DERS 15: Uygulama 1: Dogal Gaz ve Elektrik Emisyon
Hesabi

Lesson 15: Application 1: Natural Gas and Electricity Emission Calculation

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

Kinye Aciklama

Hedef kitle Universite 6grencileri ile sanayi kuruluslarinda calisan teknik ve idari personel

Bu materyalin  Dogal gaz (Kategori 1) ve satin alinan elektrik (Kategori 2) tiketim verisinden tCOze sonucuna adim adim hesap
kapsami

Ornek yil 2023 yontem 6rnegi (tum sayilar egitim verisidir, gergek sirket verisi degildir)

ilgili dersler Ders 13 (elektrikte konum ve piyasa temelli yontem), Ders 16 (akaryakit, arag, sogutucu ve yangin gazi), Ders 17 (tasima,
hammadde, atik), Ders 18 (ISO 14064-1 raporu ve dogrulama)

Bilgi glincelligi = Eylll 2026

Ogrenme ciktilari

Bu materyali tamamlayan katilimci sunlari yapabilir:

e Dogal gaz ve elektrik tiketim verisini hesaba girmeden énce dogrular.

e Dogal gazi hacimden kitleye, kitleden enerjiye cevirir ve COz, CHa, N2O emisyonlarini ayri ayri hesaplar.

e Gaz bazli sonuglar KIP ile COze'ye dénustirir ve dogal gaz toplamini bulur.

o Elektrik tiketimini kWh'den MWh'ye cevirir ve ISO 14064-1 Kategori 2 sinirina ve raporlama yilina uygun faktoru
seger.

e Her hesap satirinda birim iptalini gésterir ve sonucu yalnizca iki kaynak igin dogru yorumlar.

e Sik yapilan sekiz hatayi tanir ve duzeltir.

1. Fatura verisinden tCO:ze sonucuna

Onceki derslerde kaynaklari siniflandirdik ve faaliyet verisi ile emisyon faktéri mantigini kurduk. Bu derste Ornek Sanayi
A.S. icin dogal gaz ve satin alinan elektrik tiketimini tCOz2e sonucuna doénulstlriyoruz.

iki kaynak ayni fabrikanin enerji kullanimiyla ilgilidir, ancak ayni kategoride degildir.

Kaynak Nerede olusur 1SO 14064-1 kategorisi
Dogal gaz (kazan, firin) Kurulus siniri iginde, dogrudan sabit yanma Kategori 1 (dogrudan emisyon)
Sebekeden satin alinan elektrik Baska bir yerde Uretilir Kategori 2 (ithal enerjiden dolayli emisyon)

Hesabin matematigi zor degildir. Zor olan, dogru veriyi dogru birim ve dogru faktérle eslestirmektir. Temel formal iki
kaynakta da aynidir:

Emisyon = Faaliyet verisi x Emisyon faktori
Dogal gazda hacimden kitleye, kitleden enerjiye ve gaz bazli emisyonlara gideriz. Elektrikte tiketimi MWh'ye cevirir ve

sistem sinirina uygun resmf faktorle eslestiririz. Her adimda birimler goértntr kalir, ciinkU iyi bir karbon hesabi yalnizca
sonuc sayisi degil, yeniden Uretilebilir bir hesap zinciridir.

Hesap zinciri:

Dogal gaz: Nm3* - kg -» Gg » TJ -» kg gaz - kg CO2e - tCOze
Elektrik: kWh - MWh - tCO:e

2. Ornek veri seti ve hesap sinir

Asagidaki tim degerler 2023 yontem 6rnedi igindir. Bunlar egitim verisidir, gercek sirket verisi ya da zorunlu deger
degildir. Gercek hesapta glincel ve uygun veri kontrol edilir.



Girdi Deger Birim Kaynak ve not

Duzeltilmis dogal gaz 500.000 Nm3 Egitim verisi

tuketimi

Dogal gaz yogunlugu 0,78 kg/Nm?3 Yalnizca egitim varsayimi, evrensel sabit degildir

Net kalorifik deger (NKD) 48 T)/Gg IPCC 2006, Cilt 2, Tablo 1.2 varsayilani

CO2 emisyon faktori 56.100 kg/T) IPCC 2006, Cilt 2, Tablo 2.3, imalat sanayii ve insaat,

dogal gaz

CHa4 emisyon faktori 1 kg/T) IPCC 2006, Cilt 2, Tablo 2.3, ayni satir

N20 emisyon faktori 0,1 kg/T) IPCC 2006, Cilt 2, Tablo 2.3, ayni satir

KIP (ARG, 100 yil) CO:2 = 1, yanma kaynakli CHs = 27,0, boyutsuz IPCC AR6 WG1 Tablo 7.15, GHG Protocol KIP tablosu
N20 = 273 (Strdm 2.0)

Satin alinan elektrik 1.250.000 kWh Egitim verisi

Elektrik faktora (ISO 0,434 tCO2e/MWh = ETKB 2023 Turkiye geneli elektrik Gretim faktoru

Kategori 2)

Bu derste sunlar hesaba katilmaz:

e Dogal gazin ¢ikarilmasi, islenmesi ve tasinmasi gibi yukari yonla yakit zinciri emisyonlari. Kategori 1 hesabinda
yalnizca yanma emisyonu vardir.

e Motorin, benzin, LPG, arac, sogutucu ve yangin gazi (Ders 16) ile tasima, hammadde ve atik (Ders 17).

e Piyasa temelli elektrik hesabi. Yalnizca sinir uyarisi verilir.

Dikkat: Yogunluk 0,78 kg/Nm? bir egitim varsayimidir. Dogdal gazin yogunlugu gaz bilesimine, sicaklik ve basing
referansina ve tedarikgi verisine gore degisir. Bu degeri her sirket ve her yil icin gecerli bir dogal gaz sabiti gibi
kullanmayin.

Dikkat: 48 T)/Gg de bir varsayilan degerdir. Raporlama programi farkh bir deder istiyorsa ya da glvenilir
tedarikgi veya Ulke verisi varsa 6nce onu degerlendirin. Varsayilan degeri otomatik kullanmayin.

3. Dogal gaz tuketim verisini hazirlamak

Sayl carpmadan 6nce faaliyet verisi dogrulanir.

e Yillik toplam on iki ayhk faturayi kapsiyor mu?

e Sayac degisimi, tahmini okuma ya da sonradan yapilan dizeltme var mi?

e Veri yalnizca bu tesise mi ait? Baska tesis faturalari karismis olabilir.

e Bir aylik fatura iki donemi kapsiyor mu? Yillik toplam yalnizca matematiksel olarak degil, dénem olarak da
uzlastiriimahdir.

Hacim birimine dikkat. Sayacta gortlen metrekip (m3) ile standart kosullara dizeltilmis normal metrekip (Nm3) ayni
kavram degildir. Hangi hacmin kullanildigini belgelemeden yogunluk uygulamak gériinmeyen bir birim hatasi yaratir. Bu
ornekte dizeltilmis 500.000 Nm3 dogrudan verilmistir.

Hesap yolunu veriye gore secgin. Glvenilir fatura ya da enerji yénetim sistemi dodal gazi zaten enerji biriminde (kWh
veya TJ) veriyorsa hacimden kiitleye ve tekrar enerjiye donmek gerekmez. Bu dersin hacim, kltle, enerji yolu yogunluk ve
alt 1sil deger adimlarini uygulamali gostermek icin secilmistir. Faturada hacim dizeltme katsayisi ya da enerjiye donisim
bilgisi varsa bu alanlarin neyi temsil ettigini kaydedin.

iyi uygulama: Veri hazirlama dosyasinda ham fatura degeri ile hesapta kullanilan diizeltiimis degeri ayri siitunlarda
tutun. Sonraki dogrulamada buyuk kolaylk saglar.

4. Adim 1: Nm3'ten kutleye

Sonraki adimda kullanacagimiz NKD, TJ/Gg biciminde verilir. Bu nedenle 6nce hacmi kiitleye ceviririz. Birimler hangi
dénusimin gerektigini soyler.



Deger Birim islem Sonug

500.000 Nm3 x 0,78 kg/Nm?3 (Nm?3 birimi iptal olur) 390.000 kg
390.000 kg + 1.000 kg/t 390t
390.000 kg + 1.000.000 kg/Gg 0,390 Gg

500.000 Nm* x 0,78 kg/Nm? = 390.000 kg = 390 t = 0,390 Gg

Sonuca ulasirken Nm? birimi kaybolmuyorsa formulde sorun vardir. Yogunlugun kaynagdini da kayda alin.
5. Adim 2: Kutleden enerjiye, alt isil degeri uygulamak

Deger Birim islem Sonug

0,390 Gg X 48 T)/Gg (Gg birimi iptal olur) 18,72 T)
0,390 Gg x 48 TJ/Gg = 18,72 TJ

Bu sayi artik emisyon faktorlerinin paydasindaki TJ birimiyle uyumludur. Fiziksel karsiligi yaklasik 5,2 GWh yakit enerjisidir
(18,72 T) + 3,6 TJ/GWh).

Sik yapilan hatalar:

o Alt i1sil degeri her durumda zorunlu donlisim sanmak. Faaliyet verisi zaten enerji cinsindeyse bu dontisim
tekrarlanmaz.

o Ustsil deger ile alt 1sil degeri karistirmak. Faktor net kalorifik esasla verilmisse faaliyet verisi de ayni enerji
temelinde olmahdir.

6. Adim 3: COz, CHa ve N20'yu ayri hesaplamak

Her sera gazi kendi emisyon faktériyle hesaplanir. Ug gaz ayni fiziksel madde degildir ve KIP déniisiimii bir sonraki
adimda yapllir.

Gaz Deger Birim islem Sonug

CO: 18,72 T x 56.100 kg CO2/T) (T] iptal olur) 1.050.192 kg CO2
CHa 18,72 T X 1 kg CHa/TJ (T] iptal olur) 18,72 kg CHa
N20 18,72 T % 0,1 kg N2O/TJ (T] iptal olur) 1,872 kg N20

Kalite kontroll olarak birime bakin. TJ faaliyet verisi, kg/T) faktoérlyle carpildiginda TJ iptal olmali ve kg gaz kalmalidir.

Dikkat: Faktor tablosunun kaynak kategorisi sonucu degistirir. IPCC 2006 Cilt 2 Bolium 2'de dogal gaz igin CHa
varsaylilani tabloya gore farkhdir. Enerji endustrileri (Tablo 2.2) ve imalat sanayii ve insaat (Tablo 2.3) icin 1 kg/T]J,
ticari ve kurumsal (Tablo 2.4) icin 5 kg/TJ'dir. Bu 6rnek imalat sanayii oldugundan 1 kg/T) kullanilir. CO2 ve N20O
degerleri bu tablolarda aynidir (56.100 ve 0,1 kg/T)). Tablolardaki r isareti, dederin 1996 Kilavuzu'na gore revize
edildigini gosterir.

7. Adim 4: KIP ile COze'ye doniisim ve dogal gaz toplami

Bu 6rnekte AR6 yuz yillik KIP seti kullanilir. CO2z igin KIP = 1'dir.

Yanma metani icin 27,0 kullanilir. GHG Protocol KIP tablosu (Striim 2.0, 7 Agustos 2024), 29,8 degderini fosil kaynakh
kacak ve proses emisyonlari icin verir. Yanma emisyonlarinda CHa icin 27,0 kullanilir, giinki metanin atmosferde CO2'ye
yukseltgenmesi yanma CO:'sinde zaten hesaplanir. 29,8 uygulamak ayni etkiyi ikinci kez saymak olur.

Gaz Deger Birim islem Sonug

CO: 1.050.192 kg CO2 x 1 kg COze/kg CO2 1.050.192 kg COze



CHa 18,72 kg CHa x 27,0 kg COze/kg CHa 505,44 kg COze

N20 1,872 kg N20 x 273 kg CO2e/kg N20 511,056 kg CO2ze
Toplam 1.050.192 + 505,44 + 511,056 1.051.208,496 kg COze
Toplam (ton) 1.051.208,496 kg COze + 1.000 kg/t 1.051,208 tCO:ze

Dogal gaz (Kategori 1) sonucu: 1.051,208 tCO:ze. Yuvarlama yalnizca son adimda yapilmistir.

Sonucun yapisi 6greticidir. CO2 pay! yaklasik %99,90, CH4 pay! yaklasik %0,05, N20 payi yaklasik %0,05'tir. Bu ylzden
CHa faktori ya da KIP secimi toplami ¢cok az degistirir, ama dogru tablo ve dogru KIP disiplini yine de gereklidir.

Kural: Once gaz miktarini dogru faktérle hesaplayin, sonra secilmis KIP setini tutarli uygulayin. Emisyon faktéri zaten
CO:ze cinsindeyse KIP'yi ikinci kez uygulamayin. Raporlama programi farkli bir IPCC degerlendirme raporu ya da deger
seti zorunlu tutuyorsa program sarti 6nceliklidir. Tek envanterde setleri karistirmayin.

8. Dogal gaz hesabinin kalite kontrolu
Zinciri geriye dogru izleyin:
500.000 Nm3 - 0,390 Gg - 18,72 TJ - CO2, CHs, N20 - 1.051,208 tCO:ze

Dort kontrol yeterlidir:

Faaliyet verisi: Raporlama doneminin gergek tiketimini mi temsil ediyor?
Birim: Hacim, kutle ve enerji déntdsumlerinde birimler birbirini gétlriyor mu?
Faktor: Dogru yakitin ve dogru kaynak kategorisinin faktérd ma kullanildi?
KIP: Tek ve belgeli bir degerlendirme raporu seti mi uygulandi?

PwWwiNH

Uzun hesap yolu bir amac degildir. Faaliyet verisi glvenilir bicimde enerji biriminde hazirsa yogunluk ve NKD adimlarini
tekrar etmek gereksizdir. Yalnizca hacim verisi varsa kullanilan yogunluk ve enerji donlisiminin kaynagi gorindr
olmalidir. Profesyonel hesap, en uzun formil degil, veri yapisina uygun, siniri acik ve baskasi tarafindan yeniden
Uretilebilen formaldar.

9. Elektrik tiiketim verisini hazirlamak

Elektrikte de ilk is faktdr degil, faaliyet verisidir. Ornekte raporlama dénemindeki satin alinan elektrik 1.250.000 kWh'tir.
Sunlari kontrol edin:

e Toplam on iki aylik faturayi kapsiyor ve ayni tesisin sayaclariyla uzlasiyor mu?

e Raporlama sinirindaki butun ilgili sayaglar dahil mi?

e Ana sayag toplami ile alt sayac toplami farkli amaclara hizmet eder. Alt sayaclar hangi prosesin ne kadar
kullandigini gésterir. Ayni tiketimi hem ana sayactan hem alt sayaglardan eklemeyin.

o Kendi elektrikli forkliftinizin, kompresorinizin ya da elektrikli aracinizin sarji bu sayacgtaysa, bu tiketim zaten
Kategori 2 faaliyet verisinin parcasidir. Ayrica bir kez daha eklemek cifte sayim olur.

Elektrik veri dosyasinda tesis, sayag, donem, miktar, birim ve baglanti tirtGna birlikte tutun.

10. kWh'den MWh'ye dénusum

ETKB Uretim faktorinln paydasinda MWh vardir. Faaliyet verisi de MWh olursa birimler dogrudan birbirini gotrar.

Deger Birim islem Sonug

1.250.000 kWh + 1.000 kWh/MWh (kWh iptal olur) 1.250 MWh

1 Mwh = 1.000 kWh
1.250.000 kWh + 1.000 kWh/MWh = 1.250 Mwh



Sik yapilan hata: kWh ile MWh'yi karistirmak sonucu bin kat bozar. Ornegin 1.250.000 sayisini dogrudan
0,434 ile carpmak 542.500 verir. Dogru sonuc¢ 542,50'dir.

Dikkat: MW glgctiir, MWh enerjidir. MW belirli bir anda ya da kapasite dlizeyinde glict ifade eder. MWh eneriji
miktaridir ve karbon hesabinda faaliyet verisi olarak kullanilan bayukltktir. S6zlesme glcunl ya da kurulu gict yilhk
tuketim sanmak ciddi bir hatadir.

11. Elektrik emisyon faktoriunu secmek

Burada yalnizca resmi bir sayi bulmak yetmez. Faktér hem yila hem sistem sinirina uygun olmaldir.
11.1 ETKB 2023 faktorleri

ETKB, Tirkiye Elektrik Uretimi ve Elektrik Tiiketim NoktasI Emisyon Faktérleri sayfasinda 2023 icin su degerleri verir:

Deger (tCOz2e/MWh) Sistem siniri Bu derste kullanim

Tlrkiye geneli brit elektrik Uretimi (ortalama) 0,434 Uretim ISO Kategori 2 hesabinda kullanilir
iletim hattindan bagl tiiketim noktasi 0,436 Tuketim noktasi = Kullanilmaz, yalnizca sinir farkini géstermek igin
Dagitim hattindan bagh tiketim noktasi 0,469 Taketim noktasi  Kullanilmaz, yalnizca sinir farkini géstermek igin

TSE'nin 1ISO 14064-1 egitim materyaline gore Kategori 2, ithal edilen elektrigin Uretiminden kaynaklanan emisyonlari
kapsar. iletim ve dagitimla iliskili emisyonlar bu kategorinin disindadir. 1ISO 14064-1:2018 Ek B.3.1 de ayni siniri koyar:
Uretim santralinin kapisina kadar yakitin yukari yonli emisyonlari, santral insaati ve iletim ve dagitim kayiplarina ayrilan
emisyonlar Kategori 2'ye dahil degildir. Bu nedenle bu derste lretim faktorl 0,434 kullanilir.

Dikkat: Ayni sayi ailesi, farkl sistem sinirlari. 0,436 ve 0,469 tiketim noktasi faktorleridir. Bunlari ISO Kategori
2 Uretim faktorlyle ayni sey gibi sunmayin. Tlketim noktasi faktdri secilirse iletim ve dagitim etkilerini ayrica
ekleyerek ¢ift sayim yapmayin.

Birlesik marj sebeke faktori ayri bir kavramdir. ETKB'nin Ulusal Elektrik Sebekesi Emisyon Faktort formundaki bu
deger, yenilenebilir enerji projelerinin kacinilan emisyon hesabina yoneliktir ve sebekeden elektrik tiketen bir kurulusun
hesabinda kullaniimaz.

Faktor secim kartinda kaynak kurum, yil, faktor tird, birim ve sistem siniri birlikte tutulmalidir. Hesap dosyasina yalnizca
elektrik faktéri yazmak yetersizdir.

11.2 1SO 14064-1 Kategori 2 ile GHG Protocol Kapsam 2 farki

iki cerceve cogu zaman es anlamli kullanilir, ancak tam olarak ayni degildir.

Konu 1SO 14064-1:2018 Kategori 2 GHG Protocol Kapsam 2

Kapsam ithal enerjinin (elektrik, buhar, 1sitma, sogutma, basingli hava) Satin alinan ve tuketilen elektrik, buhar, 1sitma ve
Uretiminden kaynaklanan dolayli emisyonlar sogutmanin Gretiminden kaynaklanan emisyonlar

iletim ve Kategori 2'nin disinda (Ek B.3.1) Kapsam 2'nin disinda, son kullanici igin Kapsam 3

dagitim Kategori 3 icinde raporlanir

kayiplari

Yontem Konum temelli sonug esas alinir. Piyasa temelli sonug istege 2015 Kapsam 2 Rehberi, konum temelli ve piyasa temelli
bagh ek bilgidir (ISO 14064-1 madde 6.3 ve 9.3.3) sonugclarin ikisinin de raporlanmasini ister

Yapi Alti kategori Uc kapsam

Kurulus siniri Kurulusun belgeledigi ve gerekgelendirdigi yaklasim Sermaye payi, finansal kontrol ya da operasyonel kontrol

iki cercevenin kavramsal siniri iletim ve dagitim kayiplari acisindan biylik élciide értiisir. Asil fark raporlama
kurallarindadir. Bu ylzden ETKB tliketim noktasi faktérlerinin hangi cercevede kullanilabilecegdi, faktérin iletim ve dagitim
etkilerini icerip icermedigine ve raporlama programinin kuralina baghdir. Bu sinir sorusunu hesabi yapmadan énce
yanitlayin ve segimi belgeleyin. Bu derste ISO Kategori 2 gercevesi korunur ve 0,434 kullanilir.



Piyasa temelli yontem uyarisi: YEK-G gibi sézlesmesel bir arag varsa bu dersteki konum temelli sonucu silmeyin.
Piyasa temelli sonu¢ ayrica hesaplanacaksa Ders 13'teki sdzlesmesel arag, itfa, dénem ve eslesmeyen tiiketim
kurallarini uygulayin. Otomatik sifir emisyon varsaymayin.

11.3 Giincel durum (Eyliil 2026): yila bagh faktor

Elektrik faktorii raporlama yilina bagh bir veridir. 0,434 degeri 2023 6rnegidir. Gelecek yillara sabit faktor gibi
tasinmaz.

ETKB sayfasinda bu materyalin hazirlandigi tarinte 2020, 2021, 2022 ve 2023 yillari icin faktorler listelenmistir.
Sayfanin son glincelleme tarihi 31.12.2025'tir. Bu kontrolde 2024 yilina ait yayimlanmis bir faktér bulunamamistir.
ETKB daha yeni bir yil yayimlamis olabilir ya da yayimlayacaktir. Gercek hesap 2024 ya da sonraki bir yila aitse
glncel resmi faktori ETKB sayfasindan kontrol edin ve bu materyaldeki sayiyi kullanmayin.

Faktorin yilla degistigini gosteren 6rnek: ETKB bilgi formlarinda Tirkiye geneli Gretim faktor( 2020 icin 0,440, 2021
icin 0,439 tCO2e/MWh olarak yer alir. Formlarda yalnizca CO: cinsinden degerler de verilebilir. Hesapta COze degerini
secin.

12. Elektrik emisyonunu hesaplamak

Deger Birim islem Sonuc

1.250 MWh x 0,434 tCO2e/MWh (MWh iptal olur) 542,50 tCO:ze
1.250 Mwh x 0,434 tCOz2e/MWh = 542,50 tC0:ze

Elektrik (Kategori 2, konum temelli, 2023 yéntem 6rnegi) sonucu: 542,50 tCO:e.

Bilgi amacli karsilastirma, bu dersin sonucu degildir: tiketim noktasi faktorleriyle ayni tiiketim 1.250 x 0,436 = 545,00 ve
1.250 x 0,469 = 586,25 tCOze verirdi. Fark, sistem siniri farkindan gelir. Bu degerler Kategori 2 hesabina karistiriimaz.

13. Sonuclar birlikte yorumlamak

Kategori Faaliyet verisi Faktor Sonug (tCOze)
Dogal gaz 1 500.000 Nm? (18,72 TJ) IPCC Tablo 2.3, AR6 KIP 1.051,208 %66,0
Satin alinan elektrik 2 1.250 MWh ETKB 2023 Uretim 0,434 542,500 %34,0
iki kaynak toplami 1.593,708 %100

1.051,208496 + 542,500 = 1.593,708496 tCO2e = 1.593,708 tCO:e
Dogal gaz payi = 1.051,208496 + 1.593,708496 = %65,96
Elektrik payi = 542,500 + 1.593,708496 = %34,04

Bu karsilastirma yalnizca bu iki enerji kalemi iginde hangi kaynagdin daha buyuk etki yarattigini gésterir. Dogal gaz
verimliligi ya da yakit donisim( Kategori 1'i, elektrik verimliligi Kategori 2'yi dogrudan etkiler.

Dikkat: Bu toplam kurulusun toplam karbon ayak izi degildir. Araclar, proses emisyonlari, sogutucu gazlar,
ulasim, iletim ve dagitim gibi diger dolayli etkiler, satin alinan malzemeler, atiklar ve baska kaynaklar bu iki hesabin
disinda olabilir. 1.593,708 tCOze yalnizca bu dogal gaz ve Kategori 2 elektrik uygulamasinin toplamidir. Tim ISO
14064-1 envanteri gibi sunulmamalidir.

Yillar arasi yorumda faaliyet verisi ile faktor etkisini ayirin. Dogal gaz emisyonundaki degisim tiketimden, yakit
Ozelliginden ya da faktor ve KIP giincellemesinden gelebilir. Elektrik emisyonundaki degisim tiketimden ve yillik Gretim
faktoriinden gelebilir. Yonetim 6zetinde yalnizca tCOze degil, temel faaliyet verisi ve kullanilan faktér de gorintr
olmahdir.



14. Python ile dogrulama

Asagidaki kod bu materyaldeki tim sayilari yeniden hesaplar.

from decimal import Decimal as

hacim = D(500000) #
yogunluk = D(78) / D(100)

nkd = D(48) #
kg = hacim * yogunluk #
gg = kg / D(10%*6) #
tj = gg * nkd #
co2 = tj * D(56100) #
chd = tj * D(1) #
n2o = tj * D(1) / D(10)

Nm3
# kg/Nm3,
TJ/Gg

egitim varsayimi

390000 kg
0,390 Gg
18,72 TJ

1050192 kg
18,72 kg
# 1,872 kg

co2e kg = co2 * 1 + ch4 * D(27) + n20 * D(273)

gaz_t = co2e kg / D(1000)

mwh = D(1250000) / D(1000)

# 1051,208496 t

# 1250 Mwh
elektrik_t = mwh * D(434) / D(1000)

# 542,5 t

toplam = gaz_t + elektrik t # 1593,708496 t
print(tj, co2, ch4, n2o, co2e kg, gaz t, elektrik t, toplam)

Ahstirmalar (cevaplariyla)

Alistirma 1: Hata avcisi

Asagidaki sekiz hatayi bulun ve dlizeltin. Cevaplar tabloda verilmistir.

Hata

1. Eksik fatura aylariyla yillik toplam
olusturmak

2. m3ile Nm3'G ayni kabul etmek

3. Yogunlugu her kaynak igin degismez sabit
sanmak

4. NKD ile emisyon faktérunin enerji temelini
uyumsuz kullanmak

5. IPCC'de yanhs kaynak kategorisinin CH4 ya
da N20 faktérini segmek

6. Yanma metanina 29,8 KIP uygulamak

7. kWh ile MWh'yi karistirmak

8. Elektrik faktérinde Uretim ile tiketim
noktasi sinirini karistirmak

Neden sorun

Faaliyet verisi donemi eksik temsil eder,
emisyon dusik cikar

Yogunluk referans kosullarina baghdir,
goérinmeyen birim hatasi olusur

Yogunluk bilesime ve referans kosullara gére
degisir

Alt ve Ust isil deger karisirsa TJ yanhs gikar

Tablo 2.3 igin CHa 1 kg/TJ, Tablo 2.4 icin 5
kg/T)'dir

29,8 fosil kacak ve proses metani igindir,
yanmada CO:2 ¢ift sayimi yaratir

Sonuc bin kat bozulur

ISO Kategori 2 iletim ve dagitim etkilerini
kapsamaz, gift sayim riski dogar

Alistirma 2: Enerji biriminde veri

Dogrusu

On iki ayr tamamlayin, eksik ayi belgeli
y6ntemle uzlastirin

Duzeltilmis hacmi kullanin ve hangi
hacim oldugunu belgeleyin

Tedarikgi verisini kullanin, egitim degeri
0,78 yalnizca 6rnektir

Faktorle ayni enerji temelini (net
kalorifik) kullanin

Kaynaga uygun tabloyu segin, imalat
sanayii igin 1 kg/T)

Yanma CHa icin 27,0 kullanin

1.250.000 kWh = 1.250 MWh

Kategori 2 igin Uretim faktoru 0,434

Bir isletmenin dogal gaz faturasi tiketimi dogrudan 18,72 TJ olarak veriyor. NKD 48 TJ/Gg olarak bilinse de yogunluk ve

NKD adimlarini uygular misiniz?

Cevap: Hayir. Faaliyet verisi glvenilir bicimde enerji cinsinden oldugu icin dogrudan faktorlerle carpilir: 18,72 T x 56.100
kg/T) = 1.050.192 kg COz. Yogunluk ve NKD dénlsimunu tekrar uygulamak gereksizdir.

Ahstirma 3: KIP secimi

Ayni 18,72 kg CHa icin KIP 29,8 uygulanirsa sonuc ne olur, neden dogru degildir?



Cevap: 18,72 x 29,8 = 557,856 kg COze olurdu (dogru deger 505,44 kg COze). Dogal gaz toplami 1.051,261 tCO2ze
cikardi. 29,8 fosil kacak ve proses metani icindir, yanma CO:'si ayrica hesaplandiginda cift sayim yaratir.

Ozet

e Dogal gaz yanmasi Kategori 1, satin alinan elektrik Kategori 2'dir.

e Dogal gaz zinciri: 500.000 Nm3 - 390.000 kg (0,390 Gg) - 18,72 T) » C0O2 1.050.192 kg, CHa 18,72 kg, N20 1,872
kg - 1.051,208 tCOze.

e Elektrik zinciri: 1.250.000 kWh - 1.250 MWh - 542,50 tCOze (ETKB 2023 uretim faktord 0,434).

e Yogunluk 0,78 kg/Nm3 bir egitim varsayimidir. NKD 48 TJ/Gg IPCC varsayilanidir.

e Yanma metani icin KIP 27,0 kullanilir. 29,8 fosil kagak ve proses metani icindir.

e |SO Kategori 2 iletim ve dagitim etkilerini kapsamaz. TlUketim noktasi faktorleri (0,436 ve 0,469) ayri bir sinirdir.

o Elektrik faktori yila baglidir. Hesap yili igin glincel resmi faktor kontrol edilir.

e 1.593,708 tCO:ze yalnizca bu iki kaynagin toplamidir, kurulusun toplam ayak izi degildir.

e Kanit zinciri: dogal gaz icin fatura ya da sayac, yogunluk ve NKD kaynadi, IPCC faktor tablosu ve KIP seti. Elektrik
icin fatura ya da sayacg, ETKB faktor belgesi ve sistem siniri.

Bilgi kontroli (cevaplariyla)

1. 1.250.000 kWh ka¢ MWh'tir? Cevap: 1.250 MWh (1 MWh = 1.000 kWh).

2. 2023 ISO Kategori 2 liretim érneginde hangi ETKB faktori kullanildi? Cevap: 0,434 tCO2e/MWh (Turkiye geneli
brat elektrik Gretimi).

3. Dogal gazin cikarilmasi ve boru hattiyla tasinmasi gibi yukari yonlii emisyonlar bu Kategori 1 hesabina
eklendi mi? Cevap: Hayir. Yalnizca yanma emisyonu hesaplanir.

4. 500.000 Nm?3 dogal gaz kac T) enerjiye karsilik gelir (egitim varsayimlariyla)? Cevap: 500.000 x 0,78 =
390.000 kg = 0,390 Gg. 0,390 x 48 = 18,72 TJ.

5. Yanma kaynaklh CHas icin hangi KIP kullanildi ve neden? Cevap: 27,0. 29,8 fosil kacak ve proses metani igindir,
yanma CO:'si ayrica hesaplandiginda cift sayim yaratir.

6. Bu ornekte imalat sanayii dogal gazi icin CHa4 faktori nedir? Cevap: 1 kg/T) (IPCC 2006, Tablo 2.3). Ticari ve
kurumsal tablosundaki 5 kg/T) bu érnege uygulanmaz.

7. MW ile MWh arasindaki fark nedir? Cevap: MW gugtir, MWh enerjidir. Tuketim faaliyet verisi MWh cinsindendir.

8. Dogal gaz 1.051,208 tCO:e ile elektrik 542,50 tCO:ze toplami olan 1.593,708 tCO:ze kurulusun toplam
karbon ayak izi midir? Cevap: Hayir. Yalnizca bu iki kaynagdin toplamidir. Diger kaynaklar bu hesabin disindadir.

9. 0,436 ve 0,469 tCOz2e/MWh faktorleri neden Kategori 2 hesabinda kullaniimadi? Cevap: Bunlar tiketim
noktasi faktorleridir ve ISO Kategori 2'nin disinda kalan iletim ve dagitim etkilerini iceren farkl bir sistem sinirini temsil
eder. Kullanilirsa ayni etkiler ayrica eklenerek cift sayim yapilmamalhdir.

10. 0,434 degeri 2025 yih bir hesap icin kullanilabilir mi? Cevap: Hayir. Elektrik faktéri yila baghdir. ilgili yil icin
glincel resmf faktor kontrol edilmelidir.

Anahtar kavramlar sozlugu (TR - EN)

Turkce English

faaliyet verisi activity data

emisyon faktoru emission factor

net kalorifik deger (NKD), alt i1sil deger net calorific value (NCV), lower heating value
kuresel 1Isinma potansiyeli (KIP) global warming potential (GWP)

karbondioksit esdegeri (COze) carbon dioxide equivalent (COze)

dogrudan emisyon direct emission

dolayh emisyon indirect emission

Kategori 1 (dogrudan sera gazi emisyonlari ve uzaklastirmalari) Category 1 (direct GHG emissions and removals)

Kategori 2 (ithal enerjiden kaynaklanan dolayli emisyonlar) Category 2 (indirect GHG emissions from imported energy)



normal metrekip (Nm3)

yogunluk

Uretim faktoru

tuketim noktasi faktori

konum temelli / piyasa temelli ydntem
sera gazl envanteri

kurulus sinin

yukari yénli emisyonlar

birim iptali

Gift sayim

normal cubic metre (Nm?3)

density

generation factor

consumption point factor
location-based / market-based method
GHG inventory

organizational boundary

upstream emissions

unit cancellation

double counting

Kaynaklar ve guncellik notu

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 (Kategori 2 tanimi madde 5.2.4, sinir Ek B.3.1). ISO
sayfasina gore 2024'te teyit edilmistir.

ISO/TS 14064-4:2025, Greenhouse gases, Part 4: Guidance for the application of ISO 14064-1.

IPCC, 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Cilt 2 Enerji, B6lim 1 Tablo 1.2 (dogal gaz NKD
48,0 TJ/Gg) ve BOlum 2 Tablo 2.3 (imalat sanayii ve insaat, dodal gaz: CO2 56.100, CH4 1, N20 0,1 kg/TJ). https://ww
w.ipcc-nggip.iges.or.jp/public/20064gl/

IPCC, AR6 WG1, Bélum 7, Tablo 7.15 (100 yillik KIP).

GHG Protocol, IPCC Global Warming Potential Values, Strim 2.0, 7 Agustos 2024 (CHa fosil 29,8, CHa fosil olmayan
27,0, N20 273, yanmada 27,0 kullanim gerekgesi).

GHG Protocol, Technical Guidance for Calculating Scope 3 Emissions, BolUm 3 (iletim ve dagditim kayiplarinin
Kapsam 3 Kategori 3'te raporlanmasi).

GHG Protocol, Scope 2 Guidance (2015) (konum ve piyasa temelli ¢ift raporlama).

T.C. Enerji ve Tabii Kaynaklar Bakanhgi, Tiirkiye Elektrik Uretimi ve Elektrik Tiiketim Noktasi Emisyon Faktérleri
(2023: Uretim 0,434, iletim 0,436, dagitim 0,469 tCO2e/MWh). https://enerji.gov.tr/evced-cevre-ve-iklim-elektrik-uret
im-tuketim-emisyon-faktorleri

T.C. Enerji ve Tabii Kaynaklar Bakanhgi, Tlrkiye Ulusal Elektrik Sebekesi Emisyon Faktér Bilgi Formu (birlesik marj
degerleri yenilenebilir projelerin kacginilan emisyon hesabina yoneliktir).

SATSO-SUBU Egitim Programi, Ders 15 amag ve icerik tanimi, ve TSE TS EN ISO 14064-1 egitim sunumu (Kategori 2
sistem sinir).

Guncellik notu: Bilgiler Eyltl 2026 itibariyladir. Elektrik faktorleri yillik yayimlanir. ETKB sayfasinda 2020 ile 2023 arasi
yillar listelenmistir ve 2024 faktort bu kontrolde bulunamamistir. KIP seti ve faktorler raporlama programinin sartina gore
degisebilir. Gercek envanter calismasinda resmi kaynaklar yeniden kontrol edilmelidir.



https://www.ipcc-nggip.iges.or.jp/public/2006gl/
https://enerji.gov.tr/evced-cevre-ve-iklim-elektrik-uretim-tuketim-emisyon-faktorleri

ENGLISH VERSION

LESSON 15: Application 1: Natural Gas and Electricity
Emission Calculation

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 Step-by-step calculation from natural gas (Category 1) and purchased electricity (Category 2) consumption data to tCOze
this material

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

year

Related Lesson 13 (location-based and market-based methods for electricity), Lesson 16 (fuels, vehicles, refrigerants and fire
lessons 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 Validate natural gas and electricity consumption data before using it in a calculation.

e Convert natural gas from volume to mass and from mass to energy, and calculate COz, CHa and N20O emissions
separately.

e Convert gas-level results to COz2e with GWP and obtain the natural gas total.

e Convert electricity consumption from kWh to MWh and select the factor that fits the ISO 14064-1 Category 2
boundary and the reporting year.

e Show unit cancellation in every calculation line and interpret the result correctly for these two sources only.

e Recognize and correct eight common mistakes.

1. From invoice data to a tCO:ze result

In earlier lessons we classified sources and set up the logic of activity data and emission factors. In this lesson we convert
the natural gas and purchased electricity consumption of Example Industry Inc. into tCO:ze.

Both sources relate to the energy use of the same factory, but they are not in the same category.

Source Where it occurs 1SO 14064-1 category
Natural gas (boiler, furnace) Inside the organizational boundary, direct stationary Category 1 (direct emission)
combustion
Electricity purchased from the  Generated elsewhere Category 2 (indirect emission from imported
grid energy)

The mathematics is not hard. The hard part is matching the right data with the right unit and the right factor. The basic
formula is the same for both sources:

Emission = Activity data x Emission factor

For natural gas we go from volume to mass, from mass to energy, and then to gas-level emissions. For electricity we
convert consumption to MWh and match it with an official factor that fits the system boundary. Units stay visible at every
step, because a good carbon calculation is not only a result but a reproducible calculation chain.

Calculation chain:



Natural gas: Nm* - kg -» Gg -» TJ - kg gas - kg CO2e - tCO:e
Electricity: kWh - MWh - tCO:e

2. Example data set and calculation boundary

All values below belong to the 2023 method example. They are training data, not real company data or mandatory
values. In a real calculation, current and appropriate data are checked.

Input Value Unit Source and note

Corrected natural gas 500,000 Nm3 Training data

consumption

Natural gas density 0.78 kg/Nm3 Training assumption only, not a universal constant

Net calorific value (NCV) 48 T)/Gg IPCC 2006, Vol. 2, Table 1.2 default

CO2 emission factor 56,100 ka/T) IPCC 2006, Vol. 2, Table 2.3, manufacturing industries and

construction, natural gas

CHa emission factor 1 kg/T) IPCC 2006, Vol. 2, Table 2.3, same row

N20 emission factor 0.1 ka/T) IPCC 2006, Vol. 2, Table 2.3, same row

GWP (ARG, 100 years) CO2 = 1, combustion CHa = 27.0, dimensionless [IPCC AR6 WG1 Table 7.15, GHG Protocol GWP table
N20 = 273 (Version 2.0)

Purchased electricity 1,250,000 kWh Training data

Electricity factor (ISO 0.434 tCO2e/MWh ETKB 2023 Turkiye-wide electricity generation factor

Category 2)

The following are not included in this lesson:

e Upstream fuel chain emissions such as extraction, processing and transport of natural gas. The Category 1
calculation contains combustion emissions only.

e Diesel, gasoline, LPG, vehicles, refrigerants and fire suppression gases (Lesson 16), and transport, raw materials
and waste (Lesson 17).

e Market-based electricity calculation. Only a boundary warning is given.

Attention: The density of 0.78 kg/Nm?3 is a training assumption. The density of natural gas changes with gas
composition, the temperature and pressure reference, and supplier data. Do not use this value as a natural gas
constant valid for every company and every year.

Attention: 48 T)/Gg is also a default value. If the reporting program requires a different value, or reliable supplier
or country data exists, evaluate that first. Do not use the default automatically.

3. Preparing natural gas consumption data

Activity data is validated before any multiplication.

e Does the annual total cover twelve monthly invoices?

e Is there a meter replacement, an estimated reading or a later correction?

e Does the data belong only to this facility? Invoices of other facilities may be mixed in.

e Does one monthly invoice cover two periods? The annual total must be reconciled not only mathematically but also
by period.

Watch the volume unit. The cubic metre (m3) shown on a meter and the normal cubic metre (Nm?3) corrected to
standard conditions are not the same concept. Applying a density without documenting which volume is used creates an
invisible unit error. In this example the corrected 500,000 Nm? is given directly.

Choose the calculation path according to the data. If a reliable invoice or energy management system already
gives natural gas in an energy unit (kWh or TJ), there is no need to go from volume to mass and back to energy. The
volume, mass, energy path of this lesson is chosen to demonstrate the density and lower heating value steps in practice.
If the invoice has a volume correction coefficient or energy conversion information, record what these fields represent.



Good practice: In the data preparation file, keep the raw invoice value and the corrected value used in the
calculation in separate columns. This makes later verification much easier.
4. Step 1: From Nm?3 to mass

The NCV we use in the next step is given as TJ/Gg. For this reason we first convert volume to mass. The units tell us which
conversion is needed.

Value Unit Operation Result
500,000 Nm3 X 0.78 kg/Nm3 (Nm3 cancels) 390,000 kg
390,000 kg + 1,000 kg/t 390t
390,000 kg + 1,000,000 kg/Gg 0.390 Gg

500,000 Nm® x 0.78 kg/Nm* = 390,000 kg = 390 t = 0.390 Gg

If the Nm? unit does not disappear on the way to the result, there is a problem in the formula. Also record the source of
the density.

5. Step 2: From mass to energy, applying the lower heating value

Value Unit Operation Result

0.390 Gg x 48 T)/Gg (Gg cancels) 18.72 T)
0.390 Gg x 48 TJ/Gg = 18.72 TJ

This number now matches the TJ unit in the denominator of the emission factors. Its physical equivalent is about 5.2 GWh
of fuel energy (18.72 T) + 3.6 TJ/GWh).

Common mistakes:

e Treating the lower heating value as a mandatory conversion in every case. If the activity data is already in
energy terms, this conversion is not repeated.

e Confusing higher and lower heating value. If the factor is given on a net calorific basis, the activity data must be
on the same energy basis.

6. Step 3: Calculating COz, CHs and N20 separately

Each greenhouse gas is calculated with its own emission factor. The three gases are not the same physical substance,
and GWP conversion is done in the next step.

Gas Value Unit Operation Result

CO2 18.72 T X 56,100 kg CO2/TJ (T) cancels) 1,050,192 kg CO2
CHa 18.72 T) X 1 kg CH4/TJ (TJ cancels) 18.72 kg CHa4
N20 18.72 T x 0.1 kg N20O/TJ (TJ cancels) 1.872 kg N20

As a quality check, look at the units. When T) activity data is multiplied by a kg/T) factor, T) must cancel and kg of gas
must remain.

Attention: The source category of the factor table changes the result. In IPCC 2006 Volume 2 Chapter 2, the
default CHa value for natural gas differs by table. It is 1 kg/TJ for energy industries (Table 2.2) and for manufacturing
industries and construction (Table 2.3), and 5 kg/T) for commercial and institutional (Table 2.4). This example is
manufacturing industry, so 1 kg/TJ is used. The COz and N20 values are the same in these tables (56,100 and 0.1
kg/T]). The r mark in the tables shows that the value was revised since the 1996 Guidelines.




7. Step 4: Converting to COze with GWP and the natural gas total

This example uses the AR6 100-year GWP set. The GWP of CO2 is 1.

27.0 is used for combustion methane. The GHG Protocol GWP table (Version 2.0, 7 August 2024) gives 29.8 for
fugitive and process emissions of fossil origin. For combustion emissions, 27.0 is used for CHa, because the oxidation of
methane to CO:z in the atmosphere is already accounted for in the combustion CO2. Applying 29.8 would count the same
effect twice.

Gas Value Unit Operation Result

CO:2 1,050,192 kg CO2 x 1 kg COze/kg CO: 1,050,192 kg COze
CHa 18.72 kg CHa x 27.0 kg COze/kg CHa 505.44 kg COze

N20 1.872 kg N20 x 273 kg COze/kg N20 511.056 kg COze

Total 1,050,192 + 505.44 + 511.056 1,051,208.496 kg COze
Total (tonnes) 1,051,208.496 kg COze + 1,000 kg/t 1,051.208 tCOze

Natural gas (Category 1) result: 1,051.208 tCOze. Rounding is done only in the last step.

The structure of the result is instructive. CO2 contributes about 99.90%, CHa4 about 0.05% and N20 about 0.05%. For this
reason the CHa4 factor or the GWP choice changes the total very little, but the discipline of using the right table and the
right GWP is still required.

Rule: First calculate the gas quantity with the right factor, then apply the chosen GWP set consistently. If an emission
factor is already expressed in COze, do not apply GWP a second time. If a reporting program requires a different IPCC
assessment report or value set, the program requirement takes priority. Do not mix sets within one inventory.

8. Quality control of the natural gas calculation
Trace the chain backwards:
500,000 Nm* - 0.390 Gg - 18.72 TJ - C02, CHs, N20 - 1,051.208 tCO:2e

Four checks are enough:

Activity data: Does it represent actual consumption in the reporting period?
Unit: Do the units cancel in the volume, mass and energy conversions?
Factor: Was the factor of the right fuel and the right source category used?
GWP: Was a single, documented assessment report set applied?

PN

The long calculation path is not a goal. If activity data is reliably available in an energy unit, repeating the density and
NCV steps is unnecessary. If only volume data exists, the source of the density and the energy conversion used must be
visible. A professional calculation is not the longest formula. It is the formula that fits the data structure, has a clear
boundary and can be reproduced by someone else.

9. Preparing electricity consumption data

For electricity too, the first task is activity data, not the factor. In the example, purchased electricity in the reporting
period is 1,250,000 kWh. Check the following:

e Does the total cover twelve monthly invoices and reconcile with the meters of the same facility?

e Are all relevant meters within the reporting boundary included?

e The main meter total and the sub-meter total serve different purposes. Sub-meters show how much each process
uses. Do not add the same consumption from both the main meter and the sub-meters.

e If the charging of your own electric forklift, compressor or electric vehicle is on this meter, that consumption is
already part of the Category 2 activity data. Adding it again is double counting.

Keep facility, meter, period, quantity, unit and connection type together in the electricity data file.



10. Converting kWh to MWh

The denominator of the ETKB generation factor is MWh. If the activity data is also in MWh, the units cancel directly.

Value Unit Operation Result

1,250,000 kWh + 1,000 kWh/MWh (kWh cancels) 1,250 MWh

1 Mwh = 1,000 kWh
1,250,000 kwh + 1,000 kWh/MwWh = 1,250 Mwh

Common mistake: Confusing kWh and MWh distorts the result by a factor of one thousand. For example,
multiplying 1,250,000 directly by 0.434 gives 542,500. The correct result is 542.50.

Attention: MW is power, MWh is energy. MW expresses power at a given moment or capacity level. MWh is an
amount of energy and is the quantity used as activity data in carbon accounting. Mistaking contract power or
installed capacity for annual consumption is a serious error.

11. Selecting the electricity emission factor

Finding an official number is not enough here. The factor must fit both the year and the system boundary.
11.1 ETKB 2023 factors

On its page Turkiye Electricity Generation and Electricity Consumption Point Emission Factors, ETKB gives the following
values for 2023:

Value System

Factor Use in this lesson

(tCOze/MWh) boundary
Tuarkiye-wide gross electricity generation 0.434 Generation Used in the ISO Category 2 calculation
(average)
Consumption point connected to the 0.436 Consumption Not used, shown only to illustrate the boundary
transmission line point difference
Consumption point connected to the 0.469 Consumption Not used, shown only to illustrate the boundary
distribution line point difference

According to the TSE training material on ISO 14064-1, Category 2 covers emissions from the generation of imported
electricity. Emissions associated with transmission and distribution are outside this category. Annex B.3.1 of ISO 14064-
1:2018 sets the same boundary: upstream fuel emissions up to the power plant gate, emissions from power plant
construction and emissions allocated to transmission and distribution losses are not included in Category 2. For this
reason the generation factor 0.434 is used in this lesson.

Attention: Same family of numbers, different system boundaries. 0.436 and 0.469 are consumption point
factors. Do not present them as the same thing as the ISO Category 2 generation factor. If a consumption point factor
is selected, do not add transmission and distribution effects separately, which would double count.

The combined margin grid factor is a separate concept. This value in the ETKB National Electricity Grid Emission
Factor form is intended for avoided emission calculations of renewable energy projects and is not used in the calculation
of an organization that consumes grid electricity.

In the factor selection card, keep the source institution, year, factor type, unit and system boundary together. Writing
only electricity factor in the calculation file is not sufficient.

11.2 ISO 14064-1 Category 2 versus GHG Protocol Scope 2
The two frameworks are often used as synonyms, but they are not exactly the same.

Topic 1SO 14064-1:2018 Category 2 GHG Protocol Scope 2



Coverage Indirect emissions from the generation of imported energy Emissions from the generation of purchased and
(electricity, steam, heating, cooling, compressed air) consumed electricity, steam, heating and
cooling
Transmission Outside Category 2 (Annex B.3.1) Outside Scope 2, reported by the end user under
and distribution Scope 3 Category 3
losses
Method The location-based result is the main result. The market-based result = The 2015 Scope 2 Guidance requires reporting

is optional additional information (ISO 14064-1 clauses 6.3 and 9.3.3) both location-based and market-based results

Structure Six categories Three scopes
Organizational Approach documented and justified by the organization Equity share, financial control or operational
boundary control

The conceptual boundary of the two frameworks largely overlaps with respect to transmission and distribution losses. The
real difference lies in the reporting rules. For this reason, which framework can use the ETKB consumption point factors
depends on whether the factor includes transmission and distribution effects and on the rule of the reporting program.
Answer this boundary question before doing the calculation and document the choice. This lesson keeps the ISO Category
2 framework and uses 0.434.

Market-based method warning: If a contractual instrument such as YEK-G exists, do not delete the location-based
result of this lesson. If a market-based result will be calculated separately, apply the rules of Lesson 13 on the
contractual instrument, retirement, period and unmatched consumption. Do not assume zero emissions
automatically.

11.3 Current status (September 2026): year-dependent factor

The electricity factor is data that depends on the reporting year. The value 0.434 is a 2023 example. It is not
carried forward to future years as a fixed factor.

At the time this material was prepared, the ETKB page listed factors for 2020, 2021, 2022 and 2023. The last update
date of the page is 31.12.2025. No published factor for 2024 was found in this check. ETKB may have published or
may publish a newer year. If a real calculation belongs to 2024 or a later year, check the current official factor on the
ETKB page and do not use the number in this material.

An example showing that the factor changes with the year: in ETKB information forms, the Turkiye-wide generation
factor appears as 0.440 for 2020 and 0.439 tCO2e/MWh for 2021. Forms may also give COz-only values. Select the
CO:ze value in the calculation.

12. Calculating the electricity emission

Value Unit Operation Result

1,250 MWh X 0.434 tCO2e/MWh (MWh cancels) 542.50 tCO:ze
1,250 MWh x 0.434 tCO2e/MWh = 542.50 tC0:ze

Electricity (Category 2, location-based, 2023 method example) result: 542.50 tCO:ze.

For information only, not a result of this lesson: with the consumption point factors the same consumption would give
1,250 x 0.436 = 545.00 and 1,250 x 0.469 = 586.25 tCOze. The difference comes from the difference in system
boundary. These values are not mixed into the Category 2 calculation.

13. Interpreting the results together

Source Category Activity data [ETad g Result (tCO:ze) Share
Natural gas 1 500,000 Nm? (18.72 TJ) IPCC Table 2.3, AR6 GWP 1,051.208 66.0%
Purchased electricity 2 1,250 MWh ETKB 2023 generation 0.434 542.500 34.0%

Total of the two sources 1,593.708 100%



1,051.208496 + 542.500 = 1,593.708496 tCO2e = 1,593.708 tCO0:e
Natural gas share = 1,051.208496 + 1,593.708496 = 65.96%
Electricity share = 542.500 + 1,593.708496 = 34.04%

This comparison shows only which source has the larger impact within these two energy items. Natural gas efficiency or
fuel switching directly affects Category 1, and electricity efficiency directly affects Category 2.

Attention: This total is not the organization's total carbon footprint. Vehicles, process emissions,
refrigerants, transport, other indirect effects such as transmission and distribution, purchased materials, waste and
other sources may lie outside these two calculations. 1,593.708 tCOze is only the sum of this natural gas and
Category 2 electricity application. It must not be presented as a full ISO 14064-1 inventory.

In year-on-year interpretation, separate the activity data effect from the factor effect. A change in natural gas
emissions may come from consumption, fuel properties, or a factor and GWP update. A change in electricity emissions
may come from consumption and the annual generation factor. A management summary should show not only tCOze but
also the underlying activity data and the factor used.

14. Verification with Python
The code below recalculates all numbers in this material.

from decimal import Decimal as D

volume = D(500000) # Nm3

density = D(78) / D(100) # kg/Nm3, training assumption
ncv = D(48) # TJ/Gg

kg = volume * density # 390000 kg

gg = kg / D(10**6) # 0.390 Gg

tj = g9 * ncv # 18.72 TJ

co2 = tj * D(56100) # 1050192 kg

chd = tj * D(1) # 18.72 kg

n2o0 = tj * D(1) / D(10) # 1.872 kg

co2e kg = co2 * 1 + ch4 * D(27) + n20 * D(273)
gas_ t = co2e kg / D(1000) # 1051.208496 t

mwh = D(1250000) / D(1000) # 1250 Mwh
electricity t = mwh * D(434) / D(1000) # 542.5 t

total = gas_t + electricity t # 1593.708496 t
print(tj, co2, ch4, n2o, co2e kg, gas t, electricity t, total)

Exercises (with answers)

Exercise 1: Error hunter

Find and correct the following eight mistakes. The answers are given in the table.

Mistake Why it is a problem Correct approach
1. Building an annual total with missing Activity data under-represents the period and Complete the twelve months and reconcile
invoice months emissions come out low the missing month with a documented
method
2. Treating m3 and Nm? as the same Density depends on reference conditions, Use the corrected volume and document
creating an invisible unit error which volume it is

3. Assuming density is an unchangeable = Density changes with composition and reference = Use supplier data, the training value 0.78 is
constant for every source conditions only an example

4. Using NCV and the emission factor on  If lower and higher heating value are mixed, T) is Use the same energy basis as the factor (net
inconsistent energy bases wrong calorific)



5. Selecting the CHa or N20O factor of the = CHa is 1 kg/T) in Table 2.3 and 5 kg/TJ in Table Select the table that fits the source, 1 kg/TJ

wrong IPCC source category 2.4 for manufacturing industry

6. Applying GWP 29.8 to combustion 29.8 is for fossil fugitive and process methane, Use 27.0 for combustion CHa

methane and double counts CO2 in combustion

7. Confusing kWh and MWh The result is distorted a thousandfold 1,250,000 kWh = 1,250 MWh

8. Confusing generation and ISO Category 2 does not cover transmission and  Generation factor 0.434 for Category 2
consumption point boundaries in the distribution effects, creating double counting risk

electricity factor

Exercise 2: Data already in energy units

An enterprise's natural gas invoice gives consumption directly as 18.72 T). Even though the NCV is known as 48 T)/Gg, do
you apply the density and NCV steps?

Answer: No. Because the activity data is reliably in energy terms, it is multiplied directly by the factors: 18.72 TJ x
56,100 kg/T) = 1,050,192 kg CO2. Repeating the density and NCV conversion is unnecessary.

Exercise 3: GWP selection

If GWP 29.8 is applied to the same 18.72 kg of CH4, what is the result and why is it not correct?

Answer: 18.72 x 29.8 = 557.856 kg COze (the correct value is 505.44 kg COze). The natural gas total would be
1,051.261 tCOze. 29.8 is for fossil fugitive and process methane, and it double counts when combustion CO: is calculated
separately.

Summary

e Natural gas combustion is Category 1, purchased electricity is Category 2.

« Natural gas chain: 500,000 Nm?3 - 390,000 kg (0.390 Gg) - 18.72 T) -» C0O2 1,050,192 kg, CH4 18.72 kg, N20 1.872
kg - 1,051.208 tCOze.

e Electricity chain: 1,250,000 kWh - 1,250 MWh - 542.50 tCOze (ETKB 2023 generation factor 0.434).

e The density of 0.78 kg/Nm?3 is a training assumption. The NCV of 48 TJ/Gg is the IPCC default.

e GWP 27.0 is used for combustion methane. 29.8 is for fossil fugitive and process methane.

e |SO Category 2 does not cover transmission and distribution effects. Consumption point factors (0.436 and 0.469)
are a separate boundary.

e The electricity factor depends on the year. The current official factor for the calculation year is checked.

e 1,593.708 tCO:z¢ is only the total of these two sources, not the organization's total footprint.

e Evidence chain: for natural gas, the invoice or meter record, the density and NCV source, the IPCC factor table and
the GWP set. For electricity, the invoice or meter, the ETKB factor document and the system boundary.

Knowledge check (with answers)

1. How many MWh is 1,250,000 kWh? Answer: 1,250 MWh (1 MWh = 1,000 kWh).

2. Which ETKB factor was used in the 2023 ISO Category 2 generation example? Answer: 0.434 tCO2e/MWh
(Tarkiye-wide gross electricity generation).

3. Were upstream emissions such as extraction and pipeline transport of natural gas added to this Category
1 calculation? Answer: No. Only combustion emissions are calculated.

4. How many T) of energy does 500,000 Nm? of natural gas correspond to (with the training assumptions)?
Answer: 500,000 x 0.78 = 390,000 kg = 0.390 Gg. 0.390 x 48 = 18.72 TJ.

5. Which GWP was used for combustion CHs and why? Answer: 27.0. 29.8 is for fossil fugitive and process methane,
and it double counts when combustion CO:z is calculated separately.

6. What is the CHa4 factor for manufacturing industry natural gas in this example? Answer: 1 kg/TJ (IPCC 2006,
Table 2.3). The 5 kg/TJ of the commercial and institutional table does not apply to this example.

7. What is the difference between MW and MWh? Answer: MW is power, MWh is energy. Consumption activity data
is in MWh.



8.1s 1,593.708 tCO:ze, the sum of natural gas 1,051.208 tCO:ze and electricity 542.50 tCO:ze, the
organization's total carbon footprint? Answer: No. It is only the sum of these two sources. Other sources are outside

this calculation.

9. Why were the factors 0.436 and 0.469 tCO2e/MWh not used in the Category 2 calculation? Answer: They are
consumption point factors and represent a different system boundary that includes transmission and distribution effects,
which fall outside ISO Category 2. If they are used, the same effects must not be added again, which would double count.

10. Can the value 0.434 be used for a calculation of the year 2025? Answer: No. The electricity factor depends on
the year. The current official factor for the relevant year must be checked.

Key concepts glossary (TR - EN)

Tirkge English

faaliyet verisi

emisyon faktoru

net kalorifik deger (NKD), alt i1sil deger

kiresel 1Isinma potansiyeli (KIP)

karbondioksit esdegeri (COze)

dogrudan emisyon

dolayh emisyon

Kategori 1 (dogrudan sera gazi emisyonlari ve uzaklastirmalari)
Kategori 2 (ithal enerjiden kaynaklanan dolayli emisyonlar)
normal metrekip (Nm3)

yogunluk

Uretim faktoru

tiketim noktasi faktor

konum temelli / piyasa temelli yéntem

sera gazl envanteri

kurulus sinir

yukari yonli emisyonlar

birim iptali

cift sayim

Sources and currency note

activity data

emission factor

net calorific value (NCV), lower heating value
global warming potential (GWP)

carbon dioxide equivalent (COze)

direct emission

indirect emission

Category 1 (direct GHG emissions and removals)
Category 2 (indirect GHG emissions from imported energy)
normal cubic metre (Nm?3)

density

generation factor

consumption point factor

location-based / market-based method

GHG inventory

organizational boundary

upstream emissions

unit cancellation

double counting

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 (Category 2 definition clause 5.2.4, boundary Annex

B.3.1). Confirmed in 2024 according to the ISO page.

e ISO/TS 14064-4:2025, Greenhouse gases, Part 4: Guidance for the application of ISO 14064-1.

e |IPCC, 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Vol. 2 Energy, Chapter 1 Table 1.2 (natural gas
NCV 48.0 T)/Gg) and Chapter 2 Table 2.3 (manufacturing industries and construction, natural gas: CO2 56,100, CH4
1, N20 0.1 kg/TJ). https://www.ipcc-nggip.iges.or.jp/public/2006gl/

e IPCC, AR6 WG1, Chapter 7, Table 7.15 (100-year GWP).

e GHG Protocol, IPCC Global Warming Potential Values, Version 2.0, 7 August 2024 (CHa fossil 29.8, CH4 non-fossil

27.0, N20 273, rationale for using 27.0 in combustion).

e GHG Protocol, Technical Guidance for Calculating Scope 3 Emissions, Chapter 3 (reporting of transmission and

distribution losses under Scope 3 Category 3).

e GHG Protocol, Scope 2 Guidance (2015) (dual reporting of location-based and market-based results).
e Republic of Turkiye Ministry of Energy and Natural Resources (ETKB), Tlrkiye Electricity Generation and Electricity
Consumpt/on Point Emission Factors (2023: generatlon 0. 434 transm|55|on 0. 436 distribution 0.469 tCO2e/MWh). ht

. Republlc of Turklye Ministry of Energy and Natural Resources (ETKB), Tlrkiye National Electricity Grid Emission
Factor Information Form (combined margin values are intended for avoided emission calculations of renewable

projects).


https://www.ipcc-nggip.iges.or.jp/public/2006gl/
https://enerji.gov.tr/evced-cevre-ve-iklim-elektrik-uretim-tuketim-emisyon-faktorleri

e SATSO-SUBU Training Program, Lesson 15 objectives and content description, and the TSE TS EN ISO 14064-1
training presentation (Category 2 system boundary).

Currency note: Information is current as of September 2026. Electricity factors are published annually. The ETKB page
lists years 2020 to 2023, and no 2024 factor was found in this check. The GWP set and factors may change according to
the requirement of the reporting program. In a real inventory study, official sources must be checked again.



