of the road from a certain distance must also be selected with 
optical properties suitable for this type of application. Otherwise, it will be inevitable to obtain 
technically and/or economically unsuccessful results. 

INSTALLED CAPACITY (W) INSTALLED CAPACITY (W) 
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EXAMPLE: It is planned to illuminate a 2-lane M3 class road by using 10m poles and 1m console. The 
number of poles required for different optical versions of a road lighting fixture with the same 
efficiency and luminous power and the change that can be seen in the installed power values per km 
are given in the next slide. 

   

 

 

 

 

 

PRODUCT 
TYPE 

LUMINOUS 
FLUX 

(LUMEN) 

ELECTRICAL 
POWER (W) 

DISTANCE 
BETWEEN 
FIXTURE 

POLES (m) 

POLE 
DENSITY 
(Pcs/km) 

POWER 
CONSUMPTION 

(W/km) 

1 20,000 
Lumen  

167 W 42 m 24 4,008 W 

2 20,000 
Lumen 

167 W 43 m 24 4,008 W 

3 20,000 
Lumen 

167 W 46 m 22 3,674 W 

4 20,000 
Lumen 

167 W 52 m 20 3,340 W 

5 20,000 
Lumen 

167 W 36 m 28 1.676 W 

 

EXAMPLE: Incorrect positioning of lighting fixtures is mostly observed in outdoor lighting projects. 
Habitual and unaware practices result in huge losses and light pollution. Illuminating an area by 
positioning fixtures with a symmetrical light distribution at a certain angle is a common lighting 
application in our country. The results of the application with an alternative optical characteristic, 
which allows for much more effective and controlled lighting with this approach to illuminate a 
comparable area, are as follows.  

Although they have the same technology and efficiency, it is possible to establish a 33% more efficient 
infrastructure as a result of using products with appropriate optics. 
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The losses that occur when we do not position a fixture in accordance with its optical properties can 
reach dramatic levels, especially in outdoor lighting applications. In the application in the example 
picture, approximately 70% of the light coming out of the fixture is sent to the atmosphere. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Especially in outdoor lighting applications, no matter how efficient a lighting equipment is and with 
the most suitable optics for the application structure, incorrect mounting/orientation can cause losses 
to reach dramatic levels. When the lighting equipment, which allows a very efficient infrastructure to 
be established when properly positioned, is incorrectly positioned as in the previous picture, the 
average illuminance levels are reduced by 65%. 

65% loss of light, which is only due to directing error, poses a serious problem not only in terms of 
energy efficiency, but also in terms of light pollution.  In order to understand the subject, it should be 
noted that a cross-sectional area of 12-24 m from the ground is created and the illuminance levels on 
the plane are at the same level with the levels on the ground. 
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AESTHETIC CONCERNS: Since the design of lighting systems has an aesthetic as well as a technical 
identity, different approaches can be included in the design processes. Implementation approaches, 
which are generally uncontrolled and without necessary analysis, cause a lot of system losses as well 
as increase investment costs in some cases. Of course, it is not always possible to choose the most 
efficient application type. However, sometimes the increase in investment and/or operating costs as 
a result of the choices made can be dramatic. As an example, the installed power and equipment costs 
for 2 different application types of a hall section are as follows.  
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7.3.5. 5th Step: Control Systems 

In modernized and developed world, Commercial, Industrial and Public Buildings are much larger, 
have more stories and are built with more complex architectures than in the past. As a result, the 
number and variety of installed equipment has increased dramatically. Modern techniques and 
technologies are today used to monitor and manage the systems and to integrate them with each 
other. Lighting control technologies have reached a much higher level with LED-based systems. Today, 
lighting control technologies are less costly and offer much higher savings potential. 

From the perspective of effective and efficient use of energy, the use of control technologies is as 
essential as using an efficient light source.  Because in most conditions, it is possible to achieve much 
more than the energy gain offered by material technology with the use of appropriate control 
technologies. Digital addressable lighting control systems, which are widely used today, have many 
functions that provide convenience in energy and operation titles.  These can be broadly listed as 
follows. 

 

 

 DIMMERING 

 SWITCHING 

 ADDRESSING 

 GROUPING 

 TIME SCENARIO  

 PRESENCE SENSITIVE CONTROL 

 DAYLIGHT CONTROL 

 FAULT MONITORING 

 EMERGENCY MANAGEMENT 

 VISUALIZATION 

 INTEGRATION 

 EXPANDABILITY 
 
DIMMERING:  

Dimmering is the ability to adjust the electrical power and therefore the luminous output of a lighting 
load according to needs or automatic control principles. In terms of energy efficiency, the fact that the 
lighting loads can be leveled according to the situations with variable needs offers significant 
savings.Dimmering can be done according to the autonomous control principles depending on the 
presence and daylight control, as well as variable illuminance level needs.  
TIME CONTROL: 
For facilities with a certain shift and/or usage profile, it may be necessary to dimmer or switch the 
fixtures at different rates in different time periods. Thanks to the Time/Calendar algorithms, it is 
possible to automatically control the opening and closing times of the fixtures or the dimmering rates 
on a predefined calendar. In time-based control protocols, the principle of astronomical time control 
is also used. This function can provide a much more reliable control opportunity, especially in cases 
where the time of sunrise and sunset, which needs to be controlled by daylight, varies according to 
the calendar. 
 
 
 
EXAMPLE: According to the EN12464-1 interior lighting standard, it is recommended to keep the 
corridors in health buildings at 200 lux in daytime conditions, while it is recommended to keep this 
value at 50 lux levels in night conditions. In case the fixtures are ignited intermittently with 
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conventional methods, it is recommended to reduce the fixtures to 25%, since the lighting standards 
cannot be achieved in terms of smoothness.  
 
 
 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In accordance with the recommendations defined in the standards, as a result of the leveling of the 
corridor in a health building to 200 lux during the day and 50 lux at night, depending on time, the daily 
average consumption amount will be 37.5% lower than the constant use. 

PRESENCE SENSITIVE CONTROL: 
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Lighting is for people, so if there are no people in the space and there are no special security situations, 
reducing the lighting in the space to minimum limits or turning it off completely can provide a huge 
amount of energy savings. 

Today, control techniques that allow systems to be turned off or more precisely to operate at 
minimum limits if unnecessary, are widely used, going beyond the "turn off if unnecessary" approach 
in the 80's. Particularly in such areas as corridors, storage rooms with short-term use, transit points, 
common areas used by multiple users in different time zones, open offices, etc. it is requested that 
luminaires are not turned off but that illumination levels are kept at a minimum safety and/or comfort 
level even in the absence of users, in these areas. 

In localities that are continuously in operation and where user dynamism is variable, it is not desirable 
to turn off the luminaires in the absence of users. As this situation will create both security and 
discomfort, modern control systems are able to carry out presence-sensitive control principles in line 
with far more detailed operating principles. The amount of savings to be achieved through presence-
sensitive control systems varies depending on whether the structure has variable utilization dynamism 
or not. These infrastructures are particularly suitable for locations such as general spaces with variable 
usage density, storage areas, etc. 

A presence-sensitive operation infrastructure has been established at a 24-hour logistics facility. The 
system operates the lights at 100% level when presence is detected, while the system dimming to 25% 
level begins when no presence is detected.  The working steps of a sample facility operating according 
to such operation principles are as follows. The system can achieve a saving of 40% compared to 
continuous operating conditions. 

 

DAYLIGHT CONTROL: 

Numerous facilities have a daylight potential that cannot be ignored. Yet, considering the dynamic and 
unpredictable variability of daylight, controlling luminaires only through switching creates discomfort. 
By means of state-of-the-art control technologies, the illumination level of the environment is 
continuously measured and the operating ratios of luminaires can be dynamically controlled in line 
with the natural light status. Thus, by maintaining the environment illumination levels above minimum 
limits in all circumstances, the comfort conditions of users are provided. Having a window in a location 
does not mean that daylight control systems are necessarily acceptable in that location. As daylight 
control systems require a certain technological investment, it is significant to correctly analyze the 
annual operating period and savings potentials. 

Although there is a significant daylight potential for almost the entire day in a building with wide 
window details as shown in the image, this value is not at the same level for all points of the area. 
Advanced addressable control systems provide lighting comfort and energy savings, by creating 
different luminaire groups at the location.  
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A control system will not provide the targeted potential benefit, unless it is designed with the right 
setup and programmed to meet operational scenarios.  Thus, the design, operating setup, 
programming and commissioning processes of lighting control systems are of great significance. 
Prior to such activities, programming based on advanced energy, operation and maintenance 
analyzes as well as daylight modelling studies should be conducted. 
 

7.3.6. 6th Step: Maintenance and Operation 

The luminous powers of the lighting systems exhibit a downward trend as a result of the decrease in 
value to be observed in line with the environmental impacts and the nature of the material. This 
inevitable trend needs to be taken into consideration during the design/modernization phase. These 
approaches, designed in accordance with the operating conditions and maintenance strategies, 
reduce the losses to take place over time in most cases, as well as affecting the amount of installed 
capacity at the initial installation stage. 

What lies behind complaints of businesses with regard to poor lighting is often the system 
infrastructure for which proper maintenance requirements have not been established and that are 
not operated in line with defined maintenance requirements.  To minimize maintenance costs and 
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losses due to obsolescence, it is essential to use products that are suitable for the operating condition, 
that have high luminous stability and to establish periodic maintenance approaches. 

 

The obsolescence trend observed in conventional products of a business that is in operation for 6 
years and that has not undergone any planned maintenance is shown in the chart. While some of 
the losses can be recovered by carrying out periodic maintenance and cleaning, others are non-
recoverable losses that take place in reflective and transparent materials.   

The luminous stability of the 2000W metal halide light source in the picture is shown in the chart. 
When examining the chart, it should be stipulated that the luminous loss of the source will be 
approximately 20% in the first 4000 hours and 33% at the end of 8000 hours. Generally, it can be said 
that this light source exhibits a very rapid decrease. If it is to be used in a stadium application that 
operates several hundred hours per year, this may not create any problem in terms of operation. Yet, 
it certainly will cause major problems in terms of maintenance and energy efficiency for businesses 
with a very long annual operating period, such as gallery areas of an airport. 

 

Fortunately, light sources used for general lighting purposes do not exhibit such a dramatic luminous 
instability. Today, linear fluorescent light sources used in interior lighting and high-pressure sodium 
vapor light sources used in road lighting exhibit a relatively more stable trend. Since the luminous 
attenuation trends exhibited by these sources are known, such losses are compensated periodically 
by conducting scheduled lamp replacements in particular periods. The use of lighting equipment with 
high luminous stability, especially in facilities with long operating periods and/or periodic maintenance 
periods, is a more important issue. 
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LUMINOUS STABILITY IN LED SYSTEMS:  

The issue of optical stability is evaluated much more differently in LED systems. The reason is that LED 
light sources, that have a very long service life compared to conventional systems, are intended to be 
used without any replacement throughout their operating life. In case LED luminaires providing service 
for very long periods, do not exhibit a stable luminous performance, it is inevitable that the need to 
replace the products will arise in a shorter time than planned if there is no lamp replacement 
opportunity as in conventional methods. The lifetime of LED systems is defined through definitions 
such as L90, L80, L70, which also show the luminous stability tendencies.  

LM 80 and TM21:  

 The lifetime definition for LED Luminaires is declared as L70, L80 or L90 values. The L value 
indicates the luminous stability value of the luminaire there is at the specified time value.   

 For example: The L90 60.000h expression indicates that after 60.000 hours of operation, the 
lumen output from the luminaire is 90% of the initial lumen output. L values are calculated by 
using the internationally accepted TM-21 system where data from the LED supplier LM80 data 
is used in the calculation. The LED suppliers test their LEDs over a minimum of 6.000 h and 
measure the lumen drop every 1.000 h. These values of 6.000/10.000 hours are calculated in 
the TM21 system and the expected life time can be extrapolated.  

 

 

 

 

 

 

 

 

MAINTENANCE MODELING:  

It is possible to improve system efficiency by creating appropriate maintenance and operation 
forecasts in lighting design and analysis processes. Also, by estimating the aging trends in 
infrastructures where control systems are used, it is possible to achieve additional savings of 15-30% 
in the first years of the business. 
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ISSUES TO BE REMEMBERED 

 THE HIGHEST SAVINGS POTENTIAL CAN BE ACHIEVED IN STRUCTURES WITH THE LONGEST 
OPERATING PERIOD AND THE OLDEST TECHNOLOGICAL INFRASTRUCTURE.  THEREFORE, 
AREAS WITH LONG OPERATING PERIOD AND HIGH CONSUMPTION WITHIN THE STRUCTURE 
MUST BE DETERMINED. 

 IN THE MODERNIZATION PROCESS, THE NEEDS MUST BE CORRECTLY DETERMINED AND THE 
MINIMUM STANDARDS MUST BE MET. 

 MOST SUITABLE PREFERENCES FOR THE OPTIMUM PRODUCT MUST BE MADE IN DETAILS 
SUCH AS OPERATING PERIOD, OPERATING CONDITIONS, BUDGET LIMITS ETC. 

 MATERIAL EFFICIENCY IS THE MAJOR FACTOR IN TERMS OF SYSTEM EFFICIENCY; HOWEVER, 
IT IS WRONG TO THINK THAT THE MOST EFFICIENT INFRASTRUCTURE CAN BE ESTABLISHED 
BY ONLY USING THE HIGHEST PERFORMANCE PRODUCTS. ACCORDINGLY, PROJECT AND 
ENGINEERING PROCESSES SHOULD BE CONDUCTED WITH THE SAME METICULOUSNESS. 

 IN LOCATIONS WITH OVER A PARTICULAR OPERATING PERIOD, CONTROL SYSTEMS SHOULD 
BE INTEGRATED TO THE EXTENT ALLOWED BY INFRASTRUCTURE CHANGES. 

 7/10/15 YEAR OPERATION AND MAINTENANCE MODELS SHOULD BE CREATED BY 
CONSIDERING THE OPERATING PERIODS AND ENVIRONMENTAL CONDITIONS WHILE 
SETTING UP THE SYSTEMS. 

 
 

 

  

 

The potential savings that can be realized by implementing measures such as maintenance dimming at a facility with a maintenance coefficient of 0.75 over a 
5-year operating period are as follows. 

LOSSES FROM MAINTENANCE COEFFICIENT MINIMUM STANDARDS 

LOSSES FROM MAINTENANCE COEFFICIENT 

At the time of initial installation, a facility with an average illumination level of 300 lux and a maintenance coefficient of 0.75 will have an illuminance level 
of 300/0.75, or 400 lux. In infrastructures that use dimmerable hardware, running the products at lower power levels is effective to produce the desired 

level of illumination during the system's early stages. In this scenario, saving around 23% 

 in the first year and 18% in the second year is achievable. 
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8. Insulation 
Timur Diz 

8.1. Basic Information on Thermal Insulation 

In order to reduce the heat losses occurring in the winter months and the unwanted heat gains occurring in the 

summer months, “thermal insulation” is required. Within this framework, thermal insulation is applied to all 

building components such as walls, roofs, floors facing the “outside” or “unheated parts” of buildings such as 

garages and storage rooms, to windows by means of glass and joinery and to fittings such as pipes, ducts, valves, 

tanks installed for the purpose of heating, cooling, ventilation, etc. With the thermal insulation applications to 

be carried out pursuant to the legislations; 

 Reducing the amount of imported energy depending on the decrease in the energy need for heating 
and cooling and thus contributing to the country's economy, 

 Reducing CO2 emissions that cause global warming and climate change and reducing air pollution 
caused by fuel consumption by providing comfortable heating/cooling with less energy consumption, 

 Reducing initial investment and operating costs by using lower capacity heating and cooling systems 
and smaller sized installations in line with the decreasing energy need, 

 Facilitating the transition to renewable energy systems along with reducing energy needs, 

 Maintaining a healthy and comfortable environment by creating balanced room temperatures in living 
spaces,  

 Preventing leakage causing mold, pinpoint black spots and fungus that occur with the condensation 
problem, 

 Protecting the carrier system and resistance against earthquakes, by preventing corrosion of building 
components as a result of condensation, are ensured. 

As of 14 June 2000, thermal insulation in new buildings has become mandatory according to our legal 

legislations. In our country, for new buildings to be issued a construction permit, it is mandatory to prepare a 

thermal insulation project within the framework of TS 825 Thermal Insulation Requirements for Buildings 

standard and submit it to the local administration. According to our legislation, in new buildings; 

 The net heating energy requirement should be below the limit value provided in the standard,  

 The condensation conditions of each building component should be met and  

 The difference between the internal environment and the internal surface temperatures of building 
components should be below 3°C.  
 

Whereas, in existing buildings, the modified parts should meet the legislative requirements. In this context, the 

modified building component should at least meet the recommended U values and condensation provisions 

provided in the TS 825 standard, depending on the degree day regions, and the temperature difference between 

the indoor environment temperature and the interior surface temperature should not exceed 3°C.   

According to the “Energy Performance Regulation in Buildings”, which entered into force on December 05, 2009, 

besides the energy usage areas such as cooling, ventilation, lighting, hot water supply, considering the efficiency 

of mechanical systems as heating/cooling systems, etc., total energy consumption and CO2 emissions are 

required to be at least class C for new buildings. The energy consumption for heating purposes of buildings 

designed with minimum insulation thicknesses in accordance with the TS 825 standard, will be class C. Improving 

the energy class of the designed building is only possible by increasing the insulation thicknesses determined 

according to the TS 825 standard. 

With the “Regulation on Procedures and Principles of Building Inspection Applications” published in the Official 

Gazette number 24491 and dated 12 August 2001, the inspection of thermal insulation applications was 

delegated to Building Inspection Agencies. The Building Inspection, which started in 19 pilot provinces in 2001 

when the relevant regulation came into force, has spread throughout the country as of January 01, 2011.  
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8.2. Heat Insulation Material 

Thermal insulation materials are special products used to reduce heat losses and gains, produced to save energy 

and exhibit high thermal resistance for reasonable thicknesses. The most essential feature of thermal insulation 

materials is their low thermal conductivity and high resistance to heat transmission. Thermal conductivity is a 

measure of how much heat a material transmits. Generally, thermal conductivity is the amount of heat 

transmitted when there is a temperature difference of 1°C between opposite surfaces of a 1m thick material 

with a surface area of 1m2. The thermal resistance is defined as the physical quantity obtained by dividing the 

material thickness by the thermal resistance and shows the performance of the product. Basically, the increase 

in the thermal resistance of an application detail means the increase of the amount of energy saved. For 

example, the thermal resistance of a building material with a thermal conductivity coefficient of 0.60W/(m.K) at 

30 cm thickness is 0.50 (m2K)/W, while the thermal resistance of a thermal insulation material with a thermal 

conductivity coefficient of 10 cm thickness is 0.04W/(m.K) 2.5 (m2K)/W. In summary, a thermal insulation 

material which is 3 times thinner has 5 times more thermal resistance than a building material of 30 cm 

thickness. Considering this aspect, since no material, including paint, etc., used in lesser thicknesses can provide 

sufficient thermal resistance, they cannot be used alone to achieve the desired energy efficiency targets. The 

general properties of thermal insulation materials, widely used in our country and in the world today, are 

provided below.  

8.3.8. Thermal Insulation Boards and Mattresses:  

 

 

Glass wool: For use in thermal insulation of roofs (inclined), walls (internal and sandwich), 
floors, partition walls, suspended ceilings and installations of buildings, provided that they 
are not exposed to load.  
Form: In our country, they are produced in the form of Boards, Mattresses, Pipes.   
Usage temperature: -50 / + 250°C  
Fire Class: A1 or A2 (Uncoated)  
λhes = 0,035-0,050 W/(m.K) (according to TS 825) 
Water vapor diffusion resistance coefficient µ = 1.  
Not used in applications under load.  
Not used on the exterior face of waterproofing. 
Should be used together with a vapor barrier on the warm side for internal insulation. 

Rock wool: For use in thermal insulation on the roofs (inclined and terrace), walls 
(internal/external/sandwich), all floors, partition walls, suspended ceilings and 
installations of buildings.  
Form: In our country, they are produced in the form of boards, mattresses, pipes and in 
bulk.   
Usage temperature: -50/ +650~750°C 
Fire Class: A1 or A2 (Uncoated)  
λhes = 0,035-0,050 W/(m.K) (according to TS 825) 
Water vapor diffusion resistance coefficient µ = 1.  
Can be used in applications under load.   
Not used on the exterior face of waterproofing. Should be used together with a vapor 
barrier on the warm side for internal insulation.  
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Expanded Polystyrene Foam (EPS): For use in thermal insulation on the roofs (inclined and 
terrace), walls (internal/external/sandwich), all floors of buildings.  
Form: Can be produced in the form of boards in our country.   
Usage temperature: -50/ +75~80°C 
Fire Class: E or F (Uncoated)  
λhes = 0,035-0,040 W/(m.K) (according to TS 825) 
Water vapor diffusion resistance coefficient µ = 20-100.  
Can be used in applications under load.  Special types that can be used on the outer side 
of the Reverse Terrace roof and underground waterproofing are available.  
 For internal insulation, it should be decided whether a vapor barrier is required to be 
used on the warm side, by investigating condensation. 

Extruded Polystyrene Foam (XPS): For use in thermal insulation on the roofs (inclined and 
terrace), walls (internal/external/sandwich), all floors of buildings.  
Form: Can be produced in the form of boards in our country.   
Usage temperature: -50/ +75~80°C 
Fire Class: E or F (Uncoated)  
λhes = 0,030-0,040 W/(m.K) (according to TS 825) 
Water vapor diffusion resistance coefficient µ = 80-250.  
Can be used in applications under load.  Types that can be used on the outer side of the 
reverse terrace roof and underground waterproofing are available.   
For internal insulation, it should be decided whether a vapor barrier is required to be 
used on the warm side, by investigating condensation. 

 

 

 

Polyurethane Foam (PUR): For use in thermal insulation on the roofs (inclined and 
terrace), walls (external/sandwich), floors of buildings.  
Form: Can be applied in the form of boards and by spraying, in our country. 
Usage temperature: -200/ +110°C 
Fire Class: E or F (Uncoated)  
λhes = 0,025-0,040 W/(m.K) (according to TS 825) 
Water vapor diffusion resistance coefficient µ = 30-100.  
Can be used in applications under load.   
Not used on the exterior face of waterproofing.  

Wood Wool Boards (WW): For use in thermal insulation on the roofs (inclined), walls 
(internal/external), floors of buildings.  
Form: Not produced in our country. Generally, wood wool boards are laminated on both 
surfaces of EPS and Rock Wool thermal insulation boards and they are used as composite 
boards.  
Fire Class: B, C, D or E (Uncoated)  
λhes = 0,065-0,090 W/(m.K) (according to TS 825) 
Water vapor diffusion resistance coefficient µ = 2-5.  
Can be used in applications under load.  Not used on the exterior face of waterproofing.   
Should be used with a vapor barrier layer on the warm side for internal insulation.  

 

 
 

Phenol Foam (PF): For use in thermal insulation on the roofs (inclined, terrace), walls 
(internal/external), floors and installations of buildings.  
Form: Not produced in our country. Can be supplied in the form of boards or pipes. Usually 
are used with aluminum foil, metal etc. coatings.   
Usage temperature: -180/ +120°C 
Fire Class: B or C (Uncoated)  
λhes = 0,030-0,045 W/(m.K) (according to TS 825) 
Water vapor diffusion resistance coefficient µ= 10-50. (Uncoated)  
Can be used in applications under load.   
Not used on the exterior face of waterproofing.   

Cellular Glass (CG): For use in thermal insulation on the roofs (inclined, terrace), walls 
(internal/external), floors and special installations of buildings.  
Form: Not produced in our country. Can be supplied in the form of boards or pipes.  
Usage temperature: -260/ +430°C 
Fire Class: A1 (Uncoated)  
λhes = 0,045-0,060 W/(m.K) (according to TS 825) 
Water vapor diffusion resistance coefficient µ= ∞.  
Can be used in applications under load.   
Can be used on the outer side of the reverse terrace roof and underground 
waterproofing.   
If the thickness is sufficient and precautions are taken at the seams, the use of a vapor 
barrier in the internal insulation is not required. 
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Expanded Perlite Boards (EPB): For use in thermal insulation on the roofs (inclined), walls 
(internal/external), floors and installations of buildings.  
Form: Can be produced in granular form in our country. Granules are used packed in bags.  
Can be supplied from abroad in the form of boards or pipes. 
Usage temperature: -250/ +1000°C 
Fire Class: A1 (Uncoated)  
λhes = 0,045-0,065 W/(m.K) (according to TS 825) 
Water vapor diffusion resistance coefficient µ= 5.  
Can be used in applications under load.  Not used on the exterior face of waterproofing.   
Should be used with a vapor barrier layer on the warm side for internal insulation. 

Expanded Cork Boards (ECB): For use in thermal insulation on the roofs (inclined), walls 
(internal/external) and floors of buildings.  
Form: Not produced in our country. Can be supplied in the form of boards.  
Usage temperature: -180/ +100°C 
Fire Class: E (Uncoated)  
λhes = 0,045-0,055 W/(m.K) (according to TS 825) 
Water vapor diffusion resistance coefficient µ= 5-10.  
Can be used in applications under load.   
Not used on the exterior face of waterproofing.   
Should be used with a vapor barrier layer on the warm side for internal insulation. 

 

 

Wood Fiber Boards (WF): For use in thermal insulation on the roofs (inclined) and walls 
(internal) of buildings.  
Form: Not produced in our country. Can be supplied in the form of boards.  
Fire Class: E (Uncoated)  
λhes = 0,035-0,070 W/(m.K) (according to TS 825) 
Water vapor diffusion resistance coefficient µ= 5.  
Can be used in applications under load. Not used on the exterior face of waterproofing.   
Should be used with a vapor barrier layer on the warm side for internal insulation. 

Polyethylene Foam (PEF): For use in thermal insulation on the walls (internal/sandwich), 
floors and installations of buildings.  
Form: Can be produced in the form of boards or pipes in our country.  
Usage temperature: -40/ +105°C 
Fire Class: D, E, F (Uncoated)  
λhes = 0,035-0,070 W/(m.K)  
Water vapor diffusion resistance coefficient µ= 1000.  
Can be used in applications under load.  Not used on the exterior face of waterproofing.    

 

Flexible Elastomeric Foam (FEF):  
Can be used for thermal insulation in installation elements such as pipes, ducts and valves.  
Form: Can be produced in the form of boards or pipes in our country.  
Usage temperature: -40/ +105°C 
Fire Class: B, C, D, E (Uncoated)  
λhes = 0,030-0,040 W/(m.K) 
Water vapor diffusion resistance coefficient µ = 3000.  

   
 

8.3.9. Insulating Glasses 

Due to the dry and stagnant air trapped between two glasses, insulating glass units reduce the escape of building 

heat from the windows. Here, the width of the gap between the 2 glasses and the quality of the gases filling this 

gap are important. The effect of glass thickness on thermal insulation is negligible.  3 factors affect the thermal 

insulation value of insulating glass units.  

 Insulating glass gap width: Increasing the gap width from 12mm to 16mm improves the thermal insulation 
performance of the unit. 

 Insulating glass unit gap filling: Dry air is available as standard in the gap of the units. Gases such as argon, 
etc., filled to the gap instead of air, improve the insulation value of the unit. 

 Emissivity value of glass (coating): Emission is the measure of the electromagnetic energy transfer through 
an object. The emission (ε) value is theoretically variable between 0 and 1. Low emissivity means better 
insulation. Reducing the emissivity of glass and thus slowing down the heat transfer is achieved by low E 
coatings applied on the glass. 
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8.3.10. Low E Heat Control Coated Insulating Glass Units:  

Insulating glass units with Low-E heat control coating 
reflect the room temperature back inside like an 
invisible mirror, resulting in a reduction of heat escape 
by 2,5 times more compared to standard insulating 
glass units and by 5 times more compared to single 
glasses. Low-E coatings can be effective in heat control 
as they can control the heat escape through radiation. 
In the Low E heat control coated insulating glass unit, 
the coating is applied on the 2nd surface of the unit 
(the surface of the outer glass facing the space 
between inner and outer glasses) in standard use 
throughout Turkey, except for regions with very harsh 
winters conditions. 

  
 
 
 
 
 
 
 
                           

Figure: 1 Low E heat control coated insulating glass 

unit 

Solar Control and Glass:  The purpose of solar control is to ensure that the heat of the sun enters the 

interior space in a controlled manner and to provide comfort conditions by reducing cooling costs and thus 

energy consumption. Solar control for glass can be achieved by metallic coatings applied on colored float glass 

from the blend obtained by adding coloring agents to the frit and colored or colorless float glass. Coating on 

glass can be applied through chemical and physical processes. 

In order to provide thermal insulation along with solar control, insulating glass units with coatings on both 

glass plates or insulating glass units with a special coating on only one of the glass plates should be used.  

Double-coated multi-purpose solutions are widely used in curtain walling applications. Reflective solar control 

coatings on the 2nd surface of the insulating glass units provide effective solar control, while the low-E coatings 

on the 3rd surface are effective in keeping the building heat inside. As reflective coating glasses can hide the 

structural elements behind, they are suitable solutions for commercial buildings with curtain walls where 

daytime use is predominant. However, such glasses are not suitable for use in buildings where night view is 

important, residences and shop windows. As this type of glass exhibits a mirror image on the side where the 

light is strong. 

In the glass industry, with the contribution of single-coated solutions to the efficient use of energy, there is a 

high-performance solar low E coating with both low E and solar control features on the 2. surface of insulating 

glass units. Daylight transmittance is high. Has an appearance similar to colorless float glass. In this context, this 

type of glass is suitable for use in residences and shop windows. It saves cooling costs by reducing solar heat 

gain by 1,5 times compared to standard insulating glass units. It saves fuel costs by reducing heat loss by 5 times 

compared to single glasses and by 2,5 times compared to standard insulating glass units. With its low UV 

permeability, it ensures that natural colors of objects are preserved for a longer time.  

  

Figure 2: Double coating and single coating insulating glass units 

8.3. Thermal Insulation Applications 

 

The building envelope is the physical barrier between the exterior and interior environments enclosing a building 

and the walls, windows, doors, floor, ceiling and roof form the building envelope. Generally, thermal insulation 
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materials are used for common surfaces and unheated sections of buildings of a heated volume and to the 

surfaces in contact with the atmosphere or soil of different temperatures  

1. in applications to reduce the heat transmission between two environments  
2. (outdoor air - living spaces) of different temperatures, regardless of the purpose of use.  

 

Inclined and terrace roofs, exterior facing walls or walls facing unused parts such as garages and storage rooms, 

floors in direct contact with soil or uninhabited spaces, installation pipes and ventilation ducts are the main areas 

of use of thermal insulation materials. Additionally, energy efficiency is achieved by reducing heat loss and gain 

through windows by using coated glass and insulated joinery systems. Ensuring continuity of building insulation 

integrity is required.  In order to fully benefit from the advantages of thermal insulation, all walls, floors and 

roofs of buildings facing north in winter and facing south in summer should definitely be insulated and qualified 

windows should be used. 

8.3.1. Thermal Insulation of Walls 

Thermal insulation should be applied to walls that separate used/heated volumes and unused/unheated indoor 

environments. On these surfaces, thermal insulation materials can be applied to the internal and external 

surfaces of walls or between the inner and outer layers of double-layer walls, with different techniques.  

Internal Thermal Insulation: In these applications, the facade remains cold as the thermal insulation material is 

applied to the interior face of walls. Thus, condensation occurs when water vapor produced in the indoor 

environment comes in contact with aforementioned cold walls. Therefore, materials used in these details should 

either have high resistance to water vapor transmission, or materials with low resistance to water vapor 

transmission should be used along with vapor barriers in order to prevent the amount of water vapor from 

reaching walls. According to the water vapor diffusion resistance and thickness of the thermal insulation material 

used, it should be decided whether a vapor barrier is required to be used on the warm side, by investigating 

condensation pursuant to TS 825. If required, vapor barrier tapes providing impermeability should be used for 

vapor barrier seams and the vapor barrier layer should not be punctured by fasteners. 

Precaution should be taken against formation of thermal bridges in these details where the complete facade 

cannot be protected due to the application of thermal insulation materials to wall inner surfaces. In this detail, 

since insulation cannot be applied to the ceiling and floor concrete slabs from the inner surface, the resistance 

of these areas against heat transmission remains weak and causes formation of thermal bridges. In case of 

formation of thermal bridges, besides energy loss, condensation problems occur as the relevant surface cannot 

be protected from external climatic conditions. According to the relevant regulation, the floor slab seams should 

be insulated by returning at least 50 cm towards ceiling-flooring inner surface to prevent formation of thermal 

bridges. Mechanical fasteners should also be used for the application of heat insulation boards to the ceiling. 

Application of vapor barrier layers should be continued on ceilings and floors.  

 

Figure 3: Internal thermal insulation 

of walls  
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a) External Insulation of Walls 
In these applications, the facade is protected and remains warm as the thermal insulation material is applied to 

the exterior face of walls. Thus, since the water vapor produced in the indoor environment will not come into 

contact with an intermediary surface below the saturation temperature while passing through the wall, the risk 

of condensation will be eliminated and thermal bridges will not occur due to the protection of the complete 

facade. As technically appropriate external applications completely eliminate problems caused by thermal 

bridges and condensation, they constitute technically ideal solutions. The facade thermal insulation systems 

consist of thermal insulation boards specifically produced for such applications, thermal insulation adhesive, 

thermal insulation plaster, plaster (glass-fiber mesh), dowels and top coat decorative coating materials. The 

unconformity of any of such system components with other components or the surface generally affects the 

performance of the overall application. For this reason, external thermal insulation systems put on the market 

as packages should be preferred to achieve a continuous, stable and high-performance quality expected from 

external thermal insulation systems and to obtain the product guarantee of system producers. 

 

Figure 4: External insulation of walls 

 

 
a) Thermal Insulation Applications Between Double Walls (Sandwich walls): Thermal insulation materials are 
located between two wall layers in these applications. Additionally, in applications with cavities, there is a risk 
of condensation of water vapor passing through the insulation layer in gaps between walls, whereas in 
applications without cavities there is a risk of condensation of water vapor passing through the insulation layer 
between the insulation material and the outer wall layer. Therefore, measures should be taken against 
formation of thermal bridges and condensation, and building elements such as columns, beams, floor concrete 
slabs, etc. that can cause thermal bridges should all be covered externally with a thermal insulation layer. 
 

8.3.2. Thermal Insulation of Roofs 

Roofs are exposed to external climatic conditions such as rain, snow, etc., to vapor diffusion due to the partial 

pressure of water vapor and temperature difference between indoor and outdoor environments and heat 

transmission. For this reason, considering the ventilation measures on the roofs, thermal insulation and 

waterproofing applications should be addressed together. With the applications to be used, it should be ensured 

that the heat transfer caused by the temperature difference between indoor and outdoor environments is 

reduced, the vapor output to the outside environment is facilitated as much as possible, while water caused by 

precipitation such as rain and snow is prevented from seeping into the structure.  

 
a) Thermal Insulation Applications of Inclined Roofs: Inclined roofs consist of roof coatings and the space 
between the floor and the roof on which the roof construction rests. Whether the attic space is used or not 
causes differences in thermal insulation applications of inclined roofs. While thermal insulation is applied at roof 
construction level in inclined roofs where the attic space is not used, thermal insulation applications are carried 
out at roof level in inclined roofs where the attic space is used.  
 

In inclined roofs where the attic space is not used, thermal insulation is applied on the reinforced concrete slab 

on which the roof construction rests. In thermal insulation of attic spaces that are not used, mineral wool-based 

mattresses are applied by being spread out on the floor. The mattress should not be covered in any way, in cases 
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where protection of the material from external effects such as dust, dirt, etc. is desired, versions of mineral 

wool-based thermal insulation material covered with a vapor-permeable (breathing) product such as glass tissue 

can be used. As mineral wool-based mattresses are non-load-bearing and low-density, these materials should 

not be loaded nor walked on. When walking at the attic is required, a walkway should be built on wooden 

timbers. Rigid thermal insulation materials in the form of boards can be used instead of mattress-type products. 

After applying the thermal insulation materials of sufficient thickness on a smooth surface, a separating layer is 

placed on the thermal insulation material and the detail is completed by applying high-doses of screed. 

Ventilation is of vital importance in this detail. Water vapor passing through the insulation material should be 

discharged to the atmosphere through the ventilation gap. 

 

Figure 5: Thermal insulation of roofs where an attic is not 

used 

 

Thermal insulation is applied at the roof level in inclined roofs where the attic is used. The thermal insulation 

material may be exposed to water due to the formation of condensation in the cold area that occurs between 

the thermal insulation and the waterproofing material under the roof coating. Therefore, in details where 

waterproofing materials with high resistance to water vapor permeability are used, a ventilation gap should 

definitely be left between the thermal insulation and the waterproofing materials. In details where breathing 

waterproof coverings are used, breathing waterproof coverings should be laid out on the outer side of the 

thermal insulation material and a ventilation gap should be left between the breathing waterproof covering and 

the roof coating under appropriate conditions. 

 

 

Figure 6: Thermal insulation of roofs where an attic is used 

 

b) Thermal Insulation Applications of Terrace Roofs: In terrace roofs, the inclination of the roof is below 5% 
and there is no gap between the coating material and the roof construction. According to the position of the 
waterproofing material and the thermal insulation material relative to each other, two different details as 
“conventional terrace roofs” and “reverse terrace roofs” can be applied for terrace roofs.  

 

In conventional terrace roofs, the waterproofing layer is placed on top of the thermal insulation. In this 

application, a vapor barrier/stabilizer should be applied underneath the thermal insulation (on the warm side) 

to prevent the thermal insulation from losing its function due to the water vapor passing through the thermal 
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insulation and condensing under the waterproof covering. The vapor barrier should be turned onto the thermal 

insulation material and attached to the waterproof covering above. In this detail, the roof system is protected 

against water vapor through a vapor barrier from below, while the waterproof covering applied on top prevents 

water from reaching building elements. It should be ensured that the thermal insulation material is continuous 

in the roof-wall seams and in reinforced concrete terrace roofs, the thermal insulation should definitely be 

turned towards the parapet edges and attached to the wall thermal insulation. Leveling concrete is poured on 

the reinforced concrete to drain the rain water accumulated on the roof and after the surface layer of the 

leveling concrete is cleaned, a primer is applied on the dry surface. Upon drying of the primer, the vapor barrier 

layer is adhered. In vapor barrier applications, the seams must fully adhere. By applying the waterproof coverings 

on the thermal insulation material in a technically appropriate manner, the conventional terrace roof detail, 

which cannot be walked on, is completed. The waterproofing material can be applied directly on the thermal 

insulation material if the thermal insulation material is rigid and resistant to the bonding temperature of the 

waterproofing material (Rockwool). In case the thermal insulation material is resistant to the bonding 

temperature of the waterproofing material and is not rigid, leveling concrete should be poured on the insulation 

layer and the waterproofing material should be applied on the leveling concrete.  

 
Figure 7: Detail of a Conventional Terrace Roof that cannot be walked on 

In reverse terrace roofs, the thermal insulation is located on top of the waterproof covering. Since the thermal 

insulation material is located on the waterproofing material, the waterproof covering remains at a stable 

temperature throughout the year and is not affected by thermal shocks. In this application, the waterproofing 

membranes located on top of the leveling concrete, also serve as a vapor barrier. In reverse terrace roofs, 

thermal insulation boards that can be used outside the waterproofing layer, do not absorb water, with closed 

porosity, have high freeze-thaw resistance and have high compression and creep strength, should be used as 

thermal insulation material. Leveling concrete is poured on the reinforced concrete for the drainage of the rain 

water accumulated on the roof. Primer and waterproof covering are applied on the leveling concrete, in a 

technically appropriate manner. The thermal insulation material is placed on the waterproof covering without 

the use of adhesives, freely and in a staggered manner, so that no lap joint is formed at the seams. A filter layer 

preventing unwanted external materials from the upper layers is laid out on the thermal insulation material. The 

detail of the reverse terrace roof is completed by laying out washed and sieved stream gravels of appropriate 

thickness, which prevents the thermal insulation material from flying away or floating by creating weight on the 

filter layer. If required, this roof detail can be made adequate to walk on by applying screed etc. 

 

Figure 8: Detail of a Reverse Terrace Roof that 

cannot be walked on 
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8.3.3. Thermal Insulation of Floors 

Floors are also building elements where energy loss and gain occurs in buildings. Generally, thermal insulation 

should be applied on floors in direct contact with soil, between floors in apartments where heating is not central 

and on floors located on unheated volumes such as garages, storage rooms, etc.   

Floors in direct contact with soil are exposed to underground waters and vapor diffusion and heat transfer due 

to the partial pressure of water vapor and temperature difference between the indoor environment and the 

ground. Thermal insulation for floors in direct contact with soil can be applied below or on top of the reinforced 

concrete floor. In thermal insulations applied on the floor concrete, the water vapor passing through the thermal 

insulation material encounters the cold surface and condenses, since the waterproofing materials located at the 

outermost part of the building cannot leave the building due to the resistance, they have shown against the 

passage of water vapor. In this detail, to prevent condensation on the floor, a vapor barrier must be used on the 

warm side. As the thermal insulation materials to be applied are exposed to loads, they should have sufficient 

compressive strength and creep resistance against long-term loads.  

In applications made on slab concrete, as the slab concrete is not protected by the thermal insulation material, 

there is a possibility of being cold. For this reason, in floors that are in contact with soil and outside air in 

unheated environments, there is a possibility of condensation of water vapor passing through the thermal 

insulation material on the floor concrete. In these details, depending on the resistance of the thermal insulation 

material against water vapor diffusion, it is necessary to use a vapor barrier layer on the warm side. The vapor 

barrier also functions as a separating layer between the screed and the thermal insulation material. 

Thermal insulation boards are laid (freely) on the slab concrete in such a staggered manner that there are no 

gaps at the seams. In the floor and wall seams, thermal insulation boards are extended up to the skirting level, 

considering the thickness of the screed layer. By laying polyethylene foil on thermal insulation boards as a vapor 

barrier, a screed application is made. In case of laying coatings such as PVC or wooden parquet, adhesive or 

lamella bonding is applied on the screed layer. For floors with underfloor heating, plastic bearings are placed on 

the vapor barrier after the vapor barrier is applied on top of the thermal insulation material. Installation pipes 

are placed on these plastic bearings and a layer of screed is applied in appropriate thickness. Afterwards the 

application is completed with the desired floor finishing.  

In applications made from the ceiling of unheated volumes, the thermal insulation material is on the outside of 

the floor concrete. Thus, although it is expected that floor concrete will be warm and therefore there will be no 

condensation, it should be considered that there is a risk in column seams where the continuity of the insulation 

is impaired. In these areas of risk that cause thermal bridges, the application of thermal insulation should be 

continued in columns of at least 50 cm. Unheated volumes of thermal insulation materials are applied to the 

ceiling by means of adhesives. After the adhesive dries, thermal insulation materials are fixed mechanically by 

means of dowels. The application is completed by applying a thin layer of plaster with mesh on thermal 

insulation materials.  
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Figure 9: Details of Floors in Contact with Soil Figure 10: Intermediate Floor Detail 

 

 

9.9. Sample Insulation Project 

PILOT PROJECT: MY HOME IS WARMER NOW 

A demonstration project called “My Home is Warmer Now” was carried out in cooperation with the 

General Directorate of Electrical Power Resources Survey and Development Administration (EIE) and 

the Heat, Water, Sound and Fire Insulators Association (İZODER), to investigate the energy saving 

potential of existing buildings and to raise awareness. Within the scope of this project, it is aimed to 

conduct preliminary analyzes of the energy performance of an actively used building, to determine 

and implement the required measures to make the building energy efficient and to determine the 

savings achieved through re-measurements upon completion of the application.  

Upon obtaining the required permits, the 50. Yıl Yetiştirme Yurdu (50th Year Orphanage), built in 1973 

with an indoor volume of approximately 15.000m3 and a heated area of 3.609m2, affiliated to the 

Social Services and Child Protection Institution, has been determined as the building where the project 

will be implemented. According to the outcomes of the examination and initial measurement made 

in the preliminary study, the following issues have been noticed;  

§ The building is not thermally insulated and the windows are not energy-efficient,  
§ Windows show deterioration  
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§ The flue gas measurements of boiler chimneys show that the oxygen ratio is higher than the 
optimum value, that is, the combustion is not efficient, 

§ Two-stage burners are used for the boilers, 
§ Circulation pumps used in the heating system are of fixed speed, 
§ It has been found that magnetic ballasts are preferred 
§ in lighting and there are such obstacles as decorative panels and curtains in front of the 

radiators. 
 

It has been determined that 68,600 m3/year of natural gas is consumed for heating purposes in the 

structure under consideration, and 26,400 m3/year of natural gas is consumed for hot water supply, 

and 131,000 kWh/year of electrical energy is consumed by the use of lighting and electrical household 

appliances. As a result of the preliminary studies, it has been determined that the energy consumption 

and energy saving potential of the building under current conditions is high. In total energy 

consumption, use for heating has the highest rate with a share of 63%. Electricity use has a share of 

12% in total consumption, and the amount of energy spent for hot water supply has a share of 25%.  

In light of the preliminary survey information obtained, to increase the energy efficiency in the building 

in question, the following is recommended;  

§ External thermal insulation of the facade with 6 cm thick thermal insulation materials,  
§ Thermal insulation using 12 cm thick thermal insulation material on the roof, 
§ Replacement of existing windows with double-glazed PVC windows having 16 mm gap, using 

glazing with heat control coating, 
§ Increasing combustion efficiency by using modulated burners and making necessary 

adjustments, 
§ Replacing existing pumps with variable speed pumps, 
§ Use of luminaries with electronic ballasts instead of those with magnetic ballasts.  

 

 In determining the measures taken to increase energy efficiency in the 50. Yıl Orphanage Building, 

the availability of the products used in the said applications in the market was taken into 

consideration. In thermal insulation applications to be made in the building, the minimum thickness 

material that meets the requirements given in the TS 825 standard is used. Due to the unsuitable 

physical conditions in the building under consideration, thermal insulation application could not be 

carried out on the floors that rest on the soil. 

 Thermal insulation applications on walls and roofs, replacement of windows with double-glazed 

insulating glass units with heat control coating, and use of thermostatic valves were able to be 

implemented with regards to the measures agreed under the project.  

Data Obtained After Implementation - Results of the Project: 

 In order to determine the energy savings obtained as a result of the works carried out to increase 

energy efficiency in the 50. Yıl Orphanage building, a second study based on measurements was 

carried out after the implementation by the Electrical Works Survey Administration. This study was 

aimed towards analyzing the reasons for the differences that may occur between the theoretical study 

and the practical application, and whether there is a deviation from the targets determined at the 

initial stage.   

Between 2000 and 2006, the annual total natural gas consumption consumed in the heating seasons 

were determined along with the fuel consumption per degree-day calculated by taking into account 

the external climatic conditions in the winter months. An increase in the number of degree days 

indicates an increase in the number of heating days. In other words, the winter season is harsher in 
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the year in question. The table below shows the number of degree days and natural gas consumption 

by years. 

 

Heating 
Season 

Natural Gas 
Spent for 

Heating(m³) 
Degree Days 

Spending Per 
Degree-Day 

2000–2001 57,315 2,287 25 

2001- 2002 67,325 2,540 27 

2002- 2003 86,341 2,615 33 

2003- 2004 68,652 2,597 26 

2004- 2005 58,761 2,552 23 

2005- 2006 26,476 2,643 10 

Table 1: Natural Gas Consumption 

 

§ As seen in the table above, the natural gas consumption per degree-day was 27m³ on average 
in the years before the implementation was made, while the natural gas consumption 
decreased to 10m³ in the 2005-2006 season after the implementation. From this point of view, 
63% energy efficiency is observed as a result of the implementations made. 

 

The graph given below shows that in the 2005-2006 season, the period when energy efficiency 

implementations were carried out, the degree-day value was higher than in previous years. The winter 

season was colder, but the fuel consumption for heating was much less than in previous years thanks 

to insulation. Even in the 2004-2005 winter season, when some implementations were realized, it is 

observed that an energy efficiency of approximately 11.5% was achieved compared to the previous 

year.  
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Figure 2: Number of Degree Days and Natural Gas Consumption by Years 

 

§ As a result of the insulation applications, an average of 44,931m3 in natural gas savings were 
achieved based on the consumption per degree day. The implementations bring about a 63% 
decrease on average in natural gas consumption of the building, which in turn results in an 
average of 108 tons of CO2 not being released into the atmosphere every year. With 
consideration to investment costs, it has been determined that the payback period of the 
thermal insulation applications is 3.7 years. It should be kept in mind that the high capacity of 
the existing boilers results in an inner ambient temperature floor of 24°C despite the use of 
thermostatic valves, which has an effect on actual natural gas consumptions.  

 

The results of this project, which was carried out in cooperation with IZODER and E.I.E.I, show that 

thermal insulation applications offer cost-effective solutions and are among the most important 

tools in achieving goals related to both combating climate change and energy security.  

 

 

 

 

 

 

 

 

 

 

 

 

 

9. Heating, Cooling and Ventilation Systems 
İbrahim Çakmanus 

9.1. Introduction 

9.1.1. General 

In the overhaul of existing buildings, the general condition of the building and its infrastructure are 
examined first. In this context; 
a) Compliance of the building with current legislation (earthquake regulation, etc.) is checked. 
b) The adequacy of the building in terms of fire safety is checked. 
c) The current state of the building's heating, cooling, ventilation, plumbing, lighting systems and 

electrical installations is examined. 
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d) It is checked whether the current state ensures comfort. For example, ventilation and cooling 
systems may not be available in the current state. In this context, the employee satisfaction is also 
evaluated. 

e) The function of the building (needs program) and the usage targets after the overhaul are 
examined. For example, if a cooling system, ventilation system needs to be installed, the layout 
status, electrical power requirement and adequacy of the infrastructure etc. are evaluated. 

f) The physical and technological status of the existing plumbing systems in the building are 
examined. 

g) After the renovation, what needs to be done to ensure the quality of the interior space is evaluated.  
h) It is investigated whether there is a potential for increase in energy efficiency. 

9.1.2. The Need for Comfort in Buildings 

Thermal comfort, indoor air quality, noise and other indoor quality elements need to comply with 
standards and human health. Energy efficiency works in buildings should be carried out on the 
condition that comfort is ensured. For example, forgoing ventilation or turning off heating/cooling 
systems is not considered under energy efficiency. Comfort requirements in buildings are summarized 
below.  

Thermal Comfort 

For thermal comfort, the room temperatures should be kept around 20-22˚C in winter and 24-26˚C in 
summer. (According to ASHRAE Standard 90.1-2019, the acceptable number of uncomfortable hours is 
150 hours/year for heating and 150 hours/year for cooling). In order to provide thermal comfort, first 
of all, the heat losses and gains of the building are reduced. Then, a heating/cooling system suitable for 
the needs is installed. If possible, energy simulation (energy modeling) should be done at the beginning 
of the design process. If thermal comfort is not achieved in the energy simulation, possible remedying 
actions are improving heat insulation in the building envelope, implementing shading or increasing the 
capacity of such equipment as boiler and chiller. However, increasing the boiler, chiller capacity adds 
to the installation costs of the heating or cooling system and costs of energy in operation (not 
desirable). For this reason, the energy need should be reduced by first ensuring thermal insulation, 
using a heat recovery system in ventilation, and using more efficient systems.  The heating/cooling 
systems required for thermal comfort are explained in Chapter 2. 

Internal Air Quality 

Spaces are polluted by people's breathing (gases and pollutant particles are drawn into the lungs 
during breathing, oxygen decreases in spaces with exhalation, CO2 level increases). In building 
construction, the use of products such as adhesives, paints and lacquers containing harmful chemicals 
and "volatile organic compounds (VOC)" is possible. In addition, work tools, office equipment, 
maintenance and cleaning materials may be used in the enterprise. Lately, the issue of pandemic has 
been another consideration. For all these and similar reasons, conditioned outdoor air (fresh air) is 
supplied to the buildings in the amount defined by the standards, and the polluted air is thrown out. 
Ventilation is discussed in Chapter 3. 

Noise 

Noise in buildings can originate from outside the building (traffic, other environmental noise sources) 
and inside the building (noisy systems). For human health, the spaces should fulfill noise criteria as 
envisaged by the standards. To this end, heating/cooling and ventilation equipment with low noise 
level are chosen.  

Other Comfort Criteria 

Considerations such as daylight intake, scenery, relative humidity are other elements of comfort. 
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9.1.3. Energy Simulation in Building Overhauls 

In Turkey, energy studies and thermal calculations are generally carried out with the İZODER program 
based on the TS825 Building Thermal Insulation Rules standard. In its current form, this standard (and 
therefore the program) has deficiencies such as considering only heating, considering the building as 
a single volume, assuming the internal temperatures constant, taking the external temperatures as 
monthly averages, and not taking into account the internal loads, cooling, ventilation, lighting, and 
usage periods of the building. However, there are ongoing studies to update the standard. It is 
expected that these disadvantages will be eliminated once these studies are completed. On the other 
hand, building energy simulation programs have long been in use around the world. The increasing 
capacity of computers and software results in the use of these programs becoming more and more 
widespread. In major overhauls of buildings, the energy audit and post-audit design incorporates 
calculations relating to thermal loads, electrical loads, hourly, monthly, yearly energy needs and 
energy consumptions, energy costs, CO2 emissions etc. with the building architecture, mechanical 
installation systems, lighting systems and other energy consuming systems input into the energy 
simulation program. For this purpose, there are programs certified by such institutions as ASHRAE, 
Berkeley Lab, USGB. In this context, EnergyPlus, Carrier HAP, Design Builder, Equest, DOE are the most 
widely used programs.   
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Figure 1.1. Examples of energy simulation studies. 

 
Energy simulation programs also allow for system design. For example, following the thermal 
insulation of the building, new boiler, chiller, fan coil, radiator, etc. capacities can be calculated. 
In addition to building energy simulation programs, there are also simulation programs on specific 
subjects. Examples of such subjects are daylight and lighting (Dialux), renewable energy technologies 
(NREL for solar PV, T-SOL for solar thermal, RET Screen for solar Wall, etc.), CFD - flow simulation 
programs (FloEFD, Fluent, etc.).  

9.1.4. Energy Efficient Overhaul of Buildings 

The following sequence can be followed in the process of energy efficient renovation of existing 
buildings. 
a) The last few years of bills for electricity, natural gas, liquid fuel, etc. are reviewed. In this review, 

it is taken into account whether comfort has been fully provided in the building. If necessary, an 
evaluation is made with the building users. 

b) The annual specific energy consumption of the building (kWh/m2.year) is compared with the 
consumption values of similar reference buildings in similar climates and whether there is a 
potential for energy saving is evaluated. 

c) Energy modeling of the current state of the building is carried out. In this context, the current 
shell values of the building (the U value of the walls, roof, floors, glass thermal properties, shading 
status, etc.), HVAC Systems, lighting systems values, operating hours of the systems, infiltration 
values, etc. are entered into the simulation program. The values calculated with the energy 
simulation are compared with the actual consumption values. (An example is given in Figure 1.1). 
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 Consumption Real (kWh) 

Month 

Consumption Real (kWh) 

Month 

Consumption Simulation 

(kWh) Month 

 

Consumption Simulation 

(kWh) Month 

 

Electricity Electricity Natural Gas 

 

Natural Gas 

 

 

 
ELECTRICITY 

Months Consumption 
 Actual (kWh/Month) Simulation 

(kWh/Month) January 414,461.74 412,113.00 
February 377,588.87 392,518.00 
March 347,905.57 410,322.00 
April 393,281.42 375,429.00 
May 393,042.92 348,850.00 
June 473,721.02 364,612.00 
July 566,633.25 462,706.00 
August 539,067.41 494,292.00 
September 383,446.06 360,908.00 
October 432,844.95 354,818.00 
November 373,805.07 363,938.00 
December 414,228.19 391,886.00 
TOTAL 5,110,026.45 4,602,391.00 

 

NATURAL GAS 
Months Consumption 

 Actual (kWh/Month) Simulation 
(kWh/Month) January 415,035.32 383,612.00 

February 368,050.18 368,948.00 
March 241,720.75 329,761.00 
April 183,082.85 186,050.00 
May 78,768.31 89,712.00 
June 20,874.42 49,946.00 
July - 51,098.00 
August 44,060.76 49,906.00 
September 1,419.77 52,359.00 
October 22,725.87 93,749.00 
November 104,180.23 211,597.00 
December 365,129.65 322,928.00 
TOTAL 1,845,048.11 2,189,666.00 

 

 
 
 
 
 

Type kWh 
Electricity 4,602,391.00 
Natural gas 2,189,666.00 
  

  

Type kWh 
Electricity 5,110,026.45 
Natural gas 1,845,048.11 

 

 
 

 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 1.2. Comparison of energy simulation results with actual consumption 
 

However, in creating a baseline, the comparison of actual consumptions is not sufficient by itself. 
Because the current situation might not be providing full comfort (there might not be ventilation 
or cooling, the building might not be operated under full thermal comfort conditions). The 
simulation program inputs are revised with consideration to all these issues and thus (in 
accordance with the standards) a reference model (baseline) to be used in the analysis of the 
improvement packages (Efficiency Enhancing Projects - EEP) is created. Following the creation of 
baseline model, economic calculations such as savings potential, payback period (PP), net present 
value (NPV) are carried out with the values of new devices (more efficient) input instead of the U 
values for facades (opaque surfaces, glasses etc.), the efficiency of air conditioning centers, lighting 
system, pump, fan, electric motor, motor, cogeneration, trigeneration etc. planned for overhaul. 
Projects with acceptable feasibility results (e.g. PP<5 years, NPV>0, etc.) and efficiency-enhancing 
projects (EEP) are prepared by taking into account the budget constraints.  

d) Projects and tender files of EEPs are prepared. 
e) The work is tendered and it is carried out. 
f) Measurement and verification studies are carried out during the operation process. 
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9.2. Heating / Cooling Systems 

9.2.1. General 

When choosing the heating/cooling system for the building, the heat loss (heating) and heat gain 
(cooling) calculations of the building are made for the post-overhaul situation. Then devices and 
systems are selected. In Figure 2.1, the number of heating/cooling degree days and the 
operating/shutdown relations of the systems are provided. 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.1: Operating/shutdown relationships of heating/cooling systems. 
 
A good heating/cooling installation should have the following features. 
 
a) The temperature of the heated environment should allow for adjustment with a margin of ±1˚C. 
b) An effective control system should be in place. 
c) Site quality should not be deteriorated as a result of heating/cooling. 
d) Initial investment and operating costs should be at appropriate levels. 
 
In existing buildings, heat loss usually occurs through the building envelope (surfaces such as walls, 
floors, roofs, windows). Heat loss/gain also occurs with leaks (infiltration) from the building facade. 
Heat gains are caused by building facades, internal loads and process loads. For heating/cooling loads, 
the architecture of the building, its location, the ratios of its transparent/opaque facades, the 
properties of structure materials used and the heating insulation properties etc. are important. For 
example, glasses with shading can be used to reduce the heat gains from the transparent facade of 
the building, external shading can be implemented (especially in the 1st and 2nd climate zones). 
Leakage is the uncontrolled entry of outdoor air into the building from building facade elements 
(spaces on door and window edges, opening wings of windows, cracks in walls, etc.) and affects energy 
consumption. One of the important factors for providing comfort in buildings and reducing 
heating/cooling loads is insulation. Insulation in existing buildings can be evaluated as follows. 
a) The effect of the building facade insulation depends on the external climatic conditions and the 

type of the building. For example, while the effect of thermal insulation on energy consumption 
is higher in office buildings in the same climatic region, the share of facade thermal insulation in 
energy consumption is less in buildings such as hospitals and data centers where internal loads 
are high. Such issues can be analyzed with energy simulation. 

b) In order to protect the buildings from effects such as water and moisture, water and moisture 
insulation should be implemented.  

c) Acoustic insulation should be considered to reduce the effects of noise coming from outside the 

 

Indoor 
temp. (C) 

Internal gain (3 C) 

Outside air temperature (C) 

Cooling Degree Days 
Heating Degree Days 
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Solar gain (2 C) 
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building and from the installation systems. 
d) Fire resistant materials should be used for fire resistance in the building. 
e) Airtight insulation should be installed to reduce uncontrolled entry of air into the building. 

9.2.2. Heat Loss and Heat Gain Calculations  

Heat loss and heat gain are defined as the heat exchange of the buildings with the external 
environment and as internal loads. The total heating load of the building is determined by taking the 
sum of the heat losses calculated for the sites. The boiler capacity of the building is calculated by 
adding heating loads such as ventilation and hot water, if any. Similarly, the total cooling load of the 
building is calculated by adding the cooling loads of the sites. The chiller capacity is determined by 
adding ventilation and, if any, process cooling loads. These calculations can be done manually (simple 
method) or with computer programs as described in Chapter 1. Computer programs are capable of 
making more accurate calculations as they consider the thermal mass effects, solar radiation delay 
effects, night cooling effects etc. on the building. Using computer programs, the design values and the 
annual energy needs and consumptions of the building can be calculated at the same time and 
optimization also becomes possible. With such analyses, the thermal performance of building facades 
can be determined at the optimum level, shading effects can be examined, transparent/opaque 
surface ratios can be balanced, productivity-enhancing projects can be created, and existing systems 
can be replaced with more efficient HVAC systems.  
The path to be followed in the calculation of heat losses, heat gains, heating and cooling system 
capacities is as follows. 

Heat Loss Calculation 

Heat loss calculation is made according to “TS 2164 Heating Installation Calculation Standard”. The 
procedure is summarized below. 
a) The winter design temperatures of the outside air at the location of the building are selected. 
b) Interior design temperatures are selected from MMO or ASHRAE publications.  
c) It is checked whether there are special cases (unheated spaces, process loads, etc.). 
d) The thermal transmittance coefficient (U-W/m2K) is calculated for each type of building element 

(walls, ceiling, floor, glass, etc.) in the building envelope. To this end: 

 Existing projects and/or calculation reports, if any, are used. 

 During the energy audit, the U value can be calculated using special devices. 

 If there are no projects and/or calculation reports, the condition of the layers is examined by 
drilling holes in the walls (columns and brick walls, etc.) and on the inner and outer surfaces 
(at sample points). For example, it can be determined whether there is thermal insulation or 
not. As an aid in this examination, thermal camera shots can also be taken if the external 
climatic conditions are suitable. 

 On transparent surfaces (windows, glazed doors, skylights, etc.), the U values and shading 
coefficients can be determined using measuring devices and/or obtained from the 
manufacturer's information.  

e) The amount of infiltration air is selected or calculated. 
f) Heat loss is calculated for each building element (wall, ceiling, floor, window, etc.) of the site.  
g) The sum of the site heat losses constitutes the total heating need of the building.  

Once the total heat loss of the building is calculated, thermal energy needs such as heating energy 
necessary for domestic hot water, heating energy necessary for ventilation air, thermal energy 
necessary for humidification and other processes etc. are also calculated. By adding these calculated 
thermal loads, the capacity of the boilers (or heat pump) is determined. 

Heat Gain Calculation 

In summer, when the outdoor temperature is higher than the room temperature, heat gains occur 
from the outside into the building. Or, in buildings such as data centers, there is a constant heat gain 
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due to internal loads. Heat gain calculations are made with methods similar to the steps described in 
the heat loss calculation. The topic is summarized below. 
a) The summer design temperatures of the outside air are selected at the location of the building. 
b) Summer interior design temperatures are selected from MMO or ASHRAE publications.  
c) It is checked whether there are special cases (for example greenhouse etc.). 
d) The thermal transmittance coefficients (U-W/m2K) are calculated for each type of building element 

(walls, ceiling, floor, glass, etc.) of the building envelope. The issues explained above in relation to 
determining the U value are also applicable here. 

e) Heat gains (conduction and convection) are calculated from the opaque surfaces of the building 
envelope (wall, ceiling, floor). 

f) Radiation heat gains (caused by solar radiation) are calculated from transparent surfaces (windows, 
curtain walls, skylights). Solar radiation falling on glass surfaces can be reduced by the shading 
coefficient of the glasses and the external shading reduction coefficients. 
 

 
Figure 2.2. An example of energy efficient glass used in practice. 

 
g) Cooling loads caused by internal loads (human, lighting, process, other) are calculated. Internal 

heat gains are taken into account in cooling but not in heating. 
h) The required cooling energy for the leaking air is calculated.  
i) The sum of the heat gains of the sites constitutes the total cooling need of the building.  
Once the total heat gain of the building is calculated, cooling needs for the ventilation air, if any, and 
processes etc. are also calculated. By adding these calculated cooling loads, the capacity of the chiller 
(or heat pump) is determined. 

9.2.3. Classification of Heating/Cooling Systems 

According to the "Regulation on Energy Performance in Buildings", central heating systems are used 
in buildings with a useful area of more than 2000 m2, and central cooling systems are used in non-
residential buildings with a cooling load of more than 250 kW. When the structures, usage 
characteristics and ownership of public buildings are considered, central systems are deemed more 
suitable. In these systems, heating and cooling thermal energy in the building is produced in an 
installation center and distributed to the building with piping circuits.  

Features 
Product Group 

Glass Thickness [mm] 

Coating 1 

Outer bottom layer 

Exterior appearance 

Visible light ( EN 410-2011) 

Permeability [%]: 

Reflection External [%]: 

Inner Reflection [%]: 

Color diffusion index: 

 

Solar energy ( EN 410-2011) 

Solar factor (g) [%]: 

Shading coefficient [gEN/0.87]: 

Direct permeability[%]: 

Reflection External [%]: 

Inner Reflection [%]: 

Absorption [%]: 

UV [%]: 
Thermal Properties ( EN 673-2011) 

U-value argon 90% [W/m2K]: 

U-value air(Krypton) [W/m2K]: 
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Decentralized systems such as combi boiler systems in apartments can also be used. Split air 
conditioners and combi systems used in lodgings can be given as examples of decentralized systems 
in state buildings. 

Classification of Heating Systems 

Heating systems can be classified as follows. 
a) According to the location of the combustion system: local heating (decentralized, individual), 

central heating, district heating. 
b) According to the type of fuel or energy used: fossil-based fuels (natural gas, coal, fuel oil, LPG, LNG), 

nuclear fuel, electrical energy, renewable energy sources (solar thermal, geothermal etc., biomass 
etc.), waste heat, heat pumps etc. 

c) According to the heat transfer fluid used: steam (vacuum, low pressure, high pressure), 
superheated water, hot water, superheated oil, air, refrigerant gas etc. 

d) According to the form of heating: conventional systems (radiator, fan coil, convector, air systems, 
etc.), radiant heating, etc. 

e) According to whether it is centralized or distributed (individual). For example, central system is the 
heating of a campus or a building from a single center. Combi or split air-conditioning systems in 
apartments are examples of distributed systems. 

Classification of Cooling Systems 

Cooling systems according to the mode of operation 
a) Steam compression cooling systems: The operation of these systems is based on Carnot cycle. 

Electric motor compressors provide the main energy consumption of the system (chillers, heat 
pumps). 

b) Thermo-based cooling systems: These are absorption cooling systems. Cooling is achieved by giving 
heat to the system. 

c) According to whether it is centralized or distributed (individual). For example, central system is the 
cooling of a hospital complex or a building from a single center. Split air conditioners cooling on a 
room or apartment basis are distributed systems. 

Cooling systems according to the area used 
a) Cooling systems used in building cooling: These are cooling systems used in cooling and air 

conditioning of buildings. 
b) Cooling systems used in industry: These are cooling systems used in industrial processes (food, 

medicine, etc.). 

9.2.4. Central Heating/Cooling Systems   

Today, many heating and cooling systems are actively used. Many systems such as fan coil systems, 
floor heating/cooling systems, VRF systems are used in both heating and cooling. Current and most 
frequently used systems are summarized below. 

Radiator Heating Systems 

These systems are the most used heating systems especially in residences, lodgings, and all buildings 
that need heating only. If a cooling system or ventilation system (for example, classroom-based 
ventilation devices in schools) are to be added to the building to be overhauled, the existing radiators 
are removed. Whether piping can be used or not is decided by examining the diameters and physical 
conditions of the pipes. In buildings where cooling system will not be installed and there is no 
additional thermal load, the radiator systems should undergo maintenance. In addition, if not already 
available, thermostatic valves are installed on the radiators. 
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Figure 2.3. Radiator installation systems. 

 

Low Temperature Heating / High Temperature Cooling Systems 

These systems are known as floor, ceiling, wall heating and cooling systems. In floor heating/cooling, 
the pipes are buried under screed on the floor and under plaster on the wall. When properly used, 
they provide a good level of comfort and energy efficiency. If an elevation of 8-10 cm from the ground 
does not cause problems in existing buildings, these systems are the primary recommendation. But 
the dew point temperature of the outside air in the building location is important here. Ventilation 
and/or dehumidification in 1st and 2nd climate zones may be needed. Specific heating/cooling energy 
needs of the building should be reduced (especially for cooling) by choosing special glasses, 
implementing external shading and carrying out thermal insulation on opaque surfaces of the building 
envelope, especially since the thermal efficiency per m2 is low in cooling. These systems can be used 
to high efficiency with heat pumps.  
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Figure 2.4. Examples of low temperature heating/high temperature cooling systems. 

 
The benefits of these systems are as follows. 
a) Less consumption of fossil-based energy sources (boiler, chiller, heat pump work more efficiently). 
b) Much higher seasonal efficiency (depending on the thermal energy source),  
c) Environmentally friendly due to lower CO2 emission. 
d) Completely silent operation. 
e) Heating and cooling in the building possible with a single device (heat pump).  
f) Simple control technology and no need for complex building automation system. 
g) No fan coil, indoor unit, radiator etc. in sites (ease of maintenance and operation, architectural 

appearance). 
h) Since there is no fan and filter, there is no noise, no need for filter change, and operating costs are 

low. 
i) Low risk of air currents (drafts) and dust rise in the site. 
j) Best heating / cooling system against the pandemic and similar situations. 
k) Nighttime chill usable during the cooling process. Cooling by running the cooling tower only in the 

night and storing heat in the concrete/screed possible especially in continental climate regions. 
l) As explained in the heat pumps section, these systems provide the highest efficiency with heat 

pumps. 

Fan Coil Heating/Cooling Systems 

a) These systems are used as water heating and cooling systems in both heating and cooling. Heating 
energy is provided from boilers in winter and from chillers in summer.  

b) Fan coil systems can have 2 or 4 pipes. 
c) 4-pipe systems are more expensive, more difficult to operate and have higher operating costs. On 

the other hand, it provides high thermal comfort and is one of the most suitable systems for 
buildings with simultaneous heating/cooling loads such as glass buildings.  

d) In indoor units, the difference between the blowing air temperature and the site temperature 
should be around 6-10°C. For example, the blowing temperature should be maximum 32°C in 
winter and minimum 15°C in summer. 
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Figure 2.5. Examples of fan coil installations. 

 

Variable Refrigerant Flow Heating/Cooling Systems–VRF Systems (2 or 3 Pipes) 

Since these systems are used both in winter and summer, their energy performance in both heating 
and cooling is important. In terms of Energy Efficiency; 
e) In summer, the performance of air source VRF systems is approximately the same as air source 

chillers and heat pumps. In the winter season; the decision should be made by comparing air source 
systems with natural gas boilers or pellet boilers.  

f) These devices are suitable for use in 1st, 2nd and 3rd climatic zones in terms of thermal 
performance. In the 4th climate zone, its use should be decided after seasonal efficiency analysis 
with energy modeling programs.  

g) As with four pipe systems, it is one of the most suitable systems for buildings with simultaneous 
heating/cooling loads such as glass buildings.  

h) In indoor units, the difference between the blowing air temperature and the site temperature 
should be around 6-10°C. For example, the blowing temperature should be maximum 32°C in 
winter and minimum 15°C in summer. 

i) Circulating too much refrigerant gas in the building is considered as a negative factor in certification 
systems such as LEED. 
 

 
Figure 2.6. Example of VRF installation. 
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Natural Gas Radiant Heating Systems 

These heating systems can be preferable in hangars, workshops, factories, warehouses, sports venues 
having high ceilings and where a low level of comfort is sufficient. Since these devices do not heat the 
entire volume, they can provide up to 40% energy efficiency compared to air heating systems such as 
fan coils or appliances. They are easy to install, and their initial investment costs are lower than that 
of alternative systems (radiator, fan coil or appliance). These systems are known as high temperature 
radiant heating systems. Their use is recommended in sites similar to those specified here. Their 
disadvantage is low thermal comfort. 

 
Figure 2.7. Example of gas radiant heating. 

 

9.2.5. Main Equipment of Heating and Cooling Systems 

Information on the overhaul of heating and cooling equipment is given here. 

Heating Boilers 

The boilers can be used in all climatic conditions to meet the heating and domestic hot water needs.  
In regions with natural gas infrastructure, it is appropriate to prefer natural gas fired boilers. In regions 
where natural gas is not available; heat pumps, biomass, liquid fuel or, if necessary, coal-fired boilers 
can be used. In terms of emissions, natural gas boilers and pellet boilers are favorable. Where they 
are not present, heat pumps should be preferred. After building facade insulation and/or window 
overhauls, boiler capacity, radiator capacities and pipe diameters are reduced. Project planning and 
design are carried out in an integrated manner by considering all these issues. If there is a need for a 
cooling system, the existing boilers are replaced with systems that provide simultaneous heating and 
cooling (e.g. replacement with heat pumps or other heating/cooling systems).  
Another point to be considered in the selection of the boiler is that the ErP Regulation requirements 
of the European Union, which have been in force since April 21, 2018, consider the condensing feature 
mandatory for natural gas boilers with a capacity below 400 kW. Efficiency increase can be achieved 
with the use of economizer in boilers over 400 kW.  
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Figure 2.8. Examples of heating boilers. 

 
For high energy efficiency in boiler systems, attention should be paid to the following and similar 
issues. 
a) Condensing boiler should be opted for to the extent possible. In this context, condensing boilers 

with premix burners are among the boilers that can provide the highest efficiency. In order to 
protect these boilers from the negative effects of the water circulating in the system, it is 
appropriate to separate the boiler circuit with a heat exchanger instead of a balance vessel. If this 
is not possible, the water quality required by the boiler manufacturer is to be provided. 

b) When high capacities are in question, choosing boilers with flue-gas economizers instead of 
condensing boilers would be appropriate. 

c) Automatic control systems should be implemented in the boilers.  
d) The efficiency of the boilers is explained by graphics in Figure 2.9. 

 
a) An example of increased boiler efficiency due to boiler heating 
water regime and decreased return water temperature (Viessmann). 
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b) Example of compensation control curves for an increase in boiler 

flow temperature due to a decrease in outside air temperature (Viessmann). 
 

Figure 2.9. Examples of efficiency checks on boilers. 
 
When changing the boiler in existing buildings, the possibility of entering the boiler room, the status 
of the stack etc. should also be examined.  The overhaul may bring changes to boiler capacity, boiler 
size, piping diameters etc.  
In the building where the energy efficiency works will be carried out, the boilers can be renewed in 
such situations as the following.  
a) If the efficiency of natural gas boilers is less than 90% (by flue gas measurement, calculation of 

losses from building surfaces), 
b) If the use of a condensing boiler becomes possible as a result of building improvement, 
c) Solid fuel boilers: if the efficiency is less than 75% (a report should be obtained from an expert), 
a) If the boiler is older than 20 years or frequently fails (a report can be obtained from an expert), 
b) If the existing boiler is broken and its repair exceeds 35% of the replacement cost (regardless of 

age), 
c) If the fuel type will change (for example, switching to natural gas), 
d) In case of thermal insulation and/or window overhaul in the building envelope, if it is deemed 

necessary as a result of the examination to be made on the boiler, 
If the use of existing boiler is decided upon based on the above criteria, the following improvements 
should be evaluated.  
a) Boiler maintenance, burner adjustments and flue gas measurement should be done.  
b) If not already present, an external air compensation control panel can be installed on the boilers. 
c) Economizer can be used if not already present. 
d) If boiler and pipe-valve insulation is inexistent or if old, thermal insulation is carried out. 
e) If the existing burner is not proportional, the use of proportional burner is studied. 

Burners 

Burners are devices that provide combustion in solid and liquid fuel boilers. For good combustion, 3T 
(Time, Temperature, Turbulent) rule applies. In other words, sufficient time, sufficient temperature 
and turbulence are required and efforts are made to ensure these.  
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Figure 2.10. Heating boiler burner examples. 
 
Burners can be divided into two groups as Liquid Fuel Burners and Gas Fuel Burners. Depending on 
the boiler capacity, burners can be divided into three groups as single-stage, two-stage and 
proportional burners. Single stage burners operate on an on/off basis. These burners are generally 
used in small (up to about 100 kW) boilers. According to the boiler capacity, the first stage and then 
the second stage operate with the double boiler thermostat. This type of burners is used in medium-
sized boilers (100-300 kW). Proportional burners are used in large boilers. These burners are those 
that can provide the highest energy savings.  

Chillers 

Chillers are machines that transfer the heat from a cold heat source to a high temperature 
environment. At a fundamental level, they are divided into two groups. 
a) Vapor compression chillers. 
b) Absorption chillers. 

Vapor Compression Chillers 

The most common types are those with air or water cooling and Carnot cycle (vapor compression). It 
is divided into two groups as air source and water source.  

 
Chiller - water cooled .                              Chiller-air cooled. 

Figure 2.11. Examples of chillers. 
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Figure 2.12a. Basic chiller elements and refrigeration cycle. 

 
All commercial refrigeration devices (refrigerators, split air conditioners, heat pumps, chillers) operate 
in a closed loop according to the Carnot Cycle by passing a gas, which we call a refrigerant, into liquid 
and vapor phases. Today, the most used refrigerants in chillers and heat pumps are R134a and the gas 
R410a. The Carnot cycle and core components are shown in Figure 2.12b.  

 
Figure 2.12b. The Carnot Cycle and the basic components of the cooling system. 

 
In this cycle; 
a) The cooler is at low pressure and in liquid state at point 1, the gas in liquid phase evaporates while 

passing through the evaporator and absorbs heat to the same extent as the evaporation 
temperature (between points 1-2). Thus, the heat in the environment to be cooled (inside a 
refrigerator, a room, cooling water that cools the building, etc.) is transferred to the gas in vapor 
phase. The characteristic of this gas is that it can evaporate at low pressure and low temperature 
(usually 5-10 C). 

b) Gas at low pressure and vapor phase is absorbed by the compressor and compressed, making it 
condensable at high temperature (between 2-3 points). The cooling device uses electricity at this 
stage. 

Refrigerant Gas Basic Cycle Relationship Between LIFT and Condenser 
/ Evaporator Gas Pressure: 

Figure 1. Cooling Cycle Figure 1. Lift 
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c) The refrigerant gas, which is sent to the condenser in vapor form at high pressure by the 
compressor, condenses in the condenser (atmosphere, cooling tower circuit) and transitions into 
liquid phase at high pressure. It then dissipates heat to the external environment to the same 
extent as condensation temperature (between points 3-4). 

d) At high pressure, the liquid phase refrigerant arrives at the expansion valve, where its pressure 
drops and it becomes a low-pressure liquid (between points 4-1). 

e) At point 1, the cycle starts again and continues as long as the machine keeps running. 
The capacity of the machine is determined by the amount of refrigerant gas, evaporator, condenser 
dimensions, compressor type dimensions and motor power. As explained in the above cycle, the 
efficiency of the machine is determined by the heat that can be taken in the evaporator, the electrical 
energy drawn in the compressor, and the evaporation and condensation temperatures. Some 
calculations here are given below. 
 
Example  
The cooling power of a cooling machine working with R22 gas is 50kW, its condensation temperature 
is 35°C and its evaporation temperature is -10°C. Calculate the following. 
a) Cooling effect (Kj/kg), 
b) Required amount of fluid (kg/h), 
c) Power requirement in the compressor (Kw), 
d) COP value, 
e) Fluid volumetric flow at the compressor suction (m3/s), 
f) Required compressor power per kg of refrigerant (Kw/kg), 
g) Compressor outlet temperature. 
 
Solution 
Thermodynamic tables of the gas in question are used in such calculations (Molier diagrams). The 
enthalpy values at the points of the following cycle are read from the table of the R22 gas.  
For Tb= -10°C, h4 (liquid) = 188.42 kJ/kg, h1 (steam) = 401.95 kJ/kg, P1 =P4 =3.54 bar. 
For Ty= 35°C h2 (steam) = 435.63 kJ/kg, h3 (liquid) = 243.11 kJ/kg, P2 =P3 =13.55 bar. 
a) Cooling effect h1-h4 = (401-188.42) = 213 kJ /kg  
b) Qb =msx(h1-h4) 50 kJ/s =msx213, ms = 0.24 kg/s 
c) W,k =msx(h2-h1) = 0.24x(435.63 – 401) = 8.0 Kw. 
d) COP = 50/8.0 = 6.2 (efficiency) 
e) Volumetric flow = 0.24x(0.0654 (m3/kg) = 0.016 =16 l/s  
f) Cooling power per unit fluid flow = 8(Kw,electric) /50 Kw (cooling) = 0.16 Kw,e/Kw,thermal. 
g) The temperature at the compressor outlet is the overheated temperature no. 2 and is read as 57°C 
from the tables. 
The efficiencies are also very dependent on the ambient temperatures to be cooled and the outdoor 
temperatures where the heat is dissipated. To give an idea on this subject, EER values (efficiency 
values) depending on the evaporation and condensation temperatures of R410 gas are shown in 
Figure 2.13. 
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Figure 2.13. The highest efficiency of the cooling group (or heat pump) and the efficiency of the 

cooling group (left - vaporization temperature) can be achieved by providing as low a condensation 
temperature as possible (right - condensation temperature is maximum 40oC, but efficiency is low) 

and as high an evaporative temperature as possible (left - maximum evaporative temperature 15oC. 
Cooling regime temperature in the range of 7/12oC is used in fan coil installations, cooling regime 

temperature in the range of 15/20oC is used in low-temperature heating/high-temperature cooling 
systems). This means that floor heating/cooling systems can provide much higher chiller or heat 

pump efficiency than other systems. 
 
For high energy efficiency in chillers, the following issues should be considered. 
a) High efficiency chillers should be opted for to the extent possible. The EER of air source chillers is 

usually less than 3.2. Air-cooled chillers are generally easy to use (can work with their own 
programmable control panels), do not require much space, are easy to install, can be remotely 
monitored, and allow for service and maintenance. The noise problem should be studied.  Water-
cooled groups are more efficient (usually EER>5.0) but can be more expensive and more difficult 
to maintain due to additional equipment such as towers. Furthermore, water should be available 
at an affordable price. These groups can be used in places with over 500 kW of cooling capacity by 
carrying out feasibility study, over 1000 kW on the other hand this type is more viable. When 
changing the water-cooled group in an existing building, the possibility of entering the device 
installation room, availability of suitable stack etc. should be examined. 
In case there is a cooling system in the building and/or it is added during overhaul, evaluations 
should be made with energy modeling and feasibility studies, taking into account the use of the 
existing device, the use of a new chiller installation or heat pump, the physical conditions of the 
devices, and the situation regarding economic life.  

b) Variable flow rate chillers can be preferred as current technology. In recent years, chillers with 
frequency inverter (VSD) control have been developed. These groups provide non-staged capacity 
control. Energy efficiency can be further increased by bringing the pumps of these systems under 
frequency inverter control as well. 

c) Automation control and if possible, automation system in installations with multiple cooling groups 
should be implemented. In such buildings, energy efficiency software (energy efficiency control 
algorithms) such as “chiller plant optimization” can be used. 

Overhaul of the device; 
a) In case of adding cooling or ventilation function to the building during major/substantial 

overhauls, 
b) If the device is more than 20 years old and is cost effective to replace compared to current 

technology products (it can be decided by making measurements for efficiency and energy 
simulation). 

c) If the device has R22 gas, 
d) If the existing chiller (regardless of its age) is defective and cannot be repaired, 

Evaporation Temperature (°C) Condensing Temperature (°C) 
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The devices of existing chillers can be renewed. 
The following limitations and disadvantages are characteristic of chillers.  
a) In very hot and humid climates, the performance of air-cooled groups decreases. Instead, water-

cooled systems can be used or evaporative cooling can be implemented in the condenser of the 
air-cooled group (by studying the corrosion and additional resistance issue). 

b) If the chillers are placed close to the working areas, noise problems may be encountered. 
 

Absorption Chillers 

These devices are used at temperatures higher than 90˚C and where there is sufficient waste heat. In 
practice, it is generally used to obtain cooling from the waste heat of cogeneration. In some 
applications, it is used with hot water obtained from solar energy or process systems.  
There are single-effect (efficiency around 0.6) and double-effect (efficiency around 1.2) devices.  
LiBr/Water solution is used as refrigerant in absorption chillers used in buildings. A cooling tower is 
used to remove the heat from the condenser and absorber of these devices. These devices are 
expensive and require specialized personnel to operate. 

 
Figure 2.14. Example of an absorption chiller. 

 

Cooling Towers 

Cooling towers are used in water chillers, water source heat pumps or absorption chillers.  
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Figure 2.15. Example of a cooling tower. 

 
Cooling towers allow the heat generated in the chillers to be dissipated into the atmosphere. Towers 
can be open-circuit (used only in summer) or closed-circuit (in places where there is a risk of freezing 
in winter). Adiabatic towers can also be used to improve energy performance (in low humidity, 
continental climates). In order to increase the energy and water efficiency of the towers, the following 
points should be considered. 
a) Conditioned (soft) water should be used and biocidal check should be performed. 
b) Frequency invertor fans established on the basis of return water from the tower to the chiller 

should be used along with control panel with an algorithm for increasing energy efficiency, and an 
automation system should be connected if possible.  

Cooling towers can be renewed in the following cases. 
a) If a water-cooled chiller is to be installed in the building during the building overhaul, 
b) If there is a cooling tower older than 20 years, 
c) If the existing cooling tower is faulty and cannot be repaired regardless of age. 

Heat Pumps 

It is used for both heating and cooling of buildings. Since they are relatively new and developing 
systems for Turkey, they are explained in a separate chapter (Chapter 3).  

Radiators 

Radiators are one of the oldest systems used for site heating with hot water flowing through them. 
There are two basic types of radiators: 
a) Steel panel or aluminum panel radiators. 
a) cast iron or cast aluminum radiators.   
General specifications and energy efficiency of radiators are as follows. 
a) Simple structure. 
b) Commercially available in everywhere. 
c) Known by everyone in terms of operation. 
d) Very low maintenance requirement. 
e) Available in a wide range of types and sizes. 
f) Low operating costs. 
g) Low noise levels. 
h) Cast radiators are impact-resistant, warm up late, cool down late. Panel radiators can be 

preferred in spaces, that require such features. 
i) If a thermostatic valve is used, radiators keep the spaces at the desired temperatures and provide 

energy efficiency. 
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j) In case of using condensing boilers, radiators are used in low temperature regimes such as 
65°C/55°C. In this case, the ones with large surface area should be preferred.  

k) Nothing should be placed at the top or in front of a radiator for decorative purposes or other 
reasons. 
Radiators can be used for heating purposes in all climate conditions and in all types of spaces. If, during 
the renovation planning process, it is decided not to renew radiators, radiators are cleaned from inside 
to increase the heat transfer efficiency.  
If the existing radiators are robust and the building envelope is heat-insulated, these radiators can be 
used with condensing boilers since there will be less need for heating in the building.  
If the existing boiler is to be replaced with a condensing boiler without improving the building 
envelope, it is considered to increase the surface area of radiators to allow condensation (especially 
in cold climates).   
 
During renovations, radiators can be renewed if:  
a) there they are physically damaged;  
b) they are punctured due to the chemical properties of the water used; 
c) they are more than 20 years old. 
Limitations and Disadvantages related to radiators can be summarized as follows. 
a) They occupy space since they are placed under the windows on the external walls of buildings. 
b) When windows are opened for such reasons as natural ventilation, etc., loss of heat at radiators 

may be high. 
c) They can be used only for heating. 
d) If, due to aesthetic concerns, they are covered from the front and top sides, energy efficiency 

decreases. 
e) In buildings such as schools, cast radiators can be preferred rather than panel radiators for 

durability purposes. 

Fan Coils 

Fan coils are devices with a fan and coil(s) that transfer to the room air the heating or cooling energy 
(depending on the season) in the water from either boiler-chiller groups or heat pump-fed water 
heating and cooling systems that perform both heating and cooling. Fan coils can be categorized in 
two groups: 
a) Two-pipe fan coils (there is a single coil in the device, the same coil is used for heating in winter and 

cooling in summer);  
b) Four-pipe fan coils (there are two coils in the device; heating or cooling can always be done 

according to the set room temperature; these systems are more comfortable but more expensive). 
  
 

 
Ambient temp Temp set Set upper limit Set lower limit On/Off 

On 

Key lock Mode setting 
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Figure 2.16. Example of a four-pipe fan coil. 
 
The most suitable fan coils in terms of energy efficiency and noise are EC (electronic controlled) fan 
coils. Fan coils are controlled via room-type fan coil thermostats, which are classified as two-pipe fan 
coil thermostats and four-pipe fan coil thermostats; there are also types that are connected and not 
connected (cheaper) to BMS.  
 
In two-pipe fan coils, heat transfer and water quantity are controlled via two-way control valves. Two-
pipe systems have one control valve, whereas four-pipe systems have two control valves. These valves 
are opened, closed or throttled according to instructions from room thermostats. Fan coil fans are 
also controlled by room thermostats.  
 
If the room temperature is far from the set value, they work at high speed to transfer more heat to 
the room. EC fans have a proportional spin speed and are highly energy efficient. Fan coils with gradual 
spin speed can have 3 or 5 steps according to the manufacturing company. As the noise in the room 
increases in proportion to the number of spins, the speed of the fan should be reduced when the room 
temperature approaches the set value, and the fan should be stopped when it reaches the set value. 
 
Fan coils should not operate at a noise level higher than allowed in the space they will serve (or at 
least this noise should be achieved at low speeds when the temperature approaches the set value). 

 
Ground floor corridor. Water inlet temperature: 50°C, Water outlet temperature: 42°C. 

 

 
Office room no. 11 on the sixth floor. Air blowing speed of fan coils from the vents. 

Figure 2.17. Examples of fan coil controls 
 
To decrease the initial investment cost of fan coils during building renovations and the operational 
costs thereafter, the energy need in the spaces should be reduced firstly.   
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If false ceiling is to be constructed during the renovation, concealed ceiling type fan coils can be used.  
 
In cases such as pandemics, condensation pans should be kept clean in summer and whereas filters 
should be kept clean during both summer and winter. 
 
In the following cases or similar cases, new fan coils can be installed or existing ones can be repaired. 
a) If there is no cooling system available before the renovation but it is projected to install a new one; 
b) If there is a fan coil installation older than 20 years and the devices are inefficient (if there is no 

control valve, and fans and motors are inefficient); 
c) If fan coils break down frequently (regardless of age). 
The limitations and disadvantages are as follows. 
a) Energy efficiency is lower than low-temperature heating/high-temperature cooling systems. 
b) Operating and maintenance costs in buildings with many fan coils can be high. 
c) Fans also consume energy. 
d) Filters should be cleaned/renewed periodically. 

Cogeneration/Trigeneration Systems 

Systems in which both electricity and heat are generated are called “cogeneration” systems. If the 
heat energy generated in this system is used for cooling by means of an “absorption chiller”, then 
these systems are called “trigeneration” systems. In the “Regulation on Energy Performance for 
Buildings”, it is stipulated that installation of these systems in buildings larger than 10,000 m2 shall be 
audited and that the system shall be installed if it is found financially feasible. These systems can meet 
the partial (around 20-30%) electricity, heating and cooling needs of buildings. 

 
Figure 2.18. Various cogeneration devices. 

 
These systems are one of the efficient energy (electricity and heat) generation systems used for such 
buildings as hospitals, airports, and large data centers, which operate on a 24/7 basis. These systems 
can be installed if the following conditions are satisfied: positive energy simulation result, availability 
of qualified personnel for operation, availability of appropriate area for installation, obtaining of legal 
permits, etc.  
 
The main benefits of these systems are as follows: 
a) Reducing energy costs during operation; 
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b) Allowing to make fixed energy agreements by eliminating peak loads; 
c) Ensuring reliability and alternatives for electricity supply;  
d) Reducing environmental pollutants, such as CO2, SO2. 
 
The longer the operating time of these systems, the higher the overall efficiency and the shorter the 
payback period. To maximize the operation process, the capacity of the cogeneration device is 
generally chosen 30% lower than the electricity/heat power demand.   
 
The capacity of the system can be optimized by imposing such parameters as restrictions for the 
energy modeling program of the building (Previous electricity and natural gas consumption data is 
also used for determining the capacity of these systems). The optimum capacity is the one that 
shortens the return period by making use of the generated electricity and waste heat at the optimum 
level on an annual basis.  
 
For the operation of these systems, the control software must consider both the electricity and heat 
demands at the same time. If there is a high electricity demand, then there would be restriction for 
the heat demand. That is, the device operates at a capacity as much as the heat demand. These devices 
can generally operate efficiently up to about 40% of full capacity. 

Pumps 

Pumps perform the following functions.  
 

a) They circulate the heating or cooling water through the water heating/cooling piping circuits 
(closed systems such as central heating installations, fan coil installations, floor heating/cooling 
installations, air handling units, water coil circuits), chiller groups or installation circuits of 
buildings.  

b) The transfer the water through such open systems as cold/hot domestic water circuits, fire 
extinguishing circuits, etc. 

 
The initial investment cost reflected throughout the economic lifetime of pumps used for 
heating/cooling systems is around 10% of the total operation cost, whereas the remaining portion, 
i.e., 90%, is from energy consumption. The pumps to be selected should therefore be highly efficient; 
more clearly, IE4 class energy motors should be used. Depending on the system capacity, the pumps 
to be used can be a single pump or a group of pumps connected in parallel or in series. In large 
buildings, parallel pumps can be installed for efficient operation if the pump manufacturer can provide 
a good software and control system. These pumps are activated or deactivated sequentially. If the 
pumps are controlled by a frequency inverter (VSD), the energy efficiency would be further increased. 
Serial connected pumps are used in building installations generally as boiler and chiller primary pumps 
and secondary pumps. In addition, if a small part of the total load is far from the main system, a small 
zone pump can be placed in that area to avoid selecting large main pumps.  
 
Feasibility Assessments: 
a) They are used in all water heating/cooling systems. 
b) In the case of building renovation, the heating/cooling loads should be reduced first. 
c) Energy efficiency scenarios should be applied since pumps generally operate at partial loads in 

heating/cooling circuits (with control technologies such as ΔP, ΔT, VSD).   
d) Efficiency of pumps should be assessed together with the pump itself and the engine, efficiency 

and Erp conditions related to motors should be taken into consideration. 
 
Figure 2.19 shows examples of pumps. 
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Figure 2.19. Examples of pumps and water boosters. 

 
Pumps are selected using performance curves. A sample pump performance curve is given in Figure 
2.20. 
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Figure 2.20. An example of determining the operation load of pumps based on the pump 
performance curve. (If the operation load deviates more than ±10% from the label value, 

this should be fixed). 
Efficiency curves of electric motors are given in Figure 2.21. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

 
 

Figure 2.21. Electric motor efficiency curves. 
 
Pumps should be selected in the most efficient region, taking into account the flow, pressure, 
condition of the installation and operating regime. Depending on the thermal capacity of the system, 
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the pumps to be used can be a single pump or a group of pumps connected in parallel or in series. In 
large buildings, capacity is usually control by means of parallel connected pumps. Energy efficiency 
scenarios should be applied since pumps generally operate at partial loads in heating/cooling systems 
(with control technologies such as ΔP, ΔT, variable speed).  It would be appropriate to renew the 
pumps if:  
a) fan coils and floor heating/cooling system will be installed as part of the building renovation; 
b) centrifugal pumps are older than 20 years or straight pipe-mounted pumps are older than 15 years; 
c) the efficiency of the current pump system (including the motor) is lower than about 20% of the 

current technological products in the market; 
d) the pump is broken down (regardless of age). 

Heating/Cooling Systems Piping Circuits 

Among the common installation systems in the heating/cooling systems of the building are pipes, 
pumps, heat exchangers, valves, expansion tanks, thermal insulation of the installation, seismic issues, 
etc. Initial investment costs and energy efficiency of these systems depend on the selected water flow 
rates (pipe diameters) as well as the arrangement and design of the system. Detailed information on 
water rates can be obtained from Recknagel or similar publications. To ensure energy efficiency, it is 
recommended, when choosing valves with low coefficient of resistance (for example, full bore ball 
valves) and heat exchangers, to consider pressure loss <2.5 mSS and logarithmic temperature 
difference Ln(ΔT)<2.5˚ C. It would be appropriate to use as few valves, elbows, armatures, etc. as 
possible in the design. An example of a proper installation system is given in Figure 2.22. 
 

 
 

   
Figure 2.22. A proper installation system with thermal insulation covered with sheet metal and with 

valve jackets applied. 
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Expansion/Contraction Tanks  

An appropriate system pressure and reduced thermal expansion in the water increase comfort and 
energy efficiency. The closed expansion tank pressure is selected according to the water volume in 
the system, taking into account the static height of the building. As a hydraulic element, the expansion 
tanks provide a reference for the system pressure. There are three different types of expansion tanks.  

Open expansion tanks: 

They are tanks open to the atmosphere. These systems are not preferred in terms of energy efficiency. 
They are not preferred in systems that use liquid or gas fuels. They can be used in solid fuel facilities, 
for which it is not possible to take necessary safety precautions adequately.  

 
Figure 2.23. A large solid fuel heating system with open expansion and closed storage tanks. 

(Primary circuit has open expansion tank, secondary circuit has closed expansion tank). 
 

Closed expansion tanks with membrane or diaphragm: 

Closed expansion tanks are a closed vessel with a water circuit on one side and consists of a volume 
of gas (nitrogen or air) compressed by a diaphragm. They are used in all water heating/cooling 
systems. They contribute to the efficient operation of systems. 

 
Figure 2.24. A closed diaphragm tank. 

 

Closed expansion tanks with compressor (nitrogen blanket): 

These tanks include water and nitrogen gas that directly contact with each other and are generally 
used in large systems. “Closed type” expansion tanks are used in liquid and gas fueled facilities. 
Because the combustion process in these systems ceases when the burner stops due to power outage 
or safety precaution. In coal-fired boiler systems, open expansion tanks are connected to boilers. 
Boilers can however be separated from the main system with a heat exchanger since there is a high 
heat loss in these systems. Thus, an open expansion tank can be placed only on the boiler side, 
whereas a closed expansion tank can be installed in the building main system.  
 

Domestic Hot Water Systems 

Domestic hot water preparation systems can be installed in such public buildings as lodgings, 
dormitories, hospitals and offices. In most facilities (hospitals, lodgings, dormitories, etc.) providing 
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domestic hot water requires significant energy consumption. Domestic hot water systems may 
operate continuously throughout the year. The main factors for the consumption of domestic hot 
water are: building typology (lodging, dormitory, office, school, hospital, etc.), number of people, 
comfort level of people, age of people, size of the building, configuration of installation systems (for 
example, availability of cooling towers, kitchen consumption, etc.) and seasonal conditions. 

9.2.6. Energy Efficiency Rating of Heating/Cooling Systems 

This document provides examples for increasing energy efficiency in heating/cooling systems. 
a) High efficiency HVAC and lighting systems should be used to the extent possible. Attention should 

be paid on efficiency when selecting indoor systems. Energy use should be optimized in multiple 
heating and cooling systems. This should be ensured with scenarios developed under BMS. 

b) In places that have no human or process load or that are not used frequently at nights, systems 
should be turned off it the places are not in use. This should be ensured with scenarios developed 
under BMS. 

c) Devices that are not used due to seasonal conditions should be switched off if possible. 
d) To reduce peak cooling loads pre-cooling should be provided to the extent possible (night cooling 

should be performed if outside weather conditions are suitable). This should be ensured with 
scenarios developed under BMS. 

e) Waste heat and renewable energy sources should be made use of as much as possible.  
f) Ventilation flow rates should be reduced in unoccupied spaces. This should be ensured with 

scenarios developed under BMS. This also applies to such spaces as operating rooms. 
g) The points to be focused on and potential of the building in terms of energy efficiency should be 

identified by means of such studies as energy audits and energy simulations (energy modeling).  
h) The energy modeling can help to calculate optimum capacities of cogeneration and trigeneration 

systems in suitable buildings. 
i) A good operating maintenance protocol/plan should be prepared. Such protocols/plans should 

include maintenance (cleaning, lubrication, noise control, etc.) of heating, cooling, ventilation 
systems as well as periods of routine spare part replacements. 

j) In large buildings, analyses of where and how energy is used is based on measurements and records. 
Furthermore, personnel who can manage and interpret such analyses should be employed. 

k) Installation systems to be selected should be suitable for the climate (for example, a heating system 
would be sufficient in Erzurum, whereas a cooling system would be required in Antalya; the need 
may change according to the design in other climatic regions). In hot climate regions, it is beneficial 
to paint the exterior of the building with a light color paint, to choose a light color for the building 
roof and open car park surface and to use as fewer concrete areas as possible in landscaping.  

l) Independent test setting balancing studies increase energy efficiency.  
m) If the facades of buildings to be renovated have been insulated, the thickness of this insulation can 

be compared with the values in Table 2.1 (by means of an energy modeling if possible) to assess 
if there is an additional need for thermal insulation. Similar assessments can be made for glass 
facade surfaces (e.g. windows).  
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Table 2.1. Examples of building thermal insulation thicknesses. 
   Climate zone 1  Climate zone 2  Climate zone 3  Climate zone 4 

 

Insulation Condition Structural Element 
Insulation 
Thickness 

(mm) 

U value 
(W/m2K) 

Insulation 
Thickness 

(mm) 

U value 
(W/m2K) 

Insulation 
Thickness 

(mm) 

U value 
(W/m2K) 

Insulation 
Thickness 

(mm) 

U value 
(W/m2K) 

 

Non-insulated 
Condition 

Walls 0 1.35 0 1.35 0 1.35 0 1.35 
 

Ceilings 0 3.46 0 3.46 0 3.46 0 3.46 
 

Floors 0 4.00 0 4.00 0 4.00 0 4.00 
 

 

Glasses (SC=0.6)  2.40  2.40  2.40  2.40 
 

Status of TS825-
Compliant U Values 

Walls 30 0.7 40 0.6 50 0.5 65 0.4 
 

Ceilings 70 0.45 75 0.4 100 0.3 130 0.25 
 

Floors 40 0.7 50 0.6 70 0.45 80 0.4 
 

Glasses (SC=0.6)  2.4  2.4  2.4  2.4 
 

High Performance U-
Value Status (half of 

TS825) 

Walls 75 0.35 100 0.3 120 0.25 150 0.2 
 

Ceilings 150 0.225 170 0.2 220 0.15 270 0,125 
 

Floors 90 0.35 110 0.3 150 0,225 160 0.2 
 

Glasses 

(SC=0,35) 
 1.2  1.2  1.2  1.2 

 

 
n) Attention should be paid to reduce thermal bridges in buildings as much as possible. Thermal 

bridges are formed at areas where thermal insulation is interrupted. Such adverse effects as heat 
losses, condensation, mold and fungus occur at these areas. Below are the places where thermal 
bridges may occur: 

 Floors that sit on the ground where thermal insulation cannot be made; 

 Sides of stairs; 

 Junctions of walls and floors; 

 Joints of walls and eaves on the roofs; 

 Wall, floor and ceiling junctions at internally insulated areas; 

 Balconies, landings and other parts of buildings that protrude outwards; 

 Windowsills; 

 Roof beams, wooden trusses, anchorage elements, etc. 
o) The use of cogeneration/trigeneration systems in such facilities as hospitals, stations, airports 

should be audited. In hospitals with hot water consumption, the use of cogeneration system is 
more feasible in mild and cold climates. 

p) It is beneficial to replace old boilers with more efficient (for example condensing) and modern 
boilers. If the investment amount is high, return periods can be calculated more accurately through 
energy modeling of the building. If there is a condensing boiler with premix burner, it would useful 
to separate the primary and secondary circuits with a heat exchanger to protect the boiler.  

q) Boilers should have a dynamic external air compensation system, whereas multiple boilers should 
have a cascade control panel with energy efficient algorithms. 

r) To separate the secondary circuit in boiler systems or heat pumps, a balance tank or preferably a 
heat exchanger should be used. 

s) Domestic hot water systems should be programmed in accordance with the working schedule of 
people, and the installation should be zoned and insulated to the extent possible.  

t) If chillers with variable spin speed are selected, the energy efficiency to be achieved at partial loads 
would more compared to compressors and pumps. 

u) Renewing boilers, chillers, cooling towers and pumps that are older than 20 years and that have 
expired their technological lifespan should be studied even if they still operate (for such costly 
applications, return periods can be accurately determined via energy modeling). 

v) Heat pumps can be operated economically in buildings which are both heated and cooled. Initial 
investment costs of natural gas boilers are lower in buildings that are only heated. If natural gas is 
not available in the locality of the building, heat pumps can always be used efficiently.  
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w) In case of simultaneous heating and cooling loads in the building, “boiler/tower systems” can be 
used. In such cases, the heating and cooling loads of the building should be analyzed for every hour 
during a year via building energy modeling programs.  

x) If air sourced heat pumps are to be used in climatic zones 1, 2 and 3, their seasonal coefficients of 
performance (SCOP) should be checked. In cold climates, such as the climate zone 4, they can be 
used if supported with electric heater, pellet boiler, natural gas boiler based on an economic 
analysis in winter.  

y) The lower temperature of the water heated in heat pumps during the winter, and, on the contrary, 
the higher the temperature of the water heated in the summer, the higher their seasonal 
efficiency. For example, with low temperature heating/high temperature cooling systems (floor, 
ceiling, wall heating and cooling systems), a well-insulated building can be heated and cooled with 
high efficiency with a water temperature of 40/30°C in winter and 15/20°C in summer.  

9.3. Heat Pumps 

9.3.1. General 

Heat pumps are devices that take heat from a lower heat source and transfer it to a higher heat source. 
Similar to chillers, heat pumps also operate based on the Carnot Cycle. The main difference from 
chillers is that evaporators and condensers (indoor and outdoor units) replace their functions in 
summer and winter seasons through three-way valve systems. Thus, heat pumps are used for heating 
in winter and for cooling in summer. These devices also use refrigerant gases, which are used in the 
cooling groups, as a heat transfer medium. In winter, they transfer the heat taken from outdoor to 
indoor areas for heating the residential area, whereas in summer, they transfer the heat in the 
opposite direction, i.e., from indoor areas to outdoor. Heat pumps can offer suitable alternatives for 
buildings in which low energy consumption is targeted. General operating principles of heat pumps 
are given in Figure 3.1. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
a) Heat pump and Carnot cycle. 
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b) Operating principle of the heat pump. 

Figure 3.1. General operating principles of heat pump systems. 
If the electricity consumed by heat pumps is supplied from a solar PV system, they are deemed as 
environmentally-friendly systems since they have a “renewable energy source”. Buildings which are 
both heated and cooled with heat pumps are economic. The initial investment costs of natural gas 
boilers are lower in buildings where only heating is provided; but, if natural gas is not available, then 
a heat pump can be used (in radiator systems, it can be used instead of a boiler for heating purposes 
only, however it is used only when it is necessary because it is expensive). If the building has no 
connection to the electric network and if the electricity is supplied from a solar PV system in the 
building, heat pumps can be operated more efficiently than even natural gas boilers, when the 
outdoor temperature is not very low. The boiler can be removed, and heat pumps with water 
secondary circuit can be used instead. In other words, heat pumps can be used efficiently in Turkey, 
especially in the climatic zones 1, 2 and 3. Another advantage is that both heating and cooling are 
provided by a single device. In recent years, heat pump technologies have developed considerably. 
Now, they can be used without any service/maintenance problems in Turkey. 

9.3.2. Classification of Heat Pumps 

Heat pumps can be classified based on two aspects: 
 
1. Classification of heat pumps according to primary energy source: 
a) Air source heat pumps; 
b) Water source heat pumps; 
c) Ground source heat pumps (which can also be considered water source heat pumps, since they 

have a water circuit). 
 
Water source heat pumps are the most feasible systems in terms of installation and operating costs, 
but natural water source is not available everywhere. For heat pumps used in installations with 
boiler/tower system which are also considered as a water source heat pump, boiler-tower systems 
should not be preferred if heating and cooling loads do not occur simultaneously. For use, hourly 
heating and cooling loads of the building for all hours throughout a year should be analyzed by means 
of building energy modeling (simulation) programs to check the annual total hours during which 
heating and cooling load occurs simultaneously. Ground source heat pump systems are also efficient, 
but their initial investment costs are very high. Heat pumps with the most affordable initial investment 
costs are air source heat pumps, but their efficiency is lower than water and ground source heat 
pumps. Because the COP values of air source heat pumps slightly decrease in winter. The seasonal 
COP values of the device can be controlled and the device can be used efficiently in the climate zones 
1, 2 and 3 (with its current technology, the device can compete with natural gas boilers in terms of 
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mechanics, software and efficiency); they can also be used in the climate zone 4 during cold spells in 
winter, but require a boiler support when it is colder than -10°C. 
 
2. Classification of heat pumps according to indoor installation systems: 
a) Heat pumps with water circulating on the building side (heat energy is transferred from gas to 

water. Floor heating/cooling and fan coil systems are included in this group). 
b) Heat pumps with refrigerant gas on the building-side (in the building, the refrigerant circulates in 

indoor units and the heat energy is transferred to the room air. VRF systems and split air 
conditioners etc. are included in this group).  

c) Heat pumps with air circulating on the building side (heat energy is directly transferred from gas to 
room air. All air systems are included in this group). 

9.3.3. Efficiency of Heat Pumps 

The lower temperature of the water heated in heat pumps during the winter, and the higher the 
temperature of the water heated in the summer, the higher their seasonal efficiency during both 
winter and summer. For example, fan coil systems are designed for water temperatures around 70/50˚ 
C in winter and around 8/13˚ C in summer. Low temperature heating/high temperature cooling 
systems (floor, ceiling, wall heating/cooling systems) are designed for water regimes around 40/30˚ C 
in winter and around 15/20˚ C in summer. Heat pumps operate around 30% more efficiently with 
these systems. In addition, the software and controls of heat pumps also affect the efficiency.  It is 
highly efficient to use a heat pump as a heat source or sink in combination with a heating system 
operating at a temperature very close to that of a heat carrier. The heat pump operates at high COP 
(coefficient of performance) values, which expresses the energy efficiency of the device. COP is the 
ratio of energy received to energy (electricity) provided. General classification (heat source/heat sink):  
 
Heat Pumps can be generally classified as:  
a) Water to Water (ground source)  
b) Air to Water 
c) Ground source heat pumps (which can also be considered water source heat pumps, since they 
have a water circuit). 
 
Note: Water source, air source VRF systems and split air conditioners are also a type of heat pump 
and can be procured as package systems. These systems are not discussed in this section. 
 
Groundwater systems 
Underground systems associate heat pumps with the underground, while allowing heat extraction 
from the ground or heat discharge to the ground. These systems can generally be classified as open 
or closed systems: 
 
Open Systems: Groundwater is used as a heat carrier and is supplied directly to the heat pump. 
Circulated groundwater can be returned directly to the underground source or can be supplied to 
closed systems. 
 
Closed Systems: Heat exchangers are placed (vertical or horizontal or inclined) underground and a 
carrier medium is circulated through the heat exchanger, which takes the heat from the ground and 
carries it to the heat pump (or vice versa). The heat flux that can be obtained from ground source 
systems depending on the soil structure is given in Table 3.1. 

Table 3.1. Heat flux depending on the soil structure. 

Ground (soil quality) Specific heat withdrawal capacity 
(W/m) 

Dry, sandy ground 20-40 

Damp, rocky grounds 50-60 
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Grounds with groundwater 70-90 

    Note: As the humidity increases, the heat absorption capacity increases. 
Ground source heat pump systems increase efficiency, but their initial investment costs are high.  For 
this reason, it seems that more air source heat pumps can be used in our country, since economic 
resources are weak. If the electricity consumed by heat pumps is supplied from a renewable energy 
source such as a solar PV system, they are also deemed as a “renewable energy source”. A comparison 
of system efficiencies of different heat pumps is presented in Figure 3.2.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.2. Efficiency ranking of heat pumps according to heat sources. 
 
As can be seen, “ground source heat pumps” are at the top of all alternatives, but have the highest 
initial investment costs. In addition, water resources are not abundant everywhere. Initial investment 
costs are approximately the inverse of the ranking in Figure 3.2. For example, the initial investment 
cost of air source heat pumps is the lowest, but their seasonal efficiency is also lower than water and 
ground source heat pumps due to the dependence on variable outdoor weather conditions (especially 
in cold climates). However, air source heat pumps are used more common (except in very cold 
climates) due to their low initial investment costs. Figure 3.3 presents winter (COP) and summer (EER) 
performance examples of an air source heat pump are given depending on the outdoor temperature. 
 

 
Figure 3.3. An example of COP and EER values in an air cooled  

heat pump depending on the outside air temperature. 

9.3.4. Advantages of Heat Pumps 

 The basic advantages of heat pumps can be summarized as follows: 
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a) It is possible to make use of environmentally friendly thermal energy (For example, waste heat with 
low enthalpy can be used for heating in winter by raising the temperature through the heat pump). 

b) Heat pumps are becoming more and more common in cities because they do not cause combustion-
related emissions. For example, in Germany and Denmark, it is aimed to convert vehicles in cities 
to electric vehicles, and to convert heating systems of existing buildings to heat pumps and to 
generate electricity mainly from renewable energy sources. Thus, cities will achieve their zero 
emission targets. 

c) They are environmentally friendly as they do not create CO2 or other gases that contribute to global 
warming and create a greenhouse effect. 

d) There is no need for fuel storage. 
e) Quiet operation and aesthetic design are possible. 
f) It is possible to adapt them to existing indoor installation systems (radiator, fancoil, floor 

heating/cooling systems, etc.). 
g) It is possible to obtain heating, cooling and hot water with a single device. Hot water can be supplied 

during cooling with heat recovery devices in summer. 
h) For heating, there is a saving of 70%, 75% and 20% compared to LPG, diesel and natural gas, 

respectively (depending on climate and indoor systems). 
i) There is no need for chimney, fuel tank and outdoor unit. 
j) There is a low necessity for a building automation. Its own control panel and software can provide 

efficient control during summer/winter. 
k) A small mechanical room is sufficient. 
l) They allow independent zone control and bill payment. 
m) Maintenance and operating costs are economic. 
n) It is possible to easily add devices and to operate the system partially according to the needs. 
The temperature of outlet water from heat pumps should be kept as low as possible for heating in 
winter and should be kept as high as possible for cooling. For this, heat pumps are controlled by a 
software to maximize COP and EER values. In other words, one of the important issues affecting the 
system COP values is the temperature of the water fed to the primary circuit of the heat pump.  
Figure 3.4 shows the seasonal performance of heat pumps depending on the fluid temperature. As 
can be seen, the performance of the heat pump increases up to 50% as the temperature of the water 
circulating in the system decreases in heating. Today, heat pumps are used for heating-cooling and 
providing domestic hot water. They are preferred because a single machine can meet all of these 
needs. In ground source systems, an average of 4.5-5 units of energy saving is ensured in general for 
one unit of electricity consumed, whereas the COP value can increase up to 6.5-8 units in water source 
heat pumps used at river, sea, etc. Water source systems can also be supported with solar collectors. 

 
(a) Variation of efficiency in a water-cooled heat pump in summer depending on the inlet 

temperature of the feeding water. 
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(b) Variation of efficiency in a water-cooled heat pump in winter depending 

 on the inlet temperature of the feeding water. 
 
Figure 3.4. Variation of efficiencies of water source heat pumps depending on the heat source 

(examples). 
 
Considering the efficiencies and resource possibilities, a suitable loop circuit can be established by 
switching to heating below 20°C and cooling above 35°C. (For the temperatures between 20 and 35°C, 
if there are different places heated and cooled simultaneously in the building, the loop circuit needs 
neither heating nor cooling energy. It is recommended to keep this ratio above 35%). Air source heat 
pumps: The catalog COP and EER values for air source heat pumps are given for 7°C and 35°C, 
respectively. For other temperatures, the correction coefficients of performance values published by 
relevant companies are used; an example graphic is given below. 

 
Figure 3.5. Variation of efficiency coefficient of air source heat pumps in heating 

depending on outside air temperature. 
 
To determine in which climate and against which fuel the air source heat pump is efficient, the 
seasonal COP (SCOP) value in the relevant climate region is calculated. (For example, in Figure 3.5, it 
is seen that there is a 30% decrease in nominal capacity when outdoor temperature is -10˚ C). To select 
and configure an efficient heat pump, the climate data of the relevant location (for 8760 hours) and 
building thermal loads are obtained from a simulation program (see example in Table 3.2). 
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Table 3.2. Seasonal performance calculations for  
air source heat pumps by means of energy simulation. 

 
 
After this data is received, seasonal heating efficiency is calculated with an algorithm. For example, 
for natural gas, it can be said that it is efficient if the value is greater than 3.3. Alternative fuels are 
considered if natural gas is not available. On the other hand, heat pumps are generally not feasible in 
the absence of cooling, since their initial investment costs are higher than boilers (however, heat 
pumps are still used in projects that pay attention to environmental emissions or in places where there 
is no energy source other than electricity). Consequently, the decision is made based on an 
engineering assessment. On the other hand, capacities of heat pumps are given in EUROVENT outdoor 
weather conditions (7˚ C in winter, 35˚ C in summer). The outdoor weather conditions under which 
the building thermal loads are calculated are different (for example, in winter, it is -12˚ C in Ankara, -
3˚ C in Istanbul, +3˚ C in İzmir). To avoid this confusion and misunderstanding, it would be appropriate 
for the designer to specify the capacities of the heat pump as values at the design outdoor 
temperature of the building. For example, if the heating load of the building is 350 kW at -12˚ C in 
Ankara, the heat pump will be selected 350 kW and the outside air temperature -12˚ C. The COP value 
is also taken into account at this temperature, and its capacity under Eurovent conditions will be much 
higher.  

9.3.5. Need for Replacement/Renewal of Heat Pumps 

Heat pumps can be renewed in the following cases.  
a) The cooling function will be newly added to the system during the building renovation, a heat pump 

can be used instead of the boiler. 
b) If natural gas is not available at the location of the renovated building, a heat pump can be used 

instead of a solid fuel boiler. 
c) These systems are very suitable if it is desired to reduce environmental emissions by using them 

together with solar electricity (PV) systems. 

OUTDOOR WEATHER 
CONDITIONS 
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d) Heat pumps older than 20 years can be replaced. 
e) If the existing heat pump is broken down (regardless of age), it can be replaced. 
The limitations regarding the installation of heat pump systems in existing buildings can be 
summarized as follows.  
a) The electrical infrastructure of the building must be suitable for the installation of the device. 

(Electrical infrastructure may require renewal if installation power is low in old buildings) 
b) If it is used for heating purposes only, the initial investment costs may be higher compared to 

boilers. 
c) Such problems as noise should be taken into account when choosing a location. 
 

9.4. Ventilation Systems 

9.4.1. General 

As stated in the First Chapter, indoor air quality is one of the most important factors in terms of 
comfort and health of people living in buildings. This is basically achieved by making a ventilation 
system. In this chapter ventilation systems are summarized. 

9.4.2. Determining Outdoor Air Volume 

During the design of ventilation systems, the need for outside air (fresh air) is determined firstly. 
Following or similar points are considered:  
a) The need of the people in the building for outdoor air, (outdoor air volume per chair, total need of 

the building for outdoor air);  
b) The characteristics (quality) of the outdoor air at the location of the building;  
c) Potential pollutant sources (toilets, printers, kitchen, laboratory spaces, etc.) in the building;  
d) Type of the building (office, hospital, etc.); 
There may be a previous ventilation system in the building or a new system may be built for the first 
time.  
 
A- If there is an existing ventilation system: It is examined whether the ventilation required after 
renovation can be met with the existing system. If the existing system would not meet the need in the 
new situation, the existing ventilation installation can be revised. During such a revision: 
a) Ventholes are opened at rooms without a venthole. 
b) Air ducts are repaired. 
c) Ventilation system is cleaned. 
d) The adequacy, heat recovery characteristics and efficiency status of the air handling units are 

checked, if necessary, the air handling units are replaced. 
 
A- If there is no existing ventilation system: In this case, a new ventilation system is planned. In this 
plan, if possible, central systems are selected, otherwise decentralized systems are selected. For this 
selection, ceiling heights, shaft possibilities, space required for placing air handling unit etc. are taken 
into account. 
The principles of ventilation do not change significantly according to the building types, however, 
there are different applications for residences, small buildings, hospitals, operating rooms and 
laboratories.  

9.4.3. Ventilation Methods in Buildings 

Buildings can be ventilated in two methods: 
a) Natural Ventilation ; 
b) Mechanical Ventilation. 
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Natural Ventilation  

Natural ventilation is the most traditional and inexpensive form of ventilation. The pressure difference 
resulting from the temperature difference between the indoor and outdoor environment creates 
natural ventilation. Air enters through the openings on the surface with positive pressure and exits 
through the openings on the surface with negative pressure.  
Natural ventilation is a form of passive ventilation that can be made during periods when the outside 
temperature, noise level and air pollution are convenient.  
Natural ventilation can be made by opening windows and leaving openings on the walls, or with the 

support of fans. Natural ventilation can be made in buildings which meet all of the following 
requirements: 

a) The building should be smaller than approximately 2000 m2 and its architectural structure should 
be suitable (according to the “Regulation on Energy Performance for Buildings”, it is obligatory to 
install a central heating system in buildings with an area of usage over 2000 m2). 

b) The noise due to traffic, etc. around the building should not be high (The noise that may reflect in 
the building should not exceed the limits stipulated in the “Regulation on Protection of Buildings 
from Noise”). 

c) There should be no excessive pollutant emissions (exhaust gases, dust particles, etc.) around the 
building. 

d) The openings on the facade must be in such dimensions as to provide enough fresh air for the 
needs of the people in the spaces to be naturally ventilated. 

e) The climatic conditions of the building should be suitable (in regions with cold or hot climates, if 
natural ventilation is made by opening windows, etc., thermal comfort will deteriorate and energy 
consumption will increase. In mild climatic regions, the need for cooling can also be reduced by 
using natural ventilation during most of the year. Sometimes natural ventilation can be used to 
reduce energy consumption and to support mechanical ventilation during mid seasons.).  

 
If the above requirements are met, precautions are taken for the windows to be opened, including 
security and use of mosquito nets. It is possible to check whether the natural ventilation mechanism 
will function (whether it can provide sufficient air flow, whether the indoor air temperature and/or air 
velocity distribution will be disturbing, etc.) with “Computational Fluid Dynamic - CFD” at the design 
stage. 
 
The openings on the facade to be used for natural ventilation can be controlled manually or by an 
automated system (motorized dampers, outdoor temperature sensors and/or indoor air quality 
sensors, control panel, etc.). 
 
The advantages of natural ventilation are as follows: 

a) Reduced ventilation costs. 
b)  Reduced environmental pollution and greenhouse effect due to reduced fossil-based energy 

consumption. 
c) Reduced maintenance costs. 
d) Requires less space for installation and energy distribution materials. 

e) Can provide controllable and comfortable spaces for users when outdoor weather conditions are 
suitable. 

f) If the building is ventilated at nights in summer, energy consumption for cooling and ventilation is 
reduced. 

 
The disadvantages of natural ventilation can be summarized as follows: 
a) It cannot be applied during all seasons of the year and/or under all climatic conditions. For example, 

natural ventilation is not comfortable in a cold climate in winter or in a hot climate in summer. It 
should therefore be considered as a supplement to mechanical ventilation systems for most 
climate types. 
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b) It is more difficult to control outdoor air pollution. 
c) There may be adverse situations, such as noise, theft, etc. 

 
Figure 4.1. An example of natural ventilation with chimney effect in an atrium. 

 
Figure 4.2. Example of cross natural ventilation mechanism. 

 

Mechanical Ventilation  

Mechanical ventilation systems should be established in large buildings or if natural ventilation is not 
possible. Mechanical ventilation is independent of outside weather conditions; it is highly comfortable 
since the outside air taken into the building is filtered and there are air conditioning units; the indoor 
air quality can be maintained all year round.  
 
Mechanical ventilation systems are classified in two groups: central and decentralized (site-based) 
systems. In some cases, both systems can be used together. In any case, the electrical infrastructure 
of the building must be adapted to the new situation after the renovation. 
 

Central Mechanical Ventilation  

For renovation of buildings, central mechanical ventilation systems can be used if the ceiling height is 
sufficient, if there is a shaft for the passage of air ducts (for example, if the shafts can be opened with 
core drilling), if there is enough space for the installation of air handling units, and if the heating and 
cooling infrastructure is sufficient.  

Hot 

Cold  
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Figure 4.3. Example of central ventilation system and air handling unit. 

 
Mechanical ventilation is summarized below:  
 

Space Based Mechanical Ventilation Systems (Heat Recovery Mechanical Ventilation) 

If a central ventilation system cannot be installed, heat recovery mechanical ventilation systems can 
be used in non-residential buildings, classrooms, open offices, meeting rooms, studying areas in 
dormitories, waiting halls (in areas with high pollution potential) and residences. These systems 
exhaust the polluted air in the building and takes fresh air from outside, while providing heat recovery 
at the same time. If these systems can be afforded, they can also be built in places other than crowded 
spaces (where there are one or two people). This system is explained in the following sections. 
 

Exhaust Ventilation 

Exhaust ventilation is made in places, such as kitchens, WCs, canteens, laboratories, where there is 
high pollutant potential. In such places, fresh air should be provided instead of the exhausted polluted 
air. For example, air transfer vents can be installed on the doors opening to the corridors in places 
such as WCs, and conditioned fresh air can be provided in places, such as kitchens and laboratories, 
that require more air flow. 

 
Figure 4.5. Example of fan assisted ventilation. 

 

Mechanical Ventilation Natural Ventilation 
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9.4.4. Fundamental Components of Mechanical Ventilation Systems 

Mechanical ventilation systems consist of many different components. This section summarizes the 
fundamental components of mechanical ventilation systems. 

Air Handling Unit - AHU 

The air handling unit is one of the most important ventilation equipment which regulates the air by 
heating, cooling, filtering, dehumidifying or humidifying the air (in sum, conditioning the air).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-4.6. Functions of an air handling unit. 
 
Air handling units generally consist of the following components and these components affect the 
overall energy efficient of the units. 
a) Housing 
b) Dampers 
c) Filters 
d) Heater/Cooler Coils 
e) Humidifier 
f) Fans 
g) Muffler 
h) Other 
 
Figure 4.7 below shows a typical example air handling unit 

 
Figure-4.7. Air Handling Unit Example. 
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The relationship between the air handling units and the energy efficiency is given below: 
a) Energy needs of fans (use of high efficiency motors and fans). 
b) Total energy efficiency of the fan systems (fan, rotor, driver, energy source). 
c) Low air intake rate (below 2,0 m/s). 
d) Static and dynamic pressure. 
e) Air-tightness of casing. 
f) Casing heat insulation and thermal bridges. 
g) Use of heat recovery unit in air handling system. 
(h) Determination of the air intake/draw locations to reduce contamination. 
i) Not placing the air handling unit at outdoors (rooftops, yards, etc.) before making all necessary 

heat loss, heat recovery calculations. 
The system should be replaced if the unit is older than 20 years, if it does not contain a heat recovery 
unit and if the fan is found to be insufficient or defective as a result of the measurements. 

Fans 

Fans are the systems that will distribute the air at design rates to designated locations or that provides 
the hydraulic energy to be collected from designated locations. In order to ensure reduction in energy 
costs and emissions, the air duct system should ensure low pressure loss, fans should be highly 
efficient with variable speed control. Electrically controlled (EC) motor fans are considered the most 
efficient fans of today. In terms of energy consumption, the specific fan power should not exceed 1000 
W/(m3/s). The efficiency of the fans increases with the increase of the capacity (flow rate, pressure). 
Also, as the electricity drawn from the grid depends on the number of revelations cube, this should 
be considered for retrofits. Therefore, if (gauge measurements and calculations based on them show 
that) the efficiency of the fan system (including the motor) is lower than that of the current technology 
in the market by %20 or more, the fan-motor should be replaced. A new system featuring high-
efficiency fan and EC motors should be preferred.  

 
Figure-4.8. Examples of fans used in air handling units. 

Filters 

To sort out the pollutants like dust, etc., the air handling units contain filters. Type of filters that will 
not increase the pressure loss should be selected for air handling units. A differential pressure switch 
that signals when the filters are polluted would provide increased comfort and efficiency. Filters are 
dispensable materials. Depending on the characteristics of the air passing through them, they can be 
cleaned and when they lose such cleanability and the pressure loss exceeds the values given in the 
example above, should be replaced. The replacement interval varies between 2-4 years depending on 
the operating time and air quality. 
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Figure-4.9. Examples of filters used in air handling units. 

 

Heat Recovery Units (HRU) 

As the name suggests, the heat recovery units are used to recover heat from the air inside the air 
handling units. This unit is one of the most important pieces of equipment for thermal energy 
efficiency in mechanical ventilation systems. The following are examples of types and efficiency rates 
for these systems: 

a) thermal wheel, efficiency >75%. 
b) Heat recovery coil exchanger, efficiency >50%. 

c) Water-to-air and air-to-water heat recovery system (heat recovery systems with pump, closed pipe 
circuit and double coil), efficiency >25-40%.  

If the existing ventilation system is to be used and there is no room for a heat recovery system in the 
unit, the heat recovery system specified in item (c) can be installed on the air handling unit's air intake 
and outlet ducts.  
If new air handling units are to be installed, following types apply: 
a) a thermal wheel for clean return airs, 
b) Heat recovery coil exchanger for humid air. 
c) In systems with polluted or pathogenic air such as operating theatres or laboratories, air-to-water, 
water-to-air heat recovery systems shall be used.  
The heat recovery unit should be replaced upon efficiency measurement (at outlet and inlets and 
external air temperature measurement) and upon assessment of overall condition of the device or if 
the device is defective. 
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Figure-4.10. Examples of heat recovery units used in air handling units. 
 

Casing 

The casing of air handling units should be leakproof, with low heat loss rates, and sufficient impact 
resistance. 

Heating/Cooling coils 

The coils should heat the ambient air in winter times and cool it in summer times. The thermal energy 
could be supplied by the boiler or the heat pump. The coils are usually made of copper pipes and 
aluminum flaps. The intake rate of the coils should not exceed 2.5 m/s to ensure fan energy efficient. 
The thermal energy could be supplied by the boiler or the heat pump. 2-way combined control valves 
should be used for energy saving. With these valves, the pumps are turned into pumps unit with 
frequency inverter (VSD) to ensure saving the pump energy.  

 
Figure-4.11. Examples of heating/cooling coils used in air handling units. 

 

Air Ducts 

These are used to carry the air conditioned in the air handling unit to the designated location. If there 
is an existing ventilation system and if it can be used after renovation, it can be used after revisions 
and cleaning. If there is no existing ventilation system, elements needed for the ventilation 
requirements such as ceiling height for placement of air ducts, connection of these ducts from central 
point to designated locations, the room for air handling units, etc., should be examined.  

 
Figure 4.12. Examples of ventilation installation ducts. 

 
Following issues should be considered for air ducts: 
a) It can be ensured that the inside of the ducts is clean and the required ventilation rate can be 

reduced by increasing the indoor air quality provided by the supply air. 
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b) Depending on the tightness class required, the duct’s tightness should be ensured by means of 
pressure tests during construction. Also, after commissioning of the system, rough filters should 
be mounted and the system operated to clean the ducts after which the filters should be replaced. 

c) In order to prevent heat leakage from the duct system, the system should be thermally insulated.  
Air ducts in buildings to be renovated can be renewed in the following cases.  
a) If the air ducts are older than 20 years and if the building is to be revised/retrofitted significantly, 

they can be completely renewed. 
b) It is always beneficial to replace ducts older than 30 years. 
c) In case where the location’s utilization type and the number of persons to be served changes the 

air ducts can be revised or replaced depending on the need. 
d) It can be replaced if excessive air leakages found upon the air balance measurement. 

Dampers-Vents 

These are equipment used to supply sufficient fresh air to and exhaust polluted air from the locations.  

 
(a) Damper Examples 

 
(b) Vent Examples 

Figure-4.13: Ventilation installation damper and vent examples. 
 

Issues to consider for comfort and energy efficiency are summarized below: 
a) Indoor air quality need only to be ensure at locations to host humans. To this end: 

 At locations with high ceiling (e.g. passenger halls of airports, atriums, etc.), the air must be 
carried down to the height where the people are present (by use of high velocity diffusers, etc.). 

 At regular office spaces (places with approximately 3 meters of ceiling height) the diffusers 
should have due blow rates (to send the air down to the height where people are present). 

 At spaces such as theaters and concert halls, fresh air can be supplied from places close to the 
ground level and exhausted from the ceiling.  
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b) For retrofits, if the building already has a ventilation system but its utilization is to be changed, the 
vents should be reconfigured according to the new usage (necessary revisions shall be made on air 
ducts and vents). 

c) To ensure air balance, manual dampers shall be placed at appropriate locations and measurements 
and balancing should be performed during commissioning. 

Dampers and equipment can be replaced at below situations or similar situations. 
a) If the air ducts are to be replaced, this equipment can also be replaced. 
b) Re-functioning of the space, such as interior design changes or suspended ceiling addition) would 

require renewal. 
c) This equipment can be replaced if the usage or the number of people to be hosted change. 

Heat Recovery Mechanical Ventilation Devices (HRMV) 

These devices are used in decentralized ventilation systems. If there is no ventilation and centralized 
ventilation systems cannot be applied, these devices can be used in crowded spaces as well as in 
residences, lodgings, classrooms and dormitories.  

 
Figure-4.14. Examples of heat recovery mechanical ventilation devices. 

 
 
These devices can be hung from the ceiling or placed before windows, depending on the situation. 
Installations can be mounted with or without using air ducts. The initial investment and operating 
costs depend the characteristics of the device selected. For instance, the heat recovery unit’s 
efficiency, variable flow rate feature, drainage needs, allowable noise levels, electronically controlled 
(EC) fans, control panel features, anti-freeze measures, need for end heating and/or cooling unit, filter 
pollution alarms etc., can increase the initial investment costs. But, such a system with high technical 
features would have a low energy consumption and noise level and higher comfort. The efficiency of 
such a device should be measured at fans (as explained above in fans section) and at heat recovery 
unit and the overall condition of the system should be examined (for instance, compared to the 
current devices in the market) and if its defective, the device should be replaced. 

9.4.5. Control of Mechanical Ventilation Systems  

Centralized mechanical ventilation systems are controlled automatically or via building automation 
systems. Which can ensure better indoor space quality and energy efficiency. 
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Control of Fixed Flow Rate Ventilation 

If there is an existing ventilation system, the units can be operated continuously in the defined 
program but this will result in excessive energy consumption. To reduce this negative effect, co2 

sensors can be placed at crowded spaces and operate at on/off mode at certain intervals determined 
according to the data collected. However, this cannot be applied at spaces like operating theatres or 
intensive care units.  

Control of Variable Flow Rate Ventilation 

If a new central ventilation system is to be established, a system with variable flow rate would be more 
suitable. In this system, CO2 sensors are placed at spaces like meeting rooms, classrooms, open office 
spaces and variable flow rate control units in ducts to and from these spaces. The air ducts of the 
smaller spaces are equipped with fixed flow rate boxes.  
 
In this way: 
a) The air quality is ensured in these spaces, 
b) Energy is saved, 
c) Air balance is easier. Energy consumption of variable flow systems is 20-50% lower than fixed flow 

ventilation systems (depending on the type of building). 

9.4.6. Energy Efficiency Notes for Ventilation Systems  

Below are considerations for energy efficiency in mechanical ventilation: 
a) The selection of appropriate ventilation amounts depends on the source of the pollution. The 

closer the polluted air intake can be made to the source, the smaller the air flow rate for these 
systems, and therefore the systems themselves which will thus ensure higher the energy efficiency. 

b) The energy efficiency of the ventilation is related with the distribution of the air to spaces, its 
heating and cooling; the most important factors are flow rate and heat difference (enthalpy). 

c) The instantaneous air flow rates can be reduced by ventilating upon demand (simultaneous factor). 
For example, meeting rooms are usually empty when people are in their offices, or vice versa, their 
offices are usually empty while they are in a meeting. For this reason, it is not necessary to select 
air quantities to cover all spaces at the same time. In this way, equipment such as air handling units 
become smaller and energy consumption decreases. In this framework, indoor air quality sensors 
and “variable air volume controllers (VAV)” should be placed in the ducts in crowded places while 
“constant air volume (CAV)” controllers should be placed in the air ducts of non-crowded places, 
and the fans of air handling units should have variable speed.  

d) For extraordinary situations like pandemics, 100% external air systems might be preferable. 
Systems such as fan coils and VRVs that circulate indoor air can be disadvantageous during the 
pandemic. 

e) It would be appropriate to choose Eurovent A, B or C class air handling units during the first 
installation process (low intake speeds, EC fan, high efficiency IGK equipment, etc.). 

f)  The air supplied from the unit should reach the spaces with very little losses. For this, duct pressure 
and leakage tests must be done, adjustment dampers be used, as well as measurement and 
balancing be done. 

g) Pitot tube and CO2 sensors should be placed at the outside air inlet of the units for air flow 
measurement. (In this way, the amount of air intake and the quality of the air can be measured 
and kept under control with BMS, the unit can be stopped and the dampers closed in case smoke 
or polluted air detected). 

h) Opportunity for night cooling in summer should be provided for the units (especially in continental 
climates). 

i) Control system must be used in air side economizers. (For example, if the outside temperature and 
humidity are sufficient for cooling, an outside air inlet damper and a control device is used to 
provide 100% outside air). 

j) The amount of air returning to the plant, its humidity, temperature and CO2 level should be 
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measured. (If returning from multiple locations, attention should be paid to how accurately these 
values represent the locations). 

k) Reducing the outdoor air requirement by increasing the air filtration class and air quality should be 
studied. 

l)   A suitable operating scenario must be foreseen for underground garage ventilation. For normal 
operations, the operation to be carried out on the basis of pollutants such as CO, NOx shall be 
observed whereas smoke evacuation scenarios should be checked for the fires. 

m) Since ventilation systems work all year round, they are an important source of energy 
consumption. For this reason, air handling units should be operated in a way that ensures both 
indoor air quality and energy efficiency. The lower limit of the speed of the fans of the air handling 
units should be 30 Hz. Scenarios can be later modified by taking into account the experiences 
gained during the operation process.  

9.5. Case Study 

9.5.1. General 

A project was implemented by the Ministry of National Education, Ministry of Environment and 
Urbanisation and GIZ to restore the existing primary schools of Turkey in an energy efficient manner. 
In this respect, Mehmet Akif Ersoy Anatolian High School in Kırıkkale Province, which was built on 
1995, was selected as pilot school. Project implementation consisted energy efficient conversion of 
the building, ensuring comfort while complying with the regulations in force. The implementation was 
divided into three phases. These are: pre-renovation works, renovation phase and post-renovation 
measurement and confirmation. The studies carried out under this project are planned to be 
published in a booklet.  

9.5.2. Works Executed on the Pilot Building 

Below is the summary of works executed on the pilot project of Mehmet Akif Ersoy Anatolian High 
School in Kırıkkale. 

Renovation Planning and Project Design Works 

a) Given that the building was built on 1995, it does not meet qualities that respect the current needs 
such as earthquake regulations, fire regulations, thermal insulation regulations, disable accessibility, 
ventilation or cooling which were extensively examined.  
b) It had been determined that the building does not meet earthquake regulation’s requirements and 
therefore earthquake-resistant reinforcement projects were designed. 
c) The building was monitored in terms of comfort. Since the building is not uninsulated and the 
thermal performance of the windows is insufficient, it was determined that the thermal comfort is 
low in winter. The classrooms lack ventilation which is provided by opening windows which in turn, 
disrupts the comfort. To meet the needs: 
-Building exterior walls must be insulated,  
-Windows must be replaced, 
-Heater boiler must be renewed (Previous 650 kW thermal capacity was reduced to 250 kW thanks to 
new thermal insulation of the exterior walls).  
- Decentralized ventilation of the classrooms via heat recovery mechanical ventilation (HRMV) devices 
with 100% fresh air. 
 were projected.  
Given that the school is on break during summertime and that the Kırıkkale province is not located in 
a warm climatic zone (as a result of the simulations run) cooling system was not deemed necessary. 
d) Projects were designed for earthquake regulation and disabled accessibility. 
e) A solar electricity system with a capacity of 50 Kw was designed to meet the newly installed class 
ventilation fans, lighting system and other electricity consumption. 
f) Project has been designed to renew the entire heating system of the building. 



185 
 

g) Electricity and low-tension current installations renewal projects have been prepared. 
g) Construction and landscaping renovation projects were prepared in line with the above studies. 

Renovation Works 

Upon preparation of the project designs and the tender file, the works were tendered and then 
performed. 

      
 
After the school was commissioned, the solar energy will be measured and monitored to evaluate the 
energy performance of the improvements. 

 
 

11.10. Relevant Laws and Regulations 

Laws, Regulations 
Some of the laws and regulations that stipulate the issues covered above are listed below.  
a) Energy Efficiency Law. 
b) Law on Utilization of Renewable Energy Sources for the Purpose of Generating Electricity 
c) Regulation on Energy Performance in Buildings (BEP Regulation) 
d) Regulation on Increasing Efficiency in the Use of Energy Resources and Energy. 
e) Installation Project Municipality and Natural Gas Regulation. 
f) Ministry of Environment and Urbanisation, Regulation on Public Buildings Inspection Services. 
g) Regulation on Health and Security Measures to be Taken in Workplace Buildings and Attachments. 
h) Ministry of Environment and Urbanisation, “Construction and Installations Unit Price Tariffs”, 2020.  
i) Ministry of Environment and Urbanisation, “Technical Specifications”, 2020. 
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10. Electric Vehicles & Bicycles 
Berkan Bayram 

This section is still under editing process 
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11. Water Wells, Pumps and SCADA Systems 
Bülent Yılmaz 

11.1. Introduction 

Water supply, transportation, treatment, distribution and collection systems consist of equipment and 
sub-systems with high energy consumption which can operate 24/7 - 365 days a year, given the 
functions they fulfill. Approximately 30%-50% of entire energy expenses of municipalities involves 
energy consumption of water systems. For this reason, selection of equipment and systems with high 
availability and low energy consumption as well as energy efficient applications are of high importance 
for these systems.  

If the water systems are operated in an unmanned manner via automation & management systems, 
approximately 25%-40% efficiency can be achieved in terms of water loss-leakage, operation costs 
and energy consumption. 

11.2. Water Cycle 

As indicated in the concept chart given in the Figure-1, the concept of water cycle is a collection of 
various systems that involve intake of the domestic and drinking water from the source, treatment of 
it in clean water treatment facilities, distillation of it, transporting the water via supply and distribution 
pipelines, distribution, measurement and billing at distribution and consumption points, collection of 
wastewater generated upon consumption, transportation of wastewater to water treatment plants 
via pumping stations and pipeline, treatment of wastewater and discharge of it to receiving media.  

 

 

 

 

 

 

 

 

 

 

 

Figure-1 The Concept Chart of Water Cycle’s Main Components 

11.3. Integrated Water & Energy Management System  

This is a set of systems where all components (water reserves, wells, dams, pumping stations, drinking 
water treatment plants, transmission lines, DMA, water distribution and billing system, wastewater 
treatment plants, package treatment systems, etc.) of the water systems and subsystems of the water 
cycle can be monitored, controlled, recorded and reported from a center with wired/wireless 
communication systems, and all components can be managed end-to-end as a result of horizontal and 
vertical integration with decision support systems.  

The integrated water and energy management system should have an “Industrial Historian Database” 
software that includes a data collection and information management system, which will archive the 
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defined and collected data from all enterprises, buildings and subsystems in a database for remote 
monitoring and historical analysis. 

The “Industrial Historian Database” software should collect, compile, analyze all the data, distribute 
them into defined groups and integrate all systems and subsystems horizontally and vertically then 
providing them to the operator and other authorized persons. 

This system shall have a layered structure that allows connection with field devices, collecting and 
archiving data, offering and managing business intelligence and data analysis, improving equipment, 
process and workforce for ensuring operational perfection by definition of rules and workflows for all 
processes by integration with business information systems and also minimizing the energy and 
production costs and must have a software system of open and expandable structure that supports 
the future technological needs and developments such as “Digital Industry” (Industry 4.0-Smart 
Manufacturing, Inovation-25), Internet of Things and Industrial Things (IoT, IIoT). 

SCADA system should have proven itself at global level, structured in “enterprise integration layer”, 
“operational management layer”, “data analysis and reporting layer”, “data collection and archiving 
layer”, “data connection layer”, “workflow management layer”, “web clients”, “mobile clients and 
applications platform”, composed of the set of modular components integrated to fulfill all their 
functions. 

The system should include HMI, SCADA, web-interfaces-forms for visualization, open and accessible 
inquiry interfaces, real-time process archivers (Historian) collecting historical data, and tools that can 
be operated both in server-client architecture and in solo mode like business intelligence applications, 
process management applications. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure-2 Concept Chart of Layers of Integrated Water and Energy Management System 

11.6.11. Components of Integrated Water & Energy Management System 

o Field Layer 
o Process Layer 
o Control Systems Layer 
o Communications Layer 
o Data & IT Layer 
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o Industrial Historian Database (IHD) 
o Decision & Support Systems 

 ISO-50001 Energy Efficiency & Management System 

 Water Loss & Leakage Management 

 Epanet / Watergems (Hydraulic Modeling Software) 

 GIS (Geographical Information System) 

 Maintenance Management 

 FDM-Field Device Management 

 KPI (Key Performance Indicators) 

 Process Optimization Software 

 CCTV Systems 

 Video-Wall 
o SCADA Systems   

11.4. ISO-50001 Energy Efficiency & Management System 

Working in tandem with Water Management and SCADA Systems, Energy Management Systems 
should provide operational convenience in economic, reliable, smart transmission, distribution and 
consumption of electricity used in water facilities, provide detailed information about the energy 
balance of the facilities and energy consumption per m3 of water and also provide benefits for a 
sustainable increase in energy efficiency and a permanent reduction of costs. 
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Figure-3 Energy Management System’s Screen Shots and Network Concept Chart 

It can be seen that the “Energy Management” systems created within the framework of ISO 50001 
standards as well as the methods applied are very important elements of measurement, monitoring, 
preventive activities, energy studies and total energy management efforts. Monitoring, recording, 
reporting and analysis of the measured data and its integration with ERP and Management Software 
have become standard expectations for "Energy Monitoring and Management Systems" of today. 

Energy Optimization practices and solutions should target the highest contribution and the lowest 
payback period, taking into account not only the national legislation (Energy Efficiency Law No. 5627, 
2007) but also the governmental incentives and subsidies. 

11.5. Global Water Trends   

 Agricultural water consumption accounts for approximately 70% of global waters. 

 Electricity consumption expected to double in the next 25 years 

 The amount of electricity consumed for water supply and wastewater treatment constitutes 
approximately 30-50% of the electricity bills of the municipalities. 

 With the generation of energy from the wastes of the treatment plants, 50-80% of the energy need 
of the treatment plants can be met. The Aarhus Marselisborg WWTP plant in Denmark produces 
around 100% more energy from treatment waste than the energy consumed. 

 It is estimated that one third of the world's population will live in water scarce regions in 2025. 

 Climate change models and precipitation trends indicate that the water crisis will worsen in the 
future. 

 New rain and snow forecasts show that subtropical hotspots such as the Mediterranean, Amazon, 
Central America and Indonesia Regions will experience the largest precipitation changes in the 
coming years. 

 

 

 

Figure-4 Global Precipitation Changes  
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These facts evidently shows that the water and water systems must be utilized in an effective and 
energy efficient manner, and that this is not a preference but an obligation for our kind.  

11.6. Well and Pump Drive Systems and Their Optimization  

Electrical energy is one of the most significant cost items for production. Up to 70% of the total 
electricity consumption of industry is consumed by the drive systems (motors and connected 
systems). In Water Wells and pumping stations, this rate increases up to around 95%-100%.  

This shows that approximately 30% of all electrical systems can be utilized more efficiently and up to 
50% energy saving can be achieved under optimal operating conditions. 

Of all the systems and equipment that can be operated relatively more energy efficient are pumps, 
fans, compressors, conveyor belts, blending and grinding machinery, extruders which have the largest 
LCC (Life Cycle Cost) energy component. 

Of the systems that generate regenerative energy, winding-wrapping machines and cranes can 
provide more than 50% energy saving. 

  

Figure-5 In Water Processes, Pumps Are Basic Energy Consumer Components. 

11.7.11. Life Cycle Cost LCC 

This term signifies all of the costs of an equipment or system, from the initial purchase cost to shut 
down and disposal, including operating, maintenance and energy expenses. For all purchasing 
practices, systems and products with the lowest LCC value should be preferred.  

For pumps, the item with the highest LCC cost is energy. 
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11.7.12. Areas of use of Pumps  

 Process Control in Energy and Petrochemicals Sectors 

 Transport of Industrial Cooling Water and Liquids 

 Natural Gas Pressure Stations 

 Universities, Hotels, Business Centers, Residence Sites, Holiday Villages etc. 

 Food and Packaging Facilities 

 Airports 

 Sports Complexes 

 Geothermal Pumping Stations 

 Municipal Potable Water Distribution Pipeline Pumping Stations 

 wastewater & Treatment Plants 

 Water Wells 

11.7.13. Pump Types and Areas of Use 

I. Dynamic (Centrifugal Pump): Energy is transferred to water molecules by using 
centrifugal force. 80% of all pumps are centrifugal pumps.   
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II. Volumetric (Positive Displacement Pumps): These are pumps in which the fluid is 
transported from the low pressure (suction) chamber to the high pressure (discharge) 
chamber. 

 

   

 

III. Areas of use of Pumps 
a. Compressing fluids 
b. Transporting fluids 
c. Rise the fluids 

 

 

11.7.14. Pump Starting Systems and Their Energy Consumption 

 

 

 

 

 

 

 

 

 
 

 

Figure-6 Controls of Pumping Motors and Their Energy Consumption 

Examination of above consumption curves of pump control systems, shows that the amount of energy 
savings that can be achieved with pump motor starting systems would be: 

Control Method Saving (%) 

Throttle Valve 11 

By-Pass 18 

On-Off 30 

Speed Check 45 

    

By-Pass Valve Butterfly Valve 

On/Off Control 

 

AC Motor Driver 

Throttle Valve ByPass Valve 

On/Off Control Speed Controller 

Control Energy 
Dimming 89 
ByPass 82 
On-Off 70 
Speed Check 45 
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In pumping operations, the flow rate/level/pressure is controlled through the following four methods, 
each providing energy savings. The highest energy efficiency can be achieved with AC Motor Drivers. 
As it can be seen in Figure-7, while the operating point on the pump curve is changed with the 
Throttling Valve, By-Pass and On-Off control, the curve of the pump is shifted in speed control 
applications and a higher amount of energy is saved in this manner.  

 

Figure-7 Speed Controlled Usage and Energy Saving 

In pump applications, very high amount of saving can be achieved if the pump curve is determined 
and the motor speed is controlled correctly and the pump motor is efficient. 

11.7.15. Calculation of Saving in Pumps 

The interconnection between the speed (N), flow rate (Q), head (H) and power (P) of pumps is given 
below. To optimize the energy consumption of the pumps, especially the relationship between the 
power (P) and speed (n), is critical. Need of power (P) is directly proportional to the speed (n) or flow 
rate (Q) cube. 
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11.7.16. Example Energy Consumption Calculation for Pump Speed Change 

Energy savings if the motor speed is reduced by 20% (10 Hz) in an oversized pump system;  

Engine power-P1 : 132 Kw 

Engine Speed-N1 : 1.500 rpm (50 Hz) 

Engine power-P2 : ? 

Engine Speed-N2 : 1.200 rpm (40 Hz) 

P1 / P2 = (N1 / N2) ^3 

P2   = 132 kW / (1500 /1200) ^3 

P2   = 67,58 Kw 

Saving = 49%     

11.7.17. Efficiency in Pump Motors 

 

 

Figure-8 Energy Components of High Efficiency Motors with 75 kW Shaft Power  

 

 

Figure-9 Energy Components of Low Efficiency Motors with 75 kW Shaft Power 

11.7.18. Example Energy Consumption Calculation for High Efficiency Motors 

High Efficiency Motor  : 75 kW   = 95.1% 

Low Efficiency Motor    : 75 kW   = 92.1% 

High Efficiency Motor  : P1 = 75/95.1 • 100 = 78,86 kW  
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Low Efficiency Motor     : P1 = 75/92.1 • 100 = 81,40 kW (2,54 kW more power) 

Annual Operation Time  : 8000 Hours/Year  

Electric BF. Industrial   : 0,49 ₺ / kWh 
 
Annual Energy Cost of Motors 

 High Efficiency Motor  : C = 78,86 • 0,49 • 8000 = 309.131 ₺ 

 Low Efficiency Motor  : C = 81,40 • 0.49 • 8000 = 319.088 ₺ 

 Annual Savings  : 9.957 ₺ 

 High Efficiency Motor Price : 15.000 ₺ 

 Annual Period of Redemption: 15.000 / 9.957 = 1.5 Year 

11.7.19. Points of Consideration for AC Motor Drive Application on Pumps: 

Which Pumps are Suitable for Energy Saving? 

o Oversized systems, 
o Systems at the end of their economic life,  
o Systems determined to have a low efficiency pump and motor, 
o Systems that need variable flow rate/ pressure / level 
o Integrated systems in which the relationship between engine speed and process variables 

"Flow Rate-Pressure-Level" can be established and managed correctly. (Well/Reservoir-
Pumps-Pipeline and Storage) 
 

Points of Consideration for AC Motor Drive Application on Pumps: 

o Since the pump head varies with the square of the motor speed, the minimum motor speed 
must be determined. The pump can be operated with a combination of driver and valve to 
achieve the required head. 

o The drive’s electric switches must be in accordance with EMC and Harmonic requirements. 
o The motor’s coupling with the drive must be suitable. 
o Motor size and need for auxiliary equipment must be properly determined. 
o By using drivers equipped with special alarms such as cavitation, dry run, valve off alarms, 

likely operational damages of the pumps should be prevented. 

11.7.20.  Use of Solar and Wind Energy for Pumping Systems  

Due to the decrease in investment and operating costs, solar and wind power generation systems are 
widely used for energy supply and efficiency in water facilities (priority for Well and Pumps).  
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11.7.21. Summary Information 

 Water and Energy must be Managed together. With Holistic Water and Energy Management 
Systems, Water and Energy Saving up to 30-40% can be achieved. 

 The energy consumption of "Water Systems" constitutes approximately 30-50% of the energy 
expenditures of the municipalities.   

 Electricity consumption constitutes %20 of total global energy consumption. 

 In general use, %50 of electricity is used in motors. 

 In industrial use, %70 of energy is consumed in motors. 

 Pumps and fans account for %60 of total motor consumption. 

 80% of all pumps are centrifugal pumps. 

 The power consumption reduces in parallel with the speed cube in pump motors. 

 Through pressure method in pipelines:  
o Up to %38 reduction in typical water leakage, 
o Between 20% - 40 % reduction in fuel consumption 
o Extended asset life, can be achieved.  

 It is estimated that one third of the world's population will live in water scarce regions in 2025. 

 For pumps, the item with the highest LCC cost is energy which accounts for approximately 
%75. 
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11.7. Example Energy Efficiency Applications 

11.7.1.  Drinking Water Pumping Station and Wells 

   

Company / Organisation : State Hydraulic Works (SHW), Siirt Drinking Water Pumping Station 

Industry   : Water & Wastewater 

Implementation  : Process Automation and Motor Optimization 

Units    : 15 Pumps, Distribution Line, Storage and Wells 

Total Power   : 9*400 kW + 6*55 kW + Other = 4.100 kW  

Total I/O   : 800 Physical I/O 

Products   : PLC / HMI / SCADA Software /AC Motor Drivers, Telemetry 

Saving    : 270 kWh 

Annual Operation Hours : 8,000 hours 

Annual Savings   : 2.160.000 kWh/year 

Electricity BF (kWh)  : 0,49 ₺ / kWh 

Annual Monetary Savings : 1.058.400 ₺/Year 

Total Investment  : 6.000.000 ₺ (Pump Motors Speed Control and SCADA Syst.) 

Period of Redemption  : 6 years  
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11.7.2. Agricultural Irrigation Pumping Station 

 

 

Company / Organization : SHW Belkis & Dutlu & Turnali Irrigation Pumping Station 

Industry   : Water & Wastewater 

Implementation  : Process Automation and Motor Optimization  

Units    : 66 Pumps, Distribution Line, Storage and Wells 

Total Power   : 66*110 kW + Other = 7.500 kW  

Total I/O   : 800 Physical I/O 

Products   : PLC / HMI / SCADA Software /AC Motor Drivers, Telemetry 

Saving    : 1.050 kWh 

Annual Operation Hours : 3,500 hours 

Annual Savings   : 3.675.000 kWh/year 

Electricity BF (kWh)  : 0,49 ₺ / kWh 

Annual Monetary Savings  : 1.800.750 ₺/Year 

Total Investment  : 13.000.000 ₺ (Pump Motors Speed Control and SCADA Syst.) 

Period of Redemption  : 7 years   
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11.7.3. Drinking Water Treatment Plant - 1  

 

 

 

Company / Organisation : SHW Agri Yazici Dam Drinking Water Treatment Plant 

Industry   : Water & Wastewater 

Implementation  : Process Automation for the Plant with a capacity of 40.000 m3/day 

Units    : Pump, Blower, Process Equipment, Distribution Line, Storages 

Total Power   : 1.600 Kw  

Total I/O   : 2.000 Physical I/O 

Products   : All LV/MV/Low Current MCC/DCS/SCADA Automation System  

Saving    : 208 kWh 

Annual Operation Hours : 8,000 hours 

Annual Savings   : 1.664.000 kWh/year 

Electricity BF (kWh)  : 0,49 ₺ / kWh 

Annual Monetary Savings  : 815.360 ₺/Year  
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11.7.4. Drinking Water Treatment Plant - 2  

 

 

 

Company / Organisation : SHW Bodrum Drinking Water Treatment Plant and Pumping Station 

Industry   : Water & Wastewater 

Implementation  : Process Automation for the Plant with a capacity of 40.000 m3/day 

Units    : Pump, Blower, Process Equipment, Distribution Line, Storages 

Total Power   : 2.500 Kw  

Total I/O   : 3.000 Physical I/O 

Products   : All LV/MV/Low Current MCC/DCS/SCADA Automation System  

Saving    : 450 kWh 

Annual Operation Hours : 8,000 hours 

Annual Savings   : 3.600.000 kWh/year 

Electricity BF (kWh)  : 0,49 ₺ / kWh 

Annual Monetary Savings  : 1.764.000 ₺/Year   
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11.7.5. Industrial Water Preparation Plant 

 

 

 

Company / Organization : ETI Mining 160 ton/hour Boiler Demineralization Facility  

Industry   : Water & Wastewater 

Implementation  : Process Automation for the Plant with a capacity of 15.000 m3/day 

Units    : Pump, Blower, Process Equipment, Distribution Line, Storages 

Total Power   : 630 kW  

Total I/O   : 1.200 Physical I/O 

Products   : All LV/MV/Low Current MCC/DCS/SCADA Automation System  

Saving    : 132 kWh 

Annual Operation Hours : 8,000 hours 

Annual Savings   : 1.058.000 kWh/year 

Electricity BF (kWh)  : 0,49 ₺ / kWh 

Annual Monetary Savings  : 518.420 ₺/Year 
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11.7.6. Process Fan and Pump Application 

 

 

 

Company / Organization : Tupras Batman Oil Refinery Cooling Tower Fan and Pump Motors  

Industry   : Petrochemicals 

Implementation  : Cooling Tower Fan and Pump Motors Start System Revision 

Units    : Pump and Fan Motor 

Total Power   : 317 kW  

Saving    : 147 kWh 

Annual Operation Hours : 8,000 hours 

Annual Savings   : 1.176.000 kWh/year 

Electricity BF (kWh)  : 0,49 ₺ / kWh 

Annual Monetary Savings  : 576.240 ₺/Year 

Total Investment  : 450.000 ₺ (Pump Motors Speed Control and SCADA Syst.) 

Period of Redemption  : 10 Months 
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11.7.7. Process Pump Application 

 

 

 

Company / Organization : TPAO Batman Oil Wells   

Industry   : Petrochemicals 

Implementation  : Optimization of Pumpjacks of Oil Wells  

Units    : Road Pump - Pump Motor 

Total Power   : 90*55 kW = 4.950 kW 

Saving    : 1.732 kWh 

Annual Operation Hours : 4,000 hours 

Annual Savings   : 6.928.000 kWh/year 

Electricity BF (kWh)  : 0,49 ₺ / kWh 

Annual Monetary Savings  : 3.394.720 ₺/Year 

Total Investment  : 4.750.000 ₺ (Pump Motors Speed Control and SCADA Syst.) 

Period of Redemption  : 16 Months 

  



207 
 

11.7.8. Aydın OIZ wastewater Treatment Plant  

 

 

Company / Organization : Aydın OIZ wastewater Treatment Plant 

Industry   : Water & Wastewater 

Implementation  : Process Automation for the Plant with a capacity of 20.000 m3/day 

Units    : Pump, Blower, Process Equipment, Distribution Line, Storages 

Total Power   : 1.600 Kw  

Total I/O   : 2.000 Physical I/O 

Products   : All LV/MV/Low Current MCC/DCS/SCADA Automation System  

Saving    : 288 kWh 

Annual Operation Hours : 8,000 hours 

Annual Savings   : 2.304.000 kWh/year 

Electricity BF (kWh)  : 0,49 ₺ / kWh 

Annual Monetary Savings  : 1.128.960 ₺/Year 

Total Investment  : 2.500.000 ₺ (Pump Motors Speed Control and SCADA Syst.) 

Period of Redemption  : 26 Months 
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11.7.9. Kırklareli Wastewater Treatment Plant  

 

 

Company / Organization : SHW Kırklareli Wastewater 

Industry   : Water & Wastewater 

Implementation  : Process Automation for the Plant with a capacity of 40.000 m3/day 

Units    : Pump, Blower, Process Equipment, Distribution Line, Storages 

Total Power   : 2.500 Kw  

Total I/O   : 2.000 Physical I/O 

Products   : All LV/MV/Low Current MCC/DCS/SCADA Automation System  

Saving    : 325 kWh 

Annual Operation Hours : 8,000 hours 

Annual Savings   : 2.600.000 kWh 

Electricity BF (kWh)  : 0,49 ₺ /kWh 

Annual Monetary Savings  : 1.274.000 ₺ 
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11.7.10. ASKI Karakoy Wastewater Treatment Plant 

 

 

Company / Organization : ASKI Karakoy Wastewater Treatment Plant 

Industry   : Water & Wastewater 

Implementation  : Process Automation for the Plant with a capacity of 40.000 m3/day 

Units    : Pump, Blower, Process Equipment, Distribution Line, Storages 

Total Power   : 2.500 Kw  

Total I/O   : 2.000 Physical I/O 

Products   : All LV/MV/Low Current MCC/DCS/SCADA Automation System  

Saving    : 275 kWh 

Annual Operation Hours : 8,000 hours 

Annual Total Saving a  : 2.200.000 kWh 

Electricity BF (kWh)  : 0,49 ₺ / kWh 

Annual Monetary Savings  : 1.078.000 ₺ 
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11.8. Useful Links 

Energy Efficiency Calculation Programs and Videos 

 https://www.yaskawa.com/delegate/getAttachment?documentId=SW.ESP.13&cmd=docum
ents&documentName=SW.ESP.13.zip 

 https://www.yaskawa.com/delegate/getAttachment?documentId=SW.ESP.06&cmd=docum
ents&documentName=SW.ESP.06.zip 

 https://www.yaskawa-global.com/company/csr/env/eco_video 
 

Public Institutions of Water and Energy 

 https://www.tarimorman.gov.tr/SYGM 

 http://www.yegm.gov.tr/anasayfa.aspx 

 http://www.yegm.gov.tr/verimlilik/document/Pompa%20Sistemleri.pdf 
 

  

https://www.yaskawa.com/delegate/getAttachment?documentId=SW.ESP.13&cmd=documents&documentName=SW.ESP.13.zip
https://www.yaskawa.com/delegate/getAttachment?documentId=SW.ESP.13&cmd=documents&documentName=SW.ESP.13.zip
https://www.yaskawa.com/delegate/getAttachment?documentId=SW.ESP.06&cmd=documents&documentName=SW.ESP.06.zip
https://www.yaskawa.com/delegate/getAttachment?documentId=SW.ESP.06&cmd=documents&documentName=SW.ESP.06.zip
https://www.yaskawa-global.com/company/csr/env/eco_video
https://www.tarimorman.gov.tr/SYGM
http://www.yegm.gov.tr/anasayfa.aspx
http://www.yegm.gov.tr/verimlilik/document/Pompa%20Sistemleri.pdf
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12. Energy Efficiency in Asphalt Plants 
This section is still being written. 
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3. The National Outlook and Objectives for Renewable Energy 
Faruk Telemcioğlu 

3.1. The Global Outlook for Renewable Energy 

Energy is perceived as part of our daily lives and an indicator of our well-being in every aspect of life. Since the 18th 
century in particular, with the use of steam engines becoming widespread, certain negative effects on the 
environment have emerged. Since then, all available fuel sources have been used, however, the effects of fossil fuels 
such as coal and oil on the environment and on human health started to become increasingly visible in the last quarter 
of the 20th century. The increasing energy needs and environmental awareness led institutions to seek new energy 
sources, increasing the interest in alternative sources. 

When we started to consider the various energy sources that have been used for thousands of years from a different 
perspective and to think about whether they could be an alternative for the satisfaction of the intense energy 
production need, and to carry out research in this regard, it was noted that new possibilities had emerged. For 
thousands of years, windmills and sailing ships have been operated under the power of the wind, heat from the sun 
has been utilized, and flour has been ground in mills built on riverbeds. 

With the oil crises that started to emerge after the 1970s, new and sustainable resources gained importance in terms 
of economy as well, and the concept of “renewable energy” became more valuable all round the world.  

First, based on the principle of diversity in energy production, hydroelectric power plants were established that made 
use of water resources. In this way, water resources were improved and the “renewable” generation of power began. 
In the same period, nuclear energy technologies and investments were also enhanced, but due to problems related 
to the environment and health, especially after the Chernobyl disaster of April 26, 1986, the use of other sources 
gained momentum. 

Thanks to the developments in mechanical technologies since the 1990s, we have had the opportunity to utilize 
“wind turbines” and harness the renewable energy of the wind. Now wind farms are being established not only on 
land, but also on the sea with the so-called “offshore” plants. Since the beginning of the 2000s, there has been a 
significant increase in renewable energy investments, which started under the leadership of Germany and 
progressively spread to Europe. As a result of increased efficiency and decreased costs, especially in photovoltaic 
solar energy technologies, the use of such technologies in our daily lives has become widespread. The number of 
electricity generation plants built with photovoltaic solar panels has increased day by day, and has become an 
important value in today’s electricity generation system. 

Up until 2010, Europe and Germany in particular played the leading role in photovoltaic technology. The growing 
energy needs of the People’s Republic of China and its economic and political interest in sustainable energy have 
caused this role to shift. The People’s Republic of China has now become the locomotive in photovoltaic technologies 
in terms of both application and production. With this change, the countries of the Far East have become the world’s 
most prominent suppliers of solar energy photovoltaic cells and panels. 

When we look at the energy consumption in the world, we see that 51% of the total energy is used for heating, and 
only 10.1% of this is sourced from renewable energy sources. In transportation, 3.3% of the energy we use is obtained 
from renewable energy sources. We can also see that electricity has the highest share in the renewable energy sector. 
Approximately 26.4% of electrical energy, which has a share of 17% in total energy consumption, comes from 
renewable sources.  
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Figure 1: Areas of energy consumption and the share of renewable energy1 

The total investments made in the field of energy in 2019 was $301.7 billion. An analysis of the distribution of 
investments reveals that renewable energy has the largest share, and there are two main reasons for this 
development. In addition to the concerns related to the environment and climate change, the fact that renewable 
energy sources are the lowest cost energy sources in energy generation, especially in terms of power generation, 
should also be understood. Among the other significant reasons are the low material costs, the development of the 
technologies used and the increase in efficiency.  

 

 

 

 

 

 

 

 
 

 

Figure 2: Distribution of energy investments in 2019 by energy type2  

                                                            
1 REN 21 Renewable Global Status Report 2020, p 33. 

2 ibid., p. 173. 
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According to 2019 data, plants producing more than 200 GWs of renewable energy were established in the world, 
and more than half of those were solar photovoltaic plants, followed by wind power plants (approximately 60 GWs), 
hydropower plants and other renewable energy sources. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Installed capacity of renewable energy plants commissioned in 20193 

Looking at the share of renewable energy in total energy consumption (heat, electricity, fuel, etc.), it can be seen 
that 17.9% of the total energy consumed comes from renewable energy sources.  
 

 

 

 

 

 

 

 

 

 

 

Figure 4: Share of renewable energy in total energy consumption4  

                                                            
3 ibid., p. 46. 

4 ibid., p. 32. 

Plants built by technology (Gigawatts) 

Gigawatts built 
in 2019 

Solar PV 

Wind 

Hydro 

Bioenergy geothermal 
ocean power CSP 

Nuclear energy 

79.9% 
Fossil fuels 

Conventional 
biomass 

2.2% 

6.9% Wind/Solar/Geothermal/ 
Biomass/Ocean/ 

Biofuels for 
transportation 2.1% 1.0% 

Modern 
renewable 

11.0% 3.6% 
Hydropower 

4.3% 
Biomass/solar/geotherm
al heat 



215 

 

The estimated share of renewable energy in total power generation at the end of 2019 was 27.3 percent. 

 
 

 

 

 

 

 

 

 

 

 

Figure 5: The estimated share of renewable energy in total power generation5 

According to data published in early 2020, solar photovoltaic power reached a total capacity of 627 GWs with an 
increase of 115 GWs in 2019. 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 6: Global installed solar photovoltaic capacity and its development over the years: 2009–20196  

                                                            
5 ibid., p. 48. 

6 ibid., p. 107. 
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The decrease in power generation costs can be said to be the main reason for the greater and more rapid 
development of the solar and wind sectors over to other power-generation sources. The decrease in costs is obtained 
by comparing the LCOE (Levelized Cost of Energy) calculated at a number of sources.  Levelized Cost of Energy is 
calculated by determining the total investments into a specific energy form by year, and dividing this annual cost by 
the amount of electrical energy generated in a year. When the Levelized Cost of Energy calculated according to 
various energy sources is examined, the advantage created in the last 10 years in terms of the costs of these two 
renewable sources becomes apparent. 

 

Figure 7: Levelized Cost of Energy (LCOE)7 

3.2. The Outlook of Renewable Energy in Turkey 

As a rapidly growing country, Turkey’s energy demand is constantly increasing. Turkey's primary energy supply 
(directly consumable energy sources such as petroleum, natural gas, coal, and wood) was 144,390 TOE (Tons of Oil 
Equivalent) in 2019, making it one of the fastest-growing economies in the European Union (EU) and Organization 
for Economic Co-operation and Development (OECD). The share of domestic resources in primary energy supply 
reached 31 percent in 2019. Gross electricity consumption demand was 304.25 TWh at the end of 2019. An 18 
percent increase in electricity demand was recorded between 2014 and 20198. According to the baseline scenario, it 
is estimated that Turkey’s gross electricity demand will reach 376 TWh in 2023 and 639 TWh in 2039.9 

                                                            
7 Lazards-levelized-cost-of-energy-version-130-vf S:7 

8 https://www.dunyaenerji.org.tr/turkiye-enerji-denge-tablolari/2019 ve 2014 
9 Presentation entitled “Renewable Energy Outlook, Legislation and Applications in Turkey”, M. Çalışkan, 24 October 2019, Gaziantep. 

https://www.dunyaenerji.org.tr/turkiye-enerji-denge-tablolari/2019
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Figure 8: Estimated electricity consumption demand in Turkey between 2019 and 203910 

The share of renewable energy in Turkey’s developing installed capacity has increased rapidly. According March 2021 
data, the installed power capacity of Turkey reached 92,069.7 MWs, 45,908 MW of which is domestic and renewable 
energy sources. This means that 51.94 percent of the installed capacity of 9,158 power plants consists of domestic 
and renewable energy sources. 

Table 1: Number of power plants and their installed capacity by primary sources 

NUMBER OF POWER PLANTS AND THEIR INSTALLED CAPACITY BY PRIMARY 
SOURCES 

PRIMARY SOURCE NUMBER OF PLANTS INSTALLED CAPACITY (MWs) 
RIVERS 559 7,888.6 

ASPHALTITE COAL 1 405.0 

WASTE HEAT 84 363.8 

DAMS 127 21,265.5 

BIOMASS 188 832.1 

NATURAL GAS 330 25,595.4 

FUEL OIL 11 305.9 

SOLAR 7,104 6,166.6 

IMPORTED COAL 15 8,966.9 

GEOTHERMAL 54 1,514.7 

LIGNITE 47 10,097.3 

LNG 1 2.0 

DIESEL FUEL 1 1.0 

NAPHTHA 1 4.7 

WIND 275 7,876.9 

HARD COAL 4 810.8 

TOTAL 8,802 92,097.2 

 

 

 

 

  

                                                            
10 Çalışkan, Mustafa. Presentation entitled “Renewable Energy Outlook, Legislation and Applications in Turkey” October 24, 2019, Gaziantep. 
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Figure 9: Installed capacity by source and establishment11 

The following chart presents data on the change in total installed capacity in Turkey between 2001 and 2020.  

 

Figure 10: Change in total installed capacity in Turkey 

According to TEİAŞ data, the total amount of power generated in Turkey in 2020 was 290.77 TWh. When looking at 
the role of renewable energy in power generation, it can be noted that renewable energy sources account for 43.94 
percent of total energy generation, with domestic and renewable energy accounting for the remaining 61.71 percent. 
Electricity consumption in 2020 was 290.93 TWh12.  

                                                            
11 TEİAŞ installed capacity reports https://www.teias.gov.tr/tr-TR/kurulu-guc-raporlari  

12 https://www.elektrikport.com/haber-roportaj/turkiye-2020-elektrik-istatistikleri/ 
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Figure 11: Energy generation in Turkey by source as of 202013 (GWH) 

Table 2: Distribution of installed power capacity by energy sources in Turkey14 

 

 
When we look at the recent development of installed power capacity in our country, it can be seen that the highest 
increases are in solar, geothermal and wind energy, although installed hydropower capacity has also increased. The 
energy source with the highest increase in the last 3 years has been solar photovoltaic sources. There has been a 
decrease in the installed capacity of thermal power from fossil fuels that can be explained by the closure of natural 
gas cycle power plants and the low capacity of some thermal power plants. 

According to the 11th Development Plan published in the Official Gazette no. 30840 (1st repeated) dated 
23/07/2019, the targeted share of renewable energy sources in power generation for the 100th anniversary of our 
Republic is 38.8 percent.    

                                                            
13 https://www.elektrikport.com/haber-roportaj/turkiye-2020-elektrik-istatistikleri/22927#ad-image-0 
14 https://www.teias.gov.tr/tr-TR/turkiye-elektrik-uretim-iletim-istatistikleri 
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  2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020  

Thermal Sources 32,278.5 33,931.1 35,027.2 38,648.0 41,801.8 41,903.0 44,411.6 46,926.3 46,908.6 47,663.0 49,406.9 

Hydropower 15,831.2 17,137.1 19,609.4 22,289.0 23,643.2 25,867.8 26,681.1 27,273.1 28,291.4 28,503.0 30,983.9 

Wind 1,320.2 1,728.7 2,260.6 2,759.7 3,629.7 4,503.2 5,751.3 6,516.2 7,005.4 7,591.2 8,832.4 

Solar         40.0 248.8 832.5 3,420.7 5,062.8 5,995.2 6,667.4 

Geothermal 94.2 114.2 162.2 310.8 404.9 623.9 820.9 1,063.7 1,282.5 1,514.7 1,613.2 

Total 49,524.1 52,911.1 57,059.4 64,007.5 69,519.6 73,146.7 78,497.4 85,200.0 88,550.8 91,267.0 95,890.6 
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Table 3: Objectives set out in the 11th Development Plan   

 20181 2023 

Primary Energy Demand (KTOE) 147,955 174,279 

Electrical Energy Demand (TWh) 303.3 375.8 

Primary Energy Consumption per Capita (TOE/person) 1.81 2.01 

Electrical Energy Consumption per Capita (kWh/person) 3,698 4,324 

Share of Natural Gas in Electricity Generation (%) 29.85 20.7 

Share of Renewable Sources in Electricity Generation (%) 32.5 38.8 

Amount of Electricity Generated from Domestic Resources (TWh) 150.0 219.5 

Installed Capacity (MW) 88,551 109,474 

Source: Data for 2018 retrieved from the Ministry of Energy and Natural Resources and TEIAŞ. The figures for 2023 are the 
estimates given in the 11th Development Plan. 

 

The renewable energy sources detailed in our country’s legislation can be listed as follows: 

• Wind Energy 
• Solar 
• Geothermal Energy 
• Biomass Energy 
• Gas from biomass (including landfill gas) 
• Gas produced for the purpose of energy generation from other wastes, including garbage (landfill gas) 
• Wave, current and tidal energy  
• Power generation sources that are suitable for the establishment of a canal- or river-type hydropower 

plant 
• Power generation sources that are suitable for the establishment of hydropower plants with a reservoir 

area of less than 15 square kilometers 
 

As part of its energy strategy and policies, Turkey has set important targets to increase the share of renewable energy 
in energy supply and to ensure system integration. 

 

Our renewable energy potential suggests us that we can easily reach these targets. Turkey’s renewable energy 
potential according to the outcomes of the research conducted by the Ministry of Energy and Natural Resources can 
be seen below.  

TARGET TARGET TARGET TARGET TARGET 
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Figure 12: The potential of renewable energy in Turkey 

Accordingly, Turkey’s renewable energy potential is calculated as 48,000 MW for wind, 1635 kWh-m²/year for solar, 
31,500 MWt for geothermal, 8.6 million TOE for biomass and 160,000 GWh/year for hydraulic energy. 

3.2.1. Solar 

From the solar energy potential map of Europe, we can make a realistic prediction of the solar energy potential of 
our country.  

The solar energy values for Turkey show that the average annual sunshine duration is 2,741.07 hours/year, the 
average daily sunshine duration is 7.5 hours/day, the annual total radiation intensity is 1,635 kWh/m²-year and the 
average daily total radiation intensity is 4.18 kwh/m²-day. Utilizing this potential, which is higher than almost all 
European countries, can provide significant advantages to our country. 

 

  

Figure 13: Total solar radiation in Europe and Turkey 

The most common use of solar energy in Turkey is for domestic water heating systems through collectors. With an 
installed collector area of 19.6 million m²15,16Turkey is among the leading countries in this field. There are also 
parabolic and trial systems with condensers, which account for an insignificant percentage of electricity and heat 
generation. After solar water heating systems, photovoltaic solar energy systems are the most popular use of solar 
energy.  

                                                            
15 https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-gunes  
16 http://www.yegm.gov.tr/yenilenebilir/g_enj_tekno.aspx  

 

WIND //// 48,000 MW  
(Atlas for Wind Energy Potential - REPA) 

SOLAR ////1,520 kWh-m2-year 
(Atlas for Solar Energy Potential - GEPA) 

GEOTHERMAL////  31,500 MWt  
 2,000 MWe 

BIOMASS //// 8.6 million TOE 
(Atlas for Biomass Energy Potential - BEPA) 

HYDRAULIC //// 160,000 CWh/year 

https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-gunes
http://www.yegm.gov.tr/yenilenebilir/g_enj_tekno.aspx
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The development of photovoltaic solar energy systems in particular in the overall power generation and consumption 
profile of Turkey began with “Regulation no. 28001 of July 21, 2011 on Unlicensed Electricity Production in the 
Electricity Market”, while “Communiqué no. 28229 of March 10, 2012 on the Implementation of the Regulation on 
Unlicensed Electricity Production in the Electricity Market” accelerated the process significantly.  

The total grid-connected installed solar power capacity of Turkey was 40 MWs as of the end of December 2014, but 
had reached 5,995 MWs by the end of 2019. According to the installed capacity report of TEİAŞ published in March 
2021, the total installed solar capacity of all 7,779 power plants is 6,964 MWs. 515.4 MWs of these plants are licensed 
solar power plants, while the remaining 6,448.64 MWs are facilities engaged in unlicensed power generation. 
Throughout 2020, unlicensed SPPs provided 3.66% of the gross total electricity consumption.17 

When we look at the photovoltaic solar 
power plants in our country, we can see that 
they are mostly concentrated in the barren 
and high-altitude regions of Central 
Anatolia and South-Central Anatolia, such 
as the Taurus Mountains-Konya plain. As 
these regions are above sea level and closer 
to the sun, they are cooler than the 
southern coastal areas, and do not suffer 
from clouds or moisture between the sun 
and the panel. Most importantly, they are 
barren areas that are unsuitable for 
agriculture, and so preferred for solar 
power facilities.  

 

                                                            
17 http://www.yegm.gov.tr/yenilenebilir/g_enj_tekno.aspx  
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Figure 14: Change in installed solar capacity in recent years 
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Figure 15: Distribution of unlicensed installed capacity of SPPs by provinces in Turkey as of the end of March 202118 

3.2.2. Wind Energy 

According to studies, the wind energy potential in our country is approximately 48,000 MWs. Of this amount, 38,000 
MWs is onshore wind energy capacity, and 10,000 MWs is offshore. 

 

Figure 16: Wind energy capacity factor in Turkey 

While the total grid-connected installed wind power capacity in Turkey was 364 MWs as of the end of December 
2008, it had reached 8,832.4 MWs by the end of 2020. Of those, 70.8 MWs are unlicensed and the remaining are 

                                                            
18 Source: Ministry of Energy and Natural Resources 
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licensed wind power plants. According to the installed capacity report of TEİAŞ published in March 2021, the installed 
wind capacity of 333 power plants in total is 9,360.6 MWs19. 

  

Figure 17: Change in installed wind capacity in recent years20 

Examining the distribution of wind power plants by regions, it can be seen that the Aegean region has the largest 
number of installations with 38.5 percent, followed by the Marmara region with 34.7 percent. These are followed by 
Central Anatolia with 9.4 percent, the Black Sea with 3.7 percent, and Southeastern Anatolia with 1.2 percent.21 

3.2.3. Biomass Energy 

Biomass is a mass of non-fossil organic material of biological origin. In a very broad sense, the term ‘biomass’ refers 
to material produced from living organisms. All natural substances of plant and animal origin, the main components 
of which are carbohydrate compounds, are defined as biomass energy sources, and the energy obtained from these 
sources is biomass energy. 

For example, wood, agricultural waste (chaff, corn cobs, cotton waste, etc.), urban sewage and industrial organic 
waste (pulp from sugar industry, etc.) are all biomass energy sources. Biomass has been a known and used as an 
energy source since the discovery of fire. The use of biomass in the modern sense began in the 21st century. In 
contemporary applications, biomass energy is transformed into energy sources such as biogas, bioethanol, biodiesel, 
biomethanol, biodimethylether and bio-oil. The most widely used are biodiesel, bioethanol and biogas22. 

All data to be used as the basis for the biomass energy potential in our country and the studies to be carried out in 
this field can be obtained from the Biomass Energy Potential Atlas (BEPA) prepared by the General Directorate of 
Energy Affairs (GDEA). According to BEPA January 2020 data, in Turkey: 

                                                            
19 https://www.teias.gov.tr/tr-TR/kurulu-guc-raporlari 
20 https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-ruzgar 
21 https://www.tureb.com.tr/turebsayfa/duyurular/turkiye-ruzgar-enerjisi-istatistik-raporu-ocak-2020 

22 Yılmaz, Mutlu. Ankara University Journal of Environmental Sciences 4(2), 33-54 (2012) 
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 There are 422,832,374 animals. The amount of energy that can be annually generated from their waste, 
amounting to 193,878,079 tons, is 4,385,371 TOE (tons of oil equivalent). 

 184,593,134 tons of plants are produced annually, resulting in 62,206,754 tons of plant waste, from which 
6,009,049 TOE of energy can be generated annually. 

 The amount of annual domestic and municipal waste generated in the 81 provinces is 32,170,975 tons. Such 
waste has an annual energy generation potential of 3,373,011 TOE. 

 The amount of forestry residue generated annually is 3,914,904 steres, from which 859,899 TOE of energy 
can be generated annually. According to these data, the energy generation potential of our country from 
waste is 14,627,331 TOE/year. 

 

 

 

 

Figure 18: Change in biomass energy-based installed capacity by years23 

When the biomass power generation facilities in our country are examined, the solid waste facilities of the 
municipalities come first in terms of both number and capacity. These facilities constitute 53 percent of the total 
installed biomass capacity. Following these are the thermal disposal facilities, corresponding to 29 percent of the 
installed capacity. A total of 20 facilities operates using combustion, gasification and pyrolysis methods. The total 
number of other installations operating in the field of biomass is 45, and these organizations generate electricity 
through the biomethanization process and make up 18 percent of the total installed capacity.24

 

3.2.4. Geothermal Energy 

Studies have reported a theoretical heat potential of our country from geothermal sources of 31,500 MWt. The 
power generation potential is 2,000 MWe. 

                                                            
23 https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-biyokutle 
24 Presentation entitled “Renewable Energy Outlook, Legislation and Applications in Turkey”, M. ÇALIŞKAN, 24 October 2019, Gaziantep 
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Turkey ranks first in Europe and 7th in the world in terms of geothermal energy potential. Of the areas with potential, 
78 percent are located in Western Anatolia, 9 percent in Central Anatolia, 7 percent in Marmara, 5 percent in Eastern 
Anatolia and 1 percent in other regions.  

90 percent of geothermal sources have low and medium temperature properties and are suitable for direct 
applications (heating, thermal tourism, mineral extraction, etc.), while 10 percent can be used for indirect 
applications (power generation). 

 

Figure 19: Geothermal sources in Turkey 

While the installed geothermal power capacity in Turkey was 30 MWs as of the end of December 2008, it had reached 
1,613 MWs by the end of 2020. According to installed capacity report published by TEİAŞ in June 2020, this amount 
is generated in a total of 15 power plants.25 

 

 

                                                            
25 https://www.teias.gov.tr/tr-TR/kurulu-guc-raporlari DATE OF ACCESS 
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Figure 20: The change in geothermal energy-based installed capacity by years26 

While geothermal energy is typically utilized to create power indirectly, it can also be used to heat homes, hospitals, 
and greenhouses directly. Geothermal energy is used to heat and cool buildings by means of heat pumps. Fruit and 
vegetable drying facilities also use geothermal energy.  

Geothermal sources are used for domestic heating in many regions. A total of 140,000 residences in the İzmir Balçova, 
Narlıdere, Bergama, Dikili, Ankara Kızılcahamam, Balıkesir Bigadiç, Edremit, Gönen Güre, Sındırgı, Afyonkarahisar – 
Sandıklı, Ağrı – Diyadin, Denizli – Sarayköy, Kırşehir, Kütahya – Simav, Manisa – Salihli, Nevşehir – Kozaklı and Yozgat 
– Sorgun districts are heated from geothermal sources.  

Thermal and health facilities, with a heating power equivalent to 46,000 residences, are heated by geothermal 
sources in our country. There are also around 400 hot springs. 

Geothermal sources are used in agriculture, as well as for the heating of approximately 428,000 m2 of greenhouses 
and for the drying of fruit and vegetables. 

Heat pumps, which meet the heating and cooling needs of residences and commercial buildings by means of 
renewable energy sources and are currently in high demand, also use geothermal energy sources of amounting to 
43 MWt.  

The direct use of geothermal sources in our country is approximately 3,495 MWt, which corresponds to 340,000 
residences. We utilize around 10 percent of our country’s geothermal heat potential.27 

3.2.5.  Hydropower  

The annual average precipitation in Turkey is about 574 mm, corresponding to an average of 450 billion m3 of water 
per year. The gross surface water potential of our country is 185 billion m3. 

Under current technical and economic conditions, the annual potential of the surface waters that can be utilized for 
various purposes is 94 billion m3. With groundwater potential of 18 billion m3 determined, the consumable surface 
and groundwater potential of our country per year amounts to an average of 112 billion m3, of which 54 billion m3 is 
used. 40 billion m3 of this is used for irrigation, 7 billion m3 for drinking-domestic use and 7 billion m3 for industrial 
purposes (Chamber of Mechanical Engineers Turkey’s Energy Outlook 2020 Hydropower report). 

According to the current water potential of our country, the installed hydroelectric potential is 55,000 MW, and the 
potential for energy generation is 180,000 GWh/year. 

                                                            
26 https://enerji.gov.tr/eigm-yenilenebilir-enerji-kaynaklar-jeotermal 
27 Presentation entitled “Renewable Energy Policy Focusing on Geothermal Development in Turkey” M. Çalışkan, 28 January 2020. 



228 

28 

Figure 21: Precipitation map of Turkey 

The installed hydropower capacity of our country, which was 11,673 MWs in 2001, had reached 28,291 MWs by the 
end of 2019. According to the installed capacity report published by TEİAŞ in June 2020, there are 127 hydroelectric 
plants with dams, with an installed capacity of 21,131 MWs, whereas the number of hydroelectric plants built on 
rivers is 559 and their installed capacity is 7,884 MWs.29 

CHANGE IN INSTALLED HYDROPOWER CAPACITY (MWs) 

 

Figure 22: Change in installed hydropower capacity by years 

 

                                                            
28 http://cografyaharita.com/haritalarim/2cturkiye-yagis-haritasi.png  

29 https://www.teias.gov.tr/tr-TR/kurulu-guc-raporlari 
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4. Solar Energy Systems and Equipment 
Faruk Telemcioğlu  

 

4.1. Photovoltaic Effect-Based Solar Energy Systems (Photovoltaic Systems) 

Photovoltaic panels are semiconductor materials that convert the sunlight that hits their surfaces directly 
into electrical energy. These are energy generators that are formed by installing components known as 
solar cells or solar batteries on a surface in parallel or serial connections. The surface of a solar cell can 
be square, rectangular or circular. The areas of solar panels comprising a combination of cells are usually 
between 100 cm² and 200 cm². The thickness of each solar cell is 0.2–0.4 mm. Solar cells/batteries work 
based on the photovoltaic principle; that is, when light strikes them, an electric current is generated. The 
source of the electrical energy provided by the solar energy cell is the light photons coming from the sun. 

Depending on the structure of the cell used in photovoltaic panels, the energy from the sun can be 
converted into electrical energy with an efficiency of 5–47 percent. Photovoltaic panels can be connected 
to each other in series or parallel to create a system of desired power, from a few Watts to Gigawatts, 
depending on the power demand. Cells used in photovoltaic panels can be broadly classified as follows: 

 

Figure 1: Types of cells used in photovoltaic panels 

The above classification is the most general used in the industry, and is based on the key cell technologies 
used by sectoral stakeholders. If we were to make a classification in terms of efficiency, it can be said 
that although multi-junction cells have reached an efficiency of up to 47 percent, they have not been 
used widely due to the difficulties in industrial production and high costs. Today, the highest efficiency 
values after multi-junction cells are of the monocrystalline cell subtypes similar to PERC - PERT cells. The 
PERC-type cell is a more advanced version of the monocrystalline cell that uses additional layers on the 
rear of the cell to help capture more energy and increase efficiency. PERT-type cells, on the other hand, 
are cells that are developed especially for bifacial panels, and refer to the modified structure of the layers 
at the bottom of the cell. In terms of efficiency, monocrystalline cells are followed by polycrystalline and 
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thin-film cells. A new type of cell system called perovskite cells are not yet included in efficiency rankings 
as they have not yet proven their experimental potential. As can be seen from the cell efficiency1 table 
of the US National Renewable Energy Laboratory (NREL) below, perovskite cells have rapidly increased 
their share in the sector. It can be seen in the table showing the efficiency of all photovoltaic cells 
available in the market that Oxford PV has achieved 28 percent efficiency with Perovskite/Si tandem 
(Perovskite used with silicon) cells. Stanford/ASU organizations have also achieved 25.2 percent 
efficiency with perovskite structure-based cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Efficiency levels according to different cell types 

As can be seen, solar cell technologies, as the fundamental building blocks of photovoltaic systems, are 
advancing day by day and their significance among solar energy generation sources is increasing.  

The general features of photovoltaic systems can be listed as follows: 

 Their maintenance-repair costs are low. 

 They do not cause environmental pollution and are eco-friendly. 

 They are one of the most cost-effective methods of electricity generation today. 

 Energy can be sustained using additional power sources (batteries, generators, etc.). 

                                                           
1 Cell Efficiency figures can be seen in here: https://www.nrel.gov/pv/cell-efficiency.html  

https://www.nrel.gov/pv/cell-efficiency.html
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4.1.1. Types of Photovoltaic Power Generation Systems 

Photovoltaic systems can be divided into three categories according to their grid connection features. 
These include On-Grid Systems, Off-Grid Systems and Hybrid Systems. 

 

 

 

 

 

Figure 3: Photovoltaic power generation system 

4.1.1.1. On-grid systems 

On-grid PV solar energy systems are the most popular type. These are widely used in residences and 
institutions for power generation. Such systems do not require batteries (electricity storage systems), 
and are connected to the existing power grid with special inverters that are able to synchronize with the 
grid. The excess energy generated is transferred to the existing power grid, for which a fee is paid to the 
person or institution that owns the photovoltaic system. According to the current legislation, this fee is 
paid for a certain period of time. The amount to be paid, the payment period and the method of payment 
are determined in accordance with current legislation. 

For safety reasons, on-grid systems do not operate when there is no power in the grid or when there is 
a power cut. These systems stop generation to prevent harm to those carrying out network repair. 

 

 

 

 

 

 

 

 

 

Figure 4: On-Grid systems 

 

In an on-grid system, the power received and delivered passes through a bidirectional meter. Surplus 
energy is determined on a monthly basis. If the generation and consumption plants are at the same 
location, that is, if the system is a solar energy system installed on the roof or facade of the building, 
values are collected from the meter installed at the location identified in the connection agreement. For 
land-based systems, surplus energy is determined on an hourly/monthly/yearly basis by comparing and 

1. Solar Panels 
2. Inverter 
3. Dashboard 

4. Power Consuming 
Devices 

5. Meter  
7. Grid Connection 
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offsetting the hourly values from the two-way meter on the ground and the hourly consumption values 
from the meter located in the consumption facility. 

With a solar energy system installed, the excess energy supplied to the grid is used by other consumers 
through the grid. When the solar energy system is not working or if the energy generated by the working 
solar energy system does not meet the energy requirements, it is possible to obtain power from the grid. 

The main features and advantages of such systems can be listed as follows: 

 There is no need for a separate system for energy storage (the grid is used for storing energy). 

 The energy generated is used instantly.  

 Surplus energy is transferred to the grid. The remaining energy required is obtained from the 

grid. 

 The special design of the inverters allows controlled energy transfer to the grid, and they operate 

at the maximum power according to the current and voltage from the solar panels. 

 Inverters are designed to meet the energy quality and safety requirements of the grid.  

 The surplus energy provided to the grid can generate additional income. 

 It is a rapidly growing industry all over the world. 

 Unlike with centralized generation, distributed energy generation offers the advantages of 

system flexibility. 

 Since energy is consumed where it is generated, the impact on the transmission and distribution 

system is lower than with other generation facilities. 

 It is affordable as the unit cost of energy is low. 

 It has a wide range of applications: 

o Residential systems 

o Building-integrated systems 

o Utility scale systems 

4.1.1.2. Off-grid systems 

There is no connection between such systems and the grid, and the energy need must be supplied from 
a different source when there is no sunlight (at night, on cloudy days, etc.). Therefore, the excess energy 
generated when the system is running should be stored and used when needed. This is currently 
achieved with batteries. When determining the battery system to be used and its storage capacity, the 
design should be made to meet the energy requirements in winter. 

Due to the high cost of batteries and inverters used in off-grid systems, their cost is higher than that of 
on-grid systems. Inverters and batteries account for 50–60 percent of the total cost of off-grid systems. 
They are therefore recommended in locations where there is no power grid network, or where the cost 
of reaching the network is high. It can be said that the decrease in storage costs day by day will enable 
such systems to become more widespread in the future.  
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1 

Figure 5: Off-grid systems 

An off-grid domestic system comprises a battery, inverter, charge controller, solar panel and dashboard. 
Such systems are used in households, and hybrid or generator-assisted systems, or can be directly 
connecting to various devices or pieces of equipment (irrigation systems, etc.). 

4.1.1.3. Hybrid Systems (Synchronized with the Grid) 

Such systems are connected to the grid (which makes them hybrid), and the system is optimized with 
battery support, also allowing the battery to draw from the grid for charging when necessary. Modern 
hybrid systems combine solar power and battery storage and are available today in many different forms 
and configurations. Thanks to the reduction in battery storage costs, such systems that are already 
connected to the power grid offer the advantage of energy storage. 

In such hybrid systems connected to the grid, the capacity to store solar energy collected during the day 
and to use it at night is one of the most important advantages. When the energy stored in the batteries 
is depleted, it is backed up from the grid and the energy use of consumers is optimized. Hybrid systems 
can also charge batteries using cheaper electricity in three rate tariff systems (usually at night time from 
midnight to 6 am). One of the most important advantages of hybrid systems is that a special energy 
management system can be established with high-performance special inverter management.  
Additionally, the system does not need to be completely shut down in the event of a blackout, and the 
energy stored in the battery can be utilized. 

 

 

 

 

 

 

 

Figure 6: Working principle of hybrid systems 
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4.1.2. Features and Selection of Photovoltaic Panels 

Photovoltaic panels, as the most important component in a photovoltaic system, are manufactured by 
placing and mounting special semiconductor materials called solar cells in a supporting structure or 
frame. Solar batteries (known also as photovoltaic cells, solar cells or PV cells) generate electricity when 
exposed to light. Temperature has no positive contribution to power generation with solar panels. As the 
temperature of the solar panels increases, their efficiency decreases.  

The total efficiency of a solar panel is determined by factors such as the type of cell, which determines 
the voltage (V) and current (A) values, the mounting configurations of the cells, the other raw materials 
used (glass, EVA, etc.) and how these raw materials are used. The types of solar cells that identify the 
most commonly used panel types in photovoltaic systems are shown below. 

Solar panels, which have been manufactured with silicon-based cell technologies since the 1950s, have 
existed as the only technology. In the last two decades in particular, however, new technologies that can 
compete with silicon technologies have been developed. Great advances were made in thin film 
technologies in the 2000s and came close the main technology, silicon technology, in terms of success. 
Since 2010, the significant decrease in silicon-based cell production costs and the increase in efficiency, 
especially in China, cut down the competitiveness of thin-film cell technologies in the field. Especially in 
monocrystalline silicon technology, the efficiency has reached 21 percent and the costs have been 
reduced. We can say that the main reason for the widespread use of such technologies as polycrystalline 
and monocrystalline PERC cells is the increased efficiency and the decreased costs. 

 

 

 

 

 

 

 

 

Figure 7: (Left to right): Thin-film, mono (single) silicon and poly (multi) silicon solar cells 

In our country, silicon-based monocrystalline (PERC) and polycrystalline products are the most popular, 
although applications making use of thin-film solar panels with CdTe are also available. The market share 
of panels in which silicon-based cells are used constitutes 85% of the sectoral total. 

SINGLE CRYSTALLINE (MONOCRYSTALLINE) This nomenclature is used for silicon-based cells 
manufactured as a single crystal with a ‘continuous microstructure’. This type of silicon is manufactured 
as a large, cylindrical ingot and then finely sliced to form the material that makes the earlier phase of the 
cell. This sliced material is called a ‘wafer’. The wafer has a very dark blue or black appearance, so the 
final cell is also almost black in color and highly angular due to its cylindrical structure. The processes 
involved in the production of these types of cells are more expensive and require more resources than 
those for polycrystalline cells. 
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The single crystalline PERC cell (passivated emitter and rear cell), which is the most popular product in 
the sector today, is a more advanced version of the monocrystalline cell that uses additional layers on 
the rear of the cell to help capture more energy and increase efficiency. Unlike standard cell technologies, 
a ‘nano-coated energy reflective’ layer is formed between the aluminum varnished base under the cell 
and the surface. This layer enables photons that do not interact with the cell to be reflected within the 
cell itself, and more than 5 percent more energy can be generated by passivating the cell. In this cell 
technology, the decrease in energy generation efficiency at high temperatures is lower than with other 
crystalline cells. 

  

 

 

 

 

 

 

 

 

 

Figure 8: The components of a monocrystalline PERC cell and a standard solar cell 

MULTI CRYSTALLINE (POLYCRYSTALLINE) These are silicon cells are comprised of more than a single 
crystal, and so are known as multicrystalline (polycrystalline). The distinctive feature of this type is its 
scaly surface appearance and its blueish color. The manufacturing process is cheaper than that of 
monocrystalline cells. 

THIN FILM: In thin film technologies, which involves the deposition of layers of photovoltaic material, 
ranging from nanometers to micrometers, onto a substrate (glass surface, etc.), the solar cells are formed 
using a number of materials, including such elements such as silicon, cadmium and copper. This allows 
the better integration of solar energy into products and buildings than with crystalline silicon, as both 
rigid and flexible thin-film modules can be formed. The use of thin-film solar panels is limited due to their 
higher cost and lower efficiency when compared to modern silicon panels. 
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 MULTIJUNCTION (MJ) CELLS: Most 
photovoltaic cells use a special base material 
to convert light into electrical energy. These 
cells, however, can only utilize a certain part 
of the light spectrum (i.e. a certain 
wavelength or color) to convert light into 
electrical energy. In contrast, ‘multijunction’ 
cells feature different material compositions 
that allow them to convert more of the 
received light into electrical energy. The cells 
are manufactured similar to thin-film cells, 
but are more complex and much more 
expensive to make. Significantly higher 
efficiency is achieved with multijunction cells 
than with conventional solar cells (up to 35 
percent compared to 15–25 percent). These 
cells are only used for exclusive applications, 
and have found little use in today’s standard 
energy facilities, as their development is 
continuing. 

4.1.2.1. Features of Panels Using Crystalline Silicon-Based Cells  

The panels are made using the six main components described below, which are assembled with utmost 
precision in advanced manufacturing facilities.  

These components guide the determination of such features as the quality, efficiency and durability of 
the panel. 

 

 

Figure 10: Components of crystalline silicon-based cells  

Figure 9: Multijunction solar cell 
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The six main components of a solar panel 

1. Photovoltaic Solar Cell 

2. Tempered Glass 

3. Aluminum Frame 

4. EVA Film Sheet 

5. Back Sheet 

6. Junction Box - Diodes and Connectors 

Many well-known solar panel manufacturers use the phrase ‘vertically integrated’ when referring to their 
solar cells, which means that the company supplies and manufactures all the main components, including 
the silicon ingots and wafers used to make solar PV cells.  

That said, many panel manufacturers supply solar panels that make use of cells, polymer backsheets and 
encapsulation (EVA) materials garnered from different companies. These manufacturers can be more 
selective about the components they use, but they do not always have control over the quality of their 
products. 

Photovoltaic Solar Cells 

Solar photovoltaic cells, or PV cells, convert sunlight directly into DC electrical energy. The performance 
of the solar panel is determined by the cell type and the properties of the silicon used. The following 
figure shows the basic construction diagram of a common (P-type) silicon solar cell: 
 

 

 

 

 

 

 

 

 

 

Figure 11: Basic construction diagram of a P-type solar cell 

Most standard PV solar panels contain 60 mono or polycrystalline cells connected in series via busbars 
to produce a voltage of 30–40 volts, depending on the cell type used. 

Larger solar panels used for commercial systems and large-scale solar power plants contain 72 or 96 cells 
and operate at a higher voltage. Images of the panel types assembled according to certain cell types are 
presented below:  
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Figure 12: Panel types assembled according to different cell types 

Tempered Glass 

The high-strength and tempered glass used in solar panels has a thickness of 3.0–4.0 mm, and is resistant 
to mechanical loads and extreme temperature changes. The glass protects PV cells against adverse 
weather conditions and impacts. 

The minimum standard impact test of the International Electrotechnical Commission (IEC) requires solar 
panels to withstand the impact of hail reaching to 1 inch (25 mm) in diameter and 27 m/s (60 mph/s) in 
speed. Furthermore, in the event of an accident or a severe impact, tempered glass is much safer than 
standard glass in terms of protection and environmental damage, as it breaks into small pieces rather 
than sharp, jagged ones. To increase efficiency and performance, most manufacturers use high-
transmittance glass, which has a very low iron content and an anti-reflective coating on the back that 
allows increased light transmission by reducing losses. 

Aluminum Frame 

The aluminum frame plays a critical role in solar panel manufacture, as it protects the edge of the 
laminated part covering the cells and provides a solid structure on which to mount the solar panel. 
Extruded aluminum sections are designed to be extremely light, but at the same time,to withstand the 
extreme loads of such external forces as 
strong and high winds.  

The aluminum frame can be silver or 
anodized black and, depending on the 
panel manufacturer, the corners can be 
screwed, pressed or clamped together, 
providing different levels of strength and 
stiffness.  

Figure 13: Aluminum frame 
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EVA Film Sheet 

EVA refers to the plastic sheet that is used to prevent the cells 
inside the panel from being adversely affected by external 
weather conditions and to maintain the configuration made 
during manufacturing. This specially designed polymer sheet 
has high transparency. ‘EVA’ stands for ‘ethylene vinyl 
acetate’. In the manufacturing process, the cells are 
laminated and then encapsulated with EVA before being 
mounted on the glass and the backsheet. 

 

The EVA material must be extremely durable, tolerant of extreme temperatures and humidity, and 
prevent the ingress of moisture and dust. This material plays an important role in the long-term 
performance of panels. Lamination on both sides of the PV cells provides shock absorption to a certain 
degree. EVA film helps protect photovoltaic cells and their interconnections (solders) against vibrations, 
hail or sudden impacts from other objects. 

 Backsheet 

The backsheet is the backmost layer commonly used on many types of solar panel, providing both 
mechanical protection and electrical insulation. The backsheet material can be made of various polymers 
or plastics. Some panels, such as double-sided and frameless panels, use a glass backsheet rather than a 
polymer backsheet.  

Junction Box - Diodes - Connectors  

The junction box is a small, weatherproof enclosure located on the back of the panel. To connect the 
panels together, the necessary cables must be securely connected. The junction box is especially 
important, being the central point where all cells are connected and thus it must be protected against 
moisture and dirt. It should be in IP 67 or IP 68 insulation class with 3 bypass diodes. 

The junction box also houses the bypass diodes that are necessary for the prevention of the back current 
that can occur when some cells are overshaded or dirty. Diodes allow 
current to flow in a single direction. A typical 60-cell panel has three 
rows of 20 PV cells and three bypass diodes, each one to prevent 
reverse current to each of the three cell groups.  

Almost all solar panels are interconnected using special 

weatherproof plugs and sockets 
called MC4 connectors. MC4 
refers to a 4mm-diameter ‘Multi 
Contact’ brand connector. To 
counter weather conditions, the 
connectors must be robust, safe, 
UV resistant and provide a good 
connection with minimum 

Figure 14: Ethylene Vinyl Acetate (EVA) 

Figure 15: Junction box 

Figure 16: Connector 
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resistance at low and high voltages up to 1000 V. The connectors are designed for use with standard 
4 mm or 6 mm double-insulated solar DC cable with a tinned copper multi-stranded core for minimum 
resistance. 

To properly assemble the connectors, a special crimping tool is used to crimp the multi-stranded wire 
to the inner terminal, which is then inserted into the MC4 enclosure.  

4.1.2.2. Panel Efficiency 

Standard panel efficiency is measured under standard test conditions (STC) based on an ambient 
temperature of 25°C, solar radiation of 1000 W/m² and air mass of 1.5 AM. Efficiency is calculated by 
dividing the output power by the total panel area. Efficiency can be affected by a range of factors, 
including cell efficiency, the distance between cells and how the cells are interconnected. 

While the term ‘efficiency’ is widely used in the panel market, a more efficient panel may not always 
mean higher quality. Most people consider efficiency to be the most important criterion when choosing 
a solar panel, but the most important thing is its real-life performance, which means the quality of 
production and service, namely its reliability, and the manufacturer service and warranty terms. 

Solar panel efficiency is often a good indicator of its long-term performance. In particular, many high-
efficiency panels use higher grade silicon cells with an improved temperature coefficient, performance 
and lower rate of degradation over time.  

Efficiency makes a big difference in the required roof space. High efficiency panels generate more energy 
per square meter and therefore require less area. This is perfect when roof space is limited and also 
allows systems with a higher capacity to be installed on any roof. 

 

Figure 17: Panel efficiencies 

In real life, ‘panel operating efficiency’ depends on a number of external factors that significantly reduce 
the performance of both the panel and the overall system. 

The factors that affect efficiency and performance of solar panels are: 

 Ambient temperature 
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 Shading 

 Panel direction 

 Location (latitude) 

 Time of year 

 Dust and dirt 

In real life, the two factors that have the greatest impact on panel efficiency are ambient temperature 
and shading. Although the power output will naturally be close to zero when a panel is fully 
overshadowed, partial shading can have a huge impact on the efficiency of the overall system, in addition 
to that of the panel. For example, 5 percent shading over the panel area can reduce the power output of 
the panel by 50 percent or more, which can reduce the overall string power by 20–30 percent.  

4.1.2.3. Quality Standards for Panels 

PV solar panels should comply with the quality standards shown in the table below. The relevant quality 
certificates can be requested from the manufacturer. It is also important to ensure that the sample 
panels selected according to the quality test standards have been tested in TSE or TUBITAK laboratories, 
and that on-site assembly is started only after the results have been obtained. 

Table 1: Quality Standards for Panels 

STANDARD TYPE DEFINITION TEST DESCRIPTION 

IEC / EN 61215   

 

TS EN 61215-1-2 

:2018; TS EN 

61215-1-3: 2018; 

TS EN 61215-1-4: 

2018;   

TYPE 

STANDARD 

‘Crystalline silicon 

terrestrial 

photovoltaic (PV) 

modules - Design 

qualification and type 

approval’ 

Visual Inspection, Highest Power Determination, 

Insulation Test, Measurement of Temperature 

Coefficients, Measurement of Normal Operation 

Cell Temperature, Performance under Standard 

Test Conditions and in Normal Operation Cell 

Temperature, Performance in Low Radiation, 

Open Air Test, Hot Spot Resistance Test, 

Ultraviolet Conditioning Test, Thermal Cycle Test, 

Moisture Freezing Test, Wet Temperature Test, 

Terminal Strength Test, Wet Leakage Current 

Test, Mechanical Load Test, Hail Test, Bridging 

Diode Thermal Test. 

IEC / EN61730-1 

IEC / EN61730-2 

SAFETY 

STANDARD 

‘Photovoltaic (PV) 

module safety 

qualification - Part 1: 

Requirements for 

construction’ 

‘Photovoltaic (PV) 

module safety 

qualification - Part 2: 

Construction Requirements: Defines the basic 

construction rules for photovoltaic (PV) modules 

to ensure safe electrical and mechanical 

operation throughout their lifetime. 

 

Testing Requirements: Accessibility Test, Cut 

Precision Test, Grounding Continuity Test, 

Impulse Voltage Test, Partial Discharge Test, 
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Requirements for 

testing’ 

Dielectric Strength Test, Fire Test, Reverse 

Current Overload Test, Module Fracture Test, 

Pipe Bend Test, Junction Box Cable Path Test. 

EN 61345 SAFETY 

STANDARD 

UV test for 

photovoltaic (PV) 

modules 

 

EN 62716 SAFETY 

STANDARD 

Ammonia corrosion 

test for photovoltaic 

(PV) modules 

The concentration of ammonia released into the 

air in large quantities from farms can be very 

high, and such emissions can increase the aging 

(degradation) of photovoltaic modules. This 

leads to decreased energy efficiency in the 

photovoltaic system and therefore a lower rate 

of return. 

EN 61701 SAFETY 

STANDARD 

Salt mist corrosion 

testing of photovoltaic 

(PV) modules 

Corrosion of modules can affect safety and 

functionality. This is a standard test method used 

to check the corrosion resistance of PV modules 

with sodium chloride moisture. 

• Intensity level 1 (28 days) 

• Intensity level 3 (7 days) 

• Intensity level 4 (14 days) 

• Intensity level 5 (28 days) 

• Intensity level 6 (56 days) 

IEC 62782 SAFETY 

STANDARD 

Mechanical load test 

for photovoltaic 

modules 

 

 

IEC 62804 SAFETY 

STANDARD 

PID test for 

photovoltaic modules 

This refers to the potential-induced degradation 

that reduces the output of silicon solar modules 

when operated at high voltages for extended 

periods. A power drop of up to 30 percent is 

experienced after several years of operation. 

EC GENERAL Indicates that the 

product complies with 

EU Standards. 
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UL 1703 SAFETY 

STANDARD 

 This is a general certification type available in the 

United States, involving tests similar to those 

required by the IEC/EN standards. 

 

4.1.3.  Inverters and Inverter Selection 

The inverter is an electronic control device that converts the DC (direct current) produced by the panels 
to AC (alternating current), ensuring that the photovoltaic system operation is compatible with the grid. 
These structures, which can be thought of as the main control center of the system, control the DC and 
voltage from the photovoltaic panels, and the grid voltage, frequency, and the AC supplied to the grid on 
the grid side. 

A wide variety of inverters are available on the market, depending on the energy requirement and type 
of use. As a general classification, grid-connected inverters can be divided into three groups, including 
micro string, and central types.  

The inverters in off-grid systems are used to convert the DC current stored in batteries into AC current, 
unlike on-grid inverters. Complex inverters have also been developed to create microgrids.2 

 

Figure 18: Inverter 

The inverters used in the solar power system are the most complex and potentially the most problematic 
component in the system. These devices are often exposed to harsh weather conditions such as rain, 
humidity, and extreme temperatures. For this reason, the overall system needs a quality inverter that, if 
possible, is mounted in a sheltered place. 

Solar inverters are required to: 

 Convert of the DC current generated in the panels to AC current according to the network 
parameters (Frequency: 50–60 Hz -Voltage: 230, 380, 33 kV). 

 Provide Maximum Power Point (MPP) control. 

 Monitor the operational and generated energy data (indicator, data recording, data transfer, 
etc.). 

 Contain DC (Direct Current) and AC (Alternating Current) protection circuit (protection 
equipment such as overcurrent and overload protection). 

                                                           
2 Haluk Özgün, Fotovoltaik Enerji Sistemleri, p. 103. 
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 Conduct grid control and network management if necessary.  

Inverters can be classified according to their specific features, as outlined below. 

 
 Classification by system type: 

o On-grid inverters 

o Off-grid inverters 

 Classification by electrical power: 

o Micro inverters 

o String inverters 

o Central inverters 

 Classification based on the presence of a transformer: 

o TL- without transformer 

o TL- with transformer 

 Classification by phase: 

o Single phase 

o Two-phase 

o Three-phase 

4.1.3.1. Micro Inverters 

Micro inverters are very small inverters that can be connected directly to 
solar panels. As each micro inverter and panel work independently, it is an 
excellent option for complex roof layouts and locations where shading can 
be an issue. They are ideal for systems with fewer panels. 

4.1.3.2. String Inverters 

String inverters are used in systems where panels are connected in series 
up to the voltage allowed by the DC input voltages, and where each panel 
string is directly connected to the inverter. String inverters may be 
preferable for both field and roof applications. Different types of string 
inverters can be used for different roof types. The purpose of using such 
inverters is to allow the division of a single power plant into parts, and to 
ensure that each part produces energy independently of the other. 

Figure 19: Micro inverter 
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Figure 20: String inverter 

4.1.3.3. Central Inverters 

Central inverters are used in large, on-grid power plants. Usually, the power of a single inverter starts 
from hundreds of kWs and reaches up to MWs. Unlike with other inverter types, in central inverters, the 
connection to the inverter is made after the panels are combined in the junction boxes where DC 
protection is ensured. Compared to other inverter types, central inverters are able to manage larger 
panel groups from a single center. 

4.1.3.4. Hybrid Inverters 

Hybrid inverters are bidirectional inverters that enable energy to be stored in storage elements such as 
batteries or provided to the grid when energy generation exceeds the requirement, and to be drawn 
from the grid when the generation is less than the requirement.  

4.1.3.5. Off-Grid Inverters 

Such inverters are mostly used in systems with storage facilities (farmhouses, mountain houses, GSM 
base stations, etc. where building a power grid is more expensive).  

The basic standards that should be met by an inverter can be seen in the table below. 

Table 2: Basic standards that should be met by an inverter 

Certificate Scope 

IEC 621093 

This applies to power conversion equipment (PCE) used in photovoltaic systems where a 

uniform technical level of safety is required. It defines the minimum requirements for the 

design and manufacture of PCE to protect against electric shocks, energy, fire, and 

mechanical and other hazards. It provides for the general requirements applicable to all 

types of PV PCE. 

IEC 

62116:20144 

Provides a test procedure for the evaluation of the performance of the islanding protection 

measures used in on-grid PV systems. This standard provides guidelines for testing the 

performance of automatic islanding prevention measures in on-grid single- or multi-phase 

grid-interactive PV inverters. The test procedure and defined criteria are the minimum 

                                                           
3 https://webstore.iec.ch/publication/27684  

4 https://webstore.iec.ch/publication/6479  

https://webstore.iec.ch/publication/27684
https://webstore.iec.ch/publication/6479
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requirements that allow reproducibility. Major changes from the previous edition relate to 

the DC power supply and test conditions. 

IEC 

61727:20045 

This is applied to utility-connected photovoltaic (PV) power systems that are connected in 

parallel to the utility program, and utilizes non-static (solid-state) inverters to convert DC 

to AC. It determines the requirements for the connection of PV systems to the grid 

distribution system. 

 

4.1.4. Panel Mounting Materials and Mounting Method Selection  

Carrier mounting systems are of great importance in the installation of a solar power plant. While 
aluminum is generally used in roof and facade systems, the use of steel is common in the field. When 
choosing a system based on the shape of the roof or the topography of the land, not only the basic 
features of the area in which the system will be established, but also the type of solar panel used, 
whether the panels will be framed or unframed, the wind and snow load, the seismic characteristics of 
the region, and whether it can be easily intervened for servicing and cleaning must be kept in mind. The 
main features to look for in carrier systems include: 

 Compatibility with the panels. 

 Resistance of the clamping/holding elements that fix the solar panels to the carrier structure to 
corrosion and weather conditions. 

 Systems must be adjusted according to statistical wind and snow load records. 

 Mounting screws, springs, terminals and center holders must be easily accessible. 

 Supporting structures and connectors must be solid (flat). 

 All components of the structure must be compatible with each other. 

 Mounting structures must be resistant to climatic conditions (rain, salt, low temperature, 
sunlight, etc.). 

 The mounting system must allow for temperature expansion of all system elements. 

Mounting systems can be classified in terms of their installation site and location, such as land type, 
rooftop and canopy (carport) type. Land or flat roof (terrace) systems can also be classified as fixed angle, 
single-axis adjustable angle, and 2-dimensional sun tracker systems in terms of their positioning. 

A static design is of great importance when determining the mounting system. The possible dead 
(stationary) loads, live (moving) loads, snow loads, wind loads, earthquake loads, heat loads, ice loads, 
rain loads, flood loads, soil loads, settlement loads, hydrostatic loads and dynamic loads of the area 
where the facility will be established must be considered in the ‘static design’. 

                                                           
5 https://webstore.iec.ch/publication/5736  

https://webstore.iec.ch/publication/5736
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4.1.4.1. Ground Mounted Systems 

Fixed-Angle Systems 

These are systems that allow the solar panel to be mounted on the land in a ‘fixed’ manner, usually using 
stainless (galvanized) steel alloy and/or aluminum metal profiles, after calculating the optimal tilt angle. 
Varnished wood can also be used instead of metal as a more affordable option.  

In the event of the Solar Energy Generation System being designed as a ground mounted application, the 
carrying capacity of the mounting system elements should be calculated taking into account the material 
weight, earthquake risk, and wind and snow loads. The regulations and standards to be used in static 
modeling calculations are: Turkish Earthquake Code (2007), TS-500, TS-498, TS-648 and Eurocode 9.  

Static calculations of the mounting system capacity checks should be made based on the loads defined 
in the relevant regulation according to the coordinates of the area where the ground mounted SPP 
system will be established, and its compliance with the specifications should be checked by the licensing 
institution or the building inspection company. 

The characteristics of the ground on which the facility will be installed are also important for the design 
of the mounting system. The factor that determines the mounting elements is the ground characteristics. 
Accordingly, details of the elements to be used for the design are shaped by whether one or all of the 
basic types of ‘driving, screwing, drilling, and column shoes’ are to be implemented. 

The main factor that determines the angle at which the panels will be placed is the latitude of the site, 
while the factors that affect system efficiency most are the right-angled sunrays to the panel and the 
extended sun exposure time. If the panels are to be used only in summer, they should be placed more 
horizontally, and if they are to be used only in winter, more vertically.  

Mainstream fixed-angle mounting systems are commercially available in single-column and double-
column versions. In general, a special design can be made to suit the number of panels in the panel series 
to be built. Product features may change depending on the horizontal or vertical placement of the panels. 

 

The image on the right shows a fixed-angle steel alloy 
system in which the panel is placed vertically, and 
screwed to concrete corner beams in the ground.  

 

 

 
Figure 21: Vertically placed panel 
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In this image, a double horizontal system on columns 
can be seen. The columns are fixed to the ground. 

 

 

 

  

Adjustable-Angle Systems 

Adjustable angle systems have the same material and 
system as fixed angle systems. Only the profiles are 
fixed, so the angle can be adjusted manually. These 
systems can be adjusted in a way that their angle can 
be adjusted manually by at least two grades, 
according to the movement of the sun during the day 
or in different seasons. It is essential to calculate the 
wind load and snow load correctly. These are not 
preferred for larger systems as they require manual 
adjustment throughout the year. 

 

 

Solar Trackers 

With the increasing popularity of solar energy systems in recent years, applications such as solar tracking 
systems to increase the efficiency have become more prominent. 

Many factors affect efficiency in solar energy systems. It is difficult to obtain maximum efficiency from 
fixed panels due to the inability to benefit continuously from solar energy and the photovoltaic cells 
operating at maximum efficiency only when the sun rays are perpendicular. One of the most effective 
ways to prevent the loss of efficiency thus is through the use of solar tracker systems, which can increase 
system efficiency by up to 40 percent. 

These systems, which are designed to make maximum use of the sun throughout the day, have a 
significant effect on efficiency. 

It is possible to design a solar tracking system with a single- or dual-axis. Essentially, adjustable angle 
systems have the same material and operational system as fixed-angle systems. Here, the angle of the 
panels can be adjusted on a single axis according to the angle of the sun. This can be done manually or 
through an automated system. 

Figure 22: Horizontally placed panel 

Figure 23: Adjustable angle system 
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In single-axis control systems, the panel is placed in a north-south direction and moves on its east-west 
axis, increasing efficiency by 20–25 percent. With a dual-axis control system, panel efficiency can be 
improved by 30–40 percent. 

   

 

 

While passive-controlled systems use photosensitive sensors, in active-controlled systems the sun is 
tracked by determining its position mathematically rather than via a light sensor.  

4.1.4.2. Rooftop Mounting Systems 

Flat Rooftop (Terrace) Mounting Systems 

The concept of flat rooftops refers to surfaces with a very low incline and a base plate made of foam, 
gas, wood or reinforced concrete that rests on the building beams. Such surfaces can also be referred to 
as ‘terraces’. Various flat roof applications can be seen in the image below. The panels can be placed at 
different tilt angles of 10–45°. 

 

Figure 25: Various flat rooftop (terrace) applications 

In flat roof mounting systems, the roof area, its orientation with respect to the sun, the type of roof base 
plate and the shading elements (chimney, antenna, etc.) all have a direct effect on the type of mounting 
system to be used and the mounting design, angle, and thus, the electrical plan. To prevent rows of solar 
panels from shading each other, the latitude (and associated irradiation location with the lowest angle), 
panel height and height-dependent tilt angle should be designed accordingly. The installation angle 
should be less than 30° due to wind load and to allow another row of panels to be sited on the roof. 
Parapet and border shading should also be considered. 

Figure 24: Single-axis (on the left) and dual-axis (on the right) control 

systems 
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Figure 26: Flat rooftop mounting system designs at different angles 

The static calculation of the flat roof structure should be checked, and the type of the mounting system 
type should be selected according to the base plate coating. Information should be obtained on the 
columns, shear walls, poles, etc. of the existing structure, as well as vertical mounting systems such as 
trusses, beams, floors, belts, girders, etc. If water is accumulated on flat roofs, this should be determined 
before installation and the PV solar panel mounting system type should be selected according to the 
drainage plan. 

As the type of flooring or base plate is generally unsuitable for drilling due to insulation risks, weights or 
column shoes may be required. One of the main factors that can affect the static loads of the building is 
this ballast (weight) or light column shoe (girder). The required ballast size should be calculated in 
accordance with the Eurocode norms. 

 

Figure 27: System built on a flat rooftop 

If the roof has a corrugated covering, an appropriate infrastructure/mounting system should be 
preferred.  
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Figure 28: System built on corrugated cladding 

Tilted Rooftop Mounting Systems 

This is the general nomenclature for roofs with roof inclines of 0.5° and above, and with a COVERING 
layer as the top layer of the roof for the removal of rain and melted snow from the roof, or to protect it 
from the effects of infrared (IR) and ultraviolet (UV) radiation. They differ from flat rooftops in that the 
mounting material is selected according to the covering material.  

Materials such as ‘metal roof cladding’, ‘clay-based tiles’, ‘bituminous materials’, ‘synthetic-based 
coatings’ and glass are all used as roof coverings. The design of the roof covering used also affects the 
infrastructure design of the PV panels.  

 

When installing PV panels on inclined roofs, 
panels are fixed to the roof structure using a 
cross rail system. The main features of the 
mounting systems for inclined roofs are as 
follows: 

 Mounting systems are generally made of a light, aluminum material. 

 Special fasteners are manufactured according to the features of the roof. 

 A mounting system that clamps onto the roof and that does not damage the roof covering is 
developed. 

 Although there are built-in/recessed systems, systems that leave an air gap between the roof 
covering and the panels to allow the dissipation of heat for increased panel efficiency are 
becoming more popular. 

 Photovoltaic solar panels are used as a roofing material. 

Usually, a special hook system with a single rail profile is used for tile roofs. The hook is mounted on the 
wood or metal frame beneath the tile. 

 

Figure 29: Solar panel installation on an inclined 

roof 
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Figure 30: Installation on tile roof 

Canopy – Carport Mounting Systems 

  

 

In these systems, panels are placed on car parking areas for the generation of solar energy. In such 
systems, high-profile, long-rail systems on column shoes (girders) are used as mounting elements. 
Photovoltaic panels are used as a roofing material on parking lots in many regions. Since gas station roofs, 
known as canopies, are generally membrane-coated, panel placement is achieved through adherence to 
the membrane or using a weighted system. 

4.1.4.3. Connection and Wiring 

Usually, three types of cables are used in solar power facilities. These are DC cables, AC cables and control 
communication system cables. AC and DC cables must: 

 Have an average lifespan of 25 years. 

 Be fire-resistant. 

 Have values of 1 kV for AC and 1.5 kV for DC. 

 Be suitable for photovoltaic systems, complying with the EN 50618 standard. 

 Have an additional Wired Flame Test report in accordance with the EN 60332-20206 standard. 

                                                           
6 https://webstore.iec.ch/publication/62423  

Figure 31: Canopy and carport mounting systems 

https://webstore.iec.ch/publication/62423
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 Having a low smoke density feature in accordance with the EN 61034-27 standard. 

 Have light transmittance of over 70 percent. 

 Have an average operating temperature of 90 ºC and resistant to cold up to -40ºC, flexible, 
colorfast with distinguishing colors, environmentally friendly, resistant to UV rays, pressure, 
acids and natural conditions. 

 

In a solar energy system, the cost of cables corresponds to less than 2 percent of the overall system cost. 
Although it constitutes a very small part of the total cost, cables must be chosen carefully as one of the 
components involved in the main function of the system in terms of system performance. The selection 
of poor quality cables may lead to serious losses within the system, and the energy generated may not 
be transmitted to the system at full capacity. Cables that are damaged due to external impact may need 
to be changed from time to time, pausing energy generation, and also bringing about unexpected labor 
and additional material costs.  

It is very important to ensure that the necessary calculations remain within the given limits, as correct 
cable selection affects the overall system, both technically and economically. Considering the overall 
system, cable losses of below 1 percent should be targeted in calculations made on both the DC and AC 
sides. 

There are two types of cables at the outlet of photovoltaic panels – positive and negative. The cable 

ends come with different types of connector sockets, with positive and negative parts. Upon the 

completion of the serial connection of the panels, the ends of the first and last panels are exposed. To 

carry these ends to the inverter, additional DC cables and correct connector sockets must be provided 

at the ends of these cables. Such connector sockets are shown below. 

 

  

 

  

Figure 32: DC Connector sockets   a) Female socket (Negative)  b) Male socket (Positive) 

These connector sockets ensure that the connections of the photovoltaic system will remain safe and 
durable for many years. This type protects the connections, especially against water and similar external 
impacts. Such special connection sockets are fixed with special crimping pliers. 

                                                           
7https://webstore.iec.ch/publication/66134   

https://webstore.iec.ch/publication/66134
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4.1.4.4. Protection 

For photovoltaic systems to work safely for a long time, and to prevent loss of life and property, electrical 
protection equipment is essential. As mentioned previously, photovoltaic systems consist of both DC and 
AC circuits, therefore both circuits must be protected. Accordingly, many products have been developed 
according to current and voltage characteristics. 

Such products include DC and AC fuses, automatic fuses, disconnecting switches, DC and AC surge 
arresters, AC blade-type fuses, residual current switches and grid monitoring relays. 

The grounding system in the facility is also a critical protective measure. In order to protect living 
organisms from dangerous touch voltages, ‘protective grounding’ must be ensured by grounding the 
inactive metal parts of the operating tools. In addition, the grounding of the parts operating under-
voltage, that is, ‘operation grounding’, should also be made. Grounding against the impact of lightning 
or mandatory grounding for the operation of communication devices is called ‘function grounding’. 

4.1.4.5. Monitoring, Tracking and Control 

A monitoring system should be established to monitor the generation activity of the facility to be 
established and to control the continuity of the safety measures. Not only the electricity generated, but 
also the environmental safety of the facility should be monitored remotely. 

In addition to the cables used for the transmission of power in photovoltaic solar energy systems, there 
are also many cables carrying data. The cables of the monitoring system that is used to assess the 
generation performance of the photovoltaic solar power facility and to check whether the system is 
working safely, must also be resistant to outdoor conditions. The analog electrical signals received over 
the inverter, and the data provided by the solar radiation sensor and the meters are made readable 
remotely using A/D converters. The data passing through these converters is transmitted to the Internet 
via a modem. These data can be viewed via the remote monitoring system or the web page. 

In solar power plant installations, on the other hand, a surveillance system with sensors and a video 
camera is necessary for data, sensor and telephone cables and for security fences. Details of the works, 
processes, the system to be built and the devices to be used for the monitoring and tracking of the facility 
should be obtained from the relevant distribution company. 

4.1.5. Grid Connection 

Installing the auto producer cell 
according to the specifications 
of the project, wiring and grid 
connection, providing the 
related materials and 
manpower, and meeting the 
demands of TEDAŞ, TEİAŞ and 
the local electricity distribution 
company (OIZ) are to be carried 
out by the investor in line with 
the SPP Connection Opinion, 
System Usage Letter and System 
Connection Agreement. 

Figure 33: Grid connection 
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In unlicensed solar power plants, the available grid energy is in 3 phases, at 50, Hz and the voltage level 
between phases is 400 V ± 10 percent. The system should work in connection with the grid, and both the 
grid and the solar energy system should be active at the same time. 

In accordance with the relevant communiqués and regulations of TEDAŞ and EMRA, bidirectional meters 
(suitable for remote reading, with active-reactive measurement feature) must be used based on the 
information in the letter of Call for Connection Agreement. The meter to be used must comply with the 
conditions specified in the Procedures and Principles regarding the Evaluation of the Requests for 
Connection to the Distribution System and System Usage of the Power Plants Generating Unlicensed 
Electricity in the Electricity Market.  

The necessary equipment for the synchronization (voltage and frequency compatibility) of the system 
with the grid is provided by the investor. In the event of a short-circuiting of the generation facility or the 
distribution system being de-energized, contact should be made with the connection point, and it should 
be ensured that the facility is isolated from the distribution system and does not provide energy to the 
grid. In order to prevent islanding to include a part of the distribution grid, the protection systems 
specified in the relevant legislation must be established. It must be ensured that the generation facility 
is separated from the system and that it does not act in parallel with the system in any way until the 
system is re-energized. The generation facility isolated from the grid from the connection point with the 
additional equipment to be installed can supply to the parts of the connection point on the user side 
independently from the grid. 

4.1.5.1. Installation of SPP (MDB) Board, Switchgear, Relays and Meters 

The heart of a solar power plant is the main distribution board (MDB) or, more commonly, the SPP board. 
The SPP board acts as both a collector and distributor in the transmission of the energy coming from the 
inverters to the transformer. In fact, it includes both metering and main distribution board features.   



256 
 

 

SPP (MDB) Board: In order to provide 
favorable connection conditions for the 
main distribution board, the coupling 
boards must be waterproof and dustproof, 
suitable for easy connection and made of a 
non-combustible material. It is important 
for all boards used on-site to be at least in 
the IP 65 protection class, that is, resistant 
to pressurized water and dust from all 
sources. A concrete base at least 10 cm 
from the ground must be provided for the 
mounting of the board. 
In terms of operation and maintenance, it 
is crucial for each piece of equipment, such 
as clamps, cables, switches, fuses and 
signal lamps, to be marked with special 
labels that are resistant to wear and fading. 
Measurement devices must be placed on 
the board cover. The single line diagram of 
the board must be placed on the board 
cover, and the signal lamps according to 
the single line position. 
 
 
 
The usual main elements on the board 
include: 

 Thermal magnetic circuit breaker 
 Residual current relay 
 Toroidal transformer 
 Active/Reactive (Combi) Meter 
 On-off coil 
 Multimeter 
 Grounding 

 
 
 
Panel Casing Features (Recommended) 

 The SPP board must be manufactured according to the IEC 61439 standard. 
 All inlets and outlets can be placed at the bottom, and the lower part of the panel must be 

manufactured with brushes. 
 The posts and front cover of the low voltage AC collection panel must be made of 2 mm sheet 

metal. 
 Belts must be used to keep the cover shut. 
 The outer covers of the board must be coated with electrostatic paint. 
 Polyurethane cast gaskets must be used to protect the board covers against external factors. 
 Reinforced carrying rings must be used for the transport and mounting of the panels. 
 The panel must be suitable for ventilation to meet the minimum operating temperature. 

 

XP Power Cabinets 
(Inlet - Outlet - Coupling) 

Open-type circuit breakers 
3 or 4 poles 
Fixed 
Drawer type 

XP Power Cabinets 
(Inlet - Outlet - Coupling) 

Compact-type circuit breakers 
3 or 4 poles 
Fixed 
Drawer type 

Figure 34: Power cabinets and circuit breakers 

Figure 35: Main Distribution and Compensation 
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 The ventilation chamber must be filtered against the ingress of dust and foreign matter. 
 Ventilation filters must be of the replaceable type. 

 
Bidirectional Meter 
Another important measurement device on the board is the 
bidirectional counter. Electric meters measure the amount of 
energy generated or consumed. This amount is expressed in 
watt-hours (Wh) and equals the power drawn multiplied by 
time. Installing bidirectional meters is the responsibility of 
electricity distribution company (EDAŞ), while the spare meter 
is provided by the investor. Bidirectional electricity meters are 
for subscribers who have hardware that generates electricity 
from the sun or wind in the workplace, factory or home. 
Bidirectional meters work in both directions, meaning that they 
record the electricity drawn from the grid and the electricity 
supplied to the grid. 
The mains can be used in case of excess consumption or at 
night. This is considered as purchasing electricity from the grid, 
and is recorded by the bidirectional meter. In the opposite 
case, that is, if generation is greater than consumption, then it 
may be transferred to the grid. In this case, the meter deducts 
the amount transferred to the network from the purchased amount. 

4.1.6. System Assembly 

Those responsible for assembly and installation must have proper experience in photovoltaic panel 

assembly and a command of the details of the electrical and mechanical structure of the panels. First 

of all, the references of the employees and the staff regarding the on-site installation should be 

checked. Such assembly requires advanced knowledge and skill. All kinds of occupational safety and 

security measures must be taken to mitigate possible risks during assembly. The assembly and safety 

guides published by the manufacturer of the panels being assembled should be carefully read and 

strictly followed.  

No part of the panel should ever be painted or have something adhered to it. Labels, cables, screws, 

etc. on the panels should not be removed.  

Product manuals, instructions, local regulations, norms, occupational safety rule, and legal 

regulations must be strictly followed during the installation, assembly and use of the system, as well 

as during disassembly and maintenance. 

Panels should not be held by their cables or junction boxes while being transported or assembled; 

insulated gloves should be used while carrying the panel; no objects should be placed on the panel, 

and they should not be stepped on, subjected to pressure or dropped, they should not be assembled 

in rainy or windy weather, and the back of the panel should not be exposed to sunlight or heat. No 

holes should be drilled on the top or sides of the panel. 

Proper safety precautions must be strictly adhered to during the installation of not only the panels, 

but also the other components of the system (cables, connectors, charge controllers, inverters and 

storage battery, etc.). 

Figure 36: Bidirectional 

meter 
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Even when the panels are not connected to each other or the mains, they generate electricity when 

exposed to daylight. During installation, the terminals should not be touched. Covering the panels 

with an opaque cover during installation prevents such hazards. Open-ended panels can cause sparks, 

fire or fatal shock in daylight. 

The body of the panels must be grounded in accordance with local and national safety and electrical 

standards. The grounding wire must be properly fixed to the body of the panel. 

During assembly and installation, only safe hand tools and toolkits that comply with the necessary 

standards and documents, as well as system elements (connectors, cables, and casing elements) that 

comply with the relevant standards and that are recommended by the panel manufacturer should be 

used. 
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5. Solar Energy: Ground Mounted Applications 
Faruk Telemcioğlu  

The installed capacity of our nation’s solar-based power plants (SPP), in accordance with the Regulation 
on Unlicensed Power Generation, has reached 6,448.6 MW as of the end of March 2021, and ground 
mounted solar power installations make up the majority of this capacity. The installed capacity of licensed 
solar power plants in operation as of March 2021 is 515.4 MW. All of the licensed SPPs currently in 
operation are ground mounted. Below is a map showing the distribution of unlicensed solar power plants 
by provinces as of the end of March 2021: 

 

 

Figure 1: Distribution of unlicensed installed capacity of ground mounted SPPs by provinces as of the end 
of March 20211 

Konya has the highest number of ground mounted SPPs in Turkey, with an installed capacity of 512.9 MW. 
With licensed SPPs having a capacity of 92 MW expected to be commissioned in the upcoming period, 
and the Konya-Karapınar Solar Power Plant (SPP), which will be built on an area of 19.19 million square 
meters with an installed capacity of 1000 MW within the scope of the Solar YEKA 1 project (Renewable 
Energy Resource Zone 1), and is expected to be completed in 2021–2022, it seems that Konya will continue 
to be the leading province in terms of installed SPP capacity in Turkey. 

Pursuant to the Presidential Decree no.1044 of 9 May 2019 and the Regulation on Unlicensed Electricity 
Generation in the Electricity Market published in the Official Gazette no. 30772 of 12.05.2019, provided 
that generation and consumption points are at the same measurement point for agricultural irrigation 
subscribers, drinking water facilities and wastewater treatment facilities, and without such requirement 
for public institutions and organizations to meet their needs regarding all kinds of subscriptions, can build 

                                                            
1 Source: Ministry of Energy and Natural Resources 
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ground mounted SPPs in accordance with other relevant provisions of the legislation and sell surplus 
energy over the ‘Retail One-Time Active Energy Cost’. 

Mini YEKAs are an important step taken as of 2020 for the installation of ground mounted SPPs. 
Competitions will be held for 10, 15 and 20 MW-capacity licensed ground mounted solar power plants 
called Mini YEKAs, with a total capacity of 1000 MW, in a project being implemented within the scope of 
the ‘Regulation on Renewable Energy Resource Zones’ (Official Gazette no. 29852 of 09.10.2016). The 
tender announcement of the Ministry of Energy and Natural Resources regarding the allocation of solar 
power-based YEKAs and connection capacities was published in the Official Gazette on 03.07.2020. 
Accordingly, 74 YEKA tenders were opened in 36 provinces. Applications were hand-delivered to the 
General Directorate of Energy Affairs of the Ministry of Energy and Natural Resources on October 19–23, 
2020. In the auctions, the initial ceiling price for each tender was set at 30 kuruş per kilowatt-hour, and 
the purchase period was announced to be 15 years from the conclusion of the contract. The most 
important feature of the related tenders is the Allocation in Return for Use of Domestic Goods (YMKT), 
that is, the material to be used must meet a certain domesticity requirement. The provinces and capacities 
allocated are given in the list below. 

Table 1: Allocated capacity by provinces 

PROVINCES 
Allocated Capacity 

[MW] 
PROVINCES 

Allocated Capacity 

[MW] 

ADIYAMAN 30 GAZİANTEP 50 

AĞRI 30 HAKKÂRİ 20 

AKSARAY 30 KAHRAMANMARAŞ 10 

ANKARA 40 KARS 20 

ANTALYA 50 KIRŞEHİR 20 

BATMAN 30 KİLİS 20 

BAYBURT 10 MALATYA 30 

BİLECİK 20 MARDİN 50 

BİNGÖL 20 MERSİN 30 

BİTLİS 30 MUŞ 30 

BURDUR 30 NEVŞEHİR 20 

BURSA 20 OSMANİYE 30 

ÇANKIRI 20 SİİRT 30 

ÇORUM 10 ŞIRNAK 20 

DİYARBAKIR 40 UŞAK 30 

ELAZIĞ 20 VAN 50 
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ERZURUM 30 YOZGAT 30 

ESKİŞEHİR 30   

 

5.1. Selection of Installation Site 

Installation site selection is one of the most essential elements affecting a variety of aspects, including 
infrastructure, cabling routes, panel designs, and even operational expenses. The points to be considered 
in the selection of installation site are summarized below. 

5.1.1. Solar Energy Potential of the Installation Site 

The first point to look for in the selection of installation site for SPPs is the solar energy potential at the 

site. The greater the solar radiation on the site where the SPP is planned to be installed, the larger the 

amount of energy (kWh) and income will be generated. The annual average solar energy potential of our 

country is 1,635 kWh/m2, and the provinces with the highest solar potential are Karaman, Konya, Niğde, 

Şanlıurfa, Van, Antalya, Burdur and Mersin. However, the solar energy potential of other provinces of 

Turkey is still at a substantial level when compared to that of European countries. 

 
a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Photovoltaic energy potential in Turkey  

 

SOLAR RESOURCE MAP 

PHOTOVOLTAIC ENERGY POTENTIAL  
TURKEY 

ESMAP 

Average long-term photovoltaic energy potential between 1994 (1999 in the east) and 2018 

© 2019 World Bank Source: Global 
Solar Atlas 20 Solar resource map data. 

Solargis 

Daily totals: 

Annual totals: 

This map was funded by ESMAP, produced by Solargis, and published by the World Bank Group.   For more information and 
terms of use, please visit http://globalsolaratlas.info. 

http://globalsolaratlas.info/
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Figure 6: South facing slope Figure 7: South facing slope 

5.1.2. Meteorological History of the Installation Site 

Meteorological factors such as fog, snowfall, and rain directly affect plant efficiency. Obtaining recent fog, 
snowfall, rain, storm, and wind records from the General Directorate of Meteorology regarding the 
meteorological condition of the potential installation site would be highly beneficial. For example, it is 
known that in cities with a high sunshine ratio such as Antalya, there are regions with high local snowfall 
or fogging rates.  

5.1.3. Soil Structure of the Installation Site 

The type of mounting system to choose is determined by the soil type on the installation site, whether it 
is loose or rocky. If the site is mostly rocky, the pillars of the mounting system should be fixed by drilling 
and concreting rather than piling. In this case, an additional cost of approximately 25,000 USD will be 
incurred in a power plant with a capacity of 1 MW, with a cost of 15–17.5 USD per pillar. 

 

Figure 3: Panels with a piled footing 

5.1.4. Slope Aspect of the Site 

South facing slopes are the best options to 
benefit from solar potential at the maximum 
level. Shading can be calculated before 
installation for north facing slopes. However, in 
this case, since the distances between the 
stands will increase, the installation site must be 
large. Today, under normal conditions, 12,000–
14,000 m² is sufficient for a 1 MWe SPP, 
whereas 16,000–17,000 m² is required for an 
SPP with a 4–6 degree northward slope. In this 
case, installation costs will increase as the cost 
of components, such as longer cables, will also 
increase.   

  

Figure 5: Flat terrain 

Figure 4: Panels with a column shoe footing 
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5.1.5. Location of the Site 

Another point to be considered in the selection of land for SPPs is the location of the site. It is important 

whether the land on which the solar power plant will be built is on a slope or close to streams or rivers. If 

the SPP is built on lands where streams and river beds are located, there may be great financial losses 

incurred due to overflows in the winter. On the other hand, if the SPP is built on a slope, there may be a 

risk of landslides due to the incline. Furthermore, if there are formations such as hills and pits on the land 

where the SPP is to be installed, or if the east-west fluctuation is more than 6 degrees, additional 

excavation works may be required on the land. In such cases, an additional land reclamation cost of 

10,000–20,000 USD will be incurred for an SPP of 1 MW capacity. An important point to be noted here is 

that filling should be avoided in land reclamation works. It must also be ensured that there are no facilities 

that generate dense particulate/harmful fumes or dust, such as concrete plants, stone and sand quarries, 

cement factories, etc. near the land. Such waste can damage the panels and necessitate frequent panel 

cleaning.  

 

Figure 8: Sloped terrain 

5.1.6.  Shading Status of the Site 

When choosing the site of an SPP, it would be useful to examine the surroundings of the purchased or 
leased land. If there is a structure and/or object that will shade the land (tall trees, towers, power lines, 
high hills or buildings to the south, east and west of the land, close to the land), the efficiency of the solar 
power plant will also decrease. If such structures or objects are located in such a way that they cast a 
continuous shadow on the panels, negative effects such as loss of production and fire may be 
encountered. 
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5.1.7. Accessibility of the Site 

The means of transportation to the site must also be considered. If the site is not easily accessible, high 

costs of labor and transportation will be incurred during the installation phase. Serious problems may 

arise in the transportation of heavy equipment such as solar panels, mounting system components, 

transformers and substations. 

 

5.1.8. Determination of Land Class and Environmental Interaction  

For ground mounted type solar power generation applications, first, an application is made to the 

Provincial Directorate of Agriculture and Forestry to identify whether the land is suitable. The purpose of 

this application is to obtain a certificate of conformity showing that the land is not an absolute agricultural 

land, special crop land, planted agricultural land, irrigated agricultural land, pasture, etc. and that it does 

not cover areas that may disrupt the integrity of agricultural use in the surrounding lands. In applications 

to Provincial Directorates of Food, Agriculture and Livestock, the Special Provincial Administrations and 

State Hydraulic Works are also consulted. 

The following documents are required for applications for land class determination: 

 Current registry of land (Land registry system printout or certified copy of the land registry from 
the General Directorate of Land Registry) 

 Coordinated topographic map of 1/25000 scale 
 Petition or official letter 

 

Following the survey carried out in the requested area, the land class is determined. In order to obtain a 
positive result from the application, the land type should not be included in the above-mentioned land 
classes; in other words, it should belong to the class ‘dry, marginal agricultural land’.  

5.1.9. Ownership of the Site 

If the land on which the facility will be built is to be purchased or leased, the right holders and the land 
status should be examined carefully. Right holders must consent unanimously to the sale. Before 
purchasing, it should be investigated and determined in advance whether there are any problems 
regarding consent. It is important to carry out an administrative investigation regarding all possible 
endorsements, expropriations and dispossession transactions related to the land. 

5.1.10. Migration Path of Birds 

Another important point is the migration status of birds. Birds migrate in large flocks from one place to 

another during the migration season. If the land is on a bird migration route, flocks of birds are likely to 

deposit their droppings on the solar panels. The high acidity in bird droppings can damage solar panels. 

This may increase cleaning costs during the operation period.  

5.1.11. Certificate of Environmental Impact Assessment (EIA) 

Regarding the Environmental Impact Assessment (EIA) decision to be made regarding a generation facility 

planned to be built for an unlicensed land-type power generation application with a total installed 

capacity of 1 MW or more belonging to the same legal entity in a parcel, applications must be submitted 

to the Provincial Directorate of Environment and Urbanization or the Ministry of Environment and 

Urbanization. Applications for ‘EIA Not Required’ decisions are made to the Provincial Directorates of 
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Environment and Urbanization, while applications for ‘Positive or Negative EIA’ decisions are made to the 

Ministry of Environment and Urbanization.  As can be seen from the image below, the document to be 

provided varies depending on the capacity of the generation facility. Receiving the relevant 

documentation during the project planning and design phase provides ease of application. 

 

 

 

 

 

Figure 9: Documentation necessary depending on the capacity of the facility 

 

5.1.12. Energy Transmission Lines (ETL) 

The solar power plant must be connected to the point indicated by the distribution company by means of 

transmission lines by taking the output from its own transformer. One of the most important points here 

is the official and unofficial permits/consent letters to be obtained in case there are poles on the route of 

the energy transmission line, and in cases where the line passes through private or public land. It is not 

possible to have the SPP approved or to obtain license rights before the expropriation works are 

documented.   

 

It is particularly important to take into account the long-distance energy transmission lines that may pass 

over qualified forestland. When formulating the comments on connection, the distribution company 

should be contacted and information about possible ETL distances should be obtained. 

 

If the ETL is longer than 2–3 km, it will substantially increase the costs. According to Article 21 of the 

Electricity Market Connection and System Usage Regulation published in Official Gazette no. 28896 of 

28.01.2014, the investment cost cannot be recovered through expropriation. 

 

Figure 10: A 12-km Power Transmission Line passing over qualified forestland 

For applications for 1 MW or less:

No EIA certificate 
application/Exemption letter given

1 MWe-10 MWe

EIA NOT REQUIRED

10 MWe and more

EIA DECISION
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5.1.13. Status of the Land in the Zoning Plans 

Before planning, prospective zoning plans for the land to be invested in should be examined by applying 

to the municipality responsible for where the land is located. The land may be located in a geothermal 

research area, a tourism area or on historical remains as a natural site. Accessing the zoning licenses 

previously issued by the local municipality or the Special Provincial Administration can reveal the zoning 

constraints or drawbacks experienced. In the zoning processes, the cession of the parks, roads, etc. on the 

land (transfer of the land to the public) may be requested. 

 

In addition, it is of great importance in terms of zoning to determine and works by other public institutions 

planned on the relevant land. The area where the project will be carried out should be zoned for 

construction. Zoned lands are preferable because they are mostly hassle-free. For this reason, works for 

the approval of the zoning plan must be started immediately after the land is purchased or after 

investment permits are obtained. Upper scale plans of 1/5.000, 1/25.000 and 1/100.000 and plan notes 

should be examined separately. For example, designing an airport in the upper scale plans of the land will 

hinder the SPP project. 

 

Institutions that may possibly be asked for zoning 

opinions are: 

a. Municipal Water and Sewerage 

Administrations 

b. Ministry of Industry and Technology 

c. Provincial Directorate of Environment 

and Urbanization  

d. State Hydraulic Works (DSİ) Regional 

Directorate  

e. Electricity Distribution Company 

f. Electricity Generation Company (EÜAŞ) 

g. Provincial Directorate of Public Health 

h. Provincial Directorate of Agriculture and 

Forestry 

i. Provincial Directorate of Health 

j. General Directorate for Highways 

k. General Directorate of State Railways 

Figure 11: Sample Zoning Plan 

Figure 12a: Zoning plan for SPP installation  
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l. General Directorate of Cultural Heritage 

m. Regional Directorate of Forestry 

n. TEİAŞ Directorate of Facilities and 

Control 

o. Turk Telekom Provincial Directorate 

p. BOTAŞ 

q. General Directorate of Mineral 

Research and Exploration 

r. Energy Market Regulatory Authority 

(EMRA) 

s. Ministry of Energy and Natural 

Resources  

t. General Directorate of Mine and 

Petroleum Affairs (GDMPA) 

 

Possible reasons for consulting the institutions can be listed as follows: 

• The land should not be a military zone or a military protection zone. It should not be close to 

possible military communication lines (tafics etc.). While there may be no military zone sign, the 

zone may be allocated for use by the Turkish Armed Forces (TAF) in cases such as training, 

operation, state of emergency or war on terror. 

• It should not be on the oil pipeline routes of companies such as BOTAŞ, etc. 

• It should not be on the fiber Internet routes of companies such as TELEKOM, etc. 

• It should not include an area such as a lake-water collection basin where it would be impossible 

to establish the facility.  

• It should not be a residential area with substantial infrastructure investments (zoned land).  

• It should not include plateaus used as pastures in winter/summer.  

• It should not be a legally protected area (such as natural and archaeological protected areas and 

national parks). 

• It should not be located near an airport or a seaport.  

• The installation site's borders shall not overlap with areas designated for other energy 

investments or mining sites. 

• The site should not be located on land with any mining licenses or group 4 (industrial mines such 

as sodium, potassium, lithium, iodine, boron salts; energy raw materials such as lignite, hard coal, 

uranium, thorium, radium, and metallic mines such as gold, silver, platinum, copper, iron, 

chromium, titanium and aluminum) or higher mineral exploration licenses. 

• Those who want to develop a solar power plant project should implement the transfer procedures 

in accordance with the Regulation on the Transfer of Ownership of Agricultural Lands in cases 

where land transfer procedures are required in the project area. During the project development 

phase, the Provincial Directorate of Agriculture and Forestry of the area involving the related 

transfer land can be consulted. 

Figure 12b: An SPP built in accordance with the zoning plan 
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5.2. Planning and Application 

Since land-based SPPs can be established according to the Electricity Market License Regulation or the 
Regulation on Unlicensed Electricity Generation in the Electricity Market, the planning and projecting 
processes may differ to some extent. Although the application and approval processes differ, they are 
essentially planned and designed with similar methods. This section is based on the planning and project 
design of unlicensed solar power plants. Before installing a solar power plant (SPP), it is important to 
determine the suitability of the relevant land in terms of both legislation and technology, and to carry out 
the design using simulation programs (PVSOL, PVSYST, etc.). The purpose of establishing the facility is 
electricity generation, and risks that may lead to life-threatening situations such as low efficiency, fire, 
electric shock, issues with the grid etc. should be taken into account in the planning stage. 

In order to establish an unlicensed ground mounted SPP, an application must be made to the relevant 
distribution company (EDAŞ, OIZ, TEİAŞ) and a Call letter for a Connection Agreement must be received. 
The Call Letter is a text that contains information such as the connection point, line distance and line type, 
and covers the main details of the connection agreement to be made with the distribution company. After 
the criteria for the selection of the land are met and information about the land on which the power plant 
will be established are clarified, information such as the registry of land, land location details and a land-
class determination letter, if received, are submitter for the project design. In general, the land should be 
reviewed and examined regarding the following points: 

• Solar potential 

• Soil structure of the land 

• Land frontage 

• Physical structure of the land 

• Location of the land 

• Suitability for marginal agriculture 

• Shading status of the land 

• Accessibility of the land 

• Pollution and dust on the land 

• Status of the land in terms of power transmission lines 

• Suitability of the land in terms of weather conditions 

• Status of the land in the zoning plan 
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Even if the preliminary project of the facility is 
being designed, the land should be examined on-
site with the investor or its representative, and a 
general layout plan should be created in 
accordance with the investor’s decisions regarding 
the design. During the exploration phase, the 
investor and survey engineer should work together 
and the borders of the site should be determined 
with markers such as iron stakes. The survey 
engineer should be asked to create slope maps of 
the land and layout plans should be created taking 
the slope into account. In addition, geological 
ground survey reports, if any, should be examined, 
if none are available, such surveys should be 
conducted. In the ground survey report, geological 
engineers take samples from 5-10 meters below the ground, and the sample are examined in a laboratory 
environment. Piling-drilling tests are also essential for the determination of the infrastructure.  

Any natural or legal person may establish a rooftop solar energy facility corresponding to the contractual 
consumption power of their own consumption subscription. It is not possible to establish such a ground 
mounted facility on the land. If a consumption facility is not available at the time of application, the 
consumption facility planned to be associated with the generation facility must be completed by the date 
the solar power facility is put into operation. Usually, contractual consumption power is detailed on the 
electricity bill sent by the retail electricity sales company. If not found, it can be checked from the online 
services offered by the distribution company or from the contract signed for the meter application. 

CONSUMPTION DETAILS 

Installed Capacity (kW) 8,350 Meter Make Serial No 

Contractual Power (kW) 5.01 Active LUN 0 

Date of first reading 28.12.2017 Inductive - - 

Date of last reading 26.01.2018 Capacitive - - 

Demand (kW) 0.000 Demand LUN 05 

Factor 1.000 Stamp - 1 AH 32 

CTR - VTR 0-0 Stamp - 2   

 Active (kWh) Inductive (kVArh) Capacitive (kVArh) 

Last Index 6,964.339 0.000 0.000 

    

Figure 13: A sample electricity bill showing the consumption contractual power 

Figure 14: Ground Mounted SPP 
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For the application to be made, a Licensed Topographical and Cadastral Engineer (LIHKAB) should 
determine the border coordinates of the land taken in accordance with the UTM ED-50 6° format, and the 
application plan should be drawn accordingly. When this is not possible, a 1/5000-scale site plan and a 
1/25 000-scale topographic map should be drawn by a freelance survey engineer with edge coordinates 
in accordance with the UTM ED-50 6° format. The most important point to be considered in the 
preparation of such maps is that the coordinates of the main borders of the land are taken and that the 
coordinates are listed sequentially so that it does not draw a lemniscate when entered into a map 
program.  

 

 

 

 

 

 

 

 

 

 

 

 

  

PROVINCE: 
DISTRIICT: 
 
VILLAGE/QUARTER: 
 
PLOT NO: 
 
BLOCK NO: 

224 

SAMPLE SPP SOLAR APPLICATION PLAN 

ISTANBIL 
BUYUKCEKMECE 
 
AKÇABURGAZ MAH. 
 
F21D18D1D 
 
PARCEL NO: 

20 

PHOTOVOLTAIC PANEL 
APPLICATION PLAN 

LAND REGISTRY AREA: 

92,470.00 m2 

PROPERTY OWNER: 

List of coordinates 6 degrees UTM ED 50 

NAME AND SURNAME 

TITLE 

DRAFTED AND APPROVED BY: 

Figure 15: Sample Application Plan 
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The single line diagram is a mandatory document to be submitted to the distribution company. The 
subscriber number associated with the single line diagram showing the technical features of the facility 
to be established (detailing the measurement circuit from the point of connection to the distribution 
network and the technical features of the components to be installed), information about the facility, 
bidirectional meters, unidirectional meters and other elements to be used in the facility should be 
specified in full.  

Before submitting the application, a preliminary design is made based on the characteristics of the land 
in question, the capacity of the grid connection, the panel and inverter to be used, and a call letter 
considering this design is received. The process after receiving the call letter can be summarized as 
follows. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Process after receiving the Call Letter 

EMRA Decision No. 8587 of 16.05.2019 determines the process and required documents for unlicensed 
electricity generation applications. The required documents for application are listed below. 

The documents in question can be viewed both from the content of the relevant regulation on the EMRA 
website and from the Unlicensed Electricity Applications section on the websites of the relevant 
distribution companies.2 

1. Annex 1- Application form 
2. Document of authorization for the application 
3. If the application is being made on behalf of a legal entity, a document showing the partnership 

status  
4. If the applicant is the owner of the land, the registry of land, and if a tenant, a minimum two-year 

lease agreement  

                                                            
2List of Information and Documentation to be Submitted with Unlicensed Production Applications and 
Requests:https://www.epdk.org.tr/Detay/Icerik/3-0-92-3/elektriklisanssiz-uretim 

TEDAŞ Approval Connection 
Agreement 

Extension of time if 
requested 

TEDAŞ 
Applicatio
n 

Call Letter 
Notification Date 

Project design, local 
approvals TEDAŞ approval 

Extension of time if 
requested 

Connection 
Agreement Construction of the facility 

90 days 90 days 180 days 
30 days 

https://www.epdk.org.tr/Detay/Icerik/3-0-92-3/elektriklisanssiz-uretim
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5. A land class determination certificate from Provincial Directorates of Ministry of Agriculture and 
Forestry for applications other than roof applications  

6. 1 copy of a bill. If it is a new building whose subscription has not yet been received, the approved 
electrical project cover in which the contractual power is stated together with the construction 
permit. 

7. Documentation within the scope of the Environmental Impact Assessment Regulation for projects 
above the threshold values for applications other than roof applications. 

8. Bank receipt details regarding the payment of the fee. 
9. Single Line Diagram, drawn and approved by an electrical engineer, indicating the power of 

application. 
10. Technical Evaluation Form in the format determined by MENR.  
11. Application plan including the corner coordinates of the production facility signed by the survey 

engineer. 
12. Statement regarding the prohibition of activity. 
13. Statement regarding the overall efficiency of the plant. 
14. Document showing that the right to use renewable energy sources has been obtained. 
15. Approval certificate given by DSI within the scope of the current legislation for hydraulic facilities. 

5.3.  System Assembly 

The people responsible for assembly and installation 

must have appropriate experience in photovoltaic panel 

assembly and should be aware of the details of the 

electrical and mechanical structure of the panels.  

First of all, the references of the employees and the staff 

involved in the on-site installation should be checked. 

Assembly requires advanced knowledge and skills. All 

kinds of occupational safety and security measures must 

be taken to mitigate possible risks during assembly. The 

assembly and safety guides published by the 

manufacturer of the panels being assembled should be 

carefully read and strictly followed. No part of the panels 

should be painted, and nothing should be adhered. Labels, 

cables, screws, etc. on the panels should not be removed. 

Product manuals, instructions, local regulations, norms, 

occupational safety rules and legal regulations must be 

strictly followed during the installation, assembly and use 

of the system, as well as during disassembly and 

maintenance. Panels should not be held by cables or 

junction boxes while being transported or assembled, 

insulated gloves should be used while carrying the panel, 

no objects should be placed on the panel, they should not 

be stepped on, pressure should not be applied, they should 

not be dropped, they should not be assembled in rainy or 

windy weather, and the back of the panel should not be 

Figure 17: SPP System Assembly 
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exposed to sunlight or heat. Holes should not be drilled on 

the top or sides of the panel. 

Proper safety precautions must be strictly followed 

during the installation of not only the panels, but 

also other components of the system (cables, 

connectors, charge controllers, inverters and 

storage battery, etc.). 

Even when the panels are not connected, they 

generate electricity when exposed to daylight. 

During installation, terminals should not be 

touched. Covering the panels with an opaque cover 

during installation prevents such hazards. Open-

ended panels can cause sparks, fire, or fatal shock 

in daylight. 

The body of the panels must be grounded in 

accordance with local and national safety and 

electrical standards. The grounding wire must be 

properly fixed to the body of the panel. 

During assembly and installation, hand tools and toolkits that comply with the necessary standards and 

documents, as well as system elements (connectors, cables, and casing elements) that comply with the 

relevant standards and that are recommended by the panel manufacturer, should be used. 

5.4. Maintenance and operation 

Solar energy investors believe that carrying out feasibility studies for the initial investment, and choosing 

the best engineering company and the best products used in the system (panel, inverter, cable, etc.) will 

ensure the highest possible efficiency for their facility. However, they ignore the issues of operation and 

maintenance. 

Even if the best products are selected during the 

construction of the facility, the operation, 

maintenance and repair activities of the system 

is still of great importance for efficiency. Well-

planned and implemented operation, 

maintenance and repair activities contribute 

significantly to operational efficiency and 

sustainability. 

 

 

 

Figure 18: SPP System Assembly 

Figure 19: A ground mounted SPP 
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Weed management, panel cleaning, site safety, electrical 

issues, maintenance of mechanical mounting components, and 

periodic testing and inspections all have an impact on the 

facility's lifespan and generation output. Panel cleaning alone 

prevents around 12 percent loss of efficiency. Continuous 

monitoring of the system, periodic maintenance and immediate 

interventions in the event of failure are of great importance for 

the business.  

 

 

 

The institution or organization that provides maintenance and operation services should be assigned after 

concluding a contract that includes provisions on issues such as the 24-hour remote monitoring of the 

plant, the timely intervention in the event of malfunctions, periodic maintenance, monthly and annual 

reporting, annual performance commitment and monitoring, and the management of the warranty 

periods of the products. 

 

 

 

 

 

 

 

SPPs are complex and risky facilities combining low voltage (LV) and high voltage (HV). For this reason, the 

Regulation on Electric Power Plants includes provisions regarding the duties and responsibilities of the 

facility owners, in addition to specifying the criteria for scientists to be employed in electrical installations. 

Additionally, the provision ‘It is mandatory to employ an authorized business manager who will work in 

accordance with the Technical Legislation and/or receive the necessary services in this regard’ of the 

Regulation obliges investors to appoint an operational manager or to receive operational responsibility 

services at the facilities that have received temporary acceptance. Article 60 of the Regulation on Electric 

Powered Current Facilities defines such authorized operators with the following provision: ‘An electrical 

engineer shall be responsible for technical issues in all high voltage electric powered current facilities.’  

The Regulation also requires technicians and mechanics employed in such facilities to have a ‘Work Permit 

Certificate for High Voltage (HV) operations’ and to work under the supervision of an engineer.  

Institutions and organizations that own such facilities are required to carry out the controls and periodic 

maintenance of the solar power plant, and to establish a sustainable system for the provision of such 

detailed services as immediate response to malfunctions, panel cleaning, performance measurements 

Figure 21: Panel string voltage 

measurement 

Figure 22: Thermal imaging camera 

measurement of a panel 

Figure 20: Maintenance and cleaning in SPPs 
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and spare parts management. The establishment of this system or the outsourcing of related services is 

essential for the maintenance and operation of the facility to be built. A sample maintenance table is given 

below. Institutions can adapt this procedure to the characteristics of their facilities. 

Table 2: Sample Maintenance Table for SPPs 

 PERIODIC MAINTENANCE MAINTENANCE PERIOD DATE APPR

OVAL 

1 CURRENT-VOLTAGE CURVE (I-V CURVE) 

MEASUREMENT 

ONCE A YEAR APRIL 1–30  

2 DC HOT SPOT CHECKS WITH THERMAL 

CAMERA 

ONCE A YEAR APRIL 1–30  

3 SOLAR PANEL CLEANING TWICE A YEAR APRIL–

NOVEMBER 

 

4 INVERTER MEASUREMENTS AND 

INSPECTIONS 

ONCE A YEAR MARCH 1–30  

5 GROUNDING MEASUREMENTS ONCE A YEAR SEPTEMBER 1–30  

6 LIGHTNING PROTECTION SYSTEM 

MEASUREMENTS 

ONCE A YEAR SEPTEMBER 1–30  

7 CONSTRUCTION MEASUREMENTS AND 

INSPECTIONS 

ONCE A YEAR SEPTEMBER 1–30  

8 LV ELECTRICAL INSTALLATION 

MEASUREMENTS AND INSPECTIONS 

ONCE A YEAR MARCH 1–30  

9 MV ELECTRICAL INSTALLATION 

INSPECTION - HV OPERATION 

RESPONSIBILITY 

20–25TH DAY OF EVERY 

MONTH ON MONDAYS 

  

10 TRANSFORMER MAINTENANCE ONCE A YEAR MARCH 1–30  

11 HV CELL MAINTENANCE ONE EVERY TWO YEARS APRIL–

NOVEMBER 

 

12 COMPENSATION INSPECTION 20–25TH DAY OF EVERY 

MONTH ON MONDAYS 

  

13 BILLING INSPECTION 20–25TH DAY OF EVERY 

MONTH ON MONDAYS 

  

14 CAMERA SYSTEM MAINTENANCE ONCE A YEAR MAY 1–30  

15 SCADA SYSTEM  CONTINUOUS CONTROL   
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16 CONTROL ROOM AIR CONDITIONING 

MAINTENANCE 

ONCE A YEAR APRIL 1–30  

17 FIREFIGHTING EQUIPMENT ONCE A YEAR APRIL 1–30  

18 AC/DC BOARDS INSPECTION    

19 CABLES AND CONNECTION CHECKS ONCE EVERY 3 MONTHS   

20 INSPECTION FOR MOUNTING SYSTEM 

CONNECTIONS AND CORROSION 

ONCE EVERY 3 MONTHS   

21 ENVIRONMENTAL CONTROL AGAINST 

RODENTS (MANHOLE ETC.) 

ONCE EVERY 3 MONTHS   

22 MANAGEMENT OF WEEDS AND PLANTS 

ON THE INSTALLATION SITE 

TWICE A YEAR  MAY–NOVEMBER  

23 RAINWATER ACCUMULATION CHECK 

AND DISCHARGE 

EVERY WEEK IN RAINY 

SEASONS 

  

24 INSPECTIONS FOR COLLAPSES ON THE 

CONCRETE MOUNTING SLABS OR ON 

THE INSTALLATION SITE 

ONCE EVERY 3 MONTHS   

 

When making arrangements regarding these 

procedures, institutions should determine the 

personnel responsible for each subject, to who they 

will report, which malfunctions are to be 

intervened, and the persons in charge during the 

service phase. During the construction of power 

plants and facilities, warning signs regarding 

electricity and fire risks and a diagram showing 

what is to be done in the event of an emergency 

should be placed in visible locations. A sample 

diagram showing what to do in the event of a 

malfunction is given below. 

 
THE UNIT RESPONSIBLE FOR THE 
OPERATION OF THE FACILITY REPORTS 
THE ISSUES OUTSIDE OF ITS AREA OF 
RESPONSIBILITY TO THE 
SERVICE/MAINTENANCE PROVIDER 

THE SERVICE/MAINTENANCE PROVIDER 

PROCESSES THE REQUEST AND 
INTERVENES VIA PHONE OR REMOTE 
ACCESS  

HAS THE ISSUE 
BEEN 

ADDRESSED? 

YES 

DIRECTED TO THE 
SERVICE/SUPPORT TEAM BY 
THE RELATED UNIT 

HAS THE ISSUE 
BEEN 

ADDRESSED? 

SERVICE REQUEST 
IS CONCLUDED YES 

THE ISSUE IS ADDRESSED AFTER 
RECEIVING SUPPORT FROM THE 
MANUFACTURER / OVERSEAS 
TECHNICAL TEAM 

SERVICE REQUEST 
IS CONCLUDED 

NO 

Figure 23: Maintenance of cables 

Figure 24: Steps for troubleshooting 
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6. Solar Energy: Rooftop Applications 
Faruk Telemcioğlu 

6.1. Legislation on Rooftop SPP Applications 

The term ‘legislation on rooftop solar power plants (SPP)’ mainly refers to the Regulation on Unlicensed Electricity 

Generation in the Electricity Market, which entered into effect on May 12, 2019 with Presidential Decree no. 1044 

of May 9, 2019. 

Article 14 of Electricity Market Law No. 6446 and Article 6/A of the Renewable Energy Law No. 5346 constitute 

the basis of the Regulation on 

Unlicensed Electricity Generation in the 

Electricity Market. The purpose of the 

regulation is to enable individuals and 

institutions to meet their own electricity 

needs from the nearest generation 

facility.  

One of the most important 

developments in this system, which 

prioritizes security of supply, prevents 

transmission and distribution network 

losses, and imposes no institutional requirements other than subscriptions, is the transition to a monthly 

offsetting system. Thus, according to the regulation, which allows solar power generation facilities to generate 

electricity only through roof and facade applications, it is possible to sell excess self-consumption to the grid, 

provided that it is limited to contractual power, and does not exceed 10 kW for residential subscribers and 5 MW 

for other facilities.  

Within the framework of the current legislation on Unlicensed Power Generation, various points have been 
introduced for installations of less than 10 kW for convenience. These include a reduced number of documents 
required for applications, reduced application and approval fees, lifting of the zoning requirement, and removal 
of the obligation to issue documents/invoices on electricity sales after offsetting. 

The applicable legislation related to rooftop solar power plants (SPP) includes: 

1. Zoning Regulation for Planned Areas of 1.10.2017 

2. EMRA Board Decision of 28.12.2017 
3. The decision of 30.04.2018 laying down the Procedures and Principles on the Evaluation of Unlicensed 

Generation Applications and the Utilization of Surplus Energy for Solar Generation Facilities 
Connected to the Same Measurement Point as the Consumption Facility in the Electricity Market1 

4. Type Project and annexes for roof and facade SPPs of 10 kW and less published by TEDAŞ in 20182 

5. Electrical Installations Project Regulation of 30.12.2014 

6. Regulation on Unlicensed Electricity Generation in the Electricity Market of 12.05.2019 

                                                            
1 https://www.epdk.gov.tr/Detay/Icerik/6-3-3063/usulveesaslar 
 
2https://www.tedas.gov.tr/uploads/10kW%20VE%20ALTI%20%C3%87ATI%20VE%20CEPHE%20UYGULAMALI%20G%C3%9C
NE%C5%9E%20ELEKTR%C4%B0K%20%C3%9CRET%C4%B0M%20TES%C4%B0SLER%C4%B0%20%C4%B0%C3%87%C4%B0N%
20T%C4%B0P%20PROJE%20VE%20EKLER%C4%B0.pdf 

Figure 1: Roof SPP installation 

https://www.epdk.gov.tr/Detay/Icerik/6-3-3063/usulveesaslar
https://www.tedas.gov.tr/uploads/10kW%20VE%20ALTI%20%C3%87ATI%20VE%20CEPHE%20UYGULAMALI%20G%C3%9CNE%C5%9E%20ELEKTR%C4%B0K%20%C3%9CRET%C4%B0M%20TES%C4%B0SLER%C4%B0%20%C4%B0%C3%87%C4%B0N%20T%C4%B0P%20PROJE%20VE%20EKLER%C4%B0.pdf
https://www.tedas.gov.tr/uploads/10kW%20VE%20ALTI%20%C3%87ATI%20VE%20CEPHE%20UYGULAMALI%20G%C3%9CNE%C5%9E%20ELEKTR%C4%B0K%20%C3%9CRET%C4%B0M%20TES%C4%B0SLER%C4%B0%20%C4%B0%C3%87%C4%B0N%20T%C4%B0P%20PROJE%20VE%20EKLER%C4%B0.pdf
https://www.tedas.gov.tr/uploads/10kW%20VE%20ALTI%20%C3%87ATI%20VE%20CEPHE%20UYGULAMALI%20G%C3%9CNE%C5%9E%20ELEKTR%C4%B0K%20%C3%9CRET%C4%B0M%20TES%C4%B0SLER%C4%B0%20%C4%B0%C3%87%C4%B0N%20T%C4%B0P%20PROJE%20VE%20EKLER%C4%B0.pdf
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More detailed information on the legislation is given in detail in the booklet entitled Renewable Energy and 

Energy Efficiency Legislation in Turkey. 

6.2. Current Situation in Rooftop Solar Energy Applications 

Among the solar power generation systems, roof applications present numerous advantages. First and foremost, 

they generate energy in an environmentally friendly way, in that there are no greenhouse gas emissions. Since 

roof installations are distributed energy systems, they reduce line costs and provide the opportunity for off-grid 

power generation. These applications also support a new industry and increase local job opportunities. The solar 

power generation sector protects the ecological system, does not harm wildlife and is open to technological 

advancement. Such advantages have turned the sector into one of the most popular energy generation methods, 

with wide use around the world. Due to its dynamic structure and its contribution to the household economy, it 

has gained importance and popularity. The main reasons for the increase in roof applications can be listed as 

follows: 

 Lower Costs: Thanks to the reduced cost and support systems, the return on investments has been 

reduced to as little as 4–5 years. 

 The fight against climate change and the increased environmental awareness has increased the demand 

for clean and renewable sources such as solar energy. 

 Reducing the carbon footprint has become an important concept for both individuals and institutions. 

 The Unlicensed Electricity Generation Regulation allows applications to be concluded in a short time. 

Indeed, cutting down bureaucratic procedures and reducing application costs is an important incentive. 

 Public policies and targets related to rooftop applications promote investments in the area. 

 Advances in panel technology have made it possible to generate more electricity from less space. 

 Individual increases in power consumption and technological developments facilitating individual uses, 

such as electric vehicles, are among the influential factors behind the increase in individual use and 

rooftop applications. 

  The report entitled “Rooftop solar energy 

potential in buildings – financing models and 

policies for the deployment of rooftop solar 

energy systems in Turkey” published by the 

SHURA Energy Transition Center in July 2020, 

states that the theoretical potential of rooftop 

photovoltaic (PV) systems is 55 GW. The technical 

potential for rooftop PV capacity installations was 

determined to be 14.9 GW in the said report (See 

Figure 2). 3  

 

According to the report entitled ‘Assessment of Roof Installations in Turkey’, created as a collaborative work with 

ESMAP, the World Bank and the General Directorate of Renewable Energy (GDRE), the total building stock of 

Turkey amounts to 9,248,000 units, with a usable roof area of 1,137,000,000 m².  

                                                            
3 https://www.shura.org.tr/binalarda_cati_ustu_gunes_enerjisi_potansiyeli-turkiyede_cati-
_ustu_gunes_enerjisi_sistemlerinin_hayata_gecmesi_icin_finansman_modelleri_ve_politikalar/  

Figure 2: Theoretical and Technical Potential of Installed PV Capacity 

Technical Potential of Installed PV Capacity Technical Potential of Installed PV Capacity 

Single-family 
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Education Hotels Healthcare Shopping 
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Residence 

Multifamily 

Residence 

Commercial 

& Public & 

Industrial 

Education Hotels Healthcare Shopping 

Malls 

Climate Zone 4 Climate Zone 3 Climate Zone 2 Climate Zone 1 

Source: SHURA Calculations 

https://www.shura.org.tr/binalarda_cati_ustu_gunes_enerjisi_potansiyeli-turkiyede_cati-_ustu_gunes_enerjisi_sistemlerinin_hayata_gecmesi_icin_finansman_modelleri_ve_politikalar/
https://www.shura.org.tr/binalarda_cati_ustu_gunes_enerjisi_potansiyeli-turkiyede_cati-_ustu_gunes_enerjisi_sistemlerinin_hayata_gecmesi_icin_finansman_modelleri_ve_politikalar/
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By using idle roof areas rather than land 

for solar power generation, the load on the 

grid can be reduced and losses from 

transmission and distribution grids are 

prevented. Recently, the utilization of idle 

roof areas has been promoted especially in 

the field of unlicensed solar energy, 

through public legislation and practices. 

This has been consolidated by the latest 

Unlicensed Electricity Generation 

Regulation, self-consumption applications, 

applications for a fee, project approval fees, project approval authority, the lifting of zoning obligations, tax 

conveniences, and so on. In the 2019–2023 strategic targets of MENR, a total installed solar capacity of 10,000 

MW in 2023 is targeted. Should all rooftop applications be permitted for all applications made to date, 

approximately 4,000 MW of rooftop solar energy systems will be installed over the next 3 years. 

Currently, the installed solar capacity in our country, commissioned within the scope of the legislation on 

unlicensed generation, reached 6448.6 MW as of the end of March 2021. The majority of this power is from land-

based applications. With the Unlicensed Electricity Regulation published in 2019, land applications are not 

permitted other than for installations for public or agricultural irrigation purposes. 

The map below shows the distribution of unlicensed rooftop SPPs by provinces as of April 2020. 

 

 

Figure 4: Distribution of unlicensed installed capacity of rooftop SPPs by provinces as of the end of March 20214 

When we look at the tariffs5 published on 1.04.2021, 1 kW of power consumption costs between 1.16 TRY and 

1.25 TRY for businesses, and between 0.88 TRY and 95 TRY for residences. When the decrease in material and 

installation costs and the increase in electricity prices are combined, investments in solar energy can be 

                                                            
4 Source: Ministry of Energy and Natural Resources 
5 https://www.tedas.gov.tr/sx.web.docs/tedas/docs/elektriktarifeleri//2021Y%C4%B1l%C4%B1NisanElektrikTarifeleri.pdf 

Figure 3: Empty roof areas can be utilized for SPP installation 
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considered to be increasingly advantageous.  This ensures that the return on investment is quicker, and that the 

investment to be made is economical. The return on investment varies between 4 and 6 years, depending on the 

equity ratio and tariff group used in the feasibility study. In short, when institutions and organizations make an 

investment corresponding to the cost of 4–6 years of electricity use, they will be able to save the equivalent of 

25–30 years of electricity bills. 

6.3. Planning in Rooftop Solar Energy Applications  

Before installing a rooftop SPP, it is important to determine the suitability of the relevant roof area, both in terms 

of legislation and technique, and to design the application using simulation programs with expert engineers and 

consultants. Otherwise, the established solar power plant will operate with low efficiency and significant 

problems may be encountered in the future. It should be noted that regardless of the number of panels on the 

roof, every solar panel is an electricity generator, and thus comes with substantial risks of fire, electric shock, 

network problems, etc. that can lead to life-threatening situations. 

To understand whether the structure on which the solar 

energy system is intended to be installed is suitable, various 

factors such as the facade, slope, static and shading of the 

roof, whether there is a suitable space for the inverter, and 

air pollution-dusting conditions should be examined. 

Electricity subscription and transformer: An important 

point in electricity subscription is the contractual power. 

The alternating current (AC) power of the facility to be 

established cannot exceed the contractual power. For this 

reason, the decisive and first question to be asked when 

installing the system is the power in the subscription 

contract. 

 

Another issue that needs to be investigated and addressed in systems below 10 kW or in facilities that do not 
have their own transformer is the local distribution transformer. For example, if the local distribution transformer 
to which a building with a contractual power of 15 kW is connected is less than 100 kVA, the maximum power 
that can be allocated to a person (real/legal person) per year cannot exceed 7.5 kW.  
 
Monthly electricity consumption values: It is important to know how much energy is consumed in kWh on a 

monthly basis, as monthly offsetting will be made. It is also important not to invest in generation facilities in 

excess of the electricity requirement. The cost of investments for electricity generation corresponding to 

consumption will be lower and the return time of the cost will be shorter.  

Building license: As a further important 

requirement, the building on which the solar energy 

system is to be installed must be licensed. Within 

the framework of the zoning legislation, the project 

of the building must be approved and an occupancy 

permit must have been obtained.  

 
Roof exposure (direction) It is necessary to 

determine which direction the roof faces and how 

much sunlight it receives throughout the day. A 

Figure 5: Power generation with a rooftop SPP 

Figure 6: Rooftop and canopy SPP 

Grid 

Consumption meter 

Inverter Generation meter 
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south-facing roof facade will have a positive effect on efficiency. This means that the best results will be obtained 

when the panels are installed facing south, southwest, or southeast. Panels facing east or west may generate less 

electricity than those facing south.  

Roof area and shading: When calculating the roof area, attention should be paid to chimneys, dish antenna, trees, 
surrounding buildings, water tanks and elevator towers, which can cause shading. Panels should be installed in 
areas that receive uninterrupted sunlight throughout the day. 
 
Roof Slope Considering the latitude of your location, the ideal slope for the panels is between 30 and 45 degrees. 
If the roof slope is between 15 degrees and 50 degrees, installation is possible, though there will be some loss of 
efficiency. Such a loss of efficiency can be prevented by keeping the panel area wide. If the roof is built as a 
terrace, the system is installed using special mounting equipment to give a slope to the panel. 
 
Roof Static: A single photovoltaic panel weighs around 16–20 kg. Accordingly, the average weight per square 
meter is approximately 10–15 kg. Considering the fixing and cable trays on which the panels are placed, the overall 
weight increases. Snow load and average wind speed in the region, as well as the height and geometry of the 
building, are other factors affecting the static structure of a panel system. 
 
Roofing material: Identifying the kind of 
material the roof is made of is essential for 
the correct design and calculation of the 
approximate investment cost. The 
installation and mounting elements used for 
corrugated roofs are different to those used 
for tile roofs. Factors such as the life of the 
roofing material, whether the system will 
require maintenance after it becomes 
operative or how often it will require 
maintenance affect the planning. At this 
point, the strength of the roofing material, 
its service life, damaging status, etc. should 
be reviewed. 
 
 
Appropriate inverter space: The least space-consuming equipment in a photovoltaic system is the inverter. The 
inverter must be placed inside the building, or in a location that will not be affected by external factors such as 
rain, sun, etc., or in a container to minimize such factors when this is not possible.  
 

Air pollution - dust concentration Dust and 
pollution are among the main factors 
affecting panel efficiency. Facilities in the 
region that produce pollution such as dust 
should be identified and the investment plan 
should be made taking into account the 
density of pollution that such installations 
may produce. For example, if the system is 
installed on a building located near a lime 
field or cement factory, the panels will 
require regular cleaning. Efficiency losses of 
up to 20 percent should be expected if the 
necessary cleaning is not carried out, and 

even greater losses in the event of chronic dust emissions. Dust densities at a regional scale (and even on a 

Figure 7: SPP built on a flat rooftop 

Figure 8: Daily average of surface dust concentration 

Daily Average of Surface Dust Concentrations (g/m2) 
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provincial scale) can be obtained from the dust transport maps published by the Turkish State Meteorological 
Service.6 
 
Administrative process: It should be kept in mind that 

the administrative process will cover a period of 4–6 

months, especially for systems over 10 kW. Such long 

periods may bring about changes in price and delivery 

conditions for panels and other materials. Financial 

planning and cash flow should be managed 

accordingly.  

The process should be planned taking into account all 

the above-mentioned items. Installing an unlicensed 

solar power plant requires professional help. 

Although it may seem easy at first, many challenges 

will be encountered in the advanced stages of the 

process. Therefore, it is of great importance to work 

with an expert engineering-consulting company and to 

receive turnkey services. 

6.4. Application Process for Rooftop Applications 

According to the Regulation on Unlicensed Electricity Generation, rooftop applications include the following 

steps: 

 Determination of consumption contractual power 

 Determination of the roof and the preliminary planning of the system 

 Application to the distribution company for the call letter  

 Electrical and static project design 

 Civil Engineering Static Report and University Approval for the design 

 Certificate of conformity, stating that there are no objections to the establishment of the Solar Power Plant, 

obtained from the relevant official institution (Municipality, OIZ) responsible for the buildings. 

 Application to the Project Approval Unit (EDAŞ or TEDAŞ) and the approval process 

 Conclusion of the Connection Agreement with the Distribution Company (EDAŞ) 

 Construction of the facility 

 Pre-approval and Ready for Approval report of the facility by EDAŞ 

 Approval of the facility by the Approval Commission under the chairmanship of TEDAŞ  

 Conclusion of the system usage agreement with the distribution company 

6.4.1. Determination of contractual consumption power 

Any natural or legal person may establish a rooftop solar energy system corresponding to the contractual 

consumption power of their own consumption subscription (10 kW for household subscribers). If a consumption 

facility is not available at the time of application, the consumption facility planned to be associated with the 

generation system must be completed by the date the solar power facility is entered into operation. Usually, the 

consumption contractual power is available in the electricity bill sent by the retail electricity sales company. If it 

is not found here, it can be checked from the online services offered by the distribution company (EDAŞ and/or 

OIZ) or from the contract signed for the meter application. 

                                                            
6 Dust transport map: https://www.mgm.gov.tr/tahmin/toz-tasinimi.aspx Accessed on: 

Figure 9: System built on a sloping rooftop 

https://www.mgm.gov.tr/tahmin/toz-tasinimi.aspx
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Figure 10: Contractual consumption power on a sample bill 

6.4.2. Examining the roof and preliminary planning 

When determining whether the roof is suitable for solar energy, the aforementioned points should be considered. 

These can be summarized as follows: 

a. Is the roof flat or pitched?  

b. Which direction it is facing?  

c. Are there are trees, other buildings, chimneys, antennas, lightning rods, parapets, etc. that may cause 

shading?  

d. What materials have been used for the roof frame and covering?  

e. Is it statically appropriate?  

f. Does the building have a registry of land and zoning permit? 

The next step involves the examination of the radiation level and the dust concentration values of the relevant 

city. 

Radiation information: Radiation information on the cities and regions of Turkey can be accessed from the Solar 

Energy Potential Atlas (GEPA) map on the home page of the General Directorate of Energy Affairs.7  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                            
7 http://www.yegm.gov.tr/MyCalculator/Default.aspx 

CONSUMPTION DETAILS 

Installed Capacity (kW) 8,350 Meter Make Serial No 

Contractual Power (kW) 5.01 Active LUN 0 

Date of first reading 28.12.2017 Inductive - - 

Date of last reading 26.01.2018 Capacitive - - 

Demand (kW) 0.000 Demand LUN 05 

Factor 1.000 Stamp - 1 AH 32 

CTR - VTR 0-0 Stamp - 2   

 Active (kWh) Inductive (kVArh) Capacitive (kVArh) 

Last Index 6,964.339 0.000 0.000 

    

Figure 11: Total solar radiation in Turkey 

Total Solar Radiation 

KWH/m2-year 

http://www.yegm.gov.tr/MyCalculator/Default.aspx
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In our country, the annual total radiation intensity is 1,635 kWh/m2 and the average daily radiation intensity is 

4.18 kWh/m2. Although it is theoretically possible to convert this entire amount into electrical energy, current 

panel technologies prevent such a conversion at the moment. Understanding radiation is crucial in feasibility 

studies of the facility, and plays a leading role in project financing.  

Survey Engineering: If the application is for a 

system with a capacity of more than 10 kW, a 

Licensed Topographical and Cadastral Engineer 

(LIHKAB) should determine the edge coordinates of 

the roof in accordance with the UTM ED-50 6° 

format, and the application plan should be drawn 

accordingly. When this is not possible, a 1/5000-

scale site plan and a 1/25 000-scale topographic 

map should be drawn by a freelance survey 

engineer, complete with edge coordinates, in 

accordance with UTM ED-50 6° format. The most 

important point to be considered in the 

preparation of such maps is that the coordinates of 

the main edges of the roof are taken, and that the coordinates are listed sequentially so that it does not draw a 

lemniscate when entered into a map program. There is no mapping requirement for applications for systems of 

10 kW or less. 

Single Line Diagram This is a mandatory document that is to be submitted to the distribution company. In 

applications both for systems of 10 kW and below and of larger capacities, the system should be designed as 

similar as possible to the final single line diagram in terms of installed capacity by a chamber-approved, authorized 

electrical engineer. The installed capacity specified in the single line diagram constitutes the basis for solar energy. 

Accordingly, the subscriber number associated with the single line diagram showing the technical features of the 

facility to be established (detailing the measurement circuit from the point of connection to the distribution 

network and the technical features of the components to be installed), and information about the facility, 

bidirectional meters, unidirectional meters and other elements to be used in the facility should be specified in 

Figure 12: Sample Application Map 

Figure 13: A sample single line diagram 

LAYOUT PLAN PROVINCE: 
DISTRICT: 
VILLAGE: 
PLOT: 
LOT BLOCK: 
24429.12 M2 
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full. In order to facilitate the design of the system in question, the existing electrical single-line diagram of the 

building/structure should be complied with. If necessary, an on-site examination of the existing electrical system 

of the building/structure can also provide significant contributions. A sample single line diagram can be seen in 

Figure 13: 

 

6.4.3. Application to the Related Distribution Company for the Call Letter for Rooftop 

Applications 

Application documents have been determined by EMRA Decision No. 8587 of 16.05.20198. The documents can 

be viewed on the EMRA website, as well as on the websites of the relevant distribution companies. The 

application documents in question are listed below. 

1. Appendix-1 Application form 

2. The authorization documents belonging to the real or legal person on behalf of whom the application is 

made and the power of attorney 

3. If the application is being made on behalf of a legal entity, a document showing the partnership status 

4. If the applicant is the owner of the land, the registry of land; and if a tenant, a minimum two-year lease 

agreement 

5. If it is the current consumption facility, 1 copy of a bill containing subscriber information. If it is a new 

building whose subscription has not yet been received, the approved electrical project cover, in which 

the contractual power is stated together with the construction permit. 

6. Documentation proving that the application fee has been paid 

7. Single line diagram 

8. Technical Evaluation Form filled in the format determined by MENR (the Excel document should also be 

attached to the file with a CD.) 

8.1.1. Application Documents for Rooftop Applications of 10 kW and less 

Every real or legal person who is or wants to be an electricity subscriber should apply to the relevant distribution 
company in their region, together with the following documents, in order to install an SPP of less than 10 kW. 
 

1. Unlicensed Generation Connection Application Form (taken from the relevant EDAŞ web page)  

2. Copy of ID card 

3. Land of registry or lease agreement, or document showing the right of use 

4. Single code or building permit for a consumption facility 

5. Statement regarding the prohibition of activity 

 

The power in the application shall not exceed the contractual power in the existing subscription. If the 

application power is below 3 kW (or 3 kW), a direct connection opinion is formed and a call letter is drawn up 

regardless of the capacity. For applications above this capacity, the transformer capacity is checked and a call 

letter is provided within 20 days in the event of it being deemed suitable. 

8.2. Project Approval Process 

The period for the design and approval of the projects is one hundred and eighty (180) days from the date of 

notification of the call letter for the connection agreement. The holders of the call letter for the connection 

agreement submit the project for the production facility and connection line, if any, to the approval of the 

Ministry, or the institutions and/or legal entities authorized by the Ministry, within the first ninety (90) days of 

                                                            
8List of Information and Documentation to be Submitted in Unlicensed Production Applications and 
Requests:https://www.epdk.org.tr/Detay/Icerik/3-0-92-3/elektriklisanssiz-uretim 

https://www.epdk.org.tr/Detay/Icerik/3-0-92-3/elektriklisanssiz-uretim
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the said period. As of 2020, the TEDAŞ General Directorate, its affiliated units, and electricity distribution 

companies (EDAŞ) in the region are the authorized project approval units (PAU).  

 

Projects are reviewed and approved 

by the relevant PAU. 

1- Projects are reviewed in 

accordance with the relevant 

legislation and standards. The 

information, documentation, reports, 

sources, code/no information of the 

standards to be applied in the facility, 

and plots requested during the review 

for project approval shall be 

submitted to the relevant PAU by the 

applicant.  

2- Any missing and erroneous points detected during the detailed examination in projects submitted 

electronically and/or the printed document shall be notified to the applicant within 15 working days, and the 

relevant issues shall be corrected within 15 working days. If it is not possible to address all the missing information 

and errors within this period, the projects shall be returned in writing. 

3- After the required documents are completed and the projects are deemed appropriate following detailed 

examinations, the applicant shall be notified in writing that the submitted projects have been approved. 

According to the regulation, the duration of the transactions shall not exceed 15 working days. 

4- The validity period for approved projects is 5 years. If no changes are made to the projects in question, the 

validity period of the projects can be extended by the PAU approving the project, upon the request of the 

license/facility owner, provided that it also fulfills the conditions set out in the regulation. 

5- Approved projects of electrical installations cannot be modified without the approval of the relevant PAU. 

6- The type or design certificates obtained from an accredited organization for the electromechanical equipment 

in generation facilities, or the TSI Criteria/Standard Conformity Certificate, together with the annexes of the TÜV 

Certificate, shall be submitted to the relevant PAU by the manufacturer or the license/facility owner on behalf of 

the manufacturer. 

7- The Construction Compliance Report for the generation facilities must be submitted by the license/facility 

owner to the relevant PAU together with its annexes. These documents shall not be subjected to approval by the 

relevant PAU. 

8- During project appraisal, the license/facility owner and/or the persons authorized to represent the 

license/facility owner may be called to the PAU upon request for an interview regarding the project, if necessary. 

The necessary documents are: 
 

1. General Layout Plan of the power plant 
2. Single line diagram 

3. Facility Information Form 

4. Facility Site Compliance Certificate (municipal or provincial administration) 
5. Authorization Letter and Attachments (diploma, power of attorney, etc.) 

TEDAŞ Approval 

TEDAŞ 
Application 

Connection 
Agreement 

Extension of time if 
requested 

Call Letter 
Notification Date 

Project design, 
local approvals TEDAŞ Approval 

Extension of time if 
requested 

Construction of the 
facility 

Connection 
Agreement 

90 days 90 days 180 days 30 days 

Figure 14: Project Approval Process 
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6. Call Letter 

7. TSI documents 

8. Construction Compliance report (University-approved) 

9. Short-circuit Calculations 
10. Performance Curves of Plant Units 

11. Conductor/Cable Selection Calculations 

12. Grounding and Lightning Protection Calculations 

13. Relay Coordination and Selectivity Calculations 

14. Panel and Inverter Compatibility Calculations 

 

These documents must be approved by the relevant TEDAŞ personnel or the EDAŞ official in the region. A 

connection agreement must be made within 15 days after approval has been granted. Then, the 

installation may be commenced. 

8.3. Conclusion of the Connection Agreement 

Regarding the projects approved by TEDAŞ or EDAŞ, an application is made to the distribution company with the 

approved project documents and approval letter. The relevant distribution company accepts the duly approved 

projects and a ‘printed’ connection agreement is signed within a maximum of 30 days.  

8.4. Construction of the Facility and Provisional Acceptance Procedures 

Provisional acceptance procedures for solar power systems to be connected to the grid, that is, the validity 

periods from the date of the connection agreement for the installation of the facility, are as follows: 

o Three years for generation facilities based on hydraulic sources connected to Medium Voltage (MV). 

o Two years for generation facilities other than those based on hydraulic sources connected at a MV level. 

o Within 1 year for all generation facilities connected at a low voltage level. 

 

Upon completion of the installation of the facility, 
an application shall be made to the region’s 
electricity distribution company (EDAŞ) for the 
replacement of the meter with a bidirectional 
meter. In cases where the Generation and 
Consumption facilities are located in the same 
place (for example, rooftop SPPs), a bidirectional 
meter (indicating production and consumption) 
shall be installed. If production and consumption 
take place in different locations, a bidirectional 
meter shall be installed at the point of generation, 
and a unidirectional meter, indicating only 
consumption, at the consumption point.  
 
In systems of less than 50 kW, meters compatible 
with the Automatic Meter Reading System (AMRS) 
are used. In systems over 50 kW, it is mandatory to 
install a SCADA (monitoring system) that can 
establish a connection between the measurement 
and communication monitoring systems. 

 

Figure 15: An SPP built on a gas station rooftop 
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Following the meter change, another application shall be made to the electricity distribution company (EDAŞ) for 
preliminary approval. During preliminary approval, EDAŞ checks the suitability of the meter and the facility 
according to the project. A ‘Ready for Provisional Approval’ report is then issued. The essential documents 
required for provisional approval are as follows: 

 
1. Provisional acceptance letter 

2. Provisional acceptance report 

3. Approved project of the facility 
4. Connection agreement 

5. Contract signed between the facility owner and the contractor 
6. Authorization letter of the contractor issued to the electrical engineer in charge of the provisional 

approval 

7. Bill of quantities 
8. Grounding measurement report (must be below 1 ohm) 
9. Photographs of the facility 

10. Project approval letter 

11. Zoning letter 
12. Static Project Approval (approved by a civil engineer – services can be provided by 

public institutions such as Municipalities, Public Works, universities, etc.) 

13. Call Letter 
14. Test reports and certificates of the materials used in the facility 

 

8.5. System Usage Agreement 

A ‘System Usage Agreement’ is signed between the investor and the electricity distribution company (EDAŞ) 

within 1 month of provisional acceptance. Generation facilities can energize the system from the date specified 

in the system usage agreement. 

8.6. Offsetting 

 ‘Monthly offsetting’ is defined in Article 26 of the Unlicensed Electricity Generation Regulation. 

In the monthly offsetting application: 

 The generation and consumption facilities must be in the same distribution zone for facilities to be 

established according to the regulation. 

 Before the generation facility starts its actual generation activities, it cannot supply surplus electrical 

energy to the grid. 

 The amounts of power supplied to and drawn from the grid are subject to monthly offsetting, which will 

be calculated on the 6th day of each month. 

 After monthly offsetting, the surplus energy is purchased by the supply company for 10 years in 

accordance with the YEKDEM mechanism. This purchase is subject to a state guarantee. 

 A system usage agreement must be signed within 1 month for facilities that have received provisional 

acceptance and are operational.  

 Generators who have signed a connection agreement and a system usage agreement with the relevant 

grid operator to generate power from renewable energy sources are given a Generation Source 

Certificate by the grid operator upon request. 

 A Generation Source Certificate can be issued only once for the same billing period. 

 For the Monthly Offsetting process, establishing the facility in accordance with the articles (ç), (d), (e) and 

(ğ) of paragraph (1) of Article 5   of this regulation will suffice. On the other hand, for both monthly 
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offsetting and the sale of surplus energy, the facility must be established in accordance with 

subparagraphs (c), (f), (g) of paragraph (1) of Article 5.  No upper limit for installed capacity is applied for 

generation facilities within the scope of subparagraphs (a), (b), (ç), (d), (f), (g) and (ğ).  

 
 The authorized Supply Company prepares a 
spreadsheet concerning the subject and 
notifies the owner of the relevant rooftop 
solar energy system via e-mail or written 
notice. In this spreadsheet, the daily 
exempted generation amount for the sale of 
surplus energy, the unit price of current retail 
single-time active energy sales depending on 
the tariff group, the amount of power 
generation multiplied by the price, and their 
monthly totals are separately calculated and 
presented in a transparent manner. In this 
way, the solar energy subscriber knows how 
much VAT they will be billing that month, and 
submits a bill accordingly. 
 
Those who own systems of 10 kW and below 
must obtain a ‘Craftsman Certificate of 
Exemption’ from the finance office/tax 
office/registry office and submit it to the 
relevant EPSAŞ (authorized supply company) in 
order to be exempt from income tax. With this 
document, the income to be generated for 10 
years is exempt from taxes. The supply company 
issues an ‘expense receipt’ when making 
payments to such system owners.  
 
 

8.7. SAMPLE ROOFTOP SOLAR ENERGY SYSTEM FEASIBILITY STUDY9 

 

8.7.1  Introduction  

A solar energy system of 6.6 kWp was installed on the roof of a villa in Turgutreis in the Bodrum District of Muğla 

and was commissioned following the acceptance procedures. 

 

                                                            
9This study was conducted by ENERJİK Renewable Energy Inc. and published on April 19, 2021. 

Figure 16: A rooftop SPP using a bidirectional meter 

PV Panel Aluminum 

Construction Distribution Network 

Bidirectional 

Meter 

DC/AC 

Inverter 

The Generated Excess Energy is 

transferred from the Bidirectional 

Meter to the Distribution Network. 
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8.7.2 Field Information  

  

 The project was completed based on the 

Regulation on Unlicensed Electricity Generation 

in the Electricity Market and the communiqué for 

the implementation of this regulation. 

 The solar power installation was made on a 

suitable roof area measuring 40m2. 

 In order to use the roof area effectively, the panel 

layout was designed with an inclination of 13 

degrees in an east-west direction. 

 A high-efficiency, 370Wp Monocrystalline 

Photovoltaic Panel was used. 

 Considering the east-west installation conditions, 

the grid connection was made with a 2 MPPT 

inverter. 

 In summer, the amount of generation exceeds consumption. The excess generation is 

purchased by the relevant distribution network operator. 

 The flat roof mounting system was fixed with 25-kg concrete blocks according to 

calculations of the required number, and the roof was not drilled in any way, preventing 

potential roof insulation problems. 

 Instant monitoring of system generation data is done through the ABB portal. 

Figure 17: Aerial view of the SPP, a sample feasibility project of which is shared 

Project Location Bodrum-Turgutreis 

Panel Power [kWp] 6.6 

AC Power (kWe) 6kM 

Date of Commissioning Feb 20 

Annual Generation 10,500 kWh 

Panel Type Elin 270Wp Monocrystalline 

Number of Panels 18 

Inverter Type ABB-TRO-7.5 TRY 

Number of Inverters 1 

 



 

 

 

Figure 19: Photographs from the SPP, the sample feasibility project of which is shared 
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ROOFTOP SPP GENERATION 
(kWh)  

        
              
 Mar-20 Apr-20 May-20 Jun-20 Jul-20 Aug-20 Sep-20 Oct-20 Nov-20 Dec-20  Jan-21 Feb-21 

 776 1,033 1,232 1,240 1,255 1,134 836 560 389 261 288 492 

1 27.05 32.47 39.52 25.48 42.77 39.59 34.25 26.57 18.04 10.88 9.15 9.66 

2 23.57 24.67 34.49 45.38 41.71 38.59 32.30 25.61 18.18 10.96 9.96 8.10 

3 17.65 24.73 39.64 41.74 40.63 37.72 31.86 24.63 15.26 11.29 6.09 16.18 

4 17.65 15.88 12.68 44.38 40.94 39.42 25.39 23.96 17.19 7.16 9.02 17.16 

5 27.68 17.08 44.16 45.04 40.64 39.60 10.54 23.91 12.53 10.37 10.35 17.40 

6 27.68 31.81 41.50 40.84 39.97 37.48 32.33 21.00 14.22 10.99 8.53 17.06 

7 17.85 34.60 26.16 42.85 36.45 37.45 31.92 19.25 15.36 5.31 7.60 14.59 

8 19.08 35.10 44.32 44.92 35.78 37.73 33.03 5.28 14.94 7.60 9.75 10.16 

9 19.08 36.59 44.96 33.24 41.81 35.10 31.44 24.62 14.40 7.00 5.53 17.63 

10 13.12 38.48 43.56 41.84 40.79 37.97 32.55 24.57 11.60 5.97 10.12 17.20 

11 13.12 38.78 39.90 39.23 40.85 37.93 31.63 23.63 14.40 9.74 8.52 16.66 

12 28.91 36.46 40.24 42.13 41.25 37.71 29.86 22.25 13.99 4.15 6.27 17.66 

13 29.44 38.55 43.59 40.50 41.41 38.54 29.64 17.21 14.03 4.81 7.87 18.32 

14 29.44 36.14 41.75 39.12 40.59 37.92 30.05 20.10 13.57 5.82 9.24 12.77 

15 29.71 29.82 38.81 42.26 41.08 38.69 27.35 22.55 13.97 10.90 7.82 13.07 

16 33.59 39.25 39.69 40.91 41.73 36.12 29.05 20.69 13.05 10.74 7.08 19.34 

17 33.59 40.07 38.94 43.47 40.84 37.92 26.87 16.78 12.84 10.21 7.31 23.20 

18 33.20 39.66 38.26 43.81 40.66 37.54 28.45 14.87 12.73 10.19 4.81 17.71 

19 32.91 36.41 39.79 44.70 39.82 37.74 27.41 15.88 6.04 10.78 14.67 19.51 

20 32.91 35.18 38.36 39.92 39.92 36.38 26.61 14.80 12.99 10.20 14.82 17.59 

21 31.73 33.89 41.47 41.39 40.30 36.40 27.92 10.59 13.10 7.86 9.14 8.87 

22 18.86 34.95 40.45 40.66 39.62 35.51 27.90 17.34 12.81 10.53 6.24 23.52 

23 32.18 38.08 46.27 37.87 38.58 34.79 27.66 19.74 13.26 11.08 10.90 22.80 

24 30.10 38.20 46.63 41.30 41.54 33.77 22.49 4.55 11.85 10.98 10.94 23.48 

25 8.21 40.73 44.43 42.82 42.19 33.38 27.23 13.84 11.83 8.41 8.77 22.61 

26 12.39 36.42 35.94 42.84 42.19 34.59 23.38 16.70 12.97 5.10 8.21 23.12 

27 31.65 40.71 43.39 42.02 42.15 35.15 25.65 15.20 12.35 4.08 9.15 23.28 

28 31.65 41.47 41.62 41.67 40.35 33.85 22.95 5.05 12.39 4.85 12.81 23.04 

29 30.48 38.81 43.76 43.70 38.94 33.51 21.73 13.09 0.25 8.95 14.64  30 31.84 27.51 44.13 43.94 39.62 33.20 26.85 16.87 9.02 5.61 6.73  31 9.91  33.80  40.33 32.86  18.98  8.64 16.22  
 776.230 1,032.500 1,232.210 1,239.970 1,255.450 1,134.150 836.290 560.110 389.160 261.160 288.260 491.690 

              
             9,497.180 

 

 

ROOFTOP SPP 
GENERATION 

          
 2020 2021 

 Mont
hs 

Mar-20 Apr-20 May-20 Jun-20 Jul-20 Aug-20 Sep-20 Oct-20 Nov-20 Dec-20 Jan-21 Feb-21 

9,497 kWh 776 1,033 1,232 1,240 1,255 1,134 836 560 389 261 288 492 

              Draw Index  1,187.239   1,926.056   2,361.008   2,609.649   2,782.719   3,048.315   3,553.815   4,211.294     5,803.365     8,247.432 

526.377   1,142.321   1,999.740   2,986.509   4,094.332   5,091.212   5,782.446   6,216.919     6,489.875     6,625.815 

11,452.335   14,497.184 

6,739.964      6,943.651 Supply Index 
 

              Draw Kwh 1,055 739 435 249 173 266 506 657 1,592 2,444 3,205 3,045 

Supply Kwh 458 616 857 987 1,108 997 691 434 273 136 114 204 

              Cons. from SPP Kwh 317.798 416.556 374.791 253.201 147.627 137.270 145.056 125.637 116.204 125.220 174.111 288.003 

Cons. from the 
system 

Kwh 1,054.945 738.817 434.952 248.641 173.070 265.596 505.500 657.479 1,592.071 2,444.067 3,204.903 3,044.849 

              Total cons. Kwh 1,372.743 1,155.373 809.743 501.842 320.697 402.866 650.556 783.116 1,708.275 2,569.287 3,379.014 3,332.852 

Bill Net Cons. Kwh 596.513 122.873 (422.467) (738.128) (934.753) (731.284) (185.734) 223.006 1,319.115 2,308.127 3,090.754 2,841.162 
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  2020 2021 

  Mar-20 Apr-20 May-20 Jun-20 Jul-20 Aug-20 Sep-20 Oct-20 Nov-20 Dec-20 Jan-21 Feb-21 

Household Tariff              
Energy Cost  34.3800 34.8202 34.8202 34.8202 36.2671 36.2671 36.2671 39.2701 39.2701 39.2701 39.7629 39.7629 

Distribution Cost  23.0585 22.5831 22.5831 22.5831 21.0205 21.0205 21.0205 21.2381 21.2381 21.2381 24.6441 24.6441 

  57.4385 57.4033 57.4033 57.4033 57.2876 57.2876 57.2876 60.5082 60.5082 60.5082 64.4070 64.4070 

              
production 9,497.180 776.230 1,032.500 1,232.210 1,239.970 1,255.450 1,134.150 836.290 560.110 389.160 261.160 288.260 491.690 

Total consumption 16,986.364 1,372.743 1,155.373 809.743 501.842 320.697 402.866 650.556 783.116 1,708.275 2,569.287 3,379.014 3,332.852 

Net Generation (7,489.184) (596.513) (122.873) 422.467 738.128 934.753 731.284 185.734 (223.006) (1,319.115) (2,308.127) (3,090.754) (2,841.162) 

              
Draw 14,364.890 1,054.945 738.817 434.952 248.641 173.070 265.596 505.500 657.479 1,592.071 2,444.067 3,204.903 3,044.849 

Supply 6,875.706 458.432 615.944 857.419 986.769 1,107.823 996.880 691.234 434.473 272.956 135.940 114.149 203.687 

              
Cons. from SPP 2,621.474 317.798 416.556 374.791 253.201 147.627 137.270 145.056 125.637 116.204 125.220 174.111 288.003 

              
Exchange Rates  6.3415 6.8504 6.9552 6.8224 6.8638 7.2847 7.5407 7.9035 7.993 7.7189 7.4024 7.0876 

https://www.doviz724.co m/aylara-gore-ortalama-amerikan-dolari-kuru.html         
  Mar-20 Apr-20 May-20 Jun-20 Jul-20 Aug-20 Sep-20 Oct-20 Nov-20 Dec-20 Jan-21 Feb-21 

Draw   1,054.95 738.82 434.95 248.64 173.07 265.60 505.50 657.48 1,592.07 2,444.07 3,204.90 3,044.85 

Supply   458.43 615.94 857.42 986.77 1,107.82 996.88 691.23 434.47 272.96 135.94 114.15 203.69 

Net  596.51 122.87 (422.47) (738.13) (934.75) (731.28) (185.73) 223.01 1,319.12 2,308.13 3,090.75 2,841.16 

              
Payable Energy kWh  596.51 122.87 0.00 0.00 0.00 0.00 0.00 223.01 1,319.12 2,308.13 3,090.75 2,841.16 

Payable Energy 4,118.56 205.08 42.78 0.00 0.00 0.00 0.00 0.00 87.57 518.02 906.40 1,228.97 1,129.73 

Distribution Cost 2,872.43 190.40 97.30 49.11 28.08 18.19 27.91 53.13 93.50 309.14 504.64 775.75 725.28 

ECT 5% 10.25 2.14 0.00 0.00 0.00 0.00 0.00 0.00 25.90 45.32 61.45 56.49 

TRT 2% 4.10 0.86 0.00 0.00 0.00 0.00 0.00 0.00 10.36 18.13 24.58 22.59 

Energy Fund 1% 2.05 0.43 0.00 0.00 0.00 0.00 0.00 0.00 5.18 9.06 8.60 7.91 

VAT Base  411.89 143.51 49.11 28.08 18.19 27.91 53.13 181.07 868.60 1,483.55 2,099.36 1,941.99 

VAT  74.14 25.83 8.84 5.05 3.27 5.02 9.56 32.59 156.35 267.04 377.88 349.56 

Total Payable Amount 
in TRY 

8,621.55 486.03 169.34 57.95 33.13 21.46 32.94 62.69 213.67 1,024.95 1,750.59 2,477.24 2,291.55 

Total Payable Amount 
in USD 

1,170.54 76.64 24.72 8.33 4.86 3.13 4.52 8.31 27.03 128.23 226.79 334.65 323.32 

              
Cost of energy to be 
purchased  0.00 0.00 147.10 257.02 339.01 265.22 67.36 0.00 0.00 0.00 0.00 0.00 

VAT 0% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total in TRY 1,075.71 0.00 0.00 147.10 257.02 339.01 265.22 67.36 0.00 0.00 0.00 0.00 0.00 

Total in USD 153.55 0.00 0.00 21.15 37.67 49.39 36.41 8.93 0.00 0.00 0.00 0.00 0.00 

Collected amount    743.13 265.22 67.36 0.00 0.00 0.00 0.00 0.00 

              
              
Without the SPP 
generation              
Payable Energy kWh  1,372.74     1,155.37 809.74 501.84 320.70 402.87 650.56 783.12      1,708.28      2,569.29      3,379.01      3,332.85 

471.95 402.30 281.95 174.74 116.31 146.11 235.94 284.01 619.54      1,008.96      1,343.59      1,325.24 

316.53 260.92 182.87 113.33 67.41 84.68 136.75 164.61 359.09 545.67 832.73 821.35 

23.60 20.12 14.10 8.74 5.82 7.31 11.80 14.20 30.98 50.45 67.18 66.26 

9.44 8.05 5.64 3.49 2.33 2.92 4.72 5.68 12.39 20.18 26.87 26.50 

4.72 4.02 2.82 1.75 1.16 1.46 2.36 2.84 6.20 10.09 9.41 9.28 

826.24 695.41 487.38 302.05 193.02 242.48 391.56 471.35      1,028.19      1,635.35      2,279.78      2,248.63 

148.72 125.17 87.73 54.37 34.74 43.65 70.48 84.84 185.07 294.36 410.36 404.75 

974.96 820.58 575.10 356.42 227.77 286.13 462.04 556.19      1,213.27      1,929.71      2,690.14      2,653.39 

153.74 119.79 82.69 52.24 33.18 39.28 61.27 70.37 151.79 250.00 363.41 374.37 

Payable Energy 6,410.65 

Distribution Cost 3,885.95 

ECT 5% 

TRT 2% 

Energy Fund 1% 

VAT Base  
VAT  
Total Payable Amount in 
TRY 

12,745.70 

Total Payable Amount in 
USD 

1,752.14 

              
Net contribution 
in TRY 

5,199.86 489 651 664 580 545 518 467 343 188 179 213 362 

Net contribution 
in USD 

735.15 77.10 95.07 95.50 85.06 79.45 71.16 61.89 43.34 23.56 23.20 28.76 51.05 

 

 

8.7.3 Result 
 At the end of one-year production, the actualized generation was 9,500 kWh, compared to the 

targeted generation of 10,500 kWh (90%). 

 Due to the use of electricity throughout winter for residential heating, consumption increased 

significantly, however, the contribution to the desired extent was not realized since the generation 

was normally lower in winter. 

 Net generation was as expected since air conditioning was not used in summer due to the location 

of the residence, but since there was no consumption to be deducted, the only contribution was 

from active energy, reducing the overall performance. 

http://www.doviz724.co/
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 It is clear that the net contribution will be higher in a house that uses air conditioning in summer and 

a heating system other than electricity in winter. 

 If it is assumed that the facility has a cost of 8,500 USD and a return of 735 USD per year under such 

conditions, the internal rate of return (IRR) will reach 5.90%. 

 To approach the situation from a different perspective, the return that will be obtained by the 

installation of this SPP will be equal to the return obtained by depositing 8,500 USD with a net 

interest rate of 5.90%. 

 From an environmental perspective, 12.9 tons of CO2 emissions will be prevented in one year. This 

corresponds to the CO2 absorption of a pine forest of 11,100 m2. 
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LANDFILL GAS 

Ahmet Kavalcı 

7. WASTE MANAGEMENT HIERARCHY AND GENERAL ISSUES 

We all know what waste is, but let's take a look at the legal definition of waste again. In the Regulation on 

the General Principles of Waste Management1, "waste" is defined as follows: “Any substance formed as a 

result of any activity, thrown or released into the environment and included in the classes in the 

Regulation”. 

As a result of various activities carried out in the organizations we belong to, many different types of waste 

are generated. Among these, there may be hazardous wastes as well as non-hazardous wastes. Have you 

ever thought about what should be done after these wastes are created, how is the most suitable option 

for the wastes decided? At this point, the waste hierarchy becomes important, because after the wastes 

are generated, even before they occur, the most appropriate option for the wastes is decided by 

considering the waste hierarchy. 

Waste hierarchy can be defined as the ordering of waste management options from the most preferred 

to the least preferred in terms of environment. Accordingly, the waste hierarchy mainly includes the 

following steps: 

 

7.1. Prevent/Reduce 

The first priority in the waste hierarchy is to prevent waste generation at the source, if not possible, to 

reduce it. Here are some steps that can be taken to prevent and/or reduce waste generation: 

 Developing and using clean technologies where natural resources are used as little as 
possible, 

 Use of less dangerous substances, 
 Extending the service life of products, 
 Reducing the amount of packaging used in products, 
 Purchase of materials in large volumes, 
 Focusing on communication in electronic environment, 
 Reuse of waste materials. 

                                                            
1 https://www.resmigazete.gov.tr/eskiler/2008/07/20080705-7.htm 

PREVENT / REDUCE

RECYCLING

RECOVERY OF ENERGY

DISPOSAL
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The main environmental benefits of preventing and/or reducing waste at its source can be listed as 

follows: 

 Conservation of natural resources, 
 Energy-saving, 
 Reducing pollution, 
 Reducing hazardous waste, 
 Financial savings. 

 
7.2. Recycling 

The second priority in the waste hierarchy is to explore the recycling possibilities of waste. Recycling is a 
series of activities that includes: 

 Collection of waste composed of recyclable materials 
 Separating recyclable materials according to their types and processing them into raw 

materials 
 Production of new products from raw materials 

Recycling also includes making compost from food waste, garden waste and other organic waste. 

Since it occupies 30% more space in terms of volume in warehouse areas, it increases the filling times by 
30%; The environmental effects of the processes used in recycling and the main benefits for the 
environment can be listed as follows: 

 Reducing the formation of greenhouse gases, 
 Reducing the generation of waste water, 
 Energy-saving, 
 Supply of valuable raw materials for industry, 
 Employment creation, 
 Triggering the development of clean technologies, 
 Protecting natural resources for the future of our children, 
 Reducing the need for new landfills and incinerators. 

 
7.3. Recovery of Energy 

Energy recovery from waste is the conversion of non-recyclable waste materials into usable heat, 
electricity or fuel through various processes, including incineration, gasification, pyrolysis, airless 
treatment and landfill gas generation. While energy recovery processes from waste contribute to the 
protection of natural resources, they are processes that have important environmental impacts such as 
the disposal of methane gas, which is 25 times more harmful than greenhouse gas in general if not 
managed meticulously. 

7.4. Disposal 

In waste management strategies, the last option that should be preferred from an environmental point 
of view is the disposal of the resulting wastes. Landfills are the most familiar form of waste disposal and 
are also an important component of an integrated waste management system. Activities such as the 
design and operation of the landfills in our country, the acceptance of waste to the sites, and the closing 
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of the fields whose capacity is full are carried out within the framework of the Regulation on the Landfill 
of Wastes2, which entered into force on 01.04.2010. 

It is also possible to incinerate the wastes in incineration plants in order to save space in the landfills. 
Methane gas, which is formed as a by-product of the waste decomposing in the airless environment in 
landfills, can be collected and used as fuel in electricity generation. When landfills expire, they can be 
covered and used for recreational purposes such as parks, golf courses and ski slopes. 

 
 

 

 

 

 

 

 

 

 

 

Figure 1: The least and most preferred solid waste management approaches 

7.5. Fermentation 

Fermentation facilities can be used to obtain both energy and compost in landfills. Fermentation 

facilities are generally divided into two as wet and dry. Mixers are generally used to keep the waste 

homogeneously in it. It is heated according to which type of bacteria will be used to create the living 

space of the bacteria. Jacket water and exhaust heats of gas engines are used for heating. The 

advantages of fermentation facilities are that the gas leakage is close to zero and the resulting 

products can be used as compost. Mesophilic (growing at warm temperatures) and thermophilic 

(growing at high temperatures) bacteria are used in fermentation plants.  

Due to the deficiencies in the separation and collection of wastes at the source in Turkey, some 

problems are observed during the operation of the fermentation plants, and it is observed that the 

products removed are quite different from compost in terms of characteristic. Although the 

installation costs and operating expenses of such facilities are higher than landfill gas, their efficiency 

is also higher. More detailed information about fermentation is given in the section titled “Biogas and 

Biomass Energy” of this book. 

                                                            
2 https://www.resmigazete.gov.tr/eskiler/2010/03/20100326-13.htm 
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Figure 2: Fermentation heating systems 

 

Figure 3: Fermentation mixer 

 

7.6. Incineration, Gasification and Pyrolysis 
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Incineration, gasification and pyrolysis facilities are other technologies used in landfills, especially to 

reduce the stored waste. It is known as the best technology in terms of long-lasting use of the 

warehouse area.  

Generally, the raw materials of such facilities are recyclable wastes, WDF (waste-derived fuels) and 

inert waste3. In such facilities, organic wastes can also be dried and used as raw materials. It is also 

very important to characterize the waste and to choose the right technology in this way. In addition, 

these facilities are generally operated by metropolitan municipalities due to the minimum waste 

requirement for their operation and the necessity of meeting this waste need continuously.  

More detailed information about incineration, gasification and pyrolysis is given in the section titled 

“Biogas and Biomass Energy” of this book. 

 

Figure 4: Incineration plant 

  

                                                            
3 Inert wastes are wastes that do not undergo any significant physical, chemical or biological change, do not dissolve, 
do not burn, do not react physically or chemically, do not biodegrade or do not affect the materials they come into 
contact with in a way that harms the environment or human life, and has an insignificant total leakage ability and 
ecotoxicity. These are wastes that do not pose a risk of especially surface and groundwater pollution. 
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Figure 5: Waste management steps, technologies used and functions of these technologies 

Table 1: Comparison of waste disposal systems 

 Landfill Thermal Systems Biological Systems 

Cost Low High Medium 

Volumetric Reduction Low High High 

Environmental Risks High Medium Low 

Operation Precision Easy Difficult Difficult 

 

Thermal disposal facilities are facilities that require large financial resources. In their installation, factors 

such as investment cost, loan conditions, technology chosen, local restrictions, energy recovery 

technology and flue gas cleaning technology need to be taken into account. 

Such facilities are high-cost, widely used facilities in many countries, enabling energy recovery and 

renewable energy production by increasing the waste calorific value or selective waste acceptance. 

Thanks to the developing purification technologies, it is possible to make incineration plants more 

environmentally friendly. 

In the table below, compensation for incineration and pyrolysis/gasification plants is given according to 

capacity, investment cost and operating cost. 

Table 2: Comparison of incineration and pyrolysis/gasification plants4 

 Capacity (t/y) Investment (million 
EUR) 

Operating Cost (EUR) 

Incineration 50.000 31.25 2.323.500 

100.000 55 3.765.000 

200.000 109.8 6.600.000 

500.000 180.8 14.276.000 

Pyrolysis/Gasification 50.000 43.75 3.800.00 

100.000 73.20 6.700.000 

200.000 112.1 10.400.000 

  

                                                            
4 Feasibility Study of Thermal Waste Treatment/Recovery Options in the Limerick/Clare/Kerry Region 
MDE0267Rp0003, s. 45-51. 
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8. WILD LANDFILL 

In our country, until recently, a large part of the waste was randomly dumped into the wild landfill called 
'garbage', and in some of our cities, the waste was thrown into the sea. These primitive practices created 
important environmental problems beyond aesthetic pollution. 

Today, wastes are mostly going to landfills (2nd class landfill). The rapidly increasing human population, 
the economic conditions and the intensive use of technology accelerate the destruction of the 
environment. Pollution of the environment threatens soil, air and water. As it is known, wastes were one 
of the biggest problems of Istanbul before 1995. 

 

 

 

 

 

 

Figure 6: Newspaper clippings about the pollution problem of Istanbul in the 1990s 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: A Wild Landfill 

Info Box 1: Disadvantages of Wild Landfill of Solid Wastes 

 Irregular disposal of solid wastes in the landfill causes explosions and odors. 
 The uncontrolled release of gases from these places increases the greenhouse effect in the 

atmosphere. 
 The leachate formed in the irregular landfill pollutes the ground and surface water. 



303 
 

 These domains experience and multiply more static carrier vectors. 
 If hazardous wastes are dumped there, the gases and liquids emitted from them have a 

negative impact on human health and the environment. 
 It causes the bags to spread to the environment by the wind. 
 It prevents the formation of habitats in close areas. 
 It causes land loss. 

 

9. SANITARY LANDFILL   

3.1. Sanitary Landfill Site Selection 

Some criteria and standards that must be followed in the selection of area for landfills can be briefly 
summarized as follows: 

 Arid, salty, waterless, barren and low-productive lands should be chosen, and 1st, 2nd and 3rd 
class agricultural lands should never be used as storage areas. 

 Mines, stones, sand, gravel and clay quarries without water can be used. 
 On slopes, the slope should not be more than 1/3. 
 Empty areas between the junctions of major transportation roads can be used. 
 Places that do not threaten groundwater in terms of pollution should be chosen. Barren, 

unsuitable for cultivation areas at the seaside (provided that there are sealing layers on the 
bottom and seawall) can be selected. 

 Locations outside the floodplains should be selected. 
 The place to be chosen for the landfill area should not be closer than 1 km to the residences and 

3 km to the airports. 
 

3.1.1. Factors to be Considered in the Selection of Landfill Area 

One of the factors to be considered in the selection of the landfill area is the existence of a usable and 
sufficient area. According to the data of the Turkish Statistical Institute (TUIK)5, the average daily amount 
of waste per person in Turkey is 1.08 kg. While this value increases in the western regions, it decreases in 
the east of our country. The area to be used in the landfill should be large enough to meet the needs of 
the settlement for at least 10 years. 

In addition to the size of the area to be selected, the factors to be considered can be listed as follows. 

 Transport Distance 

Transport distance is one of the most important factors to be considered in site selection. It is desirable 
that the transport distance is less, as it will reduce the cost. 

 Soil Type and Topography 

Since the compressed garbage piles will be covered with soil every day, the soil type and amount in the 
region should be known. If the soil below the landfill is to be used, geological and hydrogeological 
investigation is required. If soil is to be brought from another place for the cover, the type and amount of 
soil should be determined by drilling. 

                                                            
5 https://data.tuik.gov.tr/Bulten/Index?p=Belediye-Atik-Istatistikleri-2014-18777 
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 Climate Conditions 

Meteorological conditions, especially the wind direction and speed, are important in the selection of the 
landfill area. Covering material should be stocked in advance in areas with severe frost. Windbreakers 
may be necessary to prevent paper and plastic items from being blown away by the wind. 

 Surface Water 

It is important to know the surface water and hydrology of the land and whether the land is in the flood 
plain in the selection of the landfill area. 

3.2. Management of Landfills 

Due to its economic advantages and ease of operation, the most common method used for the disposal 
of solid waste is landfill. 

The main objectives of waste disposal through landfill, which is used as a common waste disposal method 
all over the world, can be listed as follows. 

 Protecting the quality of ground and surface waters, 
 Protecting air quality by ensuring that the landfill gas (LFG) generated in the landfills is disposed 

of with appropriate methods, 
 Effective and long-term use of the storage area and re-evaluation of the storage area when the 

storage is over. 
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3.3. Construction of Landfills 

3.3.1. Draining Ground Waters 

If there is groundwater in the field, these waters should be collected and discharged. To prevent water 

ingress from the ground to the field floor; ground water should be drained out of the field by making 

suitable inclined drainage channels. 

 

 

 

 

 

 

 

Figure 8: Drainage channels 

3.3.2. Stripping of Vegetal Soil and Field Leveling Studies 

The vegetable soil (if any) is stripped and stored in suitable areas to be used in the final cover. Loose soils 

are taken and strengthened by controlled compaction with solid soil. The landfill floor is leveled with a 

minimum 3% longitudinal slope in accordance with the clay, membrane laying and leachate drainage 

(according to the project elevations). 

 

 

 

 

 

 

 

 

 

 

Figure 9: Stripping of Vegetative Soil 
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3.3.3. Eligibility Criteria for Clay to be Used in Landfills 

Table 3: Compliance criteria for clay to be used in landfills of different classes 

TYPE OF STORED SOLID WASTE 

 CLAY PERMALITY AND THICKNESS 

NATURAL GEOLOGICAL PERMEABILITY ARTIFICIAL PERMEABILITY  

    

I. Class Landfill Facility K ≤ 1x10-9 m/s ; thickness ≥5m At least 0.5 m 

II. Class Landfill Facility K ≤ 1x10-9 m/s ; thickness ≥1m At least 0.5 m 

III. Class Landfill Facility K ≤1x10-7 m/s ; thickness ≥1m At least 0.5 m 

 

The permeability and minimum clay thickness values of the clay to be used for the formation of the 

impermeability layer in the sanitary landfills are given in Article 16 of the Regulation on the Regular 

Storage of Wastes. 

The analyzes to be made for the clay to be used in the field are listed below: 

1. Permeability (Hydraulic Conductivity) Analysis, 
2. Humidity content, 
3. Atterberg Limits (Liquid Limit, Plastic Limit, Plasticity Index), 
4. Specific Gravity, 
5. Particle Size Distribution, 
6. Maximum dry density / optimum humidity content ratio, 
7. Organic Matter Content, 
8. Compression Test 

The points to be considered while creating an impermeability layer from clay can be listed as follows: 

 25 cm thick (at least 50 cm in total) should be compressed gradually in two stages, 
 It should be combined with the layer following the laid clay layer, 
 By using crushers and chewers (with the help of compactor and dozer), the lump part of the clay 

should be broken up and leveled with the help of a grader, 
 During the clay compression process, it must be watered for the appropriate humidity content, 
 Possible settlements should be minimized by compacting the base with the help of vibratory 

rollers. 

 

 

 

 

 

Figure 10: Landfill Ground Clay Application  
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3.3.4. Geomembrane Laying 

Geomembrane provides a superior protection against infiltrations as it has high resistance to chemicals, 
high tensile strength, low permeability, and extremely resistant to punctures and cracks. It is used as a 
ground base cover in solid waste landfills. High Density Polyethylene (HDPE) is produced in rolls with a 
width of approximately 2-10 meters and lengths of 140-190 meters. Their thickness varies between 2 and 
8 mm. 

The standards that give the required properties for geomembrane and geotextile to be used in solid waste 
landfills: 

• TS EN 13257, TS EN 13257/AC, TS EN 13257/ A1, TS EN 13493 

(Annex-3 of the Regulation on Landfilling of Wastes) 

 

 
 

 

 

  

Figure 11: Landfill Ground Membrane Application 

 

 

 

 

 

 

Figure 12: Landfill Filling Section Figure 13: Landfill Membrane Lock 

3.3.5. Geotextile Laying 

Geotextiles are resistant to high local loads thanks to their elongation feature. The pore structures allow 

the passage of water, while keeping fine-grained materials such as silt or sand. The special structure of 

geotextiles prevents damage by laying on the geomembrane. 

Geotextile is adhered to geomembranes by fusion welding. In this way, the geotextile is prevented from 

slipping under load. While performing geomembrane / geotextile laying, locking and welding works in the 

field, attention should be paid to the wind effect (Weights such as sandbags should be placed around the 

membrane). 

 

LVL MAX 4/1 

FENCE LVL 2/1 

GARBAGE 
GRAVEL DRAINAGE (50 cm) 
GEO-TEXTILE (PROTECTIVE) 
GEO-MEMBRANE CLAY (25 cm) 
CLAY (25 cm) 
LEVELED FLOOR 

10 cm LEAN CONCRETE (200 
DOSE) 10 cm GRAVEL 

RAINWATER CHANNEL 

GEO-MEMBRANE ANCHOR DETAIL 
WAREHOUSE FINAL BALANCE 

WAREHOUSE LAST BANK LEVELED FLOOR 
CREATED WITH CLEAN, UNIFORM MATERIAL 

OR CLAY FROM THE FLOOR FIELD 



308 
 

 

 

 

 

 

 

Figure 14: Sanitary Landfill Geotextile Felt 

3.3.6. Leachate Drainage System 

Drainage System Features 

 Area drainage system (covering the entire area with a drainage layer) 
 Gravel Size: 16/32 river gravel 
 Limestone content is less than 20% 
 Drainage thickness should be at least 50 cm and permeability K >1x10-4m/sec. (Regulation on 

Landfilling of Wastes, Article 16) 
Drainage pipes are laid on the base made impermeable and the leachate is collected at one point. 

 The diameter of the drainage pipes, which must be calculated hydraulically and statically, should 
be large enough to allow control and cleaning. 

 The longitudinal slope of the warehouse floor should be at least 3% (Regulation on Landfilling of 
Wastes, Article 16). 

 

 

 

 

 

 

Figure 15: Leakage Pipe Connection Methods 
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Figure 16: HDPE Drain Pipes Used in Leachate Drainage 

Note: A minimum 50 cm gravel filter should be placed on and around the leachate drain pipes. 

 

 

 

 

 

 

 

 

Figure 17: Landfill Leachate Drainage Gravel 

 

3.3.7. Storage Gas Collection Systems 

As a result of the microbiological decomposition of the airless organic matter in the storage mass, mainly 

methane gas, carbon dioxide, hydrogen sulfide, ammonia and nitrogen compounds are collected by 

horizontal and vertical gas collection systems. The purpose of construction of gas chimneys is to control 

the gases arising from future energy conversion and storage, and to provide passive control by minimizing 

fire and similar risks. 

140 mm HDPE perforated pipe, steel mesh (5*15 cm) and gravel materials are used in the construction of 

the gas chimney. 

Passive Gas Collection chimneys are laid in the storage area at intervals of 50–75 meters in accordance 

with the project. 
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Figure 18: Landfill Vertical Gas Pipeline Section 

 

 

 

 

 

 

 

 

Figure 19: Site ready for waste acceptance 

 

 

 

 

 

 
 

 

 

 

 

Figure 20: Field Section 
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3.4. Landfill Gas Management and Energy Production in Landfills 

Landfill gas (LFG) is the gas formed as a result of anaerobic decomposition in a humid environment with 

the help of anaerobic bacteria that grow in this environment, by consuming the oxygen contained in the 

organic materials in the domestic wastes stored in solid waste landfills over time. 

Anaerobic decomposition is a very slow and long-term process, and the rate of decomposition varies 

depending on many environmental factors such as humidity, temperature, pH, air pressure and 

compression ratio.  

3.4.1. LFG Formation Phases 

 

 

 

 

 

 

 

 

 

Figure 21: Aerobic Phase 

The characteristic feature of this phase is the presence of oxygen (O2) coming from the atmosphere while 

the waste is being stored. Aerobic bacteria live until oxygen is depleted, allowing long chains of molecules 

to break down, and the product of this process is carbon dioxide and water vapor. 

 

 

 

 

 

 

 

 

 

Figure 22: Acid Phase 
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With the formation of organic acids from the compounds produced in the aerobic phase, more significant 

amounts of CO2 begin to be produced and the anaerobic decomposition phase begins. The landfill is highly 

acidic in this phase. Acids dissolve food with moisture. 

 

 

 

 

 

 

 

 

 

 

Figure 23: Initial Methanogenic Phase 

Some of the anaerobic bacteria consume organic acids in this phase. In this phase, the field attains a more 

neutral environment and methane-producing bacteria begin to form themselves. While there is a 

decrease in the amount of CO2 and N2, H2 is completely depleted. 

 

 

 

 

 

 

 

 

 

 

Figure 24: Stable Methanogenic Phase 

Once LFG production stabilizes, decomposition begins. In this phase, LFG contains 45-50% methane, 40-

60% carbon dioxide and 2-9% other gases. This production could take 20 years. 
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Figure 25: Methane Gas Formation Phases 

Table 4: Natural Gas, LFG and Sewage Gas Energy Values 

 

 

 

 

 

 

 

 

 

 

3.4.2. Detriment of Methane Gas 

The main detriments of methane gas include fires and explosions, damage to vegetation, unpleasant 

odors, collapses in the field, pollution of groundwater and air pollution, and global warming. 

Gas Composition Natural gas LFG Sewage Gas 

Methane (CH4) 90% 55% 65% 

Carbon dioxide 
(CO2) 

0% 45% 35% 

Nitrogen (N2) 5% 5% 0% 

Ethane (C2H6) 5% 0% 0% 

Total 100% 100% 100% 

Methane Number 85 136 134 

Thermal Value 
(MJ/m3) 

34 21 25 

Phases Time Interval 
I 1 Day - 1 Week 
II 1-8 Months 
III 3 Months - 3 Years 
IV 8-40 Years 
V 1 - 40+ Years 

Total 10 - 100 Years 
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CH4 (methane gas) contributes 21 times more to global warming than carbon dioxide on a molecular scale. 

In fact, it is known that the effect today is 25 times more6. 

By burning 1 m3 of LFG, 8.24 kg of CO2 (carbon dioxide) equivalent carbon reduction can be achieved. 

3.4.3. Gas Collection Systems Design 

The most basic principle in gas collection system design is the collection of gas formed in parallel with the 

gas formation rate. For this reason, it is necessary to model the gas that may occur mathematically, make 

realistic predictions and design in accordance with these results. 

Expansions and changes throughout the operating life of the system need to be considered. 

 

 

 

 

 

 

  

 

 

  

  

 

Branch and Knot Line System   

 

  

Cascade Line System 

 

 

  

Ring Line System  

                                                            
6 https://dergipark.org.tr/tr/download/article-file/481789 
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Figure 26: Landfill Gas Collection Systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27: Vertical Gas Collection Wells 

 

 

 

 

 

 

 

Figure 28: Horizontal Gas Collection Wells 
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Horizontal gas collection line design is shaped according to surface gas leaks and leaking water height 

parameters inside the tank body. 

In the field, blockages may occur in the wells. 10% of existing wells may need to be renewed each year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29: Blockage of Wells 
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3.4.4. Use Areas of LFG 

 Internal combustion engines 

 Steam systems 

 Stirling engines 

 Fuel cells 

 Gas Turbines 

 Methanol Production 

 Incinerating in Chimney 

 Leachate evaporation 

 Commercial CO2 production 

 Direct use 

 ORC engines 

 CNG converter 

 

 

 

 

 

 

 

 

Figure 30: Energy generation in internal combustion gas engines 

 

3.5. Operation of Landfills 

Many of the landfills in our country are turning into wild landfills with the wrong businesses. Some of the 
factors to be considered in the operation of landfills can be listed as follows. 

 The most important factor in sanitary landfilling is the non-contamination of groundwater. It must 
be ensured that the membrane laid on the ground is not damaged, waste is not taken out of the 
lot area, the leachate formed by the waste is treated and it does not come into contact with the 
ground. 

 It is ensured that methane gas, which creates a greenhouse effect, is used with the right methods 
and even converted into energy. 

 It is known that the waste stored with recycling facilities saves 30% more warehouse space in 
volume. It should be ensured that recycling facilities are established and operated in our landfills. 
In fact, the separation of RDF materials is an important additional facility that prolongs the field 
life and is a source of income. In order for the recycling facilities established in the sanitary landfills 
to operate efficiently, activities for separation at the source must be carried out. 
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 In field operation, soil closure and the continuity of compactor use should be checked. Again, 
prolonging the life of the field, preventing the bags spreading to the environment, bad smell, 
preventing the rain water from mixing with the leachate water, and the complete disposal of the 
waste are among the principles of sanitary landfill. 

 Wild landfills should be rehabilitated throughout the province and all wastes should be brought 
to landfills. 

In short, if the necessary importance is given to the landfills and the waste is completely disposed of, it 
will extend the life of the site, prevent all negative environmental problems and create livable areas in the 
region.  

 

 

 

 

 

 

 

 

 

 

Figure 31: Landfill Section 
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Info Box 2: Measures to be Taken Against Water Leakage in Landfills 

 Good design of the waste to be stored in the lot area, 
 Covering the stored waste regularly, 
 Ensuring that the rain water is transferred out of the field in a controlled manner without 

mixing with the leachate during the closure, 
 To prevent the mixing of leachate by collecting rain water separately in lot areas that have 

not yet been contacted with waste, 
 Dividing lot areas into small cells depending on the amount of waste. 

 

 

 

 

 

 

 

 

 

Figure 32: A Landfill 

Info Box 3: Good Practice Examples in Landfills 

 The wire fence is completely done as required, those who do not have work in and out are 
not allowed to enter or leave, 

 The scale is calibrated periodically and the records are kept, 
 Separation plant operating at full capacity (even including rdf plant) 
 Landfill well operated (compactor compaction, log cover) 
 Leachate treatment plant owned and operated 
 Wheel washing unit fully operational 
 Controlling the observation wells and taking laboratory analyzes in certain periods 
 Landscaping and afforestation areas 
 Ensuring the occupational safety of the personnel and placing the occupational safety signs 

at the right points in sufficient quantity. 

 

3.6. About Energy Generation Plant Installation and Cost 

The amount of waste and the life of the facility are the most important factors when it is decided to 
establish an energy production facility in the landfill. In general, as in other facilities, the unit price 
decreases as the capacity increases. 

In today's conditions, 
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While the installation of a 1 MW energy generation facility has an investment cost of approximately $ 
1.500.000.00, the installation of a 5 MW energy generation facility costs approximately $ 3.500.000.00. 
Likewise, as the operating expenses increase, the unit cost operating expenses ratio decreases as the 
facility capacity increases. 

In our country, the YEKDEM mechanism offers a fixed price of 133 $/MWh for the facilities to be 
established and put into operation by the end of 2020, as the energy price tariff for the energy produced 
from domestic waste. This process has been extended until the 6th month of 2021 with a 6-month 
extension. The fixed purchase guarantee prices to be applied for the facilities to be put into operation 
between 01.07.2021 and 31.12.2025 are given in the table below. 

 

Table 5: The new price tariff that will be effective as of 01/07/2021 
 

DOMESTIC ADDITIONAL CONTRIBUTION PRICES AND IMPLEMENTATION TIMES FOR PRODUCTION FACILITIES WITH 
REPLACEMENT CERTIFICATE THAT WILL BE ENTERED INTO OPERATION FROM 01/07/2021 TO 31/12/2025.  

 

Type of Plant Based on Renewable Energy Source 

RES Support 

Mechanism Price 

(Turkish Lira 

kuruş/kWh) 

RES Support 

Mechanism Price 

Implementation 

Period 

(years) 

Local 

Contribution 

Price 

(Turkish Lira 

kuruş/kWlı) 

Local 

Contribution 

Price 

Implementation 

Period 

(years) 

a. Hydroelectric generation plant 40.00 10 8.00 5 

b. Generation plant based on wind energy 32.00 10 8.00 5 

c. Generation plant based on geothermal energy 54.00 10 8.00 5 

 

Landfill Gas / Resources obtained from 

by-products of the processing of waste 

tires 

32.00 10 8.00 5 

d. Generation plant based 

on biomass 

Biomethanization 54.00 10 8.00 5 

Thermal Disposal 

(Municipal wastes, vegetable oil wastes, 

agricultural wastes without food and 

feed value, forest products other than 

industrial wood, industrial waste sludge 

and sewage sludge) 

50.00 10 8.00 5 

e. Generation plant based on solar energy 32.00 10 8.00 5 

 

It can be evaluated that the updated and reduced support amounts related to the resources obtained 
from the by-products resulting from the processing of landfill gas encourage the self-consumption to be 
met rather than selling the excess electricity produced in such facilities to the grid, and the prevention or 
reduction of waste generation at the source rather than the storage of solid wastes. 

On the other hand, the already established facilities will be able to continue to benefit from the 
contributions set forth in the new tariff. In this case, there will be no additional investment cost in the 
established facilities, unlike the facilities to be established in the new. In the new facilities planned to be 
established, it will be possible to benefit from the conveniences (disposal cost, reduction of turnover 
share, etc.) that can be provided in the contracts to be signed with the administrations. 

3.7. Types of Analysis to Consider in the Construction of Landfill Gas Production Facilities 
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In the sanitary landfill method, which is used in cases where sufficient size and suitable areas are available, 

wastes decompose under control and turn into inert and stable substances. Landfill is the most 

economical and simplest method for the disposal of domestic solid wastes. 

The most important issue regarding the planning and design of landfill gas collection/control systems and 
landfill gas energy recycling projects is to determine the amount of landfill gas and methane produced. 
The amount of landfill gas and its methane content determine the gas collection and control system design 
requirements, the suitability of the method chosen for the control and use of the landfill gas, and the 
feasibility of energy recovery. Estimating methane emissions is essential due to legal requirements such 
as checking compliance with methane emission standards. 
 
Landfill gas emissions can be determined either by field measurements or by estimation using 
mathematical modeling approaches. Landfill gas modeling is the process of estimating gas generation and 
recovery based on past and/or future waste quantities and the efficiency of the gas collection system. 
Landfill gas models used for the projection of the landfill gas produced over time from the stored waste 
mass have significant advantages with their low cost and relatively fast results compared to field 
measurements. 
 
Most landfill gas models assume that during degradation, the entire waste mass is a single phase and 
decomposes equally. These models are called single-phase models. Since the wastes do not decompose 
equally, they are not used in single-phase models. 
 
Many other models did not go to the waste classification method in the landfill gas formation calculation. 
In our country, the amount of inert waste in the garbage is high, since on-site separation cannot be 
performed. In many models made in European countries where the amount of inert waste is very low, 
waste categorization was not made as this would not make a significant difference. In addition, since gas 
collection systems differ from country to country, this parameter should also be taken into account during 
calculations. In addition, this modeling is important since the amount of precipitation will also be taken 
into account due to geographical differences in our country. 
 
In our country, it uses the waste classification approach developed by CRA (Landfill Gas Generation 
Assessment Procedure Guidelines. Prepared for British Colombia Ministry of Environment) , which is one 
of the landfill gas formation model parameters. 
 
Some models such as EPER Germany, SWANA Zero Order and IPCC assume that methane formation is 
constant over time; these are classified as zero-order models. However, this assumption is critically 
inaccurate, because the rate of methane formation is not constant. 
 
 
The CRA system is preferred because of the efficiency effect that may occur in waste classification and gas 
collection systems. 
 
According to this approach, the waste stream is divided into three categories. 
 
(1) Partially inert – metal, glass, plastic, ash and earth; 
(2) Moderately degradable – waste of paper, wood, wood furniture, leather, textiles, construction and 
excavation; 
(3) Perishable – Food waste, garden waste, slaughterhouse waste. 
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Methane Formation Potential (L0): Waste in each category has different methane formation potential 
and this potential is given in the table below.  
 
Table 6: Potential for methane formation according to different waste categories according to CRA 

CLASS WASTE CATEGORY Lo (m3/ton) 

1 Partially inert 20 

2 Moderately Degradable 120 

3 Perishable 160 

 
Landfill Gas Formation Rate (k): The rate of landfill gas formation is affected by the moisture content of 
the waste mass, the presence of nutrients, pH and temperature. For this reason, the k value should be 
determined according to the annual average precipitation value and the waste composition. This 
evaluation and selection can be easily done from the k-values selection matrix defined by the CRA. 
 
 
Table 7: k-values selection matrix 
 

Precipitation 
(mm/year) 

inert Moderately 
degradable 

Perishable 

<250 0.01 0.01 0.03 

250-500 0.01 0.02 0.05 

500-1000 0.02 0.04 0.09 

1000-2000 0.02 0.06 0.11 

2000-3000 0.03 0.07 0.12 

>3000 0.03 0.08 0.13 

 
By using the above parameters, the amount of gas to be generated can be calculated by CRA modeling. 
 
Since the prognosis of waste is not determined by on-site separation, the amount of gas that may occur 
can be calculated in the light of these scientific data. 
 

3.8. Landfill and Energy Generation Facility Operating Expenses 

The operating costs of landfills (disposal of waste) can be listed as follows: 

 When the laying of wastes in the landfill, compacting, closing and treatment of leachate are 
considered, it may vary depending on the amount of incoming waste of 5-17 €/ton. 

 In addition, the scale and security personnel to be used in the enterprise are also included in the 
operating expenses. 

 In energy generation facilities, there is an operating cost of 1-1.5 mw/h for each gas engine, 
depending on the installed power, and 9-11 €/hour for gas engines. 

 The power generation facility can be included in operating expenses by determining the number 
of personnel in 24-hour shifts (usually 3 shifts), depending on the number of gas engines. 

 All such facilities must be insured as they are very dangerous sites. Insurance is legally obligatory 
for such facilities, and the cost of insurance is an important parameter to be taken into account 
when calculating operating expenses. 
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In addition to the expense items listed here, considering the size of the collected waste and the increasing 
trend over the years, it is beneficial to plan for the expansion investments to be made in the future (e.g. 
adding new sites), in line with both the suitability of the land and the new expense items to be incurred. 

An example cost table is given below. Since most of the investors in our country cannot establish facilities 
with their own resources due to their high investment requirements, they establish facilities by using the 
leasing (financial leasing) method. Leasing costs are another factor to consider when calculating the 
investment cost and planning. 

Table 8: Example cost table 

 

3.9. Problems Encountered in Landfills 

Some important problems that are frequently encountered in landfills and which should be taken into 
account by institutions planning to establish such facilities can be listed as follows: 

 Inability to separate recyclable wastes, 

 Inability to make a daily cover, 

 Inability to compress the stored waste, 

 The shift of the stored waste, 

 Presence of stray animals 

 Failure to control and purify leaking water, 

 Technical staff shortage. 

In order to deal with such problems, first of all, technical personnel are needed. In addition to employing 
personnel with the necessary technical equipment and experience, being able to overcome the 
aforementioned problems also requires having the necessary facilities and equipment, that is, taking into 
account a certain investment and operating expenses. Recently, investments have been made in this 
direction within the scope of the "Zero Waste Project"7. 

INFORMATION BOX: ZERO WASTE PROJECT  
 
Thanks to the Zero Waste Project implemented by the Ministry of Environment and 
Urbanization in 2017, these are expected to achieve;  
 
Increase in efficiency, 
Increasing performance due to clean environment, 
Reducing costs as waste is avoided, 
Ensuring the reduction of environmental risks, 
Ensuring that employees have a sense of "sensitive consumer" as it contributes to the 
development of environmental protection awareness within the organization, 
Ensuring that the institution has the title of "Environmentalist" in national and international 
markets, thereby increasing its prestige. 

 

 

                                                            
7 For more detailed information about the Zero Waste Project, see. https://sifiratik.gov.tr/ 
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3.10. Separation Plant 

 

The seperation plant is one of the indispensable elements of a landfill. It has been calculated that the 
volume of waste stored in the field with the separation plant has decreased by 30%. In addition, recycling 
of recyclable materials is very important in terms of making a small contribution to the country's economy 
instead of burying them. 

The separation facility is very important for an integrated facility, even if it is to make good use of our land 
and to extend its useful life, in terms of the destruction of large lands and their re-use for agriculture and 
similar purposes. 

3.11. Closing of Landfill 

The benefits of cover work are as follows. 

 Preventing the spread of waste that may fly in the wind to the environment 
 Reducing odor by controlling 
 Preventing carrier animals from carrying microbes 
 Prevention of uncontrolled weeding 
 Reducing mosquito breeding 
 Prevention of uncontrolled landfill gas leaks 
 Contributing to the acceleration of anaerobic activities and stabilization of wastes in a short time 
 To prevent rain water from leaking into the solid waste in the landfill and increasing the amount 

of garbage leachate. 
 Stopping the contact of waste layers with air. 

 

 

 

 

 

 

 

 

 

 

 

Figure 33: A Rehabilitated Wild Landfill 

3.11.1. Investigation of Environmental Factors After Closing 
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The areas where Class I and II landfill facilities are located are monitored and inspected for at least thirty 
years after the warehouse service period has expired (License period is specified). The total or partial 
closure of the sanitary landfill is carried out when the conditions specified in the license are fulfilled or 
upon the request of the operator and the approval of the Ministry or with the reasoned decision of the 
Ministry. 

As a result of the final site inspection at the facility by the Ministry and the evaluation of all reports 
submitted by the operator, approval is given to the operator for closure. This situation in no way changes 
the responsibilities of the operator specified in the license, the operator is responsible for the provisions 
of the relevant Regulation until the facility closure procedures are completed. 
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8 A gas balloon is an equipment used to store gas. The main benefits of gas balloons are to prevent the release of 
gas into the atmosphere during power cuts, to store the gas during breakdowns and maintenance, to reduce the 
humidity of the gas and to reduce the operating times of gas engines. With these benefits, the gas balloon is one of 
the equipment that can be optionally preferred by the operator. 
9 Whether a siloxane removal unit is needed or not can be determined as a result of the gas analysis to be carried 
out in the field. Although siloxane removal is not yet used in our country, it can be added to the plant in the light of 

  Equipment / Service Cost Leasing 

Application 
Stage 

Company Formation €1.500 No € 0 

Mechanical Projects €3.000 No € 0 

Electrical Projects €2.000 No € 0 

Construction Projects €4.000 No € 0 

ENERGY PROJECT AND ENH PROJECT DRAWING €12.500 No € 0 

Grounding and Land survey €2.500 No € 0 

EDAŞ DISTRIBUTION COMPANY CONTRACT SIGNING €5.000 No € 0 

AFTER BANK FINANCING       

Field Works 

FIELD PROJECT DRAWING €35.000 No € 0 

GAS COLLECTION PIPES AND ACCESSORIES  €47.000 No € 0 

FIELD PIPE LAYING, CONSTRUCTION MACHINERY AND 
LABOR 

€40.000 No € 0 

CONCRETE PLATFORM CONSTRUCTION, GROUNDING €30.000 No € 0 

RIVER GRAVEL €25.000 No € 0 

Equipments 

BIOGAS ENGINE 1 PCS  €400.000 Yes €400.000 

BOOSTER SYSTEM €130.000 Yes €130.000 

GAS COOLER €45.000 Yes €45.000 

BIOGAS BALLOON8 €110.000 Yes Optional 

SILOXAN REMOVAL SYSTEM9 €32.000 Optional Optional 

H2S TANK €40.000 Yes €40.000 

Switchyard 

TRANSFORMER STEP UP 2000KV 1pc €17.000 Yes €17.000 

INTERNAL TRANSFORMER  €9.500 Yes €9.500 

CONCRETE TRANSFORMER CUBICLES €38.000 Yes €38.000 

ELECTRIC PANELS €20.000 Yes €20.000 

IN FIELD WIRING €25.000 Yes €25.000 

ENERGY TRANSFER LINE €85.000 Yes €85.000 

OTOB FİDER 1 PCS €17.500 Yes €17.500 
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the data to be obtained as a result of the analyzes to be made during the installation of the plant. Siloxane is a gas 
that damages the gas engine. The main preference reason for the siloxane removal unit is to extend the life of the 
gas engine and reduce maintenance costs. 

Other 

GAS MEASURING INSTRUMENT €7.000 Yes €7.000 

ENGINE TRANSPORT AND COMMISSIONING €12.000 No € 0 

MOTOR CONTAINER AND MECHANICAL & ELECTRICAL 
INSTALLATION 

€3.000 No € 0 

FIRST OIL €10.000 No € 0 

MANAGEMENT EXPENSES €25.000 No € 0 

UNKNOWN EXPENSES €10.000 No € 0 

LANDSCAPE AND ARRANGEMENTS €15.000 No € 0 

TOTAL 

€ 1.258.500 
€424.500 €834.000 

$ 1.510.200 
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8. Wind Power 
Ünal Kurt 

8.1. Introduction 

Since the world is developing rapidly, it needs to generate the electric power required by these 
developments in an uninterrupted, reliable and economical manner, taking into account the 
environmental effects. When humanity thought about the limited life of fossil-based energy resources 
and their negative impacts on the environment, they started to seek alternative and more practical, 
environment-friendly and economical energy sources. Renewable energy sources are the primary 
alternative energy sources. Today, the fastest developing renewable energy source is wind energy 
conversion systems. Factors such as the rapid developments in wind turbine technology and supply chain, 
the fact that electricity generation costs can compete with conventional power plants based on other 
sources, and minimal environmental impacts have made the applications of wind energy conversion 
systems widespread.  

8.2. Wind Power and Technology 

Wind energy is generally used by converting it into two different types of energy. One of them is the 
conversion of wind energy into mechanical energy, and the other one is the conversion of wind energy 
into electrical energy. The conversion of wind energy into mechanical energy dates back to ancient times. 
Wind turbines can be used at locations where mechanical energy is required, such as for pumping water 
or cutting, mowing, grinding and compacting things, or oil extraction. In recent years, the fastest growing 
application of wind energy is the use of wind power in the generation of electricity both for the local 
consumption of electric power (self-consumption) in rural areas and for the purpose of supplying power 
to an interconnected system. Large and powerful wind power plants (WPPs) are in the form of wind farms 
with multiple turbines connected to the electricity grid. 

Today, the majority of wind turbines are installed in terrestrial areas. However, the fact that wind turbines 
available in the market have reached 4–8 MW, that the wind potential of seas is higher and more stable, 
and the latest developments in installation technologies have made offshore wind power plants (Offshore 
WPP) more widespread.  

Wind energy is a natural, renewable, clean and infinite form of energy and its source is the Sun. A tiny 
amount such as 1–2 percent of the energy that the Sun sends to the Earth's surface is transformed into 
wind energy. Air flow occurs due to the temperature and pressure difference arising from the Sun not 
heating or cooling the Earth's surface and the atmosphere homogeneously. When a volume of air mass 
heats up, it rises up in the atmosphere and the same volume of cold air settles in the place left by the 
rising volume of air. The displacement of these air masses is called wind. In other words, wind is the air 
flow that occurs due to the pressure differences between two adjacent pressure regions and moves from 
a high-pressure system to a low-pressure system. As the winds flow from high pressure areas to low 
pressure areas, they are shaped by factors such as the earth's rotation around its own axis, surface 
frictions, local heat dissipation, different atmospheric events in front of the wind, and the topography of 
the land. Wind characteristics vary temporally and regionally depending local geographical differences 
and inhomogeneous warming/cooling of the earth. Wind is expressed with two parameters: speed and 
direction. Wind speed increases with elevation, and its theoretical power varies proportionally with the 
cube of its speed.  
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Wind turbines are the main structural elements of wind power plants that convert the kinetic energy of 
moving air into mechanical energy and then into electrical energy. Wind turbines are manufactured with 
a horizontal axis or a vertical axis, depending on the direction of their rotation axes. Horizontal-axis wind 
turbines are the most widely used type of wind turbines. Horizontal-axis wind turbines operate with their 
axes of rotation being parallel and their blades being perpendicular to the wind direction. Such types of 
wind turbines have one, two, three or multiple blades. Axes of vertical-axis wind turbines are 
perpendicular and vertical to the wind direction, and their blades are in vertical position. In vertical-axis 
wind turbines, no position change occurs when the wind direction changes, unlike in horizontal-axis wind 
turbines. Grid-connected modern wind turbines for electricity generation are mostly 3-blade and 
horizontal-axis wind turbines (Figure 1).  

 

 

Figure 1. Main components of a horizontal-axis and three-blade wind turbine  

 

Table 1. Wind turbine main components and related parts 

TURBINE COMPONENT PART 

TOWER 

1. Turbine tower 

2. Mechanical equipment of the tower 

3. Tower fasteners 

ROTOR 

1. Blade  

2. Hub 

3. Pitch gears or blade bearing  

4. Main or fixed shaft  

Blade 

Low Speed 
Shaft Gearbox 

Generator 

Tower Yaw System High Speed 
Shaft 
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5. Pitch system 

NACELLE 

 

1. Nacelle and hub outer frames 

2. Nacelle inner frames  

3. Yaw drive 

4. Yaw system 

5. Main shaft bearing and bearing block, if any 

6. Cooling system  

7. Brake system  

8. Hydraulic system 

 

ELECTROMECHANICAL  
POWER CONVERSION 

SYSTEMS 

1. Gearbox and turbine generator for technologies that involve 
gearboxes 

2. Direct drive turbine generator for technologies that do not 
involve gearboxes 

 POWER SYSTEMS 

1. Turbine transformer 

2. Power converter  

3. Electronic power control unit 

OTHER 

1. Aviation warning system 

2. Speed, direction, temperature, pressure, humidity sensors 

3. Built-in nacelle crane 

4. Small castings and fasteners 

5. Lubrication system 

6. Earthing / lightning rod system 

7. Data monitoring, query and control systems 

 

Although turbines up to 8 MW have become increasingly common in parallel with technological 
developments today, manufacturers are planning to introduce horizontal-axis wind turbines up to 14 MW 
power in the near future. A wind turbine consists of a body and a rotor placed on a tower at a height 
where the surrounding obstacles do not change the wind speed profile. The blades and the hub to which 
they are connected are called rotor.  

Rotor blades are produced using multiaxial fabrics (surface coating material) woven with glass or carbon 
fiber yarns; filling materials such as balsa wood; and epoxy- or polyester-based lamination resins and 
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curing chemicals, and contain rotor hub fasteners. The blade diameter of the new generation wind 
turbines with three blades has reached 164 m.  

Rotor hub is a component produced by casting, machining and necessary surface treatment methods, 
onto which yaw drive or blade bearings and pitch system parts are installed. A low-speed main shaft is 
installed on the rotor hub, which is used to transfer the kinetic energy of the rotor to the drive train or 
generator inside the nacelle. The main shaft is a turbine component that is produced by forging or casting 
techniques and is directly connected to the rotor blades. Some wind turbine models (direct drive wind 
turbines without a gearbox) use a fixed shaft instead of a main shaft. The fixed shaft is a component fixed 
directly in the nacelle, on which the rotor or stator body of the generator is located.  

The rotor is connected to a low-speed main or fixed shaft. The kinetic energy of the wind is converted into 
mechanical energy by the rotor, and the rotational motion of the low-speed main/fixed shaft is transferred 
to the transmission system (gearbox or direct drive generator) inside the nacelle (housing/frame).  

The pitch system in the rotor hub is of great importance. It allows the rotor blades to move angularly 
depending on the wind speed, thus providing maximum performance. It consists of an electric, hydraulic 
or pneumatic motor/drive, a motion reducer and a pinion gear. 

A nacelle (housing) is used to protect the mechanical and electromechanical turbine components from 
the external environment. The nacelle is a protective housing, usually made of lightweight materials such 
as fiberglass or aluminum, and houses the chassis, main/fixed shaft, cooling system, gearbox, generator, 
brake/lubrication/hydraulic systems, etc. 

The rotor hub and nacelle of modern wind turbines are located on a tower 60-100 m above ground level. 
Turbine tower is a conical tubular structural element made of steel and/or concrete, which carry rotor 
and nacelle components and the outer surface of which is sandblasted and painted in light gray. Inside 
the tower are cable clamps, vertical climbing stairs, platforms, tower door and frame, sometimes 
service/freight elevator and tower entrance stairs. 

Apart from all these components, a wind turbine also has control systems, nacelle guidance motor and 
mechanism, and measurement devices such as an anemometer and a wind vane. 

The air that moves freely in the atmosphere has a certain mass and a kinetic energy due to being in motion 
in the form of wind. Based on the conservation of momentum and kinetic energy, theoretical power of 
the wind moving freely in the atmosphere (Pair) can be expressed mathematically as shown below, where 
“ρ” is air density (kg/m3), “A” is the cross-sectional area perpendicular to the wind direction (m2) and “v” 
is wind speed (m/s): 

𝑷𝒂𝒊𝒓 = 𝟎, 𝟓 ∗ 𝒑 ∗  𝒗𝟑 ∗ 𝑨    𝑾𝒂𝒕𝒕 [W]                    [1] 
The part of the theoretical wind power that can be converted into electrical energy by the wind turbine 

is expressed as follows: 

 

𝑷𝒏𝒆𝒕 = 𝟎, 𝟓 ∗ 𝑪𝒑 ∗ 𝒑 ∗ 𝑨 ∗ 𝒗𝟑 ∗ 𝑵𝑮 ∗ 𝑵𝑫 ∗ 𝑵𝑪    𝑾𝒂𝒕𝒕 [𝑾]     [2] 

 

where “Cp” is the power coefficient (Betz Limit – maximum value: 0.59), “A” is the area (m2) swept during 
rotor rotation, “NG” is generator efficiency, “ND” is gearbox efficiency, and “NC” is the coupling efficiency. 
Power coefficient (Cp) is defined as the ratio of the shaft power obtained to the power of the wind blowing 
to the wind turbine. Its maximum value is 59.3 percent, which is called the “Betz limit.” For an ideal wind 
turbine that is well designed using today's technology, the "Cp" value is around 45 percent. “CP” is a 
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function of the ratio of the blades’ rotation speed (Uk) to the speed of wind (U) striking the blades: Cp=f 

(Uk/U). This (Uk/U) ratio here is also known as the "Tip to Speed Ratio”. As this expression suggests, in 
principle, if the power obtained is desired to be kept to a maximum continuously, the rotor rotation speed 
should vary depending on the instantaneous wind speeds and the tip to speed ratio should be kept at an 
optimum level that can provide the maximum “CP” value. When designing wind turbines, this is adjusted 
automatically.  

Wind turbines can only start generating electricity at a certain wind speed. Below this wind speed, which 
is called “cut-in”, the system stops completely. The electrical energy generated by the system increases 
with the wind speed. At a given wind speed for each wind turbine, the power generated by the system 
reaches its maximum value. This maximum power is called “nominal power” and this wind speed is called 
“nominal speed.” If the wind speed exceeds the nominal speed value, the power generated by the system 
will be as much as the nominal power. To avoid any damage to the system, the wind turbines 
automatically switch to the stop position above a certain wind speed. This maximum speed is called the 
“cut-out” speed of the system. In other words, a wind turbine generates power between cut-in and cut-
out wind speeds. Cut-in speeds of modern wind turbines are around 3–4 m/s, nominal speeds are around 
11–15 m/s and cut-out speeds are around 25–30 m/s. 

 

 

Figure 2. Speed-power curve of a 600 kW wind turbine 

  

NOMINAL POWER 

CUT-OUT SPEED 

CUT-IN SPEED 

WIND SPEED (m/s) 
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8.3. WPP Project Development Stages 

The development of a WPP project usually consist of the stages shown in Figure 3. 

 

Figure 3. WPP project development stages 

 

8.3.1. Identifying Sites with a High Wind Potential (Study & Land Selection) 

The cost-effective utilization of the available wind energy potential is only possible if the 
technical/economic feasibility studies regarding the installation of the plant are carried out meticulously 
with the help of wind potential and other measurement data to be obtained reliably. It is of great 
importance to determine economic indicators such as payback period and internal rate of return, taking 
into account basic parameters for the installation of a wind power plant (WPP), such as project 
development, initial investment, operation period and financing costs. The most critical parameter that 
needs to be known to make such calculations is the annual net amount of electrical energy to be generated 
from the wind turbines to be installed. 

The economy of WPPs depends on the amount of energy that can be generated. The theoretical power of 
wind is essentially proportional to the cube of its speed. Hence, the WPPs installed in areas with high wind 
speeds generate more energy, and therefore are more economical. So, the first thing to do before any 
wind power plant investment is to identify the project sites with high wind speeds. To that end, the first 
study that needs to be carried out is to determine the approximately estimated values of the wind speed. 
Wind atlases are the first source of reference that gives estimated wind speeds. In addition to wind 
atlases, meteorological and wind measurement data published by the institutions or companies in the 
vicinity of the potential sites can also be checked. 

In order to determine the wind energy potential of our country and to identify the sites where WPPs can 
be installed, wind measurements were conducted to directly obtain wind data in various regions. In 
addition, the Turkey’s Wind Power Potential Atlas (REPA) was prepared by the Ministry of Energy and 
Natural Resources. These studies provide preliminary information about areas with high wind speeds.  

In addition to wind atlases, nature itself provides real guidance in determining WPP installation sites. 
Biological and geographical indicators such as the topography, vegetation, trees and shrubs, and 
geological signs (erosion) associated with the wind give important clues. Moreover, observations of the 
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local people, old windmill ruins and local, social and cultural signs associated with the wind (hill names, 
poems, etc.) indicate the presence of wind.  

 

There are also a number of standard charts about the effects of wind on physical objects, which are used 
to roughly estimate wind speeds in field surveys. Beaufort and Griggs-Putnam scales are well-known 
examples. The Beaufort Scale can be seen in Table 2 and the Griggs-Putnam Scale in Table 3. 

Table 2. Beaufort Scale 

Beaufort 
No. 

Wind Speed 
(m/s) 

Description 

0 0.0 – 0.2 Smoke rises vertically. 

1 0.3 – 1.5 Direction shown by smoke drift. 

2 1.6 – 3.3 Leaves rustle. Wind felt on face. 

3 3.4 – 5.4 Leaves and small twigs in constant motion. 

4 5.5 – 7.9 Small branches moved. Raises dust and loose paper. 

5 8.0 – 10.7 Small trees in leaf begin to sway. 

6 10.8 – 13.8 Large branches in motion. Umbrellas used with difficulty. 

    7 13.9 – 17.1 
Whole trees in motion; inconvenience felt when walking against 

the wind. 

8 17.2 – 20.7 Twigs break off trees. Generally, impedes progress. 

9 20.8 – 24.4 Slight structural damage. Chimney pots and slates removed. 

10 24.5 – 28.4 Considerable structural damage. Big trees uprooted. 

11 28.5 – 32.6 Widespread damage. 

12 >32.7 Devastation. 

 

Table 3. Griggs-Putnam Scale 
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 I II III IV V VI VII 

Wind Speed 
(mph) 

7–9 9–11 11–13 13–16 15–18 16–21 22+ 

 

Estimated wind speeds are determined with the help of the charts given above and by conducting field 
survey in the sites roughly determined using wind atlases, hearsay, field observations and measurement 
conducted by organizations. It is also helpful to measure instantaneous wind speeds at certain intervals 
using a handheld anemometer. If the estimated average wind speeds determined by the preliminary 
studies are around 5-7 m/s, it should be considered that the wind potential can be utilized. 

Wind power potential atlases can also provide preliminary information about the sites where WPP 
investments can be made. The Wind Power Potential Atlas (REPA) was developed for Turkey in 2007 by 
the General Directorate of Electrical Power Resources, Survey and Development Administration (EIE). 
Using the REPA, especially in wind power applications, the project sites where an investment can be made 
are identified easily, feasibility studies can be carried out, the need for studies seeking wind potential is 
eliminated, thereby saving time and costs, and it becomes easier for users and energy planners to make 
informed decisions.  

Turkey’s Wind Power Potential Atlas was developed using a medium-scale numerical weather research 
and forecast model (WRF) for simulating meteorological events, a small-scale wind flow model that 
incorporates into the calculations the topographical and local effects on wind data (speed, direction, 
temperature, pressure) produced by the WRF model, and geographic information system (GIS) software. 
Climate data, NCEP/NCAR re-analysis datasets, altitude, soil moisture, land cover, and high-resolution 
topography data were used in the WRF numerical weather forecast model.  

The point wind potential data that can be obtained from REPA is given below: 

 200 m-resolution wind speeds for altitudes of 30, 50, 70 and 100 m  
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 200 m-resolution Weibull distribution parameters for altitudes of 50 and 100 m  

 200 m-resolution annual wind power density values for altitudes of 50 and 100 m 

 Annual wind class based on 200 m-resolution wind data for an altitude of 50 m  

 Capacity factor values calculated using a 1 MW reference wind turbine, based on 200 m-
resolution annual wind data for an altitude of 50 m 

 Atmospheric pressure values at altitudes of 0 and 50 m 

 Temperature values at altitudes of 2 and 50 m 
 

 

 

 

 

 

 

 

 

Figure 4. Annual average wind speed distribution map – 50 m (REPA) 

In addition, Turkey’s Wind Power Potential Atlas was updated under the coordination of the Ministry of 
Energy and Natural Resources and with the support of the European Union financing and the European 
Bank for Reconstruction and Development, and the obtained wind potential data was delivered in May 
2020. Using the Turkey’s Wind Power Potential Atlas, updated to provide a resolution of 100 m x 100 m, 
the wind potential data (wind speed, Weibull-A and Weibull-k parameters, temperature, pressure and air 
density) for 30, 60, 100 and 150 meters above ground level and wind direction data for altitudes of 30 and 
100 meters were generated, and power density, wind class, capacity factor and annual energy generation 
values for a 3 MW wind turbine were calculated based on such parameters. 

Taking into account the wind potential data obtained following this update, evolving wind turbine 
technologies, current investment costs and changing unusable area assumptions, efforts are underway to 
revise the total capacity of wind power plants that can be installed in Turkey. 

WIND SPEED 

(m/s) 
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r  

Figure 5: Wind Speed Distribution at 100 m 

Even if the data obtained from preliminary surveys and desktop studies is quite positive, a selected project 
site might turn out to be unsuitable for installation of a WPP when evaluated against criteria such as 
environment, land values, grid connection, topography and prohibited protection areas. Hence, on-site 
surveys should be conducted by visiting the project site that is considered to be suitable for the installation 
of a WPP with maps with an appropriate scale (1/25,000) and quality, and answers to the questions listed 
below should be sought by interviewing public institutions. 

1. Is there enough wind? (Contact with local people) 
2. Is there a former or current wind power application in the region? 
3. Does the wind have an effect on vegetation and land? If yes, what effect? 
4. Is there enough land available to install a WPP? 
5. What is the ownership status and current use of the project site? Is the site a prohibited 

(unusable) area where construction is not possible, such as a natural protection site, national 
park and forest land, or a site where a WPP can be installed after obtaining certain permits? 

6. What is the current zoning status of the project site? Would the zoning plans be approved for 
a WPP to be installed? 

7. What is the importance of the project site in terms of natural life activities and in ecological 
terms? Can there be any interruption in the EIA processes?  

8. What are the opinions of the local people about wind farms? 
9. How are the icing, precipitation, lightning and atmospheric stability conditions of the site? 
10. What is the position of the project site relative to the prevailing wind direction? 
11. How far is the project site from settlements and access roads? Will new access roads be 

required?  
12. How far is the project site from the power transmission lines and substations?  
13. What are the power capacity of the transmission/distribution lines and the substation? 
14. Are there radars, long-range transceiver antennas, TV and PTT link stations in the vicinity of 

the project site? 
15. Is the project site easy to process for road construction and other works? 
16. What is the vegetation of the project site? 
17. Is there any obstacle to zoning plan approvals in the project site? 
18. Does the project site intersect/overlap with another pre-licensed/licensed project site? If yes, 

does it affect the wind of the turbines at the intersecting site? 

Wind Speed 

(m/s) 
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19. Does the project site intersect/overlap with a Renewable Energy Zone (YEKA)? 
20. Will a WPP to be installed in the project area prevent bird movements and migrations across 

the region? 
 
It is also of great importance that the project sites are not within the protection areas specified below.  

 
1. Areas required to be protected under our country's legislation  

a) National parks, nature parks, natural monuments and nature protection areas; 
b) Wildlife protection areas and wildlife habitat areas; 
c) Areas defined as cultural assets, natural assets, and protected areas; 
d) Fishery production and breeding areas;  
e) Vulnerable contamination areas; 
f) Areas designated as special environmental protection zones; 
g) Areas considered to be forest areas in accordance with the Forestry Law; 
h) Areas where a building ban is in effect in accordance with the Coastal Law; 
i) Areas specified in the Law on the Improvement of Olive Cultivation; 
j) Areas specified in the Pasture Law No. 4342; 
k) Areas specified in the Regulation on the Protection of Wetlands. 

 
2. Areas protected under international conventions to which Turkey is a party 

a) Protection Areas I and II specified in "Important Sea Turtle Breeding Areas", "Mediterranean 
Seal Habitat and Breeding Areas".  

b) Areas protected under the "Convention for the Protection of the Mediterranean Sea against 
Pollution" (Barcelona Convention). 

i. Areas designated as "Special Protection Areas" in Turkey in accordance with the 
"Protocol Concerning Specially Protected Areas and Biological Diversity in the 
Mediterranean". 

ii. Areas included in the list of “100 Historical Coastal Protection Sites of Common 
Importance in the Mediterranean”. 

iii. Coastal areas that are the living and feeding environment of "Endangered Marine 
Species Specific to the Mediterranean Sea". 

c) Cultural, historical and natural areas that have been given the status of "Cultural Heritage" 
and "Natural Heritage", protected by the Ministry of Culture. 
 
3. Areas to be protected 

a) Areas designated as areas to be protected where construction is prohibited in approved 
environmental plans (areas whose natural characteristics are to be protected, biogenetic reserve 
areas, geothermal areas, etc.). 

b) Agricultural Areas: Agricultural development areas, irrigated and irrigable areas falling into the 
land use capability classes I, II, III and IV, class I and II areas used in rain-dependent agriculture 
and all special crop plantation areas. 

c) Wetlands: All bodies of water, swamps, reedbeds, turbaries as well as ecological wetlands 
extending from the coastal line of such areas to the land, whether natural or artificial, permanent 
or temporary, stagnant or flowing, fresh, brackish or salty, that extend to depths not exceeding 6 
meters during the low tide of seawater, and are critical as a habitat, particularly for waterfowls. 

d) Lakes, streams, groundwater operation areas. 
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e) Areas that are important for scientific research and/or are habitats for endangered/potentially 
endangered species and endemic species, and areas where biosphere reserves, biotopes, 
biogenetic reserves, and unique geological and geomorphological formations are located. 

 

When it is concluded that the investment can be technically, administratively, commercially and socio-
culturally efficient, taking into account the estimated value of the wind potential in the research area and 
the extent to which the criteria listed above are met, studies should be launched to determine the wind 
potential based on measurements in the area.  

8.3.2. Wind Power Measurements and Data Evaluation 

Once an investment decision is made as a result of evaluations for the installation of a WPP in the project 
site, wind measurements should be started to determine the actual wind potential of the site based on 
data. 

Considering the criteria such as the size and topography of the project site and the financial resources 
that can be used for investment, a wind measurement station (WMS) should be installed at one or more 
locations representing the project site.  

It should always be remembered that it is crucial to take any decision based on reliable measurement 
data during the stages of design, application for pre-licensed/unlicensed generation, determination of the 
contribution or bid price in competitive tenders for connection rights, financing negotiations, 
construction/installation and operation of the WPP. In this context, the provisions of the Communiqué on 
Wind and Solar Measurements for Pre-License Applications for Wind and Solar Power Plants (No. 
2012/01) should be complied with. 

Wind characteristics vary temporally and regionally depending local geographical differences and 
inhomogeneous warming/cooling of the earth. Therefore, installation of a large-scale WPP requires 
reliable long-term wind measurements and extensive feasibility studies. The initial technical work to be 
done for this purpose is to install WMSs at appropriate locations that best represent the site, and to 
measure the parameters that should be used in the feasibility studies, including wind speed, wind 
direction, ambient temperature, pressure, etc. 

Measurements made to determine wind speed and direction vary according to their purpose. In ground 
wind measurements for meteorological purposes (climatological, synoptic, air pollution, etc.), the 
standard measurement height is 10 meters according to the rules of the World Meteorological 
Organization (WMO). In wind measurements for energy purposes, values such as wind speed and wind 
direction are measured periodically for at least one year, at 10-minute intervals, at a minimum height of 
60 m and, if possible, at the hub height of the wind turbine planned to be installed. 

Although the minimum height of the measuring mast is 60 m, the ideal height for measurements is the 
hub height of the wind turbines. However, since the wind regime of the project site, which should be 
determined using the measurement data at the beginning, is not known, it is impossible to analyze which 
wind turbine will be most suited for the project site. For this reason, measuring masts usually have a lower 
height. Measurement heights above 60 meters should be selected depending on the roughness, slope, 
flatness or complexity of the project site. Considering today's wind turbine technologies and hub heights, 
there is a tendency to use measuring masts with a height of 80 meters.  

With reliable measurement data from a wind measurement station complying with standards: 

1. temporal variations of wind speeds in the project site can be seen; 
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2. knowledge of which direction the wind blows, for how long and how often is acquired; 

3. the turbulence density of the project site can be calculated; 

4. the optimum economical wind turbine model for the project site can be determined; 

5. the hub height can be optimized with the optimum turbine locations in the project site can be 

determined;  

6. the annual energy generation of the WPP can be calculated; 

7. economic analyses can be conducted. 

 
Wind measurements are carried out in accordance with the "Communiqué No. 29033 on Wind and Solar 

Measurements for Applications for Wind and Solar Power Plants" of 17.06.2014. A Schematic 

Representation of a Wind Measurement Station that should be installed in accordance with the 

Communiqué is given in Figure 6.  

 

 
 

Figure 6. Schematic Representation of a Wind Measurement Station 
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First of all, the number of stations that can represent the site where the wind power plant will be 

installed and the optimum locations for these stations should be determined. To that end, taking into 

consideration the number of turbines (blade diameter, capacity) planned to be installed in the project 

site, the climatic characteristics of the site, its size, vegetation and topography, and the observed 

prevailing wind direction, research should be conducted into the availability of sufficient working space 

for the installation of the station as shown in Table 4, the ways of access to the selected points, their soil 

structure, GSM coverage status, land ownership, and required permits.  

 
 
 

Table 4. Space Required for Installation of a WMS 
 

 
 

Hub Height A B C D E 

40 m 45.72 25.91 16.76 51.81 9.14 

50 m 54.86 32.00 16.76 64.00 9.14 

60 m 65.53 36.57 36.57 73.15 9.14 

80 m 85.34 41.14 25.91 82.30 9.14 

 
The meteorological variables to be measured in the WMS and the necessary sensors are as follows: 
 

Variable Measuring Device (Sensor) 

Wind speed Anemometer 

Wind direction Wind direction vane 

Air temperature Thermometer 

Relative humidity  Relative humidity sensor 

Air pressure Barometer 
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The cost of measuring mast and sensors varies depending on their type, brand, number and calibration certificate. 

There are various types and models of measuring masts and sensors available in the market. It is recommended to opt 
for those that are recognized in the industry, especially by financial institutions.  
 
Even a slight difference in measurements can affect the economic aspects of the investment and result in 
risks to the planned investment. Therefore, all sensors/devices to be used on the WMS should have a 
calibration certificate according to MEASNET Standards. The calibration of all sensors used onn the 
measuring station is valid for 2 years from the date of calibration, unless another definition has been made 
by the manufacturer or the calibration organization. When the calibration period expires, measurements 
should be continued with sensors that have a valid calibration certificate. So, it would be useful to have 
redundant anemometers and wind direction vanes. A failing sensor should be replaced as soon as 
possible. Sensors should meet the minimum specifications listed in Table 5.  
 

Table 5. Minimum specifications of WMS sensors 
 

Sensor Name Required Specifications 

Wind speed sensor 

Measuring range : 0 – 75 m/s  

Threshold : 0.5 m/s  

Resolution : 0.1 m/s 

Precision   : ± 0.5 m/s (up to 5 m/s)    

               ± 10% (above 5 m/s) 

Distance constant : 2 – 5 m 

Wind direction vane 

Measuring range : 0 – 360° 

Resolution : 1° 

Precision  : ± 5° 

Air temperature sensor 

Measuring range :- 40 °C to +60 °C  

Resolution : 0.1 °C 

Precision  : ± 0.3 °C  

Humidity sensor 

Measuring range : 0% to 100% 

Resolution : 1% 

Precision  : 3% 

Pressure sensor 

Measuring range : 750 – 1050 hPa 

Resolution : 0.5 hPa 

Precision     :± 1.0 hPa (full measuring range) 

Stability  : ± 0.5 hPa/year 
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The main points to be considered regarding the wind measuring mast and some suggestions are given 
below:  

 
1) Environmental obstacles in the vicinity of wind measurement stations significantly affect the 

measured wind speed and direction values. Surrounding environmental obstacles such as 
buildings and trees alter the wind speed and direction profile considerably, causing 
turbulence around the obstacle and impairing reliability of wind data. For this reason, the 
location of the wind measurement stations should be chosen so that there are not many 
obstacles in the vicinity.  

2) All kinds of safety precautions should be taken during the installation and operation of the 
measuring mast.  

3) "Vertical obstacle data" should be delivered to the General Directorate of Mapping, and all 
relevant institutions should be informed. 

4) The wind measuring mast should be in the form of a hot-dip galvanized pipe or lattice 
structure that is resistant to corrosion and rust. Lattice masts are very reliable in terms of 
strength. The unit weight is generally less than tubular masts. In addition, lattice masts should 
be chosen for heights where tubular masts cannot be used. 

5) In case of any malfunctioning component, the necessary action can be taken without 
lowering the mast to the ground, since lattice masts are easy to climb. 

6) Measuring masts are exposed to ice and wind loads in addition to their own weight. Hence, 
they should be designed to withstand such loads. Especially the diameter and wall thickness 
of tubular masts are very important. The climatic characteristics of the area where the station 
will be installed, such as icing and the number of days of snow cover, should be taken into 
account. 

7) All masts, connecting arms, additional materials and tensioning mechanisms should be made 
of stainless material. 

8) The mast is fixed to the ground with a sufficient number of tension wires from different 
heights so that the mast and arms remain in balance with their vertical and horizontal 
positions. Tension wires should be made of stainless material and withstand the ice load and 
tension that may occur in winter. The tension wires are fixed using components such as 
concrete anchors and chemical steel anchors, depending on the characteristics of the soil.  

9) Protection fences and warning signs should be used around the wind measurement station 
to take the necessary measures for the safety of life and property.  

10) To prevent the wind mast from posing any hazard to aircrafts, at least one suitable warning 
lamp with LED lighting that emits red light should be installed at the top of the mast. The 
wind mast should be painted in red and white. 

11) Wind speed and direction measurement should be conducted at the main measurement 
levels (the first one at 30 m and the second at the top of the mast). The topmost anemometer 
can be installed on the mast axis. It is recommended that a second anemometer be properly 
installed, in case the topmost anemometer malfunctions. 

12) Additional measurements should also be made at intermediate levels by installing a higher 
mast.  

13) When installing anemometers, the distance requirements specified in Figures 7 and 8 should 
be observed.  

14) One of the anemometers can be installed at the top of the mast and on the axis of the mast. 
15) To prevent the anemometer from being affected by turbulence, the wind direction vane can 

be installed 1.5 to 2.5 m below the anemometer. 
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16) If a second anemometer is to be installed, in case the topmost anemometer malfunctions, it 
can be installed 1.5 m below the topmost anemometer (Figure 9). 
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Figure 7. Tubular Mast Figure 8. Lattice Mast 

  

Horizontal arm length > 2.5 m ( 8.5 x D ) 
Horizontal arm length > 2 m 

( 5 x D1 – 5.7 x D1 ) 

Vertical arm length = (15 x D2) Vertical arm length = (15 x D2) 

Horizontal arms should be positioned as perpendicular to the prevailing wind direction as 
possible. 

 
 

 
 

Figure 9. Anemometers at the top of the mast 
 

17) The second anemometer should be installed at a height of 30 m (Figure 10). 
18) The wind direction vane can be installed 1.5 to 2.5 m above or below so that it is not affected 

by turbulence due to anemometers. 
19) The air temperature and humidity sensors should be installed at a minimum height of 3 m, in 

a shield that will protect it from solar radiation and provide air circulation.  
20) The connection of the horizontal arms to the mast should be solid and horizontal, and should 

not vibrate or wobble. Vertical arms are installed perpendicular to the horizontal axis (parallel 
to the mast). 
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Figure 10. Anemometers at 30 m height 

 

21) An effective lightning protection and grounding system should be installed to protect the 
measuring station from lightning and sudden voltage fluctuations. The proposed lightning 
protection and grounding system is described below: 

a) A solid copper lightning rod (2 – 2.5 m) that is long enough to protect the 
anemometer at an angle of 60° and to extend at least 50 cm above the anemometer 
at the top of the mast should be used.  

b) This rod should be connected to at least two grounding rods to be driven into the 
ground with the down conductor mechanically fixed to the mast, and grounding 
should be done in such a manner that the grounding resistance is maximum 10 Ω. 

c) All grounding should be connected to the same point to provide equipotential 
bonding. 

d) The grounding down conductor should be mechanically fixed to the measuring mast 
at 2 m intervals so that no entangling or slackness occurs. 

22) All sensor and power cables should be fastened to the mast and the arms with clips at 1 m 
intervals for device safety, visual improvement and avoidance of load and vibration on the 
mast. 

23) All measuring instruments on an installed measuring mast should be installed on a single 
mast. 

24) Sensor, power and communication system connections on the data logger should be durable 
and clearly labeled. 

25) It is recommended to choose the heated type of anemometers and wind direction vanes so 
that they do not freeze in cold weather conditions resulting in loss of data. In this case, 
measures (PV, battery, direct power line) should be taken to meet the energy requirement 
of the sensors. 

26) The measuring sensors are installed on carrying arms that are rigidly fixed to the tubular or 
lattice mast and should not wobble. 

27) Carrying arms should be installed perpendicular to the mast axis. 
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28) Incorrect installation of the carrying arms creates constant turbulence and shadowing. This 
has a negative effect on wind measurements.  

29) In particular, anemometers should be installed free from obstacles in all directions.  
30) Periodic data collection from the measuring station and sound measurement by the 

measuring instruments should be ensured.  
31) Technical personnel and necessary equipment should be available. 
32) The system should be inspected and the tension wires should be adjusted one week after the 

installation of the measuring mast, in every mid-season and every instance of monthly data 
acquisition. 

33) Any action (data transfer, battery/sensor replacement, inspection of the condition of the 
wires, maintenance/repair, etc.) performed at the station should be reported. 

34) Instant measurements should be observed over GSM in order to facilitate response to 
possible malfunctions.  

35) All sensors and ground wires on the measuring mast should be connected to the relevant 
channels of the data logger (Figure 11). It should be noted which sensor is connected to which 
channel.  
 

 
 

Figure 11. Data logger channels 
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A data log shown in Table 6 should be created, which contains the parameters measured at the wind 
measurement stations, the measurement heights, the altitude of the point where the measurement 
station is installed, the channel numbers of the data logger, the calibration certificate numbers, the offset 
and slope values of the sensors, and the measurement start/end dates. The number of the GSM data line 
on the data logger should also be included in this log. 
 

Table 6. A sample WMS log 

 

Measured 

Parameters and 
Device Model 

 

Measuring 
height 

(m) 

Data 
Logger 

Channel 
No. 

Serial  

No. 
Calibration No. 

Offset (m/s) 

(B) 

Slope 

(A) 

GSM data line 
number 

 

Altitude (m)  

Measurement 
start date 

 

Measurement 
end date 

 

Wind speed 

V1 = …      

V2 = …      

V3 = …      

Wind direction 
Y1=…      

Y2=…      

Temperature …      

Pressure  …      

 

 
In addition, a drawing should be prepared that includes the installation heights of the sensors on the measuring mast, 
the angle of the traverse arms carrying the sensors relative to the north direction, the sensor serial numbers and 
especially the coordinates of the location where the mast is installed. A sample measuring mast configuration is shown 
in Figure 12. 
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Mast Type     : Tubular 

Hub Height     : 80 meters 

Sensors and mast positions  :  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. A sample measuring mast configuration 

Measurement sensors on wind measurement stations should be able to withstand heavy rains and solar 
radiation higher than 1200 W/m², meet the lubrication requirement of the moving parts, be protected 
against rust, wear and corrosion, have lightning protection, and be able to operate under very severe 
winter conditions. Since wind measurement sensors operate in completely natural environments, they 
wear out more quickly than other similar systems operating in closed areas and become unusable in a 
short time. Therefore, the measurement values of wind measurement sensors deviate rapidly from 
normal due to factors such as rust, corrosion, decay, abrasion and icing. To avoid such deviation, they 
should be checked frequently, maintenance and calibration should be done at the intervals prescribed 
in the standards and technical manuals of the devices. 
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It is a generally known fact that meteorological events can vary a lot from one year to another and are 
often subject to long-term periodic movements. Wind is no different. It is important to determine where 
the wind data obtained from measurements conducted in any time period (e.g. one year) correspond to 
this periodic movement. It should be known whether the obtained data are for a relatively windy or a 
windless year. The data recorded in a relatively windy year compared to the long-term average in the 
WPP site gives the illusion that the region has a higher wind potential than it actually has. In the opposite 
case, the site’s actually high potential is ignored.  
 
Extending the measurement period, which is required to be at least one year, and wind measurements 
that can be conducted at the turbine hub height, if possible, ensure determination of the wind potential 
in a more reliable manner. Measurements should be continued until a significant correlation is found 
between wind measurement data and long-term wind measurement data obtained from nearby 
stations. 
 
Wind measurement data should be as continuous as possible, rather than interrupted or incomplete. 
Since measurement interruptions exceeding 180 hours in one month render precise evaluation 
impossible, the obtained measurement values should be thrown away. That means a huge waste of 
effort and money. To avoid such an outcome, it is important to constantly check the logging systems and 
electrical circuits, and to perform the washing, lubrication and cleaning services on time and periodically. 
The measurement values that directly affect the wind turbine performance and behavior should be 
determined by microprocessor-controlled measuring devices that collect data, which should be on the 
same mast. Moreover, care should be taken to ensure that the measuring devices are installed on the 
measuring mast in accordance with standards.  

 
Determining the location of wind observation stations is of vital importance. The point(s) where the wind observation 
station will be installed should represent the project site. In addition, although the point designated as the 
measurement location is very suitable in terms of topography, there may be other high obstacles in this area that are 
closer than 50 times the obstacle height. Such locations would not be fit for purpose. Measurement sites behind hills 
are not recommended, either. In this case, the wind speed may deviate too much from its true value due to turbulence. 
In previous observations, it was found that in case of such misapplications, the wind speed deviated from the true value 
between -50% and +100%, and the wind direction deviated up to 150 degrees. In addition, the wind flows at the point 
where the wind observation station will be installed should always be laminar, and there should be no disturbed wind 
flows and turbulences. Especially in wind speed and direction measurements for installation of a power plant, the 
precision is required to be below 1 percent. A 10 percent error that might be made in the measurements is reflected 
in the energy generation as an error and uncertainty of about 30 percent. Therefore, site selection should be made by 
highly experienced specialist personnel. UTM (Universal Transverse Mercator) coordinates in degrees-minutes and 
heights above sea level should be determined by expert personnel on a 1/25,000 scale map of the points where the 
wind observation stations are to be installed. 
 
All data should be measured at 10-minute intervals and stored in microprocessor-controlled logging devices. The mean, 
standard deviation, minimum and maximum values should be recorded for each logging interval. Table 7 shows the 
wind speeds at altitudes of 60 meters and 40 meters, measured consecutively between 13:00 and 15:20 on 
30/03/2006, and the wind blow direction and atmospheric temperature data measured at the relevant altitudes.  
 
 
  



351 

Table 7. Sample measurement data 

 
 
After identifying the relationship of the measurements with the long-term measurement data that can be taken as a 
reference and performing the reliability analysis of the data, the following statistical operations should be performed 
using the measurement data recorded over a sufficient time period: 

 Sectoral and prevailing wind direction should be calculated. 

 Analysis of wind speeds (time series, minimum/maximum values and standard deviations) should be carried 
out. 

 Sectoral frequency distribution of wind speeds (Weibull parameters) should be determined. 

 The power density of wind speeds should be calculated. 

 The profile of variation of wind speeds by height should be determined. 

 The turbine type suitable for the wind regime should be determined and the energy generation value should 
be calculated. 

 

When analyzing the wind measurement data, the turbulence intensity of the measurement point should 
also be determined. When the wind encounters an obstacle, it changes its direction and speed, creating 
turbulence around the obstacle. Especially wind turbines located in the boundary layer can be exposed to 
high turbulence intensity. In order to determine the turbulence intensity, first of all, the mean value and 
standard deviation of the wind speed data measured at each recording interval (10 minutes) should be 
determined. The ratio of the standard deviation of the wind speed data recorded by the measuring device 
in a certain measurement period to the average wind speed value of in this period is called turbulence 
intensity. Turbulence intensity values calculated using one-year measurement data are shown in Figure 
13. 
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Figure 13. Graphical representation of turbulence intensity values 

High turbulence intensity values decrease the economic life of WPPs by increasing the intensity of the 
forces acting on the wind turbine and the speed at which the material is exposed to fatigue. Turbulence 
intensity calculated for the hub height of the turbine is classified as low if it is between 0.0 and 0.10, 
medium if it is between 0.10 and 0.25 and high if it is greater than 0.25. Installing wind power plants in 
areas with high turbulence intensity should be avoided.  

The standard deviation of wind speed measurement data is also an important value that demonstrates 
the fluctuations in wind speeds. The standard deviation of the wind speed data should be between 0 and 
3 m/s, and the standard deviation of the wind direction data should be between 3º and 75º. A small 
standard deviation in any area means that the wind regime in that area is exceptionally regular.  

8.3.3. Determining the Wind Power Potential 

There is computer software developed and offered for use by various countries that helps determine the wind power 
potential by using parameters such as wind speed and direction data, the topography of the project site, nearby 
environmental obstacles and terrain roughness.  
 
Initially, the wind speed distribution (frequency distribution) at the measurement height is obtained by importing the 
reliable/sound raw measurement data from the wind measurement stations and the coordinates of the stations on a 
1/25,000 scale map to the analysis software and evaluating them. The distribution of wind speeds shows that the wind 
speed data conforms to the two-parameter Weibull Distribution (Figure 14). The Weibull Distribution Function is 
expressed as follows: 
 

f (u)  k/A u/A k-1 exp -u/A k   u  0                                  [3] 
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where: 
 
f (u) : frequency of wind (%) 
u   : wind speed (m/s) 
A    : scale parameter (m/s) 
k    : shape parameter 
 

 
 

Figure 14. Wind speed distribution and its suitability for the two-parameter Weibull distribution 

The Weibull parameter k (shape parameter) indicates the frequency at which the wind blows. If the wind speeds in an 
area do not vary much, the Weibull parameter k is large. The Weibull parameter A (scale parameter) varies depending 
on the average wind speed. If the average wind speeds are high, the Weibull parameter A is also high.  
 
If the Weibull Parameters (parameters A and k) of the wind measurement point at a certain height and the average 
wind speed value measured at the same level are known, the most suitable wind turbine can be selected for this point 
and the amount of power that can be generation from the selected wind turbine can be calculated. 
 
Variation in the terrain roughness changes the surface friction characteristics and thus the wind speed profile. Terrain 
roughness of an area depends on the size of the roughness elements on that area and their distribution within the area. 
Vegetation, lakes, settlements and natural terrain features are typical roughness elements for terrestrial areas. These 
roughness elements are defined in 4 different roughness classes in studies conducted to determine wind power 
potential. The roughness of a terrain is expressed by the parameter ZO (m), which denotes roughness length. 
Roughness lengths (ZO) and the corresponding roughness classes are given in Table 8.  
 

 
 

Table 8. Roughness length and corresponding roughness class 
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0 – 1 m/s 2.75 

1 – 2 m/s 7.80 

2 – 3 m/s 11.64 

3 – 4 m/s 13.79 

4 – 5 m/s 14.20 

5 – 6 m/s 13.15 

6 – 7 m/s 11.14 

7 – 8 m/s 8.72 

8 – 9 m/s 6.34 

9 – 10 m/s 4.30 

10 – 11 m/s 2.73 

11 – 12 m/s 1.62 

12 – 13 m/s 0.91 

13 – 14 m/s 0.48 

14 – 15 m/s 0.24 

15 – 16 m/s 0.11 

16 – 17 m/s 0.05 

17 – 18 m/s 0.02 

18 – 19 m/s 0.01 

19 – 20 m/s 0.00 

Total 100.00 
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Standard Surface Roughness Classification Roughness Length (m) Roughness Class 

Open water surface 0.0002 0 

Areas far from the sea, where vegetation is very limited and there are no 

cultivated fields 
0.030 1 

Agricultural lands with low building density Areas with around 1000 m openings 

among groups of trees 
0.100 2 

Areas with high density of tall buildings, tall forests or dense groups of trees 0.400 3 

Dense and tall buildings, areas with skyscrapers, cities 1.500 4 

 
The wind speed, which is assumed to be zero on the ground level, increases logarithmically above the ground level, 
depending on the roughness of the terrain. It continues to rise until the wind is freed from terrain surface effects (until 
it reaches the boundary layer) and reaches the flow conditions that are called geostrophic winds, which occur at larger 
scales. The variation of the wind speed profile by height is shown schematically in Figure 15.  
 

 

 

 

Figure 15. Variation of wind speed profile by height 
 
The amount of power that can be generated from a wind turbine depends primarily on the wind speed at the turbine 
hub height. Considering the fact that a larger turbine hub height means higher wind speeds and thus higher power 
generation, larger turbine hub height provide maximum utilization of the existing wind power potential. However, as 
can be seen in Figure 15, this increase stops after a certain height. For this reason, it is important to create roughness 
maps of the project site and to determine the optimum hub height where there will be no logarithmic increase.  
 

Using the measured wind speeds at a certain height, the wind speeds at any desired height (hub height, etc.) are 
calculated with the formulas below. 
 

   (U1 / U2) = (H1 / H2 )                                                                               [4] 

 

(U2 / U1) = ln (H2 / ZO ) / ln (H1 / ZO)  
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where:   

H

1 
: height at which wind speed U1 is measured (m) 

H

2 

: height at which wind speed will be calculated (m) 

U

1 

: wind speed measured at height H1 (m/s) 

U

2 

: wind speed to be calculated for height H2 (m/s) 

 : Hellman exponent - Roughness coefficient (0.10 – 0.40)  
ZO : Roughness Length (0.0024 – 2 m) 

 
 

Topography plays an important role in the direction, speed and distribution of the wind. Mountain 
ranges, hills and cliffs significantly affect wind speed and direction profile. Areas where mountain ranges 

are parallel to the sea, perpendicular to the prevailing wind direction, moderately sloped (10-22) and 
especially bare are suitable for power generation. At the summit, the wind speed increases depending 
on the slope and the size of the mountain range. Therefore, the upper front parts of hills are suitable for 
installing a wind power plant. However, the upper rear parts of hills should be excluded due to 
turbulence. 
 
1/25,000 scale topography (digital elevation model) and terrain roughness class maps of the terrain 
representing the project site (a circular area whose radius in meters is at least 100 times the sum of the 
hub height and rotor blade length) should be prepared digitally before energy modeling of the site where 
the WPP is planned to be installed. Carefully created digital maps allow the amount of power generation 
to be calculated almost accurately. Wind atlas data of the project site should be obtained with the help 
of computer software using sufficient and reliable wind speed and direction data for a certain 
measurement height as well as details of nearby environmental obstacles, if any, terrain roughness data 
and 1/25,000 scale digitized maps representing the project site.   
 
Wind atlas refers to the statistical results obtained from evaluation of wind data measured at a certain 
height (50 m, 80 m, etc.) above ground level with details of nearby environmental obstacles, terrain 
roughness and topography of the terrain. Wind statistics provide parameters such as average wind speed 
at any desired height (turbine hub height, etc.), frequency of wind by sectors, prevailing wind direction, 
average energy density, and the sector in which energy density is dominant, and the effects of nearby 
environmental obstacles and terrain roughness.  
 
When planning the positioning of the wind turbines on the project site, the wind regime determined by 
the measurement data, the topography of the terrain and the terrain roughness data are used. Using the 
micro-scale wind flow model, wind statistics and the topographical and roughness data of the project 
site, color distribution maps are created on the digital map, which demonstrate the points where the 
power generation will be high. The optimum location for each wind turbine can be determined with the 
help of color distribution maps, taking into account the factors such as terrain structure, accessibility and 
prevailing wind direction. Figure 16 is cited from a sample study. The areas painted red indicate the 
locations where the electricity generation will be higher than the other points. 
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Figure 16. Energy Intensive Areas 

 
The power to be generated by the wind power plant needs to be integrated into the existing power 
transmission system. Installed capacity of the WPP should be determined taking into account a number 
of criteria, including the capacity of the connection point where this integration will be made, short-
circuit power, voltage fluctuations, harmonics, reactive power, etc. and the amount of capital that can 
be used for this investment. Answers should be sought to questions such as how many wind turbines 
will be installed, what will be their unit power, and how they will be positioned on the site.  
 
Wind turbines in various models and sizes with type certificates approved by accredited institutions are 
available on the market. The investor should choose the most suitable wind turbine, taking into account 
a number of criteria such as price, technical specifications, wind regime and wind class of the region, 
efficiency, warranty, availability, spare parts supply and turbine references. The primary criterion for 
wind turbine selection is the wind regime and wind class of the project site. The most important point 
to be considered in WPP investments is that the wind turbines to be used in the project site are selected 
according to the wind regime of the project site. Wind turbine manufacturers have defined a wind class 
for each model. Wind classes vary according to the annual average wind speed measurement values 
(Table 9). 

 
Table 9. Wind Turbine Classes According to IEC 64100-1 Standard 

 

Turbine Classes 
Class 

I 
Class 

II 
Class 

III 
Class 

IV 
Class 

S 

Average speed 
(m/s) 

10 8.5 7.5 6 Special 

Maximum wind 
speed that can be 
withstood (10 min. 

average) (m/s) 

50 42.5 37.5 30 Special 

Maximum wind 
speed that can be 
withstood (3 sec. 

average) (m/s) 

69.5 59.5 52.5 42 Special 

 
European wind turbine manufacturers produce turbines that are suitable for the annual average wind 
speeds commonly observed in Europe, namely, “Class I” and “Class II” turbines. In Turkey, the places 
where "Class I" and "Class II" turbines can be used are very limited. Given the annual average wind speed 
data at heights of 50 and 100 meters in the Turkey’s Wind Energy Potential Atlas (REPA), it would be 
appropriate to choose "Class III" and "Class IV" type wind turbines. A wind turbine suitable for “Class I” 
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wind regime needs much higher wind speeds to operate efficiently than “Class II” and “Class III” turbines. 
This suggests that the wind turbine must be structurally heavier and larger. On the other hand, wind 
turbines designed for “Class III” wind regimes are structurally lighter, as they are exposed to lower wind 
speeds than wind turbines suitable for “Class I” and “Class II” regimes. However, since they operate at 
low wind speeds, they must have larger rotor blades in order to generate more power at these speeds. 
In conclusion, the selection of the wind turbine suitable for the wind regime of the project site is crucial 
both in terms of performance and wind turbine life.  
 

When choosing the wind turbine model, the wind speed at which the turbine starts to generate power 
(cut-in speed), the wind speed at which its nominal power is generated, the maximum wind speed at 
which power generation will not take place (cut-out speed), and the wind regime (wind speed distribution) 
of the project site should be considered together. In principle, it is desirable that the cut-in speed be at a 
minimum, the cut-out speed be at a maximum, and the nominal wind speed be close to the annual average 
wind speed measured. It would not be economical to use a wind turbine with a nominal wind speed of 13 
m/s in a site with an annual average wind speed of 6–7 m/s. 

Figure 17 shows the wind speed distribution obtained using the wind speed data measured at a project 
site where WPP is planned to be installed, superimposed with the speed-power curve of a 1500 kW wind 
turbine.  

 

 

Figure 17. Wind speed distribution and wind turbine speed-power curve 
 

An analysis of the wind speed distribution given in Figure 17 and the wind turbine speed-power values 
shows that the blowing wind never reaches the nominal wind speed (12 m/s) of the turbine and therefore 
this wind turbine is not suitable for this project site. 

 
When choosing a turbine suitable for the wind regime of the project site, its performance, references, 
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warranties, service and maintenance/repair/replacement possibilities should also be considered. In 
addition, if the project site is close to a settlement, the preparation of the shading and sound map is also 
important for the future of the investment. 

 
After choosing the type of wind turbine, the micrositting of the turbines on the terrain is planned taking 
into account the energy-intensive areas, shading and sound maps, and accessibility of the site, and the 
UTM coordinates of each turbine is identified on a 1/25,000 scale map. If more than one wind turbine will 
be used in WPPs, care should be taken when positioning the wind turbines to ensure that the turbines do 
not affect each other's wind and that the potential impacts of nearby environmental obstacles are 
reduced as much as possible. After the rotor blade of the wind turbine receives some of the wind energy, 
it causes a turbulent wind with a reduced speed to be sent to the wind turbine behind it, thus resulting in 
decreased power generation. This is referred to as the “wake effect”. To avoid it, turbine positioning is 
done taking into consideration the prevailing wind direction. It is recommended that the distance 
between the wind turbines in the same row be at least 3 times the rotor blade diameter, and if two 
different rows are to be built, the distance between the rows should be more than 7 times the rotor blade 
diameter (Figure 18). After determining the positions of the wind turbines, it should be ensured that the 
wake effect is less than 5 percent in the calculations to be made for each wind turbine. 

 

 
Figure 18. Turbine positioning criterion 

 
As the accessibility of the site and availability of sufficient space are essential for the transportation and 
installation of rotor blades, turbine and tower parts of unusual size and weight during the WPP's 
construction/installation phase, these considerations should also be taken into account before 
positioning the turbines.  
 
Figure 19 shows a wind measurement station and a total of five wind turbines positioned in the 
determined energy-intensive areas on a 1/25,000 scale topographic map containing terrain roughness 
data. 
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Figure 19. Demonstration of turbines, WMS and terrain roughness on a topographic map 
 
In order to calculate the annual amount of power that wind turbines can generate individually or 
combined, the wind regime determined by the analysis of the reliable wind measurement data, and the 
standard speed-power values of the selected wind turbine are used. 
 
The speed-power values of the wind turbine vary depending on its blade design and mechanical and 
electrical losses. Each wind turbine model has a different blade structure and consequently different 
speed-power values, which are guaranteed by turbine suppliers. 
 
The standard speed-power values of the wind turbine are the values guaranteed by the turbine 
manufacturers for a site with an air density of 1.225 kg/m3 under standard testing conditions. However, 
air density is 1.225 kg/m3 at sea level, +15 degrees Celsius and under 1013.25 mb atmospheric pressure 
according to international standards. Therefore, if a wind turbine is installed in an area where the air 
density is different from 1.225 kg/m3, normalized speed-power values should be taken into account in 
the electricity generation calculations. Moreover, adverse atmospheric conditions (icing, hail, etc.) and 
wearing of the rotor blades also tend to reduce the guaranteed speed-power values. Hence, the 
electricity generation calculations should be made considering the potential reductions in the standard 
speed-power values given by the turbine manufacturers.  
 
The power generation amounts for a WPP with five wind turbines with a unit power of 1.5 MW, 
positioned as shown in Figure 19, are given in Table 10.  

 

Table 10. Power generation amounts of the designed WPP 
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Wind Turbine 

Terrain Roughness 

Contour Line 
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Software and applications that can calculate the power generation of a wind turbine to be installed at the point where 
the wind measurement station is located are available in the market (https://wind-data.ch/tools/powercalc.php). 
Table 11 shows which measurement parameters were used to calculate the power generation for a 53 kW turbine 
with a hub height of 52 meters and an altitude of 300 meters. 
 

Table 11. Sample Calculation Application 
 

 
Table 12 shows the generation calculation for a 2,050 kW wind turbine with a blade diameter of 82 meters, which will 
be installed at a point for which Weibull parameters at sea level (air density: 1.225 kg/m3) and hub height are calculated. 
 
Table 12. Sample Calculation Application 

Turbine 
No. 

Longitude 
Latitud

e 

Gross Power 
Generation 
(kWh/year) 

Net Power Generation 
(kWh/year) 

Loss 
(%) 

Wind 
Speed 
(m/s) 

T 1 ... 890 .... 987 6,546,000 6,418,000 2.0 10.53 

T 2 ... 703 .... 003 6,652,000 6,507,000 2.2 10.58 

T 3 ... 063 .... 987 6,135,000 5,917,000 3.6 9.73 

T 4 ... 532 .... 949 6,308,000 6,161,000 2.3 9.86 

T 5 ... 256 .... 017 6,513,000 6,416,000 1.5 10.53 

TOTAL 32,154,000 31,419,000  

Average Wind Speed (m/s) = 4.4 

Weibull K = 2 

Altitude (m) = 300 

Roughness Exp. = 0.180 

Wind Speed Measurement Height (m) = 10 

Hub Height (m) = 52 

Turbulence Intensity = 0.0% 

 

Average Wind Speed at Hub Height (m/s) = 5.92 

Air Density Factor = -3% 

Average Turbine Power (kW) = 13.85 

Daily Electricity Generation (kWh) = 332.5 

Annual Electricity Generation (kWh) = 121,348 

Monthly Electricity Generation (kWh) = 10,112 

Capacity Factor = 25.9% 

 

Wind Speed (m/s) Power 

(kW) 

1 0.00 

2 0.00 

3 0.99 

4 2.48 

5 4.96 

6 8.50 

7 14.81 

8 22.67 

9 31.98 

10 43.29 

11 51.98 

12 53.49 

13 51.54 

14 48.62 

15 44.73 

16 39.87 

17 34.04 

18 27.23 

19 23.34 

20 21.39 

 Totals 

 

Probability of Wind Blowing (f) 

4.42% 

8.26% 

11.06% 

12.59% 

12.85% 

12.02% 

10.45% 

8.51% 

6.52% 

4.72% 

3.23% 

2.09% 

1.29% 

0.75% 

0.42% 

0.22% 

0.11% 

0.05% 

0.02% 

0.01% 

99.62% 

 

https://wind-data.ch/tools/powercalc.php
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Considering the uncertainties such as anemometer calibration, data losses, measurement errors, the effect of the 
measuring mast, errors in the speed-power curve as well as technical losses (maintenance/repair, grid constraints, icing 
on blades, etc.), it is important to calculate the net amount of electricity that can be generated with a probability of 90 
percent (P90 analysis). 
 
In the WPP site, there may be situations where the wind speeds are large enough to generate electricity, but the wind 
turbines cannot do so in amounts corresponding to such speeds due to reasons such as failure, maintenance, repair or 
replacement. It is desired that such situations occur as rarely as possible. Availability of wind turbines is important, and 
it is desired that they be kept operational for a total period of time corresponding to at least 95 percent of 8,760 hours 
(1 year) under ideal conditions. Therefore, availability should also be taken into account when calculating the net 
electricity generation amount. 
 
Levelized Cost of Electricity (LCOE) should be calculated taking into account the calculated net electricity generation, 
initial investment costs, operating costs and financing costs of the investment, financing conditions, electricity sales 
tariff, incentives, and plant’s economic life, and an investment decision should be based on this value. 
 
LCOE is the unit cost of energy calculated using the costs of investment, operation, maintenance/repair/replacement, 
etc. for a power plant. In other words, it is the minimum price at which energy must be sold to cover the costs.  
 

8.3.4. Economic Assessment 

 
For a WPP investment decision, all of the following points should be considered: 
1. Technology 
2. Wind potential and net electricity generation 
3. Costs and financing terms 
4. Market structure, incentives, purchase guarantee prices, purchase period, etc. 
5. Legislation 
6. Company strategy 
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7. Organizational structure 
 
If the net amount of electricity to be generated from WPPs is determined using standard and reliable wind 
measurement data, a good map, and field and technical studies, economic indicators such as the investment's internal 
rate of return (IRR), net present value (NPV), energy sales price and payback period can be presented clearly. In order 
for this analysis to be carried out correctly, the initial investment cost (CAPEX), operating cost (OPEX) and financing 
conditions/cost, which may vary from one project site to another, should also be determined very carefully in addition 
to the net amount of electricity to be generated by the WPP and the availability of the plant. 
 
The cost items for a WPP are roughly as follows: 

1. Initial investment costs: 
a) Project development and pre-license application fees  
b) Electromechanical plant components (wind turbine, electrical infrastructure, spare parts, switchgear, 

installation, etc.) 
c) Civil works (tower foundations, access and service roads between turbines, transformer/switchyard, 

construction site and administrative/control buildings) 
d) Shipping, installation 
e) On-site cabling and power transmission lines 
f) Commissioning and testing 

 
2. Operating costs: 

a) Staff 
b) Insurance 
c) Depreciation 
d) Working capital/overhead and administrative expenses 
e) System use and operating costs 
f) Land rental expenses 
g) Maintenance/repair and spare parts 

  
3. Financing costs: 

a) Equity to loan ratio (25/75, etc.) 
b) Loan amount 
c) Loan interest rate 
d) Payback period 
e) Bank charges 
f) Economic life of the investment 
g) Income tax withholding rate 
h) Electricity sales price 
i) Incentives (domestic component support, etc.) 

 
 
Today, the initial investment cost of a 1 MWe WPP ranges from 800,000 to 1,000,000 USD depending on parameters 
such as the topography of the project site, its accessibility and distance to the connection point. Wind turbines account 
for 60-70 percent of this value. 
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Figure 20. Cost Breakdown for a 3 MW Onshore Wind Farm 

Annual operating cost is 1 to 3 percent of the initial investment cost. The annual land permit fees to be paid if the status 
of the WPP site is forest land and it falls within a high tariff forest area according to the forest management plans, or 
the system use and operating expenses to be paid if the WPP’s point of connection to the transmission system is 
located in the connection region with the highest tariff naturally increase the operating costs. 
  
An 85 percent discount is applied to the annual land permit fees to be paid by legal entities holding a wind power 
generation license according to the forest management plans for 10 years from the date of issuance of the license. In 
addition, for licensed plants connected to the transmission system, a 50 percent discount is applied to the system use 
fees in the first five years of the operation.  
 
Legal entities that generate electricity using wind energy under their generation license can sell electricity at a price of 
7.3 USD-cents/kWh for 10 years from the date when the plant is put into operation, provided that it is included in the 
Renewable Energy Support Mechanism (YEKDEM).  
 

In addition, if the mechanical and/or electromechanical components used in the licensed electricity generation plants 
that have been put into operation by the end of 2020 were manufactured in the country and have a domestic product 
certificate, domestic component support can be received for five years from the date when the plant is put into 
operation. Today, it is possible to receive domestic component support for towers, rotor blades and generators. The 
electrical energy produced by plants not included in YEKDEM can be sold under free market conditions with bilateral 
agreements or via EPIAŞ (market clearing price). 
 
In addition, if the mechanical and/or electromechanical components used in the licensed electricity generation plants 
that have been put into operation by the end of 2020 were manufactured in the country and have a domestic product 
certificate, domestic component support can be received for five years from the date when the plant is put into 
operation. Today, it is possible to receive domestic component support for towers, rotor blades and generators. The 
electrical energy produced by plants not included in YEKDEM can be sold under free market conditions with bilateral 
agreements or via EPIAŞ (market clearing price). 
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Surplus electricity supplied to the grid in each billing period following the monthly offset by those engaged in unlicensed 
generation is purchased by the incumbent supply company for 10 years from the date the generation facility starts to 
energize the grid at retail single-time active energy prices for the consumer group in which the owner of the generation 
facility is included. Those that are engaged in unlicensed generation cannot receive domestic component support.  
 

 

 

 

 

 

 

 

 

 

Type of Plant Based on Renewable Energy Sources 
RES Support 

Mechanism Price 
(Turkish lira kuruş/kWh) 

RES Support 
Mechanism 

Price 
Implementation 

Period 
 

(years) 

Domestic 
Contribution 

Price 
 

(Turkish lira 
kuruş/kWh) 

Domestic 
Contribution 

Price 
Implementation 

Period 
 

(years) 

a. Hydroelectric power plant 40.00 10 8.00 5 

b. Wind power plant 32.00 10 8.00 5 

c. Geothermal power plant 54.00 10 8.00 5 

 Landfill Gas / Resources obtained 
from by-products of the processing of 

waste tires 
32.00 10 8.00 5 

d. Biomass power 
plant 

Biomethanization 54.00 10 8.00 5 

power plant Thermal Disposal 
(Municipal waste, vegetable oil waste, 

agricultural waste without food and feed 
value, forest products other than industrial 
wood, industrial waste sludge and sewage 

sludge) 

50.00 10 8.00 5 

e. Solar power plant 32.00 10 8.00 5 

 

 

 

 

8.4. Investment Models 

The announced basic energy policy to make Turkey a powerful player involves reduction of dependency on imported 
energy resources and of equipment costs, maximum utilization of domestic resources by using equipment or plant 
components with high domestic contribution rate and advanced technology, prioritization of production of energy 
equipment that is needed in the energy industry and can provide a competitive advantage. To that end, Electricity 

Type of Plant Based on Renewable Energy Sources 
Revised Upper Limit (USD-cents / 

kWh) 

a. Hydroelectric power plant 6.40 

b. Wind power plant 5.10 

e. Geothermal power plant 8.60 

d. Biomass power plant 

Landfill Gas / Resources obtained from by-products of the processing 
of waste tires 

5.10 

Biomethanization 8.60 

Thermal Disposal 
(Municipal waste, vegetable oil waste, agricultural waste without food and feed 

value, forest products other than industrial wood, industrial waste sludge and 
sewage sludge) 

8.00 

e. Solar power plant 5.10 

DOMESTIC CONTRIBUTION PRICES AND IMPLEMENTATION PERIODS UNDER REVISED RES SUPPORT MECHANISM FOR GENERATION 

FACILITIES WITH RES CERTIFICATE THAT WILL BE PUT INTO OPERATION FROM 01.07.2021 TO 31.12.2025 
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Market Law no. 6446 and Law no. 5346 on the Utilization of Renewable Energy Sources for Power Generation were 
enacted. The following secondary legislation based on the abovementioned Laws also entered into force. 
 

 Electricity Market Licensing Regulation 

 Regulation on Unlicensed Electricity Generation 

 Regulation on the Technical Evaluation of Applications for Electricity Generation Based on Wind Power  

 Regulation on Competition for Wind and Solar Power Pre-License Application  

 Regulation on Renewable Energy Zones 

 Regulation on Acceptance of Power Generation Facilities  

 Regulation on Connection of Wind Power Plants to the Wind Power Monitoring and Forecasting Center  

 Regulation on Support for Domestic Components Used in RES Power Plants 

 Communiqué on Wind and Solar Measurements for Pre-License Applications for Wind and Solar Power Plants 
 
After reaching the conclusion that a developed WPP project will be an economically feasible investment, applications 
should be made and the necessary procedures should be followed in order to obtain the permits required under the 
relevant legislation (Zoning Law, Expropriation Law, etc.), especially the provisions of the legislation mentioned above.  
 

8.4.1. Unlicensed Electricity Generation  

The Regulation on Unlicensed Electricity Generation in the Electricity Market allows natural or legal persons who can 
generate electricity to do so without having to obtain a license and establish a company. Thus, it is ensured that 
electricity consumers can meet their electricity need from their own generation facility (self-consumption), that 
transmission/distribution costs and losses in the electricity grid are reduced thanks to the distributed generation 
method, and that small-scale generation facilities are increased in number.  
 
Unlicensed generation is basically regulated as follows by the Presidential Decree no. 1044 of 10.05.2019 and the 
Regulation on Unlicensed Electricity Generation in the Electricity Market. 
 

• Unlicensed electricity generation facilities based on renewable energy sources can be installed by residential, 
industrial, commercial and lighting consumers, without exceeding the power value specified in the connection 
agreement (maximum power is 10 kW for residential consumers) and without using a distribution facility, 
provided that the generation and consumption take place at the same metering point. Solar power-based 
generation facilities can only be set up as roof and façade applications by anyone except public institutions 
and bodies.  
 

• Public institutions and bodies can install generation facilities based on renewable energy sources up to 5 MW 
on roofs, facades and land, provided that they are located at the same metering point as the consumption 
facilities and do not exceed the power set out in the connection agreement for wastewater and drinking water 
treatment facilities and agricultural irrigation facilities. 

 
• Public institutions and bodies can install unlicensed generation facilities based on renewable energy sources 

on roofs, facades and land, without being subject to the requirement that the generation and consumption 
take place at the same metering point, provided that such facilities do not exceed the sum of the power values 
set out in the connection agreement of the consumption facilities.  

 
Those who want to install a WPP within the framework of unlicensed generation fill in the information form given in 
Table 13 and file an application with the distribution company or the organized industrial zone holding a distribution 
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license. These companies upload the information form to the YEPDIS system operated by the General Directorate of 
Energy Affairs. The technical evaluation of the application is made using the information uploaded to YEPDIS, and a 
technical evaluation report is sent to the distribution company or the organized industrial zone holding a distribution 
license. In order for the application to be accepted, a circular area with a radius equal to the rotor blade length has to 
fall within the boundaries of the site for which the application is made, with the point where the wind turbine will be 
installed being the center of the circular area, and the wind turbine must not adversely affect the wind of wind turbines 
in nearby sites according to the method described in the annex to the Regulation on Technical Evaluation of 
Applications for Wind Power Generation, titled “Identifying Turbines That May Affect the Wind of Other Wind Turbines 
in Nearby Sites.”  
 

Table 13. Technical evaluation form for an unlicensed generation facility based on wind power 
 

TECHNICAL EVALUATION FORM FOR WIND POWER GENERATION FACILITY 

Applicant's Name and 
Contact Details 

  

Facility Name   

Date of Application to the 
Distribution Company 

  

Application Type (Indicate the relevant article/paragraph/sub-paragraph of the 
regulation on which the application is based) (e.g. Art. 5/1.c, Art. 
11/1, etc.) 

Applicant’s Status (Real Person, Legal Person, Public Body, etc.) 

Consumer Group (Residential, Industrial, Commercial, Lighting, Agricultural Irrigation, 
etc.) 

Power Value Specified in the 
Consumer’s Contract (kWe) 

  

Location of Generation 
Facility 

Province   

District   

Village/Neighborhood   

Plot/Block No.   

Unit Power (kWe)   

Total installed power (kWe)   

Name of substation 
(connection point) 

  

Power Plant Area (m2)   

Projection System   

 
Turbine Number 

East (value rightward) North (value 
upward) 

Hub 
Height 
(m) = 

Rotor Blade 
Diameter 
(m) 

T1         

T2         

…         
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Corner Number of the Land 
where the Facility will be 
Established 

East (value rightward) North (value 
upward) 

 Zone Central Meridian  

K1       

K2       

…       

Kn       

Note: The coordinates of the corner points (K1, K2,.., Kn) formed along the outer lines of the power 
plant area should be entered in the form in a consecutive order. 

Note2: Turbine blade projections should not extend beyond the land (owned or leased) where the 
facility will be installed. 

 
 
 

8.4.2. Licensed Electricity Generation  

In the licensed generation model, all of the electricity generated by WPPs is sold in the market. A joint stock company 
or limited liability company must be established by legal entities that will apply for a pre-license for sales activity in the 
market. To apply for a pre-license for wind power generation, it is obligatory to submit the company's articles of 
association stating that the minimum capital of the established company has been increased to 5 percent of the total 
investment amount (2.5 million TRY/MWm) stipulated by EMRA. 
 
Pre-license applications can be made on the dates announced by EMRA, especially for the areas where connection 
zones and connection capacities have been announced. The information and documents to be submitted in the 
application file are determined and announced by the EMRA. For pre-license applications for wind power generation, 
it is mandatory to have wind data for a period of at least one year, measured in the power plant site or in locations 
representing the site in the last eight years.  
For wind measurement stations installed and operated in accordance with the "Communiqué on Wind and Solar 
Measurements for Pre-license Applications for Wind and Solar Power Plants", the "installation report" and 
"measurement results report" issued by the General Directorate of Meteorology or accredited institutions must be 
submitted when filing a pre-license application. For the applications made duly, technical evaluation is made by the 
General Directorate of Energy Affairs (EIGM) in accordance with the "Regulation on Technical Evaluation of Wind 
Power Generation Applications." In order for a technical evaluation of a pre-license application to be made, the 
information in the form given in Table 14 must be submitted to the EIGM. 
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Table 14. Information form to be submitted for pre-license applications 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

In order for an application to be approved, the power plant site for which the pre-license application has been made 
must be determined according to the "Power Plant Site Determination Method" in the annex to the "Regulation on 
Technical Evaluation of Wind Power Generation Applications" and the distances specified therein, have an installed 
power density over 2 MW/km2, be not located within prohibited/incompatible areas or areas declared to be 
Renewable Energy Zone (YEKA) in the Official Gazette, be not adversely affecting the wind of the wind turbines in the 
neighboring areas and not have wind turbines in the 300-meter-wide safety band. Upon approval of an application, a 
Technical Evaluation Report (TER) is issued and sent to EMRA. An example of a suitable power plant site showing the 
relationships among the power plant site, the site corner points, the site safety band, the wind measurement station 
(WMS), the turbines and the switchgear is given in Figure 21. 

Name of legal entity  

Contact details of the legal entity  

Facility Name - Pre-
License/License Application 

Number 
 

Location of the 
generation facility 

Province  

District  

Number of units (pcs.)  

Total installed capacity (MW)  

1/25,000 scale map sheet names  

TURBINE DETAILS 

Turbine 
Number 

UTM Coordinate 

Unit Power (MW) 
Hub 

Height 
(m) 

Turbine rotor 
blade 

diameter (m) 

Zone Central 
Meridian of the 

Turbine 
Location (6 

degrees - ED50) 

East 
(value 

rightward) 

North 

(value 
upward) 

TI       

       
Tn       

POWER PLANT SITE DETAILS  

Power 
Plant Site 
Corner 
Number 

UTM Coordinate Zone 
Central 
Meridian of 
the Corner 
(6 degrees - 
ED50) 

Location of the Wind 
Measurement Station 

UTM Coordinate Zone Central Meridian 
of the Station’s 
Location 

(6 degrees - ED50) 

East (value 
rightward) 

North 

(value upward) 
East 
(value rightward) 

North (value 
upward) 

K1    WMS-1    

    WMS-2    

Kn    WMS-3    
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Figure 21. Example of a suitable power plant site 

 
Applications for which a TER is issued are grouped on the basis of connection zones, and competitions are held by TEIAS 
under the "Regulation on Competition for Pre-license Applications for Installation of a Wind or Solar Power Plant" with 
a view to determining which applicant will be awarded the announced capacity among more than one application in 
the same connection zone. The competitor who offers the best price offer among the applications made to the same 
connection zone becomes eligible to utilize the capacity in the connection zone. In case the winning company meets 
the other requirements under the Electricity Market License Regulation, a temporary permit (pre-license) is granted so 
that it can obtain all necessary approvals, permits, licenses and the like in order to realize the WPP investment and be 
engaged in generation activity in the electricity market. The pre-license period varies depending on the capacity 
(installed capacity) awarded. It is 24 months for a capacity of 5 MW and below, 30 months for capacities between 5 
and 50 MW, and 36 months for capacities greater than 50 MW. 
 
The following procedures must be followed during the pre-license period.  

 
1. Environmental Impact Assessment studies must be completed. 
2. Ownership or usufruct of the plant location must be acquired (expropriation, purchase, lease). 
3. In case of forest lands, necessary permits must be obtained. 
4. If any, the changes to the status of the lands should be completed. 
5. In case of agricultural lands, permits for non-agricultural use must be obtained. 
6. Opinion on military forbidden zones should be obtained. 
7. Relevant zoning plans must be approved. 
8. Building permit must be obtained. 
9. Connection and system use agreements must be concluded. 
10. The expropriations needed for the power transmission line routes must be made. 
11. WPP and power transmission line projects must be approved. 

TURBINE POINT 

PLANT SITE CORNER POINT 

PLANT SITE BOUNDARY 

PLANT SITE SAFETY BAND 

AREA WHERE THE TURBINES CAN BE PLACED 
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12. The minimum capital of the company should be increased to 20 percent of the total investment amount (2.5 
million TRY/MWm) stipulated by EMRA for the generation plant. 

13. Projects must be approved. 
 
In addition, for wind turbines with a hub height above 60 meters, appropriate Technical Interaction Permit must be 
obtained pursuant to the Protocol on Establishment of Permit Procedures Concerning Interaction of Installation of 
Wind Power Plants with Communication, Navigation and Radar Systems Operated under the Responsibility of the Chief 
of General Staff and Systems Operated under the Responsibility of the Ministry of Interior and the Undersecretariat of 
National Intelligence Organization. To obtain these permissions, an application must be filed with the Informatics and 
Information Security Advanced Technologies Research Center of the Scientific and Technological Research Council of 
Turkey (TÜBİTAK BİLGEM). 
 
In the pre-license process, companies that meet their responsibilities under the Electricity Market License Regulation 
are awarded a generation license for a fixed term, usually 49 years. Companies that have obtained a generation license 
must complete their construction within the period defined according to their installed capacity and start operations 
after completing the acceptance procedures. Acceptance procedures are carried out in accordance with the approved 
project of the plant, the contract, applicable regulations, standards, specifications as described in the Electrical 
Installations Acceptance Regulation. 
 
Construction time for WPPs is 22 months for a capacity of 10 MW and below, 30 months for capacities between 10 
MW and 50 MW, 38 months for capacities between 50 MW and 100 MW, and 46 months for capacities greater than 
100 MW. 
 

Regulation on Renewable Energy Zones was published in the Official Gazette no. 29852 on 9 October 2016 

in order to ensure the effective and efficient use of renewable energy sources by creating large-scale 

renewable energy zones on public, treasury and private lands, to accelerate investments in such zones by 

allocating them to investors, to promote the domestic production of the advanced technology 

components used in power generation plants based on renewable energy sources or their procurement 

from domestic producers, and to contribute to the technology transfer.  

The Regulation contains provisions on identification of renewable energy zones, delivery of connection 

opinion for such zones, capacity allocation, utilization of the allocated connection capacity on condition 

of use of domestically produced components, requirements for legal entities competing for capacity, 

competitions, collaterals, recognition of collaterals as revenue in case of failure to meet the obligations, 

applications for license of power plants to be installed in renewable energy zones by winning legal entities, 

and electricity sales. Competitions are held by open auction method. 

Plant operators generating electricity in the YEKDEM system enjoy a fixed purchase guarantee of 7.3 USD 
cents for 10 years or up to 11 USD cents with domestic production contribution.  
 
In YEKA (Renewable Energy Zone) competitions, power plants with relatively higher generation capacity 
are awarded a license with long-term purchase prices. 
  
In the YEKA-WPP-1 competition, which was first held in 2017, the lowest bid was 3.48 USD cents. Under 
the project, a 1,000 MW wind farm will be built in the provinces of Sivas, Eskişehir, Edirne, Tekirdağ and 
Kırklareli. In this context, a wind turbine factory was established in Izmir by the companies that won the 
competition.  
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In the YEKA WPP 2 competitions held for the establishment of four 250 MW wind power plants in total, 
the lowest bids for different connection zones are as follows. 
 

Connection Zone Bid per kWh (USD cent) 

Aydın 4.56 

Muğla 4 

Balıkesir 3.53 

Çanakkale 3.67 

 
The sites developed in these connection zones have been declared Candidate Renewable Energy Zones. 

8.5. Maintenance and Repair 

It is crucial to install/operate WPPs in accordance with current technologies, to connect the plants to 
electricity transmission or distribution systems smoothly, and to take all kinds of security measures. For 
this purpose, every measure should be taken regarding the warning systems and the availability of the 
WPP. 

Any mechanical and electrical component used in the installation and operation of wind turbines and WPP 
is designed and manufactured to serve throughout the economic life of the plant.  

However, wind turbines contain moving parts operating under dynamic loads, such as rotor blades, 
gearbox, and main shaft, and although they are designed to operate in the most difficult weather 
conditions, some components, particularly rotor blades, may be exposed to some damage due to abrasive 
particles in the air, extreme heat and cold, humidity, snow loads, icing, turbulence, improper operation 
and events such as lightning.  

It is crucial that planned and unplanned maintenance activities (periodic, predictive and preventive 
maintenance), repairs, product replacements and renewals and visual inspections are carried out in a 
timely manner and properly in order to keep the WPP available and operational throughout its economic 
life and to ensure maximum performance of the plant components.  

Planned maintenance operations can be carried out quarterly, semi-annually, annually or at 24-month or 
36-month intervals. Maintenance services are intended to make the turbine operate more efficiently and 
smoothly by replacing some filters and oils in the turbines regularly. Unplanned maintenance, on the other 
hand, is an instantaneous maintenance procedure applied to eliminate a problem or mitigate its effect in 
case of extraordinary situations. Repair refers to any work to eliminate faults that occur unexpectedly due 
to geographical and climatic conditions around the wind turbines. It is intended to put the units back into 
operation as soon as possible, sometimes through small interventions and sometimes by carrying out 
major operations that may involve replacement of main components.  

Renovation refers to changes made in the installed wind turbines to increase efficiency or usability. Visual 
inspections are the visual checks before starting any work in field operations. These inspections are 
necessary to detect any problem that may occur beforehand. 

If the activities described here are not carried out in a timely manner, serious losses may occur, which will 
disrupt the financial balance of the investment. 

Planned maintenance of wind turbines differs depending on the wind turbine technology and turbine 
type, and should be carried out according to the manufacturer's instructions/guidelines. The duration of 
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annual planned maintenance varies depending on the turbine type: 30-50 hours for 1 MW turbines and 
60-100 hours for 2-3 MW turbines. In general, planned maintenance of systems with a gearbox is longer 
than that of direct drive wind turbines. Although wind turbine operation and maintenance services are 
generally provided by turbine supplier companies, there are also other companies that provide such 
services.  

It is important to enter into a “service, maintenance & repair agreement” with the wind turbine 
manufacturer. After the expiry of the warranty period, professional services should be procured for 
maintenance and repair operations. 

Maintenance and repair costs can be reduced considerably if the wind turbines have a valid type 
certificate approved by accredited institutions, meet the following standards, and are put into operation 
according to the Electricity Grid Regulation and the Electricity Facilities Acceptance Regulation. 
   

- IEC 61400-1 Wind Turbines – Part 1 (Design requirements for wind turbines) 

- IEC 61400-22 Wind Turbines – Part 22 (Conformity testing and certification for wind turbines) 

Insurance policies should be taken out against any risk that may be encountered during wind 
measurements, project development, and construction/installation and operation periods of WPPs. 

8.6. Conclusion 

In recent years, wind energy conversion systems have been widely adopted in Turkey. In order to meet some of 
Turkey's energy needs, wind power, which is environment-friendly and has low operating costs, is considered an 
attractive alternative. In parallel with the positive developments, we have to utilize the wind power potential of our 
country to a maximum. Wind power plant projects that are aimed to be hastily completed within a short period of time 
and for which detailed feasibility studies have not been conducted result in investors not being able to see ahead and 
the country's resources not being utilized to a maximum. Starting from the regions that are favorable in terms of wind 
power potential, installation of grid-connected wind power plants by closely monitoring the developments in the world 
and taking into account the competitive conditions with conventional energy sources will contribute to our electricity 
generation. 
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9. Geothermal Power 
Mahmut Parlaktuna 

9.1. Introduction 

Geothermal energy is defined as the heat derived within the earth. The word geothermal consists of the 
combination of the words geo (earth) and thermal (heat). Although our ancestors inferred from existence 
of volcanoes in many parts of the Earth that the inner parts of the Earth were hot, it was not until the end 
of the 16th century that human beings were able to detect that the temperature of the earth increased 
with depth, thanks to the mines that went down a few hundred meters into the Earth. Figure 1 shows that 
there are very high temperatures in the depths of the Earth. The temperature of the Earth increases by 

2.5 to 3.0 degrees Celsius on average every 100 meters down the earth in the region of the crust 
(thickness between 5 and 35 km), on which we live and which occupies a very small portion of the total 
radius of the Earth (6,371 km). The geothermal gradient is the increase in temperature of the earth's crust 
with every 100 meters of depth. The regions where the crust temperature increases by higher values with 
respect to increasing depth are known as regions with a high potential of geothermal energy (Figure 2). 
All these regions are active tectonic regions. They are directly related to PLATE TECTONICS in terms of 
geothermal energy potential and are the places where earthquakes occur most frequently. According to 
plate tectonics, the solid and fragile outermost layer of the earth's crust and upper mantle is called the 
LITHOSPHERE, which is divided into mosaic-shaped plates (Figure 3). Plate tectonics is the theory that 
explains the movements of these plates relative to each other on the soft layer referred to as the 
asthenosphere on which they are located. In these regions, the geothermal gradient may increase several 

times the average gradient (10+ C/100 m).  

 

 

Figure 1 - Earth's structure and temperature values 
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Figure 2 - The hottest geothermal regions of the Earth 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 - The structure of the Earth (Dickson and Fanelli, 2004) 

Although the thermal energy of the Earth has a tremendous value, only a small part of it can be utilized 
today. The geothermal energy that can be utilized today is the part of the thermal energy that an energy 
carrier fluid (gases and water in liquid or vapor phase) can carry from the depths of the Earth to the 
ground. 

 

Geothermal resources can be divided into two main groups depending on their fluid content: 

Lithospher

e 

Terrestrial crust Marine crust 

Asthenosph

ere 
Mantle 

Inner core 

Crust 

Mantle 

Outer core 

Earthquakes km 



375 

1. Hydrothermal Springs: They are porous and/or cracked structures of the geological environment 
and contain fluids that are a means of transporting thermal energy to the surface of the Earth. 
The fluid in question is the most abundant fluid in nature, namely water, which can be found in 
the form of hot water, water vapor or a mixture of both, depending on the pressure and 
temperature of the geothermal resource.  

Figure 4 illustrates the main components of a hydrothermal spring. A hydrothermal spring consists 
of four key components: 

- Heat Source: This source usually forms as a result of groundwater or magmatic intrusions in 
shallower regions of the earth going down very deep along faults and cracks. As shown in Figure 
4, the groundwaters (usually rain and/or snow waters) infiltrating into the depths of the earth 
heat up in the depths and move towards the surface due to their decreasing densities and 
increasing temperatures. 

- Geothermal Reservoir: A permeable and porous underground layer in which hot water and/or 
steam are stored deep within the earth and move upwards. It is not possible for a layer that is not 
permeable and porous to be a reservoir. Porosity can be defined as the fluid storage capacity of 
the underground layer. In sponge-like rocks, the ratio of the pore volume to the total rock volume 
is called porosity. Moreover, each pore of the porous medium must be connected with each other 
and allow the fluid they contain to flow from one point to another. This property is called 
permeability. 

- Seal Rock: An obstacle needs to be placed in front of the hot geothermal fluid, which starts to rise 
towards the earth surface by warming up in the depths of the earth, so that it can be stored in 
the geothermal reservoir. This is possible with underground layers called seal rock, which are 
impermeable. Clay layers generally serve as good seal rocks. 

- Geothermal Fluid: An energy carrier fluid is a must for a hydrothermal spring. Rain/snow waters 
infiltrating deep into the earth generally form the geothermal fluid in hydrothermal systems. 
However, note that this infiltration takes many years, rather than days. For example, it is said that 
the fluid of Kızıldere, the first geothermal site developed in Turkey for power generation purposes, 
dates back to thousands of years ago.   

It is inevitable that the fluid, which is in the depths of the earth in very high temperature 
environments for a long time, interacts with the surrounding rocks and melts down many minerals 
into itself. Hence, geothermal fluids usually have a high level of mineralization and properties that 
make them useless in agriculture/irrigation and harmful to the environment if directly thrown 
away due to their chemical content. So, post-use disposal of the produced geothermal fluid is also 
an important part of geothermal projects. Figure 4 shows that the geothermal fluid obtained from 
underground by means of the red well is pumped back into the earth through the blue pipeline 
and the well after the generation of power. Two important reasons are described for the 
reinjection of the produced geothermal fluid. The first one is that, as stated above, it is not 
possible to dispose of geothermal fluids directly on the earth surface due to their chemical 
composition. The second one is that the amount of fluid produced by drillings from geothermal 
reservoirs is generally much higher than the natural feeding amount of the system and that the 
system experiences a deficit in terms of water budget.  

Hydrothermal springs can be found in the form of hot water, dry steam or two-phase (hot water 
+ steam) systems, depending on the phase of the fluid they contain. Dry steam systems are the 
easiest systems to develop and operate due to their high temperatures and the absence of 
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dissolved minerals. However, such systems are not often found widely. There are only two dry 
steam fields in operation in the world (Larderello in Italy and Geysers in the US). On the other 
hand, the fluid delivered to the earth in hot water and two-phase systems is subjected to many 
different processes because they are a mixture of hot water, steam and non-condensable gases. 
If electricity is to be generated directly from the produced fluid, the water vapor is separated and 
sent to the turbine for electricity generation, while the remaining hot water is used for other 
applications or sent to the depths of the earth from the reinjection wells.     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 - Schematic representation of a hydrothermal spring 

2. Enhanced Geothermal Systems: Although such systems contain thermal energy, they lack a 
natural water cycle to carry the energy to the surface because the rocks containing this energy 
are not porous and permeable. Therefore, the fluid that will carry the energy needs to be 
artificially provided. While there is no such commercial application in the world yet, intensive 
research and development activities are carried out by the European Union, the US and Australia.  

Figure 5 shows an EGS application. One of the three wells (in blue) drilled to a depth of approximately 
3,300 m is the well where cold water from the earth’s surface is injected deep into the ground. 
Between this well and the other two wells, permeability should be ensured by fracturing after the 
drilling operations. The injected cold water will be heated as it flows through the cracks and 
transported to the surface for use via red wells. In this system, if the water injected to the ground is 
cycled in a closed circuit system and its heat is transferred to another fluid circuit on the surface by 
means of heat exchangers, it can be used in different applications.  
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Figure 5 - Schematic representation of an EGS application 

9.2. Use of Geothermal Energy 

Geothermal energy can be used in many different areas depending on the temperature and chemical 
composition of the fluid that carries the heat to the surface. While it is possible to generate power using 
a high-temperature geothermal fluid, geothermal springs with lower temperatures are used directly in 
heating projects. Furthermore, geothermal fluid can also be used in the production of minerals since it 
contains dissolved components that may have economic value. An example of such applications is the 
Kızıldere power plant and the unit producing carbon dioxide from the fluid of this field, which is one of 
the most important applications in our country and shown in Figure 6. The Kızıldere field fluid contains 
carbon dioxide at a rate of 1.5 percent by weight. After the mixture of water vapor and carbon dioxide 
gas separated from the hot water rotates the turbine, the water vapor is condensed, separated from the 
non-condensable carbon dioxide and sent to the dry ice (solid form of carbon dioxide) production unit 
located right next to the power plant. Dry ice blocks can be used in cooling processes, while its main area 
of use is in the carbonated beverage industry (e.g. cola, soda).   
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Figure 6 - Kızıldere geothermal power plant and carbon dioxide production    

Again, depending on the temperature of the fluid, we can see geothermal energy in very different 
industrial applications. The variation of geothermal energy use by temperature, known as Lindal Diagram, 
developed by Icelandic researcher Lindal (1973), is shown in Figure 7. While two different temperature 
ranges for electricity generation are given in the diagram, different areas of use can be observed at almost 
every temperature level. Another important point to be emphasized in the diagram is that while for 

classical space heating applications, a fluid inlet temperature of at least 80 °C is required, geothermal 
energy has started to be used in district heating at much lower temperatures with the use of HEAT PUMPS, 
which have become very common in recent years.  

 

Figure 7 – Variation of geothermal energy use by temperature (Lindal, 1973) 

9.2.1. Electricity Generation 

Three different methods are used to generate electricity from geothermal resources with high 
temperatures. 

1. Dry steam: To apply this method, the fluid obtained from the underground needs to be 100 percent in 
the vapor phase. In such a case, the high-pressure water vapor produced in the well is delivered to the 
turbine to generate electricity by means of the generator (Figure 8). The water vapor leaving the turbine 
is converted to liquid phase to a large extent by passing it through the condenser. Non-condensable 
gases are discharged to the atmosphere through the upper chimney of the cooling tower with the air 
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recirculated in the tower. On the other hand, reinjection of the water obtained from condensation is 
essential due to adding of fluid to the reservoir and its potential harmful effects on the environment. 
Larderello, Italy, which is the first field in the world to generate electricity from geothermal energy, is 
a dry steam field. Furthermore, the Geysers in the US, which is still the largest geothermal field in the 
world in terms of installed capacity, is also a dry steam field.    

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 - Schematic representation of a dry steam geothermal power plant 

2. Flash Steam: In case the geothermal fluid is a high-temperature liquid or a liquid-steam mixture, the 
fluid carried to the surface is sent to the separator operating at the determined pressure value (Figure 
9). In this unit, the pressurized vapor of the total fluid separated into vapor and liquid phases is directed 
to the turbine for electricity generation, and the geothermal fluid, whose mineral content increases as 
a result of the separation process, is generally reinjected into the ground. Other components of the 
power plant have the same functions as the dry steam power plant. The first field where electricity is 
produced using this method is the Wairakei field in New Zealand, which has been in operation since 
1958. In our country, the Kızıldere geothermal field is the first field put into operation using the same 
method. 
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Figure 9 - Schematic representation of a flash steam geothermal power plant 

 

3. Binary Cycle: In case the pressure and temperature of the produced geothermal fluid is not 
sufficient for electricity generation, another fluid needs to be used in the closed cycle for the 
turbine to operate. Fluids that can evaporate at low temperatures (e.g. isobutane) are used in 
BINARY CYCLE power plants, where a second fluid is used to achieve the required vapor pressure 
for the turbine (Figure 10). In this system, the geothermal fluid extracted to the surface transfers 
the heat energy to the secondary fluid, which cycles in a closed circuit, by means of a heat 
exchanger. The secondary fluid that evaporates with the transferred heat is condensed after it 
rotates the turbine, and is pumped into the heat exchanger in liquid phase by means of a liquid 
pump. Once the energy of the geothermal fluid used in this cycle is transferred to the secondary 
fluid, it is reinjected into the ground.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 - Schematic representation of a binary cycle geothermal power plant 

4. Combined Power Plants: The method of generating electricity by sending the steam obtained by 
the separator to the turbine in plants with high-temperature brine or fluid and steam is mentioned 
in the above section. If the geothermal fluid still maintains a certain temperature before 
reinjection after generating electricity with this method, a binary cycle power plant can be 
installed behind this power plant, in which the brine coming out of the power plant is used. More 
steam is obtained from the brine or fluid and steam mixture taken from underground at a certain 
temperature after reducing the pressure in the separator. Using this steam, electricity is produced 
by the turbine, and the geothermal fluid that condenses after passing through the turbine and 
still maintains a certain amount of heat is sent to a binary cycle power plant. Therein, a secondary 
fluid (butane, pentane, etc.) is heated by means of heat exchangers. The secondary fluid 
evaporates and generates electricity in the turbine. Then it goes to the cooling unit, where it cools 
down again and cycles in a closed circuit. The geothermal fluid, which transfers its heat to the 
secondary fluid, is reinjected to the ground by means of reinjection wells. Depending on the 
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potential of the reservoir, such power plants can be used in geothermal fields with high 
temperatures. 

9.2.2. Direct Use 

When it comes to the direct use of geothermal energy, space heating is the primary option. Residential 
and greenhouse heating is addressed under the title of space heating. 

Residential Heating: Although it is possible to heat individual houses by using the heat of the produced 
geothermal fluid, the usual practice around the world is district heating. In this context, the thermal 
energy of the geothermal fluid in a heating plant is transferred to the water circulating in a closed circuit 
by means of heat exchangers. Heated water is circulated in the heating units of the houses to provide 
district heating (Figure 11).  

 

 

 

 

 

 

 

 

 

 

 

Figure 11 - Schematic representation of a district heating application 

In district heating projects using geothermal fluids, the BASE LOAD is provided by geothermal energy and 
the PEAK LOAD is provided by using other energy sources (e.g. fossil fuel burning heaters), instead of 
providing the heat load with geothermal energy in its entirety. Figure 12 shows such an application for 
Reykjavik (Iceland) and Central Europe. As shown in the figure, the capacity of geothermal wells is only 60 
percent of the highest energy requirement to be encountered during the year, and this capacity is called 
base load. On days when there is a heat requirement higher than this capacity, other heating methods 
that will provide the peak load come into play. Figure 12 shows that the total number of days in which 
peak load heaters will be used is about 50, while the average load needed during these days is about 15 
percent, excluding geothermal. Another point worth noting is that the capital of Iceland, Reykjavik, has a 
heating requirement all year round. Almost all of this city is heated with geothermal energy. Central 
Europe, on the other hand, needs heating for about 190 days, while only hot water is needed for the rest 
of the year.   

 

 

Figure 12 - Heat load graphs of Central Europe and Reykjavik 
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Greenhouse Heating: The importance of ambient temperature in the cultivation of many plants is known. 
However, greenhouse heating is defined as man-made heating in order to continue production during 

times when air temperature is low and to increase the temperature to the desired level in the greenhouse. 
The variation of the heat requirement (Q), solar radiation (E) and monthly average air temperature (Tave) 
parameters of a greenhouse in the geography we live in throughout the year is shown in Figure 13. As can 
be seen, the heat requirement of the greenhouse reaches its peak during the months when the solar 
radiation and air temperature values decrease to a minimum. The supply of heat to the greenhouse during 
these months positively affects the cultivation process.  

The methods of using heating pipes in different applications are shown in Figure 14. The type of the crop 
is the most important factor in determining how the piping application will be designed.  

 

 

 

 

 

 

 

 

P
EA

K
 L

O
A

D
 

LO
A

D
 (

%
) 

B
A

SE
 L

O
A

D
 

Domestic 

hot water 

WINTER SUMMER 

Days 

Reykjavik, Iceland 

Capacity of geothermal 
wells 

Typical curve for 
Central Europe 

Heating 
period 



383 

 

 

 

 

 

 

 

 

 

Figure 13 - Typical variation of greenhouse application parameters over time 

 

  

 

 

 

  

 

 

 

 

 

 

 

 

  

  

Figure 14 - Different piping positions in greenhouse applications 

 

Heat Pump Applications: As is known, heat naturally flows from a high-temperature environment to a 
low-temperature environment. However, heat pumps can reverse the direction of heat flow using quite 
a little amount of high-quality driving energy (such as electricity, fuel, or high-temperature waste heat). 
According to this principle, heat pumps can transfer the heat from the surrounding natural heat sources 
(air, soil or water) or waste heat sources to buildings and industrial applications with the help of a small 
amount of primary energy. It is also possible to use heat pumps for cooling purposes.  
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Heat pumps are an important technology in that they reduce harmful gas emissions (such as carbon 
dioxide, sulfur dioxide and nitrous oxide) that cause environmental pollution because they use less 
primary energy. At this point, the environmental impact of heat pump applications basically depends on 
the method by which the primary energy to be used in the application will be produced. For example, the 
environmental impact of a heat pump using the electricity produced by a hydroelectric power plant will 
be different from a heat pump using the electricity produced by a coal-fired thermal power plant. 

Figure 15 shows the flow diagram of a heat pump using electricity as its primary energy source. In the blue 
area on the left of the figure, the heat energy taken from natural sources is transferred to the fluid used 
in the closed circuit, which is then evaporated. By means of a compressor driven by an electric motor, the 
closed-circuit fluid vapor is compressed to increase its temperature. The heated steam is transferred to 
the medium where the heat transfer will take place in the red zone, and as a result, the closed-circuit fluid 
is condensed. Finally, the condensed fluid is converted back to the vapor phase with the help of the 
expansion valve. 

 

      

 

 

 

 

 

Figure 15 - A heat pump application using electricity 

Figure 16 shows the applications of geothermal energy in summer and winter using a heat pump. Although 
the air temperature changes throughout the year, the temperature in the shallow parts of the soil (the 
first 10 – 15 m) remains constant throughout the year. The temperature values in these parts are usually 
below the air temperature in summer and above it in winter. For this reason, there is a difference between 
soil temperature and air (ambient) temperature in both seasons. Heat pumps are used to transfer the 
internal heat of the buildings to ground in summer and the underground heat into the building in winter. 
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Figure 16 – Heat pump applications in summer and winter 

 

9.3. Geothermal Power Around the World 

9.3.1. Electricity Generation 

As of 2014, there are power plants in 23 countries that produce electricity using geothermal fluids 
(Bertani, 2015). Figure 17 presents the development of installed geothermal capacity in the world 
between 2009 and 2019. As can be seen, in the years after 2013, the change is almost linear and increases 
continuously (BP, 2020). In addition, the top 10 countries producing electricity from geothermal resources 
can be seen in Figure 18 (BP, 2020). Indonesia and Turkey are the two countries that have had significant 
improvement in this ranking. Considering its geothermal power potential, Indonesia is expected to surpass 
the US and become the leading country soon. Moreover, Turkey has had the highest increase in installed 
capacity in the last ten years.  

 

 

Figure 17 - Change in installed capacity between 2009 and 2019 (BP, 2020) 

Years 

In
st

al
le

d
 c

ap
ac

it
y 

(M
W

) 



386 

 

Figure 18 - Installed geothermal capacity of countries in 2019 (BP, 2020) 

 

9.3.2. Direct Use 

The direct use of geothermal energy is increasing every year worldwide (Figure 19). While it was below 
10,000 MWt in 1995, it rose over 70,000 MWt in 2015 (Lund and Boyd, 2015). The change in direct use in 
different categories between 1995 and 2015 can be seen in Figure 20 (Lund & Boyd, 2015). The first three 
categories are heat pump, balneology (bathrooms, swimming pools and healthcare applications) and 
residential heating. These three categories account for more than 80 percent of total use. The most 
notable change is in the use of heat pumps. This category, which had a capacity of approximately 15,000 
TJ/year in 1995, surpassed all other uses with a capacity of 320,000 TJ/year 20 years later. As to the 
balneology category, the big difference between 1995 and 2000 was mainly due to the failure to obtain 
sufficient data from countries (e.g. China) in 1995. Figure 21 shows the shares of all types of direct uses in 
total direct use. As can be seen, heat pump applications (71%) surpassed all other applications. When the 
heat pump applications are excluded, balneology and residential heating applications together account 
for a majority of total applications with a total of 82 percent (Figure 22). 
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Figure 19 - Change in installed capacity for direct uses between 1995 and 2015 (Lund and Boyd, 2015) 
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Figure 20 - Change in types of direct uses between 1995 and 2015 (Lund and Boyd, 2015) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21 - Shares of the types of direct use in total use in 2015 (Lund & Boyd, 2015) 
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Figure 22 - Shares of the types of direct use excluding heat pump in total use in 2015 (Lund and Boyd, 
2015) 
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9.4. Geothermal Energy in Turkey 

As mentioned in the previous sections, our country has an important potential of geothermal energy. The 
geological conditions in our country are suitable for the formation of geothermal resources. Figure 23 
shows the relationship of Turkey's major geothermal areas with fault lines and other tectonic units 
(Şimşek, 2000). As can be seen, while hot water resources extend along fault lines, our major geothermal 
fields are located in Western Anatolia. Particularly, they include the Büyük Menderes graben along the 
provinces of Denizli and Aydın and high temperature geothermal fields such as Kızıldere, Germencik, 
Salavatlı, Pamukören, Tekkehamam and Alaşehir in the Gediz graben in Manisa (Figure 24).    

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23 - Major geothermal fields in Turkey (Şimşek, 2000) 

LEGEND 
 

Major Geothermal Fields  Thermal-

mineral water springs 

Hot Springs Mineral W 

Upper Tertiary-Quaternary Volcanic Rocks 

Upper Tertiary-Quaternary Volcanoes 

Major Fault Lines 

Major Strike Slip Faults 

Reverse Faults and Thrust Faults 

Ş. Şimşek, 2000 



391 

 

Figure 24 - Major geothermal fields and applications in Western Anatolia (Şimşek, 2019) 

 

MAJOR GEOTHERMAL FIELDS AND APPLICATIONS IN WESTERN ANATOLIA 

GEOTHERMAL POWER PLANT (1–27 INSTALLED CAPACITY, 28–40 IN PROJECT STAGE) 
HEATING PROJECTS 

1- Denizli-Kızıldere (200–245°C) (Zorlu)  
 Denizli-Kızıldere (140°C) (Bereket) 
2- Aydın-Salavatlı (171°C) (MeGe) 
3- Aydın-Germencik (276°C) (Gürmat) 
4- Aydın-Pamukören (188°C) (Çelikler) 
5- Çanakkale-Tuzla (174°C) (Enda) 
6- Aydın-Hıdırbeyli (180°C) (Maren) 
7- Aydın-Gümüşköy (180°C) (BM) 
8- Denizli-Gerali (124°C) (Değirmenci) 
9- Manisa-Alaşehir (185°C) (Türkerler) 
10- Çanakkale-Ayvacık (160 C) (MTN) 
11- Manisa-Alaşehir-Alkan (193°C) (Zorlu) 
12- Aydın-Umurlu (155°C) (Kar-Key) 

13- Denizli-Tekkehamam (241°C) (Greeneco) 
14- Denizli-Tosunlar (103°C) (Akça) 
15- Manisa-Alaşehir-Kemaliye (160°C) (Enerjeo) 
16- Aydın-Germencik-Ortaklar (180°C) (Karizma) 
17- Manisa-Alaşehir (180°C) (Sis) 
18- Manisa-Alaşehir (287°C) (MASPO) 
19- Afyonkarahisar (125°C) Afjet 
20- Denizli-Kuyucak-Yöre (200 C) (Turkas) 
21- Manisa-Salihli-Caferbeyli (168 C) (SANKO) 
22- Manisa-Alaşehir (180°C) (Mis Enerji) 
23- Manisa-Alaşehir-Baklacı (250' C) (Akça) 
24- Aydın-incirliova (180°C) (3SKale) 
25- Aydın-Sultanhisar (180°C) (Çelikler) 
26- Aydın-Buharkent (146°C) (Limak) 
27- Manisa-Alaşehir (180°C) (Soyak) 

28- lzmir-Seferihisar (153°C) 
29- Izmir-Balçova (142°C) 
30- Aydın-Atça (124°C) 
31- lzmir-Dikili-Bergama (130°C) 
32- Balıkesir-Sındırgı (107 C) 
33- Aydın (s100°C) 
34- Kütahya-Şaphane (188°C) 
35- Aydın-Nazilli (168°C) 
36- Kütahya-Simav (164°C) 
37- Aydın-Germencik (239°C) 
38- Denizli-Kızıldere (245°C) 
39- Aydın-Sultanhisar (180°C) 
40- Aydın-Yılmazköy (142°C) 

- Izmir-Balçova (JMS+SR) 
- Balıkesir-Edremit (JMS+SR) 
- Denizli-Sarayköy (JMS+SR) 
- Manisa-Salihli (JMS+SR) 
- Kütahya-Simav (JMS+SR) 
- Izmir-Dikili (JMS+SR) 
- Balıkesir-Bigadiç (JMS) 
- Manisa-Turgutlu (SR) 
- Manisa-Salihli-Lider (SR) 
- Denizli-Agro Pekdemir (SR) 
- Denizl-AKÇA (SR) 
- Izmir-Çeşme (JIS) 
- Balıkesir-Pamukçu (SR) 

JMS: Residential heating 

SR: Greenhouse heating 
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9.4.1. Electricity Generation 

A significant portion of our country's geothermal resources has sufficient temperature and flow rate for 
power generation. The first binary cycle power plant in our country is DORA-1 with an installed capacity 
of 8.5 MWe, which was put into operation in 2006 in the Salavatlı field following the Kızıldere field that 
started to produce electricity with a flash steam type turbine with an installed capacity of 17.4 MWe in 
1984. Following the legislative amendments made after the commissioning of these two power plants 
(the Law No. 5686 on Geothermal Resources and Natural Mineral Waters published in 2007 and the 
Implementation Regulation on Geothermal Laws and Natural Mineral Waters Law) and the ensuing 
privatizations, geothermal power generation gained momentum. As seen in Figure 25, an additional 
capacity of approximately 200 MWe has been put into use every year since 2013.  

 

 

Figure 25 - Turkey’s Installed Geothermal Capacity (JESDER, 2020) 

This rapid rise was achieved with the RES Support Mechanism (YEKDEM) law published in 2011. As in other 
renewable energy sources, support has been provided to geothermal power producers. Within the 
framework of the RES Support Mechanism, 10-year fixed price purchase guarantee as well as support for 
domestic components have been provided since 2011. Geothermal power plants are provided with a 
guarantee to purchase electricity at a fixed tariff of 10.5 $cent/kWh. The domestic component support 
includes an additional 1.3 $cent/kWh for domestic steam or gas turbines, an additional 0.7 $cent/kWh for 
domestic generators and power electronics, and an additional 0.7 $cent/kWh for domestic steam injectors 
and vacuum compressors for the first five years. However, new terms and conditions for the continuation 
of these supports, which will expire as of the end of June 2021, were announced in early 2021. Accordingly, 
the tariffs to be applied to geothermal power plants that will be put into operation as from July 2021 are 
given in Table 1. In this context, the RES Support Mechanism has been extended for five years. Prices set 
in Turkish lira and kuruş will be updated quarterly. In addition, the prices to be charged will have upper 
limits in USD cents, including 6.40 USD cents/kWh for hydroelectric power plants, 5.10 USD cents/kWh 
for wind and solar power plants, 8.6 USD cents/kWh for geothermal power plants, and 5.10, 8 and 8.6 
USD cents/kWh for biomass power plants, depending on the resources used.  
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Table 1 - RES Support Mechanism, Domestic Contribution Prices and Implementation Periods for RES-

Certified Power Plants that will be Put into Operation by 31.12.2025 

Type of Plant Using a Renewable Energy Source 

RES Support Mechanism 
Price 

 
(Turkish lira kuruş/kWh) 

RES Support 
Mechanism Price 
Implementation 

Period 
 

(years) 

Domestic 
Contribution 

Price 
 

(Turkish lira 
kuruş/kWh) 

Domestic 
Contribution 

Price 
Implementation 

Period 
 

(years) 

a. Hydroelectric power plant 40.00 10 8.00 5 

b. Wind power plant 32.00 10 8.00 5 

c. Geothermal power plant 54.00 10 8.00 5 

d. Biomass 
power 
plant 

Landfill Gas / Resources obtained from by-
products of the processing of waste tires 

32.00 10 8.00 5 

Biomethanization 54.00 10 8.00 5 

Thermal Disposal 
(Municipal waste, vegetable oil waste, agricultural 

waste without food and feed value, forest 
products other than industrial wood, industrial 

waste sludge and sewage sludge) 

50.00 10 8.00 5 

e. Solar power plant 32.00 10 8.00 5 

9.4.2. Direct Use 

Although the direct use of geothermal resources in our country is diverse, the primary uses include 
residential and greenhouse heating as well as balneology applications. The installed capacity for these 
three types of uses within the total direct use capacity of 3,488 MWt in 2019 is listed in Table 2 (Mertoğlu 
et al., 2020).   

The list of 18 geothermal energy central residential heating projects currently in operation is given in Table 
3 and the location map is given in Figure 26. 13 of these projects are located in Western Anatolia and 4 
are located in Central Anatolia. The heating project in Diyadin, Ağrı is the only project in Eastern Anatolia. 
As can be seen in Table 3, central residential heating applications, which started in Gönen, Balıkesir in 
1987, gained momentum with the implementation of many projects in the 1990s, but the number of new 
projects gradually decreased after that period. There is a potential for many new projects to be 
implemented in Turkey if the incentives provided to electricity generation from geothermal resources are 
also provided to the entrepreneurs in this area.   

According to the records of the Provincial Directorates of the Ministry of Food, Agriculture and Livestock, 
greenhouse production was carried out using geothermal resources on an area of 3,858.85 decares in 15 
provinces of Turkey in 2015 (Table 4). The majority of these areas are located in the provinces of Izmir 
(21.25 percent), Manisa (16.22 percent), Afyonkarahisar (15.78 percent) and Denizli (13.32 percent). The 
highest number of greenhouse units are located in Kütahya (116) (Hasdemir et al., 2015). 

Table 2 - Geothermal energy utilization capacities in Turkey (Mertoğlu et al., 2020) 

Type of Use Capacity (MWt) 

Residential heating 1,033 

Greenhouse heating 820 

Balneology 420 



394 

TOTAL 3,488 

 

 

 

Table 3- Central residential heating projects  
involving geothermal energy in Turkey (Parlaktuna et al., 2020) 

No. Province/District 
Establishment 
Date: 

1 Afyonkarahisar 1996 

2 Afyonkarahisar - Sandıklı 1998 

3 Ağrı – Diyadin 1999 

4 Ankara - Kızılcahamam 1995 

5 Balıkesir – Bigadiç 2005 

6 Balıkesir – Edremit 2003 

7 Balıkesir – Gönen 1987 

8 Balıkesir – Güre 2006 

9 Balıkesir – Sındırgı 2014 

10 Denizli – Sarayköy 2002 

11 Izmir – Balçova 1996 

12 Izmir – Bergama 2009 

13 Izmir – Dikili 2009 

14 Kırşehir 1994 

15 Kütahya – Simav 1991 

16 Manisa – Salihli 2002 

17 Nevşehir – Kozaklı 1996 

18 Yozgat – Sorgun 2008 

 

Table 26 - Central residential heating projects  
involving geothermal energy in Turkey (Parlaktuna et al., 2020) 
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Table 4 - Geothermal greenhouse areas in Turkey (Hasdemir et al., 2015) 

 

 

 

 

 

 

 

 

 

 

 

 

 

9.5. Renewability and Sustainability of Geothermal Systems  

From the discussions in the previous sections, it is concluded that the thermal energy in geothermal 
systems is mostly found in the rocks, and that the system reaches a balance due to the dynamic nature of 
the water cycle in geothermal systems (natural inflows and outflows). Moreover, considering the 
magnitude of the thermal energy contained in the earth, geothermal systems are RENEWABLE in their 
natural conditions. Spa and bath systems, which have been serving uninterruptedly for centuries, are the 
best examples for this discussion. 

However, the fluid balance of the system is disturbed by anthropogenic activities, including drilling of 
wells to utilize geothermal energy more efficiently and extraction of the fluids at flow rates much higher 
than the natural flow rate, usually resulting in decreased system pressure and production flow rates over 
time. The primary precaution that can be taken in this regard is the controlled reinjection of all or a part 
of the produced fluid to the reservoir. It contributes to the natural recharging of the reservoir, and allows 
the thermal energy of the rock to be absorbed by the cycling fluid. However, there are some points to be 
considered in this application. It is also possible that the cold fluid reinjected to the ground reaches the 
production wells without being sufficiently heated due to short circuiting, or that the flow rate of the 
injected fluid is too high, resulting in certain parts of the reservoir being cooled down to a larger extent 
than desired. All these discussions show that the heat recovery from geothermal systems should be 
analyzed very well and engineering studies should be carried out carefully. In such an application, the 
losses that will occur in the geothermal system can be minimized to acceptable levels, thereby ensuring 
the SUSTAINABILITY of the system. 

  

Province Number of units Area (da) 
Share in Total Geothermal 

Greenhouse Area (%) 

Adıyaman 9 54 1.40 

Afyonkarahisar 14 609 15.78 

Ağrı 1 20.85 0.54 

Aksaray 1 40 1.04 

Aydın 5 174.6 4.52 

Denizli 23 514 13.32 

Balıkesir 18 4.5 0.12 

Izmir 32 820 21.25 

Kırşehir 1 176.6 4.58 

Kütahya 116 268 6.95 

Manisa 5 626 16.22 

Nevşehir 1 60 1.55 

Şanlıurfa 20 399.3 10.35 

Uşak 1 11 0.29 

Yozgat 3 81 2.10 

Total 250 3,858.85 100.00 
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9.6. Things to Consider in Project Planning 

It was discussed in the previous sections that geothermal energy, which is defined as “heat within the 
earth”, has many different uses depending on the temperature of the fluid brought to the surface. It is 
possible to engage in almost all of the uses listed in Figure 7 with hot water or water vapor obtained using 
other energy sources (e.g. fossil fuels). Therefore, the surface facilities for the uses (turbine, heat 
exchanger, piping, etc.) are subject to the same principles, except how and where their fuel is obtained. 
The main difference of geothermal applications is that the heat source comes directly from nature, and 
the success rate of the projects that are not implemented with well-defined knowledge of the heat source 
is low. Therefore, important aspects in characterizing a geothermal resource will be discussed in the 
following section. 

When characterizing a geothermal resource, two different processes should be discussed. 

1. Characterization of the geothermal reservoir 
2. Characterization of the geothermal fluid extracted by drilling 

9.6.1. Characterization of the geothermal reservoir 

In this process, which can be summarized as the characterization of the geological structure containing 
the heat in the underground, which will help determine the final size of the project to be developed, it is 
essential to make geological measurements, which will provide important information about the point 
and depth of the drilling operation, which will definitely prove the existence of the resource and is quite 
costly. Such studies include: 

- Geological studies in the field 
- Sampling and analysis of hot and/or cold natural resources in the region and geochemistry studies 

on these samples 
- Geophysical studies to be carried out in the field (e.g. gravity, magnetic, MT, CSAMT) 

After the joint interpretation of all these studies by relevant experts, drilling operations at a location and 
depth with a high probability of being a geothermal resource.  

Drilling operation is the costliest one among the activities mentioned above. Therefore, geological 
measurements that will determine the optimum drilling point should not be omitted and the necessary 
resources and time should definitely be allocated for such measurements. In many projects, however, 
unfavorable results at the drilling points determined without sufficient knowledge to hastily implement 
the project after very limited geological studies may result in promising projects being abandoned. 

Characterization of a reservoir is a continuous process. After achieving success, albeit partially, at the 
drilling sites determined by the limited work done at the first well, the knowledge about the reservoir 
accumulates day by day with the information obtained from the drilled and the information obtained by 
the continuous monitoring of the behavior of the reservoir reacting to the fluid production from the wells. 
Following new activities to be carried out in the reservoir, which is better characterized with increasing 
knowledge, the success rate and the benefit to be obtained from the project increases. Therefore, 
monitoring, recording and reporting of any activity about the geothermal reservoir should be an integral 
part of the project. This activity is called RESERVOIR MANAGEMENT, within the scope of which the 
production characteristics of the wells (pressure, temperature and flow rate), which are the main 
observation points of the activity, and the changes in the properties of the produced fluid (chemical 
composition, dissolved gas content) over time should always be followed.  
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In brief, the observation and recording activities in a fluid production process initiated after geological 
measurements and drillings are the key activities of a successful geothermal project.  

9.6.2. Characterization of the geothermal fluid extracted by drilling 

The importance of characterizing the fluid is that the characteristics of this fluid determine the extent and 
economical aspects of the project to be implemented. Although a larger thermal energy is stored in the 
characterized geothermal reservoir, the energy to be brought by the fluid produced by the wells is used 
to determine the magnitudes in the application. Equation 1 is used to calculate the thermal energy 
transported to the earth’s surface. 

𝑄 = 𝑚𝐶𝑝∆𝑇 (1) 

where: 

 Q = Thermal energy of the produced fluid, kJ/s 

 m = mass flow rate of the geothermal fluid, kg/s 

 CP = specific heat of the geothermal fluid, kJ/kg-C 

 T = temperature difference in application, C 

The specific heat values of water in the saturated liquid and vapor phases are a function of temperature 

and are given in Table 5 for the temperature range of 5–300 °C. However, the temperature difference 

(T) in Equation 1 varies from one project to another. For example, if electricity is to be produced from a 

geothermal fluid at 180 °C in a flash steam power plant, the turbine outlet temperature will be around 

140 °C and T will be 40 °C. However, if electricity is to be produced from the same fluid using a binary 

cycle power plant, the turbine temperature can drop to much lower values (70 °C) and T rises to 110 

°C. Hence, the project design can result in very different amounts of energy from the same fluid.  
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Table 5 - Specific heat values of water in saturated liquid and saturated vapor phases 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to clearly determine the thermal energy brought to the surface, two important parameters need 
to be determined correctly: mass flow rate and production temperature. Both parameters should be 
determined by conducting long-term measurements. Unfortunately, this requirement is ignored in many 
projects. Application projects are developed using flow rates and temperatures determined by a very 
short flow trial. Another problem in this regard is that in practice, wells that will be put into operation 
simultaneously and produce fluid from the same reservoir are usually tested individually. Note that wells 
producing fluid from the same reservoir steal from the production of another, and when the wells are put 
into operation simultaneously, the total flow rate obtained will be less than the sum of the flow rates of 
the wells in individual tests. For this reason, it is the best practice to simultaneously drill and test the wells 
that are planned to be put into operation. If this is not possible, an approach that reduces the total 
capacity should be followed, considering that the sum of the flow rates obtained from individual tests will 
decrease slightly. 

Another common mistake is to plan projects for non-existent fluids, assuming that the performance of 
wells drilled in the field will also be achieved by other wells planned to be drilled later in the field. There 
are examples where projects were designed for several times the residential area that can be heated by 
a couple of wells drilled, consumers were registered, but the promised energy could not be delivered after 
unsuccessful results of drilling. In this context, implementers should opt to develop modular projects, to 
determine the capacity that can be implemented with the available energy, to monitor the modules, to 

Temperature 

(C) 

CP liquid- 

(kj/kg-C) 

CP steam 

(kj/kg-

C) 

Temperature 

(C) 

CP liquid 

(kj/kg-

C) 

CP steam 

(kj/kg-

C) 
5 4.204 1.86 115 4.24 2.07 

10 4.193 1.86 120 4.248 2.09 

15 4.186 1.87 125 4.26 2.12 

20 4.183 1.87 130 4.27 2.15 

25 4.181 1.88 135 4.28 2.18 

30 4.179 1.88 140 4.29 2.21 

35 4.178 1.88 145 4.30 2.25 

40 4.179 1.89 150 4.32 2.29 

45 4.181 1.89 160 4.35 2.38 

50 4.182 1.9 170 4.38 2.49 

55 4.183 1.9 180 4.42 2.62 

60 4.185 1.91 190 4.46 2.76 

65 4.188 1.92 200 4.51 2.91 

70 4.191 1.93 210 4.56 3.07 

75 4.194 1.94 220 4.63 3.25 

80 4.198 1.95 230 4.70 3.45 

85 4.203 1.96 240 4.78 3.68 

90 4.208 1.97 250 4.87 3.94 

95 4.213 1.99 260 4.98 4.22 

100 4.219 2.01 270 5.10 4.55 

105 4.226 2.03 280 5.24 4.98 

110 4.233 2.05 290 5.42 5.46 

   300 5.65 6.18 
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observe the reaction of the reservoir to the application, and to make any expansion after concluding that 
there is energy for new modules. 

Finally, reservoir pressure and flow rates begin to decrease with fluid production, as drilled production 
flow rates are often well above the system's natural recharge flow rate. The most commonly applied 
method to slow down the rate of decline is to reinject the fluid into the ground after absorbing its energy. 
Reinjection is performed to delay the pressure drop as well as for the disposal of geothermal fluid, which 
contains a high amount of dissolved minerals and is likely to cause pollution if it is discharged into the 
environment. 

Another important characteristic of geothermal energy projects is the possibility of implementing multiple 
applications using the same fluid with the integrated method. For example, some of the geothermal fluid 

that leaves the turbine at 70 C after generating electricity in a binary cycle power plant can be used in 
greenhouse/residential heating, which increases efficiency of energy use. 

BASE LOAD and PEAK LOAD mentioned earlier in the text should be an important component of heating 
projects. In space heating applications using geothermal energy, the annual outdoor temperature change 
of the region where the project will be carried out should be used to determine these two parameters. As 
is known, the outdoor temperature changes throughout the year. While space heating is needed during 
certain times of the year, there is no need for heating in the rest of the year. The daily heat load differs 
on the days when there is need for heating. If the project is designed according to the coldest days of the 
year, which are mostly very few, a significant part of the installed capacity may become idle during the 
rest of the year. The heat requirement during the coldest days of the year is called PEAK LOAD. The BASE 
LOAD concept was developed in order to reduce the number of days in which there will be idle capacity 
and to heat more space with the available energy. In this concept, a certain portion of PEAK LOAD (e.g. 60 
percent) is designated as BASE LOAD, and the space to be heated with the available energy is calculated 
using the BASE LOAD. To meet the heat requirement between PEAK LOAD and BASE LOAD, backup 
systems should be designed in which energy sources other than geothermal will be used as fuel. Backup 
systems also step in when short-term problems occur in the production of geothermal fluid and play an 
important role in the smooth operation of the heating system. 

9.7. References 

- BP, (2020): https://www.bp.com/content/dam/bp/business-
sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-
renewable-energy.pdf Accessed on: 

- Bertani, R., (2015). Geothermal Power Generation in the World2010-2014 Update Report, 
Proceedings World Geothermal Congress 2015 Melbourne, Australia, 19-25 April 2015. 

- Dickson, M., Fanelli, M., “What is Geothermal Energy?”, http://www.geothermal-
energy.org/geo/geoenergy.php. Accessed on: 

- Hasdemir, M., Gül, U., Hasdemir, M., Ataseven, Z, Y., (2015): Türkiye’de Jeotermal Seracılık 
İşletmeleri ve Bu İşletmelerin Jeotermal Kaynaktan Yararlanma Süreçleri, Ziraat Mühendisliği, 
Ekim- Kasım 2015 l Sayı: 362, 22 – 27. 

- Lindal, B., (1973). “Industrial and Other Applications of Geothermal Energy”, Geothermal 
Energy, Editör, Armstead, H.C.H., Paris, 135 – 148. 

- Lund ve Boyd, (2015). Direct Utilization of Geothermal Energy 2015 Worldwide Review, 
Proceedings World Geothermal Congress 2015 Melbourne, Australia, 19-25 Nisan 2015. 

- Mertoğlu, O., Şimşek, Ş., Başarır, N., (2020). Geothermal Energy Use - Projections, Country 
Update for Turkey, Proceedings World Geothermal Congress 2020 Reykjavik, Iceland, April 26 – 

https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-renewable-energy.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-renewable-energy.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-renewable-energy.pdf
http://www.geothermal-energy.org/geo/geoenergy.php
http://www.geothermal-energy.org/geo/geoenergy.php


400 

May 2, 2020 (Prepared and accepted for the Congress, but not presented yet, as the Congress 
has been postponed to 2021 due to the pandemic.) 

- Parlaktuna, M., Çelem, Ö., Parlaktuna, B., (2020): Evaluation of Geothermal District Heating 
Systems of Turkey, Proceedings World Geothermal Congress 2020 Reykjavik, Iceland, April 26 – 
May 2, 2020 (Prepared and accepted for the Congress, but not presented yet, as the Congress 
has been postponed to 2021 due to the pandemic.) 

- Şimşek, Ş., (2000). Personal contact 
- Şimşek, Ş., (2019). Personal contact 

 



401 

Hydroelectric Power 
Murat Altınordu 

10. Hydroelectric Power Plants 
10.1. Overview 

Moving water masses also carry energy. The rate at which waters flows or falls determines the amount 

of energy in this movement.  

Water accumulating at a higher elevation than the area to which it will be transported contains 

“Potential Energy”. According to the principle of energy conversion, "Potential Energy" first turns into 

"Kinetic Energy (Mechanical Energy)" and then into "Electric Energy" with the rotation of the 

hydrogenerator connected to the turbine wheel.  

Hydroelectric power plants (HEPPs) carry water to turbines through channels and/or pipes, enabling us 

to utilize this energy in the most efficient way. Hydroelectric power plants: 

 use a renewable resource (water);  

 cause no greenhouse gas emissions; 

 are long-lasting; 

 have no fuel costs; 

 have low operating and maintenance costs. 

 are the most important renewable energy source in that they invigorate the economy and social 

relations in rural areas. Agricultural irrigation, employment, fishing and the development of 

recreational areas around the dam are among the economic and social benefits of hydroelectric 

power plants in rural areas. 

Hydroelectric power plants are divided into classes according to their storage structures, head (H), 

installed capacity (total capacity of the plant), their ability to meet the national grid load, the type of 

dam body and the location of the powerhouse.  

Info Box 1: Types of Hydroelectric Power Plants 

 Based their storage structures: impoundment (reservoir) and Run-of-River (weir) HEPPs; 

 Based on their head: low-head (H < 10 m), medium-head (H = 10 - 50 m) and high-head (H > 50 

m) HEPPs; 

 Although there are many different classifications according to their installed capacity (total 

capacity of the plant), the most commonly used classification is as follows: pico-capacity (<5 kW), 

micro-capacity (<100 kW), mini-capacity (100 – 1,000 kW), small-capacity (1,000 – 15,000 kW), 

medium-capacity (15,000 – 100,000 kW), and large-capacity (>100,000 kW) HEPPs. 

There are different classifications in the literature and in company catalogues. e.g. small-capacity 

(1,000 – 25,000 kW), medium-capacity (25,000 – 100,000 kW) 

 Based on the extent to which they meet the national grid load: Base Load1, Peak Load2, both Base 

and Peak Load HEPPs; 

                                                            
1 Base load refers to the minimum value of electricity consumption in 24 hours. Base load power plants are those that can meet 
this minimum consumption. 
2 Peak load refers to the maximum consumption value in a certain time period. 
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 Based on the type of dam body: HEPPs with a predominantly concrete dam, HEPPs with a 

concrete arch dam, HEPPs with a rock-filled dam HEPPs, and HEPPs with earth-filled dam; 

 Based on the location of the powerhouse: above ground, underground and semi-buried or 

submerged HEPPs. 

General structures in a hydroelectric power plant include the dam and reservoir, weir, waterway 

facilities, powerhouse, downstream outlet channel, switchgear, bottom weir and spillway. 

Figure 1: General Structures of an HEPP 

Info Box 2: Electromechanical Equipment in Hydroelectric Power Plants 

 Turbine: Equipment that converts potential energy into mechanical energy. 

 Governor and HPU: Used for controlling active power/turbine speed by regulating the amount 

of water entering the turbine. 

 Generator and Warning System: Equipment that converts mechanical energy into electrical 

energy. 

 Voltage Regulators 

 Unit Command and Control Panels  

 Control Room Panels  

 3.3–18 kV Medium Voltage Panels 

 Main Power Transformers 

 30–36 kV Medium Voltage Closed Switchgears and Equipment 

 66–380 kV Switchyard Facilities 

 Relay and Control Panels 

 Internal Requirement Transformer and 400 V Switches 

 400 V AC, 24 V DC, 48 V DC, 110 V DC Panels 

 Diesel Generator and Panel  

 UPS 

 

RESERVOIR 

DAM 

PENSTOCK 

POWERHOUSE 

SWITCHGEAR 

SPILLWAY 
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Turbine   Governor and HPU   Generator   Control 

Figure 2: Some Electromechanical Equipment 

 

Figure 3: Powerhouse Interior View 
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As stated in the 172th issue of the Water World Magazine published in March 2018 by the State Hydraulic 

Works Foundation, “hydroelectric energy makes versatile contributions to the national economy because 

it is domestic and renewable, has low operating and maintenance costs compared to its alternatives, and 

creates new investment opportunities.”3 Hydroelectric power plants, which clearly have more affordable 

operating costs compared to plants with high installed capacity and production such as nuclear, fossil fuel 

and natural gas combined cycle plants, also stand out among the renewable energy alternatives with their 

advantage in terms of initial investment costs.   

 

 

 

 

 

 

 

 

Figure 4: Operating costs of power plants by their sources (DSI Water World, Issue: 172, March 2018) 

 

 

 

 

 

 

 

 

 

 

Figure 5: Initial investment costs of power plants by their sources (DSI Water World, Issue: 172, March 2018) 

 

 

10.2. Hydroelectric Power Plant Investments 

                                                            
3 The relevant issue of DSI Water World Magazine is accessible at: 
https://cdniys.tarimorman.gov.tr/api/File/GetGaleriFile/425/DosyaGaleri/1010/172.pdf?layout=modal  
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The roadmap for hydroelectric power plant investments consists of four basic elements: preparation, 

engineering, procurement and construction. 

 The preparatory phase includes the pre-feasibility study, the preparation of the budget and the 

investment decision. At this stage, consultancy and engineering needs are determined, including 

field work, preparation of the project documents and other related documents, process follow-

up and management, including the final acceptance process by the Ministry. 

 The engineering phase includes the preparation of the feasibility report, specifications 

(electromechanical equipment specifications, powerhouse construction work specifications, 

hydromechanical work specifications) and all documents specified in the Electricity Generation 

and Electricity Storage Facilities Acceptance Regulation4. 

 The Procurement phase includes steps such as collection of price and technical offers, negotiation 

with equipment suppliers, consultations, suggestions and evaluations, revision of specifications 

and project documents, selection of the supplier and signing the contract. 

 The Construction phase includes steps such as construction of structures including the 

powerhouse, hydroelectric works, collection of price and technical offers, negotiation with 

equipment suppliers, consultations, suggestions and evaluations, revision of specifications and 

project documents, selection of the contractor and signing the contract. 

 The Installation, Test and Commissioning Phase includes the installation of the equipment 

procured according to the feasibility studies and the specifications, their testing after installation, 

acceptance tests required under the applicable legislation and delivery of the equipment in 

working order. At this stage, it is essential that equipment suppliers are present in the field. 

 

10.2.1. Relevant Legislation and Standards 

Some important legislation for licensed and unlicensed electricity production can be listed as follows: 

 Law No. 5346 on Utilization of Renewable Energy Sources for the Purpose of Generating 

Electricity5 

 Electricity Market Law No. 64466   

In addition to these laws, the website of the Ministry of Energy and Natural Resources (www.enerji.gov.tr) 

should be visited to obtain information on energy markets and the use of renewable energy sources, and 

the website of the State Hydraulic Works (www.dsi.gov.tr) should be visited to obtain information on 

water use right, inspection of water structures, etc. 

 Regulation on the Rules and Procedures for Concluding a Water Use Rights Agreement for 

Generating Electricity in the Electricity Market7 

 Electricity Market Licensing Regulation8 

 Regulation on Unlicensed Electricity Generation in the Electricity Market9 

 Electrical Installations Project Regulation10 

                                                            
4 https://www.resmigazete.gov.tr/eskiler/2020/02/20200219-1.htm  
5 https://www.resmigazete.gov.tr/eskiler/2005/05/20050518-1.htm  
6 https://www.mevzuat.gov.tr/MevzuatMetin/1.5.6446.pdf  
7 https://www.resmigazete.gov.tr/eskiler/2019/06/20190615-5.htm  
8 https://www.epdk.gov.tr/Detay/Icerik/3-6727/elektrik-piyasasi-lisans-yonetmeligi  
9 https://www.epdk.gov.tr/Detay/Icerik/3-0-92/elektriklisanssiz-uretim  
10 https://www.resmigazete.gov.tr/eskiler/2014/12/20141230M1-2.htm  

http://www.enerji.gov.tr/
http://www.dsi.gov.tr/
https://www.resmigazete.gov.tr/eskiler/2020/02/20200219-1.htm
https://www.resmigazete.gov.tr/eskiler/2005/05/20050518-1.htm
https://www.mevzuat.gov.tr/MevzuatMetin/1.5.6446.pdf
https://www.resmigazete.gov.tr/eskiler/2019/06/20190615-5.htm
https://www.epdk.gov.tr/Detay/Icerik/3-6727/elektrik-piyasasi-lisans-yonetmeligi
https://www.epdk.gov.tr/Detay/Icerik/3-0-92/elektriklisanssiz-uretim
https://www.resmigazete.gov.tr/eskiler/2014/12/20141230M1-2.htm
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 Regulation Amending the Electrical Installations Project Regulation11 

 Regulation on Acceptance of Electricity Generation and Storage Facilities12 

 Electricity Market Renewable Energy Sources Support Mechanism (YEKDEM)13 

 Regulation on Certification and Supporting of Renewable Energy Sources14 

 Regulation on Support for Domestic Components Used in RES Power Plants15 

 

10.2.2. Equipment Selection, Selection Criteria and Operation 

10.2.2.1. Pre-Feasibility Study 

 What is it Necessary? 
 The fastest and cheapest method to determine whether the water resource is worth the 
investment, that is, whether the HEPP investment is feasible, is to conduct a pre-feasibility study. 
 
As a result of the study, an approximate budget is calculated by calculating the Gross Power. 
 
 Target: Calculation of Gross Power  

 
P = ή.ρ.g.Q.H 

Q: Flow rate (m3/s) 
H: Net head (m) 
g: Gravitational acceleration (m/s2) 
ή: turbine efficiency 
ρ: density (kg/m³) 
P: W 
 
 Measurements to be made 
 Q: Flow rate (m3/s) 
 H: Net head (m) 
 
 Flow Rate Measurement Q (m3/s) 
 It is done to obtain information about the variation in the total amount of water passing through 
a river bed over a certain period of time.  
Units can be expressed as m3/s or l/s. 
 
1. Methods Based on Velocity Measurement  
 Suitable for instantaneous flow measurement in Micro Turbine open channel or conduit line 

applications 
 The relation between velocity and cross-sectional area is used. 
 A cross-section where the river bed does not change over time is selected. 
 Since the velocity distribution at different points of the stream is different, the average velocity is 
determined by dividing the cross-sectional area into different areas: 
 

                                                            
11 https://www.resmigazete.gov.tr/eskiler/2019/01/20190125-10.htm  
12 https://www.resmigazete.gov.tr/eskiler/2020/02/20200219-1.htm  
13 http://epdk.gov.tr/Detay/Icerik/3-0-0-122/yenilenebilir-enerji-kaynaklari-destekleme-mekanizmasi-yekdem  
14 https://www.epdk.gov.tr/Detay/Icerik/3-6736/yenilenebilir-enerji-kaynaklarinin-belgelendirilm  
15https://www.mevzuat.gov.tr/File/GeneratePdf?mevzuatNo=22600&mevzuatTur=KurumVeKurulusYonetmeligi&
mevzuatTertip=5  

https://www.resmigazete.gov.tr/eskiler/2019/01/20190125-10.htm
https://www.resmigazete.gov.tr/eskiler/2020/02/20200219-1.htm
http://epdk.gov.tr/Detay/Icerik/3-0-0-122/yenilenebilir-enerji-kaynaklari-destekleme-mekanizmasi-yekdem
https://www.epdk.gov.tr/Detay/Icerik/3-6736/yenilenebilir-enerji-kaynaklarinin-belgelendirilm
https://www.mevzuat.gov.tr/File/GeneratePdf?mevzuatNo=22600&mevzuatTur=KurumVeKurulusYonetmeligi&mevzuatTertip=5
https://www.mevzuat.gov.tr/File/GeneratePdf?mevzuatNo=22600&mevzuatTur=KurumVeKurulusYonetmeligi&mevzuatTertip=5
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Flow rate (m3/s) = Velocity (m/s) x Cross-sectional Area (m2) 
 
Cross-sectional Area (m2) = Average depth (m) x width (m) 

 
 

Figure 6: Cross-sectional Area Calculation 
 
Velocity (m/s) = Drop an orange downstream, measure its average velocity in a few tries 
 

 
 

Figure 7: Flow Rate Calculation 
Multiply it by a coefficient of 0.83 to factor in the friction at the bottom of the river. 
Flow rate (m3/s) = Velocity (m/s) x Cross-sectional area (m3) x 0.83 
 

 
 
 
 
 
 
 
 
 
 

Figure 8: Friction Calculation 
2. Methods Based on Volume Measurement 

The following instruments are used to conduct flow measurements:  
 Flow and velocity meters, ultrasonic or magnetic flow meters, etc. 
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 Bucket Method 
 
Example: If the flow measured with a 19-liter bucket and a stopwatch is 19 liters in 1.5 seconds, what is 
the flow rate in liters per minute?  

 
 Flow Selection (Design – Project Flow Selection) 
 

 Flow measurements should be recorded into lists and tables according to time. 
 Flow charts and continuity curves are created. 
 A flow that exists 95% of the time is firm flow. 
 The energy produced by this flow is called firm energy. 
 The energy to be produced with the remaining flow is called secondary energy.  
 In firm flow selection, it is recommended to pass the economically maximum amount of x m3/s 

water through the turbine following the optimization studies. 
 
A sample optimization study 

 

 
Figure 9: Monthly Flow Chart and Average Flow  

 
Figure 10: Annual Flow Chart and Average Flow  

Table 1: Optimization Study 

No. 
Flow 

(m3/s) 

Penstoc
k 

Diamete
r (m) 

Installed 
Capacity 

(KW) 

Energy 

(GWh) 

Tailwater 
Excavation 

(m3) 

Annual 
Energy 

Revenue 

($) 

Weir Cost 
($) 

Penstock 

Cost 
($) 

EMC 

Cost 
($) 

Powerhouse and 

Tailwater 
Excavation 

Cost 

Hydromechanic
al Equipment 

Cost 
($) 

Access 
Roads and 

Construction 
Site Facilities 

($) 

Expro. Cost 
($) 

Total 
Estimated 

Cost 
($) 

Facility Cost 
($) 

Project Price 

($) 

Exp. 
Revenue 

($) 

Net 
Revenue 

($) 

1 7.0 1.60 897 4.67 8 975 466 571 995 000 150 014 358 991 639 100 122 919 300 000 500 000 2 566 025 2 950 928 3 893 568 4 052 170 158 602 

2 7.5 1.70 960 476 9 083 476 343 995 000 157 469 384 093 639 250 124 381 300 000 500 000 2 600 193 2 990 222 3 938 756 4 137 042 198 286 

19 liters 

1.5 seconds 

60 seconds 

1 minute 
760 l/min. 

 October  November  December  January  February  March  April  May  June  July  August 
 September 

Months 
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3 8.0 1.80 1023 4.84 9 192 484 339 995 000 164 837 409 083 639 400 125777 300 000 500 000 2 634 097 3029211 3 983 593 4 206 483 222 890 

4 8.5 1.80 1089 4.91 9 295 491 000 995 000 164 837 435 798 639 550 127 112 300 000 500 000 2 662 297 3 061 642 4 020 888 4 264 335 243 447 

5 9.0 1.90 1152 497 9 398 497 100 995 000 172 123 460 886 639 700 128 394 300 000 500 000 2 696 104 3 100 519 4 065 597 4 317 314 251 717 

6 9.5. 1.90 1219 5.02 9 503 501 700 995 000 172 123 487 581 639 850 129 627 300 000 500 000 2 724 182 3 132 809 4 102 730 4 357 265 254 534 

7 10.0 2.00 1282 5.07 9 607 507 025 995 000 179 333 512 759 640 000 130 815 300 000 500 000 2 757 908 3 171 594 4 147 333 4 403 508 256 175 

8 10.5 2.00 1345 5.10 9 877 509613 995 000 179 333 537 863 640 150 131 963 300 000 500 000 2 784 309 3 201 956 4 182 249 4 425987 243 738 

9 11.0 2.10 1412 5.13 10 147 512611 995 000 186 472 564 678 640 300 133 072 300 000 500 000 2 819 522 3 242451 4 228 818 4 452 028 223210 

10 11.5 2.10 1475 5.14 10 237 513 836 995 000 186 472 589 877 640 450 134 147 300 000 500 000 2 845 946 3 272 838 4 263 763 4 462 667 198 904 

11 12.0 2.10 1542 5.16 10 327 515 841 995 000 186 472 616625 640 600 135 190 300 000 500 000 2 873 887 3 304 970 4 300 715 4 480 081 179 366 

12 12.5 2.20 1605 5.17 10 493 516623 995 000 193 542 641 906 640 750 136 203 300 000 500 000 2 907 400 3 343 511 4 345 037 4 486 874 141 837 

 
 
 Flow Selection in Closed Systems (Design – Project Flow Selection) 
 

 Flow rates and in-pipe dynamic pressures should be tabulated together (see the example below). 
 Values that fulfill the main purpose of the system, for example, the flow and pressure values 

required to supply water to the network, which is the main purpose of the transmission line, 
should be determined. 

 Points of intensive use should be determined according to the current values. 
 Potential future needs should be identified. 
 Installed capacity should be determined after these steps. 

 
Table 2: Table of Flow and Pressure Values in the Transmission Line 

NO. TIME 

FLOW 

VALUE 

(I/s) 

PRESSURE 

VALUE 

(bar) 

1 09:30 934.36 6.7 

2 09:31 930.96 6.7 

3 09:32 934.36 6.8 

4 09:33 930.96 6.7 

5 09:34 928.69 6.8 

6 09:35 933.23 6.8 

7 09:36 941.17 6.8 

8 09:37 938.9 6.8 

9 09:38 929.82 6.7 

10 09:39 937.77 6.7 

11 09:40 927.55 6.8 

12 09:41 942.31 6.8 

13 09:42 941.17 6.7 

14 09:43 932.09 6.7 

15 09:44 932.09 6.8 

16 09:45 932.09 6.8 

17 09:46 933.23 6.8 

18 09:47 943.45 6.8 

19 09:48 934.36 6.7 

20 09:49 932.09 6.7 

21 09:50 941.17 6.7 

22 09:51 938.9 6.8 

23 09:52 934.36 6.7 

24 09:53 933.23 6.7 

25 09:54 938.9 6.7 

26 09:55 928.69 6.8 

27 09:56 933.23 6.8 

28 09:57 951.39 6.8 

29 09:58 940.04 6.8 

30 09:59 946.85 6.7 

31 10:00 935.77 6.7 

AVERAGE 935.91 6.75 

 
 Head Measurement H (m) 

 
 The following tools are used to measure the head:  
 Level, Rod, Level Bases and Supports and GPS devices. However, it is necessary to pay attention 
to the calibration and precision of these devices. 
 
 What is the difference between Gross Head and Net Head?  
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 To calculate the net head when reading the Gross Head value, it is necessary to subtract the 
friction losses in the penstock and the equipment at the turbine inlet from the gross head.  
 

1. Open Field Applications 
 The measurement and calculation process to find the height differences between certain points 
or the heights of these points is referred to as head measurement.  
 In open field applications, the heights of the points are often not measured, but the height 
differences between the points are determined.  
 This height value found is referred to as the gross head. 

 
Figure 11: Gross Head Calculation 

 
1. Closed Systems 

 Head (pressure) measurement for installation of hydraulic turbines in closed pipelines such as 
transmission lines can be made with the help of a manometer and a valve.  
 For this purpose, the valve is opened at certain intervals (10%, 20%…100%) until it reaches the 
fully open position and pressure values are read on the manometer. If possible, flow measurement is also 
made at the pressure value corresponding to each level of opening. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12: Pressure Measurement in Valves by Means of a Manometer 
 
 Conditions and Equipment Affecting Pipe Pressure 
 Line elements such as Branch, Elbow, Tee 
 Valve, check valve, vacuum cup, pressure breaker etc. 
 Pipe material and properties 
 That the line has siphon structures 
 Excessive water velocity due to failure to choose the appropriate pipe diameter (recommended 
value <2 m/s) 

 

Manometer 

Inlet Valve 

Fully Open Position 

Fully Closed Position 

Water Inlet 
Direction 
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Figure 13: A Sample Closed Line 

 
 Determining the Appropriate Point on Transmission Lines 
   
1. Suitable Areas on Existing Lines 
Pressure Breaker 
Valve 
Storage Entrance 
 
2. Suitable Areas in New Lines to be Installed 
Pressure Breaker 
Valve 
Storage Entrance 
Close to Connection Point 
Close to Consumption Point 
 

10.2.2.2. Selecting the Equipment According to Project Characteristics 

1. Turbine  
A. Reaction Type Turbines 
 Francis Turbines (for Medium Flows and Medium Heads) 
Horizontal-axis and vertical-axis depending on shaft (transmission component between turbine and 
generator) position 
 Kaplan Type Turbines (for High Flow Rates and Low Heads) 
Propeller type with fixed rotor blades, Adjustable rotor blades, S Type, Pit Type, etc. 
B. Action Type Turbines (Impulse) 
 Pelton Type Turbines (for Low Flow Rates and High Heads)  
They can be horizontal-axis and vertical-axis depending on shaft (transmission component between 
turbine and generator) position. Multiple nozzles (equipment that allows the water to be delivered to 
the impeller in Pelton-type turbines) can be used to allow the turbine to operate at certain flow ranges. 
 Michell-Banki Type Turbines  
This type of turbines operates off grid in rural areas at a relatively small power (below 1MW) and have 
low operating and initial investment costs. 
 
2. Governor 
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 Used for controlling active power/turbine speed by regulating the amount of water entering the 
turbine. 
 Keeps the noise level to a minimum  
 Governor & turbine local digital control panel functions  
• Load control mode  
• Water level control mode  
• Automatic test mode  
• Control of valves 
• Control of the security system  
• Display of alarms and faults  
• Ability to open and close valves 
• Opening and closing the adjuster blades and nozzles  
• Water level in the forebay 
• Water pressure in penstock  
• Display of generated energy, rotational speed and generated power. 
 
3. Generator 
Especially generators below 20 MW should have the following specifications: 
 
 Full Load Efficiency: greater than 96% 
 Insulation method: VPI (Vacuum Pressure Impregnation) 
 Insulation Class: F 
 Temperature Rise Class: B 
 Self-excited (Brushless) 
 Synchronized  
 Compliant with IEC Standards 
 Power Factor 08 - 09 
 Compact 
 Self-lubricating bearings 
 Measuring Insulation Resistance of Windings Before Tests 
 Over Current Short Circuit Test 
 Overspeed Test at Rated Speed 
 Vibration Measurement at Nominal Speed and No-Load Operation 
  
4. Inlet Valve 
 Should be monitored and controlled by means of actuators suitable for the SCADA (control and 

protection system) system.  
 In the speed selection of the actuator, the valve opening and closing times should be calculated 

in accordance with the valve diameter. 
 Disassembly part suitable for the valve 
 There should be an air valve. 
 It should be able to be switched on and off against the current. 
 Supply of materials, transportation of the material to the place of manufacture, manufacture, 

heat treatment should be done.  
 Destructive and non-destructive materials and welding controls  
 Installation in place, delivery in working condition, operation and maintenance instructions and 

spare parts 
 All kinds of tools, equipment and parts necessary for the foreseen operating conditions should be 

delivered. 
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 Cabling required for monitoring valve opening, energy supply (AC, DC) and control should be 
installed from the powerhouse to the valve room. 

 Projects and calculations of the valve and its equipment should be submitted. 
  

5. SCADA (control and protection system) 
 Control, protection and synchronization system consisting of off-the-shelf equipment that meets 

the current requirements of power plants 
 There are a sufficient number of controllers in the system, including the unit controllers and the 

internal requirement and switchgear controller. They should display and control the logical 
operations in the plant. 

 They should be able to do the following: 
• Data collection, Failure analysis, Reporting, Archiving  
• Water level control  
• Control of turbine covers  
• Monitor and control the turbines  
• Speed (revolution) information 
• Synchronization and monitor governor controllers  
• Monitoring protection relays and energy analyzers  
• Control turbine temperatures  
• Turbine oil level information  
• Turbine governor oil level information and oil pressure information  
• Turbine coolant control  
• Turbine gate valve on/off information  
• Bypass on/off information  
• Excitation system operation and fault information  
• Internal requirement operation and fault information  
• All alarms can be traced instantly and retrospectively and can be printed out from the printer.  
• The most recent event or alarm should be displayed at the top of the screen, regardless of 

which page the operator is on. The operator should be able to see other alarms and events 
by entering the event and alarm pages.  

• All status changes, alarms, faults, etc. to occur. It should be able to be both saved as a report 
and printed out instantly by means of a printer connected to the computer. 

 

10.2.2.3. Bid Collection and Evaluation 

Information and Documents You Will Need While Preparing a Budget for the HEPP Investment 
 Feasibility Report (should include water flow curves in tables) 
 Technical Specifications 
 Implementation Projects (including Single Line Diagram) 
 
The Following Information Should Be Shared on Transmission Lines 
 Dam and/or Reservoir, Forebay Water Levels  The plan of the area where the storage or pool is 

located before connecting the area where the plant is planned to be installed to the grid 
 Transmission line project (Pipe material, diameters, length and wall thicknesses, etc.) 
 Project Design flow rate (What is the flow rate that is determined by the administration,  is most 

demanded or you expect to see here in the years to come?) 
 Flow curve for the last five years  
 Probable flow curve for the coming years 
 Pipe dynamic pressure 
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 Are there vacuum cups on the transmission line? If yes, how many? 
 Are there any siphoning areas? 
 Is there any building or facility at the point you intend to install the line? If no, will it be newly 

established? (construction projects if we have a possibility to use it in the existing facility) 
 Distance to nearest connection point? 
 
Supplier Selection 
1. Turbine 
 There are many national and international suppliers operating in our country. 
2. Governor  
 Turbine and Governor supplier should be the same for the unit to operate more reliably. 
3. Generator 
 It should be selected according to the technical specifications to be given by the turbine supplier. 
 It can be ordered from the generator suppliers according to these technical specifications, or it can 

be ordered through the turbine supplier.    
4. Inlet Valve 
 It should be specified in the Feasibility Reports and Specifications according to the flow, head and 

penstock length. 
 It would be appropriate to procure it from the turbine supplier. 
5. SCADA (Protection, Control) 
 Although there are many local suppliers, it can also be ordered from the turbine supplier. 
6. Switchgear and Other Equipment 
 Procurement should be made with the correct single line diagram whose final check and revision 

have been performed. 
 It can be ordered from the product suppliers as well as from the turbine supplier.   
 Almost all of them have domestic product options.    
 
Things to Consider in Electromechanical Equipment Offers  
 Efficiency 
 Number of units 
 Installed power 
 Production 
 Warranty (for equipment) 
 Availability 
 Spare parts 
 Service Maintenance and Operation Support 
 Service Scope (Ministry Approval) 
 Supervision Services 
 Guaranteed Characteristics of the Products  
 Gross Income Calculation (based on past and future data) 

 
10.2.2.4. Sample Applications: Maintenance, Repair and Operation 

BUSKi D13 HEPP 
Net Head: 78 m 
Design Flow: 2 m3/s 
Project: HEPP construction work at the water tank entrance on the transmission line. 
Scope: Powerhouse, Electromechanical Equipment, Bypass Line, Commissioning, 2 Years Operation, etc. 
Start Date: 19.06.2014 
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Commissioning Date: 20.07.2015 
Note: The feasibility study, project and specifications of the work will be submitted in a CD. 
 
https://www.temsan.gov.tr/Turbin-Hesaplama 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14: Hydroturbine Selection Chart  

UNIT X POWER 1 x1391 kWm 

INSTALLED CAPACITY 1,391 kWm 

TURBINE   

FLOW  2 m3/s 

NET HEAD  78 m 

TURBINE TYPE Francis 

SHAFT DIRECTION Horizontal 

NUMBER OF UNITS  1 

POWER  1391 kWm 

SYNC SPEED  1000 rpm 

GENERATOR   

NUMBER OF UNITS 1 

TURBINE OUTPUT POWER 1391 kWm 

SYNC SPEED 1000 rpm 

OVERSPEED 1736 rpm 

DIRECTION OF ROTATION 

(FROM THE SIDE OF THE 

GENERATOR) 

cw  

RATED VOLTAGE 0.69 kV 

POWER FACTOR 0.9 Cos Phi 

GRID FREQUENCY 50 Hz 

CONNECTION Star  

INSULATION CLASS H  

TEMPERATURE RISE CLASS B  

AMBIENT AIR TEMPERATURE  

ELEVATION 170 (MASL) 

PROTECTION CLASS 23 IP 

COOLING MEDIUM Icoı Ic 

GD2 (IF AVAILABLE) >1500 kgm 2 

SCR (SHORT CIRCUIT RATIO) 0.97  

HYDROTURBINE SELECTION GRAPH 

Flow* 
2 

Power 
1,377 

Head* 
78 

Full Name 

Company/Entity 

E-Mail Address 

Telephone Number 

+90 

Your message 

I am not a robot 

Send 

https://www.temsan.gov.tr/Turbin-Hesaplama
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Regulation on Unlicensed Electricity Generation in the Electricity Market  
Official Gazette Date: 12.05.2019, Official Gazette Number: 30772 
Article 5(1) (g) 
 
h) Generation plants based on hydroelectric resources set up by legal entities of which more than half of 
the capital belongs directly or indirectly to a municipality on water transmission lines and wastewater 
transmission lines operated by municipalities, if the technical means allow, and if approved by DSI, 
 
Acquiring the water use right in production facilities based on hydraulic resources 
 
ARTICLE 9 – (1) For the purpose of acquiring water use right for production facilities based on hydraulic 
resources, first an application shall be filed with the special provincial administration of the province 
where the facility will be installed. The applicant shall add the documents required under the legislation 
issued by DSI to the application file. 
 

(2) Special provincial administrations shall send the connection applications received within each 
calendar month to the authorized regional directorates of DSI within the first five days of the following 
month, in order to obtain an opinion to the effect that the construction of the production facility is 
appropriate for the water regime. The respective DSI unit shall issue this opinion until the twentieth day 
of the month following the month in which the application is received and send it to the special provincial 
administration. If the opinion sent by the relevant unit of DSI is affirmative, the special provincial 
administration shall send this opinion to the applicant within the first five days of the month following the 
month in which the affirmative opinion is received. 

 
 

 Costs  
 
Table 3: Sample Cost Chart for Equipment 

No. 
Group 
Code 

Item Cost Percentage 

1 01 ON-OFF VALVE 50,000.00 2.17 

2 02 ELECTROMAGNETIC FLOW METER 30,000.00 1.30 

3 03 NEEDLE VALVE 135,000.00 5.85 

4 04 TURBINE AND GENERATOR 900,000.00 38.99 

5 05 POWER TRANSFORMER 142,000.00 6.15 

6 06 CLOSED SWITCH GEAR (Modular Cells) 121,500.00 5.26 

7 07 INTERNAL REQUIREMENT SYSTEM 220,000.00 9.53 

8 08 PLC and SCD SYSTEM 300,000.00 13.00 

9 09 FIRE ALARM SYSTEM 20,000.00 0.87 

10 10 GROUNDING SYSTEM FOR THE EQUIPMENT 30,000.00 1.30 

11 11 INSTALLATION AND COMMISSIONING 150,000.00 6.50 

12 12 ONE-YEAR OPERATION AND STAFF TRAINING  200,000.00 8.66 

13 13 PROJECT DESIGN WORKS 10,000.00 0.43 

          

    SUM OF WORK GROUPS 2,308,500.00 100.00 
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No. 
Group 
Code 

Item Cost Percentage 

1 01 POWERHOUSE 1,177,100.00 58.51% 

2 02 MACHINERY INSTALLATION 203,920.00 10.14% 

3 03 ELECTRICAL INSTALLATION 95,880.00 4.77% 

4 04 PENSTOCK 275,000.00 13.67% 

5 05 POWERHOUSE TRAVELING CRANE (10 Tons) 75,000.00 3.73% 

6 06 
POWER TRANSMISSION LINE AND 
AUTOPRODUCTOR CONNECTION 

60,000.00 2.98% 

7 07 
PROJECT REVISION AND END OF WORK PROJECT 
PREPARATION SERVICES 

125,000.00 6.21% 

          

    SUM OF WORK GROUPS 2,011,900.00 100.00% 

    
* Indicative Central Bank Rate in 2014  
USD: 2.22 TRY  
EUR: 2.77 TRY  

 
 Cost Factor for Operation and Maintenance 

Table 4: Sample Cost Factor for Operation and Maintenance 
 
  

No. Item 
Operation and 
Maintenance 

Factor 

1 POWERHOUSE 1% 

2 WEIR 0.05% 

3 HYDROMECHANICAL 0.5% 

4 ELECTROMECHANICAL INSTALLATION 1% 

 5  SCADA - AUTOMATION 2% 

 
 

 Project Design and Engineering Calculations 

 
 

Speed Regulator 
(Governor) 

Inlet Valve 
and Bypass 
Valve 

Transmission 
Valve Bypass 
Valve 

Generator 

Bearing 
Lubrication 

Hydraulic 
Turbine 
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Figure 15: Project Design Stages 
 
 
 

 Maintenance and Repair 
 
Main Purpose:  
 Generate electricity, deliver the generated electricity to the distribution and transmission 
network, keep the facility available and active. 
 
 In order to ensure the continuity of electricity production, qualified personnel should be employed 

in the Power Plant Control Room and other parts of the Power Plant as well as in the water intake 
and transmission facilities. 

 Electrical maintenance personnel to be employed in operation and maintenance works should have 
Certificate of Authorization to Work Under High Voltage.  

 The plant should be operated on a 24-hour shift basis. 
 Monthly Activity Reports should be prepared, which will include information such as the operating 

hours of the equipment, the energy produced and consumed and associated calculations, the 
amount of water consumed, the malfunctions that occurred and the dates of maintenance 
operations. 

 Electricity High Current Facilities Regulation,  
 Regulation on Grounding in Electrical Installations,  
 OHS rules, 
 Other laws and regulations on the operation of high current and high voltage facilities,  
 Operation, Maintenance and Repair Instructions issued by the equipment suppliers should be 

complied with. 
 
 Channels, pools, lids and grates in the Water Intake Facilities should be kept under constant 

surveillance and the accumulated litter should be cleaned. 
 Sand, gravel, etc. should be prevented from entering the penstock to avoid any abrasion in the 

turbine wheel. 
 Corrosion and rusting should be prevented on the grates, lids, movement mechanisms in the water 

intake structure, channels and the forebay.  
 Anti-rust measures should be taken in the penstock and expansion seals should be maintained. 
 It should be ensured that the butterfly valve works properly without leakage. 
 Turbine should be checked and repaired if there is any cavitation. 
 Adjustment blades should be maintained weekly, and measures should be taken to prevent water 

leakage.  
 Governor periodic maintenance and revisions should be done (maintenance and inspection of valves, 

contactors, terminals, and cables) 
 Periodic maintenance and revisions of the generator should be done (cleaning, inspection of 

insulation levels, brushes, rings, bearings, cooling water system) 
 Inspection and maintenance of relays, contactors, terminals, cables in the protection, control and 

command system will be carried out. 
 Reasonable time should be allocated for maintenance. 
 Major revision of each unit (for each year), which should not be less than 10 days (for a 5MW unit). 
 Annual Maintenance Schedule should be prepared. 
 Weekly, monthly, quarterly, semi-annual and annual Maintenance Cards should be prepared.  
 Maintenance Cards should be issued separately for each equipment in the plant. 
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 They should include information about the work, the parts to be replaced, the tools to be used during 
this maintenance or revision. 

 Maintenance and revisions of mechanical and electrical equipment should be done by qualified 
personnel (holding the certificate to work in Electricity High Current Facilities, etc.) 

 The reasons for not performing the maintenance on the scheduled date and time should be reported. 
 After each failure, the location and time of the failure, the conditions of the equipment at the time 

of the failure, the values of the indicators, the alarms received, the cause of the failure, the repair 
time, the amount of repair work and the repair activities, etc. should be included in a detailed Failure 
Report. 

 
Annex: Sample Feasibility Study and Specifications (1 CD) 

1. Feasibility Study 
2. Technical Specifications 

 Penstock Technical Specifications 

 Crane Technical Specification 

 Technical Specifications for Construction Works  

 Technical Specifications for Mechanical Works 

 Technical Specifications for Electrical Works 

 Turbine and Inlet Valve General Specifications 

 Special Technical Specifications for Hydromechanical and Electromechanical Equipment 
3. Unit Price Tariffs 
4. Projects 
5. Draft Contract 
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11. Energy Storage Technologies and Applications 
Şahin Bayram 

Owning and managing energy resources are currently among the most important points on the 
global agenda. The increasing population, the technological developments and the rising living 
standards result in increased energy needs. Considering the environmental impacts and 
unsustainability of fossil fuels, and the imbalance between current generation resources and 
consumption, renewable energy sources stand out as essential alternatives. One of the major 
obstacles to renewable energy technologies, however, is the intermittency of energy sources. Hence, 
the implementation of energy storage technologies and the development of innovative approaches 
in both power generation and applications such as heating and cooling, involving balancing the 
irregularities between load and demand, are critical in environmental, economic and political areas, 
especially in the continuity of energy supply1.  
 
Energy is the ability to do useful work. Today, many different forms of energy are essential for the 
sustainability of human life.  
 
When our current electricity generation sources are reviewed, it can be seen that the share of 

natural gas, lignite coal and imported coal is 52.17%. This ratio implies that measures need to be 

taken in terms of both sustainability and environmental pollution. When our country’s resources are 

examined, renewable energy sources stand out the easiest, most affordable and most sustainable 

energy sources in reducing this ratio. To increase the share of power generated from renewable 

energy sources in total consumption, we must utilize energy storage technologies. Regarding the use 

of these technologies, the provisions of the ‘Regulation on Storage Activities in the Electricity Market’ 

published in the Official Gazette no. 31479 of May 9, 2021 must be complied to. This Regulation 

governs the procedures and principles regarding the establishment of electricity storage units or 

facilities, their connection to the transmission or distribution systems, and their use in market 

activities. 

Compared to other countries, our country has a great advantage in terms of extending the use of 

renewable energy sources. All kinds of renewable energy sources can be implemented in our 

country. Energy storage can also be considered as a way to extend the use of renewable energy 

sources. 

11.1. Why Energy Storage?  

Reasons that make energy storage essential include the following: 

 The growing difference between the required and generated electrical energy due to the 
increasing population and global industrialization;  

 Subsidizing the voltage and frequency changes that unstable generation sources, such as 
solar and wind, cause on the grids; 

 Ability to regulate primary frequency in the grid; 

 Storing energy when it is cheaper and using it when it is more expensive (power shifting); 

                                                            
1 For detailed information, see Dinçer, İbrahim and Ezan, Mehmet Akif. Türkiye Bilimler Akademisi Enerji 
Depolama Teknolojileri Raporu, Ankara, 2020. The report is available at 
http://www.tuba.gov.tr/files/yayinlar/raporlar/T%C3%9CBA-
Enerji%20Depolama%20Teknolojileri%20Raporu.pdf. 

http://www.tuba.gov.tr/files/yayinlar/raporlar/T%C3%9CBA-Enerji%20Depolama%20Teknolojileri%20Raporu.pdf
http://www.tuba.gov.tr/files/yayinlar/raporlar/T%C3%9CBA-Enerji%20Depolama%20Teknolojileri%20Raporu.pdf


421 

 Ensuring energy security in emergencies, critical applications, accidents, equipment failures, 
and even terrorist incidents;  

 Ability to generate at consumption points; 

 Economical reasons and creation of new job opportunities; and 

 Effective use of clean energy. 

Although the advantages and benefits of energy storage systems are directly related to the individual 
performance of the selected storage system, the proper design, integration, control and operation of 
the overall system to which the storage system is integrated are of vital importance for the system to 
provide the expected improvements. Although there are many types of energy storage, the products 
and technologies to be selected will differ depending on the application and will provide different 
advantages in terms of economy and sustainability.  
 
The most prominent factor in determining energy storage technology is the duration of storage. In 
this respect, the storage periods according to their purposes can be listed as follows: 
 

 Short-term storage: Uninterrupted power supplies, frequency and voltage control, power 
balancing systems. 

 Medium-term storage: Supporting renewable energy systems, grid supply, load shifting. 

 Long-term storage: Power shifting, security, efficiency, savings. 
 

An energy storage system is expected to provide the following: 

 High storage capacity; 

 High charge/discharge efficiency; 

 Low self-discharge and capacity losses; 

 Durability; 

 Affordability; 

 Energy intensiveness (kWh/kg or kWh/liter), that is, storing energy at the lowest volume and weight. 

Energy storage systems currently in use are shown in Figure 1. 
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Figure 1: Energy storage technologies 

 

Table 1 compares different types of energy storage techniques based on the following parameters: (i) 
power capacity, (ii) number or duration of cycles, (iii) energy density, (iv) efficiency and (v) response 
time. 
 

DEFINITIONS 
 
Power: The amount of energy that can be stored 
Number of Cycles: How many times the energy can be charged/discharged 
Energy Density: The amount of energy that can be stored in 1-liter volume 
Efficiency: The ratio of energy supplied to the storage system to the energy output 
Response Time: The time required for the stored energy to be supplied back to the system in case of 
energy demand  

 
Table 1: Comparison of energy storage methods by different parameters 

 

Energy Storage  
Method 

Power Capacity (MW) 
Duration or 

Number of 
Cycles 

Energy Density 
(Wh/L) 

Efficiency 

(%) 
Response Time 

Supercapacitor 0.01 - 1 10000-100000 10-20 80-98 10-20 ms 

Pumped Hydro 100-1000 30-60 years 0.2-2 70-85 seconds-minutes 

Compressed air 10-1000 20-40 years 2-6 40-75 seconds-minutes 

Flywheel 0.001 - 1 20000-100000 20-80 70-95 10-20 ms 

Lead acid battery 0.001 -100 6-40 years 50-80 80-90 < seconds 

NaS battery 10-100 2500-4400 150-300 70-90 10-20 ms 

Li-ion battery 0.1-100 1000-10000 200-400 85-98 10-20 ms 

Flow battery 1-100 12000-14000 20-70 60-85 10-20 ms 

Hydrogen 0.01-1000 5-30 years 
600 

(@200 bar) 
25-45 seconds-minutes 

Synthetic natural gas 50-1000 30 years 1800 25-50 seconds-minutes 

Molten salt (thermal) 1-150 30 years 70-210 80-90 minutes 

 

11.2. Types of Energy Storage 

11.2.1. Thermochemical Energy Storage:  

Energy can be stored in the bonds formed by chemical compounds and recovered by 
exothermic reactions. (Note: Exothermic reactions are reactions that generate heat). In such 
processes, catalysts are sometimes used to speed up reactions. The most widely used 
sources are hydrogen, hydrocarbons, and synthetic natural gas. 
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Hydrogen gas can be obtained from water through electrolysis. Gas can be stored, transported, and 
combusted to release the stored energy. Exhaust resulting from combustion is merely water and 
thus, environmentally friendly. Most of the hydrogen used today is obtained from fossil fuels. 
Electrolysis is a new method with a system efficiency of approximately 60%. The bubbles that come 
out during electrolysis increase the losses by decreasing the conductivity of the electrodes. By 
preventing this, the efficiency can be increased to 80%. Hydrogen storage, on the other hand, is a 
complex process. Hydrogen is a flammable and explosive gas. In order to store it in liquid form 
(because its freezing point is 20 K (-253°C)), it must be kept at a constantly cold state. If the metal is 
stored as hydrides, energy can be easily recovered by heating and can be stored in large volumes. By 
doing so, it can be utilized as energy storage for mobile vehicles. The only problem is the weight and 
cost of the metal to be used. In addition, hydrogen and oxygen can be obtained from the air using 
fuel cells2. 
 

 
Figure 2: Chemical energy storage model 

11.2.2. Fuel Cells 

Similarly to batteries, fuel cells are basically electrochemical conversion tools that convert the energy 
of the fuel they use into electrical energy through electrochemical conversion methods. Fuel cells, 
unlike batteries, do not contain the fuel they use, they take it from an external source. On the other 
hand, batteries internally contain materials that will undergo an electrochemical transformation. A 
fuel cell has three components: the anode, the cathode, and the electrolyte solution. Depending on 
the conditions or weather, oxygen passes over the cathode, and hydrogen over the anode. During 
this process, the ions travel to the cathode via the electrolyte, while the electrons flow through an 
external circuit in the ionized fuel. The flow of electrons from the external circuit generate electricity. 
The reaction of oxygen and hydrogen ions and electrons at the cathode results in water. 

11.2.3. Electrical Energy Storage 

Here, electrical energy is stored in condensers consisting of insulating material between two 
conductors. Conventional capacitors have a very high power density (approximately 1012 W/m³). 
However, their energy densities are very low (approximately 5 Wh/m³). Conventional capacitors are 
usually referred to as electrolytic capacitors. Supercapacitors (also named as ultracapacitors) are 
improved versions of conventional capacitors. Their power densities are 106 W/m³ and energy 
densities are 104 Wh/m³. Their energy densities are low, but their discharge times are fast and their 
cycle life is longer. 

                                                            
2 Boztepe, M., 2006, “Enerji Depolama”, http://electronics.ege.edu.tr/boztepe/cgi- 
bin/load.cgi?gee591_lecture6.pdf, 23.03.2012. 
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Superconducting Magnetic Energy Storage (SMES) systems have a resistance of 0, therefore, once 
the electric current begins to flow, it does not decrease over time. The coils are not very large. Power 
is stored in SMES (superconducting magnetic energy storage) systems by magnetically rotating direct 
current (DC) electricity in the coil. This process is stopped by doing the opposite. Its advantages 
include efficient, robust, reliable and quiet operation. With microsecond speed and excellent voltage 
regulation, it has a bridging time (time between two interruptions) of 1-60 s, the installation time of 
3 weeks, and the efficiency of 90%. The disadvantages of SMES are the cooling requirement, being 
expensive, and sensitivity to temperature.  
 

11.2.4. Electrochemical Energy Storage 

This type of storage is the most widely used after the pumped hydroelectric storage (pumped hydro) 
technologies. These systems are widely used, including in many areas of our daily life. (Mobile 
phones, electric cars, power supplies, etc.)  

They involve different types such as lithium-ion (Li-Ion), sodium-sulphide (NaS), and lead-acid. The 
working principle is creating an electric current as a result of a chemical reaction between two 
electrodes. 

Batteries and accumulators, which are frequently used in our daily life and cover a wide area of use, 
are among the methods of energy storage through chemical energy. The stored chemical energy can 
be converted into mechanical energy, heat, light, and electrical energy. 

 

Figure 3: Electrochemical energy storage model 

Due to the structure of chemical energy storages, they may have a one-time use, or their lifetime can 
be increased by their bidirectional use.  

 

  

Recently, this type of storage has increased the interest in batteries and their use as a power source 
in electric and hybrid vehicles has become more popular.  

Lithium-Ion: Currently, these types of batteries are used in almost all electronic devices. Lithium-ion 
batteries are widely used due to their high energy storage capacity, low internal resistance, and over 
90% efficiency. They must be operated by taking into account the technically appropriate 
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temperature and maximum capacity. If such factors are neglected, the efficiency and lifetime of 
lithium-ion batteries will decrease. With their high efficiency and energy density, lithium-ion 
batteries are well suited for use in distribution systems and automotive sector where energy quality 
is important. In terms of its technical structure, the negative pole of the battery consists of lithium 
metal oxide, and the positive pole a graphic carbon layer. Electrodes containing lithium salt are 
dissolved with organic carbonates. When charging the battery, the lithium atoms at the cathode 
ionize and combine with electrons. Subsequently, the carbon stored between the carbon layers as 
lithium atoms travel through the electrolyte towards the anode. This process is reversed during the 
discharge. Lithium-ion batteries present many advantages, such as their long-term use, high energy 
density, being small and portable, maintenance-free, and operating in a wide temperature range. 
High installation costs and the risk of overcharging are among the disadvantages3 . 
 
Lead Acid: Lead-acid batteries have the oldest and most mature technology. In its basic form, the 
negative electrode contains lead, and the positive electrode contains lead dioxide and an electrical 
insulation layer. For the discharge, diluted sulphuric acid provides sulphide ions. 
Lead-acid batteries are often used for affordable storage applications for power quality. Their 
applications are limited due to their short lifetime. Lead-acid batteries are used in automobiles, 
motorcycles, boats, and various other sectors for operating, lighting and ignition purposes. Its 
advantages include low cost, high power density, high performance at low and high temperatures, 
broad service network and easy maintenance. Its disadvantages can be listed as short-term use, short 
energy storage time (self-discharge), and deficiency in storing while discharging4. 
 
Nickel-Cadmium: Nickel-cadmium batteries are not widely used and their efficiency is around 75%. 
Nickel-cadmium batteries (NiCd) are coated with cadmium. Two-thirds of the world’s cadmium, 
which is a toxic heavy metal, was used in the manufacture of NiCd batteries in the last 30 years. With 
the introduction of new directives of the European Commission concerning batteries in November 
2003, it was aimed to recover 75% of NiCd batteries. However, despite the attempts to ban making 
rechargeable batteries from NiCd, these batteries are still in use and it is projected that they will 
continue to be used in the years to come. Keeping the nickel-cadmium batteries constantly charged 
and using them for short periods reduces the operating efficiency. If these are used continuously and 
charged without being fully discharged, they must be fully discharged at certain intervals, otherwise, 
the cell plates will crystallize (i.e memory effect) and the efficiency of the battery will decrease over 
time as a result. NiCd batteries are still widely used, including for emergency lighting, 
telecommunication systems, solar power stations, space crafts, etc. 5  
 
Nickel-Metal Hydride: The most important features of nickel metal hydride (NiMH) batteries are 
their high energy density and containing non-polluting compounds and metals. Today, the energy 
density of a nickel-metal hydride battery is 40% more compared to a normal nickel-cadmium battery. 
In fact, even higher yields can be obtained considering their composition, however, this is not 
preferred due to its side effects. These batteries still have a high energy density, the development of 
other battery technologies (such as lithium-ion) may hinder their availability in the market. The 
advantages of NiMH batteries include the following: It is projected that 30-40% higher capacity 
compared nickel-cadmium batteries, as well as an energy density of much higher values, can be 
achieved. They are less prone to memory effects than nickel-cadmium batteries and require fewer 

                                                            
3 Hammerschlag, R., Schaber, C. P., 2007, Chapter 15 Energy Storage Technologies, Energy Conversion, Taylor & 
Francis Group, LLC 
4 Yağcıtekin, B., 2008, “Development Of An Energy Management Concept For Wind Power Generation By Use Of 
Energy Storage And Wind Power Prediction” MA Thesis, İstanbul Technical University Energy Institute, Department of 
Energy and Technology, İstanbul. 
5 Broussely, M., Pistoia, G., 2007, Industrial Applications of Batteries, Chapter 2, G. Pistoia, Elsevier, UK 
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periodic discharge-charge cycles. They are environmentally friendly or contain slightly toxic material, 
can be easily and effectively recycled, and have a wide area of use6. 

Lithium Iron Phosphate (LFP, LiFePO4) batteries are affordable, environmentally friendly, stable in 
thermal and electrolyte oxidized state, and have a small change in volume during charge/discharge 
and long cycle life, enabling them to be used in applications requiring pulsed current and durability. 
They can be used as a starter battery instead of lead-acid batteries in vehicles. However, in order for 
LiFePO4 to be used as a cathode, its low lithium ionic and electronic conductivity must be increased. 
 

 

Figure 4: Lithium energy storage model 

Vanadium redox flow batteries (VRFB) are the most widely used flow batteries in which electricity is 
generated through the difference in the potential of the two tanks. In the discharge state, the same 
electrolyte solution consisting of a mixture of positively and negatively charged ions is kept in both 
tanks. Commonly used materials in redox flow batteries are Vanadium-Polyhalide, Vanadium-
Vanadium, Bromide-Polysulfide, Iron-Chromium and Hydrogen-Bromide. Vanadium redox flow 
batteries (VRFB storage mechanism) involve redox reactions in cells fed with active ionic vanadium 
materials in tanks, causing electron transfer in circuits. The use of vanadium in a redox fluid battery 
makes it possible to have only one active material in the battery, based on the ability of this element 
to be present in four different oxidation states. Having a single type of active material prevents the 
risk of cross-contamination between tanks. 
 
Zinc-bromide flow batteries (ZBFB) are the best known hybrid flow battery technologies. A ZBFB cell 
typically consists of two compartments separated by a microporous membrane. The electrodes on 
both sides of the cell (one on the zinc and the other on the bromide side) are made of carbon plastic 
composites, as the metal electrodes are subject to corrosion in a bromide-rich environment. Two 
external tanks pump the aqueous electrolyte into the cell stacks during charging and discharging.

 

                                                            
6 Kiehne, H. A., Dekker, M., 2003, Battery Technology Handbook, H. Franke, Ebooks corp.New York. USA. 
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Figure 5: Zinc-bromine flow battery energy storage model 

 

11.2.5. Mechanical Energy Storage 

This is the most commonly and widely used pumped hydroelectric storage (Pumped Hydro) system 
around the world. It has the largest share of the current installed capacity.  

 

 

 

 

 

 

 

 

 

 

Figure 6: Pumped hydroelectric energy storage model 

This involves storing the water in a higher location with electric motors at times when the energy is 
not required or is cheaper, and converting it into electrical energy with the help of alternators when 
needed or at a more economically feasible time.  

Flywheel: In mechanical systems with pulsed loads, flywheel takes the excess energy when the 
driving power is high, and balances the load when the load demand increases by transferring this 
energy to the load. It is an ideal solution, especially for mechanical drive systems where linear 
motion turns into rotational motion. In this context, the flywheel acts as a mechanical battery. 
Recently, it has become a prominent method with the development of high-strength composite 
materials and low-loss bearings. In the first applications, they directly stored the mechanical energy 
and supplied kinetic energy when needed, however, with the developments in technology, their 
efficiency has increased with a wide range of uses with the applications where electrical - mechanical 
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conversions are made. In the initial forms, the mechanical-mechanical conversions consisted of a 
rotating iron mass, whereas today, the mechanical-electrical conversions involve a rotating mass 
made of lighter material. The energy is taken as electrical energy at the inlet and converted into 
kinetic energy with the operation of the engine. This energy is supplied as electrical energy through 
the generator when needed. 

 

Figure 7: Mechanical energy storage model 

11.2.6. Compressed Hydrogen Gas Storage 

Hydrogen can be stored chemically as hydride in metals, or liquid or compressed gas at low 
temperatures. Large-scale compressed hydrogen gas storage applications in appropriate geological 
formations underground can be utilized to meet the fluctuations in hydrogen demand and to store 
electrical energy obtained from intermittent renewable energy sources, such as wind and solar, and 
to regenerate electricity from hydrogen.  
 
To ensure efficient hydrogen storage, hydrogen is compressed to > 20 MPa (200 bar) in deep (> 1000 
m) underground salt caverns. The schematic view of the hydrogen generation from renewable 
energy (wind, sun) and water by electrolysis and the storage system in underground salt caverns is 
provided in Figure 8. The main components of the system are the wind turbine or photovoltaic 
modules for renewable energy generation, electrolyzer for obtaining hydrogen and oxygen from 
water, gas injection and extraction units with compressors, and hydrogen combustion unit for 
electrical energy generation. 
 

 

Figure 8: Compressed hydrogen gas storage model 
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11.2.7. Thermal Energy Storage 

Heat is the aggregated kinetic and potential energies of the atoms or molecules that make up a 
substance and is resulted from atomic or molecular vibrations. With the change in the internal 
energy of the substance, heat can be stored as sensible heat, latent heat, reaction heat, or a 
combination of those.  

In sensible heat storage, the sensible heat resulting from the change in the temperature of the 
storage material is utilized.  

In latent heat storage, phase changing substances are used. The latent heat generated by the phase 
change of the storage material in the suitable temperature range for storage is determined. 
Materials that undergo melting, evaporation or other phase changes at certain temperatures are 
used for this purpose. 

In thermochemical storage, heat can be stored as the bond energy of a compound and this energy 
can be released through reversible chemical reactions.  

Sensible heat storage is divided into two according to the usage time as short-term storage (day-
night) and long-term storage (seasonal, summer-winter). Depending on the purpose and 
temperature of use, hot storage, cold storage, or hot-cold storage can be applied. The aim of long-
term storage is to store the heat in the summer and use it in the winter or to store the cold in the 
winter and use it in the summer. Heat storage provides alternative solutions for both heating and 
cooling by eliminating the difference between the generation and utilization of energy in terms of 
time and location. Storage applications in residence, industry and transportation sectors increases 
energy efficiency by providing savings from electrical energy and fossil fuels such as coal, natural gas 
and oil. Heat storage is of great importance in terms of energy efficiency and sustainability of energy. 
Research on the subject continues and the main storage methods applied are as follows: 

 Storage in solids 

 Storage in liquids 

 Seasonal storage 

 Chemical storage 

 Storage in phase-changing materials 
 
A heat source is required for storage. This heat source can be the waste heat from a power plant, as 
well as heat-based systems such as solar or geothermal energy systems. 
Solar energy is a type of energy that changes over time and has an intermittent structure. Therefore, 
the load factor of the systems operating on solar energy is lower compared to interruptible energy 
systems. With the storage of heat obtained from solar energy, the load factor increases, resulting in 
cost-efficient systems with shorter payback periods.  
 
Many parameters affect this storage process. The medium to be selected for the storage operation is 
directly related to the type of operation. For example, sensible heat storage is more effective in 
water heating systems, whereas pebble beds are more effective in air heating systems. In the passive 
heating of a building, heat must be stored on the walls of the building7. 
 
The following example helps better understand the sensitivity in storage systems. In the example, 
‘type and capacity’ for the storage need had to be calculated separately. As demonstrated, each 
storage system should be analyzed independently and storage technologies should be selected by 
considering the criteria mentioned above.  
 

                                                            
7 Yılmazoğlu, M. Z., 2010, “Isı Enerjisi Depolama Yöntemleri ve Binalarda Uygulanması”, Politeknik Dergi, 13(1), 33-42 
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11.3. Sample Storage Project 

“An average family (4 people) meeting their own energy needs by utilizing solar energy and energy 
storage in 7 different geographical regions” 

“Analysis of differences in family habits with similar load characteristics according to regional 
statistics” 

 

Figure 9: Map of geographical regions in Turkey 

In order for the feasibility studies to give accurate results, different demand profiles, as well as 
different geographical conditions affecting the technical potential must be taken into account. 
Measurement systems were installed in 7 different residences with similar characteristics in 7 regions 
to provide the basis for the feasibility analysis conducted for Turkey. 

The locations and characteristics of the residences where the installations are made are shown in 
Table 2. When selecting the solar panel and battery sizes according to the consumption habits and 
regional radiation potentials in different regions, designs were made by economic scaling. 

Table 2: Project locations where sampling was made 

No. Region Province Electrical infrastructure Address 

1 Marmara İstanbul Three-phase İçerenköy Mah. Kiptaş Sokak No:2 Ataşehir/ İstanbul 

2 Mediterranean Antalya Single-phase Mehmet Altay Cad. 6433 Sokak No:15 Antalya 

3 Central Anatolia Konya Single-phase aydınlıkevler mah. Akköprü sok. No:10/2 Selçuklu konya 

4 Aegean İzmir Three-phase 
Yenikent mah. Bizimkent Sitesi M.Ertekin Cad.No:104 

35430 Urla /İZMİR 

5 Southeastern Anatolia G.Antep Single-phase 
Osmangazi mahallesi 56001 nolu cad Kardelen apartmanı 

Apt no :14 kat :3 no :6 Şehitkamil/Gaziantep 

6 Black Sea Samsun Single-phase Derepazarı Sokak. Cuma Apartmanı no:17 Kat 3 Samsun 

7 Eastern Anatolia Elazığ Single-phase Abdullahpaşa mah.252. Sk. Ören apt.6/6 Merkez /Elazığ 

 

 

With the sensitive measurement systems installed in the residences, the consumptions were 
recorded remotely.  
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Table 3: Monthly electricity consumption 

 Januar
y 

kWh 

Februar
y 

kWh 

March 

kWh 

April 
kWh 

May 

kWh 

June 

kWh 

July 

kWh 

August 
kWh 

Septe
mber 
kWh 

October 
kWh 

Novembe
r 

kWh 

Decem
ber 

kWh 

Eastern Anatolia 214 210 245 198 202.91 205.93 191.16   150.66 203.86  

Black Sea 232 205 248 198 192 189 162 159 178 222 241  

Southeastern Anatolia 232 205 248 198 192 189 162 159 178 222 241  

Aegean 1401 1093 1119 599 370 573 559 722 373 378 564  

Central Anatolia 218 186 198 162 151 187 120 143 121 85 154  

Mediterranean 706 689 405 489 312 658 789 895 741 623 678  

Marmara 142 119 150 125.7 132.9 91.27 119.74 134.29 124 131.19 117.7  

 

 

Figure 10: Comparative monthly power consumption by regions 

Daily energy consumption by regions is given below.  

 

Figure 11: Daily consumption in Southeastern Anatolia 
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Figure 12: Daily consumption in Eastern Anatolia 

 

Figure 13: Daily consumption in Marmara 

 

Objective: 

To meet our daily energy requirements with the daytime solar energy system. 

 

Energy withdrawn from the grid 

Energy stored 

Consumption at the time of 

generation 



433 

Figure 14: Daily supply/load graph 

In Table 4, the system required in 7 different regions for a family of 4 is summarized taking into 
account the regional consumption and production potentials.  

Table 4: Analysis of regional requirements in terms of consumption and generation capacities 

 

Solar Panel Capacity Battery Capacity 

Eastern Anatolia  2.5kWp 4kWh 

Black Sea 3kWp 6kWh 

Southeastern Anatolia  2kWp 6kWh 

Marmara 1.5kWp 4kWh 

Mediterranean 7kWp 6kWh 

Central Anatolia 3kWp 6kWh 

Aegean 10kWp 15kWh 

 

11.4. Electric Vehicle Charging Technologies 

Rapidly depleting and limited petroleum resources, possible energy crises as a result of these 
decreasing resources, environmental problems caused by fossil fuels and many other factors have 
brought about searching for new alternatives in the energy sector. Alternative energy methods that 
are recyclable and have minimal damage to the environment have been researched to provide 
solutions to the said problems. As a result of such research, electric vehicles have appeared in 
today’s market, with some companies having even started mass production.  

Electric vehicles offer numerous advantages such as silent operation, high efficiency, and affordable 
energy use, as well as a disadvantage such as long charging time. While a standard fossil fuel vehicle 
travels an average of 700 km with 3-5 minutes of tank filling, electric vehicles need 6-8 hours for 
standard charging and a minimum of half an hour for fast charging for a 400 km distance. This 
requires frequent visits to charging stations when using electric vehicles. 

The proliferation of electric vehicles brings about problems in the existing energy infrastructure. 
Therefore, the capacity of energy generation and transmission systems must be gradually increased. 
The supply voltage of the charging station being 230 V AC (Alternating Voltage) or 400 VAC directly 
affects the charging time of the vehicle. While the charging takes between 6-8 hours in a single-phase 
(230 VAC) system, this time is reduced to half an hour with fast charging in a 3-phase (400 VAC) 
system, allowing for travel of approximately 400 km.  

MODE 1: Charging without any communication or safety connection (RCD - residual current device) 
using a standard socket (up to 16A-) 
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Figure 15: MODE-1 design 

MODE 2: Charging with limited communication or safety connection on the cable using a standard 
socket (up to 32A-) 

 

 

Figure 16: MODE-2 design 

MODE 3: Charging with full communication and safety connection using designated socket (up to 3 
Phase 32A) 
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Figure 17: MODE-3 design 

MODE 4: DC Fast Charging OFF-Board Charging via a charging station. 

 

Figure 18: MODE-4 design 

 

 

International Standard IEC (International Electrotechnical Commission) 61851 [7] is widely applied in 
Europe and China. The charging methods in the IEC 61851 standard and the maximum current and 
voltage values specified in these methods are given in Table 5. 

 

 

 

Table 5: Current/voltage values by design 
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 Charge 

Method 

No. of 
phases 

 

Nominal Voltage  
(V) 

Max. Current  
(A) 

AC 

Mode 1 
1  250 

 16 
3  480 

Mode 2 
1  250 

 32 
3  480 

Mode 3 
1  250 

 250 
3  480 

DC Mode 4 -  1000  400 

 

CHAdeMO standard is established by the cooperation of Tokyo Electric Power Company (TEPCO), 
Nissan, Mitsubishi, Subaru and Toyota in Japan. CHAdeMO, which is used in Europe and America as 
well as Japan, is the commercial name of the fast charging method that transfers power to electric 
vehicles via the JARI connector. 

Table 6: CHAdeMO current/voltage values 

Charge 

Method 

Nominal Voltage  
(VDC) 

Max. 
Current 

(A) 

Max. Power  
(kW) 

CHAdeMO 500 125 62.5 

 

AC – On-Board 
 1 – IEC 62196-2 for EUROPE 
 2 – SAE J1772 for USA 
 
DC – Off-Board 
 1 – CHAdeMO for the Far East and Japan 
 2 – CCS Combo, IEC 62196-2 for EUROPE 
 
In Turkey, many vehicles, commercial vehicles in particular, will have to switch to electrical energy 
solutions. Commercial taxis and public transportation vehicles have started to be converted to 
electric vehicles around the world. In accordance with the recent regulation, the installation of 
electric charging stations in newly constructed sites and public parking lots has become mandatory. 
Ninety percent of existing charging stations consist of products that charge using alternating current. 
This is mainly because it is economical and draws less energy from the grid. 

DC energy is required for fast charging. Although the installation costs are high, they draw more 
energy (20 kW-320 KW) from the grid and ensure faster charging of the batteries.   
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12. Energy Efficiency and Renewable Energy Financing 
Özlem Yakut 

12.1. Sustainability:  

Sustainability, in a general definition, is meeting the needs of the present without compromising the needs 
of future generations. Sustainability consists of three main components: environmental sustainability, 
social sustainability and economic sustainability.  

 Environmental sustainability aims to transfer natural resources to future generations by using 
them on site and to ensure their continuity. 

 Social sustainability aims social development by focusing on achieving a satisfactory level of 
health, life and education quality for all societies 

 Economic sustainability aims to support long-term economic growth without adversely 
affecting the social, environmental and cultural aspects of society. 

 
Sustainable Finance:  It is a financing mechanism in which environmental, social and administerial criteria 
are taken into account in providing finance to investors. Sustainable development is possible only by 
supporting sustainable economic activities. Sustainable finance mechanisms prioritize the financing of 
sustainable economic activities and create special financing mechanisms for the realization of investments 
in this field. 
 
Institutions with an advanced environmental reporting system can access sustainable finance products 
more easily by increasing cooperation between finance, environment and technical services units.  

12.1.1. Goals of Sustainable Finance:  

12.1.1.1. Transition to Circular Economy 

It is the economic model in which every waste is re-used, thus minimizing the input cost, keeping its 
efficiency and environmental benefits at the highest level. Reducing the input used at each stage of the 
economic processes (production, distribution and consumption), reusing the product through 
reuse/repairing, transferring the non-reusable outputs to recycling constitute the basic principles of the 
circular economy. 

 

 
 

 

 

 

Figure 1. Stages of the Circular Economy 
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The circular economy creates an especially important opportunity for local governments to balance 
economic development with environmental and resource conservation. In this context, it is critical that 
the use of finance is supportive of the circular economy. 

12.1.1.2. Mitigating Climate Change Impacts:  

Climate change, which has become the common and most urgent problem of all humanity, is becoming a 
greater threat to humanity due to carbon emissions resulting from fossil fuel use and industrial processes. 
Sustainable finance supports investments that aim to reduce greenhouse gas emissions with the aim of 
reducing the effects of climate change. In this context, it prioritizes the following investment areas and 
envisages the establishment of strong financial mechanisms for the realization of these investments:  

• Energy efficiency in industry, vehicles and buildings. 
• Use of renewable energy sources in energy production. 
• Resource efficiency in industrial processes. 
• Development of renewable energy sources and related technologies. 

12.1.1.3. Sustainable Use and Protection of Water Resources: 

The unplanned and excessive use of water has damaged many freshwater ecosystems around the world. 
The pressure on freshwater ecosystems has begun to disrupt critical services such as drinking water supply 
and agricultural irrigation. The increasing food and energy demand with population growth and the effects 
of climate change on hydrological systems show that much more risks will be faced in the future. The 
amount of water per capita in Turkey has decreased from 4,000 m³ to 1,519 m³ in the last 20 years.  It is 
predicted that the population of Turkey will increase to 100 million by 2030 and the water per capita will 
decrease to 1,100 m³.1 Sustainable use and protection of water resources is among the priorities of 
sustainable finance and aims to implement investments that aim to consume less water without sacrificing 
quality. 

Metropolitan municipalities are obliged to reduce water losses by 30 percent within 5 years as of the 
effective date of the regulation "Control of Water Loss in Drinking Water Supply and Distribution 
Systems".2 30 percent rate is applied for other municipalities, too, but the period given to them is 9 years. 
Water efficiency investments can also provide benefits in the field of energy efficiency. The General 
Directorate of Water Management of the Ministry of Agriculture and Forestry has prepared the draft 
“Water Law” with the aim of protecting, developing and improving water resources, ensuring their 
sustainable use in accordance with the needs priorities, eliminating the conflict of authority in water 
management, ensuring the holistic management of water in terms of quantity and quality on the basis of 
the basin, economical and efficient use of water, bringing the preparation and implementation of basin, 
flood and drought management plans into the legal framework, resolving the legal nature of water, 
making allocations from a single source and ensuring harmonization with the EU Water Acquis. 

12.1.1.4. Controlling and Preventing Environmental Pollution:  

Types of environmental pollution in general are air pollution, water pollution, soil pollution, noise 
pollution and visual pollution. Environmental pollution damages the nature and causes damage to all living 
things that live in nature directly or indirectly. Sustainable finance finances projects created with the aim 
of controlling and preventing environmental pollution, equipment to be used in these investments and 
investments in waste management services.  

                                                            
1www.wwf.org 
2 https://www.resmigazete.gov.tr/eskiler/2014/05/20140508-1.htm 

http://www.wwf.org/
https://www.resmigazete.gov.tr/eskiler/2014/05/20140508-1.htm
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12.1.1.5. Conservation of Biodiversity and Ecosystems: 

Biodiversity is the diversity of ecosystems (natural capital), species and genes all over the world or in a 
particular habitat. Biological diversity provides the services necessary for the continuity of the economic 
and social life of humanity. Biodiversity is also important for ecosystem services such as pollination, 
climate regulation, flood protection, soil fertility and the production of food, fuel, fiber and medicine. The 
agricultural and industrial revolutions that have taken place in the last 150 years have led to abrupt and 
increasing changes in land use, intensification of agriculture, urbanization and evacuation of land.3 
Sustainable finance mechanisms prioritize financing investments for biodiversity and ecosystem 
conservation in order to prevent and, as far as possible, restore global biodiversity loss and ecosystem 
degradation.  

12.2. Current Financial Environment in Turkey:  

With a volume of approximately USD 873 billion, the financial sector in Turkey corresponds to 
approximately 1.2 times the GDP. With 86.5 percent of its total assets, the banking sector takes the largest 
share of the financial sector.4 The shares of financial leasing companies, factoring companies, consumer 
finance companies and asset management companies in the financial sector were realized at 1.12 percent, 
0.7 percent, 0.5 percent and 0.1 percent, respectively. 

12.2.1. Types of Major Financial Institutions 

 Deposit Bank:  Banks that collect deposits from their customers on their own behalf and account, 
especially for the purpose of providing loans are called deposit banks. According to its ownership 
structure, deposit banks is divided into types as domestic and foreign capital.  

 Participation Bank:  These are the types of banks which work according to the interest-free 
principles and perform all kinds of banking activities in accordance with these principles, collect 
funds on the basis of participation in profit and loss, and provide these funds using methods such 
as trading, partnership, financial leasing, and etc.  

 Development and Investment Banks:  These are the specialized banks that offer the necessary 
resources to the investors in the development move of the country. They do not collect deposits. 
International financial institutions and securities issuances are their most important sources. 
There are three publicly owned development and investment banks in Turkey (İller Bank, 
Eximbank and Turkey Investment and Development Bank).   

 Leasing (financial leasing) Companies:  These are the companies whose main field of activity is 
financial leasing. A financing method that allows the ownership of an investment property to be 
given to the lessee in return for the determined rents and the ownership of it to be transferred to 
the lessee at the end of the agreement period specified in the agreement. The financial leasing 
company pays the cost of the goods to the seller company.  The goods subject to the financial 
lease are delivered to the lessee. The lessee pays the rents determined in the leasing agreement 
to the leasing company and uses the goods. 

 

 

Table 1. Number of Financial Institutions According to Their Types 

                                                            
3  Source, https://www.eea.europa.eu 
 
4 BRSA 2019 Annual Report. 

https://www.eea.europa.eu/
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Bank Type Number  

Deposit Banks  32 

Participation Banks 6 

Development and Investment 
Banks 13 

Banks Under the SDIF 2 

Total Number of Banks  53 

Financial Leasing Companies 23 

Factoring Companies 56 

Financing Companies 15 

 

12.2.2. Banking Sector Resource Usage Structure 

Deposits constitute the most important funding source of the banking sector in Turkey.  According to the 
data of 30 June 2020, 57.1 percent of banking resources consist of deposits.  
 

Table 2. Major Financial Indicators of the Banking Sector5 

 

 
The fact that average maturity of deposits in the Turkish banking system is less than 90 days makes it 
difficult to fund projects that need long-term financing (projects with an average maturity requirement of 

                                                            
5Basic Indicators of Turkish Banking Sector, BRSA. 

TL Billion 30 June 2020 
31 December 
2019 31 December 2018 

Assets       

Cash and Similar Items 479 450 412 

Required Reserves 169 193 159 

Credits/Loans  3.258 2.656 2.395 

Non-performing loans 
(Gross) 151 151 97 

Securities 903 660 478 

Other Assets  547 530 423 

Total Assets  5.507 4.491 3.867 

Obligations        

Deposit  3.060 2.567 2.036 

Liabilities to Banks 566 533 563 

Repo Transactions  231 154 97 

Issued Securities 225 194 174 

Equities 558 492 421 

Other Obligations 716 551 576 

Total Liabilities  5.356 4.491 3.867 
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more than 1 year). With the recent decrease in liquidity, financial institutions have tended to fund projects 
that need financing with a maturity of less than 3 years. The increase in non-performing loans in the 
financial sector has reduced the willingness of private financial institutions to provide loans. The climate 
finance quota imposed by international financial institutions on total loan volumes paved the way for 
climate projects to access finance more easily and at lower cost than other projects. Financial institutions 
undertake to comply with the technical, environmental and economic conditions set by international 
financial institutions while using the climate funds provided by international financial institutions. In 
project financing, the intermediary financial institution usually assumes the risk of the investor's 
repayment of the loan. In this case, the project may not be able to access financing even if it meets the 
criteria of international financial institutions. In addition to the technical, environmental, economic and 
financial criteria in the financing of public institutions, the evaluation of the tender process is one of the 
evaluation criteria mostly requested by international financial institutions. 

12.2.3. Current Situation in Local Government Finances 

Local governments in Turkey are mainly financed by İller Bank. İller Bank serves as a development and 
investment bank in order to meet the financing needs of special provincial administrations and 
municipalities, to develop projects related to local joint services, to provide consultancy and audit services 
to their projects, and to mediate public payments.  
 

Table 3. İller Bank Main Financial Indicators6 
 

TL Million  2019 2018 

Total Assets 36.087 32.220 

Total 
Loans/Credits 28.414 28.288 

Equity  20.955 15.580 

 
İller Bank can provide direct financing to the projects of local governments, or it can also provide a letter 
of guarantee for the project so that the project can be funded from another financial institution. 
Addressing official institutions and organizations and other legal and real persons, the documents given 
that guarantee a certain job or service will be performed in accordance with the determined conditions 
and within certain periods, otherwise a certain amount must be paid as compensation by the bank that 
issued the letter unconditionally on behalf of the contractor are called the letter of guarantee. 
 
Commercial banks, development and investment banks, participation banks, leasing institutions, 
International Finance Institutions (EBRD, KfW, EIB, IFC; AFD, Islamic Development Bank, etc.), 
development agencies are other institutions that can provide funds to local governments. The European 
Bank for Reconstruction and Development (EBRD) has provided Turkey with a fund of EUR 12.5 billion so 
far. 95 percent of the fund was transferred to the private sector and 5 percent to public investments 
financing. The EBRD provides financing to municipalities and businesses directly or through a variety of 
loan programs.  
 
It is possible for local governments to obtain financing from a private or public financial institution other 
than İller Bank. However, obtaining borrowing authorization from the municipal council is a prerequisite 
for the relevant financing to be approved by the financial institution. In the credit evaluation of financial 

                                                            
6Source:  İller Bank 2019 Annual Report. 
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institutions, the applicant's capacity to repay the loan is essential. In order to provide financing for the 
municipality, it investigates the income-expenditure balance and indebtedness of the municipalities in the 
current situation, and questions the income capacity of the project subject to financing. Financial 
institutions may require additional collateral to ensure the repayment of the relevant financing. Letter of 
guarantee, pledge, mortgage, income assignment, surety are among the priority guarantees accepted by 
financial institutions.  
 
In order for local governments in Turkey to finance their climate investments, they have access to climate 
funds such as the World Bank Sustainable Cities Project, TurSEFF, EU funds, climate funds, country funds, 
country guarantee funds, country export funds. Municipalities can create financing through issuance of 
bonds and bills. However, since the issuance of bonds and bills is highly technical and process-based, they 
is more suitable for the financial structure of metropolitan municipalities. 
 
Right now, mostly as a result of incorrect financing management, local governments often have difficulties 
in accessing finance due to high indebtedness rates. The fact that local governments are far from project 
financing in terms of financial behavior, paved the way for many municipalities to fund their projects with 
annual borrowing limits, which destabilized their balance sheet. Often there is a significant maturity 
mismatch between the investments and the financing used. Some municipalities, on the other hand, do 
not tend to outsource for their investments thus delay their investments. The fact that private finance 
institutions do not want to finance local government financing, leads local governments to public banks 
and/or İller Bank for financing options or they request a letter of guarantee from İller Bank for the relevant 
project. The lack of coordination of technical and financial units in local governments causes the benefit 
to be obtained from the investment not to be analyzed holistically. As a result, efficiency investments are 
not prioritized. Energy efficiency is often one of the benefits that results from mandatory investments 
rather than the investment objective. The lack of financial literacy in local governments can lead to the 
confusion between the investment and working capital financing, and misapplications such as expecting 
a grant for a long duration of time even for investments that pay back in a very short time. The fact that 
visibility rather than financial return is at the forefront in investment decisions may result in the 
postponement of even projects with a very short duration of return. The lack of legal regulation for 
alternative finance instruments leads local governments to classical financing products such as installment 
loans.  
 

12.2.4. University Financing: 

Due to the restrictions on the use of cash loans by public universities, university financing is generally 
provided through foundations established by universities. Universities' ability to obtain non-cash loans 
makes third-party financing possible. Universities with limited cash loan use can apply for grant 
opportunities provided by the development agencies or other organizations.  
 

12.3. Energy Efficiency and Renewable Energy Financing  

The interest of commercial finance institutions in energy efficiency and renewable energy financing is 
increasing day by day due to the low risk and high return. The primary expectation of commercial finance 
institutions in the financing process is the repayment of the financing. Various financial indicators, as in 
other types of financing, are extremely important in terms of showing the repayment capability of 
renewable energy and energy efficiency financing.  
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Calculating the ability of current assets in the balance sheet to pay short-term liabilities (liquidity ratio, 
current ratio, net working capital account, etc.) is one of the most important analyses used when 
evaluating the financing application of the relevant investor. Energy efficiency and renewable energy 
investments are followed in the fixed assets accounts on the balance sheet, but as mentioned above, 
many municipalities finance their investments with short-term loans. Currently, municipalities usually 
receive authorization from the council for annual borrowing. With this authorization, municipalities that 
receive a 1-year term loan can use this loan for their investments. However, if the repayment period of 
the investments is long, there will not be enough income to pay the loan until the repayment date of this 
loan comes. In this case, it is common for municipalities to restructure the debt that appears on their 
balance sheet. As a result, these municipalities lose their ability to pay their short-term debts. Energy 
efficiency and renewable energy investments should be financed in line with the cash flow generated by 
the projects, for a good balance sheet management and therefore to be able to access financing in a 
sustainable way for energy efficiency and renewable energy projects. That is, the annual income from 
energy efficiency and renewable energy investments should be calculated correctly, and the sum of the 
principal and interest of the loan to be paid should be adjusted to be close to this amount.  
 

Table 4. Balance Sheet of Energy Efficiency and Renewable Energy Investments  

 

Balance Sheet of Energy Efficiency and Renewable Energy Investments 

Assets Resources 

Current Assets Short-Term Liabilities 

Fixed Assets 

Long-Term Liabilities 

Equities 

 
 

 

12.3.1. Energy Efficiency and Renewable Energy Investment Projects and Project Finance: 

The plan that shows the benefits to be obtained from the investments and the costs to be incurred to 
achieve this is called an investment project. Almost all of the energy efficiency and renewable energy 
investment projects can ensure that the investment pays off because the project itself has cash flows 
coming in. In other words, these are investment projects suitable for project financing. Properly prepared 
cash flow, risk analysis, where potential risks are identified and risk mitigation measures are explained, 
economic, environmental and social impact analysis, the ability of risk analysis, increases the ability of 
energy efficiency and renewable energy investments to access finance. 

For products such as working capital facility (for example, short-term installment loan or revolving loan), 
financial institutions do not track the areas in which the loan is used. In other words, since the institution 
using the loan is generally not obliged to document the cash flow of the loan it uses, risk monitoring is 
more difficult for the financial institution than for investment loans. However, when investments are 
financed through the project finance model, the financial institution requests the invoice of the relevant 

EE and RE Investments

y

A 

EE and RE 
Investments

Investment 

Finance 



444 
 

investment to make the payment. The cost of the submitted invoice is paid to the contractor firm. In this 
case, the borrower cannot use the relevant financing for another area. This model aims to reduce risks on 
both the financial institution, the investor and the contractor side, and to make the investment process 
easier to manage.  

Investment projects may have preparation, investment, operating costs, environmental and social costs, 
but they also have environmental and social benefits as well as income-generating benefits. Financial 
institutions have started to take into account the financial returns of investments and economic, 
environmental and social analyses, especially within the framework of sustainable finance. For this reason, 
while preparing the investment project, the analysis of commercial earnings and the detailed explanation 
of the social and environmental economic benefits of the investments are an element that increases the 
investment's ability to access finance. In addition to the income-generating effects of the investments, 
they can have economic and social effects such as creating new employment and creating alternative 
income sources for the region. For example, the construction of a biogas facility in a region may enable 
the opening of new agricultural enterprises that will plan to deliver their wastes to that biogas facility.  
 

Investment projects can be examined under three main titles:  

 New Investment Projects:  These are the projects prepared with the aim of establishing a facility 
from scratch. Facility permit and approval processes are the subject of these projects. Renewable 
energy projects to be made from scratch are evaluated within this framework. For the financing 
of such projects, analysis of all risks in the project cycle (procurement, management, raw 
materials, sales, production and operation, political, investment period, legal, environmental, 
financial risks) is required.  

 Efficiency / Renovation / Modernization Investment Projects:  Efficiency can be the subject of a 
project on its own, as well as the replacement of the worn-out facilities with new technology and 
modernization are projects that generally result in energy efficiency. In these projects, if the 
project financial analysis is done by including efficiency calculations, the profitability of the project 
will become evident and the ability of the investment to access finance will increase. In these 
types of projects, there are no additional sales, procurement, etc. risks, therefore these projects 
are the ones with the lowest risk among all project types. 

 Growth/Capacity Increase Projects:  These are the projects prepared for the growth of a 
functioning facility and increasing its capacity. Since their production process, technology and 
marketing elements are known, these projects carry less risk than new technologies. Capacity 
increasing projects of renewable energy facilities can be evaluated in this context. The 
performance and cash flow of the previous part of the project becomes the reference for the new 
project.  

12.3.2. Fundamental Financial Concepts and Fundamental Financial Analysis:  

Financial analyses provide a great advantage to investors and financial institutions. In correctly analyzed 
projects, investors can maximize their profitability with a low equity. Financial institutions also better 
analyze the financial risks and returns of projects. The ability of correctly analyzed projects to access 
finance increases. Investors can prioritize their projects according to the results of basic financial analysis, 
even when there is more than one project. Investments with the shortest payback period, the highest 
internal profitability, the highest net present value of investments, the least need for equity and the 
fastest access to financing should be prioritized.  
 

 Equity:  Equity is the money that the investor provides in the financing of the project. 
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 Cash Flow Statement:  This is the statement in which cash inflows and outflows for a specified 
period are classified according to operating, investment and financing activities.  

 

 Net Cash Flow:  It is the cash flow found after deducting the cost of goods sold, operating 
expenses and taxes from the cash flow generated by the project's revenues. The purpose of 
calculating the net cash flow is to determine the cash that will be retained by subtracting all 
operating expenses from the project revenues. Bank loan repayments are made from this cash. 

 

 Debt Service Coverage Ratio: It shows how many times the net cash flow created by the project 
on a periodic basis is the sum of financial liabilities (principal + interest) for the same period. It is 
the rate most used by financial institutions to provide financing. Debt service coverage ratio = Net 
cash flow / (principal + interest payment) is calculated with the formula. In order for the project 
to be financed, the debt service coverage ratio must be above 1. The part above the number 1 
indicates the margin of safety for the project. 

 

 Payback Period: It is a numerical value (in years, months or days) that shows how long the total 
capital spent on the investment can be recovered. In other words, it is the time required for the 
net cash inflows to be provided by the investment to meet the investment amount. The net cash 
flow of the project is summed over periods. The time when the total initial investment amount is 
reached gives the simple payback period of the project. 
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12.3.3. Example Energy Efficiency Project  

 
An energy efficiency project with an initial investment cost of $100,000 and a life expectancy of 5 years 
can save $50,000 per year. 
 

Table 5: Example Energy Efficiency Project  

A B c D E F G 

$ Investment Cost 1st year net 
income 

2nd year net 
income 

3rd year net 
income 

4th year net 
income 

5th year net 
income 

Annual net cash flow -100.000 50.000 50.000 50.000 50.000 50.000 

 
In the example above, the payback period is calculated as 100,000:50,000 = 2 years. 
 

 Internal rate of return: It can be defined as the discount rate that equates the net present value 
of an investment project to zero, in other words, the present value of the cash inflows to the 
present value of the cash outflow. The internal rate of return also expresses the extent to which 
the investment will create added value. In this evaluation, more emphasis is placed on the 
profitability aspect of the investment. The calculation of internal profitability be easily calculated 
with the financial formulas by making the relevant insertions in the Excel table. In the energy 
efficiency investment example above, the internal profitability of the investment is calculated as 
41 percent with the IRR (B2:G:2) formula in Excel.  

 

 Time Value of Money: The future value analysis shows how many TL the present investment value 
will reach over time at a given interest rate. The future value of money today and the present value 
of money in the future are two essential elements in calculating the time value of money. In the 
energy efficiency investment example above, if the annual interest rate is assumed to be 5 percent, 
the present value of the net cash to be obtained from the investment is calculated as $216,474 
using the NPV (5%, C2:G2) formula in Excel.  

 

 Net Present Value: It is the value found by subtracting the investment amount from the sum of 
the present values of the cash inflows that an investment will provide. In order to make an 
investment decision, the net present value of the project is expected to be positive. In the energy 
efficiency investment example above, the present value of the net cash to be provided from the 
investment was calculated as $216,474, with an annual interest rate of 5 percent. To calculate the 
net present value of the investment, the net present value of the investment is calculated as 
$116,474 by subtracting the initial investment cost of $100,000 from the total revenues of the 
investment.  

 

 SPV (Special Project Vehicle): It is the company established specifically for the project. Financing 
is provided to this firm for the specified investment project. Establishing a separate company for 
energy projects by local governments and managing their cash flow through this company will 
enable the revenues and expenses of the projects to be managed separately from the other 
revenues and expenses of the municipalities, and increase their ability to access finance. Since SPV 
is a newly established company, its access to finance is very low without the guarantee of the 
parent company. It is not possible for the SPV to do any other activity. Separate company 
management increases operational costs.  
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 Bank Loan: It is the act of the borrower borrowing from the bank with a repayment commitment 
within a certain maturity period. The lender may request certain guarantees to increase the 
solvency of the debt.  

 

 Leasing Financing: Leasing is a financing method that ensures that the ownership of an investment 
property chosen by the lessee remains with the financial leasing company, and that the right of 
use is given to the lessee in return for the specified agreement period and rents. In the common 
practices in Turkey, the equipment is transferred to the lessee for a small fee at the end of the 
lease agreement. For the equipment defined in the legislation, if the tenant's authorization 
document is suitable, it offers VAT advantage to the investor (road vehicle, truck, minibus, bus, 
etc.). Leasing companies can finance renewable energy facilities as a whole, or they can finance 
the equipment that may be the subject of energy efficiency and equipment used in renewable 
energy facilities independently. Construction machinery, vehicles, heating and cooling equipment, 
pumps, electric motors and lighting equipment are energy efficiency sets that can be the subject 
of leasing financing. In leasing financing, the financed investment cost is paid to the contractor 
firm. This is the model preferred by suppliers as it accelerates the collection period of receivables. 
The leasing model provides different financial advantages such as the possibility of financing all of 
the investment in certain situations, the fact that leasing financing does not reduce bank borrowing 
limits (for certain leasing institutions), the fact that VAT is included in the financing repayment and 
it can be paid in installments.  

 

12.3.4. Financial Institutions Evaluation Process in Energy Efficiency and Renewable Energy 

Financing: 

Financial institutions, when evaluating the financing application of energy efficiency and renewable 
energy projects, analyze 5 basic parameters called 5C in English.  

 
Capacity: It is the capacity to repay the debt. It is very important to determine the repayment terms 
according to the cash flow statement. In energy efficiency and renewable energy projects, the correct 
preparation of cash flow, transparency, and processing of all income and expense items into cash flow are 
very critical for projects' access to finance.  
 
Capital: The amount of equity used for the project. Keeping the capital ratio high is the preference of the 
financiers and increases the access to finance. Investors, on the other hand, aim to increase capital 
profitability by reducing capital. In applications in Turkey, financial institutions can demand up to 30 
percent equity in financing energy efficiency and renewable energy projects. However, project financing 
without equity is a method that financial institutions do not prefer, with certain exceptions. The minimum 
use of equity capital increases profitability by enabling more projects to be implemented. It should not be 
forgotten that equity is not a cost-free financing. Underutilization of equity in investments, in many cases, 
increases the return on equity invested.  
 

Table 6. Example Energy Efficiency Project- II 

$ Investment Cost 1st year 2nd year 3rd year 4th year 5th year 

 -100.000      

Return on Investment  50.000 50.000 50.000 50.000 50.000 

Credit Principal 80.000 -16.000 -16.000 -16.000 -16.000 -16.000 
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Loan Interest  -8.640 -6.469 -4.852 -3.235 -1.617 

Net Cash Flow -20.000 25.360 27.531 29.148 30.765 32.383 

 
 
In the energy efficiency investment, the example of which was given in the previous section, bank 
financing with a maturity of 5 years and an annual interest rate of 10 percent is used for $80.000 of the 
investment (in this case, the equity amount drops to $20.000). In this case, the equity payback period 
decreases to 0.79 years, the return on investment (equity) increases to 131 percent, and the net present 
value of equity is calculated as $104.986.  
 

Collateral: It is the collateral and guarantees that can be given regarding the loan 
The main guarantees accepted by financial institutions are:  

• Pledge: It is the property or right given to the creditor in case the receivable cannot be 
collected, in order to guarantee a receivable. The right of pledge can be placed on movable 
and immovable properties. 

• Mortgage: It is the pledge rights of the immovables.  
• Co-indebtedness or surety: It is the commitment of the third party to pay the debt in case 

the debtor will not pay the debt.  
• Assignment: It is the transfer of the rights of receivable to the creditor in return for debt. 

Assignment of the revenues that can be obtained from the project can be given to the 
financing institution, while the assignment of rental income, revenues of water and 
sewerage administrations can be accepted as collateral. Municipalities and municipal 
affiliates may present their incomes as an assignment. Income assignments of licensed 
energy generation projects are a highly preferred type of collateral for financial institutions.  

• Although performance guarantees, EPC contracts and insurance do not have the status of 
guarantee for financial institutions, they increase the ability of projects to access finance, 
as they are risk-reducing instruments.  

• Letters of Guarantee: Addressing official institutions and organizations and other legal and 
real persons, the documents given that guarantee a certain job or service will be performed 
in accordance with the determined conditions and within certain periods, otherwise a 
certain amount must be paid as compensation by the bank that issued the letter 
unconditionally on behalf of the contractor are called the letter of guarantee.  

 
 

 
Conditions: The general condition of the economy and the sector in which the loan is given, and the reason 
for which the loan will be used are evaluated. In other words, the environmental and social impacts of the 
investment are evaluated. Especially for international financial institutions, the environmental and social 
impacts of investments are as important as the cash flow of the project.  
 
Character: Examines the credibility and past payment performances of the investor and its partners. An 
investor who has had payment problems in the past will have a hard time finding financing for their new 
project.  
 



449 
 

12.3.5. Characteristics of Energy Efficiency Financing 

Energy efficiency projects often pay off faster than renewable energy projects and are one of the least 
risky, highest return investments in any economy. Good financial management requires prioritizing energy 
efficiency projects, thus reducing the energy need, and then making an investment plan to meet the 
needed energy from renewable energy. In this case, the financing need of the total investment decreases 
and the payback period of the total investment is shortened compared to the renewable energy project. 
One of the factors that the financier will pay attention to in energy efficiency is the performance of the 
equipment used. For most energy efficiency equipment, the initial investment cost (the cost of purchasing 
the equipment) is only a small fraction of the total life cycle of the investment. Certifications, performance 
ratings, lifetime and warranties of the equipment should be included in the project financing application 
file.  

In addition to the financial returns, the environmental and social benefits of the projects should be the 
other criteria for prioritizing the projects in making investment decisions.  

Financial institutions evaluate self-consumption renewable energy investments from the perspective of 
energy efficiency financing.  

Since the income obtained from energy efficiency in energy efficiency projects is obtained from savings, 
it is not possible to assign this income. For this reason, financial institutions may require different 
collateral than renewable energy projects. Since the behavior of preparing projects for energy efficiency 
investments has not become widespread, financial institutions have not yet realized the full potential 
here. Efficiency projects are projects with lower risk on the investor side as well as on the financial 
institution side. The feasibility reports containing the detailed cash flow plan of energy efficiency projects 
and the application for financing also contribute to the increase of the activities of financial institutions in 
this field. Energy efficiency financing, as a model suitable for profit sharing, is a very suitable area for 
participation banks. For example, a partnership with the participation bank can be made for an energy 
efficiency project, and the income can be shared between the municipality and the participation bank at 
certain rates. Although this model is applicable for participation banks, there is no practical example in 
Turkey yet. It is estimated that profit-sharing models will become widespread as measurement and 
evaluation mechanisms become widespread.  

12.3.6. Third Party Financing in Energy Efficiency 

Energy efficiency investments are an extremely suitable area for third-party financing, with fast payback 
times and high internal profitability rates. The energy service provider company, energy supply company 
or equipment supplier makes the investment on behalf of the energy consumer institution/enterprise, 
and all or part of the income to be obtained from energy efficiency is paid to the investing company. At 
the end of the agreement period, the equipment is transferred to the energy consuming institution.  

Due to the limited budgets of public institutions and barriers to accessing finance, third-party financing of 
their projects provides many advantages for public institutions. It is estimated that 90 percent of public 
energy efficiency investments in the United States and about half in Europe are made with third-party 
financing. In Europe, the cities of Modena and Parma (Italy), Ljubljana (Slovenia), Essen (Germany), 
Barcelona and Murcia Region (Spain) have successful ESCO (Energy Service Company) applications.7 

                                                            
7www.eumayors.eu 

 

http://www.eumayors.eu/
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An example ESCO (Energy Service Company) work: In Wallonia (Belgium), RenoWatt manages the one-
stop process of ESCO service work for government agencies. ESCO acts on behalf of the municipalities, 
and it manages the procurement processes for the purpose of providing energy efficiency in existing 
buildings.  

RenoWatt’s main principles are8: 

 Establishment of EPCs ( EnergyPerformanceContract, Energy Performance Contracts) that 
enable municipalities to reduce energy bills and carbon dioxide emissions. 

 Establishing the building stock with the aim of reaching the sufficient economic scale of the 
project. Stocks of different municipalities can be combined in order to get the best renovation 
and maintenance price and to diversify the risk.  

 Determining the financing stages until the conclusion of the EPC and assisting in the 
procurement processes. 
 

Within the scope of the energy performance contract, ensuring the payment of the public to the third 
party, the competence of the technical team, open communication between the parties and a transparent 

measurement verification plan are the most basic criteria for third party financing. Legislation studies of 
the Ministry of Energy and Natural Resources in this area increase the ability of investments to 
access finance. The decision no 31220 of 21 August 2020 and, the Procedures and Principles on Energy 
Performance Contracts in the Public Service has entered into force. The Communiqué on the 
Implementation of Energy Performance Contracts in the Public Sector was published on 15.04.2021. The 
Communiqué determines the principles of the tender for the implementation of the energy performance 
contracts to be made for the services carried out by the public. The basic procedures of the tender are as 
follows:  

 As a result of the examination made by the bid evaluation commission, the bid with the 
highest net present value in terms of the net benefit to be provided to the administration 
among the bids found suitable, considering the criteria sought in the bidding documents is 
accepted as the most appropriate bid. 

 The following conditions must be met in order for the bid submitted within the scope of 
the relevant communiqué to be awarded a tender: 
- The cost of the investment to be made under the contract cannot be less than TL 

2,000,000. The approximate cost determination for the investment cost is made with 
the energy efficiency survey report. 

-  The savings guarantee to be given in buildings cannot be less than 10% of the annual 
total energy consumption of the application area, and 20% for each energy efficiency 
measure to be applied in any final energy consumption area. 

-  The share to be given to the administration in the application areas outside the building 
cannot be less than 10% of the annual savings during the remaining contract period 
from the date of saving. 

- Energy efficiency measures with a simple payback period of less than 2 years are not 
considered under the energy performance contract. 

  

                                                            
8 Innovative Financing Schmes_Lessons Learnt from the Covenant of Mayors Community document by Covenant of Mayors for Climate and Energy 

Europe 
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Figure 2 Third Party Financing in Energy Efficiency - Example Model 

 

 

 
 

 
 

Projects of public institutions such as lighting, water pumps / electric pumps, ventilation, air 
conditioning, cooling and boiler waste heat applications are suitable investment areas for third party 
financing.  

12.3.7. Features of Renewable Energy Projects Financing:  

 
Solar energy, wind energy, hydroelectric energy, waste-to-energy and geothermal energy investments are 
financed within the framework of renewable energy financing. While direct financing can be used in the 
financing of renewable energy projects, third-party financing can also be a method to be applied.  
In case of sale of electrical energy to the grid, it is possible to finance the investment through the right of 
receivable (assignment) to the electricity sales income. The repayments of the financing used are provided 
from the project revenues. Even if the investor offers an assignment, financial institutions may request 
additional collateral. The fact that the tender specification is based on technical performance, the 
reference of the EPC company, the detailed analysis of all risks in the feasibility report, the well-specified 
environmental and social benefits of the investment are the factors that will increase the investment's 
access to finance.  
Development agencies also support both local governments and universities, especially renewable energy 
projects, and open grant programs from time to time for their visibility. Development agencies are 
autonomous public institutions that work under the coordination of the Ministry of Industry and 
Technology to reduce inequalities between regions and to ensure regional development. Development 
agencies are not implementing organizations that make direct investments. The main task of development 
agencies is to ensure that local potential is revealed by supporting cooperation between public, private 
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sector and non-governmental organizations. There are 26 development agencies in Turkey, each 
established in Level 2 Regions. Development agencies usually announce the types of projects and the 
amount of support they will support annually. It would be good for municipalities and universities to 
follow the project announcement information of the development agency to which their regions are 
affiliated.  
 
Development Agencies in Turkey and the provinces they serve can be seen in the table below: 
 
Table 7: Development Agencies in Turkey and the provinces they serve 
 

Development Agencies Provinces They Serve 

İstanbul Development Agency İstanbul 

Trakya Development Agency Edirne, Kırklareli, Tekirdağ 

South Marmara Development Agency Balıkesir, Çanakkale 

İzmir Development Agency İzmir 

South Aegean Development Agency Aydın, Denizli, Muğla 

Zafer Development Agency Afyon, Kütahya, Manisa, Uşak 

Bilecik Development Agency Bursa, Eskişehir, Bilecik 

East Marmara Development Agency Bolu, Düzce, Kocaeli, Sakarya, Yalova 

Ankara Development Agency Ankara 

Mevlana Development Agency Karaman, Konya 

Western Mediterranean Development 
Agency 

Antalya, Burdur, Isparta 

Çukurova Development Agency Adana, Mersin 

Eastern Mediterranean Development 
Agency 

Hatay, Kahramanmaraş, Osmaniye 

Ahiler Development Agency Aksaray, Kırıkkale, Kırşehir, Niğde, Nevşehir 

Central Anatolian Development Agency Kayseri, Sivas, Yozgat 

Western Black Sea Development Agency Bartın, Karabük, Zonguldak 

North Anatolian Development Agency Çankırı, Kastamonu, Sinop 

Central Black Sea Development Agency Amasya, Çorum, Samsun, Tokat 

Eastern Black Sea Development Agency Artvin, Giresun, Gümüşhane, Ordu, Rize, Trabzon 

North East Anatolian Development Agency Bayburt, Erzincan, Erzurum 

Serhat Development Agency Ağrı, Ardahan, Iğdır, Kars 

Fırat Development Agency Bingöl, Elazığ, Malatya, Tunceli 

Eastern Anatolia Development Agency Bitlis, Hakkari, Muş, Van 

İpekyolu Development Agency Adıyaman, Gaziantep, Kilis 

Karacadağ Development Agency Diyarbakır, Şanlıurfa 

Dicle Development Agency Batman, Mardin, Şırnak, Siirt 

 
Special case in financing solar energy investments: Since solar energy investments are aimed to be made 
for self-consumption purposes, financing of solar energy investments for self-consumption is similar to 
energy efficiency financing. Local governments can make the investment themselves, or they can make 
the investment by making a procurement agreement or lease agreement with the private sector. In this 
case, third party is also the one that will use the financing. Securing the payments to be made by the public 
institution to the third party not only increases the third party's ability to access finance, but also increases 
the competition, as more firms apply for the project.  
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Concession Agreements: A concession agreement is the transfer of a service to another legal/real person 

for a long period of time. It is a very suitable project format, especially for projects that require detailed 

technical knowledge to operate, such as waste management or geothermal energy projects.  According 

to the structure of these agreements, the public institution concludes an agreement with the winning 

company, which includes information about the construction and operation of the work, and the sharing 

of profits over the sale of profit or energy income during operation. After the agreement period, the 

investment is transferred to the public institution. The agreement period should not be longer than the 

working period of the machinery and equipment. The firm that wins the concession agreements is usually 

determined by the outcome of the tender. The criteria that will take into account the financial power 

along with the technical criteria will accelerate the investment processes. 

12.3.8. Main Elements to Consider in Energy Efficiency and Renewable Energy Projects 

 Term borrowing in accordance with the cash flow of the project should be preferred, and a grace 
period should be preferred until the project yield starts. During the grace period, financial 
institutions may demand interest repayment. The amount of financing to be used should be 
determined accordingly by calculating the interest that may occur for the period until the profit 
to be obtained from the investment begins.  

 The maturity of the financing should not be chosen to be much longer than the payback period of 
the project itself. Financing that is used with a maturity longer than the payback period of the 
project itself increases the total cost of financing. In addition, it reduces the ability to access 
finance for new projects as it will appear as a liability on the balance sheet even though the project 
pays itself back and/or the amortization period expires. If municipalities have access to such long-
term financing, this financing source should be used for projects that have less income-generating 
capacity or only social benefits.  

 Income generating investments should be financed with a project finance approach, and products 
such as working capital facility should not be preferred. As mentioned above, many municipalities 
make their investments with loans with a maturity of up to 1 year, based on the annual borrowing 
limit received from the council. This type of financing disrupts the long-term cash flow of the 
investor, adversely affects the investor's financial ratios, making it difficult to access financing in 
future projects and may cause increases in financing costs.  

 The project income and the loan used should be in the same currencies. If different currencies are 
used, measures should be taken to eliminate the exchange rate risk. In cases where foreign 
currency interest rates are more attractive than the Turkish lira interest rate, some investors may 
prefer to borrow in foreign currency. However, the income from the project may not be enough 
to repay the loan in possible foreign exchange increases. In this case, it is recommended to use 
derivative products simultaneously with the use of financing to hedge currency risk. Forward 
agreements, one of these derivative products, are agreements in which the price of a good or 
financial instrument to be delivered at a future date, including foreign currency, and the number 
of transactions are determined from that day. Another widely used derivative product is futures 
agreements. It is an agreement that stipulates and standardizes the purchase and sale of a 
particular property or financial asset. The third most widely used derivative instrument is options 
contracts. It is a financial agreement that gives a certain person/institution the right to buy or sell 
a security on a certain date and at a certain price. The person holding this right is not obligated to 
buy or sell the asset in question, but has the right to buy and sel the asset.  
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12.3.9. Other Financial Instruments in Energy Efficiency and Renewable Energy Finance 

Green Bonds:  

A bond is a form of investment in which an investor lends money to government or corporate enterprises 
with a variable or fixed interest rate for a certain period of time and earns interest at the end of the 
maturity period in order to meet their financing needs. A green municipal bond has the characteristics of 
a regular municipal bond but is expected to finance projects with positive environmental and/or climate 
benefits. Bonds provide external funds to the bond issuer (the borrower) to finance long-term investments 
and provide a return on investment to the bondholder (the lender). To issue a bond, the municipality must 
first define a project. It is important that monitoring and reporting revenues define its use. After the bonds 
are issued, they can be traded in the capital markets. 

Green bonds can be a low-cost source of capital for municipalities (or local utilities) with access to financial 
markets. Investor demand is high in the market. 

Municipalities that will issue bonds must have credibility and be allowed by the government to issue 
bonds. In addition, the financed projects are expected to reach a certain portfolio size. Municipalities 
which cannot issue bonds themselves can come together with distribution companies or institutions 
authorized by the government to issue bonds and can make the green bond issuance through these 
institutions.  

Green bonds were implemented to support projects with positive environmental and climate impacts. 
The volume of municipal green bonds in the world has reached USD 4 trillion9. The green bond market in 
Turkey has just begun to form and we see that the first institutions to issue green bonds are banks. It is 
the first step for green bonds that public institutions create portfolios for energy efficiency and renewable 
energy projects and present examples of successful applications. Green bonds have many benefits such 
as creating a positive image, creating a sustainability strategy, attracting new investors, combating climate 
change and reporting its results, and raising awareness in the society.  

Gothenburg, Malmö, Stockholm and Örebro (Sweden), Oslo (Norway), Hannover (Germany), Paris and 
IleIle France are among the municipalities that have issued green bonds in Europe.  

City of Paris Green Bond: Paris issued its first green bond worth 300 million in 2015, two years before 
COP21. Two years later, it issued the second bond amounting to EUR 320 million with a 17-year maturity 
of 1.43 percent. The demand for the bond was EUR 1.2 billion within three days.10 

The green bond market in Turkey is still in its infancy. The first green bond issuance was made by TSKB 
(Industrial Development Bank of Turkey) in 2016. In 2019, commercial banks has also started issuing green 
bonds. There is no local government issuing green bonds yet.  

Financing through Local Energy Cooperatives 

The energy cooperative offers real and legal entities registered with the municipality the opportunity to 
jointly own and/or participate in renewable energy and energy efficiency projects within the borders of 
the municipality. After the members buy shares of the cooperative and become partners, they share the 
profits produced. Municipalities can support and promote their cooperatives, as well as own part of the 

                                                            
9Municipalsecuritiesrulemaking board 

10www.eumayors.eu 

 
 

http://www.eumayors.eu/
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shares. The basic need for the cooperative structure is that the local government provides a framework 
for the operation of the cooperative. Therefore, they are expected to have a clear long-term vision of 
climate and energy in order to encourage participation. Much effort is required to communicate the vision 
and inform participatory initiatives. It is important that municipalities wishing to use this model comply 
transparently with the requirements of the Public Procurement Law and specify technical performances 
in their tender specifications.  

The cities of Gent and Mouscron (Belgium), Krizevci (Croatia), Barcelona (Spain) have best practice 
examples of financing through co-operatives.  

Example Project- Street lighting LED conversion project in Halle (Belgium). The LED conversion of 445 
streets within the municipality's borders was carried out by the municipal energy cooperative. Thus, the 
city of Halle has saved a serious amount of energy. The “Embrace your streetlight” campaign in Halle 
helped the cooperative gain more members.11 
“Regulation on Unlicensed Electricity Production in the Electricity Market” no 28783 of October 2, 2013, 
published in the Official Gazette and “Regulation Amending the Regulation on Unlicensed Electricity 
Production in the Electricity Market” no 29865 of October 22, 2016 published in the Official Gazette 
(EMRA, 2018) paved the way for the establishment of renewable energy cooperatives in Turkey. 

An example of cooperative practices in Turkey is the 1 MW SPP facility in Afyonkarahisar, established by 
the SS Yeşilçiftlik Irrigation Cooperative, which has approximately 1,000 farmers who are active members. 

With this project, the electricity needs of the cooperative will be met entirely from the sun, and an 
important economic contribution will be provided to our farmers who are members of the cooperative. 
Working with a 16 percent capacity factor, the project is planned to produce approximately 1.7 GWh of 
electricity per year, and 618 tons of CO₂ equivalent emission reduction will be achieved. The cost of the 
project was EUR 773.608 and EUR577.983 of the investment was financed by TurSEFF resources.12 

Carbon Credit  

Projects that reduce greenhouse gas emissions are considered as voluntary emission reducers and carbon 
credit certifications are made accordingly. While issuing carbon credit certifications, 1 ton of carbon 
dioxide is accepted as a base unit for the greenhouse gas reducer provided by the projects. These loans 
are traded commercially around the world, creating a rapidly growing market. Although the market for 
carbon credits is not yet formed in Turkey, it is possible to obtain financing by selling these certificates in 
the international market.  
The Kyoto Protocol, which entered into force in 2005 under the United Nations (UN) Framework 
Convention on Climate Change, aims to reduce greenhouse gas emissions that cause climate change. The 
agreement grants a carbon emission quota to the parties. 
One of the Kyoto Protocol mechanisms to reduce carbon emissions is called "Emissions Trading". If any 
country or producer exceeds its quota, it can purchase a carbon quota from the country or producer that 
emits less carbon. 
The size of international carbon trade in 2019 was estimated at $214 billion.13 
Especially companies with high carbon emissions get these certificates to reduce their emissions. 
However, carbon accreditation is not possible for every project. Some carbon reduction certificates may 
not be in sufficient demand in the second-hand market. 

                                                            
11www.eumayors.eu 
12https://www.turseff.org/basari-hikaye-detayi/yesilciftlik-ges--afyon-ilinde-bir-gunes-enerjisi-projesi 
13Refinitiv research 

https://www.epdk.org.tr/Detay/Icerik/3-0-92/elektriklisanssiz-uretim
http://www.eumayors.eu/
https://www.turseff.org/basari-hikaye-detayi/yesilciftlik-ges--afyon-ilinde-bir-gunes-enerjisi-projesi
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Bursa Metropolitan Municipality became the first public institution to have a carbon emission reduction 
certificate by certifying the light rail system financed by the EBRD (European Bank for Reconstruction and 
Development) in 2018.14 İSTAÇ, a subsidiary of Istanbul Metropolitan Municipality, earned $190,000 by 
selling 5 carbon credits until July 2020, totaling 250 thousand tons.15 
 

                                                            
14 http://ekolojist.net/bir-belediye-ilk-kez-karbon-azaltim-projesine-imza-atti/ 
15www.istac.istanbul 

http://www.istac.istanbul/

