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1   

INTRODUCTION  

1.1. Introduction to the YEVDES Project and the 
Training Program 

 
The project entitled Technical Assistance for Renewable Energy (RE) and Energy (EE) Efficiency 
Support for Municipalities and Universities1 is coordinated by the Turkish Ministry of Energy and 
Natural Resources2 (MENR), and is carried out with the technical assistance of the German Agency for 
International Cooperation3 (GIZ).  
 
The goal of the project is to provide support to investments in energy efficiency and renewable energy in 
line with the principles of the EU concerning the efficient utilization of resources.  
 
The target audience of the project is municipalities and universities, whose large campus areas and 
service units represent a significant proportion of the public sector’s energy consumption. The 
development of energy-efficient technologies and increasing the use of renewable energy generation in 
the facilities, buildings and campuses of these institutions are important for the creation of a carbon-free 
and less energy-intensive public sector in Turkey.  
 
The growth of green energy investments in municipalities and universities will not only serve as a trigger 
for public institutions, but will also raise awareness of renewable energy and energy efficiency. For this 
purpose, figures related to the activities envisaged to be carried out during the project are presented in 
Figure 1.  
 
There are four main components in the project to carry out the activities, brief explanations of which are 
given in Table 1. 
 
The expected outcomes at the end of the implementation period of the project are listed below: 
 

• To enhance the capacity of the municipalities and universities in relation to renewable energy 
and energy efficiency applications; 

 

• To contribute to the energy efficiency and renewable energy projects of municipalities and 
university campuses; 

 

• To support R&D applications for renewable energy and energy efficiency. 

 
1 https://yevdes.org/proje-hakkinda/  
2 https://www.enerji.gov.tr/  
3 https://tuerkei.diplo.de/tr-tr/themen/wirtschaft/-/1808222  

https://yevdes.org/proje-hakkinda/
https://www.enerji.gov.tr/
https://tuerkei.diplo.de/tr-tr/themen/wirtschaft/-/1808222
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Figure 1. Figures related to YEVDES project activities. 
 

 
Table 1. Main Components of the Project 

 

Main Components of 

the Project 

Brief Summary of the Activities 

Component 1: 
Training Courses 
and Study Visits on 
Renewable Energy 
and Energy 
Efficiency 
Investments for 
Municipalities and 
Universities  

1.  

800 people from Universities and Municipalities will be provided with 
training in EE and RE Investments, and study visits will be organized to 
EU Member States to address case studies. Within the framework of the 
training programs, the participants will gain a general understanding of 
energy management systems, will have the opportunity to observe best 
practices in EU Member States and learn awareness raising methods, how 
the project management cycle operates and how to carry out such studies 
and analyses as feasibility studies / needs analyses / environmental impact 
assessments, as well as the procedures for financing EE and RE projects. 
The capacities of Universities and Municipalities will be increased through 
training programs and study visits, and information transfer will be 
provided through case studies to allow these institutions to carry out their 
own capacity-building activities in the future. 

Component 2: Site 
Visits and Field 
Studies on 
Renewable Energy 
and Energy 
Efficiency 
Investments for 
Municipalities and 
Universities  

The activities to be carried out under Component 2 will aid the final 
beneficiaries in the development and implementation of 160 projects 
across Turkey. In this way, project development and implementation 
capacity will be increased all over Turkey. Following the end of the project 
implementation, this capacity increase will contribute to the laying of the 
groundwork for the development of similar projects in the future. At the 
same time, these activities will also strengthen the energy audit and RE 
feasibility market in Turkey. The Project should thus support any attempt 
to establish the ESCO system in Turkey. 

Component 3: 
Preparation of 
Procurement 
Documents and 
Provision of 
Engineering Services 

One of the key objectives of this Component is to generate input that can 
be used in the equipment procurement projects supported under IPA 
2020. In this context, support will be provided to selected municipalities 
and universities during the preparation of tender dossiers. The tender 
dossiers may be used later by the relevant municipalities and universities. 
Under the project, engineering support will be provided to a maximum of 

people trained site visits needs analysis 

reports 

energy efficiency 

audit reports 

visits abroad for 

R&D applications 

engineering 

support for 

projects 

visits abroad for RE 

and EE applications 

renewable energy 

feasibility studies 

expert support for 

R&D projects 
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for Pilot Projects  20 projects being developed independently by municipalities and 
universities that are ready to receive consultancy services under this 
Component. 

Component 4: 
Renewable Energy 
and Energy 
Efficiency R&D 
Support for 
Universities  

2.   

As a result of the implementation of the activities under Component 4, the 
selection methodology report and online application tool will be developed, 
study visits will be organized to EU member states, and information 
transfers on R&D projects and expert support in the field of R&D will be 
provided to the final Beneficiaries. This will enable universities to develop 
R&D projects, to create selection methodologies and to benefit from future 
R&D support. 
  

  
Training Needs Analysis and Topics of the Training Program for Group C: 
 
A ‘Training Needs Analysis’ was conducted for the training courses envisaged to be delivered under 
Component 1 of the Project, as a result of which 800 people who will receive training were divided into 
three groups, namely, 400 people in “Municipal Staff/Group A”, 300 people in “University Staff/Group 
B” and 100 people in “University Academic Staff/Group C”4. Following a comprehensive survey 
conducted with the representation of each group, the topics in which the groups need training and the 
duration of the courses for each topic were determined. The training notes were prepared for Group C 
participants in line with the explained method. The topics for this group and the duration of courses for 
each topic are given in Table 2. 
 

Table 2. Topics of the Training Program for Group C (University Academic Staff)  
 

Training Topic 
  

Duration 
(Hours) 

  
National Priorities and R&D Needs Concerning Renewable Energy  1 

National Priorities and R&D Needs Concerning Energy Efficiency 1 

Renewable Energy Legislation and Latest Amendments 1 

Energy Efficiency Legislation and Latest Amendments 1 

Samples of Internationally Supported Projects 2 

Green Campus Design and Applications 2 

Green Campus Management and Certification 1 

Green Campus Best Practices 1 

Campus Energy Analysis 1 

Campus Energy Flow Diagram (Sankey) 1 

Campus Energy Management 1 

Campus Energy Optimization 1 

Analysis of Traditional In-campus EE Applications 2 

Development of Innovative In-campus EE Applications  2 

In-campus Energy Storage Techniques and Applications 2 

Development of In-campus Smart Building/Lab Applications 2 

Development of an In-campus Smart Transportation System 2 

Development of an In-campus Smart Lighting System 2 

Technical Visit to Observe Energy Efficiency R&D Center/Applications 4 

Technical Visit to Observe Renewable Energy R&D Center/Applications 4 

National Financing for R&D and Academic Research Purposes 4 

International Financing for R&D and Academic Research 4 

Awareness Raising 2 

 
4 https://yevdes.org/yevdes-egitim-mufredati/  

https://yevdes.org/yevdes-egitim-mufredati/
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R&D Project Cycle Management 2 

R&D Project Development 2 

Opening, Closing and Tests 4 

TOTAL 56 

1.2. A Brief Evaluation of Current Renewable 
Energy Legislation  
 
Renewable energy is one of the main components of the national strategy goals and energy policies for 
2023, including ensuring security of energy supply, reducing the risks of dependence on foreign sources, 
protecting the environment and enhancing the effectiveness of the fight against climate change. The 
main authority responsible for the renewable energy sector and legislation in our country, operating on 
behalf of the Ministry of Energy and Natural Resources, is the General Directorate of Energy Affairs (see 
Box 1).   
 

BOX 1: National Renewable Energy Sector and Turkish Ministry of Energy and Natural 
Resources “General Directorate of Energy Affairs (GDEA)” 
 

 
The duties and powers of the “General Directorate of Energy Affairs, as the public authority responsible 
for the development of the national renewable energy sector on behalf of the Ministry of Energy and 
Natural Resources, as listed in Article 169 of Presidential Decree No. 1 and directly defined under the 
heading “Renewable Energy Sector”, include:  
 

• Maintaining an inventory of energy resources and facilities, and making the necessary plans to 
ensure the country’s energy needs are met; 

• Taking and causing to be taken the necessary measures for the generation, transmission and 
distribution of energy resources and energy in accordance with the plans and programs; 

• Taking and causing to be taken the necessary measures for the establishment and operation of 
energy generation, transmission and distribution facilities in the most appropriate way for 
national interests and using modern technologies; 

• Encouraging and coordinating efforts for the exploration, development, operation, utilization, 
control and protection of energy resources; 

• Setting rules for energy pricing and floor and ceiling prices in any energy sales to consumers, 
taking into account public interest and market needs, and supervising their implementation; 

• Monitoring and evaluating technological research and development activities related to energy, 
compiling an inventory and forwarding the results to the relevant authorities; 

• Making measurements and carrying out feasibility and model application studies for the 
determination and utilization of all of the country’s energy resources, particularly hydraulic, 
wind, geothermal, solar, biomass and other renewable energy resources; cooperating with 
research institutions, local governments and non-governmental organizations in the 
development of pilot systems; and carrying out promotional and consultancy activities; 

• Monitoring and evaluating studies and developments in the field of renewable energy; setting 
research and development targets and priorities in accordance with the needs and conditions of 
the country; carrying out research and development studies for this purpose; and presenting the 
results of such studies to the public along with their economic analysis; 

• Formulating projections and suggestions regarding the utilization and promotion of renewable 
energy sources. 
 

Ref: https://enerji.gov.tr/enerji-isleri-genel-mudurlugu-hakkimizda  
 

 
Renewable energy legislation is based on Law No. 5346 on the Utilization of Renewable Energy Sources 
for Power Generation, which was published in Official Gazette No. 25819 on 18.05.2005.  

https://enerji.gov.tr/enerji-isleri-genel-mudurlugu-hakkimizda
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The Law sets forth the rules and procedures for the protection of renewable energy zones, the 
documentation of the power generated from such resources and the utilization of such resources. The 
renewable energy sources covered by the Law are listed below: 
 

• Wind power, solar power, geothermal power 

• Biomass power, gas obtained from biomass (including landfill gas), gas produced to obtain 
energy from other wastes, including garbage (landfill gas) 

• Power generation resources on which canal- or river-type a hydroelectric power plants can be 
built; power generation resources on which hydroelectric power plants with reservoir areas of 
less than 15 square kilometers can be built; wave power, current power and tidal power.  

  
The purpose of the Law is to promote the utilization of renewable energy sources for power generation in 
an economically feasible and reliable manner, the diversification of energy sources, the reduction of 
greenhouse gas emissions, the utilization of waste, the protection of the environment, and the 
development of the manufacturing industry required to achieve these objectives. In line with this goal, 
secondary legislation based on the Law has been developed since 2005. In this context, many 
regulations, communiqués and circulars have been published that can be accessed via the website of the 
Ministry of Energy and Natural Resources5. 
 
One of the major secondary legislative instruments that should be emphasized when talking about RES 
legislation is the Regulation on Renewable Energy Zones, which has triggered the development of 
national technologies and R&D infrastructure in the renewable energy sector (Official Gazette no. 29852 
dated 09.10.2016)6.  
 
The purpose of the Regulation is 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. 
 
Thus, RES Zones have been identified for the establishment of two giga power plants (SPP and WPP), 
each with an installed capacity of 1 GW (1000 MW), paving the way for the installation of plants and 
investments in domestic production and R&D efforts in the sector.  
 
For example, following the Ministry of Energy and Natural Resources’ REZ-SPP tender in 2017, the 
legislative requirements clearing the way for the installation have reached the final stage7. The Karapınar 
giga SPP is expected to generate approximately 1.7 billion kWh of power each year (to meet the annual 
electricity need of approximately 600-000 houses) when it enters into operation at full capacity. In this 
context, the Solar Cell and Panel Plant established in Turkey was commissioned in 2020 and the 
photovoltaic panels manufactured from the first domestic cells have been dispatched to the power plant 
site8. 
 
Moreover, following the REZ-WPP tender, the contract was signed in early March 2018, marking the 
beginning of the approximately 21-month period for the completion of the installation of the 
manufacturing plant for the production of wind turbines (towers, blades, nacelle), of which a minimum 
of 65% is domestic, and R&D studies involving 50 people (minimum 40 Turkish)9. As a result, 
approximately 250 turbines will be installed, and the power plant is expected to be commissioned by the 
end of 2022. 
 

 
5 https://enerji.gov.tr/enerji-isleri-genel-mudurlugu-ikincil-mevzuat  
6 https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=22923&MevzuatTur=7&MevzuatTertip=5  
7 https://www.epdk.gov.tr/Detay/Icerik/2-9206/enerji-piyasasi-duzenleme-kurumu-1-milyar-dolar-y  
8 https://enerji.gov.tr/haber-detay?id=703  
9 https://eigm.gov.tr/tr-TR/Sayfalar/Ruzgar  

https://enerji.gov.tr/enerji-isleri-genel-mudurlugu-ikincil-mevzuat
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=22923&MevzuatTur=7&MevzuatTertip=5
https://www.epdk.gov.tr/Detay/Icerik/2-9206/enerji-piyasasi-duzenleme-kurumu-1-milyar-dolar-y
https://enerji.gov.tr/haber-detay?id=703
https://eigm.gov.tr/tr-TR/Sayfalar/Ruzgar
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Considering the deep interest in REZ-based giga power plant competitions and the multi-faceted 
national benefits that these installations have provided to the domestic renewable energy sector, mini 
REZ competitions have been announced to install mini plants in every region of Turkey in 2020. 
Competitive tenders are planned to be issued in October 202010. 

1.3. A Brief Evaluation of the Current Energy 
Efficiency Legislation  
 
Energy efficiency is one of the main components of the national strategy goals and energy policies for 
2023, and includes ensuring the security of energy supply, reducing the risks of dependence on foreign 
sources, protecting the environment and enhancing the effectiveness of the fight against climate change.  
 
The main authority responsible for energy efficiency legislation in our country, acting on behalf of the 
Ministry of Energy and Natural Resources, is the Department of Energy Efficiency and Environment (see 
Box 2).   
 
 

BOX 2: Ministry of Energy and Natural Resources, Department of Energy Efficiency and 
Environment (DEEE) 
 

 
The Department of Energy Efficiency and Environment, the authority responsible for the development 
of the national energy efficiency sector, and answering to the Ministry of Energy and Natural 
Resources, was set up as the Main Service Unit of the Ministry of Energy and Natural Resources 
following amendments to Article 37 of Presidential Decree no. 27 on the Amendment of Some 
Presidential Decrees, published in Official Gazette no. 30651 on 10.01.2019, and to Article 168 of 
Presidential Decree no. 1 on the Organization of the Presidency.  
 
Its duties and powers, defined directly under the heading of “Energy Efficiency” include:  
 

• The preparation of draft legislation, strategies and action plans related to energy efficiency, 
along with regulatory impact assessments; monitoring and assessing their implementation 
and plan improvements; 

• Cooperating with national and international institutions and organizations, universities, the 
private sector and non-governmental organizations to increase energy efficiency; carrying out 
or coordinating joint projects or events; 

• Carrying out the implementation, coordination and monitoring activities within the national 
energy efficiency action plan; 

• Providing training, survey and consultancy services related to the rational use of energy; 
providing laboratory use support; organizing central examinations for energy managers; and 
carrying out authorization and certification works; 

• Organizing international training programs on energy efficiency as part of the development of 
international cooperation, and providing energy efficiency services; 

• Determining the potential for energy saving across the country for each sector; carrying out or 
commissioning energy surveys; carrying out necessary works, including the development of 
alternative fuels, regional heating and heat markets; 

• Monitoring and supervising energy efficiency implementation projects and R&D projects and 
delivering support payments; 

• Following and assessing national and international efforts and developments related to energy 
efficiency; setting goals and priorities in line with national needs and conditions; publicizing 
the outcome of efforts, as well as their economic analyses; 

• Ensuring all stakeholders have access to accurate and updated information on energy 
efficiency; creating a national energy efficiency inventory and keeping it up-to-date; 

 
10 https://www.resmigazete.gov.tr/ilanlar/eskiilanlar/2020/07/20200703-4-10.pdf  

https://www.resmigazete.gov.tr/ilanlar/eskiilanlar/2020/07/20200703-4-10.pdf
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establishing and operating a national energy efficiency information management center to 
support planning, projection, monitoring and evaluation activities. 
 

Ref: https://enerji.gov.tr/enerji-verimliligi-ve-cevre-dairesi-baskanligi-hakkimizda  
 

The energy efficiency legislation is based on “Energy Efficiency Law No. 5627“, published in Official 
Gazette no. 26510 on 02.05.2007. The said Law aims to make “Turkey a country with a high per-capita 
energy consumption and low energy density that transforms all energy into benefit.” 
 
To attain this vision, secondary legislation based on the Law has been developed since 2007. In this 
context, many regulations, communiqués and circulars have been published, which can be accessed via 
the website of the Ministry of Energy and Natural Resources11. 
 
Significant developments have been achieved in 2020 in the development of “National Energy Efficiency 
Legislation”. In the first month of the year (January 31, 2020), the “Rules and Procedures for the Use of 
LED (Light Emitting Diode) Luminaires in General Lighting”12 was published. The purpose of these 
“Rules and Procedures” is to determine the processes, duties and responsibilities regarding LED 
luminaire applications to be installed for general lighting.  
 
The “Saving Target and Implementation Guide for Public Buildings”13 was published in February 2020. 
The purpose of this guide is to define the works and activities to be carried out to achieve the 15% energy 
savings in public buildings required for the appointment of an energy manager, pursuant to Energy 
Efficiency Law no. 5627 (those that have total annual energy consumption equal to or over 250 TOE or a 
total floor area equal to or over 10,000 square meters) by the end of 2023, in accordance with 
Presidential Circular no. 2019/18 of 15.08.2019. 
 
In March 2020, documents comprising three sections were published containing the “Implementation 
Rules and Procedures for the Regulation on Increasing Efficiency in the Use of Energy Resources and 
Energy“: 1) Implementation Rules and Procedures for Energy Efficiency Training and Certification 
Activities; 2) Implementation Rules and Procedures for the Issuance of Authorization Certificates to 
Institutions and Organizations Providing Energy Efficiency Services; 3) Implementation Rules and 
Procedures for Energy Efficiency Support. These documents provided information to those who were 
uncertain about the Training, Authorization Certificates and Efficiency Improvement Project (EIP) 
Support. 
 
One of the most recent developments in the Energy Efficiency Legislation that should be emphasized is 
the publication of the “Decision on the Rules and Procedures Regarding Public Energy Performance 
Contracts “14 in August 2020. This Decision, the purpose of which is to set forth the rules and procedures 
for energy performance contracts to be entered into by public administrations and other public bodies to 
reduce their energy consumption and energy expenses, has paved the way for the ESCO contracts that 
have been discussed and planned to be put in place for many years.  
 
ESCOs are the key mechanisms behind energy efficiency investments all over the world. Generally, an 
ESCO, which corresponds to an Energy Efficiency Consultancy company in Turkey, conducts a detailed 
energy audit that covers the energy uses and related activities (plants, equipment, systems, processes) 
defined by the business/institution, which may include various limits, and determines what 
improvements can be made in terms of energy efficiency. Unlike an Energy Efficiency Consultancy 
company, it then provides financing for investments for the suggested application and collects 
repayment from the institution/business in stages/instalments, depending on the savings rate 
determined prior to the investment.  

 
11 https://enerji.gov.tr/enerji-verimliligi-ve-cevre-dairesi-baskanligi-mevzuat  
12 https://enerjiapi.etkb.gov.tr/media/common/827e1a2b-fe64-4fce-b522-0759e1e9728a_731130-
genel_aydinlatma_kapsaminda_led_armaturlerin_kullanimina_iliskin_usul_ve_esaslar.pdf  
13 https://enerji.gov.tr/duyuru-detay?id=39  
14 https://www.resmigazete.gov.tr/eskiler/2020/08/20200821-31.pdf  

https://enerji.gov.tr/enerji-verimliligi-ve-cevre-dairesi-baskanligi-hakkimizda
https://enerji.gov.tr/enerji-verimliligi-ve-cevre-dairesi-baskanligi-mevzuat
https://enerjiapi.etkb.gov.tr/media/common/827e1a2b-fe64-4fce-b522-0759e1e9728a_731130-genel_aydinlatma_kapsaminda_led_armaturlerin_kullanimina_iliskin_usul_ve_esaslar.pdf
https://enerjiapi.etkb.gov.tr/media/common/827e1a2b-fe64-4fce-b522-0759e1e9728a_731130-genel_aydinlatma_kapsaminda_led_armaturlerin_kullanimina_iliskin_usul_ve_esaslar.pdf
https://enerji.gov.tr/duyuru-detay?id=39
https://www.resmigazete.gov.tr/eskiler/2020/08/20200821-31.pdf
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Some of the requirements set forth in the aforementioned “Decision” are as follows: The cost of the 
investment to be made under the contract shall not be less than 2 million TRY and the simple payback 
period of the energy efficiency measures to be taken under the contract shall be not less than two years. 
Additionally, for buildings, a saving guarantee corresponding to at least 10% of the total annual energy 
consumption, or at least 20% for each energy efficiency measure, shall be provided.  

1.4. National Priorities and R&D Needs in the 

Renewable Energy Sector  

One of the most recent strategies and highest level policy documents to emerge, which sets the national 
priorities in the renewable energy sector, is the “2019-2023 Strategic Plan”15 of the Ministry of Energy 
and Natural Resources (MENR). It analyzes the current developments and the trends in the 
transformation and change that will occur in the global energy sector, and addresses relevant reports 
that contain specific country cases. The “Report on Global Trends in Renewable Energy and Energy 
Efficiency” addressed in the Strategic Plan notes that it is crucial to reduce foreign dependency by 
meeting the energy needs through domestic resources, to ensure a sustainable energy supply by 
diversifying sources and to minimize the impact of energy consumption on the environment.  
 
In addition, it mentions that in recent years there has been a significant increase in renewable energy 
investments due to the growing competition, the implementation of incentive policies and technological 
developments, and that energy efficiency increases energy security in countries that depend on foreign 
sources of energy by reducing coal, oil and natural gas imports, suggesting that energy expenditures 
decrease as a result of energy efficiency efforts. Figure 2 shows the installed capacity of renewable energy 
sources in Turkey and their contribution to the power generation sector as of the end of 2019. 
 

 
DEVELOPMENT OF THE INSTALLED CAPACITY OF PLANTS GENERATING POWER FROM RENEWABLE ENERGY 

SOURCES 

 
 

 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

■ SOLAR         40.18 248.84 832.53 1,579.34 5,062.83 5,986.92 

■ BIOMASS 41.32 42.74 59.70 81.51 96.87 115.41 158.51 224.00 288.15 362.39 488.69 543.75 645.56 786.53 

■ 
GEOTHERMAL 

22.95 22.95 29.80 77.20 94.20 114.20 162.20 310.82 404.92 623.88 820.86 999.43 1,260.01 1,514.69 

■ WIND 58.95 146.25 363.65 791.55 1,320.15 1,728.70 2,260.55 2,759.65 3,629.69 4,503.19 5,751.30 6,218.46 6,992.14 7,547.42 

■ HYDRO 13,062.70 13,394.83 13,828.70 14,553.35 15,831.25 17,137.06 19,609.41 22,289.03 23,643.19 25,867.84 26,681.10 27,075.95 28,257.75 28,493.85 
 

Figure 2. Change of installed power from renewable energy in Turkey by years. 
 
According to the Strategic Plan 2019-2023 of the MENR, the total installed capacity based on renewable 
energy sources in Turkey is targeted to reach 56,804 MW in 2023, including 10,000 MW of solar power, 
11,883 MW of wind power, 32,037 MW of hydroelectric power, and 2,884 MW of geothermal and 
biomass power.  
 

 
15 https://enerjiapi.etkb.gov.tr//Media/Dizin/SGB/Stratejik_Plan/Stratejik%20Plan%20-%202019-2023.pdf  
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The top policy documents and other strategy documents with which the strategic plan should be in 
absolute harmony were examined and evaluated while developing the strategic plan. In this context, due 
attention was paid to ensure consistency with the “Eleventh Development Plan (2019-2023)“16, which is 
the main policy document. The Eleventh Development Plan (2019-2023), a key document that defines 
our national priorities, points out the following issues related to renewable energy: 
 

• The share of renewable energy in total power generation, which was 28.9 percent in 2013, had 
increased to 32.5 percent by 2018. 

• In 2017, Renewable Energy Zone (REZ) contracts for wind and solar plants with a total capacity 
of 2,000 MW were completed to use renewable energy sources efficiently and effectively and to 
domestically produce the equipment used in the power plants. 

• Efforts to support renewable energy production continued in an effort to increase energy supply 
security. 

 
The determination to continue the abovementioned efforts uninterruptedly is explained in the section of 
the Plan entitled “Energy Industry Targets“ (p. 121, Table 27) with some figures, which are given in Table 
3. Moreover, the Plan draws a national priorities roadmap for the renewable energy sector through the 
actions listed below. 
 

Table 3. Targets of the Turkish Energy Sector17 
 

Energy Parameters 
 

2018 2023 

Primary Energy Demand (KTOE18)  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  

 
 
Below are the activities planned under the action ‘378. In order to increase the competitiveness of the 
electrical machinery sector, the necessary R&D investments will be made and the technological 
transformation of the industry will be supported.’ 
 

• 378.4 In the field of renewable energy, new investment models will be implemented through 
mechanisms that will include the use of domestic equipment, R&D, technology transfer and 
public procurement. 

• 378.6 An inventory report will be prepared to identify the domestically produced energy 
equipment and a needs analysis will be conducted concerning the products that can be produced 
domestically. 

• 378.7. Priority will be given to the production of the required energy equipment and can provide 
competitive advantage.  

 
Below are the activities planned under action ‘491. Electricity generation from renewable energy sources 
will be increased, the necessary planning and investments will be made to ensure the safe integration of 
renewable energy generation into the grid.’ 

 
16 https://enerjiapi.etkb.gov.tr//Media/Dizin/EIGM/Mevzuat/OnbirinciKalkinmaPlani.pdf  
17 Data for 2018 retrieved from the Ministry of Energy and Natural Resources and TEIAŞ. The figures for 2023 are 
estimated in the Eleventh Development Plan. 
18 TOE: Tonnes of Oil Equivalent, KTOE: Thousand TOE, kWh: Kilowatt-hour, TWh: Billion Kilowatt-hour, MW: 
Megawatt 

https://enerjiapi.etkb.gov.tr/Media/Dizin/EIGM/Mevzuat/OnbirinciKalkinmaPlani.pdf
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• 491.1. Thanks to REZ and similar models, more intensive use of renewable sources in electricity 
generation will be ensured. 

• 491.2. Renewable energy generation plants will be integrated into the grid and the associated 
technical assistance projects will be implemented. 

• 491.3. To eliminate the constraints associated with the increased renewable energy on the grid, 
energy storage systems, including pumped-storage HEPPs, will be installed.  

 
Below are the activities planned under action ‘496. The energy infrastructure will continue to be operated 
in an effective and safe manner. 
  

• 496.1. A Cyber Security Operations Center will be established for the safe operation of critical 
energy infrastructures. 

• 496.2. Efforts will be made to develop the National Smart Grid Management System (National 
SCADA) for use by the State Economic Enterprises operating in the field of energy. 

 
When all these strategy and top policy documents are considered together, it is apparent that there is a 
growing need for R&D studies on renewable energy technologies and applications in Turkey. Innovative 
material, method and system development studies should be carried out in our universities and research 
centers, especially for the production of domestic products, technologies and service tools.  
 
Some priority R&D topics19 are listed below: 
 

• Materials and technologies for the development of highly efficient crystalline silicon solar cells 
and solar panels 

• Materials and technologies for the development of highly efficient thin-film solar cells and solar 
panels 

• Concentrated photovoltaic technologies 

• Silicon material technologies (Si purification, ingot growth and ingot slicing) 

• Module technologies and module components (glass, encapsulant, wire/ribbon, etc., rear-
connection module, glass-to-glass module, multi-wire and hybrid systems utilizing the resulting 
heat) 

• Innovative wind turbines designed for sites with low and medium wind speeds  

• Hybrid systems combining wind and solar technologies in the same plant 

• Next generation power electronics for wind and photovoltaic power converters and grid 
integration  

• Bioenergy conversion technologies that enable the conversion of biomass/biowaste types into 
renewable energy forms 

• Biogas purification methods (membrane processes, removal of siloxanes from the biogas stream, 
etc.) 

• Integrated bioenergy systems (e.g. bioenergy systems that can be integrated with solar power) 

• Innovative district heating systems based on geothermal power, supported by information and 
communication technologies 

• Ground-based geothermal heat pumps with a high performance coefficient 

• Geothermal power technologies for heating greenhouses and drying agricultural products 

• Fuel cell micro-cogeneration for domestic applications (hydrogen generation subsystem and 
catalytic burner subsystem);  

• Power conditioning subsystem, control subsystem, heat management subsystem for fuel cells 

• Development of inorganic, organic and metallic membranes for fuel cells, bipolar/interconnector 
layers, membrane-electrode groups, catalyst technologies, catalysts for hydrogen purification, 
membrane/electrolytes, anode and cathode catalysts 

• Hydroelectric power plants with pumped storage as a form of mechanical energy storage 

 
19 https://www.tubitak.gov.tr/sites/default/files/289/tubitak_cp2020_son.pdf  

https://www.tubitak.gov.tr/sites/default/files/289/tubitak_cp2020_son.pdf
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• Management of renewable power systems with smart/distributed energy grids  

• Technologies and systems involving big data and data analytics to monitor and manage the grid 
integration of large-scale renewable energy plants 

• Grid integration of electric vehicles and charging stations  

• Batteries with the potential to have higher technical features than lithium-ion battery 
technologies 

• Technologies for producing biomethane that is equivalent to diesel in the transportation sector 
and natural gas in the construction sector.    
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1.5. National Priorities and R&D Needs Related to 
Energy Efficiency  

 
The “National Energy Efficiency Action Plan (2017-2023)“, which was developed under the coordination 
of the Ministry and published in Official Gazette no. 30289 on 02.01.2018 upon being approved by the 
High Planning Council on 29/12/2017, is one of the most recent strategy/implementation documents in 
the field of energy efficiency.  
 
Under the National Energy Efficiency Action Plan (NEEAP), roadmaps have been created to enhance 
energy efficiency through 55 actions determined in the building and services, energy, transportation, 
industry and technology, and agricultural sectors, as well as cross-cutting issues concerning all sectors. 
 
Through 55 actions determined in a total of six categories under the Plan, Turkey aims to reduce its 
primary energy consumption by 14% in 2023. According to the Plan, a cumulative saving of 23.9 MTOE 
will be achieved, for which $10.9 billion will be invested by 2023. Considering the long-term savings, it is 
predicted that $30.2 billion will be saved by 2033. 
 
Monitoring and supervision is carried out regularly in the action areas of the Action Plan. The “NEEAP 
2017-2018 Progress Summary Report“20 is important in identifying progress in the action plan in its first 
year, as well as the measures for the coming years. Thanks to the actions under the NEEAP, significant 
progress has been made, with cumulative energy savings of 2,744 KTOE ($960 million in monetary 
terms) achieved in 2019 alone.  
 
Again, within the scope of these monitoring and evaluation activities, numerous situation assessments, 
and monitoring and research reports were published in 2020 alone. For example, the Energy Efficiency 
Awareness Index Quantitative Research Report 202021 reports on the monitoring and assessment 
activities carried out within the scope of “Training and Awareness Raising Activities“, and is one of the 55 
actions carried out under the six thematic categories of the National Energy Efficiency Action Plan.  
 
The “Cogeneration Assessment Report“22 and the “Report on Efficiency Improvement Projects in Ten 
Years“23 published in 2020 are other examples of such reports. 
 
Moreover, the “Eleventh Development Plan“, which was approved in the 105th Session of the General 
Assembly of the Turkish Grand National Assembly on 18.07.2019, is a key document that most clearly 
lays out the roadmap of Turkey in the field of Energy Efficiency for 2019–2023, and emphasizes the 
following points: 
 
Below are the activities planned under the action ‘341. Energy efficiency will be increased in the 
manufacturing sector.’ 
 

• 341.1. A support mechanism will be established to replace the inefficient electric motors used in 
industry with more efficient models. 

• 341.2. The use of cogeneration systems in large industrial plants using heat processes will be 
increased. 

 
20  
https://enerjiapi.etkb.gov.tr//Media/Dizin/EVCED/Raporlar/Ulusal%20Enerji%20Verimlili%C4%9Fi%20Eylem%20P
lan%C4%B1/ulusal_enerji_verimlilig%CC%86i_eylem_plani20172018_gelis%CC%A7imi_o%CC%88zet_raporu.pdf  
21 https://enerjiapi.etkb.gov.tr/media/common/3ba62b2c-482b-4a0b-a3b3-
775ca9371c84_Enerji_Verimliligi_Bilinc_Endeksi_Kantitatif_Arastirma_Raporu_2020.pdf  
22 https://enerjiapi.etkb.gov.tr/media/common/6de09be1-a79f-4fb4-aa58-
09a0059c7216_Kojenerasyon_Degerlendirme_Raporu.pdf  
23 https://enerjiapi.etkb.gov.tr/media/common/200d5460-08f8-4f0d-b381-
8df270738e28_On_Y%C4%B1lda_Verimlilik_Art%C4%B1r%C4%B1c%C4%B1_Proje_Raporu_5699447.pdf  

https://enerjiapi.etkb.gov.tr/Media/Dizin/EVCED/Raporlar/Ulusal%20Enerji%20Verimlili%C4%9Fi%20Eylem%20Plan%C4%B1/ulusal_enerji_verimlilig%CC%86i_eylem_plani20172018_gelis%CC%A7imi_o%CC%88zet_raporu.pdf
https://enerjiapi.etkb.gov.tr/Media/Dizin/EVCED/Raporlar/Ulusal%20Enerji%20Verimlili%C4%9Fi%20Eylem%20Plan%C4%B1/ulusal_enerji_verimlilig%CC%86i_eylem_plani20172018_gelis%CC%A7imi_o%CC%88zet_raporu.pdf
https://enerjiapi.etkb.gov.tr/media/common/3ba62b2c-482b-4a0b-a3b3-775ca9371c84_Enerji_Verimliligi_Bilinc_Endeksi_Kantitatif_Arastirma_Raporu_2020.pdf
https://enerjiapi.etkb.gov.tr/media/common/3ba62b2c-482b-4a0b-a3b3-775ca9371c84_Enerji_Verimliligi_Bilinc_Endeksi_Kantitatif_Arastirma_Raporu_2020.pdf
https://enerjiapi.etkb.gov.tr/media/common/6de09be1-a79f-4fb4-aa58-09a0059c7216_Kojenerasyon_Degerlendirme_Raporu.pdf
https://enerjiapi.etkb.gov.tr/media/common/6de09be1-a79f-4fb4-aa58-09a0059c7216_Kojenerasyon_Degerlendirme_Raporu.pdf
https://enerjiapi.etkb.gov.tr/media/common/200d5460-08f8-4f0d-b381-8df270738e28_On_Y%C4%B1lda_Verimlilik_Art%C4%B1r%C4%B1c%C4%B1_Proje_Raporu_5699447.pdf
https://enerjiapi.etkb.gov.tr/media/common/200d5460-08f8-4f0d-b381-8df270738e28_On_Y%C4%B1lda_Verimlilik_Art%C4%B1r%C4%B1c%C4%B1_Proje_Raporu_5699447.pdf
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• 341.3. To promote and expand the use of model energy efficiency practices, energy efficiency 
projects will be supported with competitions, and implementation-oriented legislation and 
technical infrastructure will be established. 

• 341.4. Heat market legislation will be developed to expand the use of energy-efficient district 
heating and cooling systems throughout the country, and to enable heat trade. 

• 341.5. The implementation of efficiency improvement projects will be improved and projects 
with a high savings potential will be supported. 

• 341.6. Support will be provided to Organized Industrial Zones to allow them to complete the 
establishment of Energy Management Units and the ISO 50001 Energy Management System, 
and prepare and submit their Efficiency Action Plans. 

 
Below are the activities planned under action ‘378. In order to increase the competitiveness of the 
electrical machinery sector, the necessary R&D investments will be made and the technological 
transformation of the sector will be supported.’ 
 

• 378.5 The domestic production of new generation lighting devices will be supported through 
legislative action to promote energy saving by provincial, district and town municipalities in 
outdoor lighting, as well the use of domestically produced equipment. 

• 378.6 An inventory report will be prepared to identify the domestically produced energy 
equipment and a needs analysis will be conducted concerning the products that can be produced 
domestically. 

• 378.7. Priority will be given to the production of the required energy equipment and can provide 
competitive advantage. 

 
Below are the activities planned under action ‘492. More efficient and energy self-sufficient buildings will 
be promoted.’ 
  

• 492.1. Support will be provided for the promotion of energy efficiency in existing buildings. 

• 492.2. A National Green Building Certificate System will be established. 

• 492.3. The use of unlicensed solar power plant and wind power plant applications in energy self-
sufficient buildings will be increased. 

• 492.4. An Energy Efficiency in Public Buildings Project will be implemented. 
 
Below are the activities planned under the action ‘493. ‘Electricity grids and systems are to be 
strengthened and made more flexible.’ 
 

• 493.1. The use of smart grid applications will be increased. 

• 493.2. Efforts will be made to ensure the adequacy of electricity supply in each region, and 
electricity transmission infrastructure investments will continue to be implemented in a way that 
takes into account the security of the system and the supply-demand equilibrium of each region. 

• 493.3. Technical and non-technical losses in electricity transmission will be reduced. In this 
framework, awareness-raising activities, incentives and sanctions will be devised to reduce non-
technical losses, and the use of systems such as smart meters and remote reading will be 
increased, along with inspections. 

 
Below are the activities planned under action ‘714. International climate change negotiations will be 
carried out within the framework of the Intended Nationally Determined Contributions and the 
principles of common but differentiated responsibilities and relative capabilities; climate change will be 
combated in industries known for greenhouse gas emissions; and the resilience of the economy and 
society to climate risks will be increased by increasing the capacity for adaptation to climate change.’ 
 

• 714.1. Efforts will be made within the framework of the Intended Nationally Determined 
Contribution for emission control in buildings that cause greenhouse gas emissions, and in the 
energy, industry, transportation, waste, agriculture and forestry sectors. 
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• 714.2. Planning, implementation and capacity building efforts that include national and regional 
adaptation strategies will be made to increase the capacity to adapt to the negative impacts of 
climate change. 

 
When all these strategy and top policy documents are considered together, it is apparent that the need 
for R&D studies into energy-efficient technologies and applications in Turkey is growing. Innovative 
material, method and system development studies should be carried out in our universities and research 
centers, especially into the production of domestic products, technologies and service tools.  
 
Some of the priority R&D topics24 are listed below: 
 

• Heat pumps with a high performance coefficient that allow the utilization of the waste heat 
produced by industrial and power generation plants 

• Heat pumps with a high performance coefficient for the recovery of waste heat in wastewater 
plants 

• Heat pumps with a high performance coefficient that serve to utilize the waste heat originating 
from the data center 

• Automation systems for heat pump applications used for heat recovery making use of innovative 
heat pump technologies 

• Insulation, coating, window glass, multifunctional smart materials, building lighting fixtures and 
smart building lighting control systems for near zero-energy building technologies  

• Building energy management technologies and smart system technologies for building energy 
control that allow the annual tracking of the near zero-energy building target 

• Micro-cogeneration/cogeneration or trigeneration technologies (including systems for 
electricity, heating, cooling and hot water) for buildings or clusters of buildings 

• Demand-side participation technologies that allow the intelligent interaction of the building with 
the energy system 

• Energy efficient heat recovery systems in buildings 

• Building-type electrical and/or thermal heat storage technologies required for the near zero-
energy building target 

• Intelligent energy system modeling software for the evaluation of future smart energy system 
scenarios (hourly and daily electricity, heat/cold and gas generation, distribution, cross-cutting 
storage methods in the power, building and transportation sectors, and innovative systems that 
enable energy system modeling for cross-industry use) 

• Solutions that combine smart energy system planning with geographic information systems 
(GIS) 

• Big data and data analytics technologies for the monitoring of energy use behavior 

• Big data and data analytics technologies for energy self-sufficient building clusters 

• Systems that improve power quality in distribution systems (active power filters, static 
compensator systems, reactive power compensation) 

• Energy storage based on next generation converters in electricity transmission/distribution 
networks 

 
Some examples of ongoing international collaborations and projects related to Energy Efficiency in 
Turkey are presented in Boxes 3 and 4. 
 
 
 
 

 
24 https://www.tubitak.gov.tr/sites/default/files/289/tubitak_cp2020_son.pdf  

https://www.tubitak.gov.tr/sites/default/files/289/tubitak_cp2020_son.pdf
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BOX 3: Turkish-German Energy Forum Energy Efficiency Working Group 

 
With a view to developing Turkish-German strategic cooperation and supporting inter-country 
coordination in the energy sector, the Turkish-German Energy Forum was held in Ankara on October 26, 
2018, during which a letter of intent was signed by the Ministers of both countries. As a result, an Energy 
Efficiency Working Group was established and a decision was made to cooperate in the following areas. 
 

• Developing cooperation between Turkish Energy Efficiency Consulting Companies (EVD) and 
German Energy Service Companies (ESCO); 

• The establishment of an energy efficiency network in Turkey involving different stakeholder 
groups through which technical applications, experiences, measures and technologies related to 
energy efficiency are shared among private companies; 

• Contributing to the development of the competitive energy efficiency tender mechanism in 
Turkey. 

 
Ref: https://enerji.gov.tr/enerji-verimliligi-ve-cevre-dairesi-baskanligi-uluslararasi-
projeler  
 

 
 

BOX 4: Turkey-Denmark Strategic Sector Cooperation Project on Efficient and Low-

Carbon Heating and Cooling 

 
In an effort to lay the groundwork for heating legislation aimed at ensuring the widespread use of district 
heating systems and the maximum use of domestic and renewable energy sources, the Ministry of Energy 
and Natural Resources entered into a “Strategic Sector Cooperation Project Agreement” with the Danish 
Ministry of Climate, Energy and Utilities on March 29, 2017, Phase 1 of which was completed in late 
2019. 
 
Under the Turkey-Denmark Strategic Sector Cooperation Project on Efficient and Low-Carbon Heating 
and Cooling, efforts have been made to develop a heat legislation framework aimed at creating an 
effectively functioning heat market in Turkey, to share examples of good practices obtained from cost-
benefit analyses of heating/cooling sources, and to facilitate the exchange of international experiences.  
 
In the second phase of the Project, which will be carried out between 2020 and 2023, technical guides 
will be developed, a comprehensive analysis of cogeneration and district heating systems will be 
conducted, and preliminary feasibility studies and awareness-raising activities will be carried out. 
 
Ref: https://enerji.gov.tr/enerji-verimliligi-ve-cevre-dairesi-baskanligi-uluslararasi-
projeler  
 

  

https://enerji.gov.tr/enerji-verimliligi-ve-cevre-dairesi-baskanligi-uluslararasi-projeler
https://enerji.gov.tr/enerji-verimliligi-ve-cevre-dairesi-baskanligi-uluslararasi-projeler
https://enerji.gov.tr/enerji-verimliligi-ve-cevre-dairesi-baskanligi-uluslararasi-projeler
https://enerji.gov.tr/enerji-verimliligi-ve-cevre-dairesi-baskanligi-uluslararasi-projeler
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Key Note: “Energy Efficiency in Public Buildings 
Project“ Can Create Applied Training and R&D 

Opportunities for Universities.  
 
Energy Efficiency in Public Buildings (KABEV) Project25 is funded by the World Bank under the financial 
assurance of the Ministry of Treasury and Finance. This will be implemented by the General Directorate 
of Construction Affairs (GDCA) of the Ministry of Environment and Urbanization with the support of the 
Ministry of Energy and Natural Resources (MENR). The project is planned to be conducted over 5 years, 
in which it is aimed to renovate 500–700 public buildings to improve their energy efficiency and to 
achieve energy savings. 
 
The selection of public buildings to be included in the “Energy Efficiency in Public Buildings Project in 
Turkey“ will be subject to some basic requirements, such as there being no need for retrofitting for 
earthquake risks, being at least 5 years old and having not been subjected to a complete rehabilitation for 
energy efficiency within the last 10 years. The rehabilitation measures envisaged in the project include 
the improvement of the exterior of the building (facade, roof insulation, window and door replacement), 
the replacement of heating/cooling systems, the generation of hot water through solar power, the 
improvement of the energy efficiency of pumps/fans and lighting elements, and the addition of some 
renewable energy applications (PV panels, solar water heating, geothermal heat pumps). 
 
Project investments will focus primarily on public buildings with high energy consumption and shorter 
payback periods. Under the project, it is planned to carry out energy audits of public buildings (schools, 
hospitals, administrative buildings, university campuses) in Turkey26, to issue energy performance 
certificates, to determine energy efficiency levels and the saving levels to be achieved, to report them 
together with investment costs, and to carry out the energy-efficiency rehabilitation of the selected public 
buildings in accordance with the devised mechanical and electrical renovation projects. 
 
The project provides an opportunity to support energy efficiency investments of public university 
campuses. 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

End of key note 

 
25 https://kamuenerji.csb.gov.tr/proje-hakkinda-genel-bilgi-i-96445  
26 https://kamuenerji.csb.gov.tr/projenin-bilesenleri-i-91996  

 
In addition to the opportunity to directly support the energy efficiency solutions mentioned above and that 
are required to be implemented urgently on the campuses of public universities, the KABEV project also 
provides opportunities to engage in some R&D studies.   
 
For example, the scope of Component 1b – one of the innovative components of the project – covers the 
development of ESCO-type contracts and the reduction of risks and uncertainties, unlike traditional energy 
audit/design/construction contracts. This component will provide opportunities to develop “New Methods 
and Tools“ to meet our universities’ needs for Measurement and Verification (M&V). 
 
Similarly, the project aims to develop “Near Zero-Energy Buildings (nZEB)” through another innovative 
component (Component 1c) of the project. The need for the development of integrated design and 
construction techniques, innovative and effective energy efficiency solutions, and new domestic and 
renewable technologies in the project will create opportunities for our universities to engage in new R&D 
studies/projects. 
 

https://kamuenerji.csb.gov.tr/proje-hakkinda-genel-bilgi-i-96445
https://kamuenerji.csb.gov.tr/projenin-bilesenleri-i-91996
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2   

GREEN CAMPUS 

DESIGN AND 

APPLICATIONS  

2.1. Introduction 

 
A Green Campus can be described as a university campus that is sustainable, energy-efficient, in 
harmony with nature and causes minimal damage to the environment throughout all phases of its 
lifecycle, including site selection, design, construction, operation, maintenance, renovation, demolition 
and waste disposal. In short, a green university can be defined as a higher education institution that 
endeavors to minimize the negative environmental, social and economic impacts generated while 
carrying out its duties, and that takes a pioneering role in society in the development of a sustainable 
lifestyle. Many concepts that have the same meaning by definition but are composed of different words 
are used for the same purpose. Some of them include:  
 
Sustainable Campus, Sustainable University, Green Campus, Sustainable and Smart Campus, Green and 
Smart Campus, Ecological Campus 
 
The topics covered in this chapter apply to all of these concepts. The emergence of these concepts was 
not spontaneous, and what led to the emergence of some of them are given in Boxes 1, 2 and 3. 
 
  

BOX 1: What is Sustainable Development? 
 

 
The concept of sustainable development was first used at the United Nations 
(UN) Conference on the Human Environment held in Stockholm, Sweden in 
June 1972. In the Stockholm Declaration, as the main output of the 
conference, principles that draw attention to the carrying capacity of the 
environment, that promote intergenerational equity in the use of resources, 
that link economic and social development with the environment, and that 
emphasize the unity of development and the environment were identified as 
the pillars of the concept of sustainable development. 
 
Sustainable development, which is “a development model that can meet the 
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needs of today's generations without compromising the ability of future generations to meet their needs”, 
entered the global agenda towards the end of the 20th century, and emerged as a global implementation 
plan as a result of the international treaties signed in the 1990s.  
 
The understanding of sustainable development suggests that sustainability is the common ground in the 
economic and social development goals of countries. This common goal, which also embraces the future, 
is aimed at ensuring that everyone's basic needs and expectations for a better life are met. Implementing 
a development strategy that lacks a well-established relationship between the environment and 
socioeconomic development may meet current needs, but may also endanger the fulfillment of the basic 
needs of people in the future, as the limit beyond which growth will lead to environmental disasters is 
not certain, and environmental degradation is often irreversible.  
 
Hence, the basic rationale behind sustainable development involves evaluating the interaction of 
economic and social structures with the environment in a holistic way, and ensuring that current and 
future generations benefit from the opportunities provided by development in an equitable way. Past 
experience better highlights the importance of this approach. 
 
Ref: http://www.surdurulebilirkalkinma.gov.tr/temel-tanimlar/  
 

 
 
Universities have always played an important role in the evolution of social, economic and political life. 
Their significant position at national and global levels make them one of the key factors in the 
achievement of sustainable development at different scales and in all of its dimensions. This increases 
environmental and social responsibilities both on and off campus.  
 
Education and training are the most important tools in the fulfillment of these comprehensive 
responsibilities. Universities are expected to be innovation centers of sustainable development due to 
their education, training, research and knowledge transfer functions.  
 
In this context, sustainable green university campuses come to prominence. One of the international 
concepts that pioneered the concept of green university campuses was the concept of green 
development/growth (See Box 2). 
 

BOX 2: What is Green Development/Growth? 
 

 
Recent economic crises and environmental and economic problems such as 
climate change have led to the emergence of concepts such as green growth, 
green economy, low-carbon economy, and sustainable production and 
consumption within the framework of sustainable development.  
 

International organizations such as the OECD27 and UNEP28 define 
the concept of “green growth” or “green economy” as an understanding that 
prioritizes investments in and the consumption of goods and services that 
contribute to environmental improvements. From this perspective, it is 
thought that green development can contribute to economic development, 

income growth, employment and poverty reduction while contributing to environmental sustainability. 
By demonstrating the benefits to be provided by environment-friendly investments more clearly, the 
reluctance that may arise especially after economic crises can be dispelled.  
 
The European Union, on the other hand, argues that the green economy is closely related to sustainable 
production and consumption, energy efficiency, the use of renewable energy and the creation of new job 

 
27The Organisation for Economic Cooperation and Development 
28 United Nations Environment Program 

http://www.surdurulebilirkalkinma.gov.tr/temel-tanimlar/
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opportunities as a means of increasing human welfare. In general, however, coverage of the concept of 
green economy is not clearly defined and there is no agreed definition. Hence, countries use their own 
specific definitions within the framework of their specific conditions. 
 
Ref: http://www.surdurulebilirkalkinma.gov.tr/temel-tanimlar/  
 

 
Designing sustainable 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, requiring infrastructural, managerial and operational thinking, and one of the first guiding 
tools is the Sustainable/Green Universities Declaration (See Box 3).  

 
BOX 3: What is the Sustainable/Green Universities Declaration (Tallories 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. It has been one of the major 
pillars in the drive toward sustainable universities. Today, more 
than 500 universities in over 50 countries have signed the 
Declaration, which states that higher education institutions will 
be pioneers in maintaining 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: 
 

• Using every opportunity to raise public, government, industry, foundation and university 
awareness by openly addressing the urgent need to move toward an environmentally sustainable 
future; 

 

• Encouraging all universities to engage in education, research, policy formation and information 
exchange regarding the population, environment and development so as to move toward global 
sustainability; 

 

• Establishing programs for the production of expertise in environmental management, 
sustainable economic development, population and other related fields to ensure all university 
graduates are environmentally literate and have the awareness and understanding to be 
ecologically responsible citizens; 

 

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

 

• Setting an example of environmental responsibility by establishing institutional ecology policies 
and practices of resource conservation, recycling, waste reduction, and environmentally sound 
operations; 

 

• Encouraging the involvement of civil society in the development of solutions to environmental 
problems; 

 

• Establishing partnerships with primary and secondary schools to help develop the capacity for 
interdisciplinary teaching related to the population, environment and sustainable development. 

 
Ref: http://ulsf.org/talloires-declaration/  

http://www.surdurulebilirkalkinma.gov.tr/temel-tanimlar/
http://ulsf.org/talloires-declaration/
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2.2. Green Campus Design 

 
Despite their active role in finding solutions to environmental problems and raising social awareness, 
universities, like many institutions, put pressure on the environment, whether directly or indirectly. 
Their special position makes sustainable campus design even more important.  
 
Based on this understanding, “sustainable university campus” designs and applications that use 
environment-friendly and energy-efficient methods that aim to provide social and economic 
development to the city in which they are located, in addition to the development of university personnel 
and students, are becoming widespread around the world.  
 
Sustainable green campuses play an important role in reducing energy consumption and emissions, 
improving waste management, working with different units on and off campus, and using sustainable 
methods in technology production. The green campus approach is depicted in Figure 1. 
 
The implementation of sustainability criteria on university campuses provides economic gains in terms 
of water- and energy-efficient designs, where rainwater and wastewater are reused and energy efficiency 
is increased; physical gains through green buildings and renewable energy-oriented designs, in which air 
quality and comfort features are increased within buildings and on and around the campus; and social 
gains through healthy society-oriented designs that prevent environmental pollution and mitigate the 
negative effects of climate change. In this process, a successful campus development is possible through 
the adoption of integrated approaches. 
 
 

 (a) 
 

 
 

 

(b) 
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Figure 1. (a) Clean energy campus approach, (b) Green campus approach. 
 

BOX 4: What are the Organizational Greenhouse Gas Emission Categories of the GHG 
(Greenhouse Gas) Emissions Protocol? 
 

 
Scope 1 – Direct greenhouse gas emissions: Referring to emissions from all fixed and mobile combustion 
systems owned or directly controlled by organizations. All owned and leased assets are included within 
these sources. The limit of the scope is all emission sources that can be controlled.  
 
Scope 2 – Indirect energy greenhouse gas emissions: Emissions from purchased energy fall into this 
class. This source includes the mains electricity used and the steam and/or hot water purchased for 
heating/cooling and processing purposes.  
 
Scope 3 – Other indirect greenhouse gas emissions: Excluding greenhouse gas emissions resulting from 
the activities of the organization and arising directly from the use of energy, but including emissions 
under the control of the organization. These emissions may result from the firm's supply chain or sales 
and consumer activities, employee travels or sub-contractor activities. 
 
Other aspects that need to be taken into account with calculations: 
 

• The GHG Protocol requires the calculation of scopes 1 and 2. The calculation of emissions under 
scope 3 is optional.  
 

• The GHG protocol includes the following six (6) greenhouse gases covered by the Kyoto 
Protocol: Carbon Dioxide (CO2), Methane (CH4), Nitrous Oxide (N2O), Hydrofluorocarbons 
(HFCs), Perfluorocarbons (PFCs) and Sulfur Hexafluoride (SF6).  

 

• The impact of all greenhouse gases is measured in CO2 equivalent. CO2 equivalent shows how 
many times more heat retention capacity greenhouse gases other than CO2 have when compared 
to the same amount of CO2. 

 

 
 
The sustainability of universities is defined in terms of the “ecological friendliness of the activities, their 
social and cultural fairness and their economic vitality.” In general terms, the principles of sustainable 
development on university campuses include the following: 
 

• Determining social, ethical and environmental responsibilities clearly, and ensuring their integrity in 
the context of the vision, mission and management of the institution; 
 

• The integrity of social, economic and environmental sustainability throughout the education system, 
critical thinking and commitment to interdisciplinary relations; 

 

• Dedication to sustainability research, and consideration of the components of sustainability in all 
studies; 

 

• Reaching out to wider segments of society by collaborating with other educational institutions, 
administrative units, non-governmental organizations and industrial organizations; 

 

• Campus planning, design, development and management to achieve the zero carbon/water/waste 
target in the context of local characteristics; 
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• Developing policies and practices that will strengthen quality of life, equality and diversity for the 
benefit of society, students and employees; 

 

• Ensuring the active participation of students in the efforts to learn about the environment on 
campuses, as living laboratories; 

 

• Supporting cultural diversity and inclusiveness; 
 

• Supporting cooperation between universities on a national and international scale. 
 

The holistic approach mentioned above is depicted in Figure 2.  
 
To achieve sustainable development, strong strategies are needed to support the process of change. In 
order to develop these strategies, it is necessary to understand the obstacles and guides well, to stick to 
the goals, and to develop a vision that will enable universities and society to attain these goals.  
 
Institutional change processes are often characterized by top-down or bottom-up models, although the 
best strategies often involve a combination of the two. Looking at this from the perspective of 
universities, it is seen that the leadership of the senior management is indispensable, although 
employees and student movements also play an important role in the process.  
 
Sustainable development is based on cultural values. In this regard, although the bottom-up approach is 
key to the transition to corporate sustainability, it cannot attain the goal alone. Likewise, the top-down 
approach will contradict the semi-autonomous nature of universities, and the implementation of 
centralized approaches alone will make it difficult to put successful practices into effect.  
 
Successful development is possible when all groups share a common vision and foresight, and work to 
achieve success. Workshops, seminars and surveys are ideal for encouraging the involvement of the 
university and local communities in the vision-building process for their city's future. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
-26- 

 
 

 

 
Figure 2. A model diagram of a holistic approach to sustainability in universities. 
 

 
 

Table 1. Conceptual Dimensions of Sustainable/Green Campus29 
 

Conceptual 
Dimension   

Brief Description  

 
Social   

 
The social dimension of sustainability should be evaluated in two stages, both 
internally and externally, addressing both the formal and informal structures within 
the university itself, and the relationship of the university with the society outside the 
campus.  
 
Internally, the key issue is to ensure that the support of students, academicians, 
operators, senior executives and other relevant groups is combined within the 
framework of a common vision.  
 
First of all, universities need to assess the adequacy of the resources available for 
necessary implementations, the effectiveness of its finances, human resources, 
management and links with the outside, whether it is open and transparent for 
everyone, and the priority given to education and training. The answers to these 
questions will serve as an important checklist for sustainable development. 
  

 
Economic 

 
Universities are the primary employer, investor and consumer in their immediate 
environments. Direct or indirect support of local job opportunities, sustainable 
investments and green production strategies will make a significant contribution to 
extending sustainability across the entire supply chain. The fact that resources are 
decreasing and limited, however, is one of the major economic challenges in the 
process.  
 
Investments in the operation of sustainable partnerships and the management of key 
resources and materials that can protect capital in the future, such as energy and 

 
29 S. Ö. Oktaya and P. Ö. Küçükyağcı, Review of Sustainable Design Processes on University Campuses, 2nd 
International Sustainable Buildings Symposium (ISBS 2015), May 28-30, 2015, Turkey 
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water, are gaining importance.  
 
Each university has a unique lifecycle, and the local characteristics on which they 
depend differ. Hence, universities need to create a framework that is suitable for their 
own conditions. 

 
Environmental 

 
Universities are micro-universes of environmental problems. The reason for this is 
that university communities face all environmental problems, from greenhouse gas 
emissions to noise pollution. In this respect, a university depends on the location in 
which it is situated for all spatial planning, management, growth and development, 
and the fulfillment of the needs of the city.  
 
Factors such as finance, production, procurement and human resources all depend on 
these components. For this reason, although the main goal of universities is to provide 
education, research and access to society, they also have important responsibilities 
toward resource consumption, carbon emissions, waste generation and pollution of 
the settlement to which they are connected.  
 
The main challenge, however, is to clearly define the negative effects that universities 
have on the environment when carrying out their activities, as well as the activities 
that give rise to these effects. In other words, environmental parameters such as 
energy, carbon, climate change, water, waste and biodiversity, and managerial 
parameters such as campus design and development, offices, laboratories, information 
technologies and access are all key areas of intervention. 
  

 

BOX 5: What is the “UNEP Greening Universities Toolkit30”? 
 

 
The UNEP published a toolkit that provides support to universities in the development and 
implementation of their own transformation strategies for the development of green, resource-efficient 
and low-carbon campuses. Its focus is on the sustainable planning, design, development and 
management of university campuses. The toolkit further aims to increase the sustainability performance 
of universities on the global platform. It identified the following four main categories for short-term and 
long-term goals:  
 

• Energy, carbon and climate change; 

• Water consumption; 

• Land use - campus ecology, planning, design and development; 

• Material flows - procurement, pollution, toxicity, waste disposal and recovery 
 
Ref: 
http://wedocs.unep.org/bitstream/handle/20.500.11822/11964/Greening%20University%20Toolkit%2
0V2.0.pdf?sequence=1&isAllowed=y  
 

 
 

BOX 6: What is the “International Sustainable Campus Charter31”? 
 

 
The International Sustainable Campus Network (ISCN) is a global forum supporting the exchange of 
knowledge, ideas and experiences between universities, partner campuses and colleges, aiming at putting 

 
30 UNEP, Greening Universities Toolkit V2.0, 2014. 
31 ISCN, Implementation Guidelines to the ISCN-GULF Sustainable Campus Charter, 2010. 

http://wedocs.unep.org/bitstream/handle/20.500.11822/11964/Greening%20University%20Toolkit%20V2.0.pdf?sequence=1&isAllowed=y
http://wedocs.unep.org/bitstream/handle/20.500.11822/11964/Greening%20University%20Toolkit%20V2.0.pdf?sequence=1&isAllowed=y
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sustainable campus practices into effect, and aims to ensure continuity in the development of all 
components of sustainability through learning and innovation. 
 
In 2010, the ISCN and the Global University Leader Forum (GULF) prepared a Sustainable Campus 
Charter, creating a general framework through which universities could set their own priorities and goals 
in the process of designing sustainable campuses. 
 
With its integrative feature, the following three basic principles were defined to comprehensively address 
sustainability within the framework of the charter: 
 

• Buildings and their sustainability impacts  

• Campus-wide planning and target setting  

• Integration of research, teaching, facilities and outreach 
 
Organizations that sign the Charter commit to the implementation of these three principles, set their 
own concrete and measurable targets under each principle, and report regularly to the ISCN on their 
initiatives and performance in campus sustainability. 
 
Ref: 
http://bildungskoalition.ch/media/medialibrary/2012/02/ISCNGULF_Charter_Guidelines_20101027.
pdf  
 

 
 
Today, universities participate in the efforts toward becoming a green/sustainable campus and university 
through different approaches and in separate stages. Although there is no standard approach or model in 
this regard, there are conceptual models that cover similar parameters and indicators. An exemplary 
conceptual model32 is depicted in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
32 S.A. Günerhan, H. Günerhan, Türkiye İçin Sürdürülebilir Üniversite Modeli, Mühendis ve Makina, cilt 57, sayı 
682, p. 54-62. 

http://bildungskoalition.ch/media/medialibrary/2012/02/ISCNGULF_Charter_Guidelines_20101027.pdf
http://bildungskoalition.ch/media/medialibrary/2012/02/ISCNGULF_Charter_Guidelines_20101027.pdf
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Figure 3. An exemplary model for the sustainable/green university design process and parameters6 
 
 
The priority topics and strategies of a case study carried out to create a sustainable/green university (for 
Gebze Technical University Çayırova Campus) on the basis of UNEP and ISCN guidelines are given in 
Table 2.   

 
Table 2. Case Study33 (Gebze Technical University, Çayırova Campus) 

 

Priority Topics Priority Targets 

3. 1) Land Use and 
Biodiversity 

Ensure the reuse of land and structures; protect the landscape and 
biodiversity 
 

4. 2. Master Planning Prepare a campus-wide master plan 

 
33 S. Ö. Oktaya and P. Ö. Küçükyağcı, Review of Sustainable Design Process in University Campuses, 2nd 
International Sustainable Buildings Symposium (ISBS 2015), 

SUSTAINABLE UNIVERSITY 

Sustainability Vision 

A unique sustainability perspective 

Mission 
Internalizing the sustainable university concept 

Sustainability Office 

Coordination 

Sustainability Committee 

Setting policies, goals and objectives, providing resources 

Strategies 

Education Research Community outreach and collaborations 

 • Undergraduate and graduate 
courses and certificate programs 

• Conferences, seminars, workshops 

• Distance learning 

• Classrooms, laboratories 

• Other... 

• Interdisciplinary studies on 
environmental, social and economic 
issues 

• Global climate change 

• Pollution prevention 

• Waste reduction 

• Environment and occupational health 

• Environmental law 

• Renewable energy 

• Environmental economics 
• Regional development 
• Poverty 

• Other... 

 

•• Campus staff and students 

• Graduates 

• Collaborations (public institutions, 
private sector, non-governmental 
organizations, associations, etc.) 

• Awareness-raising 

• Community projects 

• Equality 

• Outreach to disadvantaged 
segments 

• Other... 
 

Sustainability on Campus 

 Climate change mitigation and 
adaptation 

• Energy efficiency 

• Water efficiency 

• Clean transportation 

• Waste management 
• Nature conservation and 
improvement 
• Occupational health and safety 

• Resource conservation 

• Pollution prevention 

• Green buildings 
• Utilization of organic waste 

• Procurement processes 
• Equality 

• Disabled people 

• Other... 
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5. 3. Structure Design 
 

Implement applied and researched sustainable building standards, 
provide flexibility in long-term use, ensure the integrity of the 
landscape in building design, calculate lifecycle costs 
 

6. 4. Use of Resources 
 

Reduce energy use; increase indoor air quality; ensure stakeholder 
participation in planning; reduce water use; design open access spaces 
for interaction; energy and water savings; sustainability of all procured 
products/materials 
 

7. 5. Research and 
Information 
Technology (IT) 

 

Reduce energy use in laboratory/IT; reduce chemical consumption; 
reduce hazardous waste from research/IT 

8. 6. Carbon Targets Reduce greenhouse gas emissions 
 

9. 7. Responsibilities for 
Sustainability on 
Campus 

 

Develop sustainability policies that integrate academicians in 
operational issues throughout the institution; awareness of external 
sustainability principles or initiatives 

 

10. 8. Waste, Recycling and 
Local Emissions 

 

Ensure recycling of solid wastes; waste savings; reduce the effects of 
emissions on local air pollution 

11. 9. Food 
 

Reduce non-compliance with environmental regulations; reduce the 
environmental impact of the food supply chain; provide fair sources of 
commercial food  
 

12. 10. Users Increase the access of disabled people; improve indoor air quality; 
ensure the participation of stakeholders in planning 
 

13. 11. Transport Conduct traffic analyses; improve bicycle/electric-bike and pedestrian 
access; reduce the average round-trip distance or energy consumed per 
user; provide the integration of urban mobility into planning 

14. 12. Local Integration Carry out programs and projects linked to services, research and 
education; increase interdisciplinary courses and/or research topics 

15. 13. Social Integration Produce programs and projects based on cooperation among the 
campus users and industry, government and/or non-governmental 
organizations; develop programs for student interaction and social 
cohesion on the campus; develop participatory and project-based 
programs 

14. Social Inclusion and 
Protection 

Increase access to education; design open access spaces for interaction; 
increase access to services and commerce; ensure the integrity of the 
landscape in building design; provide safe and healthy working 
conditions 

 

2.3. Green Campus Management and Applications 

 
The main criteria associate with sustainable green (ecological) campus management are depicted in 
Figure 4. 
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Under the heading of Energy and Climate Change are sub-criteria such as renewable energy 
applications (solar panels, wind power, etc.), use of energy-saving LED lamps, insulation of buildings for 
heat and energy saving purposes, presence of a sample green building on the campus.  
 
Under the heading of Waste Management are recycling of waste, reuse of solid and liquid wastes, 
incentives and implementation methods.  
 
Under the heading of Water Management are gray rainwater practices, policies to reduce water use, 
etc.  
 
Under the heading of Sustainable Transportation are technologies and policies that reduce carbon 
emissions on the campus.  
 
The criterion Sustainable Education includes such sub-criteria as the responsibilities of university 
students and staff towards the environment and nature, the existence of environmental clubs, nature 
tours, sustainability of congresses and events, etc.  
 
Finally, planting trees and shrubs on the campus under the heading of Environment and Landscape 
Management is a must for an ecological campus. Planting trees on the campus, presence of endemic 
plant and animal species, landscaping applications and environmental arrangements are included within 
this scope. 
 

 

 
 

 
Figure 4. Main criteria for sustainable/green campus management34 
 
 
 
 
 
 
 
 

 
 

34S. K. Kaya et al., Türkiye’deki devlet ve vakıf üniversite kampüslerinin sürdürülebilir-ekolojik parametreleri 
açısından karsılastırılması, BAUN Fen Bil. Enst. Dergisi, 21(1), 106-125, (2019) 
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Sample application 135: Fudan University (Shanghai, China): Consumption can be monitored and 
controlled instantly via the total 253 smart water meters and 11,453 smart electric meters on the 
campus. 
 

 
 

 
 

 
Sample application 28: Cept University (India): A near zero-energy building on the campus (Floor 
area 80 m2, Total closed area 240 m2). 
 

 
35 UNEP, Greening Universities Toolkit V2.0, 2014. 
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Sample application 336: Middle East Technical University (Turkey): Protection of the forest and 
lake areas on the campus and the reduction of electricity consumption for air conditioning in summer 
as a result of this ecosystem (approximately 3,800 hectares of forest area and 500 hectares of lake 
area).  
 

 
 

 
 

 
Sample application 4: Maharishi International University (Iowa, US): A carbon-neutral and positive energy 
building with a closed area of 650 m2 within the campus (annual carbon emissions are balanced and the building 
generates approximately 33% more energy than it consumes).  
 

 
36 Ref: UNEP, Greening Universities Toolkit V2.0, 2014. 
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Sample application 537: Boğaziçi University (Turkey) Under the Bizero project, electric bicycles are 
used for transportation between the campuses. Electric bicycles can be easily rented via a mobile 
application from stations next to the library on the North Campus and the cash machines on the 
South Campus, without a deposit.  
 

 
 

  
 

 
Sample application 638: Zonguldak Bülent Ecevit University (Turkey): All kinds of waste are 
collected and recycled in different ways within the campus. 

 
37  https://bizero.bike  
38  http://cdn2.beun.edu.tr/greenmetrics/4a2c813302482d73083d2034f44846f9/greenmetric-surdurulebilirlik- 
raporu-04.11.2019.pdf  

https://bizero.bike/
http://cdn2.beun.edu.tr/greenmetrics/4a2c813302482d73083d2034f44846f9/greenmetric-surdurulebilirlik-%20raporu-04.11.2019.pdf
http://cdn2.beun.edu.tr/greenmetrics/4a2c813302482d73083d2034f44846f9/greenmetric-surdurulebilirlik-%20raporu-04.11.2019.pdf
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Sample application 739: University of Copenhagen (Denmark): The “Green Campus Office“, 
designed and built by the University, serves the students as Denmark's first carbon-neutral building. 
 

 
39 https://www.buildup.eu/en/practices/cases/green-lighthouse-denmarks-first-public-carbon-neutral-building  

https://www.buildup.eu/en/practices/cases/green-lighthouse-denmarks-first-public-carbon-neutral-building
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2.4. Green Campus Certification / Rating Systems  

While the academic studies, research and teaching levels of universities have been evaluated by various 
research institutions for accreditation and certification purposes for years, the evaluation of studies on 
environmental issues is relatively new.  
 
There is no green campus certification system that evaluates the entire integrated physical infrastructure 
of university campuses, consisting of educational buildings, laboratories, buildings providing cultural, 
social, sports and healthcare services, library buildings and even hospital buildings40. However, there are 
many “Green Building Certification“ systems in which buildings of different typologies within the 
campus are certified individually.  
 
Green building certification is widely used throughout the world, especially in Europe. Green buildings, 
which are environment-friendly and use ecological materials, generate their own energy, thereby 
protecting nature and providing a comfortable life. Today, green building certification systems have been 
developed to demonstrate green building practices objectively and concretely. These systems aim to 
develop a holistic and environment-friendly building design method by defining the criteria for green 
buildings (See Box 7).  
 

BOX 7: What are the Widely Known Green Building Certification Systems? 
 

 
The most widely used green certification systems applied in different countries are listed below: 
 

• LEED (Leadership in Energy and Environmental Design) 
  

• BREEAM (Building Research Establishment Environmental Assessment Method) 
 

• GREENSTAR (created by the Australian Green Building Council based on LEED and BREEAM 
criteria) 

 

• GBC (Green Building Challenge) 
  

• BEES (Building for Environmental and Economic Sustainability) 
 

• SBtool (Sustainable Building Tool-Canada) 
  

• ASHRAE BEQ (Building Energy Quotient) 
 

• CASBEE (Japanese government-sponsored certificate) 
 
Among the systems listed above, LEED and BREEAM are the most well known, most widely used and 
most detailed “green” building certification systems for the construction and recognition of Green 
Buildings in the world.  For the recognition of green buildings under both systems, a list of criteria that 
require scoring has been created.  
 

  
Apart from buildings, campus life also has other complex dynamics such as environmental lighting, 
intra-campus transportation and material flows. More importantly, there is a large human population 

 
40 The closest integrated certification system is the LEED-NC system of the LEED (Leadership in Energy and 
Environmental Design) program run by the U.S. Green Building Council, which considers multiple buildings on the 
same campus (https://s3.amazonaws.com/legacy.usgbc.org/usgbc/docs/Archive/ General/Docs10486.pdf).  

https://s3.amazonaws.com/legacy.usgbc.org/usgbc/docs/Archive/General/Docs10486.pdf
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consisting of students, academics and administrative staff, who are internal stakeholders of education, 
research and management services, as required by the mission of universities.  
 
The use of “green rating / ranking“ systems that consider all dynamics together is more common than 
evaluation of campuses only by taking into consideration physical conditions.  
 
In this context, the Sustainability Tracking, Assessment and Rating System/STARS41, University Green 
League (UGL)42 and Green Metric43 are examples of the most widely known systems.  
 
Among these systems, STARS covers mainly US, Canadian and Mexican universities (see Box 8), whereas 
UGL predominantly covers English, Scottish and Irish universities (see Box 9).  
 
Furthermore, the interest in the “UI GreenMetric“ index, which was implemented in 2010 by the 
University of Indonesia (UI), is growing day by day all over the world, including in Turkish Universities. 
For example, 95 universities from 35 countries on four continents (18 from America, 35 from Europe, 40 
from Asia and two from Australia) participated in the 2010 version of UI GreenMetric. In 2016, 515 
universities from 75 countries, representing all continents, participated. In 2019, the number of 
participating universities reached 77944. These numbers are an indication that UI GreenMetric is the 
most popular ranking system for sustainability in the world.  
 

BOX 8: Rankings of the top 10 universities according to the most recent evaluation (July 
2020) in the STARS system  
 

 
 

 
 

Ref: https://reports.aashe.org/institutions/participants-and-reports/?sort=rating  
 

 
 

BOX 9: Rankings of the top 10 universities according to the most recent evaluation (2019) 
in the UGL rating system 
 

 
41 https://reports.aashe.org/institutions/participants-and-reports/?sort=rating  
42 https://peopleandplanet.org/university-league  
43 http://greenmetric.ui.ac.id  
44 http://greenmetric.ui.ac.id/participant-2019/  

https://reports.aashe.org/institutions/participants-and-reports/?sort=rating
https://reports.aashe.org/institutions/participants-and-reports/?sort=rating
https://peopleandplanet.org/university-league
http://greenmetric.ui.ac.id/
http://greenmetric.ui.ac.id/participant-2019/
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Ref: https://peopleandplanet.org/university-league  
 

 
Three key elements of environmental sustainability are taken into consideration in the UI GreenMetric 
system: environmental, economic and social45 (see Figure 5).  
 

 

 
 

 
Figure 5. Main criteria for sustainable/green campus management18 
 
Evaluation criteria are grouped under six main categories, which are assigned percentage values depending on their degree of 
importance. The main categories and their degree of importance are Setting and infrastructure (15%), Energy and climate change 
(21%), Waste (18%), Water (10%), Transportation (18%) and Education (18%). The scoring parameter details are given in Table 3. 

Table 3. Major categories, sub-parameters and degrees of importance in the UI GreenMetric system46 

 
45 http://cdn2.beun.edu.tr/greenmetrics/3b56d86d257198d1eef6a5501dab2ad9/ui-greenmetric-guideline--2018-
turkce.pdf  
46 A. Benliay, N. B. Gezer, PEYZAJ - Eğitim, Bilim, Kültür ve Sanat Dergisi, cilt 2, pp.40-49, 2019. 

Environment 

Economy Social 

• Profit 

• Cost reduction 

• Education 

• Society 

• Social participation 

• Use of natural resources 

• Environmental management 

• Pollution prevention 

https://peopleandplanet.org/university-league
http://cdn2.beun.edu.tr/greenmetrics/3b56d86d257198d1eef6a5501dab2ad9/ui-greenmetric-guideline--2018-turkce.pdf
http://cdn2.beun.edu.tr/greenmetrics/3b56d86d257198d1eef6a5501dab2ad9/ui-greenmetric-guideline--2018-turkce.pdf
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CATEGORY (%) SCORE 
S

et
ti

n
g

 a
n

d
 I

n
fr

a
st

ru
ct

u
re

  

(1
5

%
) 

B1 Outdoor / Total Surface Area 3% 300 

1,500 

B2 Outdoor / Campus Population 3% 300 

B3 Campus Area Covered by Forest Vegetation 2%  200 

B4 Campus Area Covered by Planted Vegetation 2%  200 

B5 Campus Area Covered by Water Bodies 3% 300 

B6 Percentage of University Budget Allocated for Sustainability Efforts 2%  200 

E
n

er
g

y
 a

n
d

 C
li

m
a

te
 C

h
a

n
g

e 
 

(2
1%

) 

B7 Use of Energy-efficient Appliances 2%  200 

2,100 

B8 Smart Building Implementation 3% 300 

B9 Number of Renewable Energy Sources on Campus 3% 300 

B10 Total Electricity Use Divided by Total Campus Population 3% 300 

B11 Ratio of Renewable Energy Production to Total Energy Use 2%  200 

B12 Green Building Implementation 3% 300 

B13 Greenhouse Gas Emission Reduction Program 2%  200 

B14 Total Carbon Footprint Divided by Total Campus Population 3% 300 

W
a

st
e 

 

(1
8

%
) 

B15 Program to Reduce the Use of Paper and Plastic on Campus  3% 300 

1,800 

B16 Recycling Program for University's Waste 3% 300 

B17 Toxic Waste Treatment 3% 300 

B18 Organic Waste Treatment 3% 300 

B19 Inorganic Waste Treatment 3% 300 

B20 Sewage Disposal 3% 300 

W
a

te
r 

(1
0

%
) 

B21 Water Conservation Program 3% 300 

1,000 
B22 Water Recycling Program 3% 300 

B23 Use of Water-efficient Appliances 2%  200 

B24 Consumption of Treated Water 2%  200 

T
ra

n
sp

o
rt

  

(1
6

%
) 

B25 Ratio of Vehicles to Total Campus Population 2%  200 

1,600 

B26 Ratio of Transfer Services to Total Campus Population 2%  200 

B27 Ratio of Vehicles to Total Campus Population 2%  200 

B28 Number of Initiatives to Decrease Private Vehicles on Campus 2%  200 

B29 
Program to Limit or Decrease the Parking Area on Campus for the Last 3 
Years 

2%  200 

B30 Shuttle Services 3% 300 

B31 Pedestrian and Bicycle Policy on Campus  3% 300 

E
d

u
ca

ti
o

n
  

(1
8

%
) 

B32 Ratio of Sustainability Courses to Total Courses/Modules 3% 300 

1,800 

B33 Ratio of Sustainability Research Funding to Total Research Funding 3% 300 

B34 Number of Scholarly Publications on Sustainability 3% 300 

B35 Number of Events Related to Sustainability 3% 300 

B36 Number of Student Organizations Related to Sustainability 3% 300 

B37 University-run Sustainability Website 3% 300 

Total 100% 10,000 
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BOX 10: Rankings of the top five universities according to the most recent (2019) UI 
GreenMetric rating system evaluation  
 

 

 
 

Ref: http://greenmetric.ui.ac.id/overall-rankings-2019/  
 

 
 

BOX 10: Rankings of the top five Turkish universities according to the most recent 
(2019) UI GreenMetric rating system evaluation  
 

 

 
 

Ref: http://greenmetric.ui.ac.id/country-list2019/?country=Turkey  
 

 
 
 

http://greenmetric.ui.ac.id/overall-rankings-2019/
http://greenmetric.ui.ac.id/country-list2019/?country=Turkey
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Key Note 1: State and Foundation Universities in 
Turkey Make Significant Progress in 

Green/Sustainable Campus Implementation 
Sustainable/ecological applications have gained momentum on the campuses of the rapidly increasing 
universities in our country.  
 
A study was carried out evaluating47 five State Universities (Boğaziçi, Bülent Ecevit, Karabük, İstanbul 
Teknik, Ege) and five Foundation Universities (Özyeğin, Yeditepe, Bahçeşehir, Bilgi and Bilkent) in 
Turkey.  
 
The evaluation considered the parameters of “Energy Management“, “Sustainable Transportation“, 
“Waste Utilization“, “Water Management“, “Environment and Landscape Management“ and 
“Sustainable Education“, the results of which are summarized in the table below: 

 

 

 

 

 

End of key note 

 
47 Kayapınar Kaya S, Dal M, Aşkın A (2019) Türkiye’deki Devlet ve Vakıf Üniversite Kampüslerinin Sürdürülebilir - 
Ekolojik Parametreleri Açısından Karşılaştırılması, BAUN Fen Bilimleri Enstitüsü Dergisi, 21(1), 106-125. 

 

  State Universities  Foundation Universities 
 Boğaziçi  Bülent Ecevit  Ege  Karabük  İTÜ  Bahçeşehir  Bilgi  Bilkent  Özyeğin  Yeditepe 

Energy and Climate Change  
Green building implementation 
Solar panels on campus  
LED lighting system  
Wind power terminals  
Biogas power  
Building insulation 

✓ 

✓ 

✓ 

✓ 
 

✓ 

 
 

✓ 
 
 

✓ 

 
 

✓ 

✓ 
 

✓ 

 
 

✓ 
 

✓ 

✓ 

 
 

✓ 
 
 

✓ 

 
 

✓ 
 
 

✓ 

✓ 
 

✓ 
 
 

✓ 

 
 

✓ 
 
 

✓ 

✓ 
 

✓ 
 
 

✓ 

 

✓ 

✓ 
 
 

✓ 

Waste Utilization  
Recycling boards 
Wastewater treatment program 
Own recycling facility 
Arrangements for recycling of hazardous waste 
Incentives and practices to reduce the use of paper and plastic 
Collection and reuse of electronic waste 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 
 
 

✓ 
 
 
 
 
 

✓ 

✓ 
 
 

✓ 
 

✓ 

✓ 
 
 
 
 

✓ 

✓ 

✓ 

✓ 
 
 

✓ 

✓ 
 
 
 
 

✓ 

✓ 
 
 
 
 

✓ 

✓ 

✓ 

✓ 
 
 

Water Management  
Recovery of rainwater  
Taps and sinks with sensors  
Development of water conservation program  
Drip irrigation or automatic irrigation system 

✓ 
 

✓ 
 

✓ 

✓ 

✓ 
 

 

✓ 

 

✓ 

✓ 

✓ 

✓ 
 

 

✓ 
✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 
 

✓ 
 

 
 

✓ 

✓ 

Sustainable Transportation  
Establishment of bike sheds  
Efforts to reduce the number of private vehicles  
Intra-campus transportation by electric vehicles  
Implementation of a policy limiting parking spaces 

✓ 
 
 
 

✓ 

✓ 
 

✓ 

 

✓ 

✓ 
 
 

✓ 

✓ 
 
 

  
✓ 
 

✓ 
 

 

Sustainable Education  
Courses related to environment and nature conservation  
Social responsibility clubs  
Holding environmental congresses, meetings and seminars  
Promotion of sustainability on the website  
Collaborative works with the TEMA Foundation, etc. 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

On-Campus Environment and Landscape Management  

Green spaces 
Protected areas for endemic plants and animals 
Sustainable landscaping 
Green roof system 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Result 22 22 16 15 17 11 16 15 15 15 

One of the key conclusions of the study was that there is a need for our universities to develop innovative 
practices involving public-industry-university collaborations rather than traditional practices on renewable 
energy and energy efficiency, and to formulate policies for the promotion of these practices on a national 
scale.  
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3   

CAMPUS ENERGY 

ANALYSIS 

3.1. Principles of Energy Analysis  
 

There are significant challenges to the conducting of holistic energy input-output analyses on university 
campuses. These challenges are associated with the presence of many single or combined buildings of 
different typologies, outdoor activities or services with different purposes (lighting, irrigation, treatment, 
etc.), laboratory/research activities in open and closed areas, and transportation systems operating at 
variable intensities on the campus.  
 
A diagram showing the energy components with which energy balance equations can be written more 
easily to overcome these challenges is presented in Figure 1.  
 

 

 
 

 

 
Figure 1.  Campus energy generation and consumption components. 
 
 

Campus energy inputs 

 
• Electricity 

• Natural gas  
• Liquid fuel 
• Solid fuel 
• Other 

On-campus self energy 
generation systems 

On-campus 
energy 
distribution 
systems  
 

On-campus self 
energy storage 
systems 

Campus geometric 
boundaries 

On-campus  

energy losses 

Campus energy consumption components 

• On-campus buildings 

• On-campus transportation 

• On-campus lighting 

• On-campus irrigation systems 

• On-campus water treatment system 

• Other on-campus energy consumption  
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ሼCampus Total Energy Supplyሽ  =  ሼCampus Total Energy Consumption (including lossesl)ሽ 

 

BOX 1: How to create Energy Analysis Equations? 
 

 
The basis of energy analysis is the First Law of Thermodynamics. In this context, energy balance 
equations are formed by applying the principle of “Conservation of Energy“ to systems with defined 
geometric boundaries.   
 
For example, the energy balance in the system shown schematically below can be expressed in the form 
of simple equations, taking into account the input, output and energy generated in the system: 
 

 
 
a) Instantaneous Energy Conservation (at any time 't') 
 
Instantaneous system energy = (Input E.) – (Output E.) + (Generated E.) 

ürçg
sis

sis EEE
dt

dE
E  +−== ………………………..(kW, MW or GW) 

 

b) Conservation of energy over a period of time (for any period of time t ) 

 
Change in system energy = (Input E.) – (Output E.) + (Generated E.) 

ürçgst EEEE +−= ……………………………………(kJ, MJ or GJ) 

 
It is a standard approach to express equations in such general forms for singular systems with closed 
boundaries and no mass input and output. However, in campus applications consisting of a large 
number of single consumer systems (building, laboratory, outdoor lighting, etc.) and a single 
generation/storage system for partial support, there will be no energy storage covering the entire system. 
Hence, the terms “system energy” or “change in system energy” will be removed from the equation, and 
the balance between total energy supply and total energy consumption (including losses) will be 
observed for the energy balance.  
 
Ref: https://www.academia.edu/37660381/Termodinamik_Thermodynamics_   
 

 
 
All campus elements that affect energy generation and consumption and the types of energy needed are 
presented in Figure 1. The conceptual energy balance equation for a whole/integrated campus in 
accordance with the First Law of Thermodynamics (See Box 1) is given below: 

 
 [1] 
 
 

The components constituting the balance can be expressed with the equation, as shown in Figure 1: 
 
  

https://www.academia.edu/37660381/Termodinamik_Thermodynamics_
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ሼOff − Campus Supplied Energyሽ  
+ 

ሼSelf Energy Produced on Campusሽ 
+ 

ሼEnergy From On − Campus Self Strorage Systemሽ 

=  
ሼUseful Energy Consumed on Campusሽ  

+  
ሼTotal Lost Energy on Campusሽ 

 

ሼTotal Energy Supplyሽ  ≥ ሼUseful Energy Consumedሽ 

Efficiency =  ሼUseful Energy Outputሽ / ሼTotal Energy Iሽ ≤ 1 

 
 
 
 [2] 
 
 
 
 
 
 
 
 
Aside from the equation for the calculation of energy balance, there is also a need for an indicator of 
energy utilization rate or efficiency. In accordance with the Second Law of Thermodynamics , the 
conceptual expression of this indicator is as follows48: 

 
 
 [3] 
 

  Conceptual efficiency in energy use/conversion can thus be calculated using the following equation: 
 
    
 [4] 
 

 
Energy Monitoring and Management System (EMMS)49 
 
Finding the direct equivalent of the simple form equations above is possible by monitoring the energy 
input and output within the campus. Today, advanced “Energy Monitoring and Management System 
(EMMS)“ solutions are used for this purpose, allowing the campus energy balance to be monitored 
instantly and the energy demand-supply balance to be managed without shortages.  
 
An EMMS allows its users to conduct comprehensive analyses and to present analytical results, it can 
work on the cloud or on servers, can monitor renewable energy systems, can be integrated with lighting, 
HVAC, etc., can generate reports compatible with the “ISO 50001 Energy Management System“, and can 
be operated with wired and wireless sensors.  
 
It also provides opportunities to reduce, control and manage energy consumption and reduce costs 
thanks to the communication between energy-consuming systems and devices (cloud server and IoT 
platforms). The possible effects of new developments and regulations in the energy market on energy 
costs can contribute to the pre-planning of potential risks to the energy supply-demand balance of the 
campus. 
 
Although detailed information on EMMS is given in the next section of this training note (“5.1. 
Smart/Sustainable Building/Lab Applications“), brief information on the requirements for use and 
benefits of such systems is presented in this section. 
 
Figure 2 shows the potential benefits that can be achieved on university campuses with a typical EMMS.     
 

 

 
48 https://www.academia.edu/37660381/Termodinamik_Thermodynamics_  
49 İbrahum Çakmanus, YEVDES Training Notes 

https://www.academia.edu/37660381/Termodinamik_Thermodynamics_
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Figure 2. Examples of potential benefits that can be achieved on campuses from EMMS. 
 
Energy Conversion: 
 
Energy sources do not always provide energy in the form that the user needs. Hence, “energy conversion 
devices/systems“ are used to convert energy into the form required by the user (e.g. electricity generation 
from coal). The energy conversion form and typical efficiency of some energy conversion devices are 
given in Table 1: 
 

Table 1. Typical Devices for Energy Conversion and their Efficiency Values 
 

Energy Conversion Device Energy Conversion Form   Typical 
Conversion 
Efficiency 

Electric heater  Electricity/Heat  100 

Hair Dryer  Electricity/Heat 100 

Power generator  Mechanical/Electrical  95 

Electric motor (large)  Electrical/Mechanical 90 

Battery  Chemical/Electrical  90 

Steam Boiler  Chemical/Heat  85 

Domestic gas oven  Chemical/Heat  85 

Domestic coal oven   Chemical/Heat 55 

Steam turbine Heat/Mechanical  45 

Gas turbine (aircraft)  Chemical/Mechanical  35 

Gas turbine (industrial)  Chemical/Mechanical  30 

Automobile engine  Chemical/Mechanical  25 

Fluorescent lamp  Electricity/Light  20 

Silicon solar cell Solar/Electrical  20 

Steam Locomotive  Chemical/Mechanical  10 

Incandescent Lamp  Electricity/Light 05 

 

Behavioral changes by staff and 

students and monitoring of illegal 

uses can save 7–12%.  

PV, solar collectors, etc. can be 

managed. 

Energy savings can be achieved by 
changing HVAC and boiler settings 
according to indoor/outdoor 
temperature and intensity of 
use. 

 

Consumption by classrooms, 
canteens, gyms, dormitories, 
etc. can be monitored to 
prevent unwanted situations. 

 

UPS and generators can prevent 
unwanted interruptions. 
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BOX 2: What are Heat Engines, Refrigerators and Heat Pumps? 
 

 
 

 
 

 

 

 

 

Heat Engine Refrigerator Heat Pump 
 

 
Heat engines are devices or cycles that can generate mechanical energy from thermal energy. In order 
to generate mechanical energy, heat is supplied from a high-temperature source and transferred to a 
low-temperature source. Since the useful energy output of the system is mechanical work W, and the 
total energy QH supplied to the system to do this work, system efficiency can be expressed as follows: 
 
Heat Engine Efficiency: W/QH ≤ 𝟏   
 
On the other hand, refrigerators need an external mechanical energy input to transfer the heat from 
the low-temperature source to be cooled to the high-temperature heat source. Since there is a 
mechanical energy input from outside to the refrigerator, Coefficient of Performance (COP) is used 
rather than efficiency.  Since the main useful energy output is the heat QL withdrawn from the 
environment by the refrigerator, and the mechanical energy W supplied to the system to achieve this 
effect:   
 
Refrigerator Coefficient of Performance: QL /W  ≥ 𝟏   
 
Although a heat pump cycle works on the same principle as a refrigerator cycle, the main purpose in 
these cycles is to provide a high-temperature environment with energy equal to the total work input 
into the system in addition to the heat drawn from the low-temperature source, that is, to provide 
heating. The coefficient of performance is used for heat pumps, and since the main purpose is to heat 
the high-temperature environment, 
 
Heat Pump Coefficient of Performance is calculated using the equation below: QH /W  ≥
𝟏   
 
  
 
    

 
 
 

Control Rods 

Reactor 

Hot Source (TH) 

Cold Sink (TL) 

Environment (TH) 

Environment to be 
cooled  (TL)  

Environment to be  
Heated (TH)  

Heat Source  
Soil - Water - Air 

(TL)  
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BOX 3: What are SI Unit System Principles and Energy/Power Units? 
 

 
The SI unit system can be divided into three parts: SI base units, SI derived units and SI auxiliary 
units.  
 
SI base units: 

Length  meter (m) 
Mass  kilogram (kg) 
Time second (s) 
Temperature  Kelvin (K) 
 

All physical quantities can be derived from these base units.  
 
Some examples of SI-derived units are given below: 

Speed m/s 
Acceleration m/s2 
Mass flow rate kg/s 
Volumetric flow rate m3/s 
Force  kg (m/s2) = Newton (N) 
Energy  N.m = Joule  (J) 
Power  J/s = Watt (W) 
Pressure  N/m2 = Pascal (Pa) 
Specific heat J/kgK 
Heat transmission coefficient W/mK 
Convective heat transfer coefficient W/m2K 

 
Auxiliary SI units are defined to cover the two angles below: 

Plane angle  Radian (rad) 
Solid angle                               Steradian 

 
SI prefixes (positive powers) 

Base 10    Prefix    Symbol 
 
1018     Exa    E 
1015     Peta     P 
1012     Tera    T 
109     Giga    G 
106     Mega    M 
103     Kilo    k 
102     Hecto    h 
101     Deca    da 

 
SI prefixes (negative powers) 

Base 10    Prefix    Symbol 
 
10-18     Atto    a 
10-15     Femto    f 
10-12     Pico    p 
10-9     Nano    n 
10-6     Micro                  μ 
10-3     Milli    m 
10-2     centi    cm 
10-1     Deci    d 
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BOX 4: Energy/Power Unit Conversions and Tons of Oil Equivalent (TEP) as an Energy 
Unit  
 

 
Energy and Power units are often confused in practical applications, and are mistakenly used 
interchangeably. A very brief analysis is presented below to show the main difference between the two:    

 
Energy/Power Units and Conversion Coefficients in the SI System 

 
Energy (Power x Time):  

1 J = 1Ws = 1 Nm = 
2

2

2
11

s

kgm
m

s

kgm
=  

 
 
 
Power (Energy / Time): 

1 W = 1 
3

22

2
1

1
11

s

mkg

s
m

s

kgm

s

Nm

s

J
===  

 
BTU: British Thermal Unit    
TOE: Tonnes of oil equivalent 
KTOE: Kilotonnes of oil equivalent  
HP: Horse Power 
   

 
 
1 kcal   = 4.1868 kJ   
1 kWh  = 3.6 MJ    
1 BTU  = 1.0551 k J 
1 TOE   = 41.9 GJ  
1 KTOE = 41.9 TJ  
 
 
1 kW      = 3.6 MJ/h 
1 kW      = 3,413 BTU/h 
1 kW      = 1.341 HP 
 

   
Conversion to TOE and Other Energy Units 

 
TOE (tonnes of oil equivalent) is widely used as an energy unit for the presentation of energy data on a 
national scale.  
 
1 TOE, which is equal to the energy obtained from burning 1 ton of oil, can also be used in the form of 
KTOE (thousand  TOE) or MTOE (million TOE), depending on the magnitude of values.  
 
The coefficients for its conversion to other energy units are given below: 
 
1000 Sm3 Natural gas : 0.825 TOE………… Sm3: Standard cubic meters (Temperature: 15 °C, Pressure: 
1.01325 bar) 
1000 Sm3 LPG               : 2.700 TOE……….. LPG: Liquefied petroleum gas 
 
1000 kWh: 1 MWh       : 0.086 TOE……….. Used in the conversion of electrical energy 
 
1 ton of coke                  : 0.720 TOE……… Lower calorific value of coke: 7,200 kcal/kg   
1 kg of hard coal           : 0.610 TOE……….. Lower calorific value of hard coal: 6,100 kcal/kg   
1 ton of lignite               : 0.110 TOE........... Lower calorific value of lignite (Elbistan): 1,100 kcal/kg   
 
1 ton of wood                : 0.300 TOE……….. Lower calorific value of wood: 3,000 kcal/kg   
 
1 ton of gasoline          : 1.040 TOE........... Lower calorific value of gasoline: 10,400 kcal/kg  
1 ton of gasoline          : 1.020 TOE………… Lower calorific value of diesel oil: 10,200 kcal/kg   
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3.2. Energy Analysis Tools (Flowcharts)  
 
An energy analysis is conducted to determine the energy input and output of a system. It gives numerical 
values about how much of the input energy is used for the designated purposes, and how much is 
discarded.  
 
Energy analyses are based on the determination of the amount of energy entering and leaving the 
system, and the establishment of balance between them. The first law of thermodynamics is taken into 
account at every step of the energy analysis.  
 
When starting an energy analysis, the energy entry and exit points are determined. Then, the amount of 
energy entering and leaving these points is calculated.  
 
The purpose is to find out the amount of energy actually used and consumed in the system50.  
 
This is carried out in two steps, as described below: 
 

• In the first step, the energy input points and the amount of energy entering through these points 
are determined. Since our aim is to reduce energy consumption, it is first necessary to determine 
how much energy enters through which point. To allow the reduction of energy consumption, it 
is important to determine the energy entry points and the amount of energy at these points. If we 
do not know how much energy we are inputting, we cannot make reductions or comparisons 
with similar systems. 

 

• In the second step, the energy output points and the amount of energy exiting these points is 
determined. In order to save energy, it is necessary to know the amount of energy at the energy 
output points. In fact, this study aims to determine points with energy saving potential. If the 
energy consumption points and energy amounts are not known, the saving opportunities cannot 
be evaluated.  

 
Upon conducting an energy analysis, diagrams showing the energy input and output and the energy 
amounts are prepared.  
 
Two types of diagrams are common: Reference Energy System (RES) Flow Diagrams, and Sankey Energy 
Flow Diagrams.  
 
Reference Energy System (RES) Flow Diagram: 
 
In this type of diagram, energy flow can be tracked from the source to the final consumption (uses), 
including the energy conversion, using a network form to represent the activities and relationships of the 
energy system.  
 
It contains all the information available within an overall energy system, providing information on the 
energy conversion at each point and the conversion efficiency of the end user devices. 
 
Such flow diagrams allow analyses of the energy system to be carried out using optimization or other 
technologies, to examine sectoral energy balances and to analyze the end user devices in detail.  
 
Such diagrams are also used to visualize and comprehensively analyze the entire energy system of a 
country. A diagram on Turkey's energy balance is presented in Figure 3.  
 
 

 
50 https://scenarios2013.enerjiprojeleri.eu/Dosyalar/Etkinlikler/Training%201/Task%201%20-
%20Training/tr/4.%20Gun%20-%20Enerji%20Tablolari.pdf  

https://scenarios2013.enerjiprojeleri.eu/Dosyalar/Etkinlikler/Training%201/Task%201%20-%20Training/tr/4.%20Gun%20-%20Enerji%20Tablolari.pdf
https://scenarios2013.enerjiprojeleri.eu/Dosyalar/Etkinlikler/Training%201/Task%201%20-%20Training/tr/4.%20Gun%20-%20Enerji%20Tablolari.pdf
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Figure 3. Sample Reference Energy System (RES) Flow Diagram51 
 
Sankey Energy Flow Diagram: 
 
Today, Sankey52 diagrams are considered a more understandable diagram technique, and are used much 
more widely than RES flow diagrams. 
 
Sankey diagrams are named after the Irish Captain Matthew Henry Phineas Riall Sankey (1853-1921). In 
an 1898 publication, Sankey was the first to use a volumetric representation of energy flows to analyze 
the efficiency of steam turbines. While the first black and white diagrams represented a single type of 
flow (e.g. steam), the use of colors for different types of flows53 added another dimension to Sankey 
diagrams. 
 
Various definitions of Sankey diagrams have been made in literature, some of which are given below: 
 
• Sankey diagrams are a specific type of flow diagram in which the width of the arrows is directly 
proportional to the amount of flow. They are used to visualize energy or matter transfers between 
processes. 
 

 
51 https://scenarios2013.enerjiprojeleri.eu/Dosyalar/Etkinlikler/Training%201/Task%201%20-
%20Training/tr/4.%20Gun%20-%20Enerji%20Tablolari.pdf  
52 https://en.wikipedia.org/wiki/Sankey_diagram  
 
53 https://docplayer.biz.tr/23440723-Industrial-view-on-exergy-aspects.html 

Demands 

https://scenarios2013.enerjiprojeleri.eu/Dosyalar/Etkinlikler/Training%201/Task%201%20-%20Training/tr/4.%20Gun%20-%20Enerji%20Tablolari.pdf
https://scenarios2013.enerjiprojeleri.eu/Dosyalar/Etkinlikler/Training%201/Task%201%20-%20Training/tr/4.%20Gun%20-%20Enerji%20Tablolari.pdf
https://en.wikipedia.org/wiki/Sankey_diagram
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• Sankey diagrams are flow diagrams in which the width of the flow is directly proportional to the 
amount of flow and the direction in which flows can be combined, separated and tracked in a series of 
events or stages. 
 
• A picture is worth 1000 words. Sankey diagrams are attention-grabbing diagrams that help in the quick 
visualization of the distribution and losses of matter and energy in a process. The width of the lines used 
in the diagram is directly proportional to the amount of matter or energy.  
 
• A Sankey diagram is a very convenient tool for showing the energy flow in any piece of equipment or 
system, such as boilers, fuel heaters and furnaces, after energy balance calculations have been made. 
Different gains and losses are visually represented with this diagram, allowing energy managers to focus 
on making improvements in order of importance. A Sankey diagram is also a powerful tool for 
communicating opinions and ideas to the senior management of a group. Figure 4 shows examples of a 
generic Sankey diagram, and a Sankey diagram for an industrial application (for a steam boiler). 
 
 

(a) 

 
 

 

(b) 
 

 
 
 

 
Figure 4. (a) Generic Sankey diagram, (b) Sankey diagram depicting an energy analysis of an industrial 
steam boiler. 
 
Looking at the distribution in Figure 4(b), which is presented to emphasize the usefulness of the Sankey 
diagram, we see that 48 out of 100 units of input energy are used in production, while the remaining part 
is discarded into the environment as lost energy.  
 
When we look at the amount of energy lost, 20 percent of the input energy is discarded through the 
chimney, and 9 percent is lost as condensate and flash steam. As such, we see an 8 percent loss as partial 
load loss and 7% as line loss. 5% of the input energy appears as blowdown loss, 9% as condensate and 
flash steam loss, and 3% as radiation loss.   

Energy input by 
fuel  
100% 

Condensate and flash 
steam loss 9% 

Radiation loss 3% 

Used in production 48% 

Line  
loss 7% 

Blowdown  
loss 5% 

Partial load 

loss 8% 

Flue gas 
loss 20% 
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In fact, the percentage of steam used in production, which is 48% in this example, also shows the 
efficiency of the system in a sense. The reduction of losses at every other point will increase the amount 
of steam used in production. 
 
Sankey diagrams can be used in the energy analysis of all systems/control volumes whose geometrical 
boundaries are physically/virtually constrained. The campus system shown in Figure 1 is one such 
application. In fact, they play an important role in visualizing and representing the results of energy 
analyses of much more complex and large-scale environments (city, region, country, country clusters and 
even the world).  
 
In a large-scale and complex energy analysis with a high diversity of energy sources, the following 
features make it easier to conduct an energy analysis: 
  

• all energy flows are expressed in the same unit;  

• the widths of the arrows in the diagram are scaled (greater width corresponds to a higher 
amount of energy);  

• nodal points are created in the flow direction;  
 
   
 
A sample analysis is presented in Figure 5 (black vertical bands represent nodal points).   
 
The diagram shows that of the total usable energy of 2,198,345 kTOE, 844,489 kTOE is used directly and 
1,353,856 kTOE is used as converted energy. However, there is an energy loss of 340,454 kTOE during 
the energy conversion.  
 
So, “Efficiency of Energy Conversion = (1,353,856-340,454)/1,353,856) = 0.748” 
 
 

 
 

 
 
 

 
Figure 5. Simple representation of complex energy analyses using a Sankey diagram 
 
 
 
 
 

FLOW 

NODE 
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Sample application 154: Using the Sankey diagram to show the advantage of a cogeneration system 
in energy production.  

 
 

 

 
 

Sample application 255: A Sankey energy flow diagram was used to show the energy supply-
demand balance of Karabük province, and to evaluate the share of brown and green energies in this 
balance and their general trend. 

 
54 https://docplayer.biz.tr/17979677-Kojenerasyon-prof-dr-ilhan-tekin-ozturk-kocaeli-universitesi.html  
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Sample application 356: Turkey's energy production-consumption balance on a Sankey diagram (b) 
Distribution of total energy consumption by sector. 

 
 
 

 

 
 

Sample application 457: Distribution of Turkey's total energy consumption by sectors on a Sankey 
diagram. 

 
55 S. Şevik, İl Bazında Enerji Dengesi Analizi: Karabük Örneği, GU J Sci, Part C, 5(4):71-85 (2017). 
56 https://www.eigm.gov.tr/tr-TR/Sayfalar/Sankey-Diyagramlari 
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3.3. Principles of Energy Management  

 
Today, campus energy management is carried out not only with technical parameters, but also with 
environmental and economic parameters.  
 
In such multi-parameter energy management studies, priority steps and technological applications 
should be clearly defined.  
 
The diagram drawn to guide the formulation of campus energy management strategies and roadmaps is 
shown in Figure 6, and sample applications for the basic steps shown in the diagram are given in Table 2.  
 

 
 

 

 
Figure 6. Representation of the basic steps in campus energy management with clean energy. 
 
 

Table 2. Description of the basic steps of campus energy management with clean energy58 
 

Basic Steps of 
Energy Management  

Examples of Good Practices  

 
Energy conservation 
(reducing energy 
need)  

 
• Making urban planning and architectural designs energy-efficient 
(through such passive measures as building orientation, building 
envelope, shading, natural lighting and ventilation) or renovation of 
existing stock 
• Selection of construction materials (concrete or wood) and building 
elements (wall, glass, window, etc.) in buildings, taking into account 
the thermal mass of the building, or the renovation of existing 
buildings accordingly 
 • Implementation of insulation (pipes, boilers, etc.) solutions in 
heating/cooling systems, or improvements to existing systems 
• Choosing low energy-consuming electrical devices (A+ and higher 
classes) and low energy consuming lighting elements (LED, etc.), or the 
replacement of existing devices  

 
 
Energy efficiency 

 
• Heat pumps (water, ground and air source) 
• Condensation boilers 
• Air conditioners with high COP 

 
57 https://www.eigm.gov.tr/tr-TR/Sayfalar/Sankey-Diyagramlari 
58 ??? 
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• Combined heat and power systems (cogeneration) 
• Combined heat, power and cooling systems (trigeneration) 
• Energy storage systems 
• Distributed energy (micro-grid) systems 
• Energy monitoring and management systems 
  

 
Renewable energy 

 
• Solar energy (thermal and photovoltaic) systems  
• Wind energy 
• Bioenergy 
• Geothermal energy 
• Hydro-energy 
  

 

BOX 5: What is the TS EN ISO 50001 Energy Management System Standard? 
 

 
In today's world, in which energy is becoming more and more important, the TS EN ISO 50001 Energy 
Management System, which is based on the efficient use of energy, is a management system that can be 
applied to all kinds of businesses, from small to large, in every sector, and can be run either alone or 
jointly with other management systems.  
 
EMS allows organizations to formulate their energy policies, to manage energy consumption in 
accordance with the energy management programs created in line with their goals and objectives, and to 
evaluate the performance of the energy management system with a view to making improvements.  
 
TS EN ISO 50001 aims at the following gains: 
 

• Making energy policy official 

• Reducing energy costs through the management of energy consumption with a systematic 
approach 

• Environmental protection 

• Efficient use of resources 

• Reduction of greenhouse gas emissions 

• Ensuring compliance with legislation  
 

The ISO 50001 Energy Management System standard lays down the rules and requirements for 
continuous improvement in the form of more efficient and more sustainable energy consumption, 
regardless of the energy type.  
 
The ISO 50001:2011 standard published by the International Organization for Standardization (ISO) in 
June 2011 does not differ much in content from the previously published TS EN 16001:2009 standard. 
The most radical change is that the item numbers of the standard have completely changed and are more 
detailed. 
 
The standard revolves around the evaluation of energy consumption and the efficiency of equipment, 
products and services that are designed and renovated and have a significant effect on energy 
performance, starting from energy supply, and taking into account their useful life; the determination of 
the baseline for the initial review of energy performance and for the subsequent monitoring of 
performance; the -level of support provided by energy policies for the procurement of energy-efficient 
products and services and designs that improve energy performance; the formation of an energy team 
alongside the management representative of the senior management; and the determination of 
measurement needs and calibration.  
 
The standard defines the best practices for energy management. Similar to other management systems, 
the standard, which is based on a plan-do-check-act cycle, has been developed by the world's leading 
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energy management experts from 60 countries.  
 
It is designed to help organizations, businesses, campuses, and commercial and industrial buildings to 
continuously improve their energy performance, optimize their energy consumption and reduce their 
operating costs, and to contribute to the reduction of greenhouse gas emissions, albeit indirectly. 
 
Ref: https://www.tse.org.tr/IcerikDetay?ID=87&ParentID=67  
 

 
Today, it is possible for a university campus to develop energy management strategies aimed at “near 
zero fossil fuel consumption“. A schematic representation of how such an approach should be 
implemented is given in Figure 7. 
 
A university that wants to create a “campus with near zero fossil fuel consumption“ should first use 
energy efficiently. Following the development of plans to reduce the energy needs of the campus, 
solutions that will increase energy efficiency in all active heating, cooling and lighting systems should be 
applied. In this process, managers must identify measures to reduce energy consumption in 
transportation.  
 
The next step should be to increase the use of on-campus renewable/clean energy to the maximum 
extent that economic conditions will allow.  
 
In the final stage, for the amount of electricity need that cannot be met by on-campus systems, a plan 
should be developed to purchase electricity from the “Green Tariff”59 system that is now functional in 
Turkey.  
  
 

 

 
 

Figure 7. A schematic representation of the basic steps in a campus energy management approach with 
“near zero fossil fuel consumption“. 

2.4. Energy Modeling/Optimization Tools 

 
59 https://www.enerjiportali.com/yesil-tarife-enerji-ve-dagitim-bedelleri-tablosu-belirlendi/  
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Energy resources are mainly dependent on climatic conditions, so optimization methods should be used 
in the energy design, planning and control stages. The energy sector has an interdisciplinary field of 
application. The integration of different engineering problems requires optimization applications.  
 
Energy problems are complex, have high uncertainty and must try to satisfy many stakeholders. 
Decisions are made under fixed circumstances. They are problems with high technical complexity that 
are difficult to resolve as they contain a large number of decision variables and parameters. Energy 
problems are a good optimization field, since many objectives are attempted to be improved at the same 
time, and so they fall within the area of operations research. In the energy field, optimization studies are 
gaining in popularity. 
 
Actions such as increasing energy efficiency, making decisions related to energy, energy investments and 
planning, choosing the most appropriate energy source, energy source assignment, energy management 
construction and project planning, and the reliability of energy sources are addressed within the scope of 
energy optimization applications in literature.  
 
The rapid rise in global energy demand is increasing the need for optimization studies to support the 
long-term planning and design of cost-effective energy resources. Although there is as yet no standard 
classification for the modelling and optimization of energy systems, a common classification approach is 
presented in Figure 8. 
 

 

 
 

 
Figure 8. An example of energy system modeling/optimization method classifications60. 
 
 
In all of the methods shown in Figure 8, the data that can be input for modeling and optimization, and 
the constraints and parameters to be calculated or optimized need to be determined, in addition to the 

 
60 https://dergipark.org.tr/en/download/article-file/561380  
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type of energy source used. An example of the parameter sets recommended for modelling and 
optimization studies related to renewable energy sources is presented in Table 3.    
 
Table 3. Common inputs, constraints and objectives for the modelling/optimization of renewable 
energy sources 
 

Inputs Issues for which solutions are sought 

Renewable energy source, unit, type and number Total generated energy 

Amount of land used Production unit capacity and number 

Atmospheric conditions Total investment 

Renewable energy source unit technology Lifespan of renewable energy source 

Type of operation Operating and maintenance cost 

Process life Reliability of renewable energy source 

Effectiveness Expected profit 

Operating and maintenance cost Estimated land use 

Meteorological conditions Best mix of renewable energy source units 

Geographical locations of renewable energy source units Renewable energy source location 

Renewable energy sources related to specific inputs Special variables related to renewable energy source 

Constraints Objectives 

Environmental/atmospheric constraints Minimization 

Demand/load management constraints System total cost 

Economic/budget constraints Cost per unit of energy produced 

Storage capacity of batteries Land area 

Charge and discharge constraints Investment 

Carbon dioxide emission constraints Total maintenance costs 

Social/regulatory constraints Noise and pollution emissions 

Power loss probability constraint Possibility of loss of energy supply 

Component lifetime constraint Maximization 

Power ratio constraint of renewable energy source units Thermal efficiency 

Maximum power flow limit on distribution lines Total power generated 

Area of land used for renewable energy sources System reliability 

Production units Profit 

Energy constraint cost Lifetime 

Specific constraints related to renewable energy source Total revenue 

 Specific objectives related to renewable energy sources 

 
 
As mentioned above, instead of writing algorithms for the analysis of multi-objective, multi-parameter 
and multi-constraint problems in energy modelling and optimization, there are ready-made 
comprehensive software programs that can perform these calculations (especially for commercial and 
industrial applications) very quickly and with relative accuracy.   
 
Table 4 presents a small sample of the widely used software, with brief descriptions. It is not possible to 
address all of these types of software in these training notes as there are so many, offering different uses. 
For example, the list of software used only for design and calculation works for solar PV systems is quite 
extensive61: SAM (System Advisor Model), RETScreen, HOMER Legacy v.2.68, Skelion, Hybrid2, PV-
GIS, PVWatts, PVSOL, DIAFEM, Easy-PV,  Solarius-PV, PV Designer Solmetric, Archelios PRO, 
Solarmapper, PVComplete, PVscout, PVSYST, SolarPRO, Plan4Solar PV, PV F-Chart, INSEL, PV*SOL, 
Polysun, EasySolar, HELIOS 3D, Solergo, PV-DesignPro, Skelion, HelioScope, PolySun, SOLARPLUS, 
SolarDesignTool, AuroraSolar, Solargis-PvPlanner, EasySolar, SolarModel.  
 Table 4. Brief description of some relatively common energy modelling/optimization software. 
 

Software name Description 
 

EnergyPlus This is one of the leading softwares in use within the sector, and is 

 
61 https://photovoltaic-software.com/pv-softwares-calculators  

https://photovoltaic-software.com/pv-softwares-calculators
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supported by the DOE. It developed into a modern software that meets all 
relevant software standards following the evolution of DOE-2 and BLAST 
software over time. 
Link: https://energyplus.net/  
 

RETScreen It is widely used in the analysis of renewable energy projects, but is lacking 
in terms of software engineering. Despite these features, it enjoys broad 
use in the international arena. RETScreen forces and limits its users to use 
Microsoft and Excel, although reliance on Excel macros and dynamic 
libraries has led to problems in installation, and are a matter of concern in 
software development. 
Link: https://www.nrcan.gc.ca/maps-tools-publications/tools/data-
analysis-software-modelling/retscreen/7465  
 

PVGIS PVGIS is a web-based software program that uses Geographic Information 
System data developed by the EU Commission Joint Research Center 
(Ispra, Italy). It is a practical software platform that allows access to all 
solar power data and even all meteorological data for the selected location, 
and permits performance analyses of grid-connected and off-grid PV 
systems. 
Link: https://ec.europa.eu/jrc/en/pvgis  
   

SolarDesignTool.com This is the most popular website for optimum PV panel design and 
configuration. With SolarDesign, grid-based solar power systems, solar 
panels and inverters can be designed both in series and in parallel, and the 
performance of different PV panels available on the market can be 
compared. 
Link: https://get.solardesigntool.com/  
 

HOMER This is a computer modelling software program that simplifies the design 
and their evaluation of grid and non-grid power systems, independently, 
remotely or in a distributed form. 
Link: https://www.homerenergy.com/products/pro/index.html  
 

PVsyst This software program allows the user to design and model photovoltaic 
solar power applications and to carry out economic analyses. It is used 
widely by architects, engineers and researchers. The software allows the 
meteorological data of the region to be selected or imported, and hourly, 
monthly and annual calculations to be made. 
Link: https://www.pvsyst.com/  
   

TRNYS This is a highly flexible, graphics-based software platform used to simulate 
the behavior of time-varying systems. Although the majority of 
simulations performed are for the evaluation of the performance of 
thermal and electrical energy systems, the dynamic system analysis 
portfolio is quite rich.  
Link: http://www.trnsys.com/  
 

 
 

BOX 6: Sample Energy Modelling/Simulation Software 1: EnergyPlus 
 

 
EnergyPlus is a simulation program that dynamically calculates the energy consumption caused by the 
heating, cooling and ventilation loads of existing buildings or those at the design stage.  
 

https://energyplus.net/
https://www.nrcan.gc.ca/maps-tools-publications/tools/data-analysis-software-modelling/retscreen/7465
https://www.nrcan.gc.ca/maps-tools-publications/tools/data-analysis-software-modelling/retscreen/7465
https://ec.europa.eu/jrc/en/pvgis
https://get.solardesigntool.com/
https://www.homerenergy.com/products/pro/index.html
https://www.pvsyst.com/
http://www.trnsys.com/
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It is a building energy simulation program that has high computational capacity, and has been developed 
based on the DOE-2 and BLAST programs.  
 
Thanks to EnergyPlus, the energy performance of new buildings in the design phase or existing buildings 
that are being considered for energy retrofitting can be displayed before construction so that the 
architect or engineer can test all possible scenarios and choose the most suitable one for the project.  
 
EnergyPlus is the most widely used program recognized by the USGBC (U.S. Green Building Council) 
among those that provide input to building energy modelling, as required for LEED (The Leadership in 
Energy and Environmental Design) certification. The structure of EnergyPlus software is shown in the 
figure below.  
 

 
 
EnergyPlus comprises three basic structures: a simulation manager, a heat and mass balance simulation 
module, and a building system simulation module. The simulation manager controls all simulation 
processes. 
 
Data (building structure, HVAC equipment, air data) can be input to EnergyPlus with the help of the IDF 
Editor. All data must be entered into the IDF-Editor individually, which is a very time-consuming 
process. Thus, a third party interface program is required for EnergyPlus.  
 
Design Builder, EP-Quick and EP-Interface, all of which are interface programs developed for 
EnergyPlus, can be used for this purpose.  
 
Design Builder is the most useful interface program for EnergyPlus. It is a visual simulation program 
that has been developed for building energy, carbon emission, lighting and comfort control. By using 
Design Builder, the IDF files required for EnergyPlus can be created, a building model can be developed 
and the necessary corrections can be made to the model for energy analysis. 
 
Ref: https://energyplus.net  
 

 

BOX 7: Sample Energy Modelling/Simulation Software 2: Modelling and Simulation of 30 
kW Grid-connected Photovoltaic System using PVsyst Software 
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The simulation of a 30 kW solar photovoltaic system connected to the grid in the province of Batman was 
carried out using PVsyst software62. The PV system in question was designed as shown below after the 
necessary data was entered into the geographic location module on the software platform:  
 

 
 

The Sankey diagram, which provides a summary of the results obtained from the PVsyst software after 
selecting the type and model (hence the technical specifications) of the panel, inverter and power 
conditioning unit that make up the grid-connected PV system, and entering the PV panel orientation and 
tilt angle, provided the following results: 

 
 
 
 
 
 

 

 

 
62 E. Akcan vd., European Journal of Science and Technology, No. 18, pp. 248-261, March-April 2020. 
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Ref: https://dergipark.org.tr/tr/download/article-file/979264  
 

https://dergipark.org.tr/tr/download/article-file/979264
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Key Note 1: There are opportunities for energy 
analysis/optimization software development in 

the clean energy sector.   
 
Software is essentially a set of commands that allows programs and their data to use the computer’s 
resources in the desired direction. Computer software can take various forms, such as system software, 
application software, programming languages, device drivers and program development environments. 
Application software usually refers to software for end users (e.g. Microsoft Office software).  
 
There is a wide variety of software for energy management, planning, control and efficiency, which fall 
under the category of application software. Software in the field of renewable energy and energy 
efficiency can be subject to the following classifications: 
 

• Simulation tools 
• Economic evaluation 
• Planning and analysis 
• Control/surveillance software  
 

When choosing such software, it is necessary to investigate the quality, prevalence and compliance of the 
product with international standards. International standards can be considered in two forms: 
 

• Compliance with renewable energy and energy efficiency standards 
• Compliance with software development standards 
 

Many software products have been introduced in the renewable energy and energy efficiency sector in 
the last decade, although most are prototype software that do not comply with the software development 
standards related to the resolution of certain/restricted problems. Prototype software is software that 
has usually not yet completed testing and has not been entered into production, and so may contain 
software errors called “bugs“. Software developed by professional software developers is not useful for 
energy experts if it disregards energy standards. 
 

 
 
 
The primary cost in software development budgets is qualified labor. Comprehensive software projects 
involving analysis, development, testing and release phases, mature over the course of around a year. 
Sustainable software continues to be maintained and updated at low costs in the following years. 
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The energy software sector is broad, and it can be said that software development in this sector is not 
limited to geography. Software development tools are available in every computer environment, the 
capacity of which is directly proportional to the qualified and trained brain power. 
 
Another important factor is the well-defined standards and systematics of the sector in which the 
software will be developed. These standards are necessary at the software analysis stage, and are one of 
the main factors affecting the production of quality sectoral software.  
 
 
 
 
 
 
 
 

 
 

End of key note 

 
 

 
 
 
 
 

  

 
Our universities have sufficient know-how in this regard.  It is possible to convert such experience into 
software products and to make use of them internationally. The software sector can thus be promoted, 
young developers can be employed and new start-ups can be founded in our country. 
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Key Note 2: Turkey-specific modeling software 
(BUEMS) developed with domestic technology 

 
 
Boğaziçi University has implemented the most advanced modelling system to date in the field of energy 
in Turkey with its project entitled “Boğaziçi University Energy Modelling System (BUEMS) Turkey 
Modelling63”. Through this study, the university is making different projections for the energy sector for 
2050 based on different parameters and scenarios, and is supporting studies investigating the costs of 
such projections and their effects on the energy system.  
 
 
 
 
 
 
 
 
 
 
The model can predict what will happen and what kind of economic impact a decision will have by 
calculating the economic cost in the short or long term. The BUEMS Model can include the bidirectional 
interactions of energy, economy and the environment with each other, and enables the measurement of 
the changes that occur in various scenarios under certain circumstances. For example, the system allows 
the measurement of the loss of economic growth that may occur if emissions are restricted, displays how 
much emissions will change when taxation is introduced or when nuclear energy is put into use as from 
2023, or tracking of how the composition of the entire energy supply has changed. It can measure in 
percentages how much the need for renewable energy sources will decrease due to direct emissions being 
reduced when the nuclear plants are put into operation. 
 
The “domestic and national“ BUEMS Model, which allows any necessary changes to be made, differs 
from many international modelling systems that do not allow the user to have control over or change 
details in the world, and so produces better results. The supply-demand balance can be viewed in a 
sounder manner through the use of this structure. 
 
The modelling infrastructure of BUEMS, which entered into effect with the support of the Ministry of 
Energy and Natural Resources and TÜBİTAK, was developed as a model structure with a high level of 
sectoral and technological detail based on a bottom-up approach, aiming to contribute to the realistic 
and detailed analysis of energy-environment interactions within the unique character of the national 
energy sector. The BUEMS/Turkey energy model was established based on the creation of a BUEMS 
database. Various scenario analyses were conducted within the framework of the model, in which carbon 
emissions were restricted and carbon tax was defined. It was turned into a package program using the 
developed interface, and a macroeconomic module was developed and integrated. The effects of 
scenarios on gross domestic product and the use of energy resources were thus examined. 

 
End of key note 

 
 
 
 
 
 

 
63 https://www.enerjiekonomisi.com/turkiye-nin-en-genis-enerji-modellemesini-hayata-gecirdi/2515/  

The BUEMS Model spares decision makers in the energy sector from dependence on the foreign modelling 
systems used previously, as well as their limitations. This domestic system is intended to present results 
that will support the formulation of both short-term and long-term energy/environmental planning and 
policies in Turkey. It guides policy makers with economic data so that they can plan appropriate steps to be 
taken in the field of energy, to test their projections, and to understand the cost of a decision during the 
decision-making process. 

https://www.enerjiekonomisi.com/turkiye-nin-en-genis-enerji-modellemesini-hayata-gecirdi/2515/
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Key Note 3: PhD thesis on campus energy analysis 
and optimization with a Sankey diagram 

 
A PhD study at Carleton University64, Canada modelled the energy flows (including water and carbon 
emissions) at all node points on the university campus with a Sankey diagram, identifying the differences 
between the annual energy performance of different buildings and structures on the Carleton University 
Campus.  
 

 
 
 
The results of the study point out that monitoring at an entire campus level in shorter time intervals 
(monthly, daily or hourly) with the Sankey diagram is a critical tool allowing the necessary precautions to 
be taken and supporting planning for campus carbon-neutrality in the long term. 
 
  
 
 
 
 
 
 
 
 

 
End of key note 

 

 
64 Aly Assem Mostafa Kamal Abdelalim (2017), A Multi-Scale Approach to Exploiting Measured and Modelled 
Building Performance Data to Improve Campus Operations, PhD Thesis, Carleton University, Canada, 
https://doi.org/10.22215/etd/2017-12017. 

Although Sankey diagrams are widely used for simple processes to country-wide energy analyses, the 
number of studies into their use in university campuses is quite limited. There are many elements 
(including scaled and automatic production of diagrams using software) that need to be developed by 
academicians regarding this method and approach, since it provides effective solutions and visual 
analysis/interpretation opportunities. There are opportunities for R&D-based theses and projects related 
to this subject. 
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4   

PRINCIPLES FOR CLEAN 

ENERGY APPLICATIONS 

ON CAMPUS  

4.1. Conventional EE Technologies  
 

University campuses have many detached or combined buildings of different typologies, outdoor activity 
or service areas with different purposes (lighting, irrigation, treatment, etc.), laboratory/research 
facilities in open and closed areas, and transportation systems operating at variable intensities, all of 
which consume energy together with their sub-components. A diagram illustrating the components of 
on-campus energy consumption is presented in Figure 1.  
 

 

 
 

 
Figure 1. On-campus energy consumption components. 
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While a significant portion of these energy consumption components need electric power, some for 
heating/cooling purposes need thermal energy. Fossil-based fuel resources (especially natural gas, diesel 
and gasoline) are used for both direct heat generation and transportation within the campus. Therefore, 
it is common to evaluate on-campus energy consumption in two categories, namely, electricity and fuel 
consumption.  
 
To this end, energy audits were carried out of 166 public buildings, including universities, between 2014 
and 2015, through ESCOs under the coordination of the Ministry of Energy and Natural Resources, 
based on which detailed audit reports were prepared identifying the theoretical saving potential of 
buildings, and proposals for efficiency improvement projects were developed to fulfill this potential.  
 
The electricity consumption distribution of a typical university building with an average construction 
area of 50,000 m² is shown in Figure 2, based on the implementation and monitoring report65 compiled 
as a result of the above studies.  
 

 
 

 
 
 

 
Figure 2. Distribution of electricity consumption of a typical university building with an average floor 
area of 50,000 m² 
 
 
As can be seen, the primary consumption item is lighting, followed by ventilation system and office 
equipment.  
 
The same report suggested conventional EE measures without high initial investment costs to reduce this 
consumption by 20%.  
 
If all of the measures shown in Figure 3 are implemented, the return on investment will be 2.24 years on 
average.  
 

 
65http://www.yegm.gov.tr/verimlilik/document/Et%C3%BCt%20Uygulama%20%C4%B0zleme%20Raporu%202018
.pdf  
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Figure 3. Conventional EE measures to save electricity in universities 
 
Similar analyses were conducted for the distribution of fuel consumption of a typical university building 
with an average floor area of 50,000 m², the results of which are shown in Figure 4.  
 

 
 

 
 

 

Figure 4. Distribution of fuel consumption of a typical university building with an average floor area of 
50,000 m² 
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According to this distribution, the primary consumption item is indisputably 'heating', followed by hot 
water generation.  
The same report suggested conventional EE measures without high initial investment costs to reduce this 
consumption by 20%.  
 
If all of the measures shown in Figure 5 are implemented, the return on investment will be 2.05 years on 
average.  
 

 

 
 

 

 
Figure 5. Conventional EE measures to save fuel in universities 
 
 
As this study suggests, energy savings or efficiency measures implemented on university campuses in 
recent years have been limited mainly to buildings and site lighting.  
 
These measures are considered as conventional energy efficiency (EE) solutions/applications in these 
training notes, and brief descriptions of the technologies66 used for this purpose are presented in Boxes 
1–15.  
 

BOX 1: Conventional Energy Efficiency Technologies: Thermal Insulation of Building 
Envelope and Heating/Cooling Installation Pipes 

 
It is important to ensure heat conservation in all components of the building envelope to minimize heat 
losses. For this purpose, the heat transfer coefficients of the components need to kept below certain 
limits. The TS 825 Thermal Insulation Standard divides Turkey into four degree-day regions, and the 
maximum heat transfer coefficient (U) allowed for each building component is specified for each region.  
 
In the design, whether the U-value of the envelope components obtained as a result of the calculations is 
in accordance with the values of the degree-day zone in which the building is located, as specified in TS 
825, should be determined by comparing it with the values given for that region.  

 
66 Conventional EE technologies are not limited to those described in this section, as only the most common 
technologies are presented here. 
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If the U value of the envelope component is greater than the value given for the respective degree-day 
region in the standard, solutions should be sought to increase the heat transfer resistance of the 
component, and thus to reduce the U value of the envelope design.  
 
For this purpose, the heat transfer resistance of the envelope (R=1/U) should be increased by 
augmenting the thickness of the layers forming the envelope or the thickness of the thermal insulation 
material within the envelope, until the desired U value according to the standard is obtained. 
 
Similarly, utmost attention should be paid to reducing the potential heat transfer between the hot/cold 
fluid moving in the duct/pipe and the ambient air by applying thermal insulation to the heating/cooling 
and ventilation ducts, pipes and adjoining elements. Hence, thermal insulation applications in 
mechanical installations are among the most widely used energy efficiency solutions. 
 
Ref: http://www1.mmo.org.tr/resimler/dosya_ekler/cf3e258fbdf3eb7_ek.pdf  
 

 
 

BOX 2: Conventional Energy Efficiency Technologies: Ensuring the Airtightness of 
Buildings 

 
Air leaks occur from the building envelope as a result of the difference in pressure between the indoor 
and outdoor environments caused by wind or the difference in temperatures.  
 
The purpose of ensuring the airtightness of the building envelope is to increase the energy performance, 
to prevent building damage due to condensation and to maintain the indoor air quality. Air leaks account 
for 20–50% of all heat losses in buildings. 
 
As can be seen from the image below, the points at which air leak occur in buildings include the capillary 
voids in materials, window/door-wall junctions, junctions of different materials, and junction points of 
mechanical and electrical installation equipment. 
 

 
 
Ref: https://webdosya.csb.gov.tr/db/meslekihizmetler/ustmenu/ustmenu845.pdf  
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BOX 3: Conventional Energy Efficiency Technologies: Use of LED fixtures for lighting 

 
One of the most common solutions to Energy Efficiency in Lighting in which the requirements of good 
lighting are fulfilled without reducing the quality of lighting, is the use of LED (Light Emitting Diode) 
fixtures.  
 

 
 
Ref: https://www.enerjiportali.com/aydinlatmada-led-lamba-kullanilmasinin-
avantajlari/  

 
 

BOX 4: Conventional Energy Efficiency Technologies: Use of Shading Elements / Brise 
Soleils 

 
The sun is the most common source of heat. Even in winter, solar heat gains can meet a significant part 
of the heating need of an environment. Solar heat can be optimized through correct positioning and 
architecture.  
 
The implementation of passive design measures can increase heat gains, including the use of large glass 
surfaces on the southern facade, while heat losses can be prevented through good insulation and smaller 
window openings on the northern facade. A poor design increases the need for cooling in the summer 
and can cause overheating. Areas close to the window can be uncomfortable at certain times of the year. 
 
Today, the use of solar shading components in buildings is common. Brise soleil, as fixed building 
elements, help users receive daylight and heat, as well as providing daylight control.  
 
Brise soleil can be easily integrated into existing buildings, circumventing the need for the additional 
lighting and electricity consumption associated with solar reflective films and coatings applied to the 
windows.  
 
The use of vertical axis wings on the eastern and western facades can provide a more effective solution. It 
is important to consider all design effects to ensure the desired visual and thermal comfort throughout 
the year. Building Thermal Modeling programs can be used to simulate the effects of changes in window 
areas, light transmittance and thermal properties. 
 
Ref: https://webdosya.csb.gov.tr/db/meslekihizmetler/ustmenu/ustmenu845.pdf  
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BOX 5: Conventional EE Technologies: Use of Condensing Boilers 

 
The working principle of condensing boilers is similar to regular devices containing fans. The primary 
difference is that heat exchangers have a larger area, which helps them absorb more heat from the 
burner and flue gases.  
 
The main heat exchanger is capable of cooling down flue gases to below 54 oC when the boiler return 
water temperature is low enough. The water vapor in flue gases when the temperature is reduced to 
below 54 oC condenses, and the latent heat in the water vapor is recovered and used in the boiler.  
 
If this gain is not achieved, the heat will be discarded as waste with the flue gases. While flue gas 
temperatures are 200–250 oC in conventional boilers, this value is around 50–60 oC in condensing 
boilers, and this is where the potential gains are obtained.  
 

 
 
Ref: https://webdosya.csb.gov.tr/db/meslekihizmetler/ustmenu/ustmenu845.pdf  
 

 

BOX 6: Conventional EE Technologies: Use of Control Sensors  

 
CO2 Sensors 
 
A ventilation system is needed in all buildings to meet the fresh air needs of its users, and to remove 
indoor air and pollutants. In addition, sending more air to spaces increases heating and cooling costs, as 
well as the fan operating costs of the mechanical ventilation system. 
 
People release CO2 during exhalation, so the CO2 level in the building is directly proportional to the 
number of people inside. Designers often make ventilation calculations based on maximum occupancy, 
and so buildings are often ventilated beyond the requirements. CO2 sensors make sure that ventilation is 
provided at low power, depending on occupancy, thereby reducing the heating, cooling and fan operating 
costs.    
 
CO2 levels in the atmosphere have reached 400 ppm in cities. The amount of ventilation generally 
increases when the CO2 level in the area rises above 1,200 ppm.  
 
Occupancy Sensors 
 

CONDENSING 

BOILER 
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Waste gas 

Burner 
Chimney 

Water Air flow 

https://webdosya.csb.gov.tr/db/meslekihizmetler/ustmenu/ustmenu845.pdf
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In many buildings, the energy spent on the heating and cooling of unused spaces can be 
reduced/eliminated through the use of occupancy sensors. Existing sensors, passive infrared (PIR) 
sensors (used also for lighting control), acoustic detectors and card systems (in hotel rooms) can be used.  
 
Systems controlled by occupancy sensors operate in two stages. At the full setting, the environment is 
heated or cooled at normal operating temperatures. At the empty setting, the heating and cooling system 
is adjusted to the set-back temperature or completely turned off, and mechanical ventilation is reduced 
after a period of inactivity. 
 
Ref:https://www.academia.edu/8932356/Ak%C4%B1ll%C4%B1_Ev_Sistemleri_Ders_Not
lar%C4%B1  
 

 

BOX 7: Conventional EE Technologies: Use of Frequency Controlled Pumps and Fans 

 
Variable-frequency drive (VFD) (referred to also as adjustable-frequency drive, variable-speed drive, AC 
drive, micro-drive, and inverter drive) is a type of motor drive used in electro-mechanical drive systems 
to control AC motor speed and torque by varying the motor input frequency, and to control the 
associated voltage or current variations.  
 
VFDs are used in a wide range of applications, from small equipment to large mining plants and 
compressors. About one-third of the world's electrical energy is consumed by constant speed electric 
motors, which can be found in centrifugal pumps, fans and compressors, however the use of VFDs has 
not yet been fully exploited in all these application areas.  
 
New and retrofitted VFD applications provide significant energy efficiency opportunities. In recent years, 
advances in the field of power electronics have reduced the cost and size of VFDs, while increasing their 
performance. In particular, developments in semiconductor switches, driver topologies, simulation and 
control techniques, and control hardware and software have played an important role. 
 
Ref: http://mmoteskon.org/wp-content/uploads/2014/12/1997-54.pdf  
  

 

BOX 8: Conventional EE Technologies: Application of Night Ventilation Techniques 
for Cooling 

 
When the outdoor air temperature is colder than the indoor air temperature, cooling can be achieved 
without energy consumption by simply increasing the ventilation rate. This should be included in the 
control strategy program of air handling units and central ventilation systems.  
 
If the building is empty at night during the summer months, it can be ventilated by supplying fresh air in 
advance to reduce the cooling load the next day. For pre-cooling to work effectively, the building must 
have a large thermal mass in contact with air (e.g. concrete walls, ceilings or floors). Phase change 
materials can also be used. 
 
Ref: https://dergipark.org.tr/tr/download/article-file/76475  
 

 

BOX 9: Conventional EE Technologies: Use of Heat Recovery Systems/Economizers 

 

https://www.academia.edu/8932356/Ak%C4%B1ll%C4%B1_Ev_Sistemleri_Ders_Notlar%C4%B1
https://www.academia.edu/8932356/Ak%C4%B1ll%C4%B1_Ev_Sistemleri_Ders_Notlar%C4%B1
http://mmoteskon.org/wp-content/uploads/2014/12/1997-54.pdf
https://dergipark.org.tr/tr/download/article-file/76475
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Ventilation is necessary for a healthy environment, although exhaust air is linked to significant thermal 
energy losses. In well-insulated buildings, half of the heating and cooling energy can be lost through the 
ventilation system. These losses can be reduced by improving the ventilation control system and through 
the integration of the heat recovery system. The amount of fresh air supplied can vary throughout the 
day, depending on building occupancy and purpose of use. If the building has mixed air handling units, 
significant energy savings can be achieved.  
 

 

Another factor that needs to be addressed is heat recovery. Among the various solutions that are 
available, the installation of an air-to-air heat exchanger in the fresh and exhaust air ducts is one of the 
most widely applied solutions. In such a system, the heat exchanger prevents the mixing of the fresh air 
and the exhaust air, while at the same time ensuring that some of the latent heat is recovered in the 
winter months, depending on the humidity of the exhaust air.  
 

 

Ref:https://www.mmo.org.tr/tesisat-muhendisligi-99/makale/havali-iklimlendirme-
sistemlerinde-ekonomizer-cevrimi  
 

 

BOX 10: Conventional EE Technologies: Use of Evaporative Cooling Systems 

 
Evaporative cooling is a cooling approach based on the evaporation of water in a stream of air. The 
process is intended to cool down the air by extracting the water in the air with the high latent heat of 
evaporation.  
 
Evaporative cooling is more effective at a low relative humidity. Air absorbs more moisture than sprayed 
water or wet surfaces. 
 
In evaporative air coolers, the water evaporates completely in the air, and the cooling effect is provided 
by the air. Some evaporative coolers are equipped with a wet matrix, and the air is passed through a 
special reinforced cardboard-like material and cooled by evaporation.  
 
Evaporative cooling systems can be used for the direct cooling of ventilation air, the pre-cooling of 
process air or the indirect cooling of ventilation air. A wide range of applications are available to suit 
individual residences, all the way up to large data centers.  
 

https://www.mmo.org.tr/tesisat-muhendisligi-99/makale/havali-iklimlendirme-sistemlerinde-ekonomizer-cevrimi
https://www.mmo.org.tr/tesisat-muhendisligi-99/makale/havali-iklimlendirme-sistemlerinde-ekonomizer-cevrimi
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Ref: http://mmoteskon.org/wp-content/uploads/2017/05/2017-122.pdf  
 

 

BOX 11: Conventional EE Technologies: Use of VRF Air Conditioning Systems 

 
Variable Refrigerant Flow (VRF) systems are direct-expansion air conditioning systems in which an 
outdoor unit and multiple indoor units can be controlled independently with the help of gas flow 
distributors.  
 

 
 
In such systems, the required amount of refrigerant is sent to the indoor unit in the right phase and at 
the right time for use in heating or cooling. In VRF systems, a number of indoor units that process the air 
are connected to a modular outdoor condenser. Some of the advantages of VRF systems are listed below:  
 

• They can switch between heating and cooling modes via an advanced control system. 

• In more advanced versions, the indoor units operate independently of each other for heating and 
cooling (HRV).  

• VRF Air Conditioning Systems are equipped with advanced control and flow control units. The 
required amount of refrigerant is sent to the desired location, in the right phase and at the right time, 
for use in heating or cooling. As a result, they can provide a high level of energy savings in the 
heating and cooling of different regions at the same time.  

 
Ref: https://www.hvacportal.org/makale/vrf-nedir  
 

 

BOX 12: Conventional EE Technologies: Use of Building Energy 
Automation/Management Systems 
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http://mmoteskon.org/wp-content/uploads/2017/05/2017-122.pdf
https://www.hvacportal.org/makale/vrf-nedir
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All automation systems used in a building can be connected via an open communication line. It is 
recommended that thousands of terminal units connected to a single cable communicate freely with each 
other over a communication line that is compatible with all international building automation standards 
such as EIA, HIS, ASHRAE, ANSI, ISO, CEN. All devices and units connected to the recommended 
building automation system can be safely monitored remotely via the Internet, and the necessary 
instructions can be given. The diagram shows the components of such a control system. 
 

 
 
Ref: http://www1.mmo.org.tr/resimler/dosya_ekler/4bb829bf490dd61_ek.pdf  
 

 

BOX 13: Conventional EE Technologies: Use of a Cogeneration (Combined Electricity 
and Heat Generation) System  

 
Cogeneration systems are combined energy systems in which electricity and heat are generated together 
through the burning of fuels, especially natural gas, in an engine or turbine. In other words, cogeneration 
refers to the simultaneous generation of energy in the form of both electricity and heat in the same system 
for provision to enterprises.  
 
The main purpose of cogeneration is to utilize primary fuel energy at the highest rate. In this sense, the 
working principle of behind cogeneration involves the utilization of the waste heat produced by power 
generating devices. 

 
 
Ref: https://www.emo.org.tr/ekler/661b2c3bc72f4b5_ek.pdf  
 

 

BOX 14: Conventional EE Technologies: Use of Trigeneration (Combined Cooling, Heat 
and Power) System  
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In trigeneration systems, energy can be produced simultaneously in three different forms, namely as 
electricity, heating and cooling. The main difference between trigeneration systems and cogeneration 
systems is that the generated heat can be converted and used for cooling needs thanks to the cooling 
aspect of the system.  
 
Trigeneration systems can be used to achieve savings and provide efficiency in applications requiring 
seasonal or continuous cooling. 
 

 
 
Ref: https://www.emo.org.tr/ekler/661b2c3bc72f4b5_ek.pdf  
  

 

BOX 15: Conventional EE Technologies: Use of Ground Source Heat Pumps  

 
A ground source heat pump uses the ground as an energy source. The large thermal capacity and stable 
operating conditions of the earth make it attractive for use as a heat source or sink. The earth, which is 
used as a heat source for heat pumps in winter, acts as a heat sink into which the heat inside the space is 
discharged in the summer.  
 
In ground-source heat pumps, the installation pipes, which serve as a heat exchanger, can be laid 
vertically or horizontally underground.  
 

 
 
Ref: http://www1.mmo.org.tr/resimler/dosya_ekler/a27d33160673a96_ek.pdf  
 

 
3.2. Innovative EE Technologies 
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http://www1.mmo.org.tr/resimler/dosya_ekler/a27d33160673a96_ek.pdf


 
-84- 

Although energy audits conducted in universities focus mainly on consumption related to buildings and 
lighting, there are other consumption areas that need to be taken into account to improve energy 
efficiency.  
 
To demonstrate this more clearly, a diagram showing the path of energy through the points before it 
reaches the campus (from the primary energy source to the point of use of the energy type) is given in 
Figure 6.  
 

 

 
 

 
Figure 6. Diagram illustrating the flow of energy from the source of generation to the point of use 
 
 
The main conclusions that can be drawn from the diagram shown in Figure 6 are summarized below: 
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• It is essential that the primary energy source be used without energy conversion (e.g. the use of 
solar power for passive heating) if possible. If this is not possible, it should be used in a way that 
involves the lowest possible energy conversion or transfer process (e.g. the use of solar power for 
water heating). 
 

• As electrical energy is a secondary energy source, it needs to be obtained through energy 
conversion. Hence, the costs and losses associated with the transmission and distribution of 
electrical energy obtained from the conversion of primary thermal fuels (such as coal, oil, natural 
gas) should be taken into account, along with fuel extraction stage at source, the processing 
(refining) stage, transportation to the conversion plant and the conversion to electrical energy. 

 

• To avoid the costs and losses mentioned above, it is essential to generate and, if possible, store 
both electricity and thermal energy at the inlet of the final consumption area (within the campus 
boundaries).  

 

• The use of renewable/clean energy technologies is essential for the on-site generation (and 
storage) approach mentioned above. 

 

• On the campus, it is crucial to reduce the distribution losses of electrical and thermal energy 
transmitted to the campus entrance point (or generated on-site). 

 

• Reducing the consumption of fossil fuels in campus transportation is of great importance. 
     
In relation to the issues mentioned in the last two items, some innovative energy efficiency (or fossil 
energy savings) solutions with high potential for use on university campuses have started to be 
implemented in recent years:  
 

• "Energy efficiency solutions for distribution networks (e.g. micro-grid line design67, distributed 
grid68, virtual/smart grid management69)" are implemented to eliminate losses from distribution 
lines (see Box 16). 
 

• To reduce fossil fuel consumption in transportation, “Energy Efficiency in Transportation70 (use 
of clean energy-based fuel, electric vehicles, promotion of walking and cycling)” solutions are 
implemented. 

   
There are also examples of environment-friendly applications that are not aimed directly at energy 
efficiency, but have gained widespread popularity on university campuses to achieve resource efficiency 
within the scope of green campus applications. 
 
These include gray water recovery, rainwater collection and treatment, and composting systems, brief 
explanations of which are given in Boxes 16, 17 and 18. 
 
 
 

BOX 16: Innovative Energy Efficiency Solutions for Distribution Networks 

 
67 İ. Çetinbal vd., Eskişehir Osmangazi Üniversitesi Kampüsünde Elektrik Tüketim Maliyetinin Azaltılmasına Yönelik 
FV Üretimve Enerji Depolama Biriminden Oluşan bir Mikro Şebekenin Optimal Tasarımı, 
https://dergipark.org.tr/tr/download/article-file/558758   
68 https://www.akillisebekeler.com/dagitik-uretim-tesislerini-sebeke-ile-butunlestirmek/  
69 Turkey Smart Grids 2023 Vision and Strategy Formulation Project; 
http://www.elder.org.tr/Content/yayinlar/TAS%20TR.pdf  
70 National Intelligent Transportation Systems Strategy Document and 2020-2023 Action Plan; 
https://www.uab.gov.tr/duyurular/ulusal-akilli-ulasim-sistemleri-strateji-belgesi-ve-2020-2023-eylem-plani-
yayinlandi   

https://dergipark.org.tr/tr/download/article-file/558758
https://www.akillisebekeler.com/dagitik-uretim-tesislerini-sebeke-ile-butunlestirmek/
http://www.elder.org.tr/Content/yayinlar/TAS%20TR.pdf
https://www.uab.gov.tr/duyurular/ulusal-akilli-ulasim-sistemleri-strateji-belgesi-ve-2020-2023-eylem-plani-yayinlandi
https://www.uab.gov.tr/duyurular/ulusal-akilli-ulasim-sistemleri-strateji-belgesi-ve-2020-2023-eylem-plani-yayinlandi
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Power plants that make use of intermittent renewable energy sources (solar, wind, etc.) that cannot be 
directly stored directly generate electricity instantaneously at capacities varying throughout the day and 
year. Therefore, there is a need for practices and approaches that can minimize the supply-demand 
imbalance caused by volatility in generation/consumption. In this regard, Distributed Energy Providers 
(DEP) and Distributed Microgrids (DMG), Virtual Power Plants (VPP), and a Demand Side Management 
(DSM) Model based on their utilization stand out as major solutions that can be implemented. Brief 
descriptions of these solutions are presented below: 
 
1. Establishing a Distributed Microgrid (DMG) Structure 
 
Network structures that have the ability to be operated independently of the interconnected grid are 
called distributed microgrids. In addition to electricity generation systems that can meet the needs of 
consumers in the microgrid, there are also electricity storage systems. Small power plants within the 
microgrid are based mostly on renewable energy sources, and are established at points close to the 
consumer.  
 
These power plants generate energy at locations close to the consumer, thereby reducing transmission 
losses and voltage drops. Furthermore, the load on transmission lines can be alleviated by such facilities. 
Distributed power generation plants supply energy primarily to the user/owner of the facility, and 
secondarily to the grid if a sales agreement has been entered into. In cases where there is no energy 
demand by the user or the grid, the energy generated by these systems is transferred to a storage system, 
if any.  
 
If no storage system is available, the power plant is deactivated and no energy is generated, despite the 
ability to do so. When a large number of distributed power generation plants operating independently of 
each other can be coordinated, it will be possible to utilize renewable energy sources more effectively.  
 
2. Developing a Demand Side Management (DSM) Model: 
 
Demand Side Management (DSM) is a tool that blends energy efficiency and demand control, making 
both it available to the end user. The success of this tool is based on many principles, as well as 
measurements and evaluations related to the control of electricity consumption.  
 
One of the best descriptions of DSM is that it provides benefits to the parties at both ends of the network 
by spreading the consumption of users during peak hours throughout the day, reducing technical losses 
from the grid, providing energy efficiency and reducing the bills of the users. The implementation of this 
solution is possible if models are developed that can strike a balance between generation (supply) and 
consumption (demand), based on the real and instantaneous data to be received over the grid.  
 
3. Creating a Virtual Power Plant (VPP) 
 
Virtual power plants are innovative digital tools that allow the collective management of distributed 
energy providers and energy storage devices in microgrids. Such an approach makes it possible to control 
a large number of distributed generation and storage elements and manageable loads, instead of 
activating or deactivating a real plant.  
 
If VPPs are installed as a reliable solution, they can be a viable alternative to real power plants. It is 
possible to benefit from VPPs in many areas, such as the achievement of supply-demand equilibrium, 
reducing peak demand, delaying demand, aligning the demand curve with renewable energy-based 
generation, planned maintenance and relieving the load of the grid in the event of unexpected failures. 
VPPs have the potential to achieve significant savings from new power plant investments. One of the 
major advantages of VPPs over traditional power plants is that they allow faster data acquisition, and the 
implementation of faster and real-time control solutions based on this data. 
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Ref: Onsomu O.N., Yesilata B. (2019), Virtual Power Plant (VPP) Application for Rooftop Photovoltaic 
Systems, 3rd International Symposium on Multidisciplinary Studies and Innovative Technologies, 
Ankara/Turkey. 
 

 

BOX 17: An Example of an Environmental-Friendly Application: Gray water recovery  
 

 
Gray water refers to any wastewater other than toilet water used in buildings. Among the fractions of 
domestic wastewater, the part with the lowest level of pollution and that contains the lowest amount of 
pollutants is gray water.  
 
The main sources of this stream, which accounts for practically all domestic wastewater streams other 
than toilet water, are kitchen wastewater, bathroom, sink and various washing waters. It has the largest 
share of domestic wastewater by volume, accounting for 75%. Investment costs vary depending on the 
size of the enterprise. As the system grows, the costs per m2 and the amortization period decreases.  
 

 
 
Ref: https://dergipark.org.tr/tr/download/article-file/202923  

 

BOX 17: An Example of an Environmental-Friendly Application: Use of Rainwater 
Collection and Treatment Systems  
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https://dergipark.org.tr/tr/download/article-file/202923
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In commercial and industrial buildings, rainwater is generally used as utility water in toilet reservoirs, 
for fire extinguishing and for green space watering. Although the system is the same as those used in 
small-scale buildings, increased system capacity results in increased costs. It is more preferable, 
however, to use rainwater collection systems in large-scale buildings due to the larger roof area, from 
where rainwater is collected, and the higher potential use of water. 

 
Ref: http://www1.mmo.org.tr/resimler/dosya_ekler/d69c440befe8881_ek.pdf  
 

 
 

BOX 18: An Example of an Environmental-Friendly Application: Composting Systems  
 

 
Food waste is a major problem for many businesses. The on-site composting of such waste reduces its 
volume by up to 90%. Dumping this waste in landfills not only causes environmental problems, but also 
leads to the destruction of precious soil, which is a valuable material. By recycling food waste, however, it 
is possible to both prevent environmental pollution and to return the nutrients necessary for plant 
growth to the soil.  
 
On-site composting of food waste reduces its volume by up to 90%. This is a significant gain for the 
environment. Businesses can gain many benefits from the on-site composting of food waste, including a 
reduction in their carbon footprint and waste, the prevention of environmental pollution and use of 
compost in green spaces. 
 

 

  

 

 

 

 

1. Inlet, 2. Fan, 3. Digital display, 4. Observation hatch, 5. Automatic discharge, 6. Heater under the 
hood, 7. Internal conveyor system hopper, 8. Grinder, 9. Rotary Cylinder. 

Ref: http://www.suvecevre.com/yayin/567/kompost-teknolojileri-ve-uygulama-ornekleri-
2-bolum_16761.html  
 

 

3.3. Conventional RE Technologies  

 

 

 

 

 

http://www1.mmo.org.tr/resimler/dosya_ekler/d69c440befe8881_ek.pdf
http://www.suvecevre.com/yayin/567/kompost-teknolojileri-ve-uygulama-ornekleri-2-bolum_16761.html
http://www.suvecevre.com/yayin/567/kompost-teknolojileri-ve-uygulama-ornekleri-2-bolum_16761.html
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Conventional Renewable Energy (RE) technologies include Solar Power, Wind Power, Biomass 
Power, Hydroelectric Power and Geothermal Power. Renewable energy sources other than 
wind and hydroelectric power can be used for direct heat generation in addition to electricity 
generation. Among these five technologies, only the section on biomass addresses existing fuel 
production technologies, and this fuel can be used for transportation purposes. 
 
The following sections present descriptions and definitions of conventional technologies: 
  
BOX 19: Conventional Technologies for the Generation of Heat from Solar Power 
 

 
Technologies for the generation of heat directly from solar power can be divided into three categories: 
low-, medium- and high-temperature applications.  
 
The most common low-temperature approaches make use of planar solar collectors. Classical planar 
solar collectors are mostly used in houses for the purpose of heating water. They collect solar energy 
convert it to heat in a fluid. They can be manufactured in various types and forms. The temperature of 
the fluid circulating in these systems can reach 70–80oC. Aside from satisfying the hot water needs of 
buildings, they are also used for the supply of hot water to swimming pools and small industrial plants. 
Fluid temperatures can reach 120oC in planar collectors, which consist of evacuated tubes and that have 
recently become widespread in our country. 
 

 
Open type with a 
horizontal tank  

 

Closed type with a 
vertical tank 

 

Evacuated tubes 

 

Evacuated tubes and heat 
pipes 

 
 
 

(a) Classification of SEWHSs; (b) Some SEWHSs used for hot water generation. 
 
 
Medium-temperature applications include linear concentrating systems (parabolic trough collectors, 
Fresnel collectors), whereas high-temperature applications include point concentrating systems 
(parabolic dishes and central receivers). Temperatures can reach 300–400oC in Fresnel and parabolic 
trough collectors, and 1,400oC in central receivers (solar towers) and parabolic dish collectors. A well-
known example of the concentration of the sun's rays is the ignition of materials such as paper, etc., 
using a lens or concave mirror. Concentrating collectors seek to use direct sunlight at the highest possible 
rate. For this purpose, solar concentrators are equipped with a tracking mechanism that allows the 
continuous monitoring of the sun’s position. The working principle of such technologies is shown below.  
 
In concentrating solar technologies, high temperatures are achieved by linear (for Fresnel and parabolic 
trough) or point focusing (for dishes and central receivers). Concentration is commonly achieved in two 
ways: linear and point focusing. In the case of linear concentration, the sunrays falling onto a given 
surface (reflective surface) are collected on the surface with a focal line (receiving surface), thereby 
heating the fluid that passes through the pipes that form the surface. As can be understood from this 
description, the focus, referred to as a line here, is practically a narrow and long area in the form of a 
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strip. The temperature that the fluid can reach varies depending on the flow rate, concentration rate and 
instant solar radiation value, while the highest theoretical temperature that can be reached in linear 
systems is very close to the temperature of the surface of the sun. In cases of point concentration, all of 
the sunrays falling onto the reflective surface are concentrated on a point (focal point) on the receiving 
surface. The focal point mentioned here is practically a small area in the form of a receiving surface, 
rather than a point. 
 

 

 
 

Working principle of concentrating solar energy technologies 
 
Saturated or superheated steam, which can be obtained at medium and high temperatures by means of 
concentrating solar energy collectors, can be used directly for thermal purposes in industrial plants, and 
also for electricity generation by passing it through a suitable thermodynamic cycle. 
 
Ref: http://eng.harran.edu.tr/~hbulut/Gunes1.pdf  
 

 
 
 
BOX 20: Conventional Technologies for the Generation of Electricity from Solar Energy 
 

 
Technologies used in the generation of electricity from solar power can be detailed in two main 
categories. 
 
Direct Power Technologies: Photovoltaic (PV) Power Plant Technologies, which convert solar energy 
directly into electrical energy, are considered within this scope.  
 
Indirect Power Technologies: Thermal solar power technologies that produce electric power by 
means of thermal energy obtained from solar energy at high temperatures. Technologies used in this 
context can be divided into two categories, namely, solar chimneys and concentrating (focusing) solar 
collectors. Solar chimneys do not have any widespread use potential.  
 
Illustrations showing the electricity generation principles of both technologies are given below.  
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http://eng.harran.edu.tr/~hbulut/Gunes1.pdf
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(b) 
 

 
 

 

a) Direct electricity generation (via PV panels); b) Indirect electricity generation using a steam turbine 
cycle (with concentrating solar collectors). 
 
Ref: http://www.solar-academy.com/menuis/Gunes-Enerjisi.024513.pdf  
 

 

 
 
BOX 21: Conventional Technologies for the Generation of Heat, Electricity and Fuel Using 
Bioenergy/Biomass Resources 
 

 
Bioenergy refers to energy that can be obtained from plants or any biological waste. Biomass, on the 
other hand, can be defined as the total mass of living organisms belonging to a species or a community of 
various species at a given time.  
 
Biomass is also considered an organic carbon. 
 
Biomass materials can be processed into solid, liquid and gaseous fuels. This results in the creation of 
such main products as biodiesel, bioethanol, pyrolytic gas, and such by-products as fertilizer and 
hydrogen. Biomass resources appear in almost every aspect of our lives.  
 
For example, they include wood, oilseed plants, such as sunflower and soybean, wheat straw, hazelnut 
shell, agricultural waste, tea waste, olive seed and pulp, waste paper, domestic organic waste such as fruit 
and vegetable peel, herbs, other vegetable waste, such as stems and roots, algae, marine algae, animal 
excreta, manure, industrial waste and wastewater treatment plant sludge. 
 
Electricity, heat and fuel generation from biomass resources can be carried out using many different 
technologies. The resources selected for energy generation are converted into an energy form suitable for 
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DC/AC converter 
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Solar field Heat storage Power unit 

http://www.solar-academy.com/menuis/Gunes-Enerjisi.024513.pdf
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the respective technology, involving thermochemical or biochemical conversion methods. 
 

 
 
The form of energy obtained through biomass conversion can be used for: 
 

• the direct combustion of biomass, or as biogas in heat energy applications; 

• in gas motors, following the conversion of biomass into synthetic gas in electrical energy 
applications; 

• as fuel in the form of bioethanol and biodiesel in transportation vehicles. 
 

  
 
Ref: G. Koçar, YEVDES Training Notes 
 

 
 
BOX 22: Conventional Technologies for Generating Heat and Electricity from Geothermal 
Energy 
 

 
Geothermal energy originates from the magma deep in the earth and the heat resulting from the 
radioactivity 
in rocks. This energy heats underground waters to 
various temperatures. This hot water source can be used for direct heating or for electricity generation, 
depending on its temperature. 
 
Direct use involves the use of the energy of the geothermal fluid in heating or domestic hot water 
generation. This application involves the circulation of the heated fluid through pipe coils located 
underground for building heating or for domestic hot water. 
 
Its indirect use involves the conversion of geothermal energy into electrical energy. In this case, the 
working fluid, which turns into steam, is passed through a steam turbine to generate electrical energy. 
 
Ref: http://mmoteskon.org/wp-content/uploads/2019/03/2019-003JEO.pdf  
 

 
 
 
BOX 23: Conventional Technologies for the Generation of Electricity from Wind Energy 
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Electricity is generated from wind energy by means of wind turbines. Wind turbines are the main 
structural elements of wind power plants that convert the kinetic energy of the air in motion 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 
rotation of their axes. Horizontal-axis wind turbines are the most common, in which the axes of rotation 
is parallel and the blades are perpendicular to the wind direction. Such types of wind turbines have one, 
two, three or multiple blades. Horizontal-axis wind turbines are referred to as upwind turbines if the 
wind hits the rotor without contacting the tower, and downwind turbines if the wind first contacts the 
tower and then hits the rotor.  
 
The axes of vertical-axis wind turbines are perpendicular and vertical to the wind direction, and their 
blades are vertical. 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 three-blade, horizontal-axis 
and upwind type wind turbines. 
 
Ref: https://enerji.gov.tr/enerji-isleri-genel-mudurlugu-kaynaklar  
 

 
 
BOX 24: Conventional Technologies for the Generation of Electricity from Hydroelectric 
Power 
 

 
The installed capacity of hydroelectric power plants is calculated using the flow rate that can be obtained 
from the stream and the head value. Hence, flow rate and head are the two amin parameters in 
hydroelectric power plant design and turbine system selection.  
 
Today, systems up to 100–200 kW are classified as micro, those in the range of 200 kW–1 MW are 
classified as mini, those in the range of 1 MW–50 MW are classified as small and those above 50 MW are 
classified as large hydroelectric power plants.  
 
Ref: https://enerji.gov.tr/enerji-isleri-genel-mudurlugu-kaynaklar 
 

 
 
 
 

  

https://enerji.gov.tr/enerji-isleri-genel-mudurlugu-kaynaklar
https://enerji.gov.tr/enerji-isleri-genel-mudurlugu-kaynaklar
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2.4. Innovative RE Technologies  

Small- (starting from 5 kW) and medium-sized (up to a maximum power capacity of 5 MW) solar PV 
power plants and single wind turbines are predominantly used for electricity generation in our 
universities. Very rarely, hybrid systems using 'PV + Wind Turbine' are used (mainly for research 
purposes and off-grid). One such example is shown in Figure 7.  
 
The energy generated in this combined system,71 with a capacity of 1.1 kW and established for off-grid 
electricity generation on the Osmanbey campus of Harran University, is used to illuminate different 
parts of a faculty building. The lighting fixtures used in the hybrid system are LED (Light Emitting 
Diode) projectors. Such fixtures provide high-intensity illumination with less energy, and have a longer 
life than conventional fixtures. 
 
 

 
 

 
 
 

Figure 7. Images of the wind and solar powered (hybrid) combined energy system. 
 
Today, it is possible to implement many hybrid renewable energy technologies that can be considered 
innovative on university campuses. The results obtained from the R&D stages of studies in this field are 
quite promising. One such example is shown in Figure 8.  
 
This system, called the 'PV-Fuel Cell Hybrid (Combined) System'72, uses hydrogen energy and solar 
energy together. It comprises basically a 1.4 kWp photovoltaic module array that follows the sun’s 
movement, a battery, a hydrogen generator (electrolyzer), a metal hybrid hydrogen storage unit and a 
PEM-type fuel cell operating at 1.2 kWp.  
 
In this example, some of the electrical energy generated by PV panels when the sun is shining is used for 
the exterior lighting of the building, while some is used for hydrogen production. In the absence of the 
sun, electricity can be generated from the fuel cell by means of stored hydrogen.   
 

 

 
71 Aktacir, M.A., Yeşilata B., Işıker I., “Fotovoltaik-Rüzgar Güç Sistemleri Uygulaması”, Yeni Enerji Dergisi, sayı 3, 
sayfa 56-62, Mart-Nisan 2008. 
72 Hilali, İ., Aktacir, M.A., Yeşilata B., “Fotovoltaik -Yakıt Pili Birleşik Sisteminin Deneysel İncelenmesi”, V. 
Yenilenebilir Enerji Kaynakları Sempozyumu (YEKSEM-2009) bildiriler kitabı, 19-20 Haziran 2009, Diyarbakır. 
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Figure 8. Diagram of the PV-Fuel Cell Hybrid (Combined) System. 
 
 
Another innovative application for small-scale electricity generation on university campuses is an 
integrated system of 'Parabolic Dish and Stirling Engine' (see Figure 9). 
 

 
 

           
 
 

Figure 9. Images of parabolic dish-type concentrating power systems using Stirling cycle73. 
 
 
In large-scale heat and electricity generation, 'Concentrating Solar Collector' cycles are used (with the 
power block for electricity generation). Electricity generation through such cycles is possible for all three 

 
73 Gülin Acarol Zilanlı, Stirling çevrimi kullanan çanak tipi yoğunlaştirici güç sistemlerinin incelenmesi ve model bir 
sistemin tasarlanmasi, Yüksek Lisans Tezi, Hacettepe Üniversitesi Fen Bilimleri Enstitüsü, 
http://www.openaccess.hacettepe.edu.tr:8080/xmlui/handle/11655/2264  
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of the other concentrating collector technologies, except for the parabolic dish collector technology (see 
Figure 10). 
 

(a) 

 
 

(b) 
 

 
 

(c) 
 

 
 

 

Figure 10. Thermal Solar Power Plant cycle diagrams: (a) Parabolic trough, (b) Fresnel (c) Central 
receiver (solar tower). 
   
Another innovative application that can be used to reduce or completely eliminate fossil fuel 
consumption in heating/cooling systems on university campuses is the 'Integrated solar heating/cooling 
system' (see Figure 11). 
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Figure 11. Schematic representation of an integrated solar heating/cooling system74. 
 
In a similar system that can be used for heating and cooling by means of solar power, it is possible to 
heat spaces in winter and cool spaces in summer through the use of concentrating solar collectors. An 
illustration showing such an application is given in Figure 12. Steam/superheated hot water generated 
through the concentration of solar energy by a parabolic trough collector in this system can be easily 
reduced to the medium temperature level required for the absorption cooling system to work effectively 
in summer. 
 
On the other hand, many technologies that can be used in combined energy generation today need to be 
further matured. Among such systems are solar-biomass hybrid systems75 as well as PV/T76 and PV/TE77 
technologies that can be developed especially for certain scaled applications within the campus. 
 

 
 

 
74 İ. Çakmanus, http://www.yesilbinadergisi.com/edergi/21/33/files/assets/basic-html/index.html#50, Entegre 
Serbest Soğutma ve Güneş Enerjisi Kaynaklı Lityum Bromür-Absorbsiyonlu Soğutma Sistemi ile Bina Soğutma ve 
Isıtmasının Performans Değerlendirmesi. 
75 Günnur Koçar, YEVDES Training Notes.  
76 Dağ, H.İ., PV-termal kolektörlerin tasarımı, üretimi ve verimini etkileyen parametrelerin belirlenmesi, Doktora 
Tezi, Ege Üniversitesi, Fen Bilimleri Enstitüsü, İzmir, (2015). 
77 Ramazan Kayabaşı, Metin Kaya, Fotovoltaik Modüllerin Atık Isılarından Termoelektrik Jeneratör İle Elektrik 
Üretimi, Avrupa Bilim ve Teknoloji Dergisi (2019), https://atif.sobiad.com/index.jsp?modul=makale-
detay&Alan=fen&Id=AW3uNeMqyZgeuuwfSYWN.  
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Figure 12. Schematic representation of an integrated solar heating/cooling system78. 
 
 
 

 

    
 

 
Sample application 179: Images of the experimental performance evaluation of a PV/T hybrid 
system installed on Balıkesir University Çağış campus. In the study, physical parameters such as 
collector input/output temperatures, mass flow rate, air temperature, solar radiation and panel cell 
temperature were measured and recorded. The thermal and electrical performance of the system were 
determined individually.  
 

 
 
 

 

 
78 http://solitermgroup.com/en/content.php?cat=2&content=3  
79 ÜL, Metin; AKYÜZ, Ersin. Fotovoltaik-termal (PV/T) bir sistemin deneysel performansının incelenmesi. Balıkesir 
Üniversitesi Fen Bilimleri Enstitüsü Dergisi, [S.l.], v. 21, n. 1, p. 444-458, apr. 2019. ISSN 2536-5142. Link: 
<http://fbed.balikesir.edu.tr/index.php/dergi/article/view/888>. Accessed on: 06 sep. 2020 
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Sample application 180: The TEC (Thermoelectric Cooling) system installed in the Kocaeli 
University Energy Engineering Laboratory operates using solar power.  
 

 
 

 
80 ÜL, Metin; AKYÜZ, Ersin. Fotovoltaik-termal (PV/T) bir sistemin deneysel performansının incelenmesi. Balıkesir 
Üniversitesi Fen Bilimleri Enstitüsü Dergisi, [S.l.], v. 21, n. 1, p. 444-458, apr. 2019. ISSN 2536-5142. Link: 
<http://fbed.balikesir.edu.tr/index.php/dergi/article/view/888>. Accessed on: 06 sep. 2020 
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Key Note 1: Rapid Increases in Photovoltaic 
Cell/Module Sizes and Capacities Can Create New 

R&D Opportunities  
 
Commercial PV panel capacities, which had long been stuck in the range of 300–360 W, first passed the 
500 W threshold. Recently, single PV panels that have exceeded the 600 W threshold and even pushed 
the 800 W limit appear to be a tangible result of the increase in wafer/cell sizes. In addition to this 
capacity increase of commercial PV panels, their efficiency has started to push the 23% threshold, 
without falling below 20%81. 
 

Commercial PV Panels exceeding 500 W: 
 

 
 

Commercial PV Panels exceeding 600 W: 
 

 
81 https://www.pv-tech.org/editors-blog/snec-2020-how-modules-topping-800w-and-new-bipv-innovations-
stole-show  

https://www.pv-tech.org/editors-blog/snec-2020-how-modules-topping-800w-and-new-bipv-innovations-stole-show
https://www.pv-tech.org/editors-blog/snec-2020-how-modules-topping-800w-and-new-bipv-innovations-stole-show
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Commercial PV Panels pushing 800 W: 
 

 
 

 
 
 
 

End of key note 

 
 

 

  

Although there are around 25 companies producing PV Panels in Turkey, there will be a considerable need 

for R&D support from universities for the transition to large-scale and relatively high-efficiency panel 

production.   
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Key Note 2: New Trends in Solar Heating and 
Cooling Can Create New R&D Opportunities 

a) Current State: 
 
The energy consumed for heating and cooling in the world accounts for about half of the total energy 
consumed. This figure is 46% in Europe. Only 18% of the heating/cooling demand is met from renewable 
energy sources, mainly biomass and solar power. Approximately 68% of the remaining amount is met 
from fossil fuels, primarily natural gas, and 14% from electrical energy82.  
 
Similar percentages have been recorded also in Turkey. Hence, in relation to the use of solar power 
technologies for heating and cooling applications in Turkey, approximately 30% of our total energy 
consumption can be met from thermal technologies and approximately 14% from photovoltaic 
technologies. 
 
Solar water heaters rank first in the use of solar power in heating and cooling applications in Turkey. 
Although no incentives are available for such applications, Turkey is one of the world leaders in this 
regard.  
For example, according to the 2020 Global Solar Heat Market Report83: 
 
Turkey ranks third globally and first in Europe in terms of the total installation area of the solar thermal 
collectors built until 2018 (25 million m2 or 17 GWth thermal power capacity). In 2018, it ranked second 
only to China in the largest amount of solar thermal system installations in the world. Again, as of 2018, 
it worthy of note that one in every two solar thermal collectors installed in Turkey was an evacuated tube 
solar collector.  
 
 

 
 
However, this top position of Turkey should not be misinterpreted by policy makers and the public, as 
Turkey ranks ninth in terms of collector capacity per 1,000 people, behind such countries as Barbados, 
Cyprus, Israel and Greece. Turkey should make efforts to reach a leading position in this ranking as well, 
for which it will be necessary to create new support packages for solar thermal technologies, given the 
current lack of any support mechanism.  
 

 
82 White Paper on Solar Heating and Cooling in Europe, Draft Version, June 2017 
83 Solar Heat Worldwide, 2020 Edition, https://www.iea-shc.org/Data/Sites/1/publications/2020-06-01--Solar-
Heat-Worldwide-2020-Press-Release.pdf  
 

https://www.iea-shc.org/Data/Sites/1/publications/2020-06-01--Solar-Heat-Worldwide-2020-Press-Release.pdf
https://www.iea-shc.org/Data/Sites/1/publications/2020-06-01--Solar-Heat-Worldwide-2020-Press-Release.pdf
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b) Applications/Trends: 
 
Improvements (higher efficiency and lower cost) in the flat surface or evacuated tube collector 
technologies used for solar water heating contribute to the greater adoption of large-scale applications 
today. 
 
One of such applications involves the use of solar power for district heating and cooling2. A further 
example large-scale solar collector system can make use of solar power for heat supply in industrial 
processes2. Solar cooling applications are also among the commercial applications that have become 
increasingly common in recent years84. In cooling applications, the use of heat pump systems operating 
under photovoltaic power, as well as solar absorption cooling systems, is becoming widespread. R&D and 
innovative trends and opportunity areas that have emerged in this field are listed below: 
 

• Photovoltaic-Thermal (PV/T) Module/System Development, 

• Photovoltaic-Thermoelectric (PV/TE) Module/System Development, 

• Thermo-Photovoltaic (T/PV) System Development, 

• Development of Organic Rankine Cycle Power Generation Systems integrated with thermal 
systems, 

• Development of Phase Change Materials/Systems integrated with thermal systems.  
 
c) Recommendations: 
 
As part of the efforts to combat climate change, it has become necessary to use renewable energy sources, 
especially solar energy, to meet the energy needs for heating/cooling applications in order to reduce 
carbon emissions to the targeted level by 2030. To meet this need, it is clear that not only thermal but 
also photovoltaic technologies should play a role in solar heating and cooling applications. In addition to 
small-scale widespread applications such as solar water heaters, solar thermal technologies need to be 
scaled up and their application areas expanded. Turkey needs to be prepared for these new developments 
and trends,   
 
and to adapt to these emerging trends and large-scale applications in order to utilize its current solar 
power potential, to maintain its market and leadership advantage in the field of thermal solar power 
technologies around the world, and to fulfill its carbon emission reduction commitments in the coming 
years.  
 
To this end, Turkey needs to formulate national policies and R&D strategies aimed at: 
 

 
84 Mugnier, D.,The Future of Solar Cooling, SHC Solar Update, May 2016 
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• increasing use of applications utilizing solar thermal technologies together with other renewable 
energy technologies (especially PV, biomass and geothermal); 
 

• increasing the use of solar thermal technologies together with energy-efficient technologies (heat 
pump, cogeneration, trigeneration) in building heating and cooling; 

 

• increasing the use of solar thermal technologies in large-scale applications at a city level, 
especially for district heating and cooling (As of the end of 2019, it is reported that 
approximately 400 large-scale systems with a system area of 500 m2 and above are in operation, 
and that the total system area in operation is 2.3 million m2.);  

 

• improving the cost/operating parameters of solar photovoltaic/thermal (PV/T) hybrid solar 
collectors and increasing their use in building applications (As of the end of 2018, there are a 
reported 1 million m2 in installations spread across 25 different countries);  

 

• developing supplementary digital technologies that can be used to integrate solar thermal 
technologies into smart and sustainable industrial/urban applications. 

 
  
 
 

End of key note 
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Key Note 3: 'Turkey Smart Grids (TSG) 2023 
Vision and Strategies' Defines New R&D Areas for 

Our Universities                          
 
 
A Smart Grid is an electricity grid that intelligently integrates the actions of the producers and 
consumers connected to it to provide energy supply in a sustainable, efficient, economical and secure 
manner.  
 
Communication between producers, consumers and regulators is crucial in a Smart Grid architecture. 
The smart grid approach adds three fundamental innovative components to the classical grid approach:  
 
communication, computation and bidirectional information flow, and smart applications.  
 
To this end, various technologies are used, from the generation of the electricity to its delivery to the end 
user.  
 
As a result of technological improvements, the smart grid approach has made it possible to control the 
energy supply-demand balance in real time.  
 
The below diagram85 shows the technologies involved in the Smart Grid approach and their association 
with the electricity sector. 
 

 
 
 
 

 
85 Dağtekin Y. (2019), Harran Üniversitesi Fen Bilimleri Enstitüsü Y. Lisans Tezi 
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Under the 'Turkey Smart Grids (TSG) 2023 Vision and Strategy Formulation Project'86 carried out by 
ELDER with a view to contributing to the realization of Turkey's Smart Grid vision, it has been decided 
to conduct a current state analysis in the following areas to determine the level of maturity and adequacy 
of the systems that are currently in use, or that are planned to be used, and to create a roadmap for 
Smart Grid Turkey through detailed feasibility analyses: 

 

• Smart Grid Management: Advanced MV and LV Grid Monitoring, Management and Control 
Systems (SCADA, DMS, OMS, Energy Quality Monitoring, etc.) Geographic Information 
Systems, Other IT Solutions (Call Center, WFM, CRM, ERP, etc.), 
 

• Smart Embedded Systems: Grid Integration of Distributed Power Plants, Smart Storage 
Systems, Electric Vehicles, Microgrid Concept, Virtual Power Plant, 

 

• Smart Market and Customers: Smart Meter Infrastructures and Meter Management Systems, 
Demand Side Management, Flexible and Dynamic Tariffs, Generation at Customer Scale, Smart 
Building Technologies, Smart Customer Technologies, 

 

• Communication Infrastructure, 
 

• Information and Cyber Security, 
 

• Corporate Information Technologies Integration, 
 

• Data Management and Analytics, 
 

• Interoperability and Standardization. 
 
With the contributions of the TSG-2023 project outputs, a vision and strategy document regarding the 
transition to a smart grid infrastructure in Turkey was published in 201887.  
 
The expectations of Turkish electricity sector from the smart grid infrastructure are as follows: Reducing 
losses/illegal use, easy integration of renewable energy plants into the grid, grid durability, ensuring 
integration into the EU grid, promoting demand response, transition from conventional networks to 
networks with two-way communication.  
 
Again, this vision document is intended to minimize energy losses and completely eliminate illegal use by 
expanding the use of smart grids until 2035.  
 
Turkey aims to complete the AMI (Advanced Measuring Instruments) transformation of at least 80% of 
the distribution infrastructure by 2025, and at least 80% of consumers by 2035. It also aims to ensure 
that 40% of all consumers participate in the demand response mechanism by 203588.  
 
Given all these targets, there is a considerable need for R&D studies in this field, where significant 
investments are expected to be made in the next 15 years.  
 
 
 
 

End of key note 

 

 
86 https://www.akillisebekelerturkiye.org/hakkinda  
87 National Smart Grid Vision and Strategy Document (2018) 
88 EMRA (2018) 

https://www.akillisebekelerturkiye.org/hakkinda
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5   

APPLICATION OF SMART 

AND SUSTAINABLE 

TECHNOLOGIES  

5.1. Smart/Sustainable Building/Lab Applications 

 
General Principles: 
 
Smart building/structure/lab technologies on university campuses allow the instant monitoring and control of all 
activities in the existing space via the Internet of Things (IoT) software and hardware. Sustainability, on the other 
hand, implies that all activities in the existing space are carried out in an environment-friendly manner (observing 
the principles of clean energy and resource efficiency). 
 
Today, Energy Monitoring Management Systems (EMMS) constitute the main pillar of the concept of 
smart/sustainable building. A diagram depicting the systems that can be monitored and managed in such 
structures by means of an EMMS is presented in Figure 1.  
 
EMMS, briefly, ensure the communication of devices with each other (digital energy IoT platforms) and are 
necessary for the reduction/control/management of the energy used and for the reduction of costs.  
 
EMMS make it possible to decide how new developments and regulations will shape energy costs, and how to 
reduce the risks faced by the business/facility/campus.  
 
If the University Management, Administration and technical/operation/maintenance personnel cannot monitor, 
record and compare energy consumption in the buildings/facilities/campus during operation, they will not be able 
to identify excessive/inappropriate/unnecessary consumptions of energy, and will never know whether their 
consumption falls within the scope of reactive power penalty. In the case of an eligible consumer, they cannot 
know whether their consumption exceeds the annual amount of energy use, nor potential savings points.  
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Figure 1. Schematic representation of the systems that can be monitored and managed via an EMMS89. 
 
 
For many reasons, such as the intensity and priorities of daily operational work, the fact that continuous 
manual/visual monitoring cannot be controlled properly due to the increase in complex energy-using 
systems/devices, as well as "operation blindness", setting up an EMMS has become a necessity. As soon as the 
measurement of all energy-using devices/systems/facilities/buildings begins upon the correct installation of 
EMMS, excessive and inappropriate/unnecessary consumption will become immediately apparent – if you do not 
measure, you can never know and manage.  
 
Today, an advanced/smart EMMS needs to be capable of presenting fast and accurate reports and 
comprehensive analyses/analytical results, to operate in cloud the or servers, to monitor renewable energy 
systems, to be integrated with other automation systems, such as lighting, HVAC, etc., to issue reports in 
compliance with “ISO 50001 EMS”, and to have modules for baseline calculations and measurement, as well as 
verification modules for ESCO/Energy Performance Contract (EPS) applications. It should also be able to work 
with wired/wireless sensors. 
 
It should be able to operate Cloud, Energy Blockchain and Energy IoT applications and have an NB-IoT module 
that communicates via Wi-fi at no cost. NB-IoT communication devices can provide effective and continuous two-
way communication with any item of equipment, including protection relays, analyzers, meters, etc., across a 
much wider coverage area and with much lower energy consumption than conventional GSM communication 
devices. 
 
An advanced/smart EMMS that can meet such requirements is shown in Figure 2. As can be seen in the figure, 
EMMS are actually much more comprehensive and advanced than building automation or building management 
systems.  
 
A “building automation system (BAS)” or “building management system (BMS)” can manage the comfort and on-
off optimization of the mechanical heating/cooling/ventilation/lighting systems used in the facility, which are 
usually designed during the construction phase. An EMMS, on the other hand, refers to an “IoT Platform with 
Digital Energy Intelligence”, which is used to improve energy performance by monitoring/detecting, analyzing 
and/or controlling energy consumption and costs. To show the difference between the concepts in question, the 
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development of Energy Monitoring concepts over the last quarter century is depicted in Figure 3; EMMS 
terminology corresponds to smart/advanced monitoring systems today. 
 

 

 
 

Figure 2. Schematic representation of an advanced/smart EMMS and its integration with other systems90. 
 
 
 

 

 
 

Figure 3. Schematic representation of an advanced/smart EMMS and its integration with other systems91. 
Application Examples: 

 
90 İ. Çakmanus, YEVDES Training Notes 
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BOX 1: Examples of Smart Campus Technologies 
 

 
Smart Campus refers to a campus installed with the infrastructure and applications necessary for any activity on 
the campus to be monitored and managed using IoT technologies.  
 
A diagram showing the basic activity and smart system needs on campus is presented in the figure below.  
 
By using the smart sensors and software shown in the given diagram, it is possible to provide campus services 
holistically, such as Indoor Person Tracking and Locating, Biometric System Login and Authorization, Under-
vehicle and License Plate Control, Entry/Exit Control, Data Center Security System, Kiosk Information and 
Guidance System, Cafeteria/Canteen Shopping Control, Visitor Access Control, Payment Tracking Balance Control, 
High Security Authorization Control, and Printer Management and Secure Print Control. 

 

 
 

Sample diagram illustrating the holistic smart campus approach. 
 
Ref: 
https://www.researchgate.net/publication/316260298_Study_of_Smart_Campus_Development_Usi
ng_Internet_of_Things_Technology  
 

 
 

BOX 2: Examples of Sustainable (Environment-friendly) Building Technologies 
 

 
In the creation of a sustainable/environment-friendly structure/building, a holistic approach is required to keep 
the damage to the environment to a minimum. The environmental footprint of a building can be defined as a set 
of relationships comprising many components, each of which needs to be addressed individually. The principles 
that should be adopted to minimize the environmental impact of a building can be listed as follows: 
 

• Orientation of the building in relation to the sun, arrangement of the openings accordingly and the 
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• Collecting and generating energy within the space 

• Use of recycled materials 

• Obtaining materials from sustainable sources 

• Predominant use of local and natural materials 

• Minimizing waste in the construction phase 

• Avoiding use of CFCs, HCFCs and ozone-depleting materials 

• Minimal interference with natural resources 

• Indoor air quality and use of materials that do not contain volatile organic compounds 

• Accessibility, safety and proximity to social services 

• Ecological landscape design 

 
The depiction of a sample building in which these principles are predominantly applied is presented below.  

 

 
 
Depiction of a sustainable (environment-friendly) building (Ministry of Environment and Urbanization, Ankara 

Etimesgut Sincan TKGM Building). 
 

Ref: https://webdosya.csb.gov.tr/csb/dokumanlar/mhgm0004.pdf  
 

 
 

BOX 3: Examples of Smart Laboratory Technologies 
 

 
One of the common and current needs in Smart Laboratory applications (that have arisen due to the pandemic) is 
the establishment of a “remote laboratory experiment” infrastructure, which is only possible with the integration 
of IoT technologies. 
 
The basic working principle of a remote laboratory is illustrated in the figure below. The setup consists of four 
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main parts: the client computer on which the experiment will be run, the web server, the web camera interface 
and the experimental setup. The client computer is the computer that learners use to run their experiments. They 
communicate their requests about the experiment to the web server via a software program and the Internet 
from the client computer. The web server transmits these requests to the experimental setup via an interface. 
The results and video images of the experiment are transmitted to the learners via the web server.  
 
In remote laboratories, it is important for the software used by learners to be user-friendly so that the actions can 
be performed easily. It is also recommended that platform-independent, free or low-cost client software be used 
in these laboratories, ensuring the security of client-side applications, easy download of client/server software, 
storage of laboratory experiments and their results in a database, and easy understanding of the software used. 
 
In addition, learners working with remote laboratories should have fast and advanced computers and a fast 
Internet connection in order to conduct experiments better. 

 

 
 

Schematic representation of a smart laboratory (providing means for remote experimentation). 
 

Ref: http://higheredu-sci.beun.edu.tr/pdf/pdf_HIG_1799.pdf  
 

 
 

BOX 4: Examples of Smart Laboratory Applications: Boğaziçi TETAM Laboratory 
 

 
The Boğaziçi University Kandilli Campus, Telecommunication and Informatics Technologies Research Center 
(TETAM), established with the support of the Ministry of Development, is designing the "Smart Home" of the 
future using Internet of Things (IoT) technologies.  
 
In the “Internet of Things (IoT) and Smart Home Laboratory” located in the research center, the scenarios 
required for the Smart Home Project are tested in the furnished areas of a house, such as the living room, kitchen 
and bedroom.  
 
The Smart Home Automation System allows many devices to be connected to each other, different scenarios to 
be implemented and electronic appliances to communicate with the modem.  
 
Thus, in addition to obtaining such information as whether people are at home to the temperature and humidity 
of the house, it is possible to turn on various household appliances such as air conditioners or refrigerators over 
the Internet through instructions sent via the computer thanks to the smart socket developed in the laboratory.  

 
Ref:https://bogazicindebilim.boun.edu.tr/content/gelecegin-teknolojisi-icin-bogazicinden-akilli-merkez  
 

 

BOX 5: Examples of Smart Laboratory Applications: Yıldız Technical University (YTU) Smart Home Laboratory  
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A depiction of the “Smart Home Laboratory” established within Yıldız Technical University (YTU) in harmony with 
the Smart Grids Infrastructure in Turkey is shown below. It is aimed for the Smart Home Laboratory to remotely 
control all electrical appliances found in a house via the uniquely developed software and smart sockets, thereby 
achieving efficiency in energy consumption. The smart home is supplied with energy from renewable energy 
sources and can feed excess generated energy back to the grid when necessary. 

(a) 

 
 
(b) 
 

 
Schematic representation of an application run in the smart home laboratory, b) Screenshot of the measured 

values. 
 
Ref: http://otomasyondergisi.com.tr/arsiv/yazi/75-turkiyede-akilli-sebekeler-alt-yapisina-uygun-akilli-ev-
laboratuvari/  
 

 
 

BOX 6: Examples of Smart/Sustainable Building Applications: Özyeğin University ScOLa Building  
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The ScOLa building shown below has a low energy consumption of only 45 kilowatt-hours per square meter per 
year (kWh/m2/year) (about one-sixth of the annual consumption of an average academic building).  
 
Equipped with sensors, the building allows for the more efficient use of resources in many areas, including 
heating, cooling and lighting, thanks to the obtained data.  
 
The profits from energy efficiency pay back the extra initial investment cost in two years. The building provides 
effective heating and lighting in line with the needs, without compromising the comfort of the users. 

 

 
 

An image of the ScOLa building 
 
Thanks to the transparent and opaque surfaces used in the building, the automated lighting system operates at 
approximately 35 percent efficiency per year. The glass on each facade consists of materials selected according to 
the characteristics required by that direction, and brise soleils are utilized to the maximum extent.  
 
The building has a natural ventilation system, and utilizes renewable resources (by means of the 120 kWp 
photovoltaic system integrated into the building) 
to the maximum extent. The remaining demand for electricity is met from contracted wind power plants (green 
tariff). 
 
Mains water is never used for landscape irrigation. Instead, collected rainwater and a treated gray water system 
are used.  
 
The energy monitoring system in the building allows communication with the building users. The sensors located 
at different points of the building can thus be calibrated and specific solutions can be developed for the building. 

 
 

Ref: https://bi-ozet.com/2016/04/27/ozyegin-scola-binasi-ekodesign-konferansinda/  
 
 

BOX 7: Examples of Smart/Sustainable Building Applications: Library Building of the Department of Health 
Sciences of Hacettepe University Sıhhiye Campus  
 

https://bi-ozet.com/2016/04/27/ozyegin-scola-binasi-ekodesign-konferansinda/
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In designing the Library Building of the Department of Health Sciences of the Hacettepe University Sıhhiye 
Campus, natural ventilation and natural lighting of all spaces were priority targets. For this reason, the building is 
designed as two independent masses, enabling the working spaces to receive sunlight from different angles 
thanks to the courtyard in the middle. The landscape design of the courtyard creates a microclimate, and all 
spaces are supplied with fresh air through cross ventilation. 
 
The double wall on the southern facade of the building is intended to provide noise and heat control. It also 
serves as a Trombe wall. The building envelope is used as a thermal mass, and is intended to reduce heating loads 
by feeding the heated air in between into the system in winter, and to create a stack effect by discharging warm 
air in summer, thereby ventilating the working spaces. 

 

 
 

 
 

Images of the Library Building of the Department of Health Sciences of Hacettepe University Sıhhiye Campus. 
 

Ref: https://webdosya.csb.gov.tr/csb/dokumanlar/mhgm0004.pdf  
 
 
 

BOX 8: Examples of Smart/Sustainable Building Applications: Ankara Eryaman Cezeri Green Technology 
Technical and Industrial Vocational High School  
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The campus of Ankara Eryaman Cezeri Green Technology Technical and Industrial Vocational High School, images 
of which are given below, is a striking example of the holistic application of energy efficiency, renewable energy 
and environment-friendly technologies.  
 
It features air handling units with 70% heat recovery in the ventilation system, a high-performance building 
envelope, natural lighting with solar chimneys, brise soleils providing lighting control, sustainable mechanical 
installation integration consisting of a highly efficient ground source heat pump, absorption chiller and 
cogeneration unit, a solar wall supporting ventilation in the workshops, photovoltaics generating electricity and 
underground piping systems that support ventilation in the cafeteria and atrium spaces. The annual energy 
consumption from fossil-fuel sources is approximately 85% that of similar structures.  

 

 
 
 

 
 
Images of the Ankara Eryaman Cezeri Green Technology Technical and Industrial Vocational High School 

 

 

Ref: https://webdosya.csb.gov.tr/csb/dokumanlar/mhgm0004.pdf  
 
 

5.2. Smart/Sustainable Lighting Applications92
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General Principles: 
 
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.  
 
Energy efficiency in lighting systems has become an issue of focus in recent years. In many applications, the 
energy efficiency of lighting systems is the primary focus of investment.  
 
The increased cost of energy and the improved lower-cost lighting technologies support efforts to increase energy 
efficiency and reduce operating costs. The factors affecting this trend can be summarized 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 less construction and time required for such modernization processes 

 
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. Due to choices made without considering operating loads, 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.  
 
Hence, although the initial investment cost is an important issue in the renewal/modernization of lighting 
systems, operating costs and expenses can also be a determinative factor in many cases. 
 
To illustrate, diagrams showing the 5-year operating cost of a standard general lighting fixture and cost ratios 
depending on the operating period are presented in Figure 4. It is apparent that operating costs can create a 
serious burden, depending on the system efficiency and energy costs. 
 
In efficiency improvement projects, priorities should be determined 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. 
As a general principle, it is fair to say that priority should be given to the parts of the investment where the 
annual operating time is the highest. The longer the operating time, the shorter the payback period of the 
investment.  
 

 (a) 
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(b) 
 

 

Figure 4. (a) Initial investment cost to operating expense ratios; (b) The effect of operating time on total cost. 
 
 
In many buildings, huge differences can be seen in the annual operating times defined for different parts of the 
building. However, it is crucial in terms of cost efficiency to start in sections where annual operating times are 
long. An example of this situation numerically is given in Table 1. 
 
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. 
 
In principle, it is necessary to prioritize the parts containing the oldest and inefficient technologies. Although 
conventional systems differ significantly in terms of efficiency, it would be a correct approach to give priority to 
the replacement/renewal of infrastructural elements with electromagnetic ballast, given their high consumption 
and low efficiency. 
 

Table 1. Payback periods of LED luminaire solutions with different operating times 
 

INVESTMENT + 5-YEAR ENERGY COSTS 

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

51% 
OPERATING 

RATE 

68% 
OPERATING 

RATE 

76% 
OPERATING 

RATE 

81% 
OPERATING 

RATE 

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 

OPERATION + INVESTMENT: 1,028 TRY 

PURCHASING COST: 250 TRY 

5-YEAR COST OF ENERGY: 778 TRY 

OPERATION + INVESTMENT: 1,287 TRY 

PURCHASING COST: 250 TRY 

5-YEAR COST OF ENERGY: 1,037 TRY 

The 5-year operating cost of a 36w LED panel luminaire purchased for 250 TRY varies depending 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. 

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

INVESTMENT ELECTRICITY 
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BOX 9: Technological development of LED industries in the last decade 
 

 
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 renovation 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 almost no price difference between conventional 
solutions and LED systems. As shown in the chart below, however, luminous efficacy (defined as the ratio of the 
extent to which a light source produces visible light, measured in lumens, to the electrical energy consumed by 
that source, measured in W) of LED systems differs significantly from the efficiency of other light sources. 
 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

PERFORMANS

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

MALİYET

4x18W FLUORESCENT 30W LED 2x36W FLUORESCENT 35W LED 

 CIRCUIT POWER 86W 30W 86W 35W 

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 

 

COST PERFORMANCE 
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Ref: https://www.aydinlatma.org/turkiye-aydinlatma-sektoru-degerlendirmesi.html  
 

 
 
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 (see Figure 5). 
 

 

 
 

Figure 5. Images of the cost savings achieved as a result of the relocation and modernization of lighting fixtures 
in a corridor area. 
 
 

BOX 10: Standards/criteria applied in indoor and outdoor lighting  
 

 
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 

LUMINOUS EFFICACY (Im/W) 

INCANDESCENT HALOGEN COMPACT 
FLUORESCENT 

LINEAR 
FLUORESCENT 

HIGH-PRESSURE SODIUM METAL HALIDE LOW-PRESSURE SODIUM LED 

AVAILABLE 
QUANTITY 

NEW QUANTITY LUMINOUS FLUX 
PRODUCT 
POWER 

SYSTEM POWER 

 

MODERNIZATION WITH ONE-TO-ONE PRODUCT REPLACEMENT 

MODERNIZATION COST: €780 

AVAILABLE 
QUANTITY 

NEW QUANTITY LUMINOUS FLUX 
PRODUCT 
POWER 

SYSTEM POWER 

 
MODERNIZATION COST: €640 

MODERNIZATION WITH REVISION OF THE LAYOUT PLAN 

18% LOWER INVESTMENT COST 

https://www.aydinlatma.org/turkiye-aydinlatma-sektoru-degerlendirmesi.html


 
-123- 

lighting of certain spaces are based, also apply in our country. These basic standards include: 
 

• EN 12464-1: Light and Lighting of Work Places Part 1: Indoor Work Places 

• EN 12464-2: Light and Lighting of Work Places Part 1 Outdoor Work Places 

• EN 13201-2: Road lighting - Part 2: Performance requirements 

• 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 Luminance Level - Horizontal 

• Average Luminance Level - Vertical 

• Minimum and Maximum Luminance Levels 

• Color Temperature 

• Color Rendering 

• UGR  

 
The technical criteria applied in an outdoor lighting design process can be listed as follows: 
 

• Average Brightness 

• Average Uniformity 

• Longitudinal Uniformity 

• TI 

• EIR 

 
Ref: https://www.elektrikport.com/teknik-kutuphane/calisma-alanlarinin-aydinlatilmasi-ts-en-12464-
1/21848#ad-image-0  
 

 
One of the basic approaches to energy efficiency in lighting systems is the use of lighting control/automation 
technologies. Today, 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. It is a fact that 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. 
 

https://www.elektrikport.com/teknik-kutuphane/calisma-alanlarinin-aydinlatilmasi-ts-en-12464-1/21848#ad-image-0
https://www.elektrikport.com/teknik-kutuphane/calisma-alanlarinin-aydinlatilmasi-ts-en-12464-1/21848#ad-image-0
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From the perspective of effective and efficient use of energy, the use of control technologies is as essential as an 
efficient light source, as in most cases it is possible to achieve greater energy savings through the use of 
appropriate control technologies than that offered by material technologies. Digital and smart lighting control 
systems, which are widely used today, have many functions, including: 
 

• Dimming 

• Switching 

• Addressing 

• Grouping 

• Time Scenario  

• Occupancy-based Control 

• Daylight Control 

• Fault Monitoring 

• Emergency Management 

• Visualization 

• Integration 

• Extensibility 

 

Another important issue apart from the renewal/modernization, control and automation of lighting systems is 
maintenance and operation. The luminous power of the lighting system exhibits a downward trend over time, 
depending on environmental impacts and the nature of the material. This inevitable trend needs to be considered 
during the design/modernization phase.  
 
These approaches, designed in accordance with the operating conditions and maintenance strategies, reduce the 
losses that often take place over time, as well as affecting the amount of installed power at the initial installation 
stage. 
 
What lies behind the insufficient lighting complaints of businesses is often the system infrastructures for which 
appropriate maintenance requirements have not been put in place, and which have not been operated based on 
defined maintenance requirements. To minimize maintenance costs and losses related to aging, it is essential to 
use products that are suitable for the operating condition, to have high luminous stability and to develop periodic 
maintenance approaches. 
 
To illustrate this, the aging trend observed in conventional products of a business that has been operated for 6 
years and that has not undergone any planned maintenance is shown in Figure 6.  
 
While some of the losses shown in the chart can be recovered through periodic maintenance and cleaning, others 
are non-recoverable losses that take place in reflective and transparent materials.  
 
 
 

 
 



 
-125- 

 
 

 

 
Figure 6. Reduction of losses in the light output through the implementation of maintenance (cleaning) 
procedures. 
   
 
 

BOX 11: Example Illustrating Losses Due to Misdirection of Outdoor Lighting Fixture 
 

 
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. However, 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 shown below, approximately 70% of the light coming out of the fixture is lost to the 
atmosphere due to the misdirection of the symmetrical fixture (with a 45-degree tilt). An asymmetrical lighting 
system placed without tilt can achieve the same light intensity with approximately 33% less fixture power.  
 

 

 
 
Ref: .............., YEVDES Project Training Notes on Lighting 
 

 

BOX 12: Optimization of a New Lighting System in Accordance with Standards  
 

 

New Luminaire After cleaning Old Luminaire 

LIGHT OUTPUT (lumens) 

Category 1 

6 pieces of 120W 15,000 Lumen Asymmetrical 
Projector 0o TILT 

6 pieces of 180W 22,000 Lumen Symmetrical 
Projector 45o TILT 
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Design and cost calculations were made for the modernization of the open office area of 225 m2 shown above 
according to the requirements of the lighting standard. The results are given below: 
 

 
 
Based on the design results, it was determined that the optimum solution would be provided by 36 LED 
fixtures. This optimization saved on the cost of the 28 further LED fixtures that would otherwise be used in the 
office, where 64 LED fixtures were planned to be used. 
  
Ref: .............., YEVDES Project Training Notes on Lighting 
 

 
 
 
Application Examples: 

EN 12464-1 LIGHTING STANDARDS FOR OFFICES 

AVG. ILLUMINATION LEVEL 500 

AVG. UNIFORMITY  0.60 

UGR  19.0 

 

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

AVG. ILLUMINATION LEVEL 500+ 

AVG. UNIFORMITY 0.89 

UGR 16.7 

 

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

AVG. ILLUMINATION LEVEL 500+ 

AVG. UNIFORMITY 0.75 

UGR 18.9 

 

16 pcs. 72W LEDs  
INVESTMENT COST: €1,120 

AVG. ILLUMINATION LEVEL 500+ 

AVG. UNIFORMITY 0.62 

UGR 22.9 

 

9 pcs. 125W LEDs  
INVESTMENT COST: €900 

AVG. ILLUMINATION LEVEL 500+ 

AVG. UNIFORMITY 0.39 

UGR 25.7 

 

Lux 



 
-127- 

BOX 13: An Example of a Smart Outdoor Lighting Application: ITU Ayazaga Campus Test Area Lighting 
 

 
Istanbul Technical University (ITU) and ISBAK developed a joint project with support granted by the Ministry of 
Science, Industry and Technology, and installed a test road on which experiments could be conducted, taking into 
account all parameters in the actual road model, in order to integrate the correct dimming scenarios for the 
reduction of the amount of energy consumed within the ITU Ayazaga Campus, but without jeopardizing driver 
safety and comfort. 

 
The test road shown below features a "smart road lighting control system" that garners vehicle speed information 
from the traffic sensors and decides on the dimming ratio suitable for the current conditions on the road. The 
system can save energy by controlling the fixtures accordingly without impairing driver safety or comfort. 
 

 
 
To obtain the expected benefits from LED road lighting installations, tests are carried out with a view to 
determining the necessary automation strategies and scenarios accurately and reliably. As shown in the diagram 
below, the performance of fixtures with different optical and power specifications placed at different vertical and 
horizontal distances is investigated in the tests.  
 

 
 
Ref: https://www.emo.org.tr/ekler/76627f5ed4d96dd_ek.pdf  
 

 

 
  

12 meters 

11 meters 

10 meters 

9 meters 

8 meters 

 

150W HPS Lamp Fixture 

150W 4000K LED Fixture 

150W 6000K LED Fixture 

100W HPS Lamp Fixture 1 meter 

3.5 meters 3.5 meters 

https://www.emo.org.tr/ekler/76627f5ed4d96dd_ek.pdf
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5.3. Intelligent/Sustainable Transport Applications 

 
 
General Principles: 
 
Intelligent Transportation Systems (ITS) are ICT-based systems developed for the purposes of reducing travel 
times, increasing traffic safety, utilizing existing road capacities efficiently, increasing mobility, using energy 
efficiently and reducing damage to the environment, and work through the multi-directional data exchange 
among users, vehicles, the infrastructure and the center, as well as monitoring, measurement, analysis and 
control mechanisms (see Figure 7). 
 
 

 

 
 

Figure 7. Schematic representation of an Intelligent Transportation System (ITS) 93 
 
 
ITS applications, which emerged in the 1960s, started to become widespread in the 1980s with the development 
of information and communication technologies, including the Internet and computer technologies.  
 
In the 1990s, ITS applications gained popularity all over the world, and ITS unions were established to ensure the 
relevant national and global coordination of cooperation and information exchange. Currently, global trends such 
as urbanization and increased urban population, mobility, vehicle ownership, Internet-connected smart devices, 
demand for environment-friendly technologies and applications, and citizens' pursuit of comfort, speed, low cost 
and safety in transportation entail attempts to effectively adapt advanced ITS applications, especially in the 
context of road transport. 
 
Starting from the 2000s, ITS applications have turned into a tendency to prefer or promote pedestrian transport 
and the use of non-motorized vehicles or low/zero-emission vehicles in road transport. Thus, the concept of 
intelligent and sustainable transportation systems (ISTS) has started to be used more frequently.  
 

 
93 National Strategy Document on Intelligent Transportation Systems and Action Plan 2020–2023 

USERS 

COMMUNICATION 
TECHNOLOGIES 
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At a country/city scale, ISTS is a highly comprehensive topic due to its architectural diversity and abundance of 
applications. It is becoming an integrated structure that needs to be addressed not only with information and 
communication technologies, but also with road and traffic infrastructure, vehicle technologies and the current 
legislative framework. This broad scope of ITS applications is shown in Table 2. 
  

Table 2. Scope of ITS Applications 
 

 
 
 
In university campus contexts, the abovementioned complex structure turns into a relatively easily 
manageable/applicable framework. Although university campuses can be considered a micro-scale urban 
implementation model, applications related to ISTS are mainly developed around Green Mobility Technologies.  
 
Hence, these training notes focus on “On-Campus Green Mobility Strategies and Technologies”. 
 
The main purpose of green mobility/transport activities on campuses is to reduce carbon emissions from 
transportation vehicles. A diagram showing the basic strategic steps/policies to be implemented to achieve this 
goal is given in Figure 8. 
 
Reduction or replacement of the need for transportation, which is the first step in the diagram, followed by the 
promotion of sustainable modes of transport, a reduction in the number and duration of trips through land-use 
policies, and finally, the improvement of energy efficiency by means of technological development are all 
indispensable for sustainable/green mobility94. 
 
An approach that reduces the use of automobiles on campuses, increases the use of public transportation and 
supports sustainable modes of transport such as walking and cycling is one of the primary steps toward ensuring 
sustainability in transportation. As mobility and accessibility are important, passenger- and pedestrian-oriented 
modes of transport are chosen that prioritize people and livability. 
 

 
94 Emine Yetişkul, Sustainable Urban Transport, METU Department of Urban and Regional Planning, Personal 
Notes.  

SMART VEHICLES SMART ROADS SMART CITIES 

IT AND SECURITY INTEGRATION SYSTEMS ECONOMY AND THE 
ENVIRONMENT 

Intelligent navigation, 
360-degree view 

Driver Assistance Systems 

Automatic Parking 

Autonomous Vehicles 

Smart Junctions 

Passenger Information 
Systems 

EDS, VMS, HGS, OGS, LCS, 
ACC 

Green Wave Cameras 

Sensors 

Smart City Management 
Centers 

Accident and Emergency 
Management 

Public Transport and Fleet 
Management 

Smart Car Parks 

Safe Transportation 
Practices 

All Transportation Data/Big 
Data 

Data Security and Exchange 

Cybersecurity 

Communication Systems 

Integration of All Transport 
Modes  

Transportation Control 
Center 

Cooperative ITS 

One Payment for All 
Transportation 

Intelligent Energy Systems 

Electric Vehicles 

Environment-Friendly 
Transport Infrastructure 
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Figure 8. Main criteria for sustainable/green campus management95 
 
 
Choosing carpooling or public transport is another important step. It is possible to increase the use of public 
transport both by improving service quality and by means of fare pricing practices that take into account 
temporal, spatial and user differences. On dense urban corridors, light rail public transportation systems, which 
have a less environmental impact than other modes of transportation, are preferred to a great extent. Light rail 
systems are considered to be a sustainable mode of transport between the city center and the main connection 
hubs, such as university campuses, entertainment centers and health campuses, as they feature right of way, fast 
and comfortable passenger boarding, and a prepaid ticket system that shortens the journey time and reduces 
delays96.  
 
The role of technology in sustainable transportation is important, as technological solutions such as the 
development of alternative types of fuel, engine design or the use of renewable energy sources contribute to 
energy efficiency in transportation. Today, standards are applied to reduce the level of harmful emissions to the 
environment, including noise, starting at the production stage. Given their environmental impacts, the use of 
cleaner and greener vehicles in the city and on campus is encouraged, while it is possible to restrict the access of 
other vehicles to certain areas. 
 
Other measures that can be taken include traffic reduction applications, improvements for pedestrians, 
arrangement of roads to include other modes of transport, car parking and parking management, balancing the 
use of buildings/operations, and designs that increase accessibility and connections. 
 
For sustainable transportation, a demand management-based approach in transportation should be adopted 
holistically on university campuses. The primary purpose of transportation demand management should be the 
improvement of transportation options. Improvements to modes of transport are intended to meet the demand 
for transport that will arise as a result of the restriction of the use of automobiles/private transportation. As 
summarized in Figure 8, the next stage should aim to increase the share of sustainable transportation options at 
each stage to the detriment of the fossil fuel automobiles. 
 
 

 
95 https://doi.org/10.1007/978-3-319-63951-2_449-1  
96 Emine Yetişkul, Sustainable Urban Transport, METU Department of Urban and Regional Planning, Personal 
Notes. 
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BOX 14: Some Research and Application Studies on ITS Conducted by Our Universities 
 

 
Many projects, papers, articles and thesis studies on intelligent transportation systems are carried out by 
higher education institutions. Doctoral scholarships are granted by the Higher Education Council in an attempt 
to develop qualified human resources, both qualitatively and quantitatively. There are automotive engineering 
departments in around 20 universities in Turkey, and many of our universities also offer graduate programs in 
this field. In addition, application and research centers have been established in some of our universities to 
conduct studies on ITS. Some of the universities conducting research on ITS and their various activities are 
listed below: 
 
Middle East Technical University (METU): The Computer Aided Design, Manufacturing and Robotics (BILTIR) 
Laboratory Department of Intelligent Transportation Systems conducts research into infrastructure, smart 
vehicles, intelligent transportation infrastructure, smart traffic management, information systems for 
intelligent transportation and communication systems for intelligent transportation. 
 
Boğaziçi University (BOUN) Conducting studies into intelligent transportation systems, such as public 
transportation-oriented traffic planning, transportation accidents sensor research, transportation accident risk 
modeling, modeling of road strategies prioritizing bus implementations in Istanbul, and evaluations of 
performance. At Boğaziçi University Local Traffic Control Center and Intelligent Transportation Systems 
Laboratory (BOUN ITS LAB), solutions are generated for transportation problems and projects are developed 
for authorized institutions. The laboratory conducts research and projects on subjects such as intelligent 
transportation systems, transportation integration, and the development of urban road, sea and rail transport.  
 
Yıldız Technical University (YTU): At the YTU Local Traffic Control Center and Intelligent Transportation 
Systems Laboratory, Istanbul's traffic can be monitored in real time 24/7 with thousands of cameras, sensors, 
loop detectors and radars spread all over the city. Data can be transferred from the components of Istanbul’s 
intelligent transportation system data architecture. The devices in the laboratory and the data obtained 
provide support to undergraduate studies and master's and PhD theses. In the laboratory, scientific research 
projects are carried out at various levels and scientific articles are published, while the demands of the public 
and private sectors are met for transportation system and traffic problem solutions. Not only the members of 
the civil engineering department, but also those of the electrical engineering, electronic engineering, control 
engineering and survey engineering departments can use the laboratory. The laboratory provides services in 
many areas related to transportation, especially intelligent transportation systems, on a local, national and 
international scale. 
 
Okan University: The University carries out studies into becoming a "Center of Excellence" in the field of 
intelligent and environment-friendly transportation and autonomous vehicles. In addition, traffic conditions 
are examined by the traffic management unit, and studies are carried out on smart vehicles, roads and their 
operation. 
 
Sabancı University: Within the framework of sustainable (environmental) transportation planning, studies are 
carried out into route planning that chooses the low-emission route between two points, route planning based 
on fuel consumption (environment-friendly route planning by ruling out the factors that damage the 
environment) and the use of electric vehicles in logistics. 
 
Bandırma Onyedi Eylül University: It was designated by the Council of Higher Education as a specialized 
university to conduct studies in the field of ITS. 

 
 
Ref: National Strategy Document on Intelligent Transportation Systems and Action Plan 2020–2023 
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Application Examples: 

 
 
 

 
Real-time Integrated Internal Shuttle Bus Location Tracking  

Application 
 
 
 

 
Real-time Fleet Management System  

 
 

 

 
Sample application 197: National University of Singapore/NUS (Singapore): The applications shown above 
allow the monitoring of all transportation activities within the campus (including the habits of vehicle drivers 
while driving) in real time98. 
 

 
 
 

 
97 https://bizero.bike  
98 https://uci.nus.edu.sg/wp-content/uploads/2018/10/UCI_Smart_Campus.pdf  

https://bizero.bike/
https://uci.nus.edu.sg/wp-content/uploads/2018/10/UCI_Smart_Campus.pdf


 
-133- 

 
 
 

 
 

 
Sample application 299: Boğaziçi University (Turkey) Under the Bizero project, electric bicycles are used for 
transportation between campuses. Electric bicycles can be easily rented via a mobile application from stations 
next to the library on the North Campus and cash machines on the South Campus, without a deposit.  
 

 
 

 
 

 
Sample application 3100: Karamanoğlu Mehmetbey University (Turkey): “4th Generation Shared Cycling” 
applications enable students to use an environment-friendly transportation vehicle on campus, while at the 
same time keeping fit. There are no stations in the system. Bicycles operate with a QR code system. Users 
download a program to their mobile phones and load credits. A user scans the QR code on the bike to unlock 
it. After use, the bike can be left anywhere on the campus. The 4th-generation bikes on the campus are 
economical, easy to use and environment-friendly. 
 

 
99 https://bizero.bike  
100 https://www.hurriyet.com.tr/egitim/universiteliler-akilli-bisiklet-ile-kampus-yollarinda-40746568  

https://bizero.bike/
https://www.hurriyet.com.tr/egitim/universiteliler-akilli-bisiklet-ile-kampus-yollarinda-40746568
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Sample application 4101: Massachusetts Institute of Technology/MIT (US): Users can call for a bicycle to be 
delivered to the nearest station using the Autonomous Bicycle Application. The bicycle transforms into a 
tricycle that has the necessary stability to drive itself. It can thus make its way to the user’s location 
autonomously using GPRS signals. Once it has arrived, the rear wheels join to transform it back into a bicycle.   
 

 
 

  

 
101 https://www.media.mit.edu/projects/AutonomousBicycleProject/overview/  

https://www.media.mit.edu/projects/AutonomousBicycleProject/overview/
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5.4. Smart/Sustainable Energy Storage Applications 

 

Overview: 
 
The most important issue on the current global agenda is owning or managing energy resources. 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 supply. 
  
A review of our generation’s resources shows clearly that the share of natural gas, lignite coal and imported coal 
in our total energy generation is over 50%. This ratio implies that measures need to be taken in terms of both 
sustainability and environmental pollution. One of the alternatives for our country to reduce this ratio is to 
increase the use of renewable energy sources. To increase the share of power generated from renewable energy 
sources in total consumption, we should definitely utilize energy storage technologies.  

 
Although the advantages and benefits of energy storage systems are directly related to the performance of the 
specific storage system, the proper design, integration, control and operation of the system with which the 
storage system is integrated are of vital importance in the system’s ability to provide the expected improvements.  
 
One of the primary aspects in the storage of energy is the storage time, for which the following classifications can 
be made: 
 

• Short-term storage: uninterruptible power supplies, frequency and voltage control, power balancing 
systems, etc. 

• Medium-term storage: supporting renewable energy systems, grid feeding, load shifting, etc. 

• Long-term storage: power shifting, security, efficiency, savings, etc. 
  
One of primary expectations of an energy storage system relates to its ability to store the highest amount of 
energy in the smallest volume and weight possible. An energy storage system should have the following features:  
 

• High storage capacity; 

• High charge/discharge efficiency; 

• Low self-discharge and capacity losses 

• Long life 

• Cost-effective 

• Energy intensive (kWh/kg or kWh/liter).  
 
The currently used energy storage technologies are presented in Figure 9. 
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Figure 9. Classification of Energy Storage Technologies102 
 
 
Table 3 presents a comparison of different types of energy storage techniques based on the following 
parameters: power capacity, number or duration of cycles, energy density, efficiency and response time. 
 

Table 3. Technical data of Energy Storage Technologies103 
 

Energy Storage 
Technique 

Power Capacity 
(MW) 

Number or 
Duration of Cycles 

Energy Density 
(W⋅h/L) 

Efficiency 
(%) 

Response 
Time 

Supercapacity 0.01–1 10,000–100,000 10–20 80–98 10–20 ms 

Pumped hydro 100–1,000 30–60 years 0.2–2 70–85 
seconds-
minutes 

Compressed air 10–1,000 20–40 years 2–6 40–75 
seconds-
minutes 

Flywheel 0.001–1 20,000–100,000 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 2,500–4,400 150–300 70–90 10–20 ms 

Li-ion battery 0.1–100 1,000–10,000 200–400 85–98 10–20 ms 

Flow battery 1–100 12,000–14,000 20–70 60–85 10–20 ms 

Hydrogen 0.01–1,000 5–30 years 
600 

(@200 bar) 
25–45 

seconds-
minutes 

Synthetic natural gas 50–1,000 30 years 1,800 25–50 
seconds-
minutes 

Molten (Thermal) 1–150 30 years 70–210 80–90 minutes 

 
 
 
 
Today, storage is crucial for the large-scale use of renewable energy methods. Electrical energy generated from 
renewable energy sources is often used directly at the production site. Different storage alternatives are 
integrated into these systems to account for variations in supply and demand in the day/night or summer/winter 

 
102 http://www.tuba.gov.tr/files/yayinlar/raporlar/Enerji%20Depolama%20Teknolojileri%20Raporu-.pdf 
103 …….., YEVDES Training Notes on Energy Storage 
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periods. In addition to on-site production, storage and use, energy generated that exceeds demand may need to 
be transmitted to other regions or stored in different forms for long periods of time. 
 
One of the most effective solutions to this problem involves the storage of energy as a synthetic fuel in a portable 
form. In this concept, known as power-to-gas, surplus, energy generated by renewable or conventional power 
generation systems is used in the production of synthetic fuel. The main purpose is to allow the use of low-cost 
energy (renewable or conventional) generated in off-demand times for different purposes.  
 
Figure 10 shows the phases of power-to-gas, power-to-hydrogen and power-to-ammonia production integrated 
into renewable (RES) or conventional power generation systems. 
 

 
 

 
 

 

Figure 10. Classification of Energy Storage Technologies104 
 
The most effective approach to obtaining artificial chemical fuel is to synthesize carbon dioxide (CO2) gas with 
water (H2O). Due to its chemical similarity, this conversion technology is referred to also as "artificial 
photosynthesis". Carbon dioxide gas can be captured directly from the air, or separated from biomass/biogas or 
from the flue gas of industrial plants.  
 
The hydrogen required for the synthesis process can be obtained by methods such as electrolysis using surplus 
power. After the synthesis process, products that can be used for different purposes, such as methane (CH4), 
methanol (CH3OH), gasoline and paraffin, can be obtained.  
 
Hydrogen obtained by electrolysis can be stored directly or used in the production of ammonia and utilized in 
accordance with the demands of different sectors. The storage of energy generated by power-to-gas technologies 
allows the flexible use of energy in different sectors, such as transportation, agriculture, chemical production or 
energy generation. It is possible to divide storage techniques into four categories based on their applications: 
 

• Low-power applications in isolated areas, mainly for powering feeders and emergency terminals; 

 
104 http://www.tuba.gov.tr/files/yayinlar/raporlar/Enerji%20Depolama%20Teknolojileri%20Raporu-.pdf 
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• Medium-power applications in isolated areas (individual electrical systems or city supplies); 

• Peak leveling network connection application; 

• Power quality control applications. 
 
The first two categories are small-scale systems in which energy can be stored as kinetic energy (flywheel), 
chemical energy, compressed air, hydrogen (fuel cells), or in supercapacitors or superconductors. The third and 
fourth categories are large-scale systems in which energy can be stored as gravitational energy (hydrological 
systems such as pumped storage), thermal energy (sensible or latent), chemical energy (accumulators or flow 
batteries), or compressed air (or combined with a liquid and natural gas storage). 
 
 

 

 
 

Figure 11. Storage times and capacities for different energy storage techniques105 
 
  
Instead of addressing all energy storage techniques in these training notes, emphasis will be placed on 'battery 
technologies' integrated with electricity generation, with a relatively high potential for use in campus 
applications, and 'thermal storage technologies' integrated into heating/cooling systems.  
Application Examples: 
 
1. Battery Technology 
 
Batteries are storage systems that store electrical energy by converting it into electrochemical energy and that 
can give it back as electrical energy when desired. Systems formed connecting more than one cell to each other 
are called batteries. 
 Batteries consist of one or more electrochemical devices, such as electrochemical cells or flow cells. They have a 
wide range of uses, from electronic devices such as mobile phones, radios, laptops, etc. to electric vehicles, and 
from satellite and space systems to communication and defense systems.  
 

 
105 http://www.tuba.gov.tr/files/yayinlar/raporlar/Enerji%20Depolama%20Teknolojileri%20Raporu-.pdf 
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A battery cell consists of a metal anode (negative electrode), a metal oxide cation (positive electrode) and an 
electrolyte to induce a chemical reaction between the two electrodes. As the anode corrodes during electrolysis, 
an electric current occurs as a result of the ionic exchange reaction on the cathode. The electrical energy 
generated as a result of this reaction is used in various appliances.  
 
Figure 12 shows the components of a battery and the direction of ion movements during storage (charge) and 
reuse (discharge). 
 
 

 

 
 

 

Figure 12. Battery components and charge/discharge process106 
 
As lithium-ion batteries became more commercially available and cheaper, researchers began to investigate 
different solutions. The alternatives they came up with include batteries with solid electrolytes, lithium sulfides, 
metal air solutions, etc.  
 
Turkey has limited initiatives in electrical energy storage. Studies in this field include electrification in the 
automotive sector and the development of grid-integrated electricity storage systems aimed at increasing the use 
of renewable energy.  
 
The use of renewable sources in Turkey has exceeded 10,000 MW in solar and wind power. This increase has 
triggered disruptive effects on the network. Storing electricity offers important opportunities in the avoidance of 
such effects.  
 
In addition to storage at the grid level, success in this field in our country, where efforts are underway to develop 
electric vehicles, will depend on the development of a strategy for batteries, as the most important component in 
electric vehicles. 
 
 
 

BOX 15: Examples of Battery Storage Applications on a Plant Scale 
 

 
Since renewable energy sources are characterized by discontinuous, intermittent or fluctuating energy 
generation, it has become increasingly common in recent years to design large-scale battery storage systems that 

 
106 http://www.tuba.gov.tr/files/yayinlar/raporlar/Enerji%20Depolama%20Teknolojileri%20Raporu-.pdf 
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are integrated with such power plants. The images below are examples of such applications: a wind farm with an 
integrated battery storage system and a photovoltaic solar plant with an integrated battery storage system. Both 
systems are located in the UK.  
  

 
 

 
 
Ref: https://www.energy-storage.news/resources/energy-storage-special-report-2019  
 

 
 
 
 
 
 
2. Thermal energy storage technologies: 
 
In thermal energy storage techniques, thermal energy is stored or reused, based on the temperature change 
(sensible), phase change (latent) or thermochemical reactions of the material.  
 

https://www.energy-storage.news/resources/energy-storage-special-report-2019
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In the sensible thermal energy storage technique, low- or high-temperature thermal energy is stored in or drawn 
from a medium by changing the temperature of the solid or liquid storage medium.  
 
In the latent thermal energy storage technique, the phase change energy (latent heat) released during the solid-
liquid (liquid-solid) or liquid-gas (gas-liquid) phase change processes is utilized.  
 
In the thermochemical storage technique, on the other hand, a high amount of thermal energy provides 
advantages in thermal energy storage applications that require long periods of waiting with the help of reversible 
endothermic or exothermic reactions.  
 
Figure 13 shows the storage capacities per unit volume of these three different types of thermal energy storage 
techniques. 
 

 

 

Figure 13. Storage capacities of different types of thermal energy storage techniques107 
 
Table 4 presents a comparison of different thermal energy storage techniques with regard to unit storage 
capacity and cost. 
 
 
 
 
 
 
 

Table 4. Comparison of different thermal energy storage techniques 
 

 
107 http://www.tuba.gov.tr/files/yayinlar/raporlar/Enerji%20Depolama%20Teknolojileri%20Raporu-.pdf 
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BOX 16: An Example of a Sensible Heat Energy Storage Application 
 

 
Sensible thermal energy storage systems containing solid storage material are used in solar-assisted domestic 

or greenhouse heating systems and in power generation systems. The thermal energy storage tank used in the 
solar-assisted heating system shown below supplements heating during periods when heat from the sun is not 
sufficient, or absent. 
  

 
 
The working fluid, whose temperature increases in the solar collector while the solar energy is active, passes 
around the solid storage material, increasing its temperature. In the evening, when the heating demand is high, 
the load side is activated and the stored thermal energy is reused by passing the cold fluid over the high-
temperature material in the tank. 
 

Ref: http://www.tuba.gov.tr/files/yayinlar/raporlar/Enerji%20Depolama%20Teknolojileri%20Raporu-
.pdf 
 

 
 

BOX 17: An Example of Seasonal Thermal Energy Storage Application in Aquifers 
 

 
Aquifers are large underground volumes containing enormous amounts of water. The large amount of water 

in aquifers allows the amount of thermal energy that can be stored to be increased. Furthermore, as underground 
storage volumes are unaffected by external environments, it is possible to store thermal energy 

between seasons.  
 
In the system shown below, aquifer thermal energy storage with two wells is used for heating and cooling. The 
hot fluid obtained from the solar collector or waste heat source during summer is transferred to the hot aquifer 
well. The thermal energy stored in the aquifer is drawn during the winter months and used for heating purposes. 
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A similar process can be achieved by storing cold water in the aquifer well in winter and using it for cooling in 
summer. 
 
The most comprehensive studies on aquifer thermal energy storage in our country have been carried out by Prof. 
Halime Paksoy108 and her team in Çukurova University.  
 
The first feasibility study on this subject in our country was conducted for the Çukurova University Balcalı 
Hospital. The first aquifer application was integrated into the heating/cooling system of a supermarket in Mersin 
in 2001.  
 
The second application was integrated into the Çukurova University research farm, and the heating/cooling load 
of a 360 m2 greenhouse was provided from aquifer wells. It is stated that the aquifer application provides 68 
percent energy savings for greenhouses, and the payback period is less than two years. 
 

 
 

Ref: http://www.tuba.gov.tr/files/yayinlar/raporlar/Enerji%20Depolama%20Teknolojileri%20Raporu-
.pdf 
 

 
 

BOX 18: An Example of a Latent Heat Storage Application Phase Change Materials 
 

 
Thermal energy storage systems are applied within heating/cooling or power generation systems due to their 
large capacity for thermal energy storage in small volumes.  
 
In addition, they are widely used in thermal control applications in which low temperature fluctuations are 
allowed, as they can provide long-term operation in a narrow temperature range due to their high heat capacity. 
A diagram classifying phase change materials is given below. 
 

 
108 Paksoy H.Ö. and Turgut B. (2012) “Akifer Termal Enerji Depolama ile Binalarda Sürdürülebilir Enerji Kullanımı”, 
TTMD Dergisi, 81:41-50. 
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Ref: http://www.tuba.gov.tr/files/yayinlar/raporlar/Enerji%20Depolama%20Teknolojileri%20Raporu-
.pdf 
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6   

R&D PROJECT CYCLE 

AND SOURCES OF 

FINANCE  

6.1. Project Cycle Management and R&D Projects 

 
A project can be briefly defined as a temporary task through which a unique product or service is 
produced. Projects achieve a predefined target within a scheduled time period and a planned budget.  
 
They differ from all other services and products offered under normal conditions and are carried out in 
response to demands that cannot be met by routine work within a certain start and end time (see Figure 
1).  
 

 

Figure 1. Schematic representation of the definition of project109. 
 
In 'Project Management', which is defined as the completion of the projects and reaching the final point 
in the prescribed manner, at the pre-determined cost and within the planned time, it is essential to strike 
a balance within the triple constraints of time, cost and scope (see Figure 2a). 
 

 
109 http://tubitak1000.org/files/proje_yazma_egitimi-1._bolum.pdf  
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Projects should always be based on a need or problem. Needs analysis and issue tree methods can be 
used to identify this problem, and are also essential for the collection of data about the problem and 
justifying the project.  
 
If a project is not to be carried out using own resources, the objectives of the organization that will 
finance the project (grant) and the subject of the project should be consistent. 
 
Projects include analysis and planning stages according to the Logical Framework Approach, being a 
methodology used in the design and implementation of projects (see Figure 2b). 
 

 
(a) (b) 

 
  

Figure 2110. (a) The triple constraint in project management; (b) The main stages of the logical 
framework approach. 
 
When designing a project, a variety of resources and tools are available for the identification of the need 
and for ensuring consistency between the goals of the grantor organizations. While the purposes of 
providing project support are defined in the calls for proposal, the basis of each program is necessarily 
associated with a main plan.  
 
For this purpose, it is of critical importance to justify the relationship between the project idea, which we 
define in relation to the problematic issue or need, and the top plans in a clear and concrete manner.  
 
The sources that should be utilized first when defining and justifying the need include Development 
Plans, Regional Plans, Strategic Plans, Policy Documents, Research Reports, Thematic Studies, Surveys 
and Field Studies, Monitoring & Evaluation Reports, Articles and Academic Studies, Observations and 
Impressions. 
 
One of the support tools that can be used in the design stages of the project is the 'Issue Tree 
Methodology'. The issue tree methodology is an approach that allows the identification of the project 
subject and comprehension of its relationship with the sub-issues of the problem, and plays an important 
role in better understanding the encountered problem.  
 
The issue tree methodology, shown schematically in Figure 3, helps identify the actions/activities 
presented to eliminate sub-issues. When applying the methodology, basic problems are defined and put 
in order of priority. The link between the problem to be overcome and the targeted result is duly 
identified, and attempts are made to identify the relationships between sub-issues.  
 
 

 

 
110 ……, YEVDES Training Notes on Project Cycle Management 
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Figure 3. Application of the issue tree methodology111. 
 

The areas of inquiry that need to be taken into account in the context of R&D-based projects, on the 

other hand, differ to some extent. The questions that are critical in identifying the problem are as 

follows: 

• What? How? Why? What for? What? 

• Which? Who? 

• What do we want to achieve? 

• What are our goals? 

• What are our priorities? 

• How soon should we achieve the result? 

• What activities should be scheduled? 

• Who should be on the project team to carry out these activities? 

• How much will it cost to carry out these activities? 

• How can these activities be carried out? 

• Who should be informed about the project, and to what extent?? 

• What problems might be encountered while running the project?  

Following the identification of the problem, the design stage of the research project can begin. The main 

components playing a role in the design of a good research project are listed below: 

• A good research topic/title 

• The reason for the existence of the research 

• Critical review of sources 

• Research questions and hypotheses 

• Research data 

• Analyses 

 
111 ……, YEVDES Training Notes on Project Cycle Management. 
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• Theoretical and practical meaning of the findings 

 
 

BOX 1: Project Terminology Developed by the Project Management Institute (PMI)112 
 

 
In the guidelines developed by the Project Management Institute (PMI), the purpose of project 
management is defined as the completion of the projects and reaching the final point in the prescribed 
manner, at the determined cost and within the scheduled time.  
 
A Project Manager is defined as 'the person who ideally combines his/her expertise in the fields of 
technique, leadership, strategy and business management in project management', and the 
expectations from a project manager include ‘a clear understanding of the necessity of the project and 
what it will produce, planning of the project in terms of cost and time, management of the project to 
achieve its goals, and making sure that the project quality meets the expectations and the product is 
functional.’  
 
According to the Project Management Body of Knowledge (PMBOK) prepared by PMI, the latest 
version of which was published in 2017, Project Management has four main stages: Initiation, 
Planning, Execution and Control, and Closing. These are shown schematically below.  
 

 

 
 

Diagram showing the main stages of project management. 
 
Ref: https://www.pmi.org.tr/kitaplar/  
 

 
 
 

BOX 2: What is a Gantt Chart? 
 

 
A Gantt Chart allows each stage of the project to be planned and tracked in detail. It is a project 
management module that has been developed for planning the list of works to be done throughout the 
project, at what stage they will be carried out, and by whom, for comparing the planned time and the 
actual time, and how to take action accordingly.  

 
112 https://www.pmi.org.tr/  
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As shown in the figure below, the Gantt Chart aims to show all the properties needed in a project on a 
single chart. 
 
 

 

 
 

A sample Gantt chart design showing the project work-time schedule. 
 
Brief descriptions of the functions in the diagram are given below: 
 

• Milestones: events, dates, decisions or deliveries at which the project moves from one stage to 
another. 
 

• Work Package:  a collection of works related to each other. It contains no actions. 
 

• Task List: a list of tasks extending as a horizontal bar on the left side of the graph showing the to-
do list. It is located below the work packages and requires action. 

 

• Timeline: A feature of the chart that shows the deadlines of the project on a daily, weekly, 
monthly and annual basis. 

 

• Dateline: This is a red vertical line, the jobs to the left of which should already be completed. 
 

• Dependencies: A term used when a job needs to be finished before starting the next. It is possible 
to use dependencies to show these relationships on the Gantt Chart. It shows the relationship 
between tasks, and can make date calculations automatically concerning how the next tasks may 
be affected if these tasks are finished early/delayed. 

 
Ref: https://docs.microsoft.com/tr-tr/dynamics365/supply-chain/production-
control/visual-scheduling-production  
 

 
 
 
 
 

https://docs.microsoft.com/tr-tr/dynamics365/supply-chain/production-control/visual-scheduling-production
https://docs.microsoft.com/tr-tr/dynamics365/supply-chain/production-control/visual-scheduling-production
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BOX 3: Definition of R&D and Types of R&D Projects 
 

 
OECD113 introduced the following definition to distinguish between R&D and other activities: R&D 
activities are related to situations in which there is scientific or technological uncertainty. In some 
R&D activities, the goal is to develop or to lay the scientific groundwork for the development of a new 
product. R&D involves an allocation of resources to research in any field in order to produce an 
existing product more effectively and at lower cost, or to pioneer the market with a product that has 
never been produced, but is planned to be produced in the future. 
 
The types of R&D projects that meet this definition are divided into three categories, as shown in the 
diagram below: Basic Research, Applied Research and Experimental Development.  
 

 
1. Basic research: This is experimental or theoretical work undertaken primarily to acquire new 
knowledge of the underlying foundations of phenomena and observable facts, without any particular 
application or use in view. Its main features are listed below: 

• Analyses of properties, structures and relationships with a view to formulating and testing 
hypotheses, theories or laws. 

• The results are usually not sold but published in scientific journals or circulated among 
interested colleagues. 

• In basic research, the researcher is expected to have some freedom to set goals. 

• It is usually performed in the higher education sector, but also to some extent in the 
government sector. 

 
2. Applied research: This is an original investigation undertaken for the acquisition of new 
knowledge. It is, however, directed primarily toward a specific practical aim or objective. Its main 
features are listed below: 

• Applied research is undertaken either to determine possible uses 
for the findings of basic research, or to determine new methods or ways of achieving specific 
and predetermined objectives. 

• It involves considering the available knowledge and its extension in order to resolve actual 
problems. 

• Applied research gives operational form to ideas. The applications of derived knowledge can 
be protected by intellectual property instruments, including secrecy. 

 
3. Experimental development: Experimental development is systematic work that draws on 
knowledge gained from research and practical experience and from the production of additional 
knowledge, and is directed to the production of new products or processes, or to the improvement of 
existing products or processes. 
 
Ref: http://tubitak1000.org/files/proje_yazma_egitimi-1._bolum.pdf 

 
113 Oslo Manual, OECD 2005 
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BOX 4: Listing the Problems in R&D Project Design  
 

 
Below is a list of common problems and causes of failure in R&D project design:  
 

• Project not in line with the priorities of the financing organization; 

• Inability to perceive the socioeconomic framework; 

• Evaluating only the designed project in its own environment, without considering other 
activities; 

• No clear link between the objectives and the project goal. 

• Targets not clear 

• Beneficiaries not clearly defined 

• Overly optimistic expectations 

• Ambiguous (unclear) outputs 

• Isomorphism (doing what everyone else does) 

• Poor abstract, introduction, conclusion 

• Copy/paste 

• Keeping it limited to what's on the Internet 

• Arbitrariness in sampling 

• Title-content mismatch 

• Research question/hypothesis-finding interpretation mismatch 

• Unintelligible language 

• Hint of translation 

• Problems in Project Design 

• Failure to use a project management methodology based on standard processes 

• Poorly defined goals and needs 

• Inadequate and ineffective planning 

• Inadequate or incomplete project management 

• Incompetence of project manager 
 
Ref: http://tubitak1000.org/files/proje_yazma_egitimi-1._bolum.pdf 
 

 
 
One of the approaches that can be suggested to minimize the problems and causes of failure in R&D 
projects is to make sure that the relationship of the problematic situation, that is, the issue with the 
project goal, objectives, activities, the results to be achieved and the methodological steps to be 
implemented, are correctly defined. 
 
Since the activities and the chosen method will affect the efficiency of the achieved results, it is necessary 
to focus on reaching these targets through actions/activities and methodological steps chosen to 
overcome the problem. 
 
It is an inevitable fact that the more effective the results you achieve, the more likely the project 
objectives will be achieved. The impact of the project will also enable it to reach or contribute to the 
general goal, that is, the goals that the program authority would like to see achieved. 
 
A diagram explaining this situation visually is shown in Figure 4. In brief, one needs to prioritize 
coherence in problem solving, efficiency in the use of methods and tools, the effectiveness of results and 
the impact factor in targets. In addition, overall coherence at all stages of the project appears to be the 
main factor underlying success.  
 

http://tubitak1000.org/files/proje_yazma_egitimi-1._bolum.pdf


 
-154- 

 

 

 
 

Figure 4. Schematic representation of an advanced/smart EMMS and its integration with other 
systems114. 
 
One of the other two important factors affecting the successful planning and execution of R&D projects is 
the requirement that the objectives of the project should be specific, measurable, achievable, relevant 
and time-bound (SMART model). This approach is illustrated in Figure 5(a). 
 
The other factor is the use of a Plan–Do–Check–Act (PDCA) cycle for scope management (management 
of the stages of performing a job). This approach is illustrated in Figure 5(b). 
 
 

 
(a) 

 

(b) 
 

 

 

Figure 5. (a) SMART model; (b) PDCA cycle. 
 
 
  

 
114 İ. Çakmanus, YEVDES Training Notes 
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6.2. Energy Efficiency and Renewable Energy 
Financing and Management 
 
Energy Efficiency and Renewable Energy Financing is mainly addressed under 'Sustainable Finance'.  
 
Sustainable Finance is a financing mechanism in which environmental, social and managerial criteria are 
taken into account in providing investors with financing. Energy efficiency and renewable energy 
financing are among the main fields of study in sustainable financing due to the contributions of such 
investments to environmental protection. 
 
Institutions with an advanced environmental reporting system can more easily access financing for 
energy and climate projects by increasing cooperation between the financial and environmental units. 
The objectives of sustainable finance are listed below115: 
  

• Transition to a circular economy 

• Climate change mitigation and adaptation 

• Sustainable use and protection of water resources 

• Environmental pollution control and prevention 

• Conservation of biodiversity and ecosystems 
 
Energy Efficiency and Renewable Energy Financing has a growing appeal among commercial financial 
institutions due to its low risk and high return. The primary expectation of commercial financial 
institutions in the financing process is the repayment of the financing. As is the case with other types of 
financing, various financial indicators are used to confirm the likely repayment of renewable energy and 
energy efficiency financing.  
 
The ability of current assets in the balance sheet to meet short-term obligations (liquidity ratio, current 
ratio, net working capital account, etc.) is one of the primary calculations conducted when evaluating the 
financing application of an investor.  
 
Energy efficiency and renewable energy investments are included in the fixed assets accounts on the 
balance sheet. For good balance sheet management and sustainable access to energy efficiency and 
renewable energy project financing, energy efficiency and renewable energy investments need to be 
financed in line with the cash flow generated by the projects. A diagram illustrating this situation is 
shown in Figure 6. 
 
An Investment Project is a basic plan showing the benefits to be obtained from an investment and the 
costs to be incurred in its implementation. Almost all energy efficiency and renewable energy investment 
projects can ensure that the investment pays for itself through its own cash flows. In other words, they 
are investment projects that are eligible for project financing.  
 
The ability of energy efficiency and renewable energy projects to access financing can be increased by 
properly estimated cash flows, risk analyses identifying potential risks and mitigation measures, and 
economic, environmental and social impact analyses. 
 
Investment projects may have environmental and social costs along with preparation, investment, 
operating costs. In return, they offer environmental and social benefits as well as income-generating 
benefits. Financial institutions have started to look at the results of economic, environmental and social 
analyses along with financial returns on investments, especially in the context of sustainable finance.  
 

 
115 These notes on Financial Management have been compiled from ‘Özlem Yakut, YEVDES Training Notes on 
Energy Efficiency and Renewable Energy Financing’. 
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Hence, explaining the social, environmental and economic benefits of investments in detail together with 
analyses of commercial gains when developing an investment project increases the project's ability to 
access finance.  
 

 

 

Figure 6. Balance sheet of energy efficiency and renewable energy investments116. 
 
Investment projects can be divided into three categories: 
 
New Investment Projects: Projects developed for the purpose of setting up a facility from scratch. 
These involve permit and approval obtaining processes. Renewable energy projects to be carried out 
from scratch are considered within this scope. For the financing of such projects, the analysis of all risks 
in the project cycle (procurement, management, raw materials, sales, operations, political, maturity, 
legal, environmental, financial risks) is essential for financial institutions.  
 
Efficiency/Renovation/Modernization Investment Projects: Efficiency may be the primary 
purpose of a project on its own, but the modernization and replacement of worn-out facilities with new 
technologies usually result in increased energy efficiency. If a project financial analysis is conducted with 
efficiency calculations, the profitability of the project will become clearer, thereby increasing ability of 
the project to access financing. Since there are no risks related to additional sales, procurement, etc. in 
this type of project, they have the lowest risk among all project types.  
 
Growth/Capacity Increase Projects: These are aimed at the expansion of a functioning facility and 
increases in capacity. Since the production process, technology and marketing elements are known, they 
pose less risk than projects involving novel technologies.  Projects to increase the capacity of renewable 
energy plants can be considered within this scope. The performance and cash flows of the existing project 
will be a reference for the new project. 
 
From a financial point of view, priority should be given to the projects for energy efficiency and 
renewable energy investments that pay for themselves in the fastest way, and have the highest internal 
rate of return. Energy efficiency projects often pay for themselves faster than renewable energy projects, 
and are one of the least risky investments with the highest rates of return.   
 
Good financial management requires the prioritization of energy efficiency projects, thereby reducing 
energy need, and then making an investment plan to meet the need for energy from renewable sources.  
Thus, the financing need of the total investment will decrease and its payback period will be shortened 

 
116 Özlem Yakut, YEVDES Training Notes 
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when compared to renewable energy projects.  One of the factors that the financier will pay attention to 
in relation to energy efficiency is the performance of the equipment used.  For most energy efficiency 
equipment, the initial investment cost represents only a fraction of the total lifecycle 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 project should be the other criteria when prioritizing projects for investment.  
 
Financial institutions evaluate renewable energy investments for self-consumption purposes from the 
perspective of energy efficiency financing.   
 

BOX 5: Basic Financial Concepts  
 

 
Definitions of some of the terms commonly used in the financial management of projects are 
presented below:  
 
Equity: Equity is the part provided by the investor to the financing of the project.  
 
Debt-Service Coverage Ratio: It shows how many times the net cash flow created by the project in 
a period is the sum of financial liabilities (principal + interest) for the same period.  
 
Payback Period: This is a numerical value indicating the amount of time it will take to recover the 
total capital spent on the investment (on an annual, monthly or daily basis). In other words, it is the 
time it will take for the net cash inflows provided by the investment to cover the investment cost. 
  
Internal Rate of Return: It is defined as the discount rate that equates the net present value of an 
investment project to zero. In other words, the discount rate that equates the present value of cash 
inflows to the present value of cash outflows. The internal rate of return also refers to the extent to 
which the investment will create added value.  
 
Time Value of Money: Future value analyses show how many liras the current 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 when calculating the time value of money.  
 
Net Present Value: This is the value calculated by subtracting the investment cost from the sum of 
the present values of the cash inflows that the investment will provide. In order to make an investment 
decision, the net present value of the project is expected to be positive. 
 
Bank Loan: A sum of money borrowed from a bank by a customer with a commitment to repay it 
within a certain maturity period. The lender may request certain collateral to increase the incentive to 
repay the debt.  
 
Leasing: This is a financing method that ensures that the ownership of an investment property 
selected by the lessee remains with the leasing company, and the right of use is given to the lessee in 
return for rent for the specified contract period. For equipment defined in legislation, it offers VAT 
advantage to the investor if the tenant's certificate of authorization is suitable (e.g. off-road vehicle, 
truck, minibus, bus, etc.).  A leasing company can finance a renewable energy plant in its entirety, or 
the equipment that will provide energy efficiency gains and the equipment used in renewable energy 
plants individually.  Heavy equipment, vehicles, heating and cooling equipment, pumps, electric 
motors and lighting equipment are energy efficiency equipment for which leasing financing can be 
provided. In leasing financing, the financed investment cost is paid to the contractor firm. This model 
is preferred by suppliers, as it accelerates the collection of receivables by suppliers. 
  
Ref: Özlem Yakut, YEVDES Training Notes 
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BOX 6: Third Party Financing for Energy Efficiency (ESCO System)  
 

 
Energy efficiency investments are highly suitable for third-party financing due to their short payback 
periods and high internal rate of return. The energy service company, energy supply company or 
equipment supplier makes the investment on behalf of the energy consumer institution/enterprise, 
and all or part of the gains from energy efficiency are paid to the investing company. At the end of the 
contract period, the equipment is transferred to the energy consumer institution. 
 
Due to the limited budgets of public institutions and the barriers to finance, the third-party financing 
of their projects provides them with many advantages. It is estimated that 90 percent of public energy 
efficiency investments in the United States and about half in Europe are financed through third-party 
financing.  In Europe, Modena and Parma (Italy), Ljubljana (Slovenia), Essen (Germany), Barcelona 
and Murcia (Spain) all have successful ESCO applications117. A diagram illustrating the 
implementation of the ESCO system is shown below. 
 
 

 
 
Legislation poses no obstacles to third-party financing for public institutions if payments are made in 
the form of leases or service procurements. The Ministry of Energy and Natural Resources is in the 
process of enacting new legislation in this area to ease revenue-sharing financing models.  
 
Projects to be carried out within this scope are exempt from the Public Procurement Law. Payment 
guarantees to the third party, the competence of the technical team, open communication between the 
parties and a transparent measurement and verification plan are the basic requirements for third-
party financing.    
 
Ref: Özlem Yakut, YEVDES Training Notes 
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6.3. National/International Financial Support for 
R&D Projects 

 
Among the national supports, only TÜBİTAK R&D Supports are addressed. Details of some of the 
‘Priority R&D Issues118’ concerning Renewable Energy and Energy Efficiency are presented below. 
 

Table 1: Technology Scope Prioritizing Digital Technologies in Energy 
 

Priority R&D 
Innovation 

Priority Products and Technologies 

 
Smart Energy Grid 
(Smart Electricity, 
Heating/Cooling and 
Gas Grids) 
Technologies 
 

 
(1) Advanced metering technologies that monitor energy consumption 
and that provide bidirectional communication, with data management 
and support features such as demand response;  
(2) Blockchain technologies that increase the prosumer opportunities 
provided by smart energy grids and that are used as digital wallets; 
(3) Smart energy system modeling software for the evaluation of future 
smart energy system scenarios (hourly and daily electricity, heat/cold 
and gas generation, distribution, cross-cutting storage methods in the 
power, building and transportation sectors, and innovative systems that 
enable energy system modeling for cross-industry use); 
(4) Solutions that combine smart energy systems planning with 
geographic information systems. 
 

 
 
Big Data and Data 
Analytics Technologies 
in Energy 
 

 
(1) Big data and data analytics technologies for energy use behavior; 
(2) Big data and data analytics technologies for energy self-sufficient 
building clusters; 
(3) Technologies and systems involving big data and data analytics in 
the monitoring and management of the grid integration of large-scale 
renewable energy plants;  
(4) Big data and data analytics technologies that allow the unhindered 
integration of different modes of transport. 
 

 
 

Table 2: Technology Scope Prioritizing Electric Power Conversion, Electricity Transmission and 
Distribution 

 
Priority R&D Innovation Priority Products and Technologies 

 
Next Generation Power 
Electronics for Smart 
Grids 

 
1) Systems that improve power quality in distribution systems: 
Active power filters; static compensator (STATCOM) systems; 
reactive power compensation; 
(2) Energy storage based on next generation converters in electricity 
transmission/distribution grids: Energy storage systems containing 
SiC- and GaN-based converters; 
(3) Next generation power electronics for wind and photovoltaic 
power converters and grid integration; 
(4) Converters and grid integrations of small-scale energy storage 
systems; 
(5) Grid integration of electric vehicles and charging stations; 

 
118 https://www.tubitak.gov.tr/sites/default/files/289/tubitak_cp2020_son.pdf  

https://www.tubitak.gov.tr/sites/default/files/289/tubitak_cp2020_son.pdf
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(6) Grid integration of electrical energy generated from regenerative 
braking (e.g. regenerative braking of rail systems); 
(7) Control equipment for the energy management and regional 
demand-side management of factories and organized industrial 
zones; 
(8) Electric system frequency control performance technologies for 
the international interconnected electricity system. 
 

 
Table 3: Technology Scope Prioritizing Energy Efficiency 

 
Priority R&D 
Innovation 

Priority Products and Technologies 

 
Heat Pumps with a 
High Coefficient of 
Performance for Next 
Generation District 
Heating Systems 

 
(1) Heat pumps with a high coefficient of performance that allow the 
utilization of waste heat in industrial and power generation plants; 
(2) Heat pumps with a high coefficient of performance for the recovery 
of waste heat in wastewater plants;  
(3) Heat pumps with high a coefficient of performance that serve to 
utilize the waste heat originating from the data center; 
(4) Automation systems for heat pump applications used for heat 
recovery with innovative heat pump technologies; 
 

 
 
Near Zero-Energy 
Building Technologies-1 

 
(1) Insulation materials with a low thermal conductivity coefficient, and 
wavelength selective glass systems and components with a low heat 
transmission coefficient that are made from domestic materials; 
(2) Multifunctional surface coating materials (components with low 
thermal conductivity that can utilize renewable energy sources for heat 
and electricity generation); 
(3) Efficient building lighting fixtures and intelligent building lighting 
control;  
(4) Building design technologies for converting existing and new 
buildings into near zero-energy buildings. 
 

 
Near Zero-Energy 
Building Technologies-
2 

 
(1) Building energy management technologies and smart system 
technologies for building energy control that allow annual tracking of 
the near zero-energy building target; 
(2) Micro-cogeneration/cogeneration or trigeneration technologies 
(including systems for electricity, heating, cooling and hot water 
generation) for buildings or building clusters; 
(3) Building-integrated renewable energy technologies and wastewater 
treatment/biogas generation technologies; 
(4) Demand response technologies that enable the intelligent 
interaction of the building with the energy system; 
(5) Renewable energy-based air conditioning and energy efficient heat 
recovery systems in buildings; 
(6) Building-type electrical and/or thermal heat storage technologies 
required for the near zero-energy building target; 
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Table 4: Technology Scope Prioritizing Energy Storage (Including Battery Technologies) 
 
Priority R&D 
Innovation 

Priority Products and Technologies 

 
Electrical Energy 
Storage Technologies 
with Advanced Features 

 
(1) Batteries with the potential to have higher technical specifications 
than lithium-ion battery technologies (e.g. silicon and metal oxide 
anode, batteries with lithium-rich cathodes, sodium ion batteries);  
(2) Technologies that allow the highly efficient storage of mains 
electricity (e.g. technological solutions with advanced features in terms 
of charge/discharge efficiency);  
(3) molten salt and redox flow batteries in smart power grids; 
(4) New material structures and materials for high-performance 
batteries, battery management and sensor systems that optimize 
battery performance, self-repair polymers that extend battery life, etc. 
 

 
Table 5: Technology Scope Prioritizing Renewable Energy (Solar Power) 

 
Priority R&D 
Innovation 

Priority Products and Technologies 

 
Highly Efficient Solar 
Power Technologies 

 
1) Crystalline Si solar cells:  
(1a) Next generation highly efficient crystalline Si solar cells (HIT: 
Heterojunction with Intrinsic Thin-layer; PERC: Passivated Emitter 
Rear Cell; PERT: Passivated Emitter Rear Totally Diffused; IBC: 
Interdigitated Back Contact Solar Cells; Bifacial cells;  
(1b) Technologies required for the production of low-cost crystalline Si 
cells: Upgraded Metallurgical-Grade (UMG) Silicon; High Performance 
Multicrystalline (HPmc); Thin Si;  
(1c) Tandem solar cells: Perovskite/Si, other thin film/Si tandem 
systems; 
 
(2) Thin film systems:  
(2a) CdTe, CIGS, and a-Si thin film systems (CdTe: Cadmium 
Telluride; CIGS: Copper-Indium-Gallium-Selenide; a-Si thin-film solar 
cells) (2b) DSSC solar cells  
(2c) Perovskite solar cells  
(2d) Organic solar cells  
(2e) Copper Zinc Tin Sulfide (CZTS)  
(2f) Thin-film III-V epitaxial PV cells 
 
(3) Concentrator photovoltaic technologies 
(4) Silicon material technologies (Si purification, ingot growth and 
ingot slicing) 
(5) Module technologies and module components (glass, encapsulant, 
wire/ribbon, etc., rear-connection module, glass-to-glass module, 
multi-wire and hybrid systems utilizing the resulting heat) 
(6) Basic research topics related to solar cells: up-down conversion, 
light trapping, photonics, plasmonics and nanotechnology; 
(7) Artificial leaf technologies (conversion of solar energy into fuel 
and/or useful chemicals) 
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Table 6: Technology Scope Prioritizing Renewable Energy (Wind Power) 
 
Priority R&D 
Innovation 

Priority Products and Technologies 

 
Wind Power 
Technologies 

 
(1) Large and high-capacity onshore or offshore wind turbines; 
(2) Hybrid systems combining wind and solar power technologies in the 
same plant; 
(3) Innovative wind turbines designed for sites with low and medium 
wind speeds; 
(4) Geographic information technologies and remote sensing-based site 
selection technologies that take into account factors such as aspect, 
slope, wind, land use, property, soil structure, etc. 
 

 
 

Table 7: Technology Scope Prioritizing Renewable Energy (Biomass Power) 
 
Priority R&D 
Innovation 

Priority Products and Technologies 

 
Biomass Conversion 
and Biorefinery 
Technologies for 
Advanced Biofuel 
Products 

 
(1) Biomass conversion technologies that enable the conversion of 
biomass/biowaste into renewable energy forms (e.g. cogeneration or 
trigeneration (electricity, heat/cold and steam) and biofuel (second 
generation biofuels));  
(2) Development of technologies that enable the upgrading of biogas 
obtained from organic wastes into biomethane or biobutanol: 
Technologies for the production of biomethane that is equivalent to 
diesel in the transportation sector and natural gas in the building 
sector; 
(3) Biogas purification methods (membrane processes, removal of 
siloxanes from the biogas stream, etc.); 
(4) Biorefineries where high value-added products such as fuel, heat, 
electricity and organomineral fertilizers (biofertilizers) are produced 
together using agricultural and livestock wastes; 
(5) Integrated biomass systems (e.g. biomass systems that can be 
integrated with solar power). 
 

 
 

Table 8: Technology Scope Prioritizing Hydrogen and Fuel Cells 
 
Priority R&D 
Innovation 

Priority Products and Technologies 

 
 
 
 
 
 
Hydrogen Economy 
Technologies 

 
(1) Hydrogen production technologies: Hydrogen production with zero-
carbon sources or surplus electricity (electrolysis, power-to-gas (P2G) 
technologies); hydrogen production from alkali boron hydride and fuel 
cell systems; hydrogen production from the gasification of biomass and 
coal; catalyst development technologies (hydrogen-rich gas 
mixture/synthesis gas production catalyst; membrane/electrolytes, 
anode and cathode catalysts); 
(2) Hydrogen carrier technologies: Technologies for the safe storage of 
hydrogen energy; technologies based on various hydride conversions, 
ammonia conversion, methane, acetic acid, alcohol (methanol, 
ethanol); material-based hydrogen storage technologies (e.g. hydrogen 
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storage technologies with porous and nanoporous carbon-based 
materials);  
(3) Hydrogen to electricity and heat conversion technologies: Fuel cell 
micro-cogeneration (hydrogen generation subsystem and catalytic 
burner subsystem) for domestic applications; fuel cells including PEM, 
SOFC and biofuel cells (power conditioning subsystem, control 
subsystem, heat management subsystem, fuel cell components: 
inorganic, organic and metallic membranes, bipolar/interconnector 
layers, membrane-electrode assembly, catalyst technologies, hydrogen 
purification catalysts, membrane/electrolytes, anode and cathode 
catalysts); 
(4) Innovative cell and stack design: Low-temperature composite SOFC 
and heat management (operating temperature 300–500°C); fuel cells 
powered by biological processes (e.g. enzymatic-based biofuel cell); 
high temperature PEM (operating temperature 180–200°C); metal 
plate fuel cells providing energy densities above 2 kW/kg or 2 kW/L; 
(5) Distribution and safety of hydrogen: Composite hydrogen storage 
tanks, liquid hydrogen storage technologies, research into hydrogen 
embrittlement in steel; small scale reformers for hydrogen distribution 
stations; distributor systems for hydrogen distribution stations; critical 
hydrogen behavior data (sensors and leak detection technologies). 
 

 

 

BOX 7: International Financial Support for R&D Projects: According to the EC 
(European Commission), Horizon 2020 
 

 
is “the biggest EU Research and Innovation program ever with nearly €80 billions of funding available 
over 7 years (2014 to 2020) – in addition to the private investment that this money will attract.  
 
It promises more breakthroughs, discoveries and world-firsts, bringing great ideas from the lab to the 
market. Horizon 2020 is the financial instrument implementing the Innovation Union, a Europe 2020 
flagship initiative aimed at securing Europe’s global competitiveness.” 
 
Horizon 2020 is an excellent tool for organizations of all kinds (public and private) and especially 
SMEs, allowing them to engage in research and innovation, and to access grants that would otherwise 
be unreachable.  
 
Horizon 2020 is the first R&D support program to be funded by the European Commission. It has 
some important features that differentiate it from previous initiatives: 
 

• It features simplified participation, applying a single set of rules to all participants. 

• It focuses more on societal challenge.  

• It introduces a more active market driven approach to innovation by attempting to bridge the 
gap between research and markets. 

 
Horizon 2020 is structured under 3 pillars and several priorities featuring different funding schemes: 
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Horizon 2020 Pillars and sections 

 
Horizon 2020 offers several types of actions. Actions are designed according to their targets and so 
vary in character. The following table presents a summary. 
 

 
 
 
Ref: https://th2020.zendesk.com/hc/en-us/articles/115003831894-Legal-Financial-
Guides  
 

 

 

 

I 
Excellent Science 

II 
Industrial Leadership and 

Competitiveness 

III 
 Societal Challenges 

Spreading Excellence 
and Widening 
Participation 

European Research 
Council (ERC) Start-

up Grants 

Leadership in Enabling and 
Industrial Technologies: 

 
Information and Communication 

Technologies 
 

Nanotechnologies, Advanced 
Materials, Advanced Manufacturing 

and Processing Technologies 
 

Space 

Health, Demographic Change 
and Wellbeing 

 

Food Security, Sustainable 
Agriculture and Forestry, 

Marine, Maritime and Inland 
Water Research 

and the Bioeconomy 

Science with and for 
Society 

Future and 
Emerging 

Technologies (FET) 

Secure, Clean and Efficient 
Energy 

 

Smart, Clean and Integrated 
Transport 

 
Climate Action, Environment, 
Resource Efficiency and Raw 

Materials 

European Institute of 
Innovation and 

Technology (EIT) Marie Sklodowska 
Curie Actions 

(MSCA) Scholarship 
and Mobility Grants 

Access to Risk Finance 

Europe in a Changing World - 
Inclusive, Innovative and 

Reflective Societies 

 

Innovation among SMEs 

Joint Research Center 
(IRC) 

European Research 
Infrastructures 

Secure Societies-Protecting 
the Freedom and Security of 

Europe and its Citizens 

 

H2020 Actions Target / Aim Minimum Conditions 
Funding 

Rate 

RIA:  
Research & 
Innovation 
Actions 

Research projects / clearly defined challenges 
// new knowledge or new technology 

3 legal entities from 3 
Member 

States/Associated 
Countries 

100% 

IA:  
Innovation  
Actions 

Closer-to-the-market activities: e.g. prototyping, testing, 
demonstrating, piloting, scaling-up etc. 
// new or improved products or services 

3 legal entities from 3 
Member 

States/Associated 
Countries 

70% 
(100%)1 

CSA: 
Coordination and 
Support Actions 

Coordination and networking of research and innovation 
projects, programs and policies 
// Consolidate, organize knowledge 

1 legal entity 100% 

MSCA: 
Marie 
Sklodowska-Curie 
Actions 

Individual Fellowships (IF), Innovative Training Networks (ITN), 
Research and Innovation Staff Exchange (RISE), Co-funding of 
regional, national and international programs (COFUND), 
European Researchers' Night Support (NIGHT) 
// Funding for researcher’s mobility 

1 – 3  
Legal entity (depending on 

type) 

100% 
(specific 

costs) 

SME Instrument 

Highly innovative SME growth potential. 
// Lump sums for feasibility studies, 
// Realization: demonstration, prototyping, testing, 
application development. 

1 SME in  
Member 

States/Associated 
Countries 

70% 

FTI: 
Fast Track to 
Innovation 

New, altered or improved products, processes or services on 
the market 
// Large Scale Pilot (FTI) for ready to market 

5 legal entities from 5  
Member 

States/Associated 
Countries 

70% 

 

https://th2020.zendesk.com/hc/en-us/articles/115003831894-Legal-Financial-Guides
https://th2020.zendesk.com/hc/en-us/articles/115003831894-Legal-Financial-Guides
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BOX 8: International Financial Support for R&D Projects: The New EU Framework 
Program "Horizon Europe" 
 

 
These notes refer only to the EU Framework Program Supports among the International R&D Project 
Financial Supports.  
 
As the ‘Horizon 2020 calls’ and new application supports implemented between 2013 and 2020 are 
about to close, brief information about the 'Horizon Europe' program that will be implemented 
between 2021 and 2027 is presented below.  
 
The overarching goals of Horizon Europe, which is the ninth Framework Program organized by the 
European Union (EU), are listed below: 
 

• to strengthen the EU's scientific and technological bases; 

• to boost Europe's innovation capacity, competitiveness and jobs; 

• to deliver on citizen's priorities and sustain our socio-economic model and values. 
 
The European Commission has proposed a budget allocation of €100 billion for research and 
innovation over the 7-year period in question. It was announced that €97.6 billion would be allocated 
to Horizon Europe and €2.4 billion to the Euratom Research and Training Program.  
 
Horizon Europe promises various innovations, with groundbreaking missions and new rules that 
make it easier for countries outside Europe to access the Program within the context of these missions. 
Essentially, it is stated that mission refers to the “portfolio of activities beyond individual activities.” 
These non-individual activities are intended to achieve a bold, inspiring and measurable goal that will 
have an impact on society and citizens, along with science and technology within a certain time period.  
 
Horizon Europe introduces some important and novel features based on the conclusions of Horizon 
2020. These novelties can be summarized under five categories: 
 

• Presence of European Innovation Council, which is a new unit created with a view to 
supporting innovations of a breakthrough and market-creating nature, together with the 
European Institute of Innovation and Technology, for the purpose of bringing together key 
actors (research, education and business world) for a common cause; 

• Establishing research and innovation missions to ensure a greater impact through mission-
orientation and public participation; 

• Expanding partnership opportunities to strengthen international cooperation; 

• Developing an open science policy to strengthen openness; 

• Introducing new approaches to partnerships to rationalize funding design. 
 
The structure of Horizon Europe has three main pillars with various sections below them, as in 
Horizon 2020. The content design, however, has been changed almost completely. The three new 
pillars are:  
 

• Open Science  

• Global Challenges and Industrial Competitiveness  

• Open Innovation 
 
Two sections under the main pillars are addressed under the title ‘Strengthening the European 
Research Area.’ 
 
 
 
The purpose of the ‘Open Science’ pillar, to which a total of €25.8 billion has been allocated, is as 
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follows: 
 

• To support frontier research projects defined and driven by researchers themselves through 
the European Research Council (ERC) (€16.6 billion), 

• To equip researchers with new knowledge and skills through mobility and training under the 
Marie Skłodowska-Curie Actions (MSCA) (€6.8 billion), 

• To invest in integrated and interconnected world-class research Infrastructures (€2.4 billion). 
 
The aim of the ‘Global Challenges and Industrial Competitiveness’ pillar, for which €52.7 billion has 
been allocated, is to support research into social challenges and to strengthen technological and 
industrial capacities. This pillar comprises the following clusters: 
 
    Health (€7.7 billion), 
    Culture, Creativity and Inclusive Societies (€2.8 billion), 
    Digital, Industry and Space (€15 billion), 
    Climate, Energy and Mobility (€15 billion), 
    Food and Natural Resources (€10 billion). 
 
  Furthermore, this pillar also includes the Joint Research Center (JRC) (€2.2 billion), which 
“supports EU policies with independent scientific evidence and technical assistance”. 
 
Third and lastly, the objectives of the ‘Open Innovation’ pillar, which has been allocated €13.5 billion 
in total, are as follows:  
 

• Make Europe a pioneer in market creation in cooperation with the European Innovation 
Council; 

• Create European Innovation Ecosystems (€10.5 billion) with focuses on regional and national 
actors in innovation; 

• Further strengthen the European Institute of Innovation and Technology (EIT) (€3 billion) to 
promote the integration of business, research, higher education and entrepreneurship. 

 
In addition to the three pillars above, the section entitled “Strengthening the European Research 
Area”, comprises two sub-sections, and was created to support countries with lower research and 
innovation performance. The two sub-sections envisaged for this goal are listed as: 
 

• Sharing Excellence (€1.7 billion); 

• Reform and Development of the European Research and Innovation System (€400 million). 
 
The first calls are expected to be issued after January 2021 within the framework of Horizon Europe's 
admissions calendar119. 
 
Ref: https://ufuk2020.org.tr/tr/haberler/ufuk-avrupa-misyon-odakli-yeni-program-yapisi-
farkliliklari  
 

 

 
6.4. Definitions for Awareness Raising  

 
Brief definitions of some of the innovative concepts that have been mentioned briefly in the previous 
chapters of these training notes are provided in Boxes 9–13 below: 
 

 
119 https://ec.europa.eu/info/horizon-europe-next-research-and-innovation-framework-programme_en  

https://ufuk2020.org.tr/tr/haberler/ufuk-avrupa-misyon-odakli-yeni-program-yapisi-farkliliklari
https://ufuk2020.org.tr/tr/haberler/ufuk-avrupa-misyon-odakli-yeni-program-yapisi-farkliliklari
https://ec.europa.eu/info/horizon-europe-next-research-and-innovation-framework-programme_en
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BOX 9: Near Zero-Energy Building (NZEB) 
 

 
Among the different strategies for the reduction of energy consumption in the building sector, 
zero/near zero-energy buildings offer promise for the significant reduction of energy use, while at the 
same time increasing the overall share of renewable energy.  
 
Hence, the concept of 'Zero-Energy Building', which is perceived as a realistic approach to the 
reduction of CO2 emissions and energy use, has received wide international recognition in recent 
years. In general terms, zero-energy buildings are structures that can optimally combine existing 
renewable energy technologies and energy-efficient construction techniques, and that generate as 
much energy as they consume on a monthly/yearly basis. On the other hand, 'Near Zero-Energy 
Buildings' are structures that are required to use energy sourced from fossil fuels in very low amounts 
(<10 kWh/m2.year) per m2 on a monthly/yearly basis. 
 
Although both types of buildings are similar in terms of structural design, the annual generation 
capacity of the renewable systems used in the near zero-energy buildings may be below the annual 
fossil energy consumption. An diagram identifying Zero/Near Zero-Energy Building components is 
given below. 
 

 
 
While there are many options in Zero/Near Zero-Energy Building design, an example strategy 
diagram120 of a generic and recognized approach is presented below. 
 

 
 
Ref: http://surdurulebilir-mimari.blogspot.com/2013/09/sfr-enerjili-bina-

 
120 http://mmoteskon.org/wp-content/uploads/2019/03/2019-017.pdf  

SMART 
METER 

GEOTHERMAL HEAT 
PUMP 

SMART HOME 
APPLIANCES 

ENERGY-
EFFICIENT 
LIGHTING 

SOLAR PANELS 

WIND 
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Near Zero-Energy Building 

Building Energy Performance Calculation 

Optimizing the building envelope to reduce the energy 
requirement for heating and cooling 

 
Increasing the efficiency of technical building systems 

Cost effective solutions 

Renewable energy systems associated with 
the building 

 

Reducing the primary energy requirement by meeting 
some of the requirement from renewable energy 
sources 

http://surdurulebilir-mimari.blogspot.com/2013/09/sfr-enerjili-bina-parametreleri.html
http://mmoteskon.org/wp-content/uploads/2019/03/2019-017.pdf
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parametreleri.html  
 

 

BOX 10: Smart (and Sustainable) Cities (Campuses)  
 

 
University campuses are a micro model of the sectoral dynamics of urban life.  
 
They include all the features, infrastructures and services typically found in urban life, such as 
buildings/built environments, private/public transportation, indoor/outdoor lighting, large 
populations, healthcare/hospital facilities and food/beverage areas. 
 
In this regard, a significant proportion of the components included in the ‘Smart City’ concept are also 
found on campuses, but at a different scale. For example, the ‘Smart City’ concept, referring to the use 
information and communication technologies (ICT) to improve quality and performance in the 
provision of such services as energy, transportation and public services, and to reduce resource 
consumption, waste and total costs, can also be applied to campuses in which the same functions are 
provided. 
 
Hence, the following diagram, which shows the smart city components and applications, also applies 
to campuses in a similar logical sequence: 
 

 
 
According to this diagram, the components of a 'Smart City' can be classified under axes of ‘1. 
Management’ and ‘2. Applications’. 
 
1. Management Axis: 
 
Governance, Strategy Management, Policy Management, Holistic Service Management, Business 
Management 
  
2. Applications Axis: 
 
Smart Environment, Smart Security, Smart People, Smart Structures/Buildings, Smart Economy, 
Smart Space Management, Smart Healthcare, Information Technologies, Information Security, Smart 
Infrastructure, Disaster and Emergency Management and Geographic Information Systems 
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http://surdurulebilir-mimari.blogspot.com/2013/09/sfr-enerjili-bina-parametreleri.html
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Ref: https://www.akillisehirler.gov.tr/akilli-sehir-bilesenleri/  
 

 

BOX 11: Smart (and Sustainable) Environmental Practices  
 

 
Smart Environment means ensuring the sustainability of the environment and nature and the control 
of green areas and water resources by means of ICT.  
 
It incorporates renewable energy, the sustainable management of resources, smart power grids, 
micro-grids, smart meters, advanced air pollution monitoring systems, environment-friendly green 
buildings, green city planning, energy-efficient smart street lighting, solid waste management, smart 
water management and drainage systems. 
 
Some applications are listed below: 
 

• Pipe Leak Inspections using a Sensor Network and SCADA 

• Predictive Water Infrastructure Maintenance Planning with Sensor Network and SCADA 

• Water Reuse through Innovative Waste Water Treatment Technologies 

• Smart Waste Sorting and Disposal 

• Renewable Energy Applications 

• Smart Lighting 

• Energy Generation from Waste 

• Seasonal Thermal Energy Storage (STES) 

• Use of Excess Heat (Heat Generated During Waste Conversion, Heat Produced in Data 
Centers, etc.) 

 
Some of the benefits provided by the mentioned applications are listed below: 
 

• Ensuring the efficient use of natural resources 

• Reducing operating and investment costs  

• Lowering costs through efficient planning 

• Alleviation of risks to human health and the environment; 

• Reducing the consumption of natural resources through recycling; 

• Supporting renewable and sustainable power systems and evolving production and 
consumption patterns; 

• Increased energy security through the integration of distributed energy sources; 

• Minimization of waste at dumpsites; 

• Informing users in real time. 
 
Potential challenges to the implementation of the aforementioned applications are listed below: 
 

• High initial investment costs; 

• High unit prices of the technological products used; 

• High operating and maintenance costs; 

• Lack of skilled human resources; 

• Need for hardware upgrades to smarten the existing infrastructure; 

• Outdated existing infrastructure; 

• Technical constraints; 

• Low level of interoperability in a multi-supplier environment; 

• Cyber security threats. 
 
Ref: https://www.akillisehirler.gov.tr/akilli-sehir-bilesenleri/  

https://www.akillisehirler.gov.tr/akilli-sehir-bilesenleri/
https://www.akillisehirler.gov.tr/akilli-sehir-bilesenleri/
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BOX 12: Smart (and Sustainable) Building/Structure Practices  
 

 
Smart Buildings include those that are intended to increase quality of life by meeting the basic needs 
of users, such as in building/structure quality, building security, and air conditioning and energy 
systems, following a rational and technological approach. 
 
Some specific applications are listed below: 

• Adaptive Ventilation Systems (HVAC) 

• Smart Building Lighting Systems 

• Smart Building Renewable Energy Systems 

• Integrated Heating and Cooling Systems 

• Smart Water Meters 

• Building Integrated Waste Management (Gray Water, Purple Grid, etc.) 

• Smart Building Integrated Security Systems 

• Instant Transmission to Emergency Service 

• Remote Security Control Systems 

• User Information Systems for Security Measures 

• Smart Building Integrated Emergency Systems 

• Early Warning Systems 
     
Some of the benefits provided by the mentioned applications are listed below: 

• Energy savings; 

• Transmission of consumption data to users in real time; 

• Widespread adoption of net zero-energy buildings; 

• Reducing the use of illegal energy; 

• Reducing operating and investment costs; 

• Increasing indoor air quality; 

• Achieving energy savings based on smart building air conditioning; 

• Maximum utilization of natural and renewable energy sources; 

• Supporting air conditioning with thermal insulation systems; 

• Reducing carbon emissions; 

• Ensuring one-stop coordination with integrated building waste management; 

• Minimizing solid waste from buildings; 

• Sorting of waste at the point of generation; 

• Recovery of waste without being transmitted to the infrastructure; 

• Ensuring safe storage of waste in buildings; 

• Reducing water consumption through smart water meters; 

• Analysis and detection of data with sensors, cameras and similar hardware at a single 
location; 

 
Potential challenges to the implementation of the aforementioned applications are listed below: 

•     High investment and maintenance costs; 

•     Increased pressure on the building management system, including population growth, 
increased water pollution, 
    increased waste; 

•     Concerns about the aging building infrastructure; 

•     High unit prices of the technological products used. 
 
Ref: https://www.akillisehirler.gov.tr/akilli-yapilar/  
 

https://www.akillisehirler.gov.tr/akilli-yapilar/
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BOX 13: Smart (and Sustainable) Energy Applications  
 

 
This refers to the management of energy by means of grids that are highly efficient in terms of energy 
and resources, that are increasingly supported by renewable energy sources, that provide cost and 
energy savings, that are based on integrated and flexible resource systems for strategic planning, that 
have public value and that are based on innovative approaches. 
 
Some specific applications are listed below: 
 
Smart Energy Grids and Management 
Smart energy systems balance the base load from biomass and other predictable low-carbon solutions 
with the unstable supply of renewable energy sources such as wind and solar. Smart energy systems 
make use of all energy sources, from both large and small providers, thereby reducing the need to 
generate additional energy. 
 
Energy Storage and Management 
Energy storage systems serve as a balancing unit in power plants with low reliability of supply. They 
are used to store energy when demanded and to supply energy to the load or grid.  
 
Smart Power Generation and Distribution 
The consumption data collected by smart meters is evaluated by the management system. Following 
this evaluation, as much energy is generated as is to be consumed. The required energy is transferred 
to the consumption point via transmission and distribution lines. Thus, by generating energy to meed 
the instantaneous demand of consumers, energy generation, especially from fossil fuels, is carried out 
based on demand estimation.  
 
Smart Grid Stations 
These are stations that provide power factor performance, that monitor breaker, transformer and 
battery status, and that provide critical and non-critical process control within the network system 
through the integration of modern computer and network technologies. 
 
Remote Surveillance, Advanced Control Methods and Automation (SCADA System) 
SCADA is a software program by means of which large-scale facilities can be monitored from a single 
center using devices such as computers, mobile phones or tablets. It shows the topological connections 
and the energy status of the medium voltage level schematically. Network elements (switch 
gear/substation) connected via telemetry can be monitored and remotely controlled depending on the 
type of device.     
 
Distributed Energy Resources and Their Management 
These are systems for the continuous monitoring of distribution networks, meeting the need to control 
the load flows and voltage fluctuations created by renewable energy generation integrations from the 
distribution network, and allow the necessary command and control measures to be taken when the 
risk of a critical situation arises.     
 
Smart Energy Security 
The definition of energy security from the perspective of energy includes the availability, accessibility 
and acceptability of energy resources. The definition of energy security from the perspective of 
security includes the physical protection of facilities in the network of energy exploration, 
development, generation, transmission, conversion, distribution, marketing and consumption against 
any attack.         
 
Ref: https://www.akillisehirler.gov.tr/akilli-enerji/  
 

 

https://www.akillisehirler.gov.tr/akilli-enerji/
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