DERS 11: Faaliyet Verisi, Emisyon Faktorleri ve
Hesaplama Metodolojisi

Lesson 11: Activity Data, Emission Factors and Calculation Methodology

Program: Sanayide Surdirilebilirlik, iklim Degisikligi ve Karbon Ayak izi Egitimi

Kinye Aciklama

Hedef Universite dgrencileri ile sanayi kuruluslarinda calisan teknik ve idari personel
kitle
Bu Faaliyet verisi, nicelendirme yontemleri, emisyon faktorli secimi ve kaynak pasaportu, birim eslestirme, yogunluk ve NKD,

materyalin  CO2/CH4/N20 ve KIP, iki hesap yolu, kisa Tlrkiye elektrik uygulamasi, veri kalitesi ve sik hatalar
kapsami

Ornek yil 2023 yéntem drnedi (tlim sayilar egitim verisidir, gercek sirket verisi degildir)
ilgili Ders 10 (ISO 14064-1 giris), Ders 12 ile 14 (kaynak siniflandirmasi), Ders 13 (elektrikte konum ve piyasa temelli ydntem), Ders
dersler 15 (dogal gaz ve elektrik hesabi), Ders 16 (akaryakit, arag, sogutucu ve yangin gazi), Ders 17 (tasima, hammadde, atik), Ders

18 (ISO 14064-1 raporu ve dogrulama)

Bilgi Eyltl 2026
guncelligi

Ogrenme ciktilari

Bu materyali tamamlayan katilimci sunlari yapabilir:

o Faaliyet verisini emisyon sonucundan ayirir ve bir veri kaydinda bulunmasi gereken bes bilgiyi siralar.

e Hesaplama, dogrudan 6lcim, kitle denkligi ve stokiyometri yaklasimlarini ayirt eder ve yontem segimini
gerekcelendirir.

e Bir emisyon faktorind yedi kontrolden gecirir, kaynagini ve strimint faktér pasaportuna kaydeder.

e Program sartindan baslayan faktér secim mantigini uygular ve IPCC, DESNZ, US EPA, ADEME, ecoinvent, ETKB ve
TUIK kaynaklarinin roliinii aciklar.

e Birim analiziyle faaliyet verisini faktoriin bekledigi birime getirir. Glc ile enerjiyi, hacim kosullarini ve net ile brit isil
degeri karnistirmaz.

e Yogunluk ve NKD adimlarinin yalnizca faktor enerji bazli oldugunda gerektigini bilir.

e Gaz bazli faktorlerle COz2e hesabi ile hazir COze faktort arasindaki farki gosterir ve KIP'yi ikinci kez uygulamaz.

e Turkiye elektriginde ETKB Uretim faktord, tiketim noktasi faktorleri ve birlesik marj sebeke faktori arasindaki farki
ylla ve sisteme uygun bicimde yorumlar.

e Veri izi, kalite kontrolu ve belirsizlik notu ile hesabi yeniden Uretilebilir hale getirir.

1. Faturadan tCO:ze'ye: hesaplama dili

Bir 6nceki derste kurumsal sera gazi envanterinin sinirlarini ve mimarisini kurduk. Bu derste sayisal bélume geciyoruz. Bir
emisyon hesabinin en sik kullanilan bigimi sasirtici derecede basittir: faaliyet verisini uygun emisyon faktortyle
carparsiniz. Gerekli oldugunda gaz bazindaki sonuclari kiiresel isinma potansiyeli (KIP) ile karbondioksit esdegerine (COze)
donustarirsiniz.

Emisyon = Faaliyet verisi x Emisyon faktori
COze = Y (gaz miktari x KIP)

iyi bir karbon hesabini zorlastiran sey carpma degildir. Asil mesele sunlardir:

e Hangi verinin kullanilacagi ve hangi birimde oldugu.
e Secilen faktérin hangi faaliyeti ve hangi cografyayi temsil ettigi.
e Faktorlin hangi yili, hangi sera gazlarini ve hangi sistem sinirini kapsadigi.

Dogru sayi yanlis faktorle eslestirilirse sonu¢c matematiksel olarak kusursuz, metodolojik olarak yanlis olabilir.

Bu derste kurgusal Ornek Sanayi A.S. kullanilir. Sirketin elektrik faturalari, dogal gaz sayaclar, yakit kartlari, bakim
kayitlari, Gretim ve lojistik verileri oldugunu varsayin. Hedef biitliin kaynaklari tek tek hesaplamak degil, sonraki uygulama
derslerinde kullanilacak hesaplama dilini kurmaktir.



Dersin ana ciimlesi: Forml basit olabilir, fakat dogru faaliyet verisini dogru birim ve dogru emisyon faktoriyle
eslestirmek profesyonel envanterin temelidir.

Bu dersin hesaplama zinciri:

Fatura, sayac, kayit - faaliyet verisi - nicelendirme y6ntemi - emisyon faktori
- birim eslestirme - gaz bazli sonug¢ ve KIP - C02e - kayit ve kanit

Bu derste yer almayanlar. Kategori 1 ile 6 kaynaklarinin ayrintili siniflandirmasi Ders 12 ile 14'te, tam dogal gaz,
motorin, arag, sogutucu ve yangin gazi hesaplari Ders 15 ve 16'da, ton-km, hammadde ve atik hesaplari Ders 17'de,
konum ve piyasa temelli elektrik ayrintisi Ders 13 ve 15'te, dogrulama Ders 18'dedir. Bu derste yalnizca bir kisa elektrik
mini hesabi yapilir. Sayisal belirsizlik formulleri de kapsam disindadir, yalnizca veri ve yontem belirsizligi tanitilir.

2. Faaliyet verisi: karbon sayisi degil, faaliyetin olcluisu

Faaliyet verisi dogrudan bir karbon sonucu degildir. Emisyona yol acan ya da emisyonla iliskili faaliyetin fiziksel ya da
uygun oldugunda parasal Olctsadur.

Faaliyet verisi Tipik birim Tipik belge veya sistem
Satin alinan elektrik Elektrik tiketimi kWh, MWh Fatura, ana sayac
Dogal gaz Gaz tuketimi Sm3, Nm3 ya da kWh, T) Fatura, sayag
Motorin Yakit tiketimi litre Yakit karti, tank hareketleri
Hammadde Miktar kg, ton Satin alma ve Uretim sistemleri
Ulasim Mesafe veya tasima isi km, ton-km, kisi-km Lojistik kayitlar
Sogutucu gaz Dolum miktari kg Bakim servis kayitlari

Ayni bilgi farkh sistemlerde bulunabilir. Bu nedenle yalnizca rakami degil, rakamin kaynagini da kaydetmek gerekir.

2.1 iyi bir veri kaydinin bes bilgisi

Ornek kayit (egitim verisi)

Deger nedir? 1.250.000

Birimi nedir? kWh

Hangi donemi temsil eder? 1 Ocak 2023 ile 31 Aralik 2023

Hangi belgeden veya sistemden alinmistir? On iki aylik elektrik faturalari, ana sayag
Kurum igindeki sorumlusu kimdir? Enerji yonetimi sorumlusu

2.2 Fiziksel veri ve harcama verisi

Fiziksel faaliyet verisi (kWh, litre, kg, km) mevcutsa genellikle emisyonun gercek operasyonla iliskisini daha acik kurar.
BaziI dolayli emisyonlarda fiziksel veri bulunamazsa harcama temelli yontemler tarama ya da yaklasik hesap secenegi
olabilir. Bu evrensel ve zorunlu bir hiyerarsi degildir, veri durumuna ve raporlama amacina bagh bir degerlendirmedir.

2.3 Veri hazirlama kurallan

e Ayni ddénem icin birden fazla veri kaynagi varsa farklari uzlastirin.
e Tahmini ya da vekil veri kullaniyorsaniz bunu isaretleyin ve iyilestirme notu birakin.
e Satin alinan yakit miktarini tiketilen miktar sanmayin. Stok hareketi farki yaratir.

Dikkat: Emisyon hesabi, karbon faktoriini aramadan 6nce faaliyet verisini dogru tanimlamakla baslar. Faaliyet
verisini emisyon sonucu gibi adlandirmak ve kaydetmek, hatali ydontem secimine kapi acar.

3. Nicelendirme yontemleri: faaliyet x faktor en yaygin yol, tek yol degil



Kurumsal sera gazi nicelendirmesinde iki yaklasim ailesi vardir. Birincisi emisyonun dogrudan belirlenmesi, ikincisi
hesaplamadir.

Yaklasim Nasil calisir Uygun oldugu durum Dikkat edilecek nokta

Dogrudan 6lgim Bacada ya da kaynakta gaz derisimi ve Olgim altyapisi olan, biiylik = Cihaz kalibrasyonu, veri kesintileri ve
debi 6lgllur, emisyon kutlesine gevrilir ve slrekli nokta kaynaklar Olciim belirsizligi kayit altina alinmalidir

Kutle denkligi Prosese giren ve cikan kutleler Girdi ve ¢ikti miktarlari Kuguk 6lcim hatalari buyuk farklara
karsilastirihr. Fark, atmosfere verilen guvenilir izlenen prosesler donusebilir

miktari verir

Stokiyometri Kimyasal reaksiyon denkleminden Reaksiyonu ve safligi Saflik ve reaksiyon verimi varsayimi
emisyon hesaplanir bilinen proses emisyonlari aclk yazilmahdir

Hesaplama (faaliyet Belgelenmis faaliyet verisi uygun faktorle = Yakit, elektrik, ulasim ve Faktorin temsil glict ve birimi kontrol

verisi X emisyon carpilir satin alinan bircok faaliyet edilmelidir

faktoru)

iki kisa drnek yaklasimlari somutlastirir:

Kitle denkligi (karbon): CO2 (kg) = (giren karbon - ¢ikan karbon) (kg C) x 44/12
Stokiyometri: CaCOs - Ca0 + CO:
1 ton saf CaCOs igin CO2 = 44,009 + 100,086 = 0,4397 ton, yaklasik 0,440 tCO2/tCaCOs

Stokiyometrik sonu¢ tam saf girdi ve tam reaksiyon varsayimiyla gecerlidir. Gercek girdide saflik ve reaksiyon derecesi
ayrica belgelenir.

3.1 Yontem secimi bir teknik karardir

Bu egitimde Ders 12'den itibaren sanayide en sik karsilasilan kaynaklar ele alindidi icin adirlik faaliyet verisi ve emisyon
faktorl Uzerindedir. Yine de bir hesap dosyasina bakarken ilk soru hangi formalin kullanildidi degil, bu kaynak icin secilen
nicelendirme yonteminin uygun olup olmadididir. Secim sunlara baghdir:

e Emisyon kaynaginin fiziksel yapisi.

e Mevcut veri kalitesi.

« istenen dogruluk diizeyi.

e Kullanilan raporlama programinin kurallari.

ISO 14064-1 cercevesinde de secilen yaklasimin gerekgelendirilmesi ve tutarl bicimde uygulanmasi beklenir.

IPCC ulusal envanter dili bu mantigi kademelerle (Tier) anlatir. Tier 1 varsayilan faktoérleri, Tier 2 tGlkeye 6zgu faktorleri,
Tier 3 tesis duzeyinde 6lcim ve ayrintili veriyi kullanir. Kurumsal hesapta da ayni fikir gecerlidir: veri ve kaynak dnemi
arttikca daha 6zgul veri aranir.

3.2 Yontem degisikligini kaydedin
Ayni kaynak icin yontem dedistirilirse donemler arasi karsilastirilabilirlik etkilenebilir. Bu nedenle sunlar kaydedilmelidir:

e Yontem degisikliginin nedeni.
e Eski ve yeni yaklasim arasindaki fark.
e MUmkulnse ge¢cmis donemlere etkisi.

Hesaplama metodolojisi yalnizca sonug Ureten teknik bir ara¢ degil, envanterin zaman iginde tutarh kalmasini saglayan bir
yOnetim kararidir.

4. Emisyon faktoru: internetten bulunan her katsayi kullaniimaz

Emisyon faktora, belirli bir faaliyeti sera gazi emisyonuna donustiren katsayidir. Faktorler farkl birimlerde verilir:

Faktor 6rnegi Anlami

kg CO/litre Litre yakit basina kilogram karbondioksit
tCO2e/MWh Megavatsaat elektrik basina ton COze
kg COz2e/kWh Kilovatsaat basina kilogram COze

kg CHa4/T]J Terajul enerji basina kilogram metan



Ayni bashda sahip iki faktériin ayni seyi 6l¢tiginl varsaymak hatadir.

4.1 Faktor kullanmadan once yedi kontrol

Kontrol Sorulacak soru

1. Faaliyet ve teknoloji Faktor bu kaynak ve bu teknoloji igin mi verilmis?

2. Cografya Faktor Turkiye, ABD, Birlesik Krallik ya da baska bir bélge icin mi?

3. Y1l ve sGrim Hangi referans yil ve hangi yayin sirimua?

4. Birim Paydadaki birim faaliyet verisinin birimiyle eslesiyor mu?

5. Kapsanan sera gazlari Yalnizca CO2 mi, COz, CH4 ve N20 mu, yoksa hazir COze mi?

6. Sistem siniri Yalnizca dogrudan yanma mi, yoksa Uretim, tiketim noktasi, yakitin yukari yonla etkileri ya da tasima da
icinde mi?

7. Yasam dongusu Faktér hangi asamalari temsil ediyor ve ayni etki baska bir hesap satirinda zaten sayildi mi?

asamalari

Hazir COze faktort s6z konusuysa ek olarak sunlar kontrol edilir: KIP temeli biliniyor mu ve kapsanan etki baska satirda
tekrar ediyor mu?

4.2 Ayni baslik, farkh faktor

e Ayni yakit icin yalnizca yanma emisyonunu veren faktor ile Uretim, rafinaj ve tasima asamalarini da iceren yasam
dongusu faktora farkl sonug verir.

o Elektrik faktorl Uretim noktasini, tiketim noktasini ya da bir proje sayesinde kaginilan emisyonu temsil edebilir.

e Glvenilir bir kaynaktaki faktér yanlis cografyada kullanilirsa hesap yine yanlistir. ABD elektrik faktorl Tarkiye
sebeke tiketimi igin otomatik olarak uygun degildir.

Bu nedenle faktoriin bashgindan gok metodoloji notunu okuyun, sistem sinirini baska hesap satirlariyla karsilastirin ve
cifte sayim riskini kontrol edin. Emisyon faktorli secimi en yeni saylyl bulma isi degil, dogru faktérl dogru faaliyete
eslestirme isidir.

5. Faktor kaynaklari ve secim mantigi

5.1 Karar sirasi

Faktor secimi igin tek ve her durumda gecerli bir hiyerarsi yoktur. Yine de saglam bir karar sirasi kurulabilir:

1. Program ya da mevzuat sarti var mi? Kurulusun tabi oldugu mevzuat, musteri sarti ya da raporlama programi
belirli bir faktdr veya metodoloji zorunlu tutuyorsa kurumsal tercih degil, program kurali 6nceliklidir.

2. Faaliyeti en iyi temsil eden kaliteli veri hangisi? Zorunlu kural yoksa ulusal faktor her zaman 6nce gelmez.
Yontemi, zaman kapsami, sistem siniri ve veri kalitesi iyi belgelenmis guvenilir bir tesis ya da tedarikgiye 6zgu
faktor genel bir varsayimdan daha temsil edici olabilir. Buna karsilik resmi ulusal ya da bélgesel bir faktor, zayif
dokimante edilmis 6zel bir faktérden daha savunulabilir olabilir.

3. Bunlar yoksa guvenilir uluslararasi varsayilan ya da ikame veri. IPCC, GHG Protocol aracglari, Birlesik Krallik
hikimeti, ABD EPA ya da ADEME gibi kaynaklar degerlendirilebilir. Cografi ve metodolojik sinirlar kontrol edilir.

Dikkat: Tesis ya da tedarikciye 6zgl veri otomatik olarak daha iyi degildir. Yontem, zaman kapsami, sinir, teknoloji
ve dogrulama durumu aciklanabilmelidir.

5.2 Baslica kaynaklar ve gincel durum (Eylil 2026)

Kaynak Yayimlayan Ne sunar Guncel durum ve dikkat

IPCC 2006 IPCC Ulusal Yakit, proses ve diger kaynaklar 2006 Kilavuzu temel referanstir. 2019 Refinement onu ikame etmez,
Kilavuzu ve Sera Gazi icin varsayilan faktérler, NKD glinceller ve tamamlar. ikisi birlikte kullanilir. Varsayilan degerler
2019 Envanterleri degerleri ve yontemler Ulke ya da tesis verisi yoksa devreye girer

Refinement Gorev Grubu

IPCC Emisyon IPCC Gorev Yayimlanmis 6l¢im ve 2023'te 2019 Refinement kategorilerini iceren yikseltilmis strim
Faktord Veri Grubu Birosu, calismalardan derlenen faktorler  yayimlandi. Destek materyali resmi IPCC inceleme sirecinden
Tabani (EFDB) Editoryal Kurul gecmemistir. Varsayilan deger degildir ve uygun kullanim

ve Teknik sorumlulugu kullanicidadir



Destek Birimi

GHG Protocol WRI ve Faaliyet verisi x faktor yaklasimi,  Araglar yontemi gosterir. Araglardaki faktorlerin kaynagi ve strimu
yontem WBCSD hesaplama araclari, KIP degerleri = ayrica kontrol edilir. Kurumsal standartlarin revizyon galismasi
rehberi, (Sariim 2.0, 7 Agustos 2024) strmektedir, yayim durumu resmi siteden izlenmelidir
hesaplama
araclari ve KIP
tablosu
UK DESNZ Birlesik Krallik ' Yakit, elektrik, mesafe gibi 2026 strimu 11 Haziran 2026'da yayimlandi. Birlesik Krallik
sirket Enerji faaliyet verilerinden Kapsam 1, 2 kuruluslari igin tasarlanmistir. Tlrkiye elektrigine otomatik
raporlama Guvenligi ve ve 3 hesabina yonelik yillhk uygulanmaz. Hazir COze degerlerinde KIP temeli belgeden kontrol
déndsim Net Sifir faktorler. Literatirde DEFRA edilmelidir
faktorleri Bakanligi faktorleri adiyla da anilir
US EPA ABD Cevre ABD igin yakit, elektrik (eGRID), Son yillik glincelleme 2025 strimudir (Ocak 2025). Eylil 2026
Emission Koruma Ajansi | ulasim, atik gibi varsayilan kontroliinde 2026 strimu bulunamadi. ABD baglami igindir, birimleri
Factors Hub ve faktorler. Hub AR5 KIP ABD birimleridir (kisa ton, galon, mmBtu)
Simplified GHG degerlerine dayanir
Emissions
Calculator
ADEME Base Fransiz Kamuya acik faktor ve veri Veri glincellemeleri siirmektedir. Her faktériin siniri, cografyasi,
Empreinte Ekolojik tabani, eski adiyla Base Carbone  statlsu ve strimi okunmalidir
Dondsim
Ajansi
(ADEME)
ecoinvent ecoinvent Uriin ve siireclere ait yasam Guncel surim 3.12 (Kasim 2025). Lisans gerektirir. Sistem siniri
Association ddngusu envanter veri tabani genistir. Kurumsal envanterde yakit yanmasi faktérindn yerine
(Isvicre) (YDD, aran karbon ayak izi, EPD degil, malzeme ve Uriln zinciri igin kullanilir (bkz. Ders 9)
calismalar)
ETKB Turkiye T.C. Enerji ve Turkiye elektrik tretimi ve Sayfada 2020 ile 2023 yillan listelenir, son glincelleme 31.12.2025.
elektrik Tabii tiketim noktasi emisyon 2024 faktoru bu kontrolde bulunamadi. Ayrintisi Bolim 10'dadir
faktorleri Kaynaklar faktorleri
Bakanligi
TUIK ulusal TUIK ve Ulusal toplamlar, yéntem ve 1990 ile 2024 dénemi envanteri 2026'da yayimlandi. 2024 toplami
sera gazi UNFCCC'ye ulkeye 6zgl parametrelerin LULUCF hari¢ 584,5 Mt CO2ze, LULUCF dahil 517,4 Mt COze. NID 2026
envanteri ve sunulan belgelenmesi yontem olarak 2006 IPCC Kilavuzu'nu belirtir. Ulusal toplam
Ulusal Envanter envanter kurumsal faktor degildir, faktor olarak kullanilacaksa belgedeki sinira
Belgesi (NID) belgesi ve birime bakilir

5.3 Faktor pasaportu

Her faktor icin kiclk bir pasaport tutun. Hesap dosyasinda yalnizca saylyl yazmak yetersizdir.

Pasaport alani Ornek kayit (Bolim 10'daki faktor)

Yayimlayan kurum T.C. Enerji ve Tabii Kaynaklar Bakanligi

Veri seti Turkiye Elektrik Uretimi ve Elektrik Tiiketim Noktasi Emisyon Faktérleri

Referans yil veya strim 2023

Erisim tarihi 30.09.2026 (6rnek)

Birim tCO2e/MWh

Gaz kapsami Hazir COze degeri. KIP temeli kaynak belgeden kontrol edilir, belirtiimiyorsa veri boslugu olarak
kaydedilir

Sistem siniri Dagitim hattindan bagli tiketim noktasi

Yasam dongulsiu asamalari Elektrik Gretimi ve tiketim noktasi. Yakit zinciri kapsami kaynaktan kontrol edilir

Ayni etkinin baska satirda bulunup Kontrol edildi, baska satirda yok

bulunmadigi

Secim gerekgesi Kisa metodoloji notu

Faktor pasaportu, sonug sorgulandiginda hesabi savunmanin en kisa yoludur.

6. Birim eslestirme: hesabin gorinmeyen kontrolu



Bircok karbon hesabindaki hata faktorden degil, birimlerden kaynaklanir. En glivenli yontem boyut analizidir: faaliyet
verisinin birimi ile faktorin paydasindaki birim birbirini gétiriyor mu?

Tiuketim (MWh) x Faktdor (tCO2e/MwWh) = Emisyon (tCO:ze) MWh birimi iptal olur

Tuketim kWh cinsindeyse ya faktéri kWh birimine gevirmeli ya da tiketimi MWh'ye dénustirmelisiniz. Temel kural sudur:
faktor hangi birimi bekliyorsa faaliyet verisini o birime getirin.

6.1 Sik kullanilan doniisiimler

Doniisiim Deger

Enerji (elektrik) 1 MWh = 1.000 kWh. 1 GWh = 1.000 MWh

Eneriji (elektrik ve yakit) 1 kWh = 3,6 MJ. 1 MWh = 3,6 G = 0,0036 T). 1 T) = 1.000 GJ = yaklasik 277,78 MWh
Kutle 1 ton = 1.000 kg. 1 Gg = 1.000 ton = 1.000.000 kg

Hacim 1 m3 = 1.000 litre

Isil deger 1 TJ/Gg = 1 M)/kg. Bu nedenle 48 TJ/Gg, 48 MJ/kg demektir

Emisyon sonucu 1 tCOz2e = 1.000 kgCOze. 1 GgCO2e = 1.000 tCO2e

6.2 Gig ile enerjiyi karistirmayin

MW bir gt birimidir. MWh ise enerji miktaridir ve karbon hesabinda faaliyet verisi olarak kullanilan bayukltktur. Bir
milyon kilovatsaat bir megavat etmez, bin megavatsaat eder. 2 MW sdzlesme glcline sahip bir tesisin yillik tiiketimi 2 x
8.760 = 17.520 MWh degildir. Bu deger yalnizca teorik Ust sinirdir, gergek tiketim sayactan alinir.

6.3 Hacim kosullari: Nm3 ve Sm3

Gaz yakitlarinda hacim verisinin hangi referans kosulunda verildigini kontrol edin. Nm3 ¢cogunlukla 0 °C ve 1 atmosfer
(normal kosul), Sm3 cogunlukla 15 °C ve 1 atmosfer (standart kosul) icin kullanilir. Ancak sembollerin tanimi veri
saglayicisina gore degisebilir. Bu ylzden saglayicinin tanimini kaydedin.

Fark kiiciik goriinse de sonuca yansir. ideal gaz yaklasimiyla 15 °C'de élciilen 100.000 Sm3 gaz 0 °C kosulunda su hacme
denk gelir:

100.000 Sm3 x 273,15 K + 288,15 K = 94.794 Nm3

Sm?3 degerini Nm3 sanip Nm3 basina yogunlukla carparsaniz kitle yaklasik %5,5 fazla cikar.
6.4 Sistem disi birimler

ABD kaynaklarinda kisa ton (1 kisa ton = 907,185 kg), ABD galonu (3,785 litre) ve mmBtu gibi birimler sik gérulir. Metrik
ton ile kisa tonu karistirmak yaklasik %10 hata yaratir.

6.5 Yuvarlama ve donusum katsayilarn

e Ara sonuclari erken yuvarlamayin. Litreden metreklpe, kilogramdan tona, gigajuldan terajula her adimda yuvarlama
yapilirsa kiaguk farklar toplamda buydur.

e DOnusUm katsayilarini hesap dosyasinda ayri hiicrelerde ve kaynaklariyla tutun.

e Sonucu raporlarken uygun anlamli basamak kullanin, ham veriyi mimkun oldugunca koruyun.

e Birim kolonunu hicbir zaman dekoratif bilgi gibi gérmeyin. Birim formualan kendisinin parcasidir.

Sik yapilan hata: kWh ile MWh'yi karistirmak sonucu bin kat bozar. Ornegin 120.000 kWh degerini dogrudan
0,469 ile carpmak 56.280 verir. Dogru sonu¢ 56,28 tCOze'dir.

7. Yogunluk ve net kalorifik deger: ne zaman gerekir, ne zaman gerekmez

Bircok teknik rehberde yakit hesabi hacimden kutleye, oradan enerjiye donutsturtlir. Bunun nedeni kullanilan emisyon
faktorlnln enerji bazh olmasidir. Faktor kg gaz/T) olarak verilmisse litre ya da metrekip tiketimi dogrudan bu faktorle
carpilamaz.



e Yogunluk hacim ile kitle arasindaki képradur.
¢ Net kalorifik deger (NKD), baska bir ifadeyle alt isil deder, yakit kitlesini enerji icerigine donUtstlrlr.

Faktoérun birimi Gerekli zincir Yogunluk ve NKD gerekir mi?

kg gaz/T) gibi enerji bazh Hacim - yogunluk - kitle - NKD - Evet, veri enerji biriminde degilse
enerji - faktor

kg CO2e/litre gibi hacim bazl Hacim - faktor Hayir

kg COze/kg gibi kitle bazli Kitle — faktor Hayir

tCO2¢e/TJ ya da kg CO2e/kWh, faaliyet verisi zaten  Enerji - faktor Hayir, yalnizca enerji tanimi (net ya da brt)
enerji biriminde uyumlu olmahdir

Dikkat: Yakit hesabi mutlaka NKD ile yapilir ezberi yanlistir. Dogru yaklasim 6nce emisyon faktérinin
birimine ve metodolojik kapsamina bakmaktir. Amag daha ¢ok donlisim yapmak degil, veriyi segilen faktorle tutarli
hale getirmektir. Glvenilir kaynak kg CO2e/litre gibi dogrudan bir faktor veriyorsa litreyi tona ve terajula cevirmek
yeni hata noktalari yaratir.

Uzun yolun genel semasi (her ok yalnizca gerekiyorsa uygulanir):

litre - m3® > kg - Gg » TJ - kg gaz (kg/TJ faktorleriyle)

7.1 Net ve brit isil deger

Alt 1sil deger (NKD), yanma suyunun buharlasma isisini diiser. Ust (briit) isil deger bunu icerir. IPCC 2006 Cilt 2 Bélim 1'e
gore komur ve petrolde NKD brit degerden yaklasik %5, dogal ve Uretilmis gazlarin cogunda yaklasik %10 disuktar. IPCC
faktorleri net esaslidir. Faktor net esasliysa veri de net esasli enerjiye getiriimelidir.

Referans olarak IPCC 2006 Cilt 2 Tablo 1.2 varsayilan NKD degerlerinden bazilari:

Yakit Varsayilan NKD (TJ/Gg) Alt ve Ust sinir
Dogal gaz 48,0 46,5 ile 50,4
Motorin (gaz/dizel yagi) 43,0 41,4 ile 43,3
Motor benzini 44,3 42,5 ile 44,8
Sivilastiriimis petrol gazlari (LPG) 47,3 44,8 ile 52,2

Bunlar varsayilan degerlerdir. Raporlama programi farkl bir deger istiyorsa ya da glvenilir tedarikci veya Ulke verisi varsa
once onu degerlendirin.

7.2 Ornek: briit esash kWh verisi

Bir dogal gaz faturasi enerjiyi brit (Ust 1sil deger) esasli 3.000.000 kWh olarak veriyor olsun (egitim verisi, esasi
tedarikgiden 6grenilir). IPCC'nin yaklasik %10 kuraliyla net deger brit degerin yaklasik 0,90 katidir. Bu oran gergek
tedarikgi verisiyle degistirilir.

Deger Birim islem Sonug
3.000.000 kWh + 1.000 kWh/MWh 3.000 MWh
3.000 MWh x 0,0036 T)/MWh 10,8 TJ (brut)
10,8 TJ (brit) x 0,90 (net + brat) 9,72 TJ (net)
9,72 TJ (net) x 56.100 kg CO2/T] 545.292 kg CO:

Brit degeri dogrudan net esasl faktérle carpmak 10,8 x 56.100 = 605.880 kg CO2 verirdi. Bu yaklasik %11,1 fazla
hesaptir. Bu yalnizca COz adimidir, tam dogal gaz hesabi Ders 15'tedir.

8. Sera gazlari ve KIP: gaz bazindan ortak CO:ze diline

Bazi faktor setleri dogrudan COze verir, bazilari gazlari ayri ayri hesaplatir. Gaz bazl yéntemde 6nce faaliyet verisi her
gazin emisyon faktortyle carpilir ve CO2, CHa, N2O miktarlari kendi fiziksel birimlerinde bulunur. Kurumsal envanter bu (¢
gazla sinirh degildir. Faaliyete gére HFC'ler, PFC'ler, SFs ve NFs gibi diger sera gazlari da dikkate alinir.



Farkli gazlarin iklim etkisini ortak élgege tasimak icgin kiresel iIsinma potansiyeli (KIP) kullanilir:
COz2e = gaz miktari x KIP (gazlar ayri ayri hesaplanir ve toplanir)

8.1 KIP setleri

KIP degerlerini ezberlemek yerine kullanilan IPCC degerlendirme raporu setini kaydetmek ve envanter igcinde tutarli olmak
onemlidir. Asagidaki tablo farki gostermek icindir. Degderler 100 yillik zaman ufkuna aittir ve GHG Protocol KIP tablosundan
(SGrim 2.0, 7 Agustos 2024) alinmistir.

Gaz AR4 AR5 AR6
CO: 1 1 1

CHa (fosil olmayan) 25 28 27,0
CHa (fosil) Ayrim yok 30 29,8
N20 298 265 273

Ders 15 ile tutarli olarak bu derste AR6 degerleri kullanilir. Yanma kaynakli CHa igin 27,0 uygulanir, cinkd metanin
atmosferde CO:z'ye ylikseltgenmesinden dogan etki yanma CO:z'sinde zaten sayilir. Fosil kagak ve proses metani icin 29,8
kullanilir. Ayrinti Ders 15'tedir.

8.2 KIP seti programa gore degisir: giincel durum (Eyliil 2026)

Cerceve 100 yilhk KIP seti Not
GHG Protocol En giincel IPCC degerleri SUrim 2.0 tablosu AR4, AR5 ve AR6 degerlerini verir. Ayni envanterde ve
(ARG) oOnerilir baz yilda tek bir set ile tutarhlik beklenir

UNFCCC, Paris Anlasmasi AR5 100 yillik degerleri ya da  Baska metrikler ek bilgi olarak, kaynak degerlendirme raporu belirtilerek

seffaflik cercevesi (karar CMA'nin kabul edecegi verilebilir. S6zlesme kapsamindaki envanter raporlamasinda da AR5

18/CMA.1, paragraf 37) sonraki bir rapor esastir (karar 7/CP.27)

AB SKDM (CBAM) AR5 100 yillik degerleri AB Komisyonu CBAM Kilavuz No. 3, AB ETS mevzuatiyla uyumlu olarak
AR5 kullanildigini belirtir. Mevzuat degisebilir, yurirlikteki metin kontrol
edilmelidir

Tirkiye ulusal envanteri (TUIK, Belgenin okunan béliminde NID yontem olarak 2006 IPCC Kilavuzu'nu belirtir. Envanter sayilariyla

NID 2026) KIP seti agikga belirtiimemistir = karsilastirma yapilacaksa belgedeki KIP seti kontrol edilmelidir
Musteri, sektor ya da gonilli Program kurali Program belirli bir set sart kosuyorsa onu izleyin
program

Bu tablodan gikan dirtst sonug sudur: AR6 sirket envanteri rehberlerinde 6nerilen giincel setten biridir, fakat uluslararasi
raporlama ve AB diizenlemeleri bugiin hala AR5 kullanabilmektedir. Hangi setin gegerli oldugu, kurulusun raporunu kime
sunduguna baglidir.

8.3 Tutarhlik kurallan

e Ayni envanterde farkl IPCC degderlendirme raporu setlerini gelisiglizel karistirmayin.

e Hesap tablosunda yalnizca KIP yazmak yerine kullanilan IPCC setini ve sirimu agikca belirtin.

Baz yil ile glincel yil karsilastirmalarinda KIP seti degisikliginin etkisini yonetin.

e Hazir COze faktorl KIP dontsiminl zaten igerir. Farkl kaynaklardaki hazir COze faktorlerinin ayni KIP setine
dayandigini varsaymayin.

9. iki hesap yolu: dogrudan CO:ze faktérii mi, gaz bazl faktor mi

Yol A: dogrudan COze faktori Yol B: gaz bazh faktor ve KIP

Faktér kg COze/birim faaliyet. Tum ilgili gazlarin etkisi Her gaz icin ayn faktor (kg CO2/T), kg CHa/T), kg N2O/TJ)
faktorln icindedir

Hesap  Faaliyet verisi x faktér = COz2e Faaliyet verisi x her gazin faktéri = gaz miktarlari. Sonra her gaz x KIP,
sonuglarin toplami = COze

KIP Tekrar uygulanmaz Hesapta bir kez uygulanir

Ne Veri seti ya da program hazir COze veriyorsa Veri seti gazlari ayri veriyorsa ya da program gaz bazli rapor istiyorsa
zaman



Hangi yolun kullanilacagi veri setine, raporlama programina ve kaynagin metodolojisine baghdir. Hesap yolunu faktérin
veri yapisi belirler, Excel'deki kolon basliklari degil.

9.1 Ayni faktérun iki yizu

Dogal gazin imalat sanayiinde yanmasi icin IPCC 2006 Cilt 2 Tablo 2.3 degerleri CO2 56.100, CHa2 1 ve N20 0,1 kg/T)'dir.
Yol B ile 1 TJ enerji icin gazlar ayri hesaplanir:

Gaz Faktor (kg/T)) KIP (AR6) Sonuc (kg COze/T))
COz 56.100 1 56.100

CHa 1 27,0 27

N20 0,1 273 27,3

Toplam 56.154,3

Bu toplam, Yol A'da kullanilabilecek hazir bir COze faktériinin esdegeridir: 56.154,3 kg COze/T). Enerji birimi kWh'ye
cevrilirse net esash yaklasik 0,2022 kg CO2e/kWh olur (56.154,3 + 277.777,8 kWh/TJ). Ders 15, ayni faktorleri 18,72 T)'ye
uygular ve 1.051,208 tCO2ze bulur. iki yol dogru kullanildiginda ayni sonucu verir.

9.2 iki buyuk tuzak

Dikkat: Zaten CO:e olan faktore tekrar KIP uygulamayin. Yukaridaki 56.154,3 kg COz¢e/T) degerini bir gazmis
gibi CHa4 KIP'si ile carparsaniz 1.516.166 kg CO2e/TJ cikar. Sonug yirmi yedi kat siser ve envanter ciddi bicimde
bozulur.

Dikkat: Yanma faktorii ile yukari yonliit emisyonlari iceren faktor ayni sey degildir. Dogrudan yanma faktort
ile yakit Uretimi, rafinaji ve tasinmasi gibi yukari yonli emisyonlari iceren yasam dongusu faktéranu iki ayri satirda
toplamak ya da biri digerini icerirken tekrar eklemek cifte sayim yaratir. Her faktorin birimini ve kapsam aciklamasini
okumadan hesap formulu kurmayin.

10. Mini uygulama: Turkiye elektrik tuketiminde dogru faktoru eslestirmek

Bu bolim yalnizca yontem gostermek icin secilmis 2023 raporlama yili 6rnegidir. Konum ve piyasa temelli yontem
ayrintisi Ders 13 ve 15'tedir. Burada yalnizca Turkiye elektriginde faktor secimindeki kaynak farki 6gretilir.

10.1 Veri

Ornek Sanayi A.S. sirketinin dagitim hattina bagh tesisi 2023 yilinda 120.000 kWh elektrik tiiketmistir (egitim verisi). Once
faaliyet verisi faktortin birimine getirilir:

120.000 kWh + 1.000 kWh/Mwh = 120 Mwh

10.2 ETKB 2023 faktorleri

ETKB, Tirkiye Elektrik Uretimi ve Elektrik Tiiketim Noktasi Emisyon Faktérleri sayfasinda (¢ ayri faktér verir:

Faktor Deger (tCO2e/MWh) Sistem sinin
Turkiye geneli elektrik Gretimi 0,434 Uretim

iletim hattindan bagh tiiketim noktasi 0,436 Tuketim noktasi
Dagitim hattindan bagh tiketim noktasi 0,469 Tuketim noktasi

ETKB sayfasi faktorlerin Uluslararasi Enerji Ajansi (IEA) veri tabani dokimantasyonundaki metodolojiye dayanilarak
hesaplandigini belirtir. Tiketim noktasi faktoérlerinin iletim ve dagitim kayiplarini icerip icermedigi sayfada acikca
yazilmamistir. Bu nedenle faktor segiminden dnce ilgili belgenin sistem siniri notu okunmalidir.

10.3 Hesap

Faktor Deger islem Sonug



Uretim 120 MWh x 0,434 tCO2e/MWh (MWh iptal olur) 52,08 tCOze
iletim tiiketim noktasi 120 MWh % 0,436 tCO2e/MWh (MWh iptal olur) 52,32 tCO2e
Dagitim tuketim noktasi 120 MWh x 0,469 tCO2e/MWh (MWh iptal olur) 56,28 tCOze

Dagitim tiketim noktasi sonucu, Uretim faktorliyle bulunan sonuctan 4,20 tCOze (yaklasik %8,1) fazladir. Hesabin
matematigi basittir, kritik olan faktoriin raporlama yilina, baglanti tiriine ve sistem sinirina uygun segilmesidir.

10.4 Hangi sonu¢ hangi amacla

e Program ya da misteri sarti tiikketim noktasi faktori istiyorsa dagitim hattina bagl bu tesis icin 0,469 ve
56,28 tCOze kullanilir. iletim ve dagitim etkilerini ayrica eklemeyin.

¢ ISO 14064-1 Kategori 2 sinir izleniyorsa ve baska sart yoksa Ders 15 ile tutarli olarak tretim faktort 0,434
ve 52,08 tCOze kullanilir. Kategori 2 siniri, iletim ve dagitim kayiplarini kapsam disinda birakir.

e Secimi, gerekgesini ve faktor pasaportunu hesap dosyasina kaydedin. Sonucu, kullanilan faktériin hangisi oldugunu
yazmadan raporlamayin.

10.5 Birlesik marj sebeke faktoru ayri bir kavramdir

ETKB'nin Tlirkiye Ulusal Elektrik Sebekesi Emisyon Faktérd baslikh birlesik marj degerleri, yenilenebilir elektrik projeleriyle
saglanacak kaginilan emisyon hesabina yoneliktir. Bakanlk bu amaci agikga belirtir. Bu degerler sebekeden elektrik
tuketen kurulusun tiketim faktort olarak kullanilmaz. Ayni kurumdan gelen iki glvenilir sayi bile farkli amaclar igindir.
Ayni ETKB sayfasinda iletim ve dagitim hatlarina bagl tuketiciler igin farkl faktorlerin bulunmasi da tek bir Turkiye
elektrik faktorl ezberinin yetersiz oldugunu gosterir.

10.6 Giincel durum (Eyliil 2026): yila bagh faktor

Bu sayilar 2023 yontem ornegidir. 2026 ya da baska bir yil icin kalici faktor gibi kullanmayin. ETKB sayfasinda bu
materyalin hazirlandidi tarihte 2020, 2021, 2022 ve 2023 yillari listelenmistir ve sayfanin son glincelleme tarihi
31.12.2025'tir. Bu kontrolde 2024 yilina ait yayimlanmis bir faktor bulunamamistir. Gercek hesap 2024 ya da daha
sonraki bir yila aitse glincel resmi faktérl ETKB sayfasindan ve uygulanabilir program sartlarindan kontrol edin.
Baglanti tlrd ve raporlama yili degistiginde kullanilacak faktér degisebilir, bu iki bilgiyi hesap dosyasina mutlaka
kaydedin.

11. Veri kalitesi, izlenebilirlik ve belirsizlik: sonuctan 6nce kanit zinciri

iyi hesap yalnizca dogru gériinen sonug¢ degildir. Ayni sonucu baska bir uzman makul bicimde yeniden retebilmelidir.
Bunun icin her hesap satirinin bir veri izi olmalidir.

11.1 Veri izi
Faaliyet verisi nereden geldi? Fatura ya da saya¢ numarasi
Hangi aylar kapsiyor? Doénem basi ve sonu
Kim sagladi, kim kontrol etti? Veri sahibi ve onaylayan
Faktor nereden geldi? Kurum, yil, stirim (faktoér pasaportu)
Formil ve donlisimler neler? Formiil, katsayilar ve kaynaklari
Degisiklik oldu mu? Degisiklik kaydi

Yeniden Uretilebilir hesap sunlardan olusur: veri, formul, kaynak, sirim ve kanit.
11.2 Basit kalite kontrolleri

Basit kontroller cogu zaman karmasik model hatalarindan daha sik gorilen sorunlari yakalar:

e On iki aylik donem tam mi?

e Ayni fatura iki kez girilmis mi?

o Kilovatsaat ile megavatsaat karismis mi?

e Yakit stogu ya da satin alma miktari tiketim sanilmis mi?



e Faktorln birimi ve kapsami dogru mu?
e Ara hesaplarda gereginden erken yuvarlama yapilmis mi?

11.3 Belirsizlik gizlenmemelidir

Bu derste sayisal belirsizlik formuliine girilmez. Yine de iki belirsizlik kaynagdi taninmahdir:

Kaynak Ornek

Faaliyet verisi belirsizligi Olciim cihazi hassasiyeti, tahmin yéntemi, eksik veri

Faktor ve yontem belirsizligi Genel bir faktérin gercek tesisi tam temsil etmemesi

Faktor belirsizliginin buyukluginid gormek icin IPCC Tablo 2.3 dogal gaz satiri yol gostericidir. CO2 varsayilani 56.100 kg/T)
iken alt ve Ust sinirlar 54.300 ile 58.300 kg/T)'dir (yaklasik %3,2 asadi ve %3,9 yukari). CHa igin varsayilan 1, sinirlar 0,3
ile 3 kg/T)'dir. Varsayilan de@er tek ve kesin bir sayi degil, bir arahidin merkezidir. Hangi veri ve yontemlerin daha zayif
oldugunu belirlemek iyilestirme plani icin 6nemlidir. ISO 14064-1 belirsizligin degerlendirilmesini ister.

11.4 Eksik veri

Veri eksikliginde kullanilan varsayim ya da temsili veri acikca isaretlenmelidir. Uc aylik veri eksikse kalan dokuz ayin
ortalamasini otomatik uzatmak yerine sunlari not edin:

e Bu yontemin neden secildigi.
o Mevsimsellik riski.
e Sonuca olasi etkisi.

Boylece sonraki yil gercek veri geldiginde hangi satirlarin glincellenmesi gerektigi hemen goralir. Hesap dosyanizin
amaci yalnizca toplam Uretmek degil, toplamin nasil Gretildigini gosterebilmektir.

12. Sik yapilan hatalar ve hesap oncesi kontrol

Dogru sayiyi yanhs yerde kullanmak en sik gérilen hata bigimidir.

Hata Neden sorun Dogrusu

1. Birim hatasi: kWh ile MWh, kg ile ton, | Sonug bin kat ya da daha fazla bozulabilir Boyut analizi yapin, birimler

litre ile m3 karisir iptal olsun
2. Yanlis yil ya da cografyadan faktor Faktor faaliyeti temsil etmez. UK faktorleri Turkiye elektrigine, Faaliyetin yili ve cografyasiyla
segmek ABD EPA faktoérleri ABD disina otomatik uygulanmaz eslesen kaynagdi kullanin

3. Kapsam karisikligr: dogrudan yanma ikisini fark etmeden toplamak ya da biri digerini icerirken tekrar  Faktdriin sistem sinirini
ile yukari yonlu etkiler karisir eklemek cifte sayim yaratir okuyun

4. Zaten CO:ze veren faktore tekrar KIP Ayni etki ikinci kez carpilir Hazir COze faktoriine KIP

uygulamak

5. Ayni envanterde farkl IPCC KIP
setlerini karistirmak

6. Gug ile enerjiyi karistirmak

7. Kaynag, yih ve kapsami kayitsiz
sahipsiz faktér kullanmak

8. Faktorl envanterin amaci ve

program kurallarindan bagimsiz segmek

Tutarsizlik, karsilastirilamaz sonug

MW ile MWh ayni sey degildir

Sonug savunulamaz, yeniden Uretilemez

Yanlis sistem siniri, yanlhs kullanim

uygulamayin

Tek ve belgeli set kullanin,
program sartini izleyin

Faaliyet verisi olarak MWh
kullanin

Faktor pasaportu tutun

Once program sartina bakin

Uc kritik ornek: UK elektrik faktériini Tirkiye tiiketimine uygulamak. Birlesik marj sebeke faktériini tiiketim faktérii
sanmak. COze faktériine yeniden KIP uygulamak.

12.1 Hesaplamaya baslamadan énce yedi kontrol

Kaynak
Birim

Yil
Cografya

PN



5. Kapsam (sistem siniri ve gazlar)
6. KIP seti
7. Olasi gifte sayim

Bu kontrol birka¢ dakika strer. Yanls bir envanteri dizeltmek gunler surebilir.
12.2 Capraz kontroller

e Yakit tuketimini satin alma ve stok hareketleriyle karsilastirin.
o Elektrigi faturalar ve sayaclarla karsilastirin.
o Arag yakitini filo kayitlariyla karsilastirin.

13. Python ile dogrulama
Asagdidaki kod bu materyaldeki sayisal 6rnekleri yeniden hesaplar.

from decimal import Decimal as D

# Bolidm 10: elektrik mini uygulamasi
mwh = D(120000) / D(1000)
for faktor in (D(434), D(436), D(469)):
print(mwh * faktor / D(1000)) # 52,08 52,32 56,28

# Bolidm 9.1: gaz bazli yoldan hazir C02e faktéri (kg C02e/TJ)

co2e tj = D(56100) * 1 + D(1) * D(27) + D(1) / D(10) * D(273)
print(co2e tj) # 56154,3

print(co2e_tj / (D(10) ** 12 / D(3600000))) # kg C02e/kWh, net esasli
print(D(1872) / D(100) * co2e_tj / D(1000)) # Ders 15 ile kontrol, tC02e

# BOlim 7.2: brit esasli kWh verisi

tj brut = D(3000000) / D(1000) * D(36) / D(10000)

tj_net = tj_brut * D(90) / D(100)

print(tj_brut, tj _net, tj net * D(56100)) # 10,8 9,72 545292

# Bolim 6.3: Sm3 ile Nm3
print(D(100000) * D(27315) / D(28815)) # yaklasik 94794

# Bolim 3: stokiyometri
print((D(12011) + 2 * D(15999)) / (D(40078) + D(12011) + 3 * D(15999)))

Ahstirmalar (cevaplariyla)

Alistirma 1: Hata avcisi

Asagidaki hesap satirlarindaki hatalari bulun.

Satir Hata nedir? Dogrusu
120.000 kWh x 0,469 = 56.280 tCO:ze Faaliyet verisi kWh, faktér MWh basina. Birim iptal 120 MWh x 0,469 = 56,28 tCOze
olmaz, sonug bin kat bluyuk

56.154,3 kg CO2¢e/T) x 27,0 (CHa4 KIP'si) Hazir COze faktérune tekrar KIP uygulanmis Faktér kendi basina COze sonucunu
verir. KIP uygulanmaz

Sézlesme guct 2 MW x 8.760 saat = Gug, enerji yerine kullaniimis. Bu deger yalnizca Yillik tiketim sayacgtan ve faturadan

17.520 MWh yillik tiketim teorik Ust sinirdir alinir

Turkiye tesisi icin DESNZ 2026 elektrik Birlesik Krallik faaliyetleri icin tasarlanmis faktor ETKB Tirkiye faktord, yil ve baglanti

faktoru tirine uygun segilir

Sebekeden elektrik tiketen tesis icin Faktor kaginilan emisyon hesabi icindir Uretim ya da tiiketim noktasi faktéri,

birlesik marj sebeke faktoru program kuralina gére

2023 faktord (0,469) 2025 hesabinda Faktor yila baghdir 2025 igin glincel resmi faktor kontrol

kullaniimis edilir

Alistirma 2: Faktor secimi



Dagitim hattina bagl bir tesisin musterisi, tedarik zinciri raporunda ETKB tliketim noktasi faktoriinin kullanilmasini sart
kosuyor. Hangi 2023 faktori uygulanir?

Cevap: Program sarti dnceliklidir. Dagitim hattina bagh tesis icin 0,469 tCO2e/MWh uygulanir. iletim ve dagitim etkileri
ayrica eklenmez. Secim ve gerekge faktor pasaportuna yazilir.

Ahstirma 3: Hacim kosulu

Bir tedarikci 200.000 Sm?3 (15 °C) gaz tiketimi bildiriyor. Yogunluk verisi 0 °C kosulundaki Nm? igin verilmis. Hesapta
hangi hacim kullaniimali?

Cevap: Hacmi ayni kosula getirin: 200.000 x 273,15 + 288,15 = 189.589 Nm3. Sm? sayisini dogrudan Nm? gibi
kullanmak kutleyi yaklasik %5,5 fazla verirdi. Saglayicinin Sm3 tanimi kayda alinmalidir.

Alistirma 4: Dogru tablo

Dogal gazi ticari bir binada yakan bir kurulus, CHa icin imalat sanayii satirindaki 1 kg/T) yerine ticari ve kurumsal
satinndaki 5 kg/TJ'yi kullanmalidir. 1 TJ icin toplam CO:ze kag olur ve fark nedir?

Cevap: 56.100 + 5 x 27,0 + 0,1 x 273 = 56.262,3 kg CO2¢e/T). imalat sanayii degeri 56.154,3 oldugundan fark 108 kg
CO:2e/T), yaklasik %0,19'dur. Fark klUgUktir ama dogru tablo disiplini gereklidir.

Ozet

e Faaliyet verisi karbon sonucu degil, faaliyetin 6lctisidir. Deger, birim, donem, kaynak ve veri sorumlusu birlikte
kaydedilir.

o Faaliyet verisi x emisyon faktori en yaygin nicelendirme yoludur. Dogrudan 6lgim, kitle denkligi ve stokiyometri
de alternatiftir. Yontem degisikligi kayda alinir.

e Emisyon faktorl evrensel bir sayi dedildir. Faaliyet, cografya, yil, birim, gaz kapsami, sistem siniri ve yasam
doéngusu asamalar yedi kontrolle denetlenir.

e Faktdr seciminde 6nce program ya da mevzuat sarti, sonra en iyi temsil eden kaliteli 6zglil ya da resmi veri, en son
guvenilir uluslararasi varsayilan veri gelir. Her faktor icin kaynak pasaportu tutulur.

e Birim eslestirme gérinmeyen kalite kontroltidir. MW glctlr, MWh enerjidir. Nm?3 ile Sm?3, net ile brit 1sil deger
karistiriimaz.

e Yogunluk ve NKD yalnizca faktor enerji bazliysa ve veri enerji biriminde degilse gerekir.

o Gaz bazli hesapta gazlar ayri hesaplanip KIP ile COze'ye cevrilir. Hazir COze faktérine KIP ikinci kez uygulanmaz.
Ayni envanterde KIP seti tutarl olur.

e ARG, GHG Protocol'lin 6nerdigi glincel settir. UNFCCC ve AB SKDM ise AR5 kullanir. Program sarti 6nceliklidir.

e TuUrkiye elektriginde ETKB Uretim faktort (0,434), iletim (0,436) ve dagitim (0,469) tuketim noktasi faktorleri farkh
sistem sinirlaridir. 120 MWh icin sonuglar 52,08, 52,32 ve 56,28 tCOze'dir. Birlesik marj faktoru tuketim faktord
degildir. Faktor yila baghdir.

e Hesap kanit zinciriyle birlikte dastnulur: veri, formul, kaynak, sirim ve kanit.

Bilgi kontrolu (cevaplarniyla)

1. Faaliyet verisi nedir ve bir veri kaydi hangi bes soruya cevap vermelidir? Cevap: Emisyonla iliskili faaliyetin
Olglisudlr, karbon sonucu degildir. Deger, birim, donem, kaynak belge ve veri sorumlusu kaydedilir.

2. Faaliyet verisi x faktor tek nicelendirme yontemi midir? Cevap: Hayir. En yaygin yoldur, ancak dogrudan élgiim,
kutle denkligi ve stokiyometri gibi alternatifler vardir. Secim kaynada, veri kalitesine ve program kurallarina baghdir.

3. Faktor kullanmadan 6nce hangi yedi sey kontrol edilir? Cevap: Faaliyet ve teknoloji, cografya, yil ve strim,
birim, kapsanan sera gazlari, sistem siniri, yasam dongtsi asamalari.

4. Faktér seciminde karar sirasi nasildir? Cevap: Once program ya da mevzuat sarti. Sonra faaliyeti en iyi temsil
eden kaliteli 6zgll ya da resmf veri. Bunlar yoksa glvenilir uluslararasi varsayilan ya da ikame veri.

5. 2 MW so6zlesme giicii yillik elektrik tiiketimini verir mi? Cevap: Hayir. MW glctlr, MWh enerjidir. Tlketim
sayactan alinir.

6. Yogunluk ve NKD adimlari ne zaman gereksizdir? Cevap: Faktdr hacim ya da kitle bazli dogrudan CO:ze veriyorsa
ya da faaliyet verisi zaten faktérle uyumlu enerji biriminde geliyorsa gereksizdir. Faktor kg/T) gibi enerji bazl ve veri
hacim ya da kutle ise gerekir.



7. Hazir COze faktoriine KIP uygulanir mi? Cevap: Hayir. KIP donUsimu faktorin icinde yapilmistir. Tekrar uygulamak
ayni etkiyi ikinci kez carpar.

8. GHG Protocol, UNFCCC ve AB SKDM hangi KIP setini kullanir? Cevap: GHG Protocol en glincel IPCC degerlerini
(ARG) dnerir. UNFCCC Paris Anlasmasi seffaflik cercevesi AR5 100 yillik degerlerini kullanir. AB SKDM kilavuzu AR5
kullanildigini belirtir. Program kural énceliklidir.

9. Dagitim hattina bagh 120 MWh icin 2023 ETKB iliretim ve tiiketim noktasi faktorleriyle sonuclar nedir?
Cevap: Uretim 0,434 ile 52,08 tCO-e. iletim tiiketim noktasi 0,436 ile 52,32 tCOze. Dagitim tiiketim noktasi 0,469 ile 56,28
tCOze. Hangisinin kullanilacadi program sartina ve sistem sinirina baghdir.

10. ETKB birlesik marj sebeke faktoriu neden tiiketim faktori olarak kullanilmaz? Cevap: Yenilenebilir elektrik
projeleriyle saglanacak kaginilan emisyon hesabi icindir, sebeke tiketicisinin faktort degildir.

Anahtar kavramlar sozliugu (TR - EN)

Turkce English

faaliyet verisi activity data

emisyon faktoru emission factor

karbondioksit esdegeri (COze) carbon dioxide equivalent (COze)

kiresel 1Isinma potansiyeli (KIP) global warming potential (GWP)

net kalorifik deger (NKD), alt i1sil deger net calorific value (NCV), lower heating value
brit kalorifik deger, Ust i1sil deger gross calorific value (GCV), higher heating value
yogunluk density

dogrudan 6lgiim direct measurement

kutle denkligi mass balance

stokiyometri stoichiometry

hesaplama tabanh yéntem calculation-based method

faktor pasaportu factor passport (factor record card)

hazir COze faktori ready-made CO:ze factor

boyut analizi, birim iptali dimensional analysis, unit cancellation
normal metrekip (Nm3), standart metrekip (Sm3) normal cubic metre (Nm?3), standard cubic metre (Sm?3)
Uretim faktoru generation factor

tliketim noktasi faktori consumption point factor

birlesik marj sebeke faktoru combined margin grid factor

kaginilan emisyon avoided emissions

yukari yonli emisyonlar upstream emissions

Gift sayim double counting

izlenebilirlik, veri izi traceability, audit trail

belirsizlik uncertainty

konum temelli / piyasa temelli yontem location-based / market-based method

sera gazl envanteri GHG inventory

Kaynaklar ve guncellik notu

e |ISO 14064-1:2018, Greenhouse gases, Part 1: Specification with guidance at the organization level for quantification
and reporting of greenhouse gas emissions and removals. 1ISO sayfasina gore 2024'te teyit edilmistir ve revizyon
calismasi (ISO/WD 14064-1.2) surmektedir. https://www.iso.org/standard/66453.html

e ISO/TS 14064-4:2025, Greenhouse gases, Part 4: Guidance for the application of ISO 14064-1. Standartlardaki 6rnek
ve vaka faktorleri yalnizca aciklayicidir.

e |IPCC, 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Cilt 2 Enerji: B6lim 1 Tablo 1.2 (varsayilan
NKD, NKD ile brit deger farki) ve Bolim 2 Tablo 2.2, 2.3, 2.4 (sabit yanma varsayilan faktorleri). https://www.ipcc-n
ggip.iges.or.jp/public/2006gl/



https://www.iso.org/standard/66453.html
https://www.ipcc-nggip.iges.or.jp/public/2006gl/

e IPCC, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories. 2006 Kilavuzu'nu
gunceller ve tamamlar. https://www.ipcc-nggip.iges.or. Q[gubllc[2019r [

e |PCC, Emission Factor Database (EFDB). https://www.ipcc-nggip.

e GHG Protocol, IPCC Global Warming Potential Values, Surim 2.0, 7 Agustos 2024. ttgs //ghgprotocol.org

e GHG Protocol, Corporate Accounting and Reporting Standard ve hesaplama araclari. https://ghgprotocol.org

o UNFCCC, karar 18/CMA.1 (Paris Anlasma5| seffaflik c_;ergeve5| paragraf 37) ve karar 7/CP.27. https://unfccc.int/proce

on-metrics
e Avrupa Komisyonu, CBAM Guidance Document 3: CBAM methods for the calculation of emissions embedded in

goods. https://taxation-customs.ec.europa.eu/carbon-border-adjustment-mechanism_en

o UK DESNZ, Greenhouse gas reporting: conversion factors 2026 (11 Haziran 2026). https://www.gov.uk/government/
publications/greenhouse-gas-reporting-conversion-factors-2026

e US EPA, GHG Emission Factors Hub (2025 surimu) ve Simplified GHG Emissions Calculator. https://www.epa.gov/cli
mateleadership/ghg-emission-factors-hub

o ADEME, Base Empreinte (eski adiyla Base Carbone). Fransiz kamu faktor veri tabani.

e ecoinvent Association, ecoinvent database version 3.12 (Kasim 2025). https://support.ecoinvent.org/ecoinvent-versi
on-3.12

e T.C. Enerji ve Tabii Kaynaklar Bakanligi, Tiirkiye Elektrik Uretimi ve Elektr/k Tlketim Noktasi Em/syon Faktorler/
(2023: Uretim 0,434, iletim 0,436, dagitim 0,469 tCO2e/MWh). :
im-tuketim-emisyon-faktorleri

e T.C. Enerji ve Tabii Kaynaklar Bakanlgi, Tlirkiye Ulusal Elektrik Sebekesi Emisyon Faktéri bilgi formu (birlesik marj
degerleri yenilenebilir projelerin kaginilan emisyon hesabina yoneliktir).

o TUIK, Greenhouse Gas Inventory of Tiirkiye 1990-2024, National Inventory Document 2026. https://unfccc.int/sites/d

efault/files/resource/TUR_NID_2026.pdf
e SATSO-SUBU Egitim Programi, Ders 11 amac ve icerik tanimi.

Giuncellik notu: Bilgiler Eylil 2026 itibariyladir. Faktorler, KIP seti ve program sartlar yillik ya da dénemsel olarak
degisir. ETKB sayfasinda 2020 ile 2023 arasi yillar listelenmistir ve 2024 faktord Eylil 2026 itibariyla listede yer
almamaktadir. TUrkiye ulusal envanterinde kullanilan KIP seti igin ulusal envanter belgesine bakilmalidir. Gergek envanter
calismasinda resmi kaynaklar ve program kurallari yeniden kontrol edilmelidir. Bu materyaldeki tim sayisal érnekler
egitim verisidir.



https://www.ipcc-nggip.iges.or.jp/public/2019rf/
https://www.ipcc-nggip.iges.or.jp/EFDB/main.php
https://ghgprotocol.org/
https://ghgprotocol.org/
https://unfccc.int/process-and-meetings/transparency-and-reporting/reporting-and-review/methods-for-climate-change-transparency/common-metrics
https://taxation-customs.ec.europa.eu/carbon-border-adjustment-mechanism_en
https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2026
https://www.epa.gov/climateleadership/ghg-emission-factors-hub
https://support.ecoinvent.org/ecoinvent-version-3.12
https://enerji.gov.tr/evced-cevre-ve-iklim-elektrik-uretim-tuketim-emisyon-faktorleri
https://unfccc.int/sites/default/files/resource/TUR_NID_2026.pdf

ENGLISH VERSION

LESSON 11: Activity Data, Emission Factors and
Calculation Methodology

Program: Sustainability in Industry, Climate Change and Carbon Footprint Training (SATSO)

Overview Description

Target University students and technical and administrative staff in industrial organizations

audience

Scope of Activity data, quantification methods, emission factor selection and factor passport, unit matching, density and NCV,

this CO2/CH4/N20 and GWP, two calculation paths, a short Turkish electricity application, data quality and common mistakes
material

Example 2023 method example (all numbers are training data, not real company data)

year

Related Lesson 10 (introduction to ISO 14064-1), Lessons 12 to 14 (source classification), Lesson 13 (location-based and market-based
lessons methods for electricity), Lesson 15 (natural gas and electricity calculation), Lesson 16 (fuels, vehicles, refrigerants and fire

suppression gases), Lesson 17 (transport, raw materials, waste), Lesson 18 (ISO 14064-1 report and verification)

Information September 2026
current as
of

Learning outcomes

After completing this material, participants can:

e Separate activity data from the emission result and list the five pieces of information a data record needs.

e Distinguish calculation, direct measurement, mass balance and stoichiometry, and justify the choice of method.

e Run an emission factor through seven checks and record its source and version in a factor passport.

e Apply a factor selection logic that starts with the program requirement, and explain the role of IPCC, DESNZ, US
EPA, ADEME, ecoinvent, ETKB and TurkStat sources.

* Use dimensional analysis to bring activity data to the unit the factor expects, without confusing power with energy,
volume reference conditions, or net with gross calorific value.

e Know that density and NCV steps are needed only when the factor is energy based.

e Show the difference between gas-level calculation and a ready-made CO:e factor, and avoid applying GWP a second
time.

e Interpret the ETKB generation factor, the consumption point factors and the combined margin grid factor for Turkish
electricity according to year and system boundary.

e Make a calculation reproducible with a data trail, quality checks and an uncertainty note.

1. From an invoice to tCO:ze: the language of calculation

In the previous lesson we set up the boundaries and architecture of a corporate GHG inventory. In this lesson we move to
the numerical part. The most common form of an emission calculation is surprisingly simple: multiply the activity data by
the appropriate emission factor. When needed, convert gas-level results to carbon dioxide equivalent (COze) with global
warming potential (GWP).

Emission = Activity data x Emission factor
C0ze = Y (gas quantity x GWP)

Multiplication is not what makes a good carbon calculation difficult. The real questions are these:

e Which data to use and in which unit it is given.
e Which activity and which geography the selected factor represents.
e Which year, which greenhouse gases and which system boundary the factor covers.



If a correct number is matched with the wrong factor, the result can be mathematically perfect and methodologically
wrong.

This lesson uses the fictional Example Industry Inc. Assume the company has electricity invoices, natural gas meters, fuel
cards, maintenance records, and production and logistics data. The goal is not to calculate every source one by one. Itis
to build the calculation language used in the later application lessons.

The main sentence of the lesson: The formula can be simple, but matching the right activity data with the right
unit and the right emission factor is the foundation of a professional inventory.

The calculation chain of this lesson:

Invoice, meter, record - activity data - quantification method - emission factor
- unit matching - gas-level result and GWP - COz2e - record and evidence

What this lesson does not cover. Detailed classification of Category 1 to 6 sources is in Lessons 12 to 14. Full
calculations for natural gas, diesel, vehicles, refrigerants and fire suppression gases are in Lessons 15 and 16. Tonne-km,
raw material and waste calculations are in Lesson 17. Location-based and market-based electricity detail is in Lessons 13
and 15. Verification is in Lesson 18. This lesson includes only one short electricity mini calculation. Numerical uncertainty
formulas are also out of scope, only data and method uncertainty are introduced.

2. Activity data: a measure of the activity, not a carbon number

Activity data is not a carbon result. It is the physical measure, or where appropriate the monetary measure, of the activity
that causes or is associated with emissions.

Source Activity data Typical unit Typical document or system
Purchased electricity Electricity consumption kWh, MWh Invoice, main meter

Natural gas Gas consumption Sm3, Nm3 or kWh, T) Invoice, meter

Diesel Fuel consumption litre Fuel card, tank movements

Raw material Quantity kg, tonne Purchasing and production systems
Transport Distance or transport work km, tonne-km, passenger-km Logistics records

Refrigerant Refill quantity kg Maintenance service records

The same information can exist in different systems. So record not only the number, but also where it came from.

2.1 The five pieces of a good data record

Question Example record (training data)

What is the value? 1,250,000

What is the unit? kWh

Which period does it represent? 1 January 2023 to 31 December 2023

Which document or system is it taken from? Twelve monthly electricity invoices, main meter
Who is responsible inside the organization? Energy management officer

2.2 Physical data and spend data

When physical activity data (kWh, litre, kg, km) is available, it usually links emissions to real operations more clearly. For
some indirect emissions where physical data cannot be found, spend-based methods can be a screening or approximate
option. This is not a universal mandatory hierarchy. It is a judgement that depends on data availability and reporting
purpose.

2.3 Data preparation rules

o If there is more than one data source for the same period, reconcile the differences.
e If you use estimated or proxy data, flag it and leave an improvement note.
e Do not treat purchased fuel quantity as consumed quantity. Stock movement makes a difference.



Caution: An emission calculation starts with defining the activity data correctly, before searching for a carbon factor.
Naming and recording activity data as if it were an emission result opens the door to a wrong choice of method.

3. Quantification methods: activity x factor is the most common path, not the
only one

There are two families of approaches in corporate GHG quantification. The first is direct determination of emissions. The
second is calculation.

Approach How it works Suitable when Point to watch
Direct Gas concentration and flow are measured at the Large, continuous point Instrument calibration, data gaps
measurement stack or source and converted to an emission mass sources with measurement = and measurement uncertainty
infrastructure must be recorded
Mass balance Masses entering and leaving the process are Processes whose inputs and = Small measurement errors can turn
compared. The difference gives the amount outputs are reliably tracked into large differences

released to the atmosphere

Stoichiometry Emissions are calculated from the chemical Process emissions with Purity and reaction efficiency

reaction equation known reaction and purity assumptions must be stated
Calculation Documented activity data is multiplied by an Fuel, electricity, transport The representativeness and unit of
(activity data x appropriate factor and many purchased the factor must be checked
emission factor) activities

Two short examples make the approaches concrete:

Mass balance (carbon): CO2 (kg) = (carbon in - carbon out) (kg C) x 44/12
Stoichiometry: CaCOs - Ca0 + CO:
For 1 tonne of pure CaCOs, CO2 = 44.009 + 100.086 = 0.4397 tonne, about 0.440 tCO0:/tCaC0s

The stoichiometric result holds for fully pure input and full reaction. For real input, purity and degree of reaction are
documented separately.

3.1 Method selection is a technical decision

Because this training covers the most common industrial sources from Lesson 12 onward, the emphasis is on activity
data and emission factors. Even so, when you look at a calculation file the first question is not which formula was used. It
is whether the quantification method selected for this source is really appropriate. The choice depends on:

e The physical nature of the emission source.
e The available data quality.

e The required level of accuracy.

e The rules of the reporting program used.

Under ISO 14064-1 as well, the selected approach is expected to be justified and applied consistently.

The IPCC national inventory language describes this logic with tiers. Tier 1 uses default factors, Tier 2 uses country-
specific factors, and Tier 3 uses plant-level measurement and detailed data. The same idea holds in corporate calculation:
as the importance of a source grows, more specific data is sought.

3.2 Record method changes

If the method for the same source is changed, comparability between periods may be affected. So the following should be
recorded:

e The reason for the method change.
e The difference between the old and new approach.
e If possible, the effect on past periods.

Calculation methodology is not only a technical tool that produces results. It is a management decision that keeps the
inventory consistent over time.



4. Emission factor: not every coefficient found online can be used

An emission factor is a coefficient that converts an activity into a greenhouse gas emission. Factors are given in different
units:

Factor example Meaning

kg CO2/litre Kilograms of carbon dioxide per litre of fuel
tCO2e/MWh Tonnes of COze per megawatt-hour of electricity
kg COze/kWh Kilograms of COze per kilowatt-hour

kg CHa4/T) Kilograms of methane per terajoule of energy

It is a mistake to assume that two factors with the same title measure the same thing.

4.1 Seven checks before using a factor

Check Question to ask

1. Activity and technology Is the factor given for this source and this technology?

2. Geography Is the factor for Turkiye, the USA, the United Kingdom or another region?
3. Year and version Which reference year and which publication version?

4. Unit Does the unit in the denominator match the unit of the activity data?

5. Greenhouse gases covered ' CO: only, CO2, CHs and N20, or a ready-made COze?
6. System boundary Only direct combustion, or also generation, consumption point, upstream fuel effects or transport?

7. Life cycle stages Which stages does the factor represent, and is the same effect already counted in another calculation line?

For a ready-made COze factor, two more things are checked: is the GWP basis known, and does the covered effect repeat
in another line?

4.2 Same title, different factor

e For the same fuel, a factor that gives only combustion emissions and a life cycle factor that also includes
production, refining and transport give different results.

e An electricity factor can represent the generation point, the consumption point, or emissions avoided thanks to a
project.

e A factor from a reliable source is still wrong if used in the wrong geography. A US electricity factor is not
automatically suitable for Turkish grid consumption.

So read the methodology note rather than the factor title, compare the system boundary with other calculation lines, and
check the risk of double counting. Selecting an emission factor is not a job of finding the newest number. It is a job of
matching the right factor to the right activity.

5. Factor sources and selection logic

5.1 Decision order

There is no single hierarchy that holds in every case. Still, a sound decision order can be set up:

1. Is there a program or regulatory requirement? If the legislation the organization is subject to, a customer
requirement or a reporting program makes a specific factor or methodology mandatory, the program rule takes
priority over organizational preference.

2. Which high-quality data best represents the activity? Without a mandatory rule, a national factor does not
always come first. A reliable facility-specific or supplier-specific factor with well documented method, time
coverage, system boundary and data quality can be more representative than a general assumption. On the other
hand, an official national or regional factor can be more defensible than a poorly documented specific factor.

3. If neither exists, a reliable international default or proxy data. Sources such as IPCC, GHG Protocol tools,
the UK government, US EPA or ADEME can be considered. Geographic and methodological limits are checked.



Caution: Facility-specific or supplier-specific data is not automatically better. The method, time coverage, boundary,
technology and verification status must be explainable.

5.2 Main sources and current status (September 2026)

Source Publisher What it offers Current status and caution
IPCC 2006 IPCC Task Default factors, NCV values and  The 2006 Guidelines remain the basic reference. The 2019 Refinement
Guidelines and = Force on methods for fuels, processes does not replace them, it updates and complements them. The two are
2019 National and other sources used together. Defaults apply when country or facility data is not
Refinement Greenhouse available

Gas

Inventories
IPCC Emission  IPCC Task Factors compiled from published = An upgraded version including 2019 Refinement categories was
Factor Force Bureau, measurements and studies released in 2023. The supporting material has not gone through the
Database Editorial formal IPCC review process. It is not a default value and responsibility
(EFDB) Board and for appropriate use remains with the user

Technical

Support Unit
GHG Protocol WRI and Activity data x factor approach, Tools show the method. The source and version of factors inside tools
method WBCSD calculation tools, GWP values are checked separately. A revision of the corporate standards is under
guidance, (Version 2.0, 7 August 2024) way, so publication status should be followed on the official site
calculation
tools and GWP
table
UK DESNZ UK Annual factors to help calculate  The 2026 edition was published on 11 June 2026. It is designed for UK
conversion Department Scope 1, 2 and 3 from activity organizations. It is not automatically applied to Turkish electricity. For
factors for for Energy data such as fuel, electricity and ready-made CO:ze values the GWP basis should be checked in the
company Security and distance. Also known in the documentation
reporting Net Zero literature as DEFRA factors
US EPA us Default factors for the USA such  The latest annual update is the 2025 edition (January 2025). No 2026
Emission Environmental = as fuels, electricity (eGRID), edition was found in the September 2026 check. It is for a US context
Factors Hub Protection transport and waste. The Hub is = and uses US units (short ton, gallon, mmBtu)
and Simplified = Agency based on AR5 GWP values
GHG
Emissions
Calculator
ADEME Base French Public factor and data base, Data updates continue. The boundary, geography, status and version
Empreinte Agency for formerly Base Carbone of each factor should be read

Ecological

Transition

(ADEME)
ecoinvent ecoinvent Life cycle inventory database of = Current version is 3.12 (November 2025). It requires a licence. Its

Association products and processes (LCA, system boundary is wide. In a corporate inventory it is used for

(Switzerland) | product carbon footprint, EPD material and product chains, not in place of a fuel combustion factor

studies) (see Lesson 9)

ETKB Turkish Republic of Turkish electricity generation The page lists the years 2020 to 2023, last updated 31.12.2025. No
electricity Turkiye and consumption point emission 2024 factor was found in this check. Detail is in Section 10
factors Ministry of factors

Energy and

Natural

Resources
TurkStat TurkStat and National totals, documentation The 1990 to 2024 inventory was published in 2026. The 2024 total is
national GHG the inventory  of methods and country-specific = 584.5 Mt COze excluding LULUCF and 517.4 Mt CO:ze including LULUCF.
inventory and  document parameters NID 2026 states the 2006 IPCC Guidelines as its method. A national
National submitted to total is not a corporate factor. If it is to be used as a factor, the
Inventory UNFCCC boundary and unit in the document are checked
Document
(NID)

5.3 Factor passport

Keep a small passport for every factor. Writing only the number in the calculation file is not enough.




Publishing institution Republic of Turkiye Ministry of Energy and Natural Resources

Data set Turkiye Electricity Generation and Electricity Consumption Point Emission Factors

Reference year or version 2023

Access date 30.09.2026 (example)

Unit tCOz2e/MWh

Gas coverage Ready-made CO:ze value. The GWP basis is checked in the source document and recorded as a

data gap if it is not stated

System boundary Consumption point of a consumer connected to the distribution line

Life cycle stages Electricity generation and consumption point. The coverage of the fuel chain is checked in the
source

Whether the same effect appears in Checked, not in another line

another line

Reason for selection Short methodology note

A factor passport is the shortest way to defend a calculation when the result is questioned.

6. Unit matching: the invisible check of a calculation

Many errors in carbon calculations come from units, not from the factor. The safest method is dimensional analysis: does
the unit of the activity data cancel with the unit in the denominator of the factor?

Consumption (MWh) x Factor (tCO:e/MWh) = Emission (tCO:e) the MWh unit cancels

If consumption is in kWh, either convert the factor to a per kWh basis or convert consumption to MWh. The basic rule is:
bring the activity data to the unit the factor expects.

6.1 Frequently used conversions

Conversion Value

Energy (electricity) 1 MWh = 1,000 kWh. 1 GWh = 1,000 MWh

Energy (electricity and fuel) 1 kWh = 3.6 MJ. 1 MWh = 3.6 GJ = 0.0036 TJ. 1 T) = 1,000 GJ = about 277.78 MWh
Mass 1 tonne = 1,000 kg. 1 Gg = 1,000 tonnes = 1,000,000 kg

Volume 1 m3 = 1,000 litres

Calorific value 1 T)/Gg = 1 MJ/kg. So 48 T)/Gg means 48 M)/kg

Emission result 1 tCOz2e = 1,000 kgCOz2e. 1 GgCO2e = 1,000 tCO2e

6.2 Do not confuse power with energy

MW is a unit of power. MWh is a quantity of energy and is the quantity used as activity data in carbon calculations. One
million kilowatt-hours is not one megawatt, it is one thousand megawatt-hours. The annual consumption of a facility with
a 2 MW contracted capacity is not 2 x 8,760 = 17,520 MWh. That value is only a theoretical upper limit. Actual
consumption is taken from the meter.

6.3 Volume conditions: Nm3 and Sm3

For gaseous fuels, check under which reference condition the volume is given. Nm?3 is mostly used for 0 °C and 1
atmosphere (normal conditions), and Sm3 mostly for 15 °C and 1 atmosphere (standard conditions). However, the
definition of the symbols can vary by data provider. So record the provider's definition.

The difference looks small but it reaches the result. With the ideal gas approach, 100,000 Sm?3 of gas measured at 15 °C
corresponds to the following volume at 0 °C:

100,000 Sm3 x 273.15 K + 288.15 K = 94,794 Nm3

If you treat an Sm3 value as Nm?3 and multiply by the density per Nm3, the mass comes out about 5.5% too high.



6.4 Non-metric units

US sources often use short tons (1 short ton = 907.185 kg), US gallons (3.785 litres) and mmBtu. Confusing a metric
tonne with a short ton creates an error of about 10%.

6.5 Rounding and conversion coefficients

e Do not round intermediate results early. If you round at every step when converting litres to cubic metres,
kilograms to tonnes or gigajoules to terajoules, small differences add up.

o Keep conversion coefficients in separate cells of the calculation file, with their sources.

e When reporting the result, use an appropriate number of significant digits and preserve the raw data as much as
possible.

e Never treat the unit column as decoration. The unit is part of the formula itself.

Common mistake: confusing kWh with MWh distorts the result a thousand times. For example, multiplying
120,000 kWh directly by 0.469 gives 56,280. The correct result is 56.28 tCOze.

7. Density and net calorific value: when needed, when not

In many technical guides a fuel calculation converts volume to mass and then to energy. The reason is that the emission
factor used is energy based. If a factor is given as kg gas/T], litre or cubic metre consumption cannot be multiplied by it
directly.

e Density is the bridge between volume and mass.
¢ Net calorific value (NCV), in other words lower heating value, converts fuel mass to energy content.

Unit of the factor Required chain Are density and NCV needed?

Energy based, such as kg gas/T) Volume - density -» mass - NCV - Yes, if the data is not already in an energy
energy - factor unit

Volume based, such as kg COze¢/litre Volume - factor No

Mass based, such as kg COze/kg Mass - factor No

tCO2e/TJ or kg CO2e/kWh, with activity data already Energy - factor No, only the energy definition (net or

in an energy unit gross) must match

Caution: the belief that a fuel calculation must always use NCV is wrong. The right approach is to look first at
the unit and methodological scope of the emission factor. The aim is not to make more conversions but to make the
data consistent with the selected factor. If a reliable source gives a direct factor such as kg COze/litre, converting
litres to tonnes and terajoules creates new points of error.

The general scheme of the long path (each arrow is applied only if needed):

litre - m® - kg » Gg » TJ -» kg gas (with kg/TJ factors)

7.1 Net and gross calorific value

Lower heating value (NCV) subtracts the heat of vaporization of the water formed in combustion. Higher (gross) heating
value includes it. According to IPCC 2006 Volume 2 Chapter 1, NCV is about 5% lower than the gross value for coal and
oil, and about 10% lower for most natural and manufactured gases. IPCC factors are on a net basis. If the factor is net
based, the data must also be brought to net-based energy.

For reference, some default NCV values from IPCC 2006 Volume 2 Table 1.2:

Fuel Default NCV (T)/Gg) Lower and upper bound
Natural gas 48.0 46.5to 50.4
Gas/diesel oil 43.0 41.4to 43.3
Motor gasoline 44.3 42.5t0 44.8

Liquefied petroleum gases (LPG) 47.3 44.8 to 52.2



These are default values. If the reporting program requires a different value, or reliable supplier or country data exists,
consider that first.

7.2 Example: kWh data on a gross basis

Assume a natural gas invoice gives energy as 3,000,000 kWh on a gross (higher heating value) basis (training data, the
basis is learned from the supplier). By the IPCC rule of about 10%, the net value is about 0.90 times the gross value. This
ratio is replaced with real supplier data.

Value Unit Operation Result
3,000,000 kWh + 1,000 kWh/MWh 3,000 MWh
3,000 MWh x 0.0036 TJ/MWh 10.8 TJ (gross)
10.8 TJ (gross) X 0.90 (net + gross) 9.72 TJ (net)
9.72 T) (net) % 56,100 kg CO2/T) 545,292 kg CO2

Multiplying the gross value directly by the net-based factor would give 10.8 x 56,100 = 605,880 kg COz. That is about
11.1% too high. This is only the CO2 step. The full natural gas calculation is in Lesson 15.

8. Greenhouse gases and GWP: from gas level to the common CO:ze language

Some factor sets give COze directly, others make you calculate gases separately. In the gas-level method, activity data is
first multiplied by the emission factor of each gas, and COz, CHa and N20O quantities are obtained in their own physical
units. A corporate inventory is not limited to these three gases. Depending on the activity, other greenhouse gases such
as HFCs, PFCs, SFs and NFs are also considered.

To bring the climate effect of different gases to a common scale, global warming potential (GWP) is used:
C0z2e = gas quantity x GWP (gases are calculated separately and summed)

8.1 GWP sets

Instead of memorizing GWP values, what matters is to record which IPCC assessment report set is used and to stay
consistent within the inventory. The table below is to show the difference. Values are for the 100-year time horizon and
are taken from the GHG Protocol GWP table (Version 2.0, 7 August 2024).

Gas AR4 AR5 AR6
CO2 1 1 1

CHa (non-fossil) 25 28 27.0
CHa (fossil) No distinction 30 29.8
N20 298 265 273

Consistent with Lesson 15, this lesson uses AR6 values. For combustion CHa, 27.0 is applied, because the effect from the
oxidation of methane to CO: in the atmosphere is already counted in the combustion CO:z. For fossil fugitive and process
methane, 29.8 is used. Detail is in Lesson 15.

8.2 The GWP set depends on the program: current status (September 2026)

Framework 100-year GWP set Note

GHG Protocol The latest IPCC values (AR6) The Version 2.0 table gives AR4, AR5 and ARG6 values. Consistency with a
are recommended single set within the same inventory and base year is expected

UNFCCC, Paris Agreement AR5 100-year values, or a Other metrics can be given as supplementary information, with the source

transparency framework later report agreed by the assessment report stated. AR5 is also the basis for inventory reporting

(decision 18/CMA.1, paragraph CMA under the Convention (decision 7/CP.27)

37)

EU CBAM AR5 100-year values The European Commission CBAM Guidance Document 3 states that AR5 is

used, in line with EU ETS legislation. Legislation may change, so the text in
force should be checked

Turkish national inventory The GWP set is not explicitly = The NID states the 2006 IPCC Guidelines as its method. We could not verify
(TurkStat, NID 2026) stated in the parts of the the GWP set for this material. If a comparison with inventory figures is



document that were read planned, the GWP set in the document should be checked

Customer, sector or voluntary Program rule If the program requires a specific set, follow it
program

The honest conclusion from this table is: AR6 is the current set recommended in corporate inventory guidance, but
international reporting and EU regulation can still use AR5 today. Which set applies depends on whom the organization
reports to.

8.3 Consistency rules

e Do not mix different IPCC assessment report sets at random within the same inventory.

e In the calculation sheet, instead of writing only GWP, state the IPCC set and version used.

e In base year and current year comparisons, manage the effect of a change in the GWP set.

e A ready-made COze factor already includes the GWP conversion. Do not assume that ready-made COze factors from
different sources rest on the same GWP set.

9. Two calculation paths: a direct CO:ze factor or gas-level factors

Path A: direct CO:ze factor Path B: gas-level factors and GWP

Factor kg CO2e per unit of activity. The effect of all relevant A separate factor for each gas (kg CO2/T), kg CH4/TJ, kg N2O/TJ)
gases is inside the factor

Calculation Activity data x factor = COze Activity data x factor of each gas = gas quantities. Then each gas x
GWP, sum of results = COze

GWP Not applied again Applied once within the calculation
When The data set or program gives ready-made COze The data set gives gases separately or the program asks for gas-

level reporting

Which path is used depends on the data set, the reporting program and the methodology of the source. The data
structure of the factor determines the calculation path, not the column headers in Excel.

9.1 Two faces of the same factor

For natural gas combustion in manufacturing industries, the IPCC 2006 Volume 2 Table 2.3 values are CO2 56,100, CH4 1
and N20 0.1 kg/T). With Path B, the gases are calculated separately for 1 T) of energy:

Gas Factor (kg/T)) GWP (AR6) Result (kg COze/T))
CO2 56,100 1 56,100

CHa 1 27.0 27

N20 0.1 273 27.3

Total 56,154.3

This total is equivalent to a ready-made CO:ze factor that could be used in Path A: 56,154.3 kg CO2e/TJ. Converted to kWh,
it is about 0.2022 kg CO2e/kWh on a net basis (56,154.3 + 277,777.8 kWh/TJ). Lesson 15 applies the same factors to
18.72 T) and finds 1,051.208 tCOz2e. When used correctly, the two paths give the same result.

9.2 Two big traps

Caution: do not apply GWP again to a factor that is already CO:e. If you multiply the 56,154.3 kg COz¢/T)
value above by the CHs GWP as if it were a gas, you get 1,516,166 kg CO2e/T]. The result is inflated twenty-seven
times and the inventory is seriously distorted.

Caution: a combustion factor and a factor that includes upstream emissions are not the same thing.
Adding a direct combustion factor and a life cycle factor that includes fuel production, refining and transport as two
separate lines, or adding one again while the other already includes it, creates double counting. Do not build a
calculation formula without reading the unit and the scope description of each factor.




10. Mini application: matching the right factor for Turkish electricity
consumption

This section is a 2023 reporting year example chosen only to show the method. Location-based and market-based
method detail is in Lessons 13 and 15. Here only the source difference in selecting a Turkish electricity factor is taught.

10.1 Data

The facility of Example Industry Inc. connected to the distribution line consumed 120,000 kWh of electricity in 2023
(training data). First the activity data is brought to the unit of the factor:

120,000 kwh + 1,000 kWh/MWh = 120 Mwh

10.2 ETKB 2023 factors

On its page Turkiye Electricity Generation and Electricity Consumption Point Emission Factors, ETKB gives three separate
factors:

Factor Value (tCO2e/MWh) System boundary
Turkiye electricity generation 0.434 Generation

Consumption point connected to the transmission line 0.436 Consumption point
Consumption point connected to the distribution line 0.469 Consumption point

The ETKB page states that the factors are calculated based on the methodology in the database documentation of the
International Energy Agency (IEA). Whether the consumption point factors include transmission and distribution losses is
not explicitly written on the page. So the system boundary note of the relevant document should be read before selecting
a factor.

10.3 Calculation

Factor Value Operation Result

Generation 120 MWh X 0.434 tCO2e/MWh (MWh cancels) 52.08 tCOze
Transmission consumption point 120 MWh X 0.436 tCO26/MWh (MWh cancels) 52.32 tCO2e
Distribution consumption point 120 MWh X 0.469 tCO2e/MWh (MWh cancels) 56.28 tCO2e

The distribution consumption point result is 4.20 tCOze (about 8.1%) higher than the result with the generation factor.
The mathematics of the calculation is simple. What is critical is that the factor is selected to fit the reporting year, the
connection type and the system boundary.

10.4 Which result for which purpose

o If a program or customer requirement asks for a consumption point factor, use 0.469 and 56.28 tCOze for
this facility connected to the distribution line. Do not add transmission and distribution effects separately.

o If the ISO 14064-1 Category 2 boundary is followed and there is no other requirement, use the
generation factor 0.434 and 52.08 tCOze, consistent with Lesson 15. The Category 2 boundary leaves transmission
and distribution losses out of scope.

e Record the choice, its reason and the factor passport in the calculation file. Do not report a result without stating
which factor was used.

10.5 The combined margin grid factor is a separate concept

The combined margin values of ETKB titled Tlrkiye National Electricity Grid Emission Factor are intended for avoided
emission calculations of renewable electricity projects. The Ministry states this purpose explicitly. These values are not
used as the consumption factor of an organization that consumes electricity from the grid. Even two reliable numbers
from the same institution can serve different purposes. The fact that the same ETKB page has different factors for
consumers connected to transmission and distribution lines also shows why a single Turkiye electricity factor by heart is
not enough.

10.6 Current status (September 2026): a year-dependent factor



These numbers are a 2023 method example. Do not use them as a permanent factor for 2026 or any other year.
On the ETKB page, at the time this material was prepared, the years 2020, 2021, 2022 and 2023 are listed and the
last update date of the page is 31.12.2025. In this check no published factor for 2024 was found. If the real
calculation belongs to 2024 or a later year, check the current official factor on the ETKB page and the applicable
program requirements. When the connection type and reporting year change, the factor to be used can change.
Always record these two pieces of information in the calculation file.

11. Data quality, traceability and uncertainty: the evidence chain before the
result

A good calculation is not only a result that looks right. Another expert must be able to reproduce the same result
reasonably. For this, every calculation line needs a data trail.

11.1 Data trail

Question Record

Where did the activity data come from? Invoice or meter number

Which months does it cover? Start and end of the period

Who provided it, who checked it? Data owner and approver

Where did the factor come from? Institution, year, version (factor passport)
What are the formula and conversions? Formula, coefficients and their sources
Was there a change? Change log

A reproducible calculation consists of: data, formula, source, version and evidence.
11.2 Simple quality checks

Simple checks often catch problems more common than complex model errors:

e Is the twelve-month period complete?

e Has the same invoice been entered twice?

¢ Have kilowatt-hours and megawatt-hours been mixed up?

e Has fuel stock or purchased quantity been taken as consumption?
e Are the unit and scope of the factor correct?

e Has rounding been done too early in intermediate calculations?

11.3 Uncertainty should not be hidden

This lesson does not go into numerical uncertainty formulas. Still, two sources of uncertainty should be recognized:

Source Example

Activity data uncertainty Instrument accuracy, estimation method, missing data

Factor and method uncertainty A general factor not fully representing the real facility

The IPCC Table 2.3 natural gas row is a guide to the size of factor uncertainty. The COz default is 56,100 kg/TJ while the
lower and upper bounds are 54,300 and 58,300 kg/TJ (about 3.2% down and 3.9% up). For CHa the default is 1 and the
bounds are 0.3 and 3 kg/TJ. A default value is not a single exact number, it is the centre of a range. Identifying which data
and methods are weaker is important for an improvement plan. ISO 14064-1 requires the assessment of uncertainty.

11.4 Missing data

When data is missing, the assumption or proxy data used must be clearly flagged. If three months of data are missing,
instead of automatically extending the average of the remaining nine months, note the following:

e Why this method was chosen.
e The seasonality risk.
e The possible effect on the result.



This way, when real data arrives next year, it is immediately clear which lines need updating. The purpose of your

calculation file is not only to produce a total but to show how the total was produced.

12. Common mistakes and the pre-calculation check

Using a correct number in the wrong place is the most common form of error.

Mistake

1. Unit error: kWh and MWh, kg and
tonne, litre and m? are mixed

2. Selecting a factor from the wrong
year or geography

3. Scope confusion: direct combustion
and upstream effects are mixed

4. Applying GWP again to a factor that
already gives COz2e

5. Mixing different IPCC GWP sets in
the same inventory

6. Confusing power with energy

7. Using an orphan factor with no
recorded source, year and scope

8. Selecting a factor independent of
the purpose of the inventory and
program rules

Why it is a problem

The result can be distorted a thousand times or more

The factor does not represent the activity. UK factors are not
automatically applied to Turkish electricity, nor US EPA factors

outside the USA

Adding both without noticing, or adding one again while the other

includes it, creates double counting

The same effect is multiplied a second time

Inconsistency, non-comparable results

MW and MWh are not the same

The result cannot be defended or reproduced

Wrong system boundary, wrong use

Correct approach

Do dimensional analysis, let
units cancel

Use the source that matches
the year and geography of the
activity

Read the system boundary of
the factor

Do not apply GWP to a ready-
made CO:ze factor

Use a single documented set,
follow the program
requirement

Use MWh as activity data

Keep a factor passport

Look at the program
requirement first

Three critical examples: Applying a UK electricity factor to Turkish consumption. Taking the combined margin grid

factor as a consumption factor. Applying GWP again to a COze factor.

12.1 Seven checks before starting a calculation

Source
Unit

Year
Geography

GWP set
Possible double counting

NousrwNE

This check takes a few minutes. Fixing a wrong inventory can take days.

12.2 Cross-checks

e Compare fuel consumption with purchase and stock movements.

Scope (system boundary and gases)

e Compare electricity with invoices and meters.
e Compare vehicle fuel with fleet records.

13. Verification with Python

The following code recalculates the numerical examples in this material.



from decimal import Decimal as D

# Section 10: electricity mini application
mwh = D(120000) / D(1000)
for factor in (D(434), D(436), D(469)):
print(mwh * factor / D(1000)) # 52.08 52.32 56.28

# Section 9.1: ready-made C02e factor from the gas-level path (kg C02e/TJ)
co2e tj = D(56100) * 1 + D(1) * D(27) + D(1) / D(10) * D(273)

print(co2e tj) # 56154.3

print(co2e_tj / (D(10) ** 12 / D(3600000))) # kg CO2e/kWh, net basis
print(D(1872) / D(100) * co2e_tj / D(1000)) # cross-check with Lesson 15, tC02e

# Section 7.2: kWh data on a gross basis

tj gross = D(3000000) / D(10600) * D(36) / D(10000)

tj net = tj gross * D(90) / D(100)

print(tj_gross, tj _net, tj_net * D(56100)) # 10.8 9.72 545292

# Section 6.3: Sm3 versus Nm3
print(D(100000) * D(27315) / D(28815)) # about 94794

# Section 3: stoichiometry
print((D(12011) + 2 * D(15999)) / (D(40078) + D(12011) + 3 * D(15999)))

Exercises (with answers)

Exercise 1: Error hunt
Find the errors in the following calculation lines.

Line What is the error? Correct version

120,000 kWh x 0.469 = 56,280 tCOze  Activity data is in kWh and the factor is per MWh. The unit 120 MWh x 0.469 = 56.28 tCOze
does not cancel and the result is a thousand times too large

56,154.3 kg CO2¢e/T) x 27.0 (CHs GWP) GWP applied again to a ready-made COze factor The factor already gives a COze

result. GWP is not applied
Contracted capacity 2 MW x 8,760 Power used in place of energy. This value is only a Annual consumption is taken from
hours = 17,520 MWh annual theoretical upper limit the meter and invoice

consumption

DESNZ 2026 electricity factor for a A factor designed for UK activities The ETKB Turkiye factor is selected

facility in Tarkiye to fit the year and connection type

Combined margin grid factor for a The factor is for avoided emission calculations Generation or consumption point

facility that consumes grid electricity factor, according to the program
rule

The 2023 factor (0.469) used in a 2025 The factor depends on the year The current official factor for 2025

calculation is checked

Exercise 2: Factor selection

The customer of a facility connected to the distribution line requires the ETKB consumption point factor in its supply chain
report. Which 2023 factor applies?

Answer: The program requirement takes priority. For a facility connected to the distribution line, 0.469 tCO2e/MWh
applies. Transmission and distribution effects are not added separately. The choice and its reason are written in the factor
passport.

Exercise 3: Volume condition

A supplier reports gas consumption of 200,000 Sm3 (15 °C). The density data is given for Nm3 at 0 °C. Which volume
should be used in the calculation?

Answer: Bring the volume to the same condition: 200,000 x 273.15 + 288.15 = 189,589 Nm3. Using the Sm3 number
directly as Nm3 would give a mass about 5.5% too high. The supplier's Sm3 definition should be recorded.



Exercise 4: The right table

An organization burning natural gas in a commercial building should use 5 kg/T) from the commercial and institutional
row for CHa, instead of the 1 kg/T) from the manufacturing industries row. What is the total COze for 1 T) and what is the
difference?

Answer: 56,100 + 5 x 27.0 + 0.1 x 273 = 56,262.3 kg CO2¢/T]. Since the manufacturing industries value is 56,154.3,
the difference is 108 kg CO2e/T), about 0.19%. The difference is small, but the discipline of using the right table is still
necessary.

Summary

e Activity data is not a carbon result, it is the measure of the activity. Value, unit, period, source and data owner are
recorded together.

e Activity data x emission factor is the most common quantification path. Direct measurement, mass balance and
stoichiometry are also alternatives. A method change is recorded.

e An emission factor is not a universal number. Activity, geography, year, unit, gas coverage, system boundary and
life cycle stages are checked with seven checks.

e In factor selection, first comes the program or regulatory requirement, then the best representing high-quality
specific or official data, and lastly reliable international default data. A source passport is kept for every factor.

e Unit matching is an invisible quality check. MW is power, MWh is energy. Nm3 and Sm3, net and gross calorific value
are not mixed.

e Density and NCV are needed only if the factor is energy based and the data is not in an energy unit.

e In gas-level calculation, gases are calculated separately and converted to COz2e with GWP. GWP is not applied a
second time to a ready-made CO:e factor. The GWP set stays consistent within an inventory.

e ARG is the current set recommended by the GHG Protocol. UNFCCC and EU CBAM use AR5. The program
requirement takes priority.

e For Turkish electricity, the ETKB generation factor (0.434) and the transmission (0.436) and distribution (0.469)
consumption point factors are different system boundaries. For 120 MWh the results are 52.08, 52.32 and 56.28
tCO2ze. The combined margin factor is not a consumption factor. The factor depends on the year.

e A calculation is considered together with its evidence chain: data, formula, source, version and evidence.

Knowledge check (with answers)

1. What is activity data and which five questions should a data record answer? Answer: It is the measure of an
activity associated with emissions, not a carbon result. Value, unit, period, source document and data owner are
recorded.

2. Is activity data x factor the only quantification method? Answer: No. It is the most common path, but
alternatives such as direct measurement, mass balance and stoichiometry exist. The choice depends on the source, data
quality and program rules.

3. Which seven things are checked before using a factor? Answer: Activity and technology, geography, year and
version, unit, greenhouse gases covered, system boundary, life cycle stages.

4. What is the decision order in factor selection? Answer: First the program or regulatory requirement. Then the
high-quality specific or official data that best represents the activity. If neither exists, reliable international default or
proxy data.

5. Does a 2 MW contracted capacity give annual electricity consumption? Answer: No. MW is power and MWh is
energy. Consumption is taken from the meter.

6. When are the density and NCV steps unnecessary? Answer: When the factor gives COze directly on a volume or
mass basis, or when the activity data already comes in an energy unit consistent with the factor. They are needed when
the factor is energy based, such as kg/TJ, and the data is volume or mass.

7. Is GWP applied to a ready-made CO:ze factor? Answer: No. The GWP conversion is already done inside the factor.
Applying it again multiplies the same effect a second time.

8. Which GWP set do the GHG Protocol, UNFCCC and EU CBAM use? Answer: The GHG Protocol recommends the
latest IPCC values (AR6). The UNFCCC Paris Agreement transparency framework uses AR5 100-year values. The EU CBAM
guidance states that AR5 is used. The program requirement takes priority.



9. For 120 MWh, what are the results with the 2023 ETKB generation and consumption point factors?
Answer: Generation, 0.434 gives 52.08 tCOze. Transmission consumption point, 0.436 gives 52.32 tCOze. Distribution
consumption point, 0.469 gives 56.28 tCOz2e. Which one is used depends on the program requirement and the system
boundary.

10. Why is the ETKB combined margin grid factor not used as a consumption factor? Answer: It is for avoided
emission calculations of renewable electricity projects, not the factor of a grid consumer.

Glossary of key concepts (TR - EN)

Turkge English

faaliyet verisi activity data

emisyon faktoru emission factor

karbondioksit esdegeri (COze) carbon dioxide equivalent (COze)

kiresel 1Isinma potansiyeli (KIP) global warming potential (GWP)

net kalorifik deger (NKD), alt i1sil deger net calorific value (NCV), lower heating value
brit kalorifik deger, Ust i1sil deger gross calorific value (GCV), higher heating value
yogunluk density

dogrudan 6lgim direct measurement

kitle denkligi mass balance

stokiyometri stoichiometry

hesaplama tabanh yéntem calculation-based method

faktor pasaportu factor passport (factor record card)

hazir COze faktori ready-made CO:ze factor

boyut analizi, birim iptali dimensional analysis, unit cancellation
normal metrekip (Nm3), standart metrekip (Sm3) normal cubic metre (Nm?3), standard cubic metre (Sm?3)
Uretim faktoru generation factor

tiketim noktasi faktori consumption point factor

birlesik marj sebeke faktoru combined margin grid factor

kaginilan emisyon avoided emissions

yukari yonli emisyonlar upstream emissions

cift sayim double counting

izlenebilirlik, veri izi traceability, audit trail

belirsizlik uncertainty

konum temelli / piyasa temelli yontem location-based / market-based method

sera gazl envanteri GHG inventory

Sources and currency note

e |SO 14064-1:2018, Greenhouse gases, Part 1: Specification with guidance at the organization level for quantification
and reporting of greenhouse gas emissions and removals. According to the ISO page it was confirmed in 2024 and a
revision (ISO/WD 14064-1.2) is under development. https://www.iso.org/standard/66453.html

e ISO/TS 14064-4:2025, Greenhouse gases, Part 4: Guidance for the application of ISO 14064-1. Example and case
factors in such documents are illustrative only.

e IPCC, 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 2 Energy: Chapter 1 Table 1.2 (default
NCV, difference between NCV and gross value) and Chapter 2 Tables 2.2, 2.3, 2.4 (stationary combustion default
factors). https://www.ipcc-nggip.iges.or.jp/public/2006gl/

e IPCC, 2019 Refinement to the 2006 IPCC Guidelines for Natlonal Greenhouse Gas Inventories. It updates and
complements the 2006 Guidelines. https://www.ipcc-nggi

e IPCC, Emission Factor Database (EFDB). https://www.ipcc-n .

e GHG Protocol, IPCC Global Warming Potential Values, Version 2.0, 7 August 2024. ttgs //ghgprotocol.org

e GHG Protocol, Corporate Accounting and Reporting Standard and calculation tools. https://ghgprotocol.org



https://www.iso.org/standard/66453.html
https://www.ipcc-nggip.iges.or.jp/public/2006gl/
https://www.ipcc-nggip.iges.or.jp/public/2019rf/
https://www.ipcc-nggip.iges.or.jp/EFDB/main.php
https://ghgprotocol.org/
https://ghgprotocol.org/

. UNFCCC decision 18/CMA.1 (Parls Agreement transparency framework paragraph 37) and deC|S|on 7/CP.27. https://

sparency/common-metrics

e European Commission, CBAM Guidance Document 3: CBAM methods for the calculation of emissions embedded in
goods. https://taxation-customs.ec.europa.eu/carbon-border-adjustment-mechanism_en

o UK DESNZ, Greenhouse gas reporting: conversion factors 2026 (11 June 2026). https://www.gov.uk/government/pub

lications/greenhouse-gas-reporting-conversion-factors-2026
e US EPA, GHG Emission Factors Hub (2025 edition) and Simplified GHG Emissions Calculator. https://www.epa.gov/cli

mateleadership/ghg-emission-factors-hub

o ADEME, Base Empreinte (formerly Base Carbone). French public factor database.

e ecoinvent Association, ecoinvent database version 3.12 (November 2025). https://support.ecoinvent.org/ecoinvent-v
ersion-3.12

e Republic of Turkiye Ministry of Energy and Natural Resources, Tlrkiye Electricity Generation and Electricity
Consumpt/on Point Emission Factors (2023: generatlon 0. 434 transmission 0. 436 distribution 0.469 tCO2e/MWh). ht

. Republlc of Turklye Ministry of Energy and Natural Resources, Tlrkiye National Electricity Grid Emission Factor
information form (combined margin values are intended for avoided emission calculations of renewable projects).
e TurkStat, Greenhouse Gas Inventory of Tlrkiye 1990-2024, National Inventory Document 2026. https://unfccc.int/sit

es/default/files/resource/TUR_NID_2026.pdf
e SATSO-SUBU Training Program, definition of the aim and content of Lesson 11.

Currency note: Information is current as of September 2026. Factors, the GWP set and program requirements change
annually or periodically. The ETKB page lists the years 2020 to 2023 and no 2024 factor appears there as of September
2026. For the GWP set used in the Turkish national inventory, the national inventory document should be consulted. In a
real inventory study, official sources and program rules should be checked again. All numerical examples in this material
are training data.
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https://enerji.gov.tr/evced-cevre-ve-iklim-elektrik-uretim-tuketim-emisyon-faktorleri
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