DERS 16: Uygulama 2: Yakit, Aracg, Sogutucu Gaz ve
Yangin Gazi Hesabi

Lesson 16: Application 2: Fuel, Vehicle, Refrigerant and Fire Suppression Gas 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 = Kategori 1 iginde iki hesap mantigi: yakit yanmasi (yol tasiti, yol disi ekipman, sabit yanma) ve yakit yanmasi olmayan
kapsami dogrudan gaz salimlari (sogutucu akiskan ve yangin sondiirme gazi)

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

ilgili dersler Ders 15 (dogal gaz ve elektrik), Ders 17 (tasima, hammadde, ambalaj, atik ve satin alinan hizmetler), Ders 18 (ISO 14064-1
raporu ve dogrulama)

Bilgi glincelligi = Eylil 2026

Ogrenme ciktilari

Bu materyali tamamlayan katilimci sunlari yapabilir:

e Bir Kategori 1 kaynagini yol tasiti, yol disi ekipman, sabit yanma ya da dogrudan gaz salimi olarak siniflandirir ve
hesap yolunu buna gore secer.

e Motorin ve benzin verisini litreden kitleye, kiitleden enerjiye (T)) cevirir ve CO2, CHa, N2O emisyonlarini ayri ayri
hesaplar.

e Ayni yakit icin neden farkli CHa ve N20 faktori kullanildigini IPCC tablo satirlariyla aciklar.

e Sogutucu akiskan servis kaydindan basitlestiriimis malzeme dengesiyle emisyon miktarini tiretir ve KIP ile COze'ye
cevirir.

e R22 gibi HCFC gazlarini ve karisim sogutuculari gifte sayima dismeden ele alir.

e Yangin sondirme gazinda gercek salimi kapasiteden ayirir ve CO2e sonucunu bulur.

e Secili kaynaklarin toplamini dogru sinirla yorumlar ve sik yapilan on hatayi tanir.

1. Ayni Kategori 1, iki farkli hesap mantigi

Bu derste Ornek Sanayi A.S. icin alti kaynadi hesapliyoruz. Hepsi Kategori 1 (dogrudan emisyon) icindedir, ama hesap
yolu iki gruba ayrilir.

Grup Kaynak Hesap yolu
Yakit yanmasi Agir hizmet dizel sirket araglari (hareketli yanma, yol tasiti) Yakit miktari = enerji (T)) = gaz bazli faktor
- KIP

Yakit yanmasi Dizel forklift (hareketli yanma, yol disi ekipman) Ayni zincir, farkh faktér satin

Yakit yanmasi Dort zamanli benzinli ¢cim bigme makinesi (hareketli yanma, yol disi Ayni zincir, farkl faktor satin
ekipman)

Yakit yanmasi Bakim atdlyesindeki sabit LPG isitici (sabit yanma) Ayni zincir, sabit yanma faktor satiri

Dogrudan gaz Sogutucu akiskanlar (R32, R134a) Salinan gaz kutlesi - KIP

salimi

Dogrudan gaz Yangin sondiirme sistemi (HFC-227ea) Salinan gaz kutlesi - KIP

salimi

iki 5nemli ayrim vardir.

Birinci ayrim: ayni yakit ayni faktor demek degildir. Dizel bir sirket araci yol tasimaciligi kaynagidir. Dizel forklift yol
disi sanayi ekipmanidir. COz faktorleri birbirine ¢cok yakin olabilir, ama CHa4 ve 6zellikle N2O faktorleri motor teknolojisine
ve kullanim kosullarina gére ciddi bicimde degisir.

ikinci ayrim: gaz saliminda enerji déniisiimii yoktur. Sogutucu akiskan ve yangin séndiirme gazinda litre yakiti
enerjiye cevirmeyiz. Atmosfere salinan gazin kitlesini belirler ve uygun KIP degeriyle COze'ye ceviririz.



Bu ders tek bir ezber formul degil, kaynak tirine gére dogru hesap yolunu segme becerisi kazandirmayi amaglar.

Hesap zincirleri:

Yakit: litre - kg - Gg - TJ - kg gaz (COz2, CHs, N20) - kg CO2e - tCOze
Gaz salimi: kg salinan gaz - kg CO:e - tCO:e

Yakit yanmasinda Uretim, rafineri ve daditim gibi yukari yonli etkiler Kategori 1 toplamina eklenmez. Bunlar dolayl deger
zinciri emisyonlaridir ve Ders 17'nin konusudur.

2. Ornek veri seti ve hesap siniri

Asagidaki tim degerler yontem 6rnegi icindir. Bunlar egitim verisidir, gercek sirket verisi ya da zorunlu deger degildir.

Girdi Deger Birim Kaynak ve not

Agir hizmet dizel yol 12.000 L/yil Egitim verisi, kaynak sinifi: yol

filosu, motorin tasit

Dizel forklift, motorin 1.500 L/yil Egitim verisi, kaynak sinifi: yol disi
sanayi ekipmani

Doért zamanl ¢im bicme 250 L/yil Egitim verisi, kaynak sinifi: yol disi

makinesi, benzin sanayi ekipmani

Sabit LPG isitici (bakim 500 kalyil Egitim verisi, kaynak sinifi: sabit

atolyesi) yanma

R32 servis eklemesi 1,20 ka/yil Yuklenici servis kaydi, mevcut
ekipman

R134a servis eklemesi 0,80 ka/yil Yuklenici servis kaydi, mevcut
ekipman

HFC-227ea gergek salimi 0,50 ka/yil Servis kaydiyla dogrulanmis salim

Motorin yogunlugu 0,845 kg/L Yalnizca egitim varsayimi

Benzin yogunlugu 0,740 kg/L Yalnizca egitim varsayimi

NKD motorin 43 TJ/Gg IPCC 2006, Cilt 2, Tablo 1.2

NKD motor benzini 44,3 T)/Gg IPCC 2006, Cilt 2, Tablo 1.2

NKD LPG 47,3 T)/Gg IPCC 2006, Cilt 2, Tablo 1.2

KIP (ARG, 100 yil) CO2 = 1, yanma kaynakli CHs = 27,0, N20 = 273, HFC-32 = 771, boyutsuz IPCC AR6 WGL1 Tablo 7.15, GHG

HFC-134a = 1.530, HFC-227ea = 3.600 Protocol KIP tablosu (Strtim 2.0)

Faktor satirlari Bolum 4'te tek tabloda toplanmistir.
Bu derste sunlar hesaba katilmaz:

e Dogal gaz ve elektrik (Ders 15).

e Taseron ulasimi, ton-km, hammadde, ambalaj, atik ve satin alinan hizmetler (Ders 17).

e Dogrulama given seviyesi ve sertifika degerlendirmesi (Ders 18).

e Sogutucu akiskan mevzuatinin tlim ayrintilari. Yalnizca envanteri dogru kurmak icin gereken kapsam ayrimi verilir.

Dikkat: IPCC varsayilanlari ISO 14064-1 tarafindan zorunlu tutulmus tek faktor seti degildir. Bu derste
IPCC varsayilanlari hesap mantigini 6gretmek igin kullanilir. Gergek kurumsal envanterde uygulanabilir program sarti,
Ulke ya da tedarikgi verisi ve teknolojiye 6zgl daha temsil edici faktorler degerlendirilir.

Dikkat: Yogunluk degerleri evrensel sabit degildir. 0,845 kg/L motorin ve 0,740 kg/L benzin egitim varsayimidir.
Gergek yakit yogunlugu yakit spesifikasyonuna ve sicakliga baghdir. Yakit spesifikasyonu ya da glvenilir tedarikgi
verisi varsa onu degerlendirin.

Her kaynak icin faaliyet verisi kadar kaynak tiriini de kaydedin. Adir hizmet dizel ara¢ motorin diye degil, agir hizmet yol
dizel kaynagi diye tanimlanmalidir. Forklift yol disi dizel sanayi ekipmanidir. Gazlarda da yalnizca klima gazi yazmak
yetmez. R32 mi, R134a mi, bir karisim mi? KIP dederi gaz kimligine baghdir. Hesap dosyasinda dénem, miktar, birim,



ekipman grubu ve kanit belgesi birlikte tutuldugunda yanhs faktér se¢cme riski ciddi bicimde azalir.

3. Yakit verisini hazirlamak

Sayl carpmadan once faaliyet verisi dogrulanir.

Filo uzlastirmasi. Tasitmatik, yakit karti ya da filo ydnetim raporunun ayni raporlama donemini kapsadigini kontrol edin.
Su durumlar yalnizca toplam litreye bakmayi yetersiz kilar:

e Donem icinde satilan ya da devralinan araclar.
e Kiralik arag girisleri.

e Yakit kartinin baska bir aracta kullaniimasi.

e DOnem sonunda depoda kalan yakit.

Filo listesiyle yakit kayitlarini uzlastirmak, eksik ya da mukerrer faaliyet verisini hesap baslamadan yakalamanin en kolay
yoludur.

Satin alma tiiketim degildir. Tank ya da stok varsa satin alinan miktar otomatik olarak tiiketim sayilmaz. Dénem basi
stok, donem ici alim ve donem sonu stok uzlastirilir:

Tiketim = Donem basi stok + Donem ici alim - Donem sonu stok

Ekipman kimligi ve calisma saati. Forklift kayitlarinda yalnizca yillik yakit toplamini degil, ekipman kimligini ve
mimkinse ¢alisma saatini de saklayin. Calisma saati tek basina yakit tiketiminin yerine gegmez, ama olagandisi
degisimleri kontrol etmek ve ekipman bazinda dagitim yapmak icin glicli bir dogrulama verisidir. Ayni depoda birden
fazla forklift varsa toplam yakitin ekipmanlara nasil dagitildigi belgelenmelidir.

Hesap yolunu veriye gore secin. Yakit verisi zaten kg, ton, GJ, T) ya da uygun enerji biriminde ise yogunluk dontsima
gereksizdir. Bu derste litre, kitle, enerji yolu dénusim adimlarini géstermek icin segilmistir.

iyi uygulama: Veri dosyasinda ham kayit (fatura, yakit karti raporu) ile hesapta kullanilan uzlastirilmis degeri ayri
sutunlarda tutun.
4. Faktor secimi: hangi tablo hangi kaynaga ait?

IPCC 2006 Kilavuzu yakit yanmasi igin kaynak sinifina gore farkl tablolar verir. Ayni yakit, tablo degistikce farkli CH4 ve
N20 faktorl alir. Bu derste kullanilan satirlar asagidadir (tim degerler kg/T)).

Kaynak sinifi IPCC 2006 tablosu Yakit ve satir CO: CHs N0
Yol tasiti Cilt 2, Tablo 3.2.1 (COz2) ve 3.2.2 (CHa, N20) Motorin (Gas/Diesel Oil) 74.100 3,9 3,9
Yol disi, sanayi Cilt 2, Tablo 3.3.1 Motorin 74.100 4,15 28,6
Yol disi, sanayi Cilt 2, Tablo 3.3.1 Motor benzini, dért zamanli  69.300 50 2
Sabit yanma, imalat sanayii ve insaat Cilt 2, Tablo 2.3 LPG 63.100 1 0,1

Karsilastirma icin ayni kaynadin baska satirlari:

Satir CO: CHs N20 Ne zaman

Yol tasiti, motor benzini (kontrolsiiz) 69.300 33 3,2 Benzinli sirket otomobili. Cim bigme makinesine uygulanmaz
Yol tasiti, LPG 63.100 62 0,2 LPG'li yol araci. Sabit isiticiya uygulanmaz

Yol disi, sanayi, motor benzini, iki zamanl 69.300 130 0,4  iki zamanl motorlu ekipman

Yol disi, ev ve bahce, motor benzini, dort zamanlh 69.300 120 2 Sanayi satirindan farkhdir, bkz. B6lim 8

Sabit yanma, imalat sanayii ve insaat, motorin 74.100 3 0,6  Sabit motorin yakan jeneratér ya da kazan

Sabit yanma, ticari ve kurumsal (Tablo 2.4), LPG 63.100 5 0,1  Ofis ve ticari bina 1sitmasi. imalat satiri degildir

Uc nokta dikkat ister.



1. Tablo 3.2.2 dizel satiri (3,9 ve 3,9) Avrupa agir hizmet dizel kamyonunu temsil eden kaba bir
yaklasimdir. IPCC tablo dipnotunda dizel dederinin bir Avrupa agir hizmet dizel kamyonu degderine dayandidini
belirtir. Binek ya da hafif ticari sirket aracglarinda bu degerleri otomatik kullanmayin.

2. Yol aracglarinda CHs ve N:20 icin yakit temelli varsayilan yontem kaba bir yaklasim olarak kalmahdir.
Arac sinifi, emisyon kontrol teknolojisi ve kat edilen mesafe verisi varsa mesafe ve teknoloji temelli ydontem daha
temsil edicidir. IPCC de CO: igin yakit tiketimi yaklasimini, CH4 ve N20 icin ise bu ayrintili veriyi tercih eder.

3. Yol disi ekipmanda belirsizlik daha yiliksektir. Tablo 3.3.1 degerleri teknolojiye ve ¢alisma kosullarina
duyarhdir. Ornegdin motorin N2O degeri 28,6 kg/TJ icin IPCC belirsizlik araligi 14,3 ile 85,8 kg/T) arasindadir. CHa ve
N20 belirsizligi CO2'den belirgin bicimde yUksektir.

Dikkat: Yakit adi tek basina yontem sectirmez. LPG igin sabit isitici, LPG'li forklift ve LPG'li yol araci g farkli
kaynak baglamidir. Motorin icin yol araci, yol disi ekipman ve sabit yanma da dyledir. Hesap tablosunda tek bir
motorin faktérd hicresi olusturup bitin arag ve ekipmana kopyalamayin.

5. Agir hizmet dizel yol filosu: litreden enerjiye

Yillik motorin tiketimi 12.000 L'dir. IPCC faktorleri T) basina verildigi icin dnce litre verisi enerjiye geuvrilir.

Adim 1: Litreden kiitleye

Deger Birim islem Sonug
12.000 L x 0,845 kg/L (L birimi iptal olur) 10.140 kg
10.140 kg +1.000 kg/t 10,14 t
10.140 kg +1.000.000 kg/Gg 0,01014 Gg

12.000 L x 0,845 kg/L = 10.140 kg = 10,14 t = 0,01014 Gg

Adim 2: Kiutleden enerjiye

Deger Birim islem Sonug

0,01014 Gg X 43 T)/Gg (Gg birimi iptal olur) 0,43602 TJ
0,01014 Gg x 43 T1/Gg = 0,43602 TJ

Bu sayi artik faktorlerin paydasindaki TJ birimiyle uyumludur. Sonuca giderken birimler birbirini gétirmuyorsa formulde
sorun vardir.

Sik yapilan hata: Yogunlugu evrensel sabit sanmak. 0,845 kg/L bu derste bir egitim varsayimidir. Faaliyet verisi
zaten kg, ton ya da enerji biriminde ise bu donlisimu yapmayin.

6. Agir hizmet dizel yol filosu: CO2, CHs, N20 ve CO:ze

Adim 3: Gazlarn ayrn ayri hesaplamak

Bolim 4'teki yol tasiti satir (Tablo 3.2.1 ve 3.2.2) kullanihr.

Gaz Deger Birim islem Sonug

CO:2 0,43602 T X 74.100 kg CO2/TJ (TJ iptal olur) 32.309,082 kg CO2
CHa 0,43602 T) X 3,9 kg CHa/TJ (T) iptal olur) 1,700478 kg CHa
N20 0,43602 T) x 3,9 kg N20O/T]J (TJ iptal olur) 1,700478 kg N20

Adim 4: KIP ile COze'ye déniisim

Bu derste AR6 yUz yillik KIP seti kullanilir.



Yanma metani icin 27,0 kullanilir. GHG Protocol KIP tablosu (Striim 2.0, 7 Agustos 2024) 29,8 degerini fosil kaynakl
kacak ve proses metani icin verir. 27,0 degeri ise fosil yakit yanmasi dahil diger kaynaklar icindir. Yanma kaynaginda CO:
zaten ayrica hesaplandigindan, daha ytksek fosil metan KIP'si metanin COz'ye ylkseltgenme etkisini ikinci kez sayar. N2O
icin KIP 273'tdr.

Gaz Deger Birim islem Sonug

CO: 32.309,082 kg CO2 x 1 kg COz2e/kg CO2 32.309,082 kg COze
CHa 1,700478 kg CHa x 27,0 kg COze/kg CHa 45,912906 kg CO2e
N20 1,700478 kg Nz0 x 273 kg COze/kg N20 464,230494 kg COze
Toplam 32.309,082 + 45,912906 + 464,230494 32.819,2254 kg COze
Toplam (ton) 32.819,2254 kg COze + 1.000 kg/t 32,819 tCO:ze

Agir hizmet dizel yol filosu sonucu: 32,819 tCO:ze. Yuvarlama yalnizca son adimda yapilmistir. CO2 pay! yaklasik
%98,4'tlr.

Dikkat: Bu sonuc agir hizmet dizel arac temsiline dayanan kaba bir egitim ornegidir. Sirket filosu binek ya
da hafif ticari araclardan olusuyorsa 3,9 ve 3,9 degerlerini otomatik kullanmayin. Arac bazinda kilometre, model yili
ve emisyon kontrol teknolojisi bilgisi varsa arac siniflarini ayirmak daha savunulabilir sonug verir.

7. Dizel forklift: ayni motorin neden farkh sonug verir?

Forklift yillik 1.500 L motorin tiketir. Yogunluk ve NKD aynidir, ama forklift yol araci degildir. Bolium 4'teki yol disi sanayi
motorin satir (Tablo 3.3.1) kullanilir: CO2 74.100, CHa4 4,15, N20 28,6 kg/TJ.

Adim Deger islem Sonug

Katle 1.500 L x 0,845 kg/L (L iptal olur) 1.267,5 kg = 0,0012675 Gg

Enerji 0,0012675 Gg x 43 TJ/Gg (Gg iptal olur) 0,0545025 T)

CO: 0,0545025T) x 74.100 kg/T) 4.038,63525 kg CO2

CHa 0,0545025 T) x 4,15 kg/T) 0,226185375 kg CHa

N20 0,0545025 T x 28,6 kg/T| 1,5587715 kg N2O

Gaz Deger islem Sonug

CO:2 4.038,63525 kg x 1 4.038,63525 kg CO:ze
CHa 0,226185375 kg x 27,0 6,107005125 kg COze
N20 1,5587715 kg x 273 425,5446195 kg COze
Toplam 4.038,63525 + 6,107005125 + 425,5446195 4.470,286874625 kg COze
Toplam (ton) + 1.000 4,470 tCO:ze

Dizel forklift sonucu: 4,470 tCOze.

Buradaki ders sonug sayisindan daha énemlidir. Yol dizel 6rnedinde N20 faktori 3,9 kg/TJ idi. Yol disI sanayi varsayiminda
28,6 kg/T)'dir, yani yaklasik 7,3 kat. CO2z faktorl ayni olsa bile toplam COze kaynak tirtinden etkilenir. Forklifte yol araci
faktord (3,9 ve 3,9) uygulansaydi sonug 4,102 tCOze cikardi. Bu yaklasik %8 eksik hesap demektir ve N20'nun COze
icindeki pay! (yaklasik %9,5) neden énemli oldugunu gosterir.

8. Benzinli ¢cim bicme makinesi: dort zamanh yol disi1 ekipman

Kiiclik kaynaklarin atlanmasi kolaydir, ama hesap yéntemi yine kaynak tiriyle baslar. Ornegimiz dért zamanli benzinli bir
yol disi sanayi ekipmanidir ve yillik 250 L benzin tiketmistir.

Adim Deger islem Sonug
Ktle 250 L x 0,740 kg/L (L iptal olur) 185 kg = 0,000185 Gg
Eneriji 0,000185 Gg X 44,3 T)/Gg (Gg iptal olur) 0,0081955T)

CO2 0,0081955T] x 69.300 kg/TJ 567,94815 kg CO:



CHa 0,0081955 T x 50 kg/T) 0,409775 kg CHa

N20 0,0081955T) X 2 kg/T) 0,016391 kg N20

Gaz Deger islem Sonug

CO:2 567,94815 kg x 1 567,94815 kg COze
CHa 0,409775 kg x 27,0 11,063925 kg COz2e
N20 0,016391 kg X 273 4,474743 kg COz2e
Toplam 567,94815 + 11,063925 + 4,474743 583,486818 kg COze
Toplam (ton) + 1.000 0,583 tCO:ze

Gim bigme makinesi sonucu: 0,583 tCO:e.

Burada benzinli sirket otomobilinin faktoru (Tablo 3.2.2, CHa4 33 ve N20 3,2) kullaniimadi, ¢inkl ¢im bigme makinesi yol
araci degildir. Motor tiirii de énemlidir. iki zamanh motorda CHa varsayimi 130 kg/T) olur (N20 0,4) ve bu érnekte sonug
0,598 tCO:2e cikardi. Ekipman etiketindeki motor tirl bu ylzden yalnizca bakim bilgisi degil, emisyon metodolojisi
bilgisidir.

Dikkat: Tablo 3.3.1 sektor satirlarina gore ayrilir. Bu 6rnek sanayi satirini kullanir (dért zamanli benzin igin CHa
50). Ayni tablonun ev ve bahge satirinda dort zamanli benzin igin CHa 120 kg/T)'dir. Cim bicme makinesi bu satirla
hesaplansaydi sonug 0,599 tCO:ze olurdu. Fark kicguktir, ama satir secimi ve gerekgesi kayit altina alinmahdir.

9. LPG: sabit yanma ornegi

LPG'yi bu derste bakim atdlyesindeki sabit isitici Gzerinden hesapliyoruz. Amag metodolojik ayrimi agik tutmaktir. Veri
zaten kg cinsinden (500 kg) oldugu icin yogunluk dontsimt yapilmaz.

imalat sanayiindeki sabit LPG yanmasi icin IPCC Tablo 2.3 satiri kullanilir: CO2 63.100, CH4 1, N2O 0,1 kg/TJ.

Adim Deger islem Sonug

Kitle 500 kg + 1.000.000 kg/Gg 0,0005 Gg

Enerji 0,0005 Gg X 47,3 T)/Gg (Gg iptal olur) 0,02365T)

co: 0,02365 TJ X 63.100 kg/T] 1.492,315 kg CO:
CHa 0,02365T) x 1 kg/T) 0,02365 kg CHa4

N20 0,02365T) x 0,1 kg/T) 0,002365 kg N20
Gaz Deger islem Sonug

CO2 1.492,315 kg x 1 1.492,315 kg COze
CHa 0,02365 kg x 27,0 0,63855 kg COze
N20 0,002365 kg X 273 0,645645 kg COze
Toplam 1.492,315 + 0,63855 + 0,645645 1.493,599195 kg CO2e
Toplam (ton) + 1.000 1,494 tCOze

Sabit LPG isitici sonucu: 1,494 tCO:ze.

Dikkat: Sabit LPG faktoriini LPG'li forklifte kopyalamayin. Forklift yol disi hareketli ekipmandir. Uygun
ekipman ve teknoloji faktorliinii ya da raporlama programinin onayladigi dogrudan faktor setini kullanin. Ayrica Tablo
2.3 (imalat sanayii ve insaat) ile Tablo 2.4 (ticari ve kurumsal) LPG icin CO2 ve N20 degerlerini paylasir, ama CHa
degeri 1 ve 5 kg/TJ olarak farklidir. Atélye isiticisi imalat sanayii siniri icinde oldugundan 1 kg/TJ kullanildi. Tablo 2.4
satir ofis gibi ticari bina isitmasi icindir.

10. Yakit hesaplarini birlikte okumak

Kaynak sinifi Faaliyet verisi Enerji (T)) Sonug (tCOze) Pay (yakit)

AAdir hizmat dizal fila Yal tacit 12 NnNN | n ARAND M K10 0LR AN
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Dizel forklift Yol disi 1.500 L 0,0545025 4,470 %11,4

Cim bigme makinesi Yol disi (4 zamanli benzin) 250 L 0,0081955 0,583 %1,5
Sabit LPG isitici Sabit yanma 500 kg 0,02365 1,494 %3,8
Yakit toplami 39,367 %100

32,8192254 + 4,470286875 + 0,583486818 + 1,493599195 = 39,366598 tC0:e = 39,367 tC0:e

Tek tek yuvarlanmis kalemlerin toplami 39,366 eder. Aradaki 0,001 farki yuvarlamadan gelir, cinkU toplam
yuvarlanmamis degerlerden hesaplanir.

Uc kalite kontroli:

1. Tuketim verisi. Stok ve alim uzlastirmasi yapildi mi? Satin alinan miktar otomatik tiiketim degildir.
2. Birim donusimii. Litre-kltle dontusimi yalnizca faktoér yolunun gerektirdigi durumda yapilir.
3. Kaynak tiiru. Yol araci, yol disi ekipman ya da sabit yanma ayrimi kayitta gértnir ma?

Dizel filo ile dizel forklift karsilastirmasi 6zellikle 6greticidir. ikisinin CO2 faktérii ayni varsayimdan gelir, N2O faktdri cok
farkhdir. Yakit toplaminin biyik bélima agir hizmet sirket araglarindaki motorinden gelir, ama bu blyUklUkler tamamen
egitim verisine baghdir.

11. Sogutucu gaz verisini hazirlamak: sarj mi, kacak mi, servis mi?

Sogutucu akiskan hesabindaki en yaygin hata, ekipman etiketindeki toplam gaz kapasitesini yillik emisyon kabul etmektir.
Bir klima ya da sogutma sisteminin icinde 10 kg gaz bulunmasi, her yil 10 kg gazin atmosfere salindigi anlamina gelmez.
Emisyon, sistemin icindeki gaz (sarj) degil, sistemden kaybolan gazdir. Kaybolan gazi yerine koymak icin servis sirasinda
eklenen miktar bu kaybin élgusuddar.

ideal veri zinciri sunlari icerir:

e Ekipman envanteri (yer, tur, gaz tipi, nominal sarj kapasitesi).
e Yeni kurulumlar ve ilk sarj miktarlari.

e Servis sirasinda eklenen gaz.

e Geri kazanilan gaz.

e Hurdaya cikarilan ekipman.

e Kurulusun kendi gaz stogu ve tlp hareketleri.

11.1 Malzeme dengesi yaklasimlari

Kurulus kendi sogutucu stokunu ayrintili izliyorsa tam malzeme dengesi kullanilabilir. Bu yontem, gazin kitle
korunumuna dayanir:

Emisyon = (D6nem basi stok - Dénem sonu stok)

Donem i¢i alim ve geri dénen gaz

— Disari verilen gaz (satis, geri kazanim, bertaraf igin gdnderilen)

(Donem sonu ekipman sarj kapasitesi — DOonem basi ekipman sarj kapasitesi)

+

Son terim, yeni ekipmana giren gazin emisyon sayillmasini 6nler. Yeni ekipmani doldurmak icin alinan gaz ekipman
kapasitesini artirir ve bu nedenle emisyon degildir.

Basitlestirilmis malzeme dengesi (servis sarji yaklasimi) bu yapiyi 6zel kosullarda kisaltir. Bu derste yontem ABD
EPA Center for Corporate Climate Leadership rehberindeki mantikla yalnizca érnek bir hesap yontemi olarak kullanilir. ISO
14064-1 bu yontemi tek zorunlu yontem olarak dayatmaz. Yontemde mevcut ekipmana servis icin satin alinan gaz
miktarinin, isletme sirasinda kaybedilen miktari ikame ettigi varsayilir.

Bizim 6rnegimizde su kosullar saglanmistir:

e Ekipmani dis yuklenici servis eder ve servis miktarlar ytkleniciden alinabilir.
e Yilicinde yeni ekipman kurulumu yoktur, kurulum terimi sifirdir.

e Ekipman bertarafi yoktur, bertaraf terimi sifirdir.

e Yilicinde gaz donisimu (bir gazdan digerine gegis) yapiimamistir.

Bu kosullarda yillik isletme emisyonu tahmini servis eklemesine esittir: 1,20 kg R32 ve 0,80 kg R134a.



Dikkat: Serviste eklenen her kg her durumda emisyon demek degildir. Yeni ekipmani doldurmak, mevcut
ekipmana servis yapmak ve ekipmani hurdaya ayirmak farkli malzeme dengesi terimleridir. Servis eklemesini
emisyon sayabilmek icin yontemin kosullarini 6nce kontrol edin.

Dikkat: Ureticide dnceden sarj edilmis yeni ekipmanin tam gaz kapasitesini kurulum yilinda otomatik
emisyon saymayin. Kurulum, isletme ve bertaraf akislarini kullanilan malzeme dengesi yéntemine gore ayirin.

11.2 Veri kaynaklari ve sik gorilen veri hatalari

¢ Yalnizca satin alma faturalarina bakmak. Servis firmasi kendi stokundan gaz eklemisse kurulusun satin alma
kaydinda higbir hareket gérinmeyebilir, ama ekipmanda gergek bir kayip vardir. Bakim is emirleri, servis formlar ve
yuklenici beyanlari faaliyet verisinin pargasidir.

e Satin alinan her kg gazi emisyon saymak. Kurulus gaz satin almis ve tup stokta kalmissa satin alinan miktarin
tamami emisyon degildir.

o Gazlan karistirmak. R32 ve R134a farkh KIP degerlerine sahip oldugundan ayri hesaplanir.

12. R32 ve R134a: KIP ile kacak emisyon hesabi

Kacak emisyonlar (fugitive emissions) bu hesapta gaz kutlesi carpi KIP seklindedir. Enerji dontsimu yoktur.

Gaz Miktar KIP (AR6, 100 yil) islem Sonug

R32 (HFC-32) 1,20 kg 771 1,20 kg x 771 kg COze/kg (kg gaz iptal olur) 925,2 kg COze
R134a (HFC-134a) 0,80 kg 1.530 0,80 kg x 1.530 kg CO2e/kg (kg gaz iptal olur) 1.224 kg COze
Toplam 925,2 + 1.224 2.149,2 kg COze
Toplam (ton) + 1.000 kg/t 2,149 tCO:ze

Sogutucu akiskanlar sonucu: 2,149 tCO:e.

Bu 6rnek kiicuk gaz kitlelerinin neden énemli oldugunu gosterir. Yakit hesabinda binlerce litre faaliyet verisi goriirken,
florlu gazlarda 1 kg'lik bir kagak bile ylksek KIP nedeniyle anlamli COze'ye dénusur. Bu érnekte 2 kg gaz, 2,149 tCOze
eder.

12.1 KIP kaynagi ve farki

KIP degerleri degerlendirme raporundan degerlendirme raporuna degisir.

Gaz AR4 AR5 AR6
HFC-32 (R32) 675 677 771
HFC-125 3.500 3.170 3.740
HFC-134a (R134a) 1.430 1.300 1.530
HFC-227ea 3.220 3.350 3.600

Bu derste AR6 kullanilir. Ayni miktarlar AR5 setiyle hesaplansaydi sogutucular 1.852,4 kg COze (AR6 sonucundan yaklasik
%16 disik) ve yangin gazi 1.675 kg COze (yaklasik %7,5 dlstk) cikardi. AR4, AR5 ve AR6 dederlerini ayni envanterde
gelisiglizel karnistirmak yillar arasi karsilastirmayi bozar. Program sarti hangi seti zorunlu tutuyorsa o seti tutarl uygulayin
ve hangi seti kullandiginizi raporlayin. Hazir bir COze faktort baska bir KIP setine dayaniyorsa, uyumlulugu kontrol
etmeden bu sonucu gaz bazli AR6 hesabiyla birlestirmeyin.

13. Eski sogutucular ve karisimlar: R22 neden ana ornek degil?

13.1 R22 (HCFC-22)

Eski egitim drneklerinde R22 gibi HCFC gazlariyla karsilasabilirsiniz. R22 iklim etkisi olan bir HCFC'dir (AR6 100 yillik KIP
degeri 1.960). R32 ve R134a gibi HFC'lerle ayni gaz grubu degildir. HCFC'ler Montreal Protokoll kapsamindadir ve GHG
Protocol'in zorunlu yedi gazi icinde yer almaz. Bu gazlarin iklim etkisi gergektir, ama kurumsal envanterdeki raporlama



yeri secilen programin kuralina gore belirlenir. GHG Protocol Kurumsal Standardi, Montreal ProtokolU kapsamindaki
gazlarin ilgiliyse kapsamlarin disinda ayri raporlanabilmesine izin verir.

Bu nedenle bu derste ana sayisal 6rnekler HFC olan R32 ve R134a Uzerinden kurulur ve R22 igin toplama girecek bir sayi
Uretilmez. Kurulusta R22 kullanilan eski ekipman varsa gazi yok saymayin. Ancak HFC toplamina sessizce eklemek yerine,
programin bu gazlar icin 6ngoérdiigl ayr raporlama kuralini uygulayin.

13.2 Karisim sogutucular

Bircok sogutucu tek gaz degil karnisimdir. Ornegin R410A, kiitlece yari yariya R32 ve R125 iceren bir karisimdir.
Karisimlarda gifte sayim riski vardir.

Yontem islem Sonug
Karisim KIP degeriyle R410AKIP = 0,5 x 771 + 0,5 x 3.740 = 2.255,5 2,0 kg x 2.255,5 = 4.511 kg COze
Bilesen bazli 1,0 kg R32 x 771 + 1,0 kg R125 x 3.740 771 + 3.740 = 4.511 kg COze

iki yontem ayni sonucu verir. Hata, ikisini birden uygulamaktir: 4.511 + 4.511 = 9.022 kg COze yanhs sonucunu dogurur.
Karisim icin yayimlanmis KIP degeriyle hesapladiysaniz ayni gaz miktarini bilesenlerine ayirip ikinci kez eklemeyin. Bilesen
bazli yontem kullaniyorsaniz karisim KIP degeriyle ikinci bir hesap yapmayin. Karisim KIP degeri bilesen KIP degerlerinden
tlretilen bir agirhkh ortalamadir, bu ylzden karisimin kaynagini (program tablosu mu, kendi hesabiniz mi) kaydedin.

Ana mesaj: klima gazi tek bir hesap kategorisi degildir. Gazin kimligi, raporlama kapsami, kullanilan yéntem ve
KIP kaynagi hesap baslamadan belirlenmelidir.
14. Yangin sondurme gazi: gercek salimi hesaplamak

Yangin séndirme sistemlerinde de énce gaz tiirii tanimlanir. Ornek Sanayi A.S. sirketinin servis kaydi, yil icinde 0,50 kg
HFC-227ea gazinin gercekten salindidini dogrulamaktadir.

Gaz Miktar KIP (ARG, 100 yil) islem Sonug
HFC-227ea 0,50 kg 3.600 0,50 kg x 3.600 kg COze/kg (kg gaz iptal olur) 1.800 kg COze
Toplam (ton) <+ 1.000 kg/t 1,8 tCO:ze

Yangin séndurme gazi sonucu: 1,8 tCOze.
Hesap cok kisadir, ama veri kalitesi kritiktir.

o Kapasite emisyon degildir. Sistemin toplam tip kapasitesi 6rnegin 10 kg olsa bile bu kapasiteyi her yil emisyon
saymayiz. 10 kg x 3.600 = 36 tCOze yanlis sonucu verirdi. Gercek bir bosalma, servis sirasinda kayip ya da uygun
malzeme dengesi kaydi gerekir.

e Gaz turiini belirleyin. Bitin yangin sondirme sistemleri HFC kullanmaz. CO:z sistemleri, inert gazlar ya da baska
kimyasallar olabilir. HFC-227ea KIP dederini bunlara uygulamak metodolojik olarak yanlistir.

o Kayitlar ayirin. Gergek yangin, deneme bosaltimi, servis islemi ve tip degisimi kayitlari birbirinden ayrilmahdir.
Ayni yeniden dolum kaydini hem gergek salim hem de malzeme dengesi hesabinda ikinci kez eklemeyin.

e Sizinti ve tahliye. Tlp dolumu sirasindaki kayip, tlp vanasi ve baglanti kacaklari ve bakim icin yapilan tahliyeler
de gergek salimdir. Bunlar servis kaydinda ayri satirlar olarak gérinmelidir.

15. Secili kaynaklarin sonucu ve belirsizlik

Kaynak Faaliyet verisi Faktor ve KIP Sonug (tCOze) Pay
Agir hizmet dizel yol filosu 12.000 L Tablo 3.2.1 ve 3.2.2, AR6 32,819 %75,8
Dizel forklift 1.500 L Tablo 3.3.1, AR6 4,470 %10,3
Cim bicme makinesi 250 L Tablo 3.3.1, AR6 0,583 %1,3
Sabit LPG isitici 500 kg Tablo 2.3, AR6 1,494 %3,4
Sogutucu akiskanlar (R32, R134a) 2,00 kg ARG6 (771 ve 1.530) 2,149 %5,0
Yangin sondirme gazi (HFC-227ea) 0,50 kg AR6 (3.600) 1,800 %4,2

Secili kaynaklar toplami 43,316 %100



39,366598 + 2,1492 + 1,8 = 43,315798 tC0:e = 43,316 tC0:e

Yakit kaynaklari toplamin yaklasik %90,9'unu, gaz salimlari yaklasik %9,1'ini olusturur. Gaz salimlari toplam kutlenin ¢ok
ktguk bir kismidir (2,5 kg), ama CO:ze toplaminda kayda deger bir paya sahiptir.

Dikkat: Bu toplam sirketin tiim Kategori 1 toplami ya da tiim kurumsal envanteri degildir. Dogal gaz,
proses emisyonlari, baska araclar, baska sogutma sistemleri ve elektrik ekipmanlarindaki diger gazlar bu ders
orneginin disinda olabilir.

Belirsizlik her kalemde ayni kaynaktan gelmez.

e Yakit CO2 hesabinda temel belirsizlik cogu zaman faaliyet verisi ve yakit 6zellikleridir.
e CHa ve N20 faktorleri, 6zellikle hareketli ve yol disi kaynaklarda, teknolojiye daha duyarlidir.
e Sogutucu gazlarda servis kayitlarinin eksiksizligi ve kullanilan malzeme dengesi yontemi belirleyicidir.

Sonug tablosunda yalnizca tCOze degil, faaliyet verisi, kaynak sinifi, faktor seti, KIP seti ve yontem notu da gériinmelidir.
Yillar arasi yorumda faaliyet degisimi ile yontem degisimini ayirin.

o Ik yil forklift icin genel yol disi varsayim kullanip sonraki yil ekipmana 6zgii faktére gecerseniz farkin tamami gercek
emisyon degdisimi degildir.

e Servis kayit kalitesi iyilestikge sogutucu gaz emisyonu artmis gorinebilir. Bu her zaman fiziksel kagagin arttigi
anlamina gelmez.

e Tek envanterde kullanilan KIP seti raporlanmali ve yillar arasinda degistiginde ayrica belirtilmelidir.

16. Guncel durum (Eylul 2026)

Sogutucu gaz mevzuati ve envanter iliskisi. Avrupa Birligi'nde florlu sera gazlari Regulation (EU) 2024/573 ile
duzenlenir. Bu dizenleme 7 Subat 2024'te kabul edilmis, 11 Mart 2024'te uygulanmaya baslamis ve 2014 tarihli F-gaz
TGzUga'nln (517/2014) yerini almistir. HFC'lerin AB'de 2050'ye kadar kademeli olarak sonlandiriimasini kota
sistemiyle 6ngorur ve sizinti 6nleme ile gaz geri kazanim yukumlultklerini yeni ekipman ve gazlara genisletir. Bu
mevzuat piyasaya arz ve ekipman yutktmlalUklerini dizenler. Kurumsal sera gazi envanterinde hangi yéntem ve KIP
setinin kullanilacagini belirlemez. Envanter icin program sarti esastir.

Turkiye. Turkiye'de florlu gazlara ve ozon tabakasini incelten maddelere iliskin ulusal diizenlemelerin ve Montreal
Protokoll Kigali Degisikligi kapsamindaki ytUkimlUllklerin glincel durumu Ders 12'de 6zetlenmistir ve T.C. Cevre,
Sehircilik ve iklim Degisikligi Bakanligi kaynaklarindan kontrol edilmelidir. Bu materyaldeki hesap ydéntemi, ulusal
mevzuatin gaz kullanim yikamluliklerinden bagimsiz olarak envanter mantigini 6gretir.

KIP seti. Hesapta kullanilan AR6 degerleri GHG Protocol KIP tablosu Sriim 2.0'a (7 Ajustos 2024) dayanir. Kullanilan
program baska bir set (6rnegin AR5) zorunlu tutuyorsa program sarti 6nceliklidir. Yanma metani icin 27,0 degeri GHG
Protocol'l izler. Bazi uygulayicilar yanma kaynakli CHa icin AR6 tablosundaki 27,9 degderini dnerir. Bu derste program

sarti ya da GHG Protocol yaklasimi izlenir ve secim belgelenir.

17. Python ile dogrulama

Asagdidaki kod bu materyaldeki tim sayilari yeniden hesaplar.



from decimal import Decimal as D

def yakit(kg, nkd, ef, kip):
gg = kg / D(10**6)
tj = gg * nkd
gazlar = [tj * e for e in ef]

co2e kg = sum(g * k for g, k in zip(gazlar, kip))

return tj, gazlar, co2e kg
kip = (D(1), D(27), D(273))

# Yol dizel filosu: 12000 L, 0,845 kg/L
kg = D(12000) * D(845) / D(1000)

filo = yakit(kg, D(43), (D(74100), D(39) / D(10), D(39) / D(10)), kip)

# Dizel forklift: 1500 L, yol disi sanayi

kg = D(1500) * D(845) / D(1000)

fork = yakit(kg, D(43), (D(74100), D(415) / D(100), D(286) / D(10)), kip)

# Benzinli cim bicme makinesi: 250 L, 0,740 kg/L, dort zamanli

kg = D(250) * D(740) / D(1000)

cim = yakit(kg, D(443) / D(10), (D(69300), D(50), D(2)), kip)

# Sabit LPG isitici: 500 kg, Tablo 2.3

lpg = yakit(D(5600), D(473) / D(10), (D(63100), D(1), D(1) / D(10)), kip)

yakit t = sum(x[2] for x in (filo, fork, cim, lpg)) / D(1000)

# Gaz salimi

r32 = D(12) / D(10) * D(771)
ri34a = D(8) / D(10) * D(1530)
yangin = D(5) / D(10) * D(3600)

gaz t = (r32 + rl34a + yangin) / D(1000)

print(filo[0], filo[1], filo[2] / 1600)
print(fork[0], fork[1], fork[2] / 1000)

print(cim[0], cim[1], cim[2] / 1000)
print(lpg[0], lpg[1], lpg[2] / 1000)
print(yakit t, r32, rl34a, (r32 + rl34a) / 1000, yangin / 1000)

print(yakit t + gaz t)

Beklenen ciktinin ana satirlari: yol filosu 0,43602 T) ve 32,8192254 t, forklift 0,0545025 T) ve 4,470286874625 t, ¢im
bigme 0,0081955 TJ ve 0,583486818 t, LPG 0,02365 TJ ve 1,493599195 t, yakit toplami 39,366598287625 t, R32 925,2
kg, R134a 1.224 kg, yangin gazi 1,8 t, genel toplam 43,315798287625 t.

Alistirmalar (cevaplariyla)

Alstirma 1: Hata avcisi

Asagidaki on hatayi bulun ve dizeltin. Cevaplar tabloda verilmistir.

Hata

1. Yol araci ile yol disi ekipmana ayni CHa ve
N20 faktorind uygulamak

2. Satin alinan yakiti stok kontrolii yapmadan
tuketim kabul etmek

3. Yogunlugu evrensel sabit sanmak

4. Yanma metanina ARG fosil kagak degeri
29,8'i uygulamak

5. Sabit LPG isitici faktérind LPG forklifte
kopyalamak

6. Sogutma ekipmaninin tam gaz kapasitesini
yillik kagak saymak

7. Servis eklemesini yontem kosullarini

Neden sorun

Motorin N20 faktori yol aracinda 3,9, yol disi
sanayide 28,6 kg/T)'dir

Dénem basi ve sonu stok farki gézden kagar

Yogunluk yakit spesifikasyonuna ve sicakliga
baghdir

Yanma CO2'sinde oksidasyon zaten sayillmistir,
cift sayim dogar
Forklift yol disi hareketli ekipmandir

Sarj emisyon degildir, kaybolan gaz emisyondur

Yeni kurulum ve bertaraf terimleri ayridir

Dogrusu

Kaynak sinifina uygun IPCC tablosunu
segin

Tiketim = dénem basi stok + alim —
dénem sonu stok

Tedarikgi verisini kullanin, 0,845 ve
0,740 yalnizca egitim varsayimidir

Yanma CHa icin 27,0 kullanin

Ekipmana uygun faktdér ya da programin
onayladigi set

Servis eklemesi ya da malzeme dengesi
kullanin

Basitlestirilmis yontemin kosullarini



kontrol etmeden emisyon kabul etmek

8. R22 gibi bir HCFC'yi HFC ile ayni gaz
grubuymus gibi toplamak

9. Karisim gazi hem karisim KIP degeriyle
hem bilesen hesabiyla saymak

10. Yangin tupu kapasitesini gergek sahm
yerine kullanmak

HCFC Montreal Protokoll kapsamindadir,
raporlama yeri program kuralina baglidir

Ayni emisyon iki kez sayilir

Kapasite emisyon degildir

dogrulayin

Ayri raporlayin, HFC toplamina sessizce
eklemeyin

Tek yontem segin

Servis ve bosaltim kaydindaki gergek
salimi kullanin

Alistirma 2: Stok uzlastirmasi

Dizel filonun yakit kaydinda dénem basi stok 2.000 L, dénem ici alim 11.500 L, dénem sonu stok 1.500 L'dir. Tuketim
nedir ve alim miktari dogrudan tiketim sayilsaydi sonug ne olurdu?

Cevap: Tlketim = 2.000 + 11.500 — 1.500 = 12.000 L. Bu deger ana 6rnekle aynidir ve sonug 32,819 tCOze'dir. 11.500 L
tuketim sayilsaydi enerji 0,4178525 T) ve sonug 31,452 tCOze ¢ikardi, yaklasik 1,367 tCOze eksik hesap olurdu.

Alistirma 3: Enerji biriminde veri

Filo yonetim sistemi motorin tiketimini dogrudan 0,43602 T) olarak veriyor. Yogunluk ve NKD adimlarini uygular misiniz?

Cevap: Hayir. Faaliyet verisi glvenilir bicimde enerji cinsinden oldugu icin dogrudan faktorlerle garpilir: 0,43602 T) x
74.100 kg/T) = 32.309,082 kg CO:z. Yogunluk ve NKD donlsiimini tekrar uygulamak gereksizdir.

Alistirma 4: Yanhs faktor satin

Dizel forklifte yol araci satiri (CHa4 3,9 ve N20 3,9) uygulanirsa sonug ne olur?

Cevap: 0,0545025 TJ igin CO2 4.038,63525 kg, CHa4 0,21256 kg, N20 0,21256 kg olur. COze toplami 4,102 tCO:ze cikar.
Dogru deger 4,470 tCO2ze oldugundan sonug yaklasik 0,368 tCOze (yaklasik %8) eksik ¢ikar.

Alistirma 5: Malzeme dengesi

Bir kurulusun R32 stogu dénem basinda 5 kg, dénem sonunda 4 kg'dir. Donem icinde 3 kg R32 alinmis, hi¢ gaz disari
verilmemistir. Bu alimin 2 kg'i yeni bir klimanin ilk sarjinda kullaniimis, ekipman sarj kapasitesi 2 kg artmistir. R32
emisyonu kag tCOze'dir (AR6)?

Cevap: Emisyon =(5—-4)+3 -0 -2 =2kgR32.2kg x 771 = 1.542 kg CO2e = 1,542 tCOze. Yeni klimaya giren 2 kg
emisyon degildir, ekipman kapasitesini artirmistir. Kapasite artisi hesaba katilmasaydi 4 kg ve 3,084 tCOze bulunurdu.

Alistirma 6: Karisim

Serviste 2,0 kg R410A eklenmistir. Sonucu iki yontemle hesaplayin ve cifte sayimin etkisini gosterin.

Cevap: Karisim KIP'siyle 2,0 x 2.255,5 = 4.511 kg COze. Bilesen bazli 1,0 x 771 + 1,0 x 3.740 = 4.511 kg COxze. ikisi de
dogrudur, ama ikisini toplamak 9.022 kg CO:ze ¢ikarir ve sonug iki katina siser.

Alistirma 7: KIP seti duyarliligi

R32 ve R134a servis eklemeleri AR5 KIP setiyle (677 ve 1.300) hesaplansaydi sonug ne olurdu?

Cevap: 1,20 x 677 + 0,80 x 1.300 = 812,4 + 1.040 = 1.852,4 kg COze = 1,852 tCOze. AR6 sonucu 2,149 tCOze'dir, fark
yaklasik %16'dir. KIP seti bu ylzden raporlanmalidir.

Ozet

o Kategori 1 icinde iki hesap yolu vardir: yakit yanmasi (yakit —» enerji -» gaz bazl faktér » KIP) ve dogrudan gaz
salimi (gaz kutlesi = KIP).

o Ayni yakit, kaynak sinifina gore farkh faktor alir. Motorin icin yol tasiti 3,9 ve 3,9, yol disi sanayi 4,15 ve 28,6 kg/T)
(CHa ve N20).

e Tablo 3.2.2 dizel dederi Avrupa agir hizmet dizel kamyonuna dayanir. Binek ve hafif ticari aragta otomatik
kullaniimaz.

e Yakit sonuclari: dizel filo 32,819, forklift 4,470, ¢im bicme 0,583, sabit LPG 1,494 tCO:ze. Yakit toplami 39,367 tCOze.

e Yanma CHa igin KIP 27,0 kullanilir. 29,8 fosil kacak ve proses metani igindir.



e Sogutucu gazda emisyon sarj kapasitesi degil, kaybolan gazdir. Basitlestiriimis malzeme dengesinde kosullar

saglandiginda servis eklemesi isletme emisyonu tahminidir.

e R32 925,2 kg, R134a 1.224 kg, toplam 2,149 tCOze. HFC-227ea gercek salimi 1,8 tCO:ze.

e R22 gibi HCFC gazlarn HFC toplamina sessizce eklenmez. Karisimlar tek yontemle hesaplanir.

e Secili kaynak toplami 43,316 tCOze'dir ve tim envanter degildir.

e Kanit zinciri: yakit karti ve stok kaydi, ekipman ve kaynak sinifi, servis formlari, gaz kimligi, faktoér tablosu ve KIP

seti.

Bilgi kontrolu (cevaplarniyla)

1. Dizel forklift neden agir hizmet dizel yol filosuyla ayni CHs ve N20 faktoriini kullanmadi? Cevap: Kaynak
turd ve teknoloji farkhidir. Forklift yol disi sanayi ekipmanidir (Tablo 3.3.1: CHa 4,15, N20 28,6). Yol filosu Tablo 3.2.2

satirini kullanir (3,9 ve 3,9).

2. 12.000 L motorin kag T)'dir (egitim varsayimlariyla)? Cevap: 12.000 x 0,845 = 10.140 kg = 0,01014 Gg.

0,01014 x 43 = 0,43602 TJ.

3. Yanma kaynaklh CHas icin hangi KIP kullanildi ve neden? Cevap: 27,0. 29,8 fosil kagak ve proses metani igindir,

yanma CO:'si ayrica hesaplandiginda cift sayim yaratir.

4. Yakit verisi zaten T) cinsindeyse yogunluk déniisiimi yapilir mi? Cevap: Hayir. Enerji cinsinden gtvenilir veri

dogrudan faktorlerle carpilir.

5. Sabit LPG isitici faktoru LPG'li forklifte uygulanabilir mi? Cevap: Hayir. Forklift yol disi hareketli ekipmandir.
Uygun ekipman faktorl ya da programin onayladigi set kullaniimalidir.

6. R32 servis eklemesini neden emisyon kabul ettik? Cevap: Egitim 6rneginde basitlestirilmis malzeme dengesinin
kosullari tanimlandi: mevcut ekipmana servis, yeni kurulum ve bertaraf yok, gaz déontisumu yok. Bu kosullar kontrol

edilmeden genelleme yapiimaz.

7. Bir klimanin icindeki 10 kg gaz yillik emisyon mudur? Cevap: Hayir. Emisyon, sarj miktari degil sistemden

kaybolan gazdir.

8. R22 neden HFC toplamina eklenmedi? Cevap: R22 bir HCFC'dir ve Montreal Protokoll kapsamindadir. Raporlama

yeri secilen programin kuralina gore belirlenir.

9. R410A emisyonunu hem karisim KIP'siyle hem bilesenlerle hesaplayip toplarsak ne olur? Cevap: Ayni

emisyon iki kez sayilir. Tek yontem secilmelidir.

10. HFC-227ea hesabinda neden enerji doniisiimii yapilmadi ve neden tiip kapasitesi kullanilmadi? Cevap:
Dogrudan salinan gaz ktlesi KIP ile gevrilir, yakit olmadigi icin enerji donlisimi yoktur. Kapasite emisyon degildir, gercek

salim servis kaydiyla belirlenir.

Anahtar kavramlar sozliugu (TR - EN)

Turkce English

faaliyet verisi

emisyon faktoru

net kalorifik deger (NKD), alt i1sil deger
kuresel 1Isinma potansiyeli (KIP)
karbondioksit esdegeri (COze)
dogrudan emisyon

Kategori 1 (dogrudan sera gazi emisyonlari ve uzaklastirmalari)
hareketli yanma

sabit yanma

yol tasiti

yol disi ekipman

kacak emisyonlar

sogutucu akiskan

activity data

emission factor

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

carbon dioxide equivalent (COze)

direct emission

Category 1 (direct GHG emissions and removals)
mobile combustion

stationary combustion

road vehicle

off-road equipment

fugitive emissions

refrigerant



malzeme dengesi material balance

servis sarjl service charge

karisim sogutucu refrigerant blend

yangin sondlirme gazi fire suppression gas

florlu sera gazi (F-gaz) fluorinated greenhouse gas (F-gas)
hidroflorokarbon (HFC) hydrofluorocarbon (HFC)
hidroklorofluorokarbon (HCFC) hydrochlorofluorocarbon (HCFC)
yogunluk density

birim iptali unit cancellation

Gift sayim double counting

sera gazl envanteri GHG inventory

Kaynaklar ve guncellik notu

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.
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, Cilt 2 Enerji, B6lum 1 Tablo 1.2 (NKD: motorin

43,0, motor benzini 44,3, LPG 47,3 T)/Gg), Bélum 2 Tablo 2.3 ve 2.4 (sabit yanma), Bélim 3 Tablo 3.2.1, 3.2.2 (yol
tasimaciligi) ve 3.3.1 (yol disi). https://www.ipcc-nggip.iges.or.jp/public/2006gl

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

GHG Protocol, IPCC Global Warming Potential Values, SUrim 2.0, 7 Agustos 2024 (AR6: CHa fosil olmayan 27,0, CHa
fosil 29,8, N20 273, HFC-32 771, HFC-125 3.740, HFC-134a 1.530, HFC-227ea 3.600, HCFC-22 1.960).

U.S. EPA Center for Corporate Climate Leadership, Direct Fugitive Emissions from Refrigeration, Air Conditioning,
Fire Suppression, and Industrial Gases (malzeme dengesi ve basitlestirilmis malzeme dengesi yaklasimlar).

GHG Protocol, Corporate Accounting and Reporting Standard ve zorunlu sera gazlari notu (yedi gaz ve Montreal
Protokoll gazlarinin ayri raporlanmasi).

European Union, Regulation (EU) 2024/573 on fluorinated greenhouse gases, 7 Subat 2024. https://climate.ec.europ
a.eu/areas-action/fluorinated-greenhouse-gases/f-gas-legislation_en

SATSO-SUBU Egitim Programi, Ders 16 amac ve icerik tanimi, ve TSE TS EN ISO 14064-1 egitim sunumu (Kategori 1
kaynak siniflandirmasi).

Guncellik notu: Bilgiler Eyltl 2026 itibariyladir. KIP seti, faktorler ve gaz kapsami raporlama programinin sartina gore
degisebilir. Turkiye'deki florlu gaz mevzuatinin glincel durumu icin Ders 12'ye ve Bakanlik kaynaklarina bakiimalidir.
Gercek envanter calismasinda resmi kaynaklar yeniden kontrol edilmelidir.



https://www.ipcc-nggip.iges.or.jp/public/2006gl/
https://climate.ec.europa.eu/areas-action/fluorinated-greenhouse-gases/f-gas-legislation_en

ENGLISH VERSION

LESSON 16: Application 2: Fuel, Vehicle, Refrigerant
and Fire Suppression Gas 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 this  Two calculation logics within Category 1: fuel combustion (road vehicle, off-road equipment, stationary combustion) and
material direct gas releases that are not combustion (refrigerant and fire suppression gas)

Example year = Method example (all numbers are training data, not real company data)

Related Lesson 15 (natural gas and electricity), Lesson 17 (transport, raw materials, packaging, waste and purchased services),
lessons Lesson 18 (ISO 14064-1 report and verification)
Information September 2026

current as of

Learning outcomes

After completing this material, participants can:

e Classify a Category 1 source as road vehicle, off-road equipment, stationary combustion or direct gas release, and
choose the calculation path accordingly.

e Convert diesel and gasoline data from litres to mass and from mass to energy (TJ), and calculate COz, CHs and N20
emissions separately.

e Explain with IPCC table rows why different CH4 and N20 factors are used for the same fuel.

e Derive the emitted refrigerant quantity from service records with the simplified material balance and convert it to
CO2e with GWP.

e Handle HCFC gases such as R22 and refrigerant blends without double counting.

e Separate actual release from capacity for fire suppression gas and obtain the COze result.

e Interpret the total of the selected sources within the correct boundary and recognize ten common mistakes.

1. One Category 1, two calculation logics

In this lesson we calculate six sources for Example Industry Inc. All of them belong to Category 1 (direct emission), but
the calculation path splits into two groups.

Group Source Calculation path

Fuel Heavy-duty diesel company vehicles (mobile combustion, road Fuel quantity - energy (TJ) = gas-specific factor -»
combustion vehicle) GWP

Fuel Diesel forklift (mobile combustion, off-road equipment) Same chain, different factor row

combustion

Fuel Four-stroke gasoline lawn mower (mobile combustion, off-road Same chain, different factor row

combustion equipment)

Fuel Stationary LPG heater in the maintenance workshop (stationary Same chain, stationary combustion factor row
combustion combustion)

Direct gas Refrigerants (R32, R134a) Released gas mass » GWP

release

Direct gas Fire suppression system (HFC-227ea) Released gas mass » GWP

release

There are two important distinctions.



First distinction: the same fuel does not mean the same factor. A diesel company vehicle is a road transport
source. A diesel forklift is off-road industrial equipment. CO: factors can be very close, but CH4 and especially N2O factors
change considerably with engine technology and operating conditions.

Second distinction: there is no energy conversion for gas releases. For refrigerant and fire suppression gas we do
not convert litres of fuel to energy. We determine the mass of gas released to the atmosphere and convert it to COze with

the appropriate GWP.

The aim of this lesson is not to memorize a single formula but to learn to choose the right calculation path for the source

type.

Calculation chains:

Fuel:
Gas release:

litres » kg » Gg » TJ -» kg gas (COz2, CHs, N20) - kg CO2e - tCO:ze
kg released gas - kg CO:2e - tCO:ze

For fuel combustion, upstream effects such as production, refining and distribution are not added to the Category 1 total.
They are indirect value chain emissions and belong to Lesson 17.

2. Example data set and calculation boundary

All values below belong to the method example. They are training data, not real company data or mandatory values.

Input Value Unit Source and note

Heavy-duty diesel road 12,000 L/year Training data, source class:

fleet, diesel fuel road vehicle

Diesel forklift, diesel fuel 1,500 L/year Training data, source class: off-
road industrial equipment

Four-stroke lawn mower, 250 L/year Training data, source class: off-

gasoline road industrial equipment

Stationary LPG heater 500 kg/year Training data, source class:

(maintenance workshop) stationary combustion

R32 service top-up 1.20 kg/year Contractor service record,
existing equipment

R134a service top-up 0.80 kg/year Contractor service record,
existing equipment

HFC-227ea actual release 0.50 kg/year Release verified by service
record

Diesel density 0.845 kg/L Training assumption only

Gasoline density 0.740 kg/L Training assumption only

NCV diesel 43 TJ/Gg IPCC 2006, Volume 2, Table 1.2

NCV motor gasoline 44.3 TJ/Gg IPCC 2006, Volume 2, Table 1.2

NCV LPG 47.3 TJ/Gg IPCC 2006, Volume 2, Table 1.2

GWP (AR6, 100 years)

CO2 = 1, combustion CHa = 27.0, N20 = 273, HFC-32 =
771, HFC-134a = 1,530, HFC-227ea = 3,600

The factor rows are collected in one table in Section 4.

This lesson does not cover:

e Natural gas and electricity (Lesson 15).
e Subcontracted transport, tonne-km, raw materials, packaging, waste and purchased services (Lesson 17).

Verification assurance level and certification assessment (Lesson 18).

dimensionless

IPCC AR6 WG1 Table 7.15, GHG
Protocol GWP table (Version
2.0)

o All details of refrigerant legislation. Only the scope distinction needed to build the inventory correctly is given.



Attention: IPCC defaults are not the only factor set mandated by ISO 14064-1. In this lesson IPCC defaults
are used to teach the calculation logic. In a real corporate inventory, the applicable program requirement, country or
supplier data and more representative technology-specific factors are evaluated.

Attention: Density values are not universal constants. 0.845 kg/L for diesel and 0.740 kg/L for gasoline are
training assumptions. Actual fuel density depends on the fuel specification and temperature. If a fuel specification or
reliable supplier data exists, evaluate it.

For each source, record the source type as well as the activity data. A heavy-duty diesel vehicle should be described as a
heavy-duty road diesel source, not simply as diesel fuel. The forklift is off-road diesel industrial equipment. For gases too,
writing only air-conditioning gas is not enough. Is it R32, R134a or a blend? The GWP depends on the gas identity. When
period, quantity, unit, equipment group and evidence document are kept together in the calculation file, the risk of
choosing the wrong factor falls considerably.

3. Preparing fuel data

Activity data is validated before any number is multiplied.

Fleet reconciliation. Check that the vehicle tracking system, fuel card or fleet management report covers the same
reporting period. The following situations make looking only at total litres insufficient:

e Vehicles sold or acquired during the period.
e Rental vehicle entries.

o Afuel card used in another vehicle.

e Fuel left in the tank at the end of the period.

Reconciling the fleet list with fuel records is the easiest way to catch missing or duplicate activity data before the
calculation starts.

Purchase is not consumption. If there is a tank or stock, the purchased quantity is not automatically consumption.
Opening stock, purchases during the period and closing stock are reconciled:

Consumption = Opening stock + Purchases during the period - Closing stock

Equipment ID and operating hours. In forklift records, keep not only the annual fuel total but also the equipment ID
and, where possible, operating hours. Operating hours alone do not replace fuel consumption, but they are strong
verification data for checking unusual changes and for allocating fuel by equipment. If there are several forklifts in the
same warehouse, document how total fuel is allocated to the equipment.

Choose the calculation path by the data. If fuel data is already in kg, tonnes, GJ, T) or another suitable energy unit, a
density conversion is unnecessary. In this lesson the litre, mass, energy path is chosen to show the conversion steps.

Good practice: In the data file, keep the raw record (invoice, fuel card report) and the reconciled value used in the
calculation in separate columns.
4. Factor selection: which table belongs to which source?

The IPCC 2006 Guidelines give different tables for fuel combustion by source class. The same fuel receives different CHa
and N20 factors as the table changes. The rows used in this lesson are below (all values in kg/T)).

Source class IPCC 2006 table Fuel and row CO: CHs N:20
Road vehicle Volume 2, Table 3.2.1 (CO2) and 3.2.2  Diesel (Gas/Diesel 74,100 3.9 3.9
(CHa, N20) Oil)
Off-road, industry Volume 2, Table 3.3.1 Diesel 74,100 4.15 28.6
Off-road, industry Volume 2, Table 3.3.1 Motor gasoline, four- 69,300 50 2
stroke

CHatrinnans ramhiickinn maninifactiirina induickriac \/aliimAa D Tahla D 2 1 D g2 1NN 1 n1
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and construction

Other rows of the same sources for comparison:

Row CO: CHz N20 When

Road vehicle, motor gasoline (uncontrolled) 69,300 33 3.2  Gasoline company car. Not applied to the lawn
mower

Road vehicle, LPG 63,100 62 0.2 LPG road vehicle. Not applied to a stationary heater

Off-road, industry, motor gasoline, two-stroke 69,300 130 0.4 Two-stroke engine equipment

Off-road, household and gardening, motor gasoline, four- 69,300 120 2 Differs from the industry row, see Section 8

stroke

Stationary combustion, manufacturing industries and 74,100 3 0.6  Generator or boiler burning diesel in a fixed

construction, diesel installation

Stationary combustion, commercial and institutional (Table 63,100 5 0.1 Office and commercial building heating. Not a

2.4), LPG manufacturing row

Three points need attention.

1. The Table 3.2.2 diesel row (3.9 and 3.9) is a rough approximation representing a European heavy-duty
diesel truck. The IPCC table footnote states that the diesel value is based on a European heavy-duty diesel truck
value. Do not apply these values automatically to passenger cars or light commercial company vehicles.

2. For road vehicles, the fuel-based default method for CHs and N20 should remain a rough
approximation. If vehicle class, emission control technology and distance travelled are available, a distance and
technology-based method is more representative. IPCC also prefers the fuel consumption approach for CO2 and
these detailed data for CH4 and N20.

3. Uncertainty is higher for off-road equipment. Table 3.3.1 values are sensitive to technology and operating
conditions. For example, the IPCC uncertainty range for the diesel N2O value of 28.6 kg/TJ is 14.3 to 85.8 kg/TJ. CHa
and N20 uncertainty is markedly higher than that of CO..

Attention: The fuel name alone does not select the method. For LPG, a stationary heater, an LPG forklift and
an LPG road vehicle are three different source contexts. The same holds for diesel as road vehicle, off-road
equipment and stationary combustion. Do not create a single diesel factor cell in the calculation sheet and copy it to
all vehicles and equipment.

5. Heavy-duty diesel road fleet: from litres to energy

Annual diesel consumption is 12,000 L. Because IPCC factors are given per TJ, the litre data is first converted to energy.

Step 1: From litres to mass

Value Unit Operation Result
12,000 L X 0.845 kg/L (L cancels) 10,140 kg
10,140 kg + 1,000 kg/t 10.14 t
10,140 kg + 1,000,000 kg/Gg 0.01014 Gg

12,000 L x 0.845 kg/L = 10,140 kg = 10.14 t = 0.01014 Gg

Step 2: From mass to energy

Value Unit Operation Result

0.01014 Gg x 43 T)/Gg (Gg cancels) 0.43602 T)
0.01014 Gg x 43 TJ/Gg = 0.43602 TJ

This number is now consistent with the TJ unit in the denominator of the factors. If the units do not cancel on the way to
the result, there is a problem in the formula.



Common mistake: Treating density as a universal constant. 0.845 kg/L is a training assumption in this lesson.
If the activity data is already in kg, tonnes or energy units, do not perform this conversion.

6. Heavy-duty diesel road fleet: CO2, CH4, N20 and CO:ze

Step 3: Calculating the gases separately

The road vehicle row in Section 4 (Tables 3.2.1 and 3.2.2) is used.

Gas Value Unit Operation Result

CO: 0.43602 T x 74,100 kg CO2/T] (T) cancels) 32,309.082 kg CO:
CHa 0.43602 T) X 3.9 kg CH4/TJ (T) cancels) 1.700478 kg CHa
N20 0.43602 T x 3.9 kg N20/TJ (T cancels) 1.700478 kg Nz20

Step 4: Converting to CO:ze with GWP

The AR6 100-year GWP set is used in this lesson.

27.0 is used for combustion methane. The GHG Protocol GWP table (Version 2.0, 7 August 2024) gives 29.8 for fossil
fugitive and process emissions. The value 27.0 is for other sources, including fossil fuel combustion. Because CO: is
already calculated separately at a combustion source, the higher fossil methane GWP would count the effect of methane
oxidizing to CO2 a second time. The GWP for N20 is 273.

Gas Value Unit Operation Result

CO:2 32,309.082 kg CO2 x 1 kg COz2e/kg CO2 32,309.082 kg COze
CHa 1.700478 kg CHa x 27.0 kg CO2e/kg CHa 45.912906 kg COze
N20 1.700478 kg N20 x 273 kg COze/kg N20 464.230494 kg CO2ze
Total 32,309.082 + 45.912906 + 464.230494 32,819.2254 kg COze
Total (tonnes) 32,819.2254 kg COz2e + 1,000 kg/t 32.819 tCO:ze

Heavy-duty diesel road fleet result: 32.819 tCOze. Rounding is done only at the last step. The CO2 share is about 98.4%.

Attention: This result is a rough training example based on a heavy-duty diesel vehicle representation. If
the company fleet consists of passenger cars or light commercial vehicles, do not automatically use the values 3.9
and 3.9. If kilometres, model year and emission control technology are available per vehicle, separating vehicle
classes gives a more defensible result.

7. Diesel forklift: why does the same diesel give a different result?

The forklift consumes 1,500 L of diesel per year. Density and NCV are the same, but a forklift is not a road vehicle. The
off-road industry diesel row in Section 4 (Table 3.3.1) is used: CO2 74,100, CHa4 4.15, N20 28.6 kg/T].

Step Value Operation Result

Mass 1,500 L x 0.845 kg/L (L cancels) 1,267.5 kg = 0.0012675 Gg

Energy 0.0012675 Gg x 43 TJ/Gg (Gg cancels) 0.0545025T)

COz 0.0545025T) x 74,100 kg/T) 4,038.63525 kg CO2

CHa 0.0545025 T x 4.15 kg/T) 0.226185375 kg CHa

N20 0.0545025 TJ x 28.6 kg/T) 1.5587715 kg N20

Gas Value Operation Result

CO2 4,038.63525 kg x 1 4,038.63525 kg COz2e
CHa 0.226185375 kg x 27.0 6.107005125 kg COze

N20 1.5587715 kg X 273 425.5446195 kg COze



Total 4,038.63525 + 6.107005125 + 425.5446195 4,470.286874625 kg COze
Total (tonnes) + 1,000 4.470 tCO:ze

Diesel forklift result: 4.470 tCOze.

The lesson here matters more than the result. In the road diesel example the N20 factor was 3.9 kg/TJ. In the off-road
industry assumption it is 28.6 kg/TJ, about 7.3 times higher. Even when the CO: factor is the same, total COze is affected
by the source type. If the road vehicle factors (3.9 and 3.9) had been applied to the forklift, the result would have been
4.102 tCOz2e. That is an understatement of about 8% and shows why the share of N20 in COze (about 9.5%) matters.

8. Gasoline lawn mower: four-stroke off-road equipment

Small sources are easy to skip, but the calculation method again starts with the source type. Our example is four-stroke
gasoline off-road industrial equipment that consumed 250 L of gasoline per year.

Step Value Operation Result

Mass 250 L x 0.740 kg/L (L cancels) 185 kg = 0.000185 Gg

Energy 0.000185 Gg x 44.3 TJ/Gg (Gg cancels) 0.0081955T)

CO:2 0.0081955 T) x 69,300 kg/T) 567.94815 kg CO2

CHa 0.0081955 T) x 50 kg/TJ 0.409775 kg CHa

N20 0.0081955 T x 2 kg/T) 0.016391 kg N20

Gas Value Operation Result

CO: 567.94815 kg x 1 567.94815 kg COze
CHa 0.409775 kg x 27.0 11.063925 kg COze
N20 0.016391 kg x 273 4.474743 kg COz2e
Total 567.94815 + 11.063925 + 4.474743 583.486818 kg COze
Total (tonnes) + 1,000 0.583 tCO:ze

Lawn mower result: 0.583 tCOze.

Here the factor of a gasoline company car (Table 3.2.2, CH4 33 and N20 3.2) was not used, because a lawn mower is not a
road vehicle. The engine type also matters. For a two-stroke engine the CH4 assumption would be 130 kg/TJ (N2O 0.4) and
the result in this example would be 0.598 tCOze. The engine type on the equipment label is therefore not only
maintenance information but methodology information.

Attention: Table 3.3.1 is split by sector rows. This example uses the industry row (CH4 50 for four-stroke
gasoline). In the household and gardening row of the same table, CHa for four-stroke gasoline is 120 kg/TJ. If the lawn
mower were calculated with this row, the result would be 0.599 tCO:ze. The difference is small, but the row selection
and its justification should be recorded.

9. LPG: a stationary combustion example

In this lesson LPG is calculated through the stationary heater in the maintenance workshop. The aim is to keep the
methodological distinction clear. Because the data is already in kg (500 kg), no density conversion is made.

For stationary LPG combustion in manufacturing industry, the IPCC Table 2.3 row is used: CO2 63,100, CHs 1, N20 0.1
ka/T].

Step Value Operation Result

Mass 500 kg + 1,000,000 kg/Gg 0.0005 Gg
Energy 0.0005 Gg X 47.3 TJ/Gg (Gg cancels) 0.02365T)

CO2 0.02365T) x 63,100 kg/T) 1,492.315 kg CO2
CHa 0.02365T) x 1 kg/T) 0.02365 kg CHa
N20 0.02365T) x 0.1 kg/T) 0.002365 kg N20



Gas Value Operation Result

CO: 1,492.315 kg x 1 1,492.315 kg COze
CHa 0.02365 kg x 27.0 0.63855 kg COze

N20 0.002365 kg x 273 0.645645 kg COze
Total 1,492.315 + 0.63855 + 0.645645 1,493.599195 kg COze
Total (tonnes) + 1,000 1.494 tCO:ze

Stationary LPG heater result: 1.494 tCOze.

Attention: Do not copy the stationary LPG factor to an LPG forklift. A forklift is off-road mobile equipment.
Use the factor appropriate to the equipment and technology, or the direct factor set approved by the reporting
program. Also, Table 2.3 (manufacturing industries and construction) and Table 2.4 (commercial and institutional)
share the CO2 and N20 values for LPG, but their CH4 values differ at 1 and 5 kg/T). The workshop heater is inside the
manufacturing boundary, so 1 kg/T) was used. The Table 2.4 row is for heating a commercial building such as an
office.

10. Reading the fuel calculations together

Source Source class Activity data Energy (T)) Result (tCOze) Share (fuel)
Heavy-duty diesel fleet Road vehicle 12,000 L 0.43602 32.819 83.4%

Diesel forklift Off-road 1,500 L 0.0545025 4.470 11.4%

Lawn mower Off-road (4-stroke gasoline) 250 L 0.0081955 0.583 1.5%
Stationary LPG heater Stationary combustion 500 kg 0.02365 1.494 3.8%

Fuel total 39.367 100%

32.8192254 + 4.470286875 + 0.583486818 + 1.493599195 = 39.366598 tC0:e = 39.367 tC0:e

The sum of the individually rounded items is 39.366. The 0.001 difference comes from rounding, because the total is
calculated from unrounded values.

Three quality checks:

1. Consumption data. Was stock and purchase reconciliation done? The purchased quantity is not automatically
consumption.

2. Unit conversion. The litre-to-mass conversion is made only when the factor path requires it.

3. Source type. Is the distinction between road vehicle, off-road equipment and stationary combustion visible in the
record?

The comparison of the diesel fleet and the diesel forklift is especially instructive. Their CO2 factor comes from the same
assumption, but the N20 factor is very different. Most of the fuel total comes from diesel in the heavy-duty company
vehicles, but these magnitudes depend entirely on the training data.

11. Preparing refrigerant data: charge, leak or service?

The most common mistake in refrigerant calculation is to treat the total gas capacity on the equipment label as annual
emission. The fact that an air conditioner or cooling system contains 10 kg of gas does not mean 10 kg is released to the
atmosphere every year. Emission is not the gas inside the system (the charge) but the gas that is lost from the system.
The quantity added during service to replace the lost gas is a measure of this loss.

The ideal data chain includes:

e Equipment inventory (location, type, gas type, nameplate charge capacity).
¢ New installations and initial charge quantities.

e Gas added during service.

e Recovered gas.

e Equipment taken out of service and scrapped.

e The organization's own gas stock and cylinder movements.



11.1 Material balance approaches

If the organization tracks its own refrigerant stock in detail, the full material balance can be used. This method rests on
conservation of gas mass:

Emission = (Opening stock - Closing stock)
+ Purchases during the period and gas returned
— Gas sent out (sold, sent for recovery, sent for disposal)
(Closing equipment charge capacity — Opening equipment charge capacity)

The last term prevents gas that goes into new equipment from being counted as emission. Gas bought to fill new
equipment increases equipment capacity and is therefore not an emission.

The simplified material balance (service charge approach) shortens this structure under special conditions. In this
lesson the method is used only as an example calculation method, following the logic of the U.S. EPA Center for Corporate
Climate Leadership guidance. ISO 14064-1 does not impose this method as the only mandatory method. The method
assumes that the quantity of gas purchased for servicing existing equipment replaces the quantity lost during operation.

In our example the following conditions are met:

e The equipment is serviced by an external contractor and service quantities can be obtained from the contractor.
e There is no new equipment installation during the year, so the installation term is zero.

e There is no equipment disposal, so the disposal term is zero.

e No gas conversion (switching from one gas to another) took place during the year.

Under these conditions the annual operating emission estimate equals the service top-up: 1.20 kg R32 and 0.80 kg
R134a.

Attention: Every kg added during service does not mean emission in every case. Filling new equipment,
servicing existing equipment and scrapping equipment are different material balance terms. Check the conditions of
the method first before counting a service top-up as emission.

Attention: Do not automatically count the full gas capacity of new equipment pre-charged at the
manufacturer as emission in the installation year. Separate installation, operation and disposal flows according
to the material balance method used.

11.2 Data sources and common data mistakes

¢ Looking only at purchase invoices. If the service company added gas from its own stock, there may be no
movement in the organization's purchase records, yet there is a real loss in the equipment. Maintenance work
orders, service forms and contractor declarations are part of the activity data.

o Counting every kg of purchased gas as emission. If the organization bought gas and the cylinder remained in
stock, the whole purchased quantity is not emission.

¢ Mixing gases. R32 and R134a have different GWP values and are calculated separately.

12. R32 and R134a: fugitive emission calculation with GWP

Fugitive emissions in this calculation are gas mass times GWP. There is no energy conversion.

Gas Quantity GWP (ARG, 100 years) Operation Result

R32 (HFC-32) 1.20 kg 771 1.20 kg x 771 kg CO2¢e/kg (kg gas cancels) 925.2 kg CO2e
R134a (HFC-134a) 0.80 kg 1,530 0.80 kg x 1,530 kg CO2e/kg (kg gas cancels) 1,224 kg COze
Total 925.2 + 1,224 2,149.2 kg COz2e
Total (tonnes) + 1,000 kg/t 2.149 tCO:ze

Refrigerants result: 2.149 tCOze.



This example shows why small gas masses matter. In fuel calculations we see thousands of litres of activity data, while in
fluorinated gases even a 1 kg leak turns into a meaningful COze because of the high GWP. In this example 2 kg of gas
amounts to 2.149 tCOze.

12.1 GWP source and its effect

GWP values change from one assessment report to the next.

Gas AR4 AR5 AR6
HFC-32 (R32) 675 677 771
HFC-125 3,500 3,170 3,740
HFC-134a (R134a) 1,430 1,300 1,530
HFC-227ea 3,220 3,350 3,600

ARG is used in this lesson. If the same quantities were calculated with the AR5 set, refrigerants would be 1,852.4 kg COze
(about 16% lower than the AR6 result) and fire suppression gas 1,675 kg COze (about 7.5% lower). Randomly mixing AR4,
AR5 and AR6 values in the same inventory breaks year-to-year comparison. Apply consistently the set that the program
requires and report which set you used. If a ready-made CO:ze factor is based on another GWP set, do not combine its
result with the gas-based AR6 calculation without checking compatibility.

13. Older refrigerants and blends: why is R22 not the main example?

13.1 R22 (HCFC-22)

In older training examples you may come across HCFC gases such as R22. R22 is an HCFC with a climate effect (AR6 100-
year GWP of 1,960). It is not in the same gas group as HFCs such as R32 and R134a. HCFCs fall under the Montreal
Protocol and are not among the seven mandatory gases of the GHG Protocol. The climate effect of these gases is real, but
their reporting place in a corporate inventory is determined by the rule of the selected program. The GHG Protocol
Corporate Standard allows gases covered by the Montreal Protocol to be reported separately outside the scopes, if
relevant.

For this reason the main numerical examples in this lesson are built on the HFCs R32 and R134a, and no number is
produced for R22 to enter the total. If the organization has old equipment that uses R22, do not ignore the gas. But
instead of silently adding it to the HFC total, apply the separate reporting rule the program prescribes for these gases.

13.2 Refrigerant blends

Many refrigerants are blends, not single gases. For example, R410A is a blend of R32 and R125 in equal parts by mass.
Blends carry a double counting risk.

Method Operation Result
With the blend GWP R410A GWP = 0.5 x 771 + 0.5 x 3,740 = 2,255.5 2.0 kg x 2,255.5 = 4,511 kg COze
Component-based 1.0 kg R32 x 771 + 1.0 kg R125 x 3,740 771 + 3,740 = 4,511 kg COze

Both methods give the same result. The mistake is applying both: 4,511 + 4,511 gives the wrong result of 9,022 kg CO:ze.
If you calculated with the published GWP for the blend, do not split the same gas quantity into components and add it a
second time. If you use the component-based method, do not make a second calculation with the blend GWP. The blend
GWP is a weighted average derived from component GWPs, so record the source of the blend value (program table or
your own calculation).

Main message: air-conditioning gas is not a single calculation category. The gas identity, reporting scope,
method used and GWP source must be determined before the calculation starts.

14. Fire suppression gas: calculating actual release

For fire suppression systems too, the gas type is defined first. The service record of Example Industry Inc. confirms that
0.50 kg of HFC-227ea gas was actually released during the year.



Gas Quantity GWP (ARG, 100 years) Operation Result

HFC-227ea 0.50 kg 3,600 0.50 kg x 3,600 kg CO2e/kg (kg gas cancels) 1,800 kg COze

Total (tonnes) + 1,000 kg/t 1.8 tCOze

Fire suppression gas result: 1.8 tCOze.
The calculation is very short, but data quality is critical.

o Capacity is not emission. Even if the total cylinder capacity of the system is, for example, 10 kg, we do not count
this capacity as emission every year. 10 kg x 3,600 = 36 tCOze would be the wrong result. An actual discharge, a
loss during service or a suitable material balance record is required.

« Identify the gas type. Not all fire suppression systems use HFCs. There may be CO2 systems, inert gases or other
chemicals. Applying the HFC-227ea GWP to them is methodologically wrong.

o Separate the records. Records of a real fire, a test discharge, a service operation and a cylinder replacement
should be kept apart. Do not add the same refill record a second time, once as an actual release and again in the
material balance calculation.

o Leaks and venting. Loss during cylinder filling, leaks at the cylinder valve and connections, and venting for
maintenance are also actual releases. They should appear as separate lines in the service record.

15. Result of the selected sources and uncertainty

Source Activity data Factor and GWP Result (tCOze) Share
Heavy-duty diesel road fleet 12,000 L Tables 3.2.1 and 3.2.2, AR6 32.819 75.8%
Diesel forklift 1,500 L Table 3.3.1, AR6 4.470 10.3%
Lawn mower 250 L Table 3.3.1, AR6 0.583 1.3%
Stationary LPG heater 500 kg Table 2.3, AR6 1.494 3.4%
Refrigerants (R32, R134a) 2.00 kg AR6 (771 and 1,530) 2.149 5.0%
Fire suppression gas (HFC-227ea) 0.50 kg ARG (3,600) 1.800 4.2%
Total of selected sources 43.316 100%

39.366598 + 2.1492 + 1.8 = 43.315798 tC0:e = 43.316 tCO:e

Fuel sources make up about 90.9% of the total and gas releases about 9.1%. Gas releases are a very small part of the
total mass (2.5 kg), but they have a notable share of the COze total.

Attention: This total is not the company's entire Category 1 total or its entire corporate inventory.
Natural gas, process emissions, other vehicles, other cooling systems and other gases in electrical equipment may be
outside the scope of this lesson example.

Uncertainty does not come from the same source in every item.

e In fuel CO:z calculation the main uncertainty is most often activity data and fuel properties.
e CHas and N20 factors are more sensitive to technology, especially for mobile and off-road sources.
e For refrigerants, the completeness of service records and the material balance method used are decisive.

The result table should show not only tCOze but also activity data, source class, factor set, GWP set and a method note.
In year-to-year interpretation, separate activity change from method change.

e If you use a generic off-road assumption for the forklift in the first year and switch to an equipment-specific factor in
the next, the whole difference is not a real emission change.

e As service record quality improves, refrigerant emission may appear to increase. This does not always mean the
physical leak has increased.

e The GWP set used in a single inventory should be reported and any change between years should be noted
separately.

16. Current status (September 2026)



Refrigerant legislation and the inventory. In the European Union, fluorinated greenhouse gases are regulated by
Regulation (EU) 2024/573. It was adopted on 7 February 2024, started to apply on 11 March 2024 and replaced the
2014 F-gas Regulation (517/2014). It provides for the phase-out of HFCs in the EU by 2050 through a quota system
and extends leak prevention and gas recovery obligations to additional equipment and gases. This legislation
regulates placing on the market and equipment obligations. It does not determine which method and GWP set a
corporate GHG inventory uses. For the inventory, the program requirement governs.

Turkiye. The current status of national regulations on fluorinated gases and ozone-depleting substances in Turkiye,
and of obligations under the Kigali Amendment to the Montreal Protocol, is summarized in Lesson 12 and should be
checked with the sources of the Ministry of Environment, Urbanization and Climate Change. The calculation method in
this material teaches the inventory logic independently of the gas-use obligations of national legislation.

GWP set. The AR6 values used in the calculation are based on the GHG Protocol GWP table Version 2.0 (7 August
2024). If the program in use requires another set (for example AR5), the program requirement takes priority. The
value 27.0 for combustion methane follows the GHG Protocol. Some practitioners recommend 27.9 from the AR6
table for combustion CHa. In this lesson the program requirement or the GHG Protocol approach is followed and the
choice is documented.

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

from decimal import Decimal as D

def fuel(kg, ncv, ef, gwp):
gg = kg / D(10%*6)
tj = 99 * ncv
gases = [t] * e for e in ef]
co2e kg = sum(g * k for g, k in zip(gases, gwp))
return tj, gases, co2e kg

gwp = (D(1), D(27), D(273))

# Road diesel fleet: 12000 L, 0.845 kg/L
kg = D(12000) * D(845) / D(1000)
fleet = fuel(kg, D(43), (D(74100), D(39) / D(10), D(39) / D(10)), gwp)

# Diesel forklift: 1500 L, off-road industry
kg = D(1500) * D(845) / D(1000)
fork = fuel(kg, D(43), (D(74100), D(415) / D(100), D(286) / D(10)), gwp)

# Gasoline lawn mower: 250 L, 0.740 kg/L, four-stroke
kg = D(250) * D(740) / D(10600)
mower = fuel(kg, D(443) / D(10), (D(69300), D(50), D(2)), gwp)

# Stationary LPG heater: 500 kg, Table 2.3
lpg = fuel(D(500), D(473) / D(10), (D(63100), D(1), D(1) / D(10)), gwp)

fuel t = sum(x[2] for x in (fleet, fork, mower, lpg)) / D(1000)

# Gas releases

r32 = D(12) / D(10) * D(771)

r134a = D(8) / D(10) * D(1530)

fire = D(5) / D(10) * D(3600)

gas t = (r32 + rl34a + fire) / D(1000)

print(fleet[0], fleet[1l], fleet[2] / 1000)

print(fork[0], fork[1l], fork[2] / 1000)

print(mower[0], mower[1], mower[2] / 1000)

print(lpg[0], lpg[1], lpg[2] / 10660)

print(fuel t, r32, rl34a, (r32 + rl34a) / 1000, fire / 1000)
print(fuel t + gas t)



Main lines of the expected output: road fleet 0.43602 T) and 32.8192254 t, forklift 0.0545025 T) and 4.470286874625 t,
lawn mower 0.0081955 T) and 0.583486818 t, LPG 0.02365 TJ) and 1.493599195 t, fuel total 39.366598287625 t, R32
925.2 kg, R134a 1,224 kg, fire suppression gas 1.8 t, grand total 43.315798287625 t.

Exercises (with answers)

Exercise 1: Error hunter

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

Mistake

1. Applying the same CH4 and N20 factor to a
road vehicle and off-road equipment

2. Treating purchased fuel as consumption
without a stock check

3. Treating density as a universal constant

4. Applying the ARG fossil fugitive value 29.8 to
combustion methane

5. Copying the stationary LPG heater factor to
an LPG forklift

6. Counting the full gas capacity of cooling
equipment as annual leak

7. Counting a service top-up as emission
without checking method conditions

8. Adding an HCFC such as R22 as if it were in
the same gas group as HFCs

9. Counting a blend gas both with the blend
GWP and with a component calculation

10. Using fire cylinder capacity instead of
actual release

Exercise 2: Stock reconciliation

Why it is a problem

The diesel N20 factor is 3.9 kg/TJ for a road
vehicle and 28.6 kg/T) for off-road industry

The difference between opening and closing stock

is missed

Density depends on the fuel specification and
temperature

Oxidation is already counted in combustion CO2,
creating double counting

A forklift is off-road mobile equipment

Charge is not emission, lost gas is emission

New installation and disposal terms are separate
HCFCs fall under the Montreal Protocol, the
reporting place depends on the program rule

The same emission is counted twice

Capacity is not emission

Correct approach

Select the IPCC table that fits the
source class

Consumption = opening stock +
purchases — closing stock

Use supplier data, 0.845 and 0.740
are training assumptions only

Use 27.0 for combustion CHa

Factor suited to the equipment or the
set approved by the program

Use the service top-up or a material
balance

Verify the conditions of the simplified
method

Report separately, do not add silently
to the HFC total

Choose a single method

Use the actual release in the service
and discharge record

In the fuel record of the diesel fleet, opening stock is 2,000 L, purchases during the period are 11,500 L and closing stock
is 1,500 L. What is consumption, and what would the result be if the purchased quantity were taken directly as

consumption?

Answer: Consumption = 2,000 + 11,500 — 1,500 = 12,000 L. This equals the main example and the result is 32.819
tCOze. If 11,500 L were taken as consumption, energy would be 0.4178525 TJ and the result 31.452 tCO:ze, an

understatement of about 1.367 tCO:ze.

Exercise 3: Data in energy units

The fleet management system gives diesel consumption directly as 0.43602 TJ. Would you apply the density and NCV

steps?

Answer: No. Because the activity data is reliably in energy units, it is multiplied directly by the factors: 0.43602 T x
74,100 kg/T) = 32,309.082 kg CO:. Repeating the density and NCV conversion is unnecessary.

Exercise 4: Wrong factor row

What happens if the road vehicle row (CHa 3.9 and N20 3.9) is applied to the diesel forklift?

Answer: For 0.0545025 TJ, COz is 4,038.63525 kg, CH4 0.21256 kg and N20 0.21256 kg. Total COze is 4.102 tCO:ze. Since
the correct value is 4.470 tCOze, the result is understated by about 0.368 tCOze (about 8%).

Exercise 5: Material balance



An organization's R32 stock is 5 kg at the start of the period and 4 kg at the end. During the period 3 kg of R32 was
purchased and no gas was sent out. Of this purchase, 2 kg was used for the initial charge of a new air conditioner, and
equipment charge capacity increased by 2 kg. How many tCO:ze is the R32 emission (AR6)?

Answer: Emission =(5—-4)+3 —-0—-2 =2kgR32.2kg x 771 = 1,542 kg COz2e = 1.542 tCOze. The 2 kg that went into
the new air conditioner is not emission, it increased equipment capacity. Without the capacity increase term, 4 kg and
3.084 tCO2ze would have been found.

Exercise 6: Blend

2.0 kg of R410A was added during service. Calculate the result with both methods and show the effect of double
counting.

Answer: With the blend GWP, 2.0 x 2,255.5 = 4,511 kg COze. Component-based, 1.0 x 771 + 1.0 x 3,740 = 4,511 kg
COze. Both are correct, but adding them gives 9,022 kg COze and the result doubles.

Exercise 7: GWP set sensitivity

What would the result be if the R32 and R134a service top-ups were calculated with the AR5 GWP set (677 and 1,300)?

Answer: 1.20 x 677 + 0.80 x 1,300 = 812.4 + 1,040 = 1,852.4 kg COz2e = 1.852 tCOz2e. The ARG result is 2.149 tCOze, a
difference of about 16%. This is why the GWP set must be reported.

Summary

e Within Category 1 there are two calculation paths: fuel combustion (fuel - energy - gas-specific factor - GWP) and
direct gas release (gas mass - GWP).

e The same fuel receives a different factor by source class. For diesel, road vehicle is 3.9 and 3.9, off-road industry
4.15 and 28.6 kg/T) (CHs and N20).

e The Table 3.2.2 diesel value is based on a European heavy-duty diesel truck. It is not used automatically for
passenger cars and light commercial vehicles.

e Fuel results: diesel fleet 32.819, forklift 4.470, lawn mower 0.583, stationary LPG 1.494 tCOze. Fuel total 39.367
tCOze.

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

e For refrigerant, emission is the lost gas, not the charge capacity. In the simplified material balance, when the
conditions are met, the service top-up is the operating emission estimate.

e R32 925.2 kg, R134a 1,224 kg, total 2.149 tCOze. HFC-227ea actual release 1.8 tCOze.

e HCFC gases such as R22 are not silently added to the HFC total. Blends are calculated with a single method.

e The total of the selected sources is 43.316 tCOze and is not the entire inventory.

e Evidence chain: fuel card and stock record, equipment and source class, service forms, gas identity, factor table and
GWP set.

Knowledge check (with answers)

1. Why did the diesel forklift not use the same CH4 and Nz0 factors as the heavy-duty diesel road fleet?
Answer: The source type and technology are different. The forklift is off-road industrial equipment (Table 3.3.1: CH4 4.15,
N20 28.6). The road fleet uses the Table 3.2.2 row (3.9 and 3.9).

2. How many TJ is 12,000 L of diesel (with the training assumptions)? Answer: 12,000 x 0.845 = 10,140 kg =
0.01014 Gg. 0.01014 x 43 = 0.43602 TJ.

3. Which GWP was used for combustion CHs and why? Answer: 27.0. 29.8 is for fossil fugitive and process methane
and creates double counting when combustion CO: is calculated separately.

4. If fuel data is already in T), is a density conversion made? Answer: No. Reliable data in energy units is
multiplied directly by the factors.

5. Can the stationary LPG heater factor be applied to an LPG forklift? Answer: No. A forklift is off-road mobile
equipment. A factor suited to the equipment or a set approved by the program should be used.

6. Why did we count the R32 service top-up as emission? Answer: In the training example the conditions of the
simplified material balance were defined: servicing of existing equipment, no new installation or disposal, no gas
conversion. No generalization is made without checking these conditions.



7. 1s 10 kg of gas inside an air conditioner an annual emission? Answer: No. Emission is the gas lost from the
system, not the charge quantity.

8. Why was R22 not added to the HFC total? Answer: R22 is an HCFC and falls under the Montreal Protocol. Its
reporting place is determined by the rule of the selected program.

9. What happens if R410A emission is calculated both with the blend GWP and with components and the
two are added? Answer: The same emission is counted twice. A single method must be chosen.

10. Why was there no energy conversion in the HFC-227ea calculation, and why was cylinder capacity not
used? Answer: The mass of directly released gas is converted with GWP, and since it is not a fuel there is no energy

conversion. Capacity is not emission, and actual release is determined from the service record.

Key concepts glossary (TR - EN)

Tirkge English

faaliyet verisi

emisyon faktoru

net kalorifik deger (NKD), alt i1sil deger
kiresel 1Isinma potansiyeli (KIP)
karbondioksit esdegeri (CO2ze)
dogrudan emisyon

Kategori 1 (dogrudan sera gazi emisyonlari ve uzaklastirmalari)
hareketli yanma

sabit yanma

yol tasiti

yol disi ekipman

kagak emisyonlar

sogutucu akiskan

malzeme dengesi

servis sarjl

karisim sogutucu

yangin sondlirme gazi

florlu sera gazi (F-gaz)
hidroflorokarbon (HFC)
hidroklorofluorokarbon (HCFC)
yogunluk

birim iptali

Gift sayim

sera gazi envanteri

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

Category 1 (direct GHG emissions and removals)
mobile combustion

stationary combustion

road vehicle

off-road equipment

fugitive emissions

refrigerant

material balance

service charge

refrigerant blend

fire suppression gas

fluorinated greenhouse gas (F-gas)
hydrofluorocarbon (HFC)
hydrochlorofluorocarbon (HCFC)
density

unit cancellation

double counting

GHG inventory

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.

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, Volume 2 Energy, Chapter 1 Table 1.2 (NCV:
diesel 43.0, motor gasoline 44.3, LPG 47.3 TJ/Gg), Chapter 2 Tables 2.3 and 2.4 (stationary combustion), Chapter 3

Tables 3.2.1, 3.2.2 (road transport) and 3.3.1 (off-road).
e IPCC, AR6 WG1, Chapter 7, Table 7.15 (100-year GWP).

https://www.ipcc-n . .or. ublic/20064l

e GHG Protocol, IPCC Global Warming Potential Values, Version 2.0, 7 August 2024 (AR6: non-fossil CHa 27.0, fossil
CH4 29.8, N20 273, HFC-32 771, HFC-125 3,740, HFC-134a 1,530, HFC-227ea 3,600, HCFC-22 1,960).

e U.S. EPA Center for Corporate Climate Leadership, Direct Fugitive Emissions from Refrigeration, Air Conditioning,
Fire Suppression, and Industrial Gases (material balance and simplified material balance approaches).


https://www.ipcc-nggip.iges.or.jp/public/2006gl/

e GHG Protocol, Corporate Accounting and Reporting Standard and the required greenhouse gases note (seven gases
and separate reporting of Montreal Protocol gases).

e European Union, Regulation (EU) 2024/573 on fluorinated greenhouse gases, 7 February 2024. https://climate.ec.eu
ropa.eu/areas-action/fluorinated-greenhouse-gases/f-gas-legislation_en

e SATSO-SUBU Training Program, Lesson 16 objectives and content description, and the TSE TS EN ISO 14064-1
training presentation (Category 1 source classification).

Currency note: Information is current as of September 2026. The GWP set, factors and gas scope may change with the
requirement of the reporting program. For the current status of fluorinated gas legislation in Tirkiye, see Lesson 12 and
the Ministry sources. In a real inventory study, official sources should be checked again.


https://climate.ec.europa.eu/areas-action/fluorinated-greenhouse-gases/f-gas-legislation_en

