Bu proje Avrupa Birligi ve Tuirkiye Cumhuriyeti
tarafindan finanse edilmektedir.

Increasing Climate Change Awareness at TOBB ETU

TOBB EKONOMI VE
TEKNOLOJi UNIVERSITESI
KARBON AYAKIizZi RAPORU 2017

TOBB UNIVERSITY OF

ECONOMICS AND TECHNOLOGY
CARBON FOOTPRINT REPORT 2017

AT T

Bu yayin Avrupa Birligi'nin yardimiyla hazirlanmistir. Bu yayinin iceriginden yalnizca TOBB ETU sorumlu olup,
herhangi bir sekilde AB'nin goruslerini yansittigi seklinde yorumlanamaz.



Icindekiler
Table of Contents

1-  YONETICi OZETi / EXECUTIVE SUMMARY 02
2-  GIRIS / INTRODUCTION 04
3-  TEKNIK YAKLASIM / TECHNICAL APPROACH 06

3.1-  Metodoloji / Methodology
3.2-  Kurulus ve Faaliyet Sinirlan / Organizational and Operational Boundaries
3.2.1- Kurulus Sinirlan / Organizational Boundaries
3.2.2- Faaliyet Sinirlari / Operational Boundaries
3.3-  Raporlama Donemi / Reporting Period
3.4-  Veri Analizi / Data Analysis
3.4.1-  Emisyon Kaynaklarina Ait Veriler / Data of Emission Sources
3.4.2-  Emisyon Faktorleri / Emisson Factors
3.4.3-  Sera Gazi Emisyonlarinin Hesaplanmasi / Calculation of Greenhouse Gas Emissions
3.4.4-  Veri Butunlugu ve Kalitesi / Data Integrity and Quality
3.5-  Sera Gazi Emisyon Yutaklari / Greenhouse Gas Emission Sinks
4- TOBB ETU’NUN KARBON AYAKIZi / CARBON FOOTPRINT OF TOBB ETU 18
4.1-  Kapsamlara Gore Sera Gazi Emisyonlari / Greenhouse Gas Emissions by Scope
4.1.1-  Kapsam 1: Dogrudan sera gazi emisyonlari / Scope 1: Direct greenhouse gas emissions
4.1.2-  Kapsam 2: Enerji dolayli sera gazi emisyonlari / Scope 2: Energy indirect greenhouse gas emissions
4.1.3-  Kapsam 3: Diger dolayli sera gazi emisyonlari / Scope 3: Other indirect greenhouse gas emissions
4.2-  Emisyon Yogunlugu / Emission Intensity
5- ONERI ve HEDEFLER / RECOMMENDATIONS AND TARGETS 26
5.1-  Kapsamin Genigletimesi ve Veri Kalitesinin Artirimasina Yonelik Oneriler /
Recommendations for Scope Extension and Enhancing Data Quality
5.2-  SeraGazi Emisyonlarinin Azaltimasina Yonelik Oneriler /
Recommendations for Reducing Greenhouse Gas Emissions
53-  SeraGazi Emisyonlarinin Azaltimasina Yonelik Hedefler /

Targets for Reducing Greenhouse Gas Emissions

www.tto.etu.edu.tr < 1

T



1- Yonetici Ozeti

Bu calisma, stirdiirtlebilirbir kampls yaratmahedefiyle TOBB Ekonomive Teknoloji Universitesinin (TOBBETU) iklim
degisikligine sebep olabilecek ¢evresel etkilerinin analizini yapmak ve sera gazi emisyonlarini azaltma potansiyelini
belirlemek icin hazirlanmistir. Oncelikle referans bir veri seti olusturmak amaciyla 2016 yilina ait sera gazi emisyonlari
hesaplanmistir. Ardindan, sera gazina sebep olan faaliyetlerdeki en glincel degisimi analiz edebilmek igin 2017 yilina
ait sera gazi emisyonlari envantere eklenmistir. Ortaya cikan bulgular isiginda TOBB ETU'niin karbon ayak izi 2016
yilina kiyasla 2017 yilinda %0, 78 artmasina karsin akademik personel, idari personel ve 6grenci sayisindaki %4, 7 ‘lik
artis sebebiyle kisi basina disen emisyon miktari %3, 78 oraninda azalmistir.

Envanter kapsaminda dogalgaz tuketimi, satin alinan elektrik, kampuse ulasim, kagit tUketimi, su tuketimi, kiralik
ve TOBB ETU'ye ait araclardan kaynaklanan sera gazi emisyonlari hesaplanmis, ana emisyon yiikiiniin dogalgaz
tuketimi, satin alinan elektrik ve kampuse ulasim faaliyetlerinden kaynaklandigi tespit edilmistir.

2016 (tCOe) 2017 (tCO4e) DEGISIM (%)
Toplam Emisyonlar 16.803,94 16.934,21 %0,78
Kisi Basina Dusen Emisyon Miktari 2,37 2,28 %-3,78

Bu tespitlerden yola ¢ikilarak emisyon azaltim Gnerilerinde bulunulmus, 6zellikle elektrik tiketiminden kaynaklanan
sera gazi emisyonlarinin azaltilmasiigin gati Uzeri glines enerji santrali kurulmasina yonelik teknik ve finansal detaylari
iceren bir on fizibilite calismasi hazirlanmistir. Buna ek olarak, ilerleyen yillarda sera gazi emisyonu envanterinin
kapsaminin genisletiimesiigin izleme onerilerinde bulunulmustur.

Son olarak, paydas temsilcilerinin gorUsleri alinarak Avrupa Komisyonu ‘nun belirlemis oldugu iklim stratejileri ile
uyumlu emisyon azaltim hedefleri belirlenmistir.

Sekil 1 - Emisyon Kaynaklari
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1- Executive Summary

This study is prepared with the aim of creating a sustainable campus for TOBB University of Economics and
Technology (TOBB ETU) by analyzing its environmental effects that could cause climate change and by determining
its potential to reduce greenhouse gas emissions. First of all, greenhouse gas emissions were calculated for the year
2016 to form a reference dataset. Afterwards, greenhouse gas emissions for 2017 were added to the inventory to
analyze the most recent changes in activities that cause formation of greenhouse gases. In the light of the findings
obtained, even though the carbon footprint of TOBB ETU had increased by 0.78% in 2017 compared to 2016, the
amount of per capita emissions was decreased by 3.78% due to a 4.7% increase in the number of academic staff,
administrative staff and students.

Within the context of the inventory, greenhouse gas emissions originating from natural gas consumption, purchased
electricity, transportation to campus, paper consumption, water consumption, and rental and TOBB ETU-owned
vehicles were calculated, and it was determined that the main emission load was due to natural gas consumption,
purchased electricity, and campus transportation activities.

2016 (1tCO4e) 2017 (tCO4e) CHANGE (%)
Total Emissions 16.803,94 16.934,21 %0,78
Amount of Emission per Capita 2,37 2,28 %-3,78

Based on these determinations, emission reduction suggestions were made, and a pre-feasibility study including
technical and financial details for installation of arooftop solar power plantwas prepared in order to reduce greenhouse
gas emissions due to electricity consumption. In addition, monitoring proposals were made for the following years to
enlarge the scope of the greenhouse gas emissions inventory.

Finally, emission reduction targets were determined in line with the climate strategies identified by the European

Commission, considering the views of the stakeholder representatives.

Figure 1- Emission Sources
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2- GiIrig

TOBB ETU, Turkiye Odalar ve Borsalar Egitim ve Kiltir Vakfi (TOBEV) tarafindan 1 Temmuz 2003 tarihinde
kurulmustur. Universitemiz, 2004-2005 Akademik Yiliigerisinde (¢ fakiilte alti bolim ve 145'i burslu 270 6grencisi ile
egitim ogretim faaliyetlerine baslamistir. S6gutozu semtinde idari tniteleri ve egitim 6gretim blogundan olusan TOBB
ETU yerleskesine ek olarak izleyen yil sosyal tesisler binasi, 2009 yilinda Yabanci Diller binasi, 2013 yilinda Teknoloji
Merkezi ve 2014 yilinda Tip Fakultesi Morfoloji Laboratuvari binasi dahil olmustur.

TOBB ETU aragtirma-gelistirme faaliyetleri ile tilke ve toplum ihtiyaclarina yénelmek ve tlkenin ekonomik ve sosyal
kalkinmasina katkida bulunmak misyonu ile kurulmustur. Misyonu dogrultusunda sadece Ulkemizin degil dunyamizin
baslica sorunlarindan olan iklim degisikligi konusuna kayrtsiz kalmamistir. Iklim degisikligine yonelik olarak calismalarin
ilkinin Universitemizin sera gazi emisyon envanterinin hazirlanmasi konusunda yapilmasina karar verilmistir. Bu
dogrultuda Avrupa Birligi tarafindan desteklenen “Increasing Climate Change Awareness at TOBB ETU" projesi
kapsaminda Universitemizin sera gazi emisyon envanteri hazirlanmistir. Proje kapsaminda égrencilerimiz, akademik
ve idari personelimizle emisyon degerleri paylasiimis, bu konuda kendilerine egitim veriimis ve emisyon azaltim
onerileri toplanmistir. Elinizde tuttugunuz bu rapor sadece sera gazi envanter analiz sonuglarini igeren bir metin degil
ayni zamanda TOBB ETU mensuplarinin énerilerini barindiran bir yol haritasidir. Universitemizin tim calismalarina
ictenlikle destek veren Miitevelli Heyeti Bagkanimiz Sayin Rifat HISARCIKLIOGLU basta olmak lizere, proje boyunca
proje ekibimizden destegini esirgemeyen Rektdrimiiz Prof. Dr. Adem SAHIN Hocamiza, Teknoloji Transfer Ofisimize,
dgrencilerimize, akademik ve idari personelimize tesekkur ederiz.

Siileyman TURGUT
Proje Koordinatoru

TOBB ETU 2014-2015 Mezunu
TOBB ETU Teknoloji Transfer Ofisi
Proje Yonetimi Birimi, Uzm. Yrd.




2- Introduction

TOBB ETU was founded by the Turkey Chambers and Commodity Exchanges Educational and Cultural Foundation
(TOBEV) on July 1,2003. Our university started its education activities in 2004-2005 Academic Year with 3 faculties,
6 departments, and 270 students, 145 of which were scholarship students. In addition to the TOBB ETU campus in
Sogutozu district, which consists of administrative units and education and training blocks, social facilities building
was included the following year, and Foreign Language Building in 2009, Technology Center in 2013, and the Faculty
of Medicine Morphology Laboratory in 2014.

TOBB ETU was founded with the mission of contributing to the needs of the country and society, and to the economic
and social development of the country, with its research and development activities. In accordance with its mission,
TOBB ETU chose not to be indifferent to climate change problem, which is one of the major problems of our earth. It
had been decided that the first of the studies on climate change to be carried out on the preparation of our university's
greenhouse gas emission inventory. Accordingly, our university's greenhouse gas emission inventory was prepared
within the scope of “Increasing Climate Change Awareness at TOBB ETU” project supported by the European Union.
Within the scope of this project, the emission values were shared with our students, academicians, and administrative
staff, training was provided in this regard, and emission reduction recommendations were gathered. This report is
not only a text containing the results of the greenhouse gas inventory analysis, but also a roadmap containing the
recommendations of TOBB ETU members. We especially thank Rifat HISARCIKLIOGLU, our chairman of the board
oftrustees, who sincerely supports all activities of our university, and our presidentand teacher Prof,, Dr. Adem SAHIN,
who supported our team throughout the project, our Technology Transfer Office, and our students and academic and
administrative staff.

Siileyman TURGUT
Project Coordinator

TOBB ETU 2014-2015 Graduate
TOBB ETU Technology Transfer Office
Project Management Unit, Assistant Specialist
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3- Teknik Yaklagsim

3.1-Metodoloji

TOBB ETUniin karbon ayak izi analizi World Resources Institute’tin (WRI) belirlemis oldugu GHG Protocol ve
International Organization for Standardization'in belirlemis oldugu 1SO 14064-1 standartlaryla uyumlu bir sekilde
hazirlanmistir. Kuruluslarin karbon ayak izlerinin izlenmesi ve raporlanmasi konusunda bu iki standart birbiriyle
uyumlu ve birbirini tamamlayacak sekilde tasarlanmistir. Buna ek olarak GHG Protocol dinya capinda en yaygin
olarak kullanilan uluslararasi sera gazi emisyonu hesaplama aracidir.

3.2-Kurulus ve Faaliyet Sinirlar
3.2.1- Kurulus Sinirlar

Sera gazi emisyonlarinin hesaplanmasina yonelik olarak belirlenen kurulus sinirlari, kurulusun is ve operasyonlarini
ydrittigd sinirlar tarif eder. Bu baglamda kuruluslar finansal veya operasyonel olarak  kontrollinde olan tesislerin
sebep oldugu emisyonlarini (1)kontrol yaklasimina (the control approach) yaklagimina gore ya da pay sahibi oldugu
tesislerden kaynaklanan emisyonlari (2)hisse paylasimi yaklasimina (the equity share approach) gore raporlamayi
tercih edehilir.

TOBB ETL:J'nUn karbon ayak izi hesaplamasi yapilirken operasyonel kontrol yaklagimi tercih edilmistir. Bu kapsamda
TOBB ETU yerleskesi icerisinde bulunan ¢ ayri bolgedeki bina ve tesislerde gerceklestirilen ve yonetilen faaliyetler
sebebiyle ortaya ¢ikan sera gazi emisyonlari hesaplanmistir. Bu bolgeler;

1) Fakdlte, enstitti ve idari birimlerin yer aldigi Merkez Bolge
2) Yabanci Diller Bolumti ve Teknoloji Merkezi BinasI'nin yer aldigi YDB Bolgesi
3) Ogrenci yurtlarinin yer aldigi Ogrenci Konukevi Bolgesi.

2016 yilinda TOBB ETU'ye baglanan TOBB ETU Ozel Hastanesi operasyonel kontrolin TOBB ETU’de olmamasi
sebebiyle hesaplamalara dahil edilmemistir. Ayrica, TOBB ETU’niin batisinda yer alan ve agaclandirma, bakim ve
rekreasyon maksatli kullaniimak tizere TOBB ETU'ye tahsis edilen Atatiirk Orman Giftligi'ne ait arazide hentiz bir
faaliyet gerceklestirimedigiigin rapor disindatutulmustur. Bunlara ek olarak, Merkez Bolge'de yer alan spor salonunun
isletmesi 6zel bir firma tarafindan yurutuldigu igin kurulus sinirlar disinda kalmaktadir.
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Sekil 2- TOBB ETU Master Plan
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3- Technical Approach

3.1- Methodology

Carbon footprint analysis of TOBB ETU has been prepared in accordance with the GHG Protocol defined by the
World Resources Institute (WRI) and the ISO 14064-1 standard defined by the International Organization for
Standardization. These two standards are designed to be compatible with each other and to complement each other
in the monitoring and reporting of carbon footprints of organizations. In addition, the GHG Protocolis the world's most
widely used international greenhouse gas emission calculation tool.

3.2- Organizational and Operational Boundaries
3.2.1- Organizational Boundaries

Organizational boundaries determined for the purpose of calculating greenhouse gas emissions refer to the
boundaries in which an organization performs its activities and operations. In this context, organizations may prefer
to report the emissions caused by the facilities in its own financial or operational control according to (1) the control
approach or the emissions caused by the shared facilities according to (2) the equity share approach.

Operational control approach was preferred for calculating the carbon footprint of TOBB ETU. In this context,
greenhouse gas emissions resulting from activities carried out and managed in buildings and facilities in three
different areas within the TOBB ETU campus have been calculated. These areas are:

1) Central Area where faculties, institutes, and administrative units are located
2) YBD Area where Foreign Language Department and Technology Center Building are located
3) Student Residence Area where student dormitories are located

TOBB ETU Private Hospital affiliated to TOBB ETU in 2016 has not been included in the calculation because its
operational control is notin TOBB ETU. Besides, the field belonging to the Ataturk Forest Farm, which is found west
of TOBB ETU and allocated to TOBB ETU for forestation, maintenance, and recreation purposes, is excluded from
this report, since there is no activity in the field. In addition, since the operation of the sports center found at the Central
Areais made by a private company, it is considered as out of organizational boundaries.
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Figure 2- TOBB ETU Master Plan
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3.2.2- Faaliyet Sinirlar

Faaliyet sinirlarinin belirlenmesi, kurulusun faaliyetleriyle iliskili sera gazi emisyonlarini ve uzaklastirmalarini tespit et-
meyi, sera gazi emisyonlarini ve uzaklastirmalarini dogrudan sera gazi emisyonlari, enerji dolayli sera gazi emisyonlari
ve diger dolayl sera gazi emisyonlarn olarak siniflandirmay ihtiva etmektedir. Faaliyet sinirlarinin belirlenmesi ayrica,
diger dolayli emisyonlarin hangisinin hesaplanacaginin ve rapor edileceginin segilmesini icerir.

Bunun icin asagidaki tanimlamalar kullaniimistir;

Kapsam 1: Dogrudan sera gazi emisyonlari

Bu kapsamin tanimlamasi ISO 14064-1 ve GHG Protocol kilavuzlarinda kugutk farkliliklar gosterse de bu iki standar-
din birbirini tamamlayici olduklarini goz 6ninde bulundurarak ayni sinirlari tarif ettikleri gikarimini yapabiliriz.

ISO 14064 kilavuzunda bu kapsam “kurulusun sinirlari icerisindeki tesislerden kaynaklanan dogrudan sera gazi emis-
yonlari ve uzaklastirmalan” seklinde tarif edilirken GHG Protocol kilavuzunda “kurulusa ait veya kurulus tarafindan
kontrol edilen kaynaklarin sebep oldugu sera gazi emisyonlar” seklinde tarif edilmistir.

Kapsam 2: Enerji dolayl sera gazi emisyonlari

Kurulus tarafindan ithal edilerek (satin alinarak) tlketilen elektrik, 1si veya buharin Uretilmesi sirasinda olusan sera gazl
emisyonlarini tarif eder.

Kapsam 3: Diger dolayli sera gazi emisyonlari

Enerji dolayli sera gazi emisyonundan baska, bir kurulusun faaliyetlerinin bir sonucu olarak baska kuruluslarin sahip
oldugu veya kontrol ettigi sera gazi kaynaklarindan ortaya ¢ikan sera gazi emisyonlarini tarif eder.

Diger dolayli sera gazi emisyonlarina sebep olan 16 faaliyet ISO 14064-1'in uygulanmasina yonelik kilavuzda detayl
bir sekilde belirtilmistir,

Bu tanimlar isiginda TOBB ETU'niin karbon ayak izinin raporlanmasi icin belirlenen faaliyet sinirlart asagidaki gibidir;

Kapsam 1:

1.1, TOBB ETU yerleskesindeki binalari istmak ve sicak su kullanimi icin kazanlarda yakilan dogalgaz,

1.2, TOBB ETU'ye ait olan ulasim ve tasima araclarinin kullandigji yakit,

1.3. Klimalarda kullanilan R410A gazinin eksilmesinden kaynaklanan sera gazi emisyonlari.

Kapsam 2:

2.1. Istiklandirma, iklimlendirme sistemleri, asansor v.b. kullanimiicin satin alinan sebeke elektrigi.

Kapsam 3:

3.1 Kiralik araclarin yakit tiketimi,

3.2. Disaridan satin alinan ve ofis islerinde kullanilan k&git tiketimi,

3.3. Su tUketimi,

3.4, Personel ve 6grencilerin TOBB ETU'ye ulasiminda kullanilan ve disaridan temin edilen servis hizmeti iin
kullanilan araclarin kat ettigi mesafe,

3.5. Personel ve 6grencilerin TOBB ETU'ye ulasimak icin toplu tasima araglari ile kat ettigi mesafe,

3.6. Ogrenci ve personele ait sahsi araglarin TOBB ETU'ye ulasiminda kat ettigi mesafe,
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3.2.2- Operational Boundaries

Determining operational boundaries involves identifying greenhouse gas emissions and discharges associated with
the activities of the organization, and classifying greenhouse gas emissions and discharges as direct greenhouse gas
emissions, energy indirect greenhouse gas emissions and other indirect greenhouse gas emissions. Determination
of operational boundaries also includes selecting which of the other indirect emissions will be calculated and reported.

For this purpose, the following definitions are used:
Scope 1: Direct greenhouse gas emissions

Although definition of this scope presents minor differences in ISO 14064-1 and GHG Protocol guidelines, we can
deduce that they describe the same boundaries, considering that these two standards are complementary.

In1SO 14064 guideline, this contentis described as “direct greenhouse gas emissions and discharges originating from
facilities within the boundaries of the organization”, while in the GHG Protocol manual, it is described as “greenhouse
gas emissions originating from sources that belong to the organization or are controlled by the organization”.

Scope 2: Indirect energy greenhouse gas emissions

Describes emissions of greenhouse gases generated during the production of electricity, heat, or steam consumed
by the organization by importing (by purchasing).

Scope 3: Other indirect greenhouse gas emissions

Other than energy indirect greenhouse gas emission, this refers to greenhouse gas emissions generated due
to activities of an organization, but originating from greenhouse gas sources owned by or controlled by other
organizations.

16 activities leading to other indirect greenhouse gas emissions have been defined in detail in the guide for the
implementation of ISO 14064-1.

In the light of these definitions, the operational boundaries determined for reporting TOBB ETU’s carbon footprint
are as follows:

Scope 1:
1.1, Natural gas burnt in boilers for heating the buildings in the TOBB ETU campus and for hot water use,
12, Fuel used by transportation vehicles belonging to TOBB ETU,

1.3. Greenhouse gas emissions originating from the reduction of R410A gas used in air conditioners.
Scope 2:

2.1 Mains electricity purchased for use in illumination, air conditioning systems, and elevators, etc.

Scope 3:

3.1. Fuel consumption of rental vehicles,

3.2. Consumption of paper that is purchased from outside and used for office work,

3.3. Water consumption,

3.4, Distance covered by vehicles, which are procured from outside and used in transportation services of the

staff and students to TOBBETU,
3.5. Distance covered by the staff and students by public transportation to reach TOBB ETU,
3.6. Distance covered by private vehicles of the staff and students to reach TOBB ETU,

www.tto.etu.edu.tr < 9

T



Sera gazi emisyonu envanteri hazirlanirken tim emisyon kaynaklari detaylari bir sekilde tanimlanmis, fakat ozellikle
Kapsam 3 sinirlarina giren bazi faaliyetler yeterli veri olmamasi sebebiyle envantere dahil edilmemistir. Envanter
disinda tutulan baslica emisyon kaynaklari atiklardan, uluslararasi ve sehirlerarasi seyahatlerden ve konaklamalardan
kaynaklanan faaliyetlerdir. Asagidaki bollimlerde toplanan data ve uygulanan emisyon faktorleri ile ilgili olarak detayli
agiklamalar yapilmistir.

TOBB ETU karbon ayak izini azaltma firsatlarini verimli bir sekilde degerlendirmek icin kendi faaliyetlerinden
kaynaklanan emisyonlaridaha detayli olarak izlemeyi ve 6zellikle Kapsam 3 sinirlarina giren emisyon kaynaklarini daha
genis bir bigimde ele almayi hedeflemektedir. Gelecek vyillar icerisinde ozellikle is seyahatleri ve konaklamalardan
kaynaklanan emisyonlarin darapora dahil edilmesiicgin caba sarf edilecektir. Ayrica emisyon kaynaklarinin daha detayli
incelenmesi ve emisyon azaltim onlemlerinin etkin bir sekilde hayata gecirilebilmesi igin sera gazi emisyonuna sebep
olan faaliyetlerini daha sik araliklarla izlenmesi ve kaydedilmesi planlanmaktadir.

Sekil 3- GHG Protocol Faaliyet Sinirlari Semasi

Kapsam 2 Kapsam 1
DOLAYLI DOGRUDAN

Kapsam 3
DOLAYLI

Kapsam 3
DOLAYLI

T

2

dagtim

Wlagim

rabertarsfi

Girdi faaliyetler Raporlayan kurum

Cikti faaliyetler

3.3- Raporlama Donemi
Bu rapor birbirini takip eden iki ayr ddnemi kapsamaktadir:

1.Donem: 01 Ocak 2016 - 31 Aralik 2016 (Temel yil)
2.Donem: 01 Ocak 2017 - 31 Aralik 2017
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While preparing greenhouse gas emission inventory, all the emission sources are defined in detall, but especially
some activities that are considered to be within the boundaries of Scope 3 could not be included in the inventory
since there is not enough data. Main sources of emissions excluded from inventory are from wastes, international and
intercity trips, and accommaodation activities. The following sections provide detailed explanations about the collected
data and applied emission factors.

TOBB ETU aims to monitor emissions originating from its own activities in more detail in order to make use of
opportunities to reduce its carbon footprint, and especially aims to focus on emission sources in the context of scope
3 boundaries. Efforts will be made in the coming years to also include emissions originating especially from business
trips and accommodations. In addition, it is planned to monitor and record activities that cause greenhouse gas
emissions more frequently so that more detailed analysis of emission sources and emission reduction measures can
be taken more effectively.

Figure 3- GHG Protocol Operational Boundary Diagram
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3.3- Reporting Period
This report covers two consecutive periods:

1. Period: January 1,2016 - December 31,2016 (Base year)
2. Period: January 1,2017 - December 31,2017
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3.4~ Veri Analizi
3.4.1- Emisyon Kaynaklarina Ait Veriler
Emisyon kaynaklarina yonelik olarak toplanan verilerin kaynaklari, birimlerive izleme sikliklar asagidaki tabloda detayl

bir sekilde belirtiimistir. Bu veriler agirlikli olarak birincil kaynak olan TOBB ETU idari personelinin saglamis oldugu
bilgi ve belgelerden elde edilmistir,

Tablo 1- TOBB ETU Emisyon Kaynaklan Verisi

Dogalgaz Tiiketimi (Isinma ve Sicak Su) Yillik
KAPSAM 1 Okula Ait Araclarin Yakit Tiketimi (Motorin) Litre Aylik
Kagak Emisyonlar (Klima—R410 A) kg Yillik
KAPSAM 2 Satin Alinan Elektrik kKWh Aylik
Kiralik Araglarin Yakit Tuketimi (Motorin) Litre Aylik
Kagit Tuketimi Miktar-kg Yillik
Su Tuketimi m?* Yillik
KAPSAM 3
Okul ve Ring Servisleri (Kat Edilen Mesafe) km Yillik
Toplu Tasima Araclaryla TOBB ETU'ye Gelis-Gidis km Yillik
Sahsi Araglarla TOBB ETU'ye Gelis-Gidis km Yillik

3.4.2- Emisyon Faktorleri

Emisyon faktori, emisyon kaynaklarinin birim hammadde, birim yakit, birim hacim, birim zaman veya birim alanda
sebep oldugu ortalama sera gazi miktarini belirten katsayidir. Fakat, diger taraftan Kyoto Protokolti'nde belirtilen
alti sera gazinin (Karbon dioksit (CO2), Metan (CH4), Nitrdz Oksit (N20), Hidroflorlr karbonlar (HFCs), Perfloro
karbonlar (PFCs), Sulfurhekza florid (SF6)) kiresel isinmaya etkisi birbirinden farklidir. Bazi sera gazlari atmosferde
daha uzun sure kalmaktadir. Bu nedenle emisyon kaynaklarinin sebep oldugu sera gazlarinin kiiresel isinmaya etkisini
tek bir birim tzerinden belirtmek icin Karbon dioksit es degeri (CO2e) ifadesi kullanilir, Sera gazlarinin Karbon dioksit
es degerine cevrilmesiigin kullanilan katsayiya Kuiresel 1Isinmaya etki potansiyeli (KIP) denir.
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3.4- Data Analysis
3.4.1- Data of Emission Sources
The sources, units, and monitoring frequencies of data collected from emission sources are provided in detalil in the

below given table. These data are mainly obtained from information and documents provided by the TOBB ETU
administrative staff as the primary source.

Table 1- TOBB ETU Emission Sources Data

MONITORING
“ EMISSION SOURCE UNIT FREQUENCY

Natural Gas Consumption (Heating and Hot Water) m? Yearly
SCOPE 1 Fuel Consumption of School Vehicles (Diesel Oil) Litre Monthly
Fugitive Emissions (Air Conditioner —R410 A) kg Yearly
SCOPE 2 Purchased Electricity KWh Monthly
Fuel Consumption of Rental Vehicles (Diesel Oil) Litre Monthly
Paper Consumption Amount-kg Yearly
Water Consumption m? Yearly
SCOPE 3
School Bus and Shuttle - Yearl
Bus Services (Distance covered) y
Public Transportation to and from TOBB ETU km Yearly
Transportation to and from K Vearly

TOBB ETU using Personal Vehicles

3.4.2- Emisson Factors

Emission factor is the coefficient that indicates the average amount of greenhouse gas emission caused by the unit
raw material, unitfuel, unitvolume, unittime, or unit area of emission sources. However, on the other hand, the effects
of the six greenhouse gases defined in Kyoto Protocol (Carbon dioxide (CO2), Methane (CH4), Nitrous Oxide
(N20), Hydrofluoride carbons (HFCs), Perfluoro carbons (PFCs), Sulphurhexafluoride (SF6)) on global warming
are different from each other. Some greenhouse gases remain longer in the atmosphere. Therefore carbon dioxide
equivalent (CO2e) unit is used to denote the effect of greenhouse gases on global warming caused by emission
sources with a single unit. The coefficient used to convert greenhouse gases to carbon dioxide equivalent is called
global warming potential (GWP).
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Tablo 2- Emisyon Faktorlerindeki Yillik Degisim

EMIiSYON
KAYNAGI

Dogalgaz Tuketimi

EMiSYON FAKTORU
(2016-TEMEL YIL)

EMIiSYON

FAKTORU
(2017)

TEMEL
YILA GORE
DEGiSiM

KAYNAK

& 8 0
(Isnma ve Sicak Su) 2,028 kgCOse/m 2,097 kgCOse/m Jo+3,4 Defra
Okula At
KAPSAM 1 Araclarin Yakit 2,676 kgCOye/litre 2,672 kgCOye/litre %-0,2 Defra
Tuketimi (Motorin)
Kagak Emisyonlar 2.088,000 kg )
(Kiima - R410 A) 2,088,000 kgCO»e/kg COqe/kg Defra
KAPSAM 2 Satin Alinan Elektrik - 0,478 kgCOo/kWh 0,478 kgCOyo/kWh - IEA
Kiralik Araglarin Yakit . . o
Tiiketimi (Motorin) 2,676 kgCO,e/litre 2,672 kgCOye/litre %o-0,2 Defra
Kagrt Tuketimi 939,000 kgCO,e/ton 928,600 kgCO,e/ton %-1,1 Defra
Su Tiketimi 0,344 kgCO,e/m? 0,344 kgCO,e/m? - Defra
KAPSAM 3
Okulve Ring
Servisleri (Kat ?Li% i%%oﬁe/ ?;ﬁ ﬁnC)O?e/ %92,3 Defra
Edilen Mesafe) yoreu. yoed.
Toplu Tasima
Araclaryla TOBB 0,120 kgCO2e/km 0,120 kgCOse/km %2,3 Defra
ETU've Gelis-Gidis
Sahsi Araclarla
TOBBETU'Ye 0,189 kgCOne/km 0,184 kgCOne/km %-2,5 Defra
Gelis-Gidis

3.4.3- Sera Gazi Emisyonlarinin Hesaplanmasi

TOBB ETU idari personeli ve hizmet yiklenicileri (Okul ve Ring Servisleri) tarafindan saglanan veriler ve uluslararas
kaynaklardan elde edilen ilgili emisyon faktorleri kullanilarak ile TOBB ETU'niin mutlak sera gazi emisyon envanteri
hesaplanmistir. Kisi basina dusen emisyon miktarlarinin hesaplanmasiigin de akademisyen, dgrencive idari personelin
toplamindan olusan Universite mensubu kisi sayisi kullaniimistr.

3.4.4- Veri Biitlinluigu ve Kalitesi
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Table 2- Annual Change in Emission Factors

CHANGE
EMISSION EMISSION FACTOR EMISSION COMPARED
SOURCE (2016-BASE YEAR) FACTOR (2017) | TO THE BASIC
YEAR

SOURCE

Natural Gas Con-
sumption (Heating ~ 2.028 kgCOoe/m?® 2.097 kgCO,e/m? %+ 3.4 Defra
and Hot Water)

Fuel Consumption
SCOPE 1 of School Vehicles  2.676 kgCO,e/litre 2,672 kgCO2e/liter %-0.2 Defra
(Diesel Oil)

Fugitive Emissions
(Air Conditioner - 2088.000 kgCOe/kg  2088.000 kgCO4e/kg = Defra
RA10A)

Purchased
SCOPE 2 Electricty 0.478 kgCOy/kWh 0.478 kgCO,/kWh - [EA

Fuel Consumption
of Rental Vehicles 2.676 kgCO,e/liter 2.672 kgCO,e/liter %-0.2 Defra
(Diesel Oil)

Paper

0)o-
Consumption 939.000 kgCOqe/ton 928.600 kgCO2e/ton Jo-1.1 Defra

Water

8 3 ~
Consumption 0.344 kgCOoe/m 0.344 kgCOqe/m Defra

SCOPE 3 School Bus and

Shuttle Bus Ser- 0.120 kgCO,e/ 0.123 kgCOye/
vices (Distance (passenger.km) (passenger.km)
covered)

%2.3 Defra

Public Transpor-
tation to and from 0.120 kgCOne/km 0.120 kgCOye/km %2.3 Defra
TOBBETU

Transportation to
and from TOBB
ETU using Personal
Vehicles

0.189 kgCOye/km 0.184 kgCOne/km %-2.5 Defra

3.4.3- Calculation of Greenhouse Gas Emissions

TOBB ETU's absolute greenhouse gas emission inventory was calculated using the data provided by the TOBB ETU
administrative staff and service contractors (School and Shuttle Bus Services) and the relevant emission factors
derived from international sources. For calculation of the amount of emissions per capita, the number of University
members consisting of the sum of academicians, students, and administrative staff was used.

3.4.4- Data Integrity and Quality
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Tablo 3- Veri Kaynagi Analizi

Dogalgaz Tiiketimi (Isinma ve Sicak Su) B Birincil Veri TOBB ETU Idari Personel
KAPSAM 1 Okula Ait Araclarin Yakit Tiketimi (Motorin) B Birincil Veri TOBB ETU Idari Personel

Kagak Emisyonlar (Klima - R410 A) M Birincil Veri TOBB ETU Idari Personel
KAPSAM 2 Satin Alinan Elektrik M Birincil Veri TOBB ETU Idari Personel

Kiralik Araglarin Yakit Tuketimi (Motorin) M Birincil Veri TOBB ETU Idari Personel

Kagit Tuketimi M Birincil Veri TOBB ETU Idari Personel

Su Tuketimi M Birincil Veri TOBB ETU Idari Personel
KAPSAM 3

Okul ve Ring Servisleri (Kat Edilen Mesafe) W Ikincil Veri Servis Sirketi

Toplu Tagima Araglariyla TOBB ETU'ye Gelis-Gidis W ikincil Veri Anket

Sahsi Araclarla TOBB ETU'ye Gelis-Gidis W ikincil Veri Anket

B zayif B Gelistirilebilir B Yeterii

3.5- Sera Gazi Emisyon Yutaklari

TOBB ETU kampisi icerisinde yaslar 1-15 arasinda degisen, aralarinda meyve agaclarinin da bulundugu cesitl
tUrlerden yaklasik 2.000 adet agac oldugu tespit edilmistir. Daginik bir sekilde kampus icerisinde yer alan bu agaclarin
bakimi TOBB ETU personelitarafindan yapilsa da gerekli metodolojik iziemelerin yapiimasinin miimkiin olmayisindan
dolayr emisyon yutagi olarak envantere eklenmemistir,

Bunun disinda herhangi bir emisyon yutagi tespit edilmemistir,
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TABLE 3- Data Source Analysis

Natural Gas Consumption (Heating and Hot Water) Il Primary Data A meigS[iIE\/TeUStaﬁ
SCOPE 1 Fuel Consumption of School Vehicles (Diesel Oil) M Primary Data AmeiSiS[i’E\/TeUStaﬁ

Fugitive Emissions (Air Conditioner - R410 A) B Primary Data Ameiﬁ])iiitEivTeUStaﬁ
SCOPE 2 Purchased Electricity M Primary Data AmeigthitEivTeUgtaﬁ

Fuel Consumption of Rental Vehicles (Diesel Qil) B Primary Data AmeigEt?aEvTeUStaﬁ

Paper Consumption W Primary Data Ameigii’EvTeUStaﬁ

Water Consumption M Primary Data Admﬁiiﬁjeugtaﬁ
SCOPE 3

gﬁtﬁ% gii aSTe(rjvices (Distance covered) " Se(é);[(iary servee Bus bomparny

Public Transportation to and from TOBB ETU | SecE)o;[Zary Survey

Transportatiog to and from , m Secondary Survey

TOBB ETU using Personal Vehicles Data

. Weak . Can be improved . Adequate

3.5- Greenhouse Gas Emission Sinks

It has been determined that there are about 2,000 trees, including fruit trees, ranging in age from 1 to 15 within the
TOBB ETU campus. Even though TOBB ETU staff takes care of these trees, which are scattered in the campus, they
are not added into the inventory as emission sinks, since it is not possible to perform the required methodological
monitoring.

No other emission sink was detected.
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4- TOBB ETU’'niin Karbon Ayakizi

4.1- Kapsamlara Gore Sera Gazi Emisyonlari

2017 yili igin toplam sera gazi emisyonu miktari 16.934,21 tCO2e olarak gergeklesmistir. Temel yil olarak kabul
edilen bir onceki yil emisyonlart ile kiyaslandiginda toplam emisyon miktari 130,27 tCO2e artis gostermistir. Oransal
olarak bakildiginda bu artis %1'in altindadir. Ozellikle TOBB ETU'ye mensup insan sayisindaki %4, 7 artis goz dniinde
bulunduruldugunda sera gazi emisyonlarinin azaltilmasina yonelik olumlu gelismeler kaydedilmistir.

2017 ile 2016 yili emisyonlari kapsamlar bazinda kiyaslandiginda Kapsam 1 emisyonlari 261,72 tCO2e (%6,41)
azalmisg, Kapsam 2 emisyonlari 163,30 tCO2e (%3,38) artmis ve Kapsam 3 emisyonlari da 228,70 tCO2e (%2,90)

artmistr.
Tablo 4- Kapsamlara Gore Sera Gazi Emisyonlari
KAPSAM EMISYON KAYNAGI 2016 (tCO.e) 2017 (tCOe) DEGISIM (%)
Dogalgaz 4.010,11 3.753,14 %-6,41
KAPSAM 1 TOBB ETU'ye At Araclar 70,89 66,15 %-6,69
Kagak Emisyonlar 0,00 0,00 %0,00
KAPSAM 2 Elektrik 4.830,54 4.993,83 %3,38
Kiralik Araglar 16,68 20,06 %?20,26
Kagrt 19,01 16,02 %-15,76
Su 28,48 34,26 %20,29
KAPSAM 3
Servis 3.189,67 3.262,32 %2,28
Kampuse Toplu Tagima 1.038,04 1,111,901 %7,12
Ulasim
Otomobil 3.600,51 3.676,52 %2,11
Kapsam 1 Toplami 4.081,00 3.819,28 %-6,41
Kapsam 2 Toplami 4.830,54 4.993,83 %3,38
TOPLAM
Kapsam 3 Toplami 7.892,39 8.121,09 9%2,90
Genel Toplam 16.803,94 16.934,21 %0,78
Insan Sayisi® 7.081 7416 %4, 7
YOGUNLUK
Kisi Basina Dusen Emisyon 2,37 2,28 %-3,78
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4- Carbon Footprint Of TOBB ETU

4.1- Greenhouse Gas Emissions by Scope

Total greenhouse gas emissions for 2017 amounted to 16,934.21 tCO2e. Total emission amount has increased
by 130.27 tCO2e compared to the previous year emissions, which are considered as the base year. Proportionally,
this increase is below 1%. Considering especially the 4.7% increase in the total number of people in TOBB ETU,
improvement has been made in reducing greenhouse gas emissions.

When 2017 and 2016 emissions are compared based on the scopes, Scope 1 emissions were reduced by 261.72

tCO2e (6.419%), Scope 2 emissions were increased by 163.30 tCO2e (3.38%), and Scope 3 emissions were also
increased by 228,70 tCO2e (2.90%).

Table 4- Greenhouse Gas Emissions by Scope

m EMISSION SOURCE 2016 (tCOze) 2017 (tCOe) CHANGE (%)

Natural gas 3753.1 %-6.41
SCOPE 1 Vehicles Owned by TOBB ETU 70.89 66.15 %-6.69
Fugitive Emissions 0.00 0.00 %0.00
SCOPE 2 Electricity 4830.54 4993.83 %3.38
Rental Cars 16.68 20.06 9%20.26
Paper 19.01 16.02 %-15.76
Water 28.48 34.26 920.29
SCOPE 3
Service 3189.67 3262.32 %2.28
Transportation to Public . 103804 111191 %719
Campus Transpor-tation
Automobile 3600.51 3676.52 %2.11
Scope 1 Total 4081.00 3819.28 %-6.41
Scope 2 Total 4830.54 4993.83 %3.38
TOTAL
Scope 3 Total 7892.39 8121.09 9%2.90
General Total 16803.94 16934.21 9%0.78
Number of People: 7081 7416 %4.7%
INTENSITY
Emission Per Capita 2.37 2.28 %-3.78
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Sekil 4- Kapsamlara Gore Sera Gazi Emisyonlarinin Dagilimi

@ Kapsam1 @ Kapsam?2 @ Kapsam 3

2017 yilina odaklanildiginda, toplam sera gazi emisyonlarinin yaklasik %48'i Kapsam 3 faaliyetleri sebebiyle
gerceklesmistir. llerleyen yillarda Kapsam 3 igerisine giren diger emisyon kaynaklarinin (bkz. Bolim 5.1) daenvantere
dahil edilmesi ile Kapsam 3 emisyonlarinin oraninin %50'nin Uzerine gikmasi beklenmektedir.

?Akademik Personel + Idari Personel + Ogrenci

4.1.1- Kapsam 1: Dogrudan sera gazi emisyonlari

Dogalgaz: Kapsam 1 emisyonlarinin neredeyse tamami dogalgaz tuketiminden kaynaklanmaktadir. Diger emisyon
kaynaklarinin toplam payi %2'nin altindadir. Bu sebeple, 2017 yilinda dogalgaz emisyon faktortindeki %3,4°luk artisa
ragmen (bkz. Tablo 2) dogalgaz tiiketiminin %9,5 oraninda azalmasi, 2017 yilindaki toplam sera gazi emisyonlarinin
2016 yil toplam sera gazi emisyonlar ile ayni seviyelerde kalmasini saglamistir.

TOBB ETU'ye Ait Araclar: Okula ait araclarin sebep oldudu emisyonlarin Kapsam 1 icerisindeki payl hem 2017 yili
icin hem de temel yil olan 2016 yiliigin %1, 7°dir. Okul araglarinin 2017 yiliiginde sebep oldugu emisyon miktari temel
yil envanteriile karsllastinldiginda 4,74 tCO2e azalarak 70,89 tCO2e'dan 66,15 tCO2e’a dusmustur.

Kacak Emisyonlar: TOBB ETU kurulus ve faaliyet sinirlart igerisinde olciilebilir-izlenebilir tek kagak emisyon kaynag
Klimalar i¢in kullanilan R410A gazidir. Raporlama donemlerini kapsayan 2016 ve 2107 yillarr igerisinde R410A gazi
kaynakli bir emisyon izlenmemistir.

4.1.2- Kapsam 2: Enerji dolayl sera gazi emisyonlari

Elektrik: TOBB ETU kurulus ve faaliyet sinirlari icerisinde kullaniimak tizere sera gazi emisyonuna sebep olabilecek
buhar, 1si, vb. satin alimi yapiimadigi icin Kapsam 2 emisyonlarinin tamamini elektrik tiketiminden kaynaklanan
emisyonlar olusturmaktadir. Ayrica, elektrik tUketimi, toplam sera gazi emisyonlari igerisindeki yaklasik %30’ luk
paytyla ikinci en buytk emisyon kaynagidir.

2016 yili ile kiyaslandiginda elektrik tiketiminden kaynaklanan emisyonlar 163,30 tCO2e artarak %3,38 oraninda
yukselis gostermistir. Bu artis miktari envanterdeki diger ana emisyon kaynaklar olan dogalgaz ve kampuse ulasim
emisyonlar disarida tutuldugunda geriye kalan tim faaliyetlerin sebep oldugu emisyonlarin toplamindan daha
fazladir. Hem 2016 hem de 2017 yili i¢in kullanilan emisyon faktorlerinde bir farklilik olmamasindan dolay elektrik
tuketiminden kaynaklanan emisyonlardaki artisin tek sebebi elektrik tiketiminin artmasidir. Bununla birlikte 3,0 MW
tuketim ve 2,1 MW geri kazanim kapasitesi ile dtinyanin en buytk su turbini test ve tasarim merkezini bunyesinde
bulunduran TOBB ETU'niin, bu tesisin timiyle faaliyete gecmesi ile birlikte elektrik tiketiminin ve de dolayisiyla
emisyonlarinin ciddi oranda artacagi ongorulmektedir.
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Figure 4- Distribution of GHG Emissions by Scope

@ Scope @ Scope 2 @ Scope 3

Focusing on 2017, approximately 48% of all greenhouse gas emissions were due to Scope 3 activities. In the
forthcoming years, Scope 3 emissions are expected to surpass 50% upon inclusion of other emission sources that
fallinto Scope 3 (see, Section 5.1) into the inventory.

4.1.1- Scope 1: Direct greenhouse gas emissions

Natural gas: Almost all of the Scope 1 emissions are due to natural gas consumption. The total share of other
emission sources isless than 2%. Therefore, even though there was a 3.4% increase in the natural gas emission factor
(see, Table 2), reduction of natural gas consumption by 9.5% had ensured that the total greenhouse gas emissions of
2017 remained at the same level with the total greenhouse gas emissions of 2016.

Vehicles Owned by TOBB ETU: The share of emissions caused by the vehicles owned by the school within Scope
1is 1.7% for both 2017 and the base year, 2016. The amount of emissions caused by school vehicles in the year
2017 had decreased by 4.74 tCO2¢, from 70.89 tCO2e to 66.15 tCO2e, when compared to the base year inventory.

Fugitive Emissions: The only measurable-monitorable fugitive emission source within the organizational and
operational boundaries of TOBB ETU is the R410A gas which is used for air conditioners. No emission of R410A gas
was monitored during the years of 2016 and 2107, covering the reporting periods.

4.1.2 - Scope 2: Energy indirect greenhouse gas emissions

Electricity: Since vapour, heat, etc. are not purchased to be used within TOBB ETU organizational and operational
boundaries, all of the Scope 2 emissions consist of emissions originating from electricity consumption. Moreover,
electricity consumption is the second largest source of emission, forming approximately 30% of total greenhouse
gas emissions.

When compared to the year 2016, emissions from electricity consumption increased by 163.30 tCO2e, which is
3.38%. Theamountofthisincrease is greater than the sum of all remaining emissions, excluding the two main emission
sources in the inventory, natural gas and transportation to campus. Since there is no difference in the emission factors
used for both 2016 and 2017, the only reason in increase of emissions due to electricity consumption is directly
the increase in electricity consumption. Furthermore, TOBB ETU contains the world's largest water turbine test
and design center with 3.0 MW consumption and 2.1 MW recovery capacity, and it is predicted to have significantly
increased electricity consumption and thus greenhouse gas emissions when this facility starts operation with full
capacity.
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4.1.3- Kapsam 3: Diger dolayli sera gazi emisyonlari

Kiralik Araclar: Genellikle TOBB ETU biinyesinde yuritilen projeler kapsaminda ortaya cikan ihtiyaclardan dolay
kullanilan kiralik araclarin sebep oldugu sera gazi emisyonlarinin toplam sera gazi emisyonlart icerisindeki pay %0, 1
orantyla goz ardi edilebilecek kadar dusuktur.

Kagit: Kagit tlketiminin sebep oldugu sera gazi emisyonlari miktari da hemen hemen kiralik araglarin sebep
oldugu emisyonlar kadar kuctk oldugu igin goz ardi edilebilecek niteliktedir. 2016 yilina kiyasla 2017 yilindaki kagrt
kullanimindan kaynaklanan sera gazlarinin azalmasinin ana sebebi 2017 yilinda Elektronik Belge Yonetim Sistemi
(EBYS)' ne timuyle gecilmesinden kaynaklanmaktadir.

Su: Temel yilda 28,48 tCO2e olan su tuketimi kaynakli sera gazi emisyonlari 2017 yili igerisinde %20,29 artis
gostererek 34,26 tCO2e'a ulasmistir. 2016 ve 2017 yillar arasinda emisyon faktort sabit kaldigi icin emisyonlardaki
artisin sebebi su tuketiminin de %20,29 oraninda artmis olmasidir. Su tuketimine bagli sera gazi emisyonlarinin
Kapsam 3 emisyonlarina orani %0,4, toplam emisyonlara orani ise %0,2'dir.

Kampiise Ulagim: TOBB ETU mensuplarinin ikametgahlarindan kamptise motorlu tasitlarla gelis ve gidislerinden
kaynaklanan sera gazi emisyonlandir. 2016 yilinda 7.828,22 t{CO2e olan toplam kampUse ulasim emisyonlar
2017 yiinda %2,8 artisla 8.050,75 tCO2e'a ulasmistir. Kampuse gelis-gidisten kaynaklanan sera gazi emisyonlari
toplam emisyonlarin % 47,5'ini, Kapsam 3 emisyonlarinin ise %99'unu olusturmaktadir. Bu oranlarla toplam
envanter icerisindeki en biyiik emisyon kaynagidir. Ug alt baglikta incelen bu emisyon kaynag icerisinde en fazla
emisyon otomobil ile ulasimdan, ikinci olarak servis ile ulasimdan ve son olarak da toplu tasima araclariyla ulasimdan
kaynaklanmaktadir. TOBB ETU mensuplarinin TOBB ETU'ye ulasim konusundaki arag tercihlerinin siralamasi da bu
siralama ile paralellik gostermektedir.

4.2- Emisyon Yogunlugu

Her egitim kurumunun bulundugu cografik konum, dlgek, kurumunyasivb. nedenlerden dolayi sera gazina sebep olan
faaliyetleri birbirinden farklidir. Buna ilaveten envanter kapsami ve raporlama metodolojileri de farklilik gosterehilir.
Sonug olarak, sera gazi emisyon performanslarini bire bir karsilastirabilmek igin referans noktasi olusturmak oldukga
zordur. Bu konudaki en objektif degerlendirmeyi yapabilmek icin kurum igerisindeki indikatorler goz oninde
bulundurularak bir referans noktas| olusturulmalidir,

TOBB ETU her gecen yil kendini yenileyen ve gelistiren bir Universitedir. Kisa zaman araliklari icerisinde Universite
bunyesine yeni akademik birimler katilmakta ve buna bagli olarak da 6grenci, akademisyen ve idari personel sayisi
artmaktadir. Bununla birlikte artan niifusun akademik ve sosyal ihtiyaclarini karsilamak icin gerceklestirilen faaliyetler
sebebiyle sera gazi emisyonlarindaki artis kaginilmazdir. Bu sebeple artan emisyon miktarlarini artan niifus ile orantili
olarak degerlendirmek yerinde olacaktir.
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4.1.3 - Scope 3: Other indirect greenhouse gas emissions

Rental Vehicles: Generally, rental vehicles are used for the needs that occur within the context of projects
implemented in TOBB ETU. Among total greenhouse gas emissions, the share of greenhouse gas emissions caused
by rental vehicles is 0.1%, which is negligible.

Paper: The amount of greenhouse gas emissions caused by paper consumption is almost as low as the emissions
caused by rental vehicles. As a result these emissions are also negligible. The main reason for the reduction in
greenhouse gases originating from paper use in 2017 compared to 2016 is due to the fact that Electronic Document
Management System (EDMS) is completely put into use starting from 2017,

Water: Greenhouse gas emissions due to water consumption, which was 28.48 tCO2e in the base year had increased
by 20.29% in 2017 to 34.26 tCO2e. As the emission factor remained constant between 2016 and 2017, the reason
for the increase in these emissions is directly the 20.29% increase in water consumption. The ratio of greenhouse
gas emissions due to water consumption to Scope 3 emissions is 0.4%, and the ratio to total emissions is 0.2%.

Transportation to Campus: It is the greenhouse gas emissions originating from transportation of TOBB ETU
members using motor vehicles from their residences to the campus and vice versa. Total emissions for transportation
to campus were 7828.22 tCO2%e in 2016, which increased by 2.8% in 2017 to 8050.75 tCO2e. The greenhouse
gas emissions originating from transportation to and from the campus account for 47.5% of the total emissions and
99% of the Scope 3 emissions. With these rates, it constitutes the largest source of emissions in total inventory. In
this source of emission, which is analyzed under three sub-sections, the greatest emission is caused by automaobile
transportation, and service buses and public transportation come second and third. Vehicle preference of TOBBETU
members in transportation is also parallel with this order.

4.2- Emission Intensity

For each educational institution, activities that cause greenhouse gases are different from each other due to reasons
such as their geographical location, scale, and the age of the institution. In addition, inventory scope and reporting
methodologies may also vary. As a result, it is quite difficult to establish a reference point for one-to-one comparison
in terms of greenhouse gas emission performances of different institutions. In order to make the most objective
assessmentin this regard, a reference point should be established by considering the indicators within the institution.

TOBB ETU is a University that renews and develops itself every year. Within short periods of time, new academic
units are added to the university, and as a result, the number of students, academicians, and administrative staff also
increase. Accordingly, increase in greenhouse gas emissions is inevitable due to activities performed to meet the
academic and social needs of the increasing population. For this reason, it would be appropriate to evaluate the
increasing amount of emissions in direct proportion to the increasing population.
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Sekil 5- Kisi Basina Diisen Sera Gazi Emisyolari
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Emisyon yogunlugu ifadesi kisi basina disen sera gazi emisyonlarini ifade etmektedir. Sekil 5'te gorilecegi tzere
TOBB ETU'niin kisi basina diisen emisyon miktari temel yil ile karsilastinldiginda hem toplam emisyonlarda hem de
ayriayri tum kapsamlarda dusus gostermistir. Toplam emisyonlar %0, 78, Kapsam 2 emisyonlari %3,38 ve Kapsam 3
emisyonlari %2,90 artis gosterirken Kapsam 1 emisyonlari %6,41 oraninda azalmis ve buna karsilik olarak da TOBB
ETU mensubu kisi sayisi %4,7oraninda artmistir. Bu verilerin sonucunda ise kisi basina diisen toplam emisyonlar
9%3,38 azalarak 2,37 tCO.e'dan 2,28 tCO4e'g, kisi basina disen Kapsam 1 emisyonlar %10,64 azalarak 0,58
tCOye'dan 0,52 tCO4e’a, kisi basina disen Kapsam 2 emisyonlari %1,29 azalarak 0,68 tCOse'dan 0,67 tCOye'a ve
kisi basina disen Kapsam 3 emisyonlarida %1,75 azalarak 1,11 tCOge'dan 1,10 tCOqe’a inmistir.
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Figure 5- GHG Emissions Per Capita
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The term "emission intensity" refers to greenhouse gas emissions per capita. As can be seen in Figure 5, the per
capita emissions of TOBB ETU have declined in both total emissions and in all scopes individually, when compared
to the base year. While total emissions, Scope 2 emissions, and Scope 3 emissions increased by 0.78%, 3.38%, and
2.90%, respectively, and Scope 1 emissions decreased by 6.41%, the number of TOBB ETU members increased
by 4.7%. As a result of these data, total per capita emissions decreased by 2.38% from 2.37 tCO2e to 2.28 tCO.e,
while the per capita Scope 1 emissions decreased by 10.64% from 0.58 tCO2e to 0.52 tCO4e, per capita Scope 2
emissions decreased by 1.29% from 0.68 tCO2e to 0.67 tCO2e, and per capita Scope 3 emissions decreased by
1.75% from 1.11 tCOse to 1.10tCOxe.
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5- Oneri ve Hedefler

5.1- Kapsamin Genisletiimesi ve Veri Kalitesinin Artiriimasina Yénelik Oneriler

TOBB ETU'niin karbon ayak izi envanteri incelemesi yapilirken ézellikle Kapsam 1 (dogalgaz, okula ait araclar ve
kacak emisyonlar-klima gazlar) ve Kapsam 2 (elektrik) faaliyetlerine yonelik verilerin dizenli olarak izlendigi ve
veri kalitesinin yeterli oldugu gortimustur. Diger taraftan, Kapsam 3 icerisine giren faaliyet sayisinin artirilarak daha
kapsamli bir karbon ayak izi envanterinin hazirlanmasi ve erisilebilen verilerin kalitesinin yukseltimesi icin gelecek
raporlama donemlerinde emisyon kaynaklarinin izienmesine yonelik dneriler su sekildedir:

a) Buraporda yer alan emisyon kaynaklart;

Kéagit Tiiketimi: Kagit tiketiminden kaynaklanan emisyonlar fatura verileri kullanilarak hesaplanmistir. Oysa ki ofis
tuketimi icin kullanilan bu tarz sarf malzemelerini tamami satin alindigr yil icerisinde tuketilememekte ve sonraki
yila kalmaktadir. Tuketimin hangi yila ait oldugunun daha net olarak gortlebilmesi icin bu tarz sarf malzemelerinin
personele depo cikis tutanag! ile teslim edilmesi dnerilmektedir.

Servis Araclari: TOBB ETU mensuplarinin kamptise ulasiminin saglanmasi icin kullanilan servis araclarina ait yakit
tuketimiveya araclarin yaptigi kilometre hizmet saglayan sirketten yazili olarak temin edilmelidir.

b) Bu raporda yer almayan emisyon kaynaklari

Atik: Her ne kadar ortaya cikan tibbi ve tehlikeli atiklarla ilgili bir kayit sistemi olusturulmus olsa da bu veriler karma bir
sekilde kayit altina alindigi icin envantere eklenememistir. Tehlikeli atiklarin emisyonlarinin hesaplanabilmesi icin atik
turleri ayri ayri siniflandirilmali (6rn. yag, pil, plastik vb.) ve depolanmali, sivi atiklar icin de hacim ol¢tsu birimi yerine
agirhik olgusu birimi kullanilmalidir.

Ayrica tehlikeli olmayan atiklardan kaynaklanan emisyonlarin da envantere eklenebilmesi igin kati atik toplama
merkezlerine ve geri dontstm tesislerine gonderilen atiklarin agirliklarinin ayri ayri kayit altina alinmasi gerekmektedir.

is seyahatleri ve Konaklama: Bu faaliyetin envantere eklenebilmesi icin personelin yapmis oldugu seyahatler ve
konaklamalarin asagidaki hususlar dikkate alinarak kayit altina alinmalidir;

is seyahatleri igin;

- Seyahat tiirt (havayolu, karayolu veya demiryolu)
- Kalkis-varis terminalleri veya sehir bilgisi
Konaklamalar icin:

- Konaklama yapilan oda sayis|

- Konaklama yapilan tlke bilgisi

Kargo: Yapilan gonderilerin sayisi kayit altina alinmali ve hizmet saglayici sirketlerden gonderi basina ortalama
emisyon degeri talep edilmelidir.

5.2- Sera Gazi Emisyonlarinin Azaltiimasina Yénelik Oneriler
Kapsamlardan bagimsiz olarak envanter igerisindeki sera gazi emisyon kaynaklari tek tek incelendiginde TOBB

ETUniin ana emisyon yiikiniin siraslyla kamptse ulasim, elektrik tiiketimi ve dogalgaz tiiketiminden kaynaklandig
gorulmektedir.
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5- Recommendations and Targets

5.1- Recommendations for Scope Extension and Enhancing Data Quality

While examining carbon footprint inventory of TOBB ETU, it is seen that data on Scope 1 (natural gas, school
vehicles, and fugitive emissions/air conditioning gases) and Scope 2 (electricity) activities were monitored regularly,
and data quality was adequate. On the other hand, suggestions are given below for monitoring emission sources
in future reporting periods in order to increase the number of activities included in Scope 3 and prepare a more
comprehensive carbon footprint inventory, and to improve the quality of accessible data:

a) Emissions sources included in this report;

Paper consumption: Emissions from paper consumption are calculated using invoice data. However, such
consumables used for office consumption may not be used completely within the year of purchase, and some of
the consumables remain to be used the following year. It is recommended that this type of consumables should be
delivered to the staff together with the storage output record so as to be able to see the year of consumption more
clearly.

Service Vehicles: Fuel consumption of the service vehicles used by the TOBB ETU members to provide campus
access, or the mileage of the vehicles must be obtained in writing from the company providing the service.

b) Emission sources not included in this report

Waste: Although a registration system has been established for generated hazardous wastes, these data could not
be added to the inventory since they are recorded without any separation. In order to calculate the emissions of
hazardous wastes, they should be classified and stored separately (e.g. oil, battery, plastic, etc.) and for liquid wastes,
weight measurement unit should be used, as well.

Moreover, in order to allow addition of emissions originating from non-hazardous wastes to the inventory, the weights
of the wastes sent to solid waste collection centers and recycling facilities are required to be recorded separately.

Business trips and accommodation: In order to be able to add this activity to the inventory, the trips made and
accommodation used by the staff needs to be recorded taking into account the following aspects;

For business trips;

- Type of trip (airline, highway, or railway)

- Departure-arrival terminals or city information
For accommodation:

- Number of rooms used for accommodation

- Country information of the accommodation

Courier: The number of deliveries must be recorded and the average emission value per shipment must be
requested from service provider companies.

5.2- Recommendations for Reducing Greenhouse Gas Emissions
When the greenhouse gas emission sources in the inventory are examined individually and independent from the

scopes, it is seen that the main emission load of TOBB ETU originates from transportation to campus, electricity
consumption, and natural gas consumption, respectively.
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Sekil 6- Ana Emisyon Kaynaklari

® Elektrik

©® Dogalgaz

® Diger

® Kampuse Ulasim - Servis

© Kampuse Ulasim - Toplu Tasima

® Kampuse Ulagim - Otomobil

Sekil 6'da da gordldugu gibi bu emisyon kaynaklar toplam emisyonlarin %99'unu olusturmaktadir. Bu sebeple sera
gazi emisyonlarinda ¢lgeklenebilir azalma saglamak icin bu emisyon kaynaklarina odaklaniimalidir,

Elektrik: Satin alinan elektrik sebebiyle olusan emisyonlar toplam emisyonlarin %30'unu olusturmaktadir. TOBB
ETU mensuplarinin elektrigi tasarruflu kullanmasi konusunda bilinglendiriimesi ve bir otokontroliin saglanmasi
elektrik tUketimi kaynakliemisyonlarin azaltimasr icin oldukga 6nemlidir.

Elektrik tiketiminden kaynaklanan emisyonlari azaltmanin diger bir yontemi de yenilenebilir enerji kaynaklarindan
faydalanmaktir. Veri ve gozleme dayanan analizler sonucunda TOBB ETU kamplisii icerisinde yer alan binalarin
catilarinda glines enerjisinden elektrik Uretimi igin kullanima elverisli olan minimum 10.000 m2 alan oldugu tespit
edilmistir. Meteorolojik dlctim ve yenilenebilir enerji projeleri icin danismanlik hizmetleri veren Metosfer Enerji
Muhendislik ve Meteoroloji Hizmetleri Ticaret Ltd. Sti. tarafindan yapilan on fizibilite calismasina gore bu alan Uzerine
yaklasik 1,5 MW Uretim kapasitesine sahip bir gtines enerjisinden elektrik Uretim tesisi kurulabilmektedir. Boyle bir
tesisin hayata geciriimesi sonucunda yillik elektrik Uretiminin 2.021 MWh olacagr ongorulmektedir. Bu miktardaki
elektrik enerjisinin yenilenebilir bir kaynaktan saglanmasi sonucunda elektrik tiketiminden kaynaklanan sera gaz
emisyonlari %20 oraninda azalacaktir.

Yatinm maliyeti, geri donus sureleri ve diger teknik bilgilerin yer aldigi on fizibilite galismasi Bolum 6.1'de detayl bir
sekilde incelenebilir.

Dogalgaz: Dogalgaz sebepli emisyonlarin azaltimasi igin dncelikle mutlaka teknik danismanlik alinarak durum tespit
calismasl yapiimali ve kazan sizdirmazliklari kontrol ediimelidir. Bunun disinda periyodik olarak baca gazi analizoru
kullanma aliskanhigr kazanilmali ve kazan suyu sicakligi gereginden yiksek tutulmamalidir. Tasfiye edilmis su ve
kondens suyu ile kazan suyu takviye edilmeli ve bu su mumkin oldugu kadar yuksek sicaklikta olmalidir.

Kampiise Ulagim: TOBB ETU'niin sera gazi envanterinde en bilylik paya sahip olan emisyonlardir. Bu emisyonlarda
azaltima gidilebilmesi icin 6grenciler ve personel mutlaka servis kullanimina tesvik edilmelidir. Ozellikle dgrencilerin
yasadiklari bolgelere yonelik bir haritalama calismasi yapilarak optimum servis glizergahlari ve sayisi belirlenmelidir.

Toplam sera gazi emisyonlari icerisinde ana emisyon kaynaklari kadar yer tutmasalar da kagit ve su tuketiminin
azaltilmasl konusunda gerekli onlemler alinmalidir. Unutulmamalidir ki k&gidin hammaddesi iklim degisikligi ile

mucadelede en dnemli enstrimanlardan biri karbon depolama yetenegine sahip olan agaglardir. Su kaynaklari ise
iklim degisikliginden etkilenen en dnemli ve hayati kaynaktir.
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Figure 6- Main Emission Sources

® [lectricity

©® Natural Gas

® Other

® Transportation to Campus - Service

® Transportation to Campus - Public Transportation

® Transportation to Campus - Automobile

As shown in Figure 6, these emission sources constitute 99% of the total emissions. Therefore, these emission
sources should be focused on to achieve a scalable reduction in greenhouse gas emissions.

Electricity: Emissions from purchased electricity form 30% of total emissions. Raising awareness of TOBB ETU
members about saving electricity and ensuring their autocontrolis quite important for reducing the emissions caused
by electricity consumption.

Another method of reducing emissions originating from electricity consumption is to make use of renewable
energy sources. As a result of the analyses based on data and observation, it is determined that the roofs of the
buildings located within the TOBB ETU campus have a minimum area of 10.000 m2, which is suitable for production
of electricity from solar energy. According to the pre-feasibility study made by Metosfer Enerji MUhendislik ve
Meteoroloji Hizmetleri Ticaret Ltd. Sti,, which provides consultancy services for meteorological measurement and
renewable energy projects, a solar energy-based power generation plant with a production capacity of 1.5 MW can
be established on this field. As a result of establishing such a facility, it is predicted that annual electricity generation
would be 2021 MWh. As a result of supplying such amount of electricity from a renewable source, greenhouse gas
emissions originating from electricity consumption will be reduced by 20%.

Preliminary feasibility studies including investment costs, ROI, and other technical information can be examined in
detail in Section 6.1.

Natural gas: In order to reduce emissions due to natural gas, first of all, technical consultancy service must be
received 1o assess the situation and boiler sealing should be checked. Apart from this, the habit of periodically using
stack gas analyzer should be formed, and the boiler water temperature should not be kept higher than needed. Boiler
water should be supplemented with discharged water and this water should be kept at a temperature as high as
possible.

Transportation to Campus: These are the emissions that have the largest share in the greenhouse gas inventory
of TOBB ETU. Students and staff must be encouraged to use service buses in order to ensure reduction in these
emissions. Optimal service bus routes and numbers should be determined by conducting a mapping study especially
for the regions where students live.

Necessary measures should also be taken in reducing paper and water consumption, even though they do not take
up as much space as the main emission sources among total greenhouse gas emissions. It should be remembered
that the raw materials of paper are among of the most significant instruments in the fight against climate change,
trees, which have very high carbon-storing capacity. Water resources are the most significant and vital resources that
are affected from the climate change.
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5.3- Sera Gazi Emisyonlarinin Azaltiilmasina Yonelik Hedefler
Avrupa Komisyonu'nun belirlemis oldugu iklim stratejileri ve hedefleri ile paralel olarak TOBB ETU 2030 yilina kadar;

- Kullandigi enerjinin %27'sini yenilenebilir enerji kaynaklarindan elde etmeyi, ve
- Enerji verimliligi uygulamalariyla %27 oraninda enerji tasarrufu yapmayi hedeflemektedir.

Avrupa Komisyonunun bir baska temel hedefi 2030 yilina kadar 1990 vyilina kiyasla sera gazi emisyonlarini %40
oranindaazaltmaktir. TOBB ETU, 2004 yilinda egitim-6gretim faaliyetlerine baslamis ve ilk sera gazi emisyon envanteri
hazirlama calismalari bu raporla birlikte baslamistir. Dolayisiyla 1990 vili ile kiyaslanabilecek bir referans noktasi
yoktur. Fakat yukarida belirtilen hedeflerin gerceklestirimesi ve paydaslarla yapilan gorismeler sonucunda 2030
yilina kadar 2016 yilina kiyasla sera gazi emisyonlarinin %20 oraninda azaltimasi hedeflenmektedir. Diger taraftan,
iklim degisikligi konusunda farkindaligi ve bilinci yiiksek dgrenciler yetistirmeyi hedefleyen TOBB ETU, mezunlarinin
gorev aldigl kurumlarda da bu bilincin olusmasini saglamayi ve sera gazi emisyonlarinin azaltilmasi konusunda daha
genis bir etki yaratmayr hedeflemektedir.

Gelecek 12 yil siresince bu hedeflere ulasmak icin projeler uretilecek ve bu projelerin hayata gegcirilmesi igin gerekli
olan finansmana erisim icin caba sarf edilecektir,
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5.3- Targets for Reducing Greenhouse Gas Emissions
In parallel with the climate strategies and targets set by the European Commission, until 2030, TOBB ETU aims to;

- Obtain 27% of the energy it consumes, from renewable energy sources, and
-Ensure 27% energy saving by energy efficiency applications.

Another fundamental target of the European Commission is to cut its greenhouse gas emissions by 40% by 2030,
compared with 1990 levels. TOBB ETU had only started its education activities in 2004, and preparation of first
GHG inventory was initiated with this report. Therefore, the required reference point to compare with the 1990 is not
available. However, as a result of realizing the above mentioned targets and outcomes of the stakeholder meetings,
TOBBETU aimsto reduce its GHG emissions by 20% by 2030, compared with 2016 levels. On the other hand, TOBB
ETU aims to train students who have awareness of climate change and aims to create a wider impact on reduction of
greenhouse gas emissions by indirectly raising this awareness also in the institutions where its graduates are involved.

Within the next 12 years, projects will be produced to achieve these goals and efforts will be made to access the
financing required to realize these projects.
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Simulation date

= PVSYST V6.62 Meteosfer Enerji, Gazi Teknopark, Ankara 09/04/18 | Page 1/4
‘(w—\‘
@etoster TOBB ETU FV GES
Grid-Connected System: Simulation parameters
Project : TOBB_ETU
Geographical Site Ankara Country Turkey
Situation Latitude 39.95°N Longitude 32.88°E
Time defined as Legal Time Time zone UT+2 Altitude 923 m
Albedo  0.20
Meteo data: Ankara Meteonorm 7.1 (2004-2010) - Synthetic
Simulation variant: TOBB_ETU

09/04/18 16h59

Simulation parameters

Models used

Number of PV modules

Inverter pack

PV Array loss factors
Thermal Loss factor

Wiring Ohmic Loss
Module Quality Loss
Module Mismatch Losses

Collector Plane Orientation

Custom parameters definition

Tilt

Transposition

Horizon Free Horizon
Near Shadings No Shadings
PV Array Characteristics

PV module Si-poly Model

Manufacturer
In series

Total number of PV modules Nb. modules
Array global power Nominal (STC)
Array operating characteristics (50°C) U mpp
Total area Module area
Inverter Model

Original PVsyst database Manufacturer
Characteristics Operating Voltage

Nb. of inverters

Uc (const)
Global array res.

Incidence effect, ASHRAE parametrization

IAM =

30° Azimuth 0°

Perez Diffuse Perez, Meteonorm

Poly 250 w 60 Cells

Solarturk Energy

8 modules In parallel 768 strings

6144 Unit Nom. Power 250 Wp

1536 kWp At operating cond. 1372 kWp (50°C)
216V Impp 6359 A

9996 m? Cellarea 8973 m?

Powador 3501 xi
Kaco new energy

125-400 V Unit Nom. Power 3.30 kWac

354 units Total Power 1168 kWac
20.0 W/m2K Uv (wind) 0.0 W/m2K/ m/s
0.57 mOhm Loss Fraction 1.5 % at STC

Loss Fraction -1.3 %
Loss Fraction 1.0 % at MPP

1-bo (1/cosi-1) bo Param. 0.05

User's needs :

Unlimited load (grid)

PVsyst Licensed to Meteosfer enerji muhendislik ve meteoroloji hiz. tic.Itd.sti.(Turkey)

32 > www.tto.etu.edu.tr

L



= PVSYST V6.62 Meteosfer Enerji, Gazi Teknopark, Ankara 09/04/18 | Page 2/4
‘(w—\‘
stouter TOBB ETU FV GES

Grid-Connected System: Main results
Project : TOBB_ETU
Simulation variant : TOBB_ETU
Main system parameters System type Grid-Connected
PV Field Orientation tilt  30° azimuth 0°
PV modules Model Poly 250 w 60 Cells Pnom 250 Wp
PV Array Nb. of modules 6144 Pnom total 1536 kWp
Inverter Model Powador 3501 xi Pnom 3300 W ac
Inverter pack Nb. of units  354.0 Pnom total 1168 kW ac
User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 2021 MWh/year  Specific prod. 1316 kWh/kWp/year
Performance Ratio PR 82.42 %
Investment Global incl. taxes 1476595 US$ Specific  0.96 US$/Wp
Yearly cost Annuities (Loan 6.0%, 20 years) 128736 US$/yr  Running Costs 0 US$/yr
Energy cost 0.06 US$/kWh
Normalized productions (per installed kWp): Nominal power 1536 kWp Performance Ratio PR

8 T T T T T T T
. Lc : Collection Loss (PV-array losses) 0.55 kWh/kWp/day

; 1.0

—- 'PR : Pefformanck Ratio (Yf/Yr) T0.824 T

Ls : System Loss (inverter, ...) 0.22 kWh/kWp/day
Yf: Produced useful energy (inverter output) 3.6 kWh/kWp/day -

0.8

Normalized Energy [kWh/kWp/day]
Performance Ratio PR

TOBB_ETU
Balances and main results

GlobHor DiffHor T Amb Globinc GlobEff EArray E_Grid PR
kWh/m? kWh/m? °C kWh/m? kWh/m? MWh MWh
January 51.6 27.31 -1.20 76.0 73.9 1115 104.8 0.897
February 66.0 40.39 0.30 86.4 83.6 127.0 119.8 0.903
March 97.6 54.56 5.70 1145 1111 160.1 150.8 0.858
April 139.5 68.07 10.20 149.6 144.9 204.2 192.7 0.839
May 163.8 86.60 15.10 161.1 155.8 214.0 201.8 0.816
June 192.0 79.41 19.30 181.5 175.6 233.2 220.0 0.789
July 201.2 79.69 23.30 194.6 188.5 246.1 232.2 0.777
August 176.1 71.60 23.40 186.5 181.1 235.1 221.9 0.775
September 126.9 61.50 17.60 146.3 142.0 190.5 179.7 0.800
October 89.0 47.61 12.30 112.8 109.6 151.5 142.7 0.824
November 65.3 35.19 5.50 96.6 93.7 137.7 130.0 0.876
December 54.8 25.88 0.50 90.3 87.7 131.9 124.4 0.896
Year 1423.9 677.82 11.06 1596.2 1547.6 2142.7 2020.8 0.824
Legends:  GlobHor Horizontal global irradiation GlobEff Effective Global, corr. for IAM and shadings
DiffHor Horizontal diffuse irradiation EArray Effective energy at the output of the array
T Amb Ambient Temperature E_Grid Energy injected into grid
GlobInc Global incident in coll. plane PR Performance Ratio

PVsyst Licensed to Meteosfer enerji muhendislik ve meteoroloji hiz. tic.Itd.sti.(Turkey)
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User's needs

Unlimited load (grid)

= PVSYST V6.62 Meteosfer Enerji, Gazi Teknopark, Ankara 09/04/18 | Page 3/4
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stouter TOBB ETU FV GES
Grid-Connected System: Loss diagram
Project : TOBB_ETU
Simulation variant : TOBB_ETU
Main system parameters System type Grid-Connected
PV Field Orientation tilt  30° azimuth 0°
PV modules Model Poly 250 w 60 Cells Pnom 250 Wp
PV Array Nb. of modules 6144 Pnom total 1536 kWp
Inverter Model Powador 3501 xi Pnom 3300 W ac
Inverter pack Nb. of units  354.0 Pnom total 1168 kW ac

Loss diagram over the whole year

1424 KWh/m?
+12.1%

-3.0%
1548 kWh/m? * 9996 m? coll.
efficiency at STC = 15.39%
2380 MWh
-0.8%
-6.8%
+1.2%
-1.0%
-1.0%
2185 MWh
-5.6%
2.1%
2021 MWh

2021 MWh

Horizontal global irradiation
Global incident in coll. plane

IAM factor on global
Effective irradiance on collectors
PV conversion

Array nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature
Module quality loss

Module array mismatch loss
Ohmic wiring loss
Array virtual energy at MPP

Inverter Loss during operation (efficiency)

Inverter Loss over nominal inv. power
Inverter Loss due to power threshold
Inverter Loss over nominal inv. voltage
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

Energy injected into grid

PVsyst Licensed to Meteosfer enerji muhendislik ve meteoroloji hiz. tic.Itd.sti.(Turkey)
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Grid-Connected System: Economic evaluation

Project : TOBB_ETU
Simulation variant : TOBB_ETU
Main system parameters System type Grid-Connected
PV Field Orientation tilt  30° azimuth 0°
PV modules Model Poly 250 w 60 Cells Pnom 250 Wp
PV Array Nb. of modules 6144 Pnom total 1536 kWp
Inverter Model Powador 3501 xi Pnom 3300 W ac
Inverter pack Nb. of units  354.0 Pnom total 1168 kW ac
User's needs Unlimited load (grid)
Investment
PV modules (Pnom = 250 Wp) 6144 units 116 US$ / unit 714480 US$
Supports / Integration 26 US$/module 161040 US$
Inverters (Pnom = 3.3 kW ac) 354 units 335 US$ / unit 118518 US$
Settings, wiring, ... 82599 US$
Nakliye & Lojistik 132159 US$
Altyapi 115640 US$
Kamusal 20000 US$
Muihendislik & Isgilik 132159 US$

Substitution underworth 0 US$
Gross investment  (without taxes) 1476595 US$
Financing
Gross investment (without taxes) 1476595 US$
Taxes on investment (VAT) Rate 0.0 % 0 US$
Gross investment (including VAT) 1476595 US$
Subsidies 0 US$
Net investment (all taxes included) 1476595 US$
Annuities (Loan 6.0 % over 20 years) 128736 US$/year
Annual running costs: maintenance, insurances ... 0 US$/year
Total yearly cost 128736 US$/year

Energy cost
Produced Energy 2021 MWh / year

Cost of produced energy 0.06 US$/kWh

PVsyst Licensed to Meteosfer enerji muhendislik ve meteoroloji hiz. tic.Itd.sti.(Turkey)
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Mayis 2018
Bu rapor Green Consult and Finance tarafindan
TOBB EKONOMI ve TEKNOLOJiI UNIVERSITESI adina hazirlanmistir.

May 2018
This report has been prepared by Green Consult and Finance on behalf of the
TOBB UNIVERSITY of ECONOMICS and TECHNOLOGY





