DERS 17: Uygulama 3: Tasima, Hammadde, Atik ve
Satin Alinan Hizmet Hesabi

Lesson 17: Application 3: Transport, Raw Material, Waste and Purchased Service Calculation

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

Kinye Aciklama

Hedef Universite dgrencileri ile sanayi kuruluslarinda calisan teknik ve idari personel
kitle
Bu ISO 14064-1 Kategori 3 (ulastirma) ve Kategori 4 (kurulusun kullandigi tGriin ve hizmetler) kaynaklari igin faaliyet verisinden

materyalin  tCOz2e sonucuna adim adim hesap: ton-km, kisi-km, hammadde, ambalaj, su, atik, satin alinan hizmet, eksik veri ve gifte sayim
kapsami kontrold

Ornek yili  Birlesik Krallik 2026 faktérleri ve kurgusal tedarikci verileri ile ydntem érnegi (tiim sayilar egitim verisidir, gercek sirket verisi
degildir)

ilgili Ders 15 (dogal gaz ve elektrik), Ders 16 (akaryakit, arag, sogutucu ve yangin gazi), Ders 18 (ISO 14064-1 raporu ve

dersler dogrulama)

Bilgi Eylul 2026

guncelligi

Ogrenme ciktilari

Bu materyali tamamlayan katilimci sunlari yapabilir:

e Dolayli emisyon kaynagdini ISO 14064-1 Kategori 3 ya da Kategori 4 olarak siniflandirir ve GHG Protocol Kapsam 3
numaralarini ISO numaralariyla karistirmaz.

e Tasimacilik verisini ton, mesafe ve mod olarak hazirlar, ton-km ve kisi-km faaliyet verisini hesaplar.

¢ Hammadde, ambalaj, su, atik ve hizmet icin faaliyet verisini uygun faktdrle eslestirir ve birim iptalini her satirda
gosterir.

e Bir faktoriin sistem sinirini, yilini, cografyasini, birimini ve KIP temelini kontrol eder.

e Tedarikgi PCF veya EPD verisinin kurumsal envantere uygun olup olmadigini test eder.

e Atik hesabinda atik tird ile gergek islem rotasini birlikte degerlendirir.

e Harcama temelli yontemin sinirlarini agiklar ve eksik veriyi sifir yazmadan belgelenmis varsayimla yonetir.

e Cifte sayim risklerini bulur ve sik yapilan on hatayi dizeltir.

1. Dolaylh emisyonda zorluk formul degil, sinirdir

Ders 15 ve Ders 16'da buyUk 6lgude kurulusun kendi kayitlariyla ¢alistik. Bu derste veri zinciri kurulus sinirinin disina
tasir. Tedarikgi tUretimi, dis lojistik, personel servisi, su, atik ve bakim hizmeti gibi kaynaklarda emisyon baska bir
kurulusta olusur.

Bu materyalde bu kaynaklarin, kurulusun 6nceden belirledigi 6nemlilik kriterleri sonucunda énemli dolayli emisyon olarak
secildigi varsayilir. Yani btln dolayl kaynaklarin ayni ayrintida hesaplanmasi gerektigi 6gretiimez. Secilmis énemli
kaynaklarin nasil nicelendirilecegi gosterilir.

Ana gugcluk formul degil, faaliyet verisi ile faktériin ayni seyi temsil etmesini saglamaktir. Hommadde faktoérd tedarikgi
kapisinda bitiyorsa fabrikaya tasima Kategori 3'te ayrica hesaplanabilir. Faktor teslimati da kapsiyorsa ayni tasima
yeniden eklenmez.

Her hesap ayni sirayla ilerler:

Faaliyet verisi, kategori ve birimi belirle.

Faktorin sistem sinirini, yilini, cografyasini, teknolojisini ve KIP temelini kontrol et.
Hesabi yap ve birim iptalini goster.

Cifte sayim, veri kalitesi ve belirsizligi degerlendir.

PwWwnNE

1.1 Kaynaklarin ISO 14064-1 kategorileri

Kaynak Bu derste ornek 1SO 14064-1 kategorisi



Uclincii taraf girdi tasimacihig 80 ton hammadde, 450 km Kategori 3 (ulastirmadan kaynaklanan dolayli emisyonlar)

Personel servisi 35 calisan, taseron hizmeti Kategori 3
Hammadde 200 ton polipropilen Kategori 4 (kurulusun kullandigi Grlinlerden kaynaklanan dolayh
emisyonlar)
Ambalaj 12 ton karton Kategori 4
Sebeke suyu ve dis atiksu 5.000 m3 ve 4.000 m3 Kategori 4
aritma
Atik bertarafi 20 ton duzenli depolama Kategori 4
Atik tasimasi Kurulusun sectigi yonteme Kategori 3 ya da Kategori 4, yalnizca birinde sayilir
gore
Bakim hizmeti 300 servis ziyareti Kategori 4

Kurulusun kendi kontroliindeki aragla yaptigi tasima dogrudan emisyondur (Kategori 1, Ders 16). Bu dersteki tasima ve
servis ornekleri G¢Uncl taraf hizmettir.

Dikkat: 1ISO kategori numaralari ile GHG Protocol Kapsam 3 numaralari ayni degildir. GHG Protocol'de satin
alinan urdn ve hizmetler Kapsam 3 Kategori 1, yukari yonlU tasima Kategori 4, faaliyetlerde olusan atik Kategori 5,
calisanlarin ise gidis gelisi Kategori 7'dir. ISO 14064-1'de ise tasima Kategori 3, satin alinan Griin ve hizmetler
Kategori 4'tir. Raporda hangi ¢ercevenin kullanildigini agikga yazin ve numaralari birbirinin yerine kullanmayin.

2. Ornek veri seti ve hesap siniri

Asagdidaki tim degerler yéntem 6rnegdi icindir. Bunlar egitim verisidir, gercek sirket verisi ya da zorunlu deger degildir.
Birlesik Krallik faktorleri yalnizca veri yapisini ve hesap mantigini géstermek icin secilmistir.

Faaliyet verisi Faktor Faktorin kaynagi ve notu
Girdi 80 t x 450 km 0,10356 kg UK Government GHG Conversion Factors 2026, Freighting goods, HGV (all diesel),
tasimaciligi CO2¢e/ton-km ortalama doluluk. Egitim varsayimi, Turkiye faktora degildir
Personel 35 kisi x 44 0,03948 kg UK 2026, coach (sehirlerarasi otobis). Egitim varsayimi, Turkiye faktori degildir
servisi km/gin x 220 CO2¢/kisi-km

gln
Hammadde 200 t 1,85 tCOze/t Kurgusal tedarikgi PCF (besikten tedarikci kapisina). Egitim varsayimi
(polipropilen)
Ambalaj 12t 1.198,23866 UK 2026, Material use, board, primary material production
(karton) kg COze/t
Sebeke suyu 5.000 m3 0,19130 kg UK 2026, water supply

COze/m?3

Dis atiksu 4.000 m3 0,17088 kg UK 2026, water treatment
aritma COz2e/m?
Atik (dlzenli 20t 520,58023 kg UK 2026, commercial and industrial waste, landfill
depolama) COz2e/t
Bakim hizmeti 300 ziyaret 18 kg Kurgusal tedarikgi faktorl. Egitim varsayimi

COze/ziyaret

Faktorlerin tam ondalik degerleri hesapta korunur. Yuvarlama yalnizca son adimda yapilir.
Bu derste sunlar hesaba katilmaz:

e Dogal gaz, elektrik, dogrudan yakit ve kacak gaz hesaplari (Ders 15 ve Ders 16).

e Satilan Urlnlerin kullanim ve yasam sonu emisyonlari.

e EPD ve PCF olusturma yoéntemi. Yalnizca kurumsal envanterde dogru kullanim kontrolleri gosterilir.

e SO 14064-1 rapor bicimi ve dogrulama prosediirii (Ders 18).

e Harcama temelli hizmet hesabi icin Turkiye'ye ait TL bazli bir emisyon ¢arpani. Boyle bir carpan bu materyalde
verilmez.



Dikkat: Birlesik Krallik faktorleri Tiirkiye faktori degildir. UK Government faktoérleri Birlesik Krallik faaliyetleri
icin yayimlanir. Arag filosu, yakit, sebeke ve su sirketi yapisi Turkiye'den farklidir. Gercek envanterde 6nce tedarikgiye
0zgl veriyi, sonra uygun Turkiye, ulusal ya da sektorel veriyi degerlendirin.

Dikkat: Hazir CO:ze faktorlerinin hepsi ayni KIP setine dayanmaz. 2026 metodolojisinde faktér gruplarinin KIP
temelleri farklidir. Kullandiginiz faktériin KIP temeli veri kalite kaydinda ayrica tutulmahdir. Bu materyaldeki érnekleri
toplayip tek bir envanter rakami gibi sunmayin (bkz. Bolim 15).

Guncel durum (Eyliil 2026): UK Government GHG Conversion Factors 2026, 11 Haziran 2026'da yayimlanmistir.
Flat file 31 Temmuz 2026'da, bazi sifir gérinen dederleri diizeltmek igin glincellenmistir (degdisiklik hibrit arac ve otel
konaklamasi gibi satirlari etkiler, bu derstekileri etkilemez). Yayimlanan resmi degisiklik raporuna gore su, atik ve
malzeme kullanimi gruplarinda biylUk degisiklik yoktur. Buna karsilik coach faktorl dizeltilmis doluluk verisi
nedeniyle yaklasik %42 ile %43 artmistir. Bu ylzden eski yillardan kalan bir coach faktorini 2026 degeriyle
karistirmayin.

3. Tasimacilik verisini hazirlamak: ton, mesafe, mod

Ornek Sanayi A.S. yil icinde bir tedarikciden 80 ton hammadde aliyor. Malzeme tesise 450 km uzaklktan ticlnci taraf
kamyonla geliyor. Ton-km hesabi icin iki fiziksel bilgi yeterlidir: tasinan yuk ve o yukin tasindigi mesafe. Dogru faktora
secmek icin tasima modu ve mumkunse arag sinifi da gerekir.

ton-km = tasinan yikin tonu x yikin tasindigi mesafe (km)

Sik yapilan hatalar:

¢ Kamyonun azami kapasitesini tasinan gercek miktar sanmak. 20 ton kapasiteli kamyon her seferde 20 ton
tasimamis olabilir.

e Sevkiyatlarin toplam kilometresi ile yuk-kilometreyi karistirmak. Bir kamyonun kapasitesi ya da toplam rota
mesafesi tek basina ton-km degildir.

o Faktorlin birimini kontrol etmemek. kg COze/ton-km ile kg COz2e/arac-km farkli biyukliklerdir. Birbirine
donutstirmeden kullaniimaz.

Veri dosyasinda her sevkiyat icin su alanlar tutulabilir: tarih, tedarikci, malzeme, tonaj, baslangig ve bitis noktasi, mesafe,
tasima modu ve tasiyici. Mesafe tasiyici belgesinden gelmiyorsa kullanilan harita ya da rota kaynadi da kaydedilir.

e Mesafe: Kus ucusu mesafe kullanmayin. Gercek karayolu rotasi ya da taslyicinin beyan ettigi sevk mesafesi daha
uygundur.

« Cok modlu tasima: Sevkiyat birden fazla aktarma ya da mod iceriyorsa her bacak ayri satir olarak tutulur. Ornegin
kamyonla limana, gemiyle baska Ulkeye, yeniden kamyonla tesise gelen malzeme tek bir karayolu faktérayle
hesaplanmaz.

o Kontrol siniri: Tasimay! kurulusun kendi araci yapiyorsa emisyon dogrudandir. Uclinci taraf lojistik hizmeti bu
derste Kategori 3 ulastirma emisyonu olarak ele alinir.

4. Ton-km uygulamasi: girdi tasimasi

Adim 1: Faaliyet verisi

Deger Birim islem Sonug¢
80 ton X 450 km (ton ve km birimleri garpim olarak ton-km olur) 36.000 ton-km
Adim 2: Emisyon

Faktor olarak UK 2026 sirket raporlama setindeki, agir yik araclari (HGV, timua dizel) icin ortalama doluluk kosuluna ait
dogrudan isletme faktorl kullanihir: 0,10356 kg COze/ton-km.



36.000 ton-km x 0,10356 kg COz2e/ton-km (ton-km iptal olur) 3.728,16 kg COze

3.728,16 kg COze + 1.000 kg/t 3,728 tCOze

80 t x 450 km = 36.000 ton-km
36.000 ton-km x 0,10356 kg CO:2e/ton-km = 3.728,16 kg COz2e = 3,728 tC0:e

Girdi tasimasi (Kategori 3, yéntem 6rnegdi) sonucu: 3,728 tCO:e.

Dikkat: Bu faktor Birlesik Krallik arac filosunu ve kullanim kosullarini temsil eden bir egitim ornegidir.
Tarkiye icin varsayilan ulusal faktér degildir. Tlrkiye operasyonunda kullanilacaksa taslyiciya 6zgi ya da uygun ulusal
veri degerlendirilmelidir.

Sinir kontrolii: dogrudan isletme faktéri ile yukari yonlii yakit etkisi. Bu yUk tasimacihdi faktorG aracin
dogrudan isletme emisyonunu temsil eder. Yakitin ¢ikarilmasi, rafinerisi ve dagitimi gibi yukari yonlu etkiler UK
setinde ayr faktér grubundadir (WTT). Bu etkileri de hesaba katmak istiyorsaniz kurulusunuzun sinir kararina gore
ayrica ve bilingli ekleyin. Zaten yukari yonll etkiyi iceren daha genis bir yasam déngusu faktéri kullanityorsaniz ayni
etkiyi ikinci kez eklemeyin.

Ne zaman ton-km ortalamasi yerine baska veri kullanilir?

o Ozel bir kamyonun gidis dénis arac kilometresi ve gercek yakit tiiketimi biliniyorsa tasiyiciya 6zgii veri ortalama
faktorden daha temsil edici olabilir.

e Ayni rotada cok sayida sevkiyat varsa her sevkiyat ayri hesaplanip toplanabilir. Tonaj ve mesafe gercekten ayniysa
toplulastirmak da mumkunddr.

e Farkli arag siniflari ya da farkli doluluk kosullari varsa tek bir ortalama faktér batun sevkiyatlara uygulanmaz.

e Sogutmali tasima ayri bir siniftir. Sogutma enerjisi ve ekipmani faktor degerini degistirir.

5. Personel servisi ve kisi-km

Personel servisinde ayni mantik kisi-km'ye uyarlanir. Ornekte 35 calisan servisi kullaniyor. Kisi basina ginliik toplam gidis
dénus mesafesi 44 km, yilda 220 is ginu vardir.

Adim 1: Faaliyet verisi

Deger Birim islem Sonug

35 kisi X 44 km/gin x 220 gun (kisi ve giin birimleri kisi-km olarak kalir) 338.800 kisi-km

Adim 2: Emisyon

Deger Birim islem Sonug
338.800 kigi-km X 0,03948 kg COze/kisi-km (kisi-km iptal olur) 13.375,824 kg COze
13.375,824 kg COze <+ 1.000 kg/t 13,376 tCOze

35 x 44 x 220 = 338.800 kisi-km
338.800 x 0,03948 = 13.375,824 kg CO2e = 13,376 tCO:e

Personel servisi (Kategori 3, ydontem 6rnegi) sonucu: 13,376 tCO:e.

Dikkat: Faktorun arac tiiri servisle uyusmalidir. Bu érnekte coach (sehirlerarasi otobus) faktort yalnizca
yontemi gostermek igin secilmistir. Gercek servis midibls ya da minibis ise uygun arag sinifi faktéri ya da taseronun
kendi verisi degerlendirilmelidir.



Dikkat: Kisi-km her zaman en iyi veri degildir. Servis firmasi gercek yakit tliketimini, arac kilometresini, arac
tipini ve sefer sayisini glvenilir bicimde verebiliyorsa bu veri ortalama kisi-km faktoriinden daha temsil edici olabilir.

Katilimci sayisina dikkat. Servis kapasitesi 40 kisi diye her glin 40 kisinin seyahat ettigini varsaymayin. Mimkinse
turnike, servis listesi, anket ya da tasiyici kaydiyla fiili katilimi belirleyin. Eksik gUnleri sifir kabul etmek yerine belgelenmis
bir tahminle tamamlayin.

6. Hammadde: tedarikciye 6zgu urun verisi

Hammadde tarafinda veri kalitesi yiikseldiginde hesap basitlesebilir. Ornek Sanayi A.S. 200 ton polipropilen satin aliyor.
Kurgusal tedarikci ayni Grlin icin besikten tedarikgi kapisina trln karbon ayak izini ton trin basina 1,85 tCOze olarak
bildirmis olsun.

200 t drdn x 1,85 tCOze/t Grln (t Grun iptal olur) 370 tCOze

200 t x 1,85 tCOz2e/t = 370 tCO:ze

Hammadde (Kategori 4, kurgusal tedarikgi verisi) sonucu: 370 tCOze.

Dikkat: 1,85 tCO:ze/t degeri gercek bir piyasa faktori degildir. Tedarikciye 6zgu veri kullanimini 6gretmek igin
kurgusal bir egitim varsayimidir.

Bu saylyl kullanmadan 6nce belgenin basligina degil icerigine bakin:

o Uriin sinifi ve recetesi satin aldigimiz Griinle ayni mi?

e Beyan edilen birim ton tGrin ma?

e Veri hangi yili ve cografyay! temsil ediyor?

o Elektrik ve geri donustlrtlmus icerik varsayimlari neler?

e Tahsis yontemi aciklanmis mi? Bagimsiz dogrulama var mi?

e Sistem siniri nedir? Faktor tedarikgi kapisinda mi bitiyor, yoksa musteriye teslim tasimasini da igeriyor mu?

Sistem sinir en kritik sorudur. Teslim tasimasi dahilse Bolum 4'teki ayni sevkiyat Kategori 3'e tekrar eklenemez.

Tedarikciye 6zgi veri avantaj ve risk tasir. Avantaji genel sektor ortalamasindaki teknoloji farklarini azaltmasidir.
Riski, verinin bazen yalnizca fabrikanin enerji kullanimini igermesidir. Hammadde Uretimi, satin alinan elektrik, proses
emisyonlari ya da yukari yonli girdiler eksik birakilmis olabilir. Bu nedenle tedarikgiye 6zgu ifadesi tek basina tam
besikten tedarikci kapisina kapsam anlamina gelmez.

7. Ambalaj: ortalama veri yontemi

Tedarikgiye 6zgU veri her kalemde bulunmayabilir. Bu durumda fiziksel miktar uygun ortalama malzeme faktorlyle
eslestirilir. Ornekte 12 ton karton ambalaj vardir. Faktér UK 2026 malzeme kullanimi setindeki board, primary material
production kaydidir: 1.198,23866 kg COze/t.

Deger Birim islem Sonug
12 t x 1.198,23866 kg CO:ze/t (t iptal olur) 14.378,86392 kg COz2e
14.378,86392 kg COze + 1.000 kg/t 14,379 tCO:ze

12 t x 1.198,23866 kg CO2e/t = 14.378,86392 kg COz2e = 14,379 tCO:e

Ambalaj (Kategori 4, ortalama veri, yontem 6érnegdi) sonucu: 14,379 tCO:e.



Dikkat: Faktoriin sistem sinirini etiketten varsaymayin. UK malzeme kullanimi faktérlerinin sinir ham madde
cikarimi, birincil isleme, imalat ve satis noktasina kadar tasimayi kapsayacak bicimde tanimlanir. Ham madde
cikarimi, isleme, imalat ve ilgili tasima asamalarindan hangilerinin iceride oldugunu veri kaynagindan kontrol edin.
Ayri bir tasima ya da isleme satiri eklerken cakismayi 6nleyin.

Dikkat: Karton gibi biyojenik icerik tasiyan urinlerde biyojenik karbon muhasebesi veri kaynaklari
arasinda farklilasabilir. iki COze faktériini karsilastirirken bu yaklasimi da kontrol edin.

Bu UK ortalamasi Tirkiye Uretim karisimi dedildir. Gercek envanterde tedarikciye 6zgl, uygun Tlrkiye ya da sektorel veya
cografi ve teknolojik olarak daha uygun ikincil veri varsa temsil gictna karsilastirin.

8. EPD ve PCF: dosyay! bulmak yetmez, uygunlugunu test edin

Bir EPD ya da Urlin karbon ayak izi belgesi bulmak, verinin kurumsal envantere otomatik olarak uygun oldugu anlamina
gelmez. Su kontrolleri yapin:

Birim Satin alma verisindeki birim ile beyan edilen ya da islevsel birim ayni mi? Belge 1 m? Grln icin sonug veriyorsa ton satin alma
verisiyle dogrudan garpilamaz

Uriin Belgedeki Griin ve Grin sinifi satin aldigimiz Grinle ayni mi?

eslesmesi

Sistem Yalniz Gretim asamalar mi, tedarikgi kapisina kadar olan stireg mi, teslimat ve baska yasam doéngisi asamalari da var mi?
siniri

Cografya Veri hangi Ulke ve yili temsil ediyor?

ve yil

Tahsis Ortak Urlnler arasinda emisyon nasil paylastiriimis?

Dogrulama  Bagimsiz dogrulama var mi?

KIP temeli Hazir COz2e sonucunun KIP temeli biliniyor ve kayit altina aliniyor mu?

Teslimat tasimasi belgenin siniri icindeyse ayni tasima Kategori 3'te tekrar hesaplanmaz.

Dikkat: Module D gibi sistem siniri disindaki potansiyel faydalar otomatik diisiiilmez. EPD'de Module D
bilgisi, satin alinan Grindn A1-A3 ya da esdeger Uretim emisyonundan cikarilacak bir kredi degildir. Amac moddulleri
ezberlemek degil, envantere aldiginiz sayinin hangi Grln, birimi ve siniri temsil ettigini kanitlayabilmektir.

9. Su ve dis atiksu aritma hizmeti

Ornekte 5.000 m? sebeke suyu satin aliniyor ve 4.000 m? atiksu disaridaki aritma hizmetine gidiyor. Emisyon baska bir
hizmet saglayicida olustugundan bu iki kalem Kategori 4 hizmet emisyonu olarak dederlendirilebilir.

Kalem Deger Birim islem Sonug

Su temini 5.000 m3 x 0,19130 kg CO2e/m3 (m?3 iptal olur) 956,50 kg CO2e
Dis atiksu aritma 4.000 m3 x 0,17088 kg CO2e/m? (m?3 iptal olur) 683,52 kg CO2e
Toplam 956,50 + 683,52 1.640,02 kg COze
Toplam (ton) 1.640,02 kg CO2e + 1.000 kg/t 1,640 tCO:ze

5.000 m* x 0,19130 = 956,50 kg COze
4.000 m* x 0,17088 = 683,52 kg COze
Toplam = 1.640,02 kg CO2e = 1,640 tCO0:ze

Su ve dis atiksu (Kategori 4, yontem 6rnegi) sonucu: 1,640 tCO:e.



Dikkat: Kurulus kendi aritma tesisini kontrol ediyorsa dogrudan CHa ve N20 baska bir hesap yoludur.
Kurulusun kendi kontrollindeki atiksu aritma prosesindeki dogrudan emisyonlari Kategori 4'e tasimayin.

Dikkat: Dis hizmet faktoriinii yalniz fiziksel aritma prosesi sanmayin. UK su faktorlerinin tanimi, su sirketinin
ofis ve tasima gibi isletme etkilerini de igerebilir. Ayni etkileri baska bir satirda tekrar eklemeyin. Bu faktorler Turkiye
hizmet yogunlugu degildir.

KIP temeli 6rnegi. UK 2026 metodoloji raporu Tablo 1'de su temini ve aritma faktér grubunun KIP temelini AR4
olarak listeler. Bu, 2026 hazir CO2ze faktorlerinin tamamini AR6 ya da tek bir set kabul etmemeniz gerektiginin somut
bir 6rnegidir. Kullandiginiz grubun temelini her yil Tablo 1'den kayit altina alin.

10. Atik: miktar kadar bertaraf rotasi da onemlidir

Atik hesabinda yalniz tonaj yetmez. Atik tiru ile gercek bertaraf ya da geri kazanim rotasi birlikte bilinmelidir. Atik = tek
faktér yaklasimi kullanilmaz. Ornek Sanayi A.S. 20 ton ticari ve endiistriyel ati§i diizenli depolamaya génderiyor.

Deger Birim islem Sonug
20 t x 520,58023 kg COze/t (t iptal olur) 10.411,6046 kg CO2e
10.411,6046 kg COze + 1.000 kg/t 10,412 tCOze

20 t x 520,58023 kg COz2e/t = 10.411,6046 kg CO2e = 10,412 tCOze

Atik bertarafi (Kategori 4, diizenli depolama, yontem 6rnegdi) sonucu: 10,412 tCO:ze.

Metodoloji tuzagi: UK atik faktorleri tam yasam dongiisii karsilastirmasi icin tasarlanmis tek tip faktorler
degildir. Bertaraf faktorleri 6zel muhasebe ve sistem sinirlarina sahiptir. Secilen rotaya gore toplama ve tasima gibi
etkiler faktor sinirinin icinde bulunabilir. Ayni tasima ayrica eklenirse cifte sayim olusur.

Dikkat: Disiik bir geri déonisiim faktori geri doniisiimiin toplam iklim faydasi demek degildir. Faktorlerin
cogu yalniz toplama ve islem noktasina teslim emisyonunu temsil edebilir. Bu degeri geri dénisimin toplam
emisyonu ya da otomatik bir kaginilan tretim kredisi gibi yorumlamayin. Geri dénusim kredisini otomatik dismeyin.

Kanit zinciri:

e Atik tasiyicisinin fisi, kantar kaydi ve bertaraf ya da geri kazanim belgesi ayni atik akisini desteklemelidir.

e Geri donlsime gonderildi ifadesi atigin tamaminin gercekten geri dontstirildiginl kanitlamaz. Tesisin kabul ettigi
islem rotasi ve mimkinse dogrulanmis islem bilgisi kaydedilmelidir.

o Karisik atikta bilesim bilinmiyorsa kullanilan ortalama faktorin belirsizligi ayrica isaretlenmelidir.

Guncel durum (Eylil 2026): UK 2026 degisiklik raporuna gore atik bertarafi gruplarinda blyUk degisiklik yoktur. Bu
materyaldeki diizenli depolama degerinin tam olarak 2026 tablosundan okunmasi icin resmt flat file kontrol
edilmelidir. Gercek envanterde faktorin yilini ve sirimuani kayit altina alin.

11. Atik tasimasi: Kategori 3 mu, Kategori 4 ma?

Atik tasimasi kategori sinirlarini 6gretmek igin iyi bir 6rnektir. TSE'nin ISO 14064-1 egitim materyaline gore atiklarin
tasinmasindan kaynaklanan emisyonlar, kullanilan siniflandirmaya goére atik hizmeti icinde ya da ulastirma kaynakl
dolayli emisyonlar altinda ele alinabilir. Amag tek dogru kutuyu ezberletmek degildir. Kurulus kendi metodolojisini
belirledikten sonra ayni tasima yalnizca bir yerde sayiimalidir.

Durum Dogru yaklasim



YUklenicinin kapsamli hizmet faktori atigin tesisten alinmasini ve bertaraf Ayni kilometreyi Kategori 3'e tekrar eklemeyin
tesisine tasinmasini igeriyor

Bertaraf faktorl yalniz islem tesisindeki emisyonu kapsiyor, tasima harig Nakliye ayrica hesaplanabilir (Kategori 3 ya da Kategori

4'te, tek yerde)

Tutarhlik. Bir yil atik tasimalarini Kategori 3'e, sonraki yil ayni hizmeti Kategori 4'e tasirsaniz toplam degismese bile
kategori trendleri bozulur. Siniflandirma yaklasimini ve degisiklik varsa gerekgesini raporlayin.

12. Satin alinan hizmet: tedarikciye ozgu faktor

Satin alinan hizmette dogal fiziksel birim bulmak zor olabilir. Bakim yUklenicisinin metodolojisi belgelenmis ve ziyaret
basina 18 kg CO:ze faktor sagladigini varsayalim. Boyle bir faktor, hizmete tahsis edilmis yillik tedarikgi emisyonunun yillik
servis ziyareti sayisina bolinmesiyle Uretilebilir. Paya giren emisyonlar ve tahsis anahtari agiklanmahdir.

Deger Birim islem Sonug
300 ziyaret x 18 kg CO2ze/ziyaret (ziyaret iptal olur) 5.400 kg COze
5.400 kg COze + 1.000 kg/t 5,4 tCO:ze

300 ziyaret x 18 kg CO:e/ziyaret = 5.400 kg CO2e = 5,4 tCO:ze

Bakim hizmeti (Kategori 4, kurgusal tedarikgi verisi) sonucu: 5,4 tCO:ze.

Dikkat: 18 kg CO:ze/ziyaret tamamen kurgusaldir ve yalnizca yontemi gostermek icindir. Gercek piyasa
faktora degildir.

Faktorln sinirini yazili olarak okuyun:

e Teknisyen seyahati ve yedek parcalar dahil mi?

e Merkez ofis enerijisi nasil tahsis edilmis?

e Sonug tam hizmet ayak izi mi, yoksa tedarikginin yalniz Kapsam 1 ve Kapsam 2 emisyonlarinin sirket payr mi?
Bunlar ayni seyi 6lgmez.

e Yontem, tahsis, yil, sistem siniri ve hazir COze sonucunun KIP temeli agiklanmis mi?

13. Veri yontemi secimi: tedarikci, ortalama, harcama

Satin alinan Uran ve hizmetlerde tek bir veri yontemi yoktur. GHG Protocol Kapsam 3 hesap rehberi tedarikciye 6zgu,
hibrit, ortalama veri (fiziksel) ve harcama temelli yéntemleri tanimlar.

Temsil guci icin pratik degerlendirme sirasi:

Tedarikgi bizim satin aldigimiz Grlin ya da hizmete 6zgu, siniri ve metodolojisi agik veri saglayabiliyor mu?
Degilse uygun Tlrkiye, ulusal ya da sektérel veri var mi?

O da yoksa cografi ve teknolojik olarak faaliyeti iyi temsil eden glvenilir ikincil veri bulunabilir mi?

Son asamada, sinirlari acikca belirtilerek uluslararasi ikame veri kullanilabilir.

el

Bu sira ISO'nun zorunlu, kati bir hiyerarsisi degildir. Amac faaliyeti en iyi temsil eden, izlenebilir veriyi segmektir. Hangi
asamada olursaniz olun sistem siniri, yil, birim, KIP temeli ve veri kalitesi ayrica kontrol edilir.

Yontem Faaliyet verisi Ne zaman Dikkat

Tedarikciye 6zgli  Uriin ya da hizmet basina Tedarikgi siniri ve metodolojisi belgeli = Kapsam tam besikten kapiya mi, yoksa kismi
tedarikgi faktora veri veriyor mi?

Ortalama veri ton, m3, ton-km, kisi-km, ziyaret = Fiziksel miktar biliniyor Cografya, teknoloji ve sinir uyumu

(fiziksel)

Harcama temelli =~ Satin alma tutar (para birimi) Veri eksik, hizli tarama gerekiyor Fiyat, kur, enflasyon ve sektor eslemesi

sonucu guglu etkiler

Harcama temelli yontemin siniri. Yontem satin alma tutarini ekonomik sektér emisyon yogunluguyla carpar. Fiyat
artisi, kur, enflasyon ve sektor siniflandirmasi sonucu degistirir. Ayni fiziksel Urtine daha fazla para 6demek emisyonun
ayni oranda arttigi anlamina gelmez.



Basit bir gosterim: ayni miktar ve ayni hizmet igin 6denen tutar fiyat artisiyla 100 birimden 115 birime ¢ikmis olsun.
Faktor degismezse harcama temelli sonuc 115 + 100 = 1,15 kat, yani %15 artar. Fiziksel faaliyet ayni kaldigi halde
envanter emisyonu yukselmis gorunur. Yillar arasi karsilastirmada bu etki enflasyon ve para birimi duzeltmesi yapiimadan
yorumlanamaz. Faktorin para birimi ve fiyat yili, harcamanin para birimi ve fiyat yiliyla uyusmahdir.

Dikkat: Harcama temelli sonucu fiziksel hesapla ayni kesinlikte sunmayin. Bu materyalde harcama temelli
hizmet hesabi igin Turkiye'ye ait TL bazl bir emisyon carpani verilmez. Gergek bir galismada kullanilacak ¢arpan, asil
kaynak sayfasindan para birimi, fiyat yili ve sektor eslemesiyle birlikte alinmalidir.

Veri gelistirme plani, hem emisyonu ylksek hem de belirsizligi yliksek kalemleri 6nceliklendirmelidir.

14. Eksik veri ve varsayim yonetimi

Dolayli emisyon envanterinde eksik veri neredeyse kaginilmazdir. Sorun eksik verinin olmasi degil, gériinmez bicimde
sifira cevrilmesidir. Eksik veriyi sifir yazmayin.

Ornek. Bolim 4'teki 80 tonluk girdi tasimasi on iki ay boyunca esit aylik sevkiyatlarla (80 + 12 = 6,667 t/ay) gelsin ve 12
aylik lojistik kayitlarinin iki ayinda mesafe bilgisi eksik olsun. Ayni tedarikgi, ayni ¢ikis ve ayni tesis rotasi tekrar ediyorsa
dogrulanmis diger sevkiyatlarin mesafesini (450 km) ikame veri olarak kullanmak makuldir. Farkli tedarikginin mesafesini
gelisiglizel kopyalamak dogru degildir.

Adim Hesap Sonug

Aylik ton-km (ikame mesafeyle) 6,667 t x 450 km 3.000 ton-km/ay
Aylk emisyon 3.000 x 0,10356 310,68 kg COze/ay
Tahmin edilen kisim (2 ay) 2 x 310,68 621,36 kg COz2e
Yilhk toplam 12 x 310,68 3.728,16 kg COze
Tahmin payi 621,36 + 3.728,16 %16,7

Her tahmin satirinda en az l¢ sey kaydedin: kullanilan ikame veri, neden uygun oldugu ve toplam sonucun ne kadarini
tahminlerin olusturdugu. Yiksek emisyonlu bir hammaddenin %40'i ikame faktdrle hesaplaniyorsa bu, ki¢tk bir ofis
hizmetindeki %40 eksikten daha 6nemlidir.

Duyarhlik kontrolii. Arti ve eksi %20 yalnizca 6rnek bir duyarhlik bandidir, istatistiksel giiven ya da belirsizlik arahgi
degildir. Yukaridaki ikame mesafeyi bu bantta degistirirsek tahmin edilen kisim 621,36 kg COze = 124,27 kg COze olur.
Yillik toplam 3.603,89 ile 3.852,43 kg COze arasinda kalir, yani toplam yaklasik £%3,3 degisir. Bu kalem icin ikame veri
onceligi dustktir. Ayni bandi 200 tonluk polipropilen érnegine uygularsak 370 tCOze sonucu 296 ile 444 tCOze arasina
gider (x74 tCOze). Veri iyilestirmede 6ncelik bu kalemde olur. Faktér ya da faaliyet verisi igin gergek, belgelenmis bir
belirsizlik bilgisi varsa keyfi %20 yerine o bilgi kullaniimalidir.

Eksik verinin tirini ayirin:

e Faaliyet miktari eksik olabilir.
e Miktar vardir ama tasima mesafesi yoktur.
e Faaliyet verisi tamdir ama emisyon faktéri uygun degildir.

Bu Uc¢ durumda ayni ikame veri yaklasimi kullanilmaz. Tahmin edilen veri oranini yillar boyunca izlemek, envanter
kalitesinin gercekten iyilesip iyilesmedigini gosterir. Belirsizlik hesabi birakma gerekcesi degildir, ama belirsizligi saklamak
da dogru degildir.

15. Sonuclarin yorumu: érnekler neden tek rakamda toplanmadi

Kategori Faaliyet verisi Faktor tira Sonug (tCO:ze)
Girdi tasimasi 3 36.000 ton-km UK 2026 ikincil, dogrudan 3,728
Personel servisi 3 338.800 kisi-km UK 2026 ikincil 13,376
Hammadde (polipropilen) 4 200 t Kurgusal tedarikci PCF 370,000
Ambalaj (karton) 4 12 t UK 2026 ikincil 14,379
Su ve dis atiksu 4 5.000 m3 ve 4.000 m3 UK 2026 ikincil 1,640
Atik (dizenli depolama) 4 20t UK 2026 ikincil 10,412



Bakim hizmeti 4 300 ziyaret

Kurgusal tedarikgi

Tablo satirlar karsilastirma igindir, bir toplam satiri bilerek yoktur.

5,400

Dikkat: Bu sonuclari tek bir rakamda toplayip Ornek Sanayi A.S. icin toplam dolayli emisyon diye
sunmayin. Tasima, su, atik ve ambalaj érneklerinde Birlesik Krallik 2026 ikincil faktorleri, hammadde ve bakim
hizmetinde kurgusal tedarikgi verileri kullanilmistir. Farkl cografya, yil, KIP temeli ve sistem sinirlarindan secilmis
egitim faktorlerini uyumlulugu kontrol etmeden toplamak dersin kalite kurallarina aykiridir. Gercek envanterde her
kalem igin faktor kaydi tutulur ve toplama ancak uyumluluk degerlendirmesinden sonra yapilir.

Tabloda g6ze carpan bir nokta: kurgusal polipropilen kalemi digerlerinden ¢ok bayukttr. Bu, gercek bir pazar iliskisini
gostermez. Yine de gercek envanterde ylksek emisyonlu ve duslk veri kaliteli kalemler, veri gelistirme planinin ilk
sirasina konur. Bu sonuclarin ISO 14064-1 envanter raporuna tasinmasi Ders 18'in konusudur.

16. Python ile dogrulama

Asagdidaki kod bu materyaldeki tim sayilari yeniden hesaplar.

from decimal import Decimal as D

# Ton-km
ton km = D(80) * D(450)
tasima kg = ton km * D(10356) / D(10**5)

# Kisi-km
kisi km = D(35) * D(44) * D(220)
servis kg = kisi km * D(3948) / D(10**5)

# Hammadde
pp_t = D(200) * D(185) / D(100)

# Ambalaj
karton kg = D(12) * D(119823866) / D(10**5)

# Su
su_kg = D(5000) * D(1913) / D(10**4)
atiksu kg = D(4000) * D(17088) / D(10**5)

# Atik
atik kg = D(20) * D(52058023) / D(10**5)

# Hizmet
bakim_kg = D(300) * D(18)

# Eksik veri ornegi

# 36000
# 3728.16 kg

# 338800
# 13375.824 kg

# 370 t

# 14378.86392 kg

# 956.5 kg
# 683.52 kg

# 10411.6046 kg

# 5400 kg

aylik_kg = (D(80) / D(12)) * D(450) * (D(10356) / D(10**5)) # 310.68

tahmin = 2 * aylik kg
pay = tahmin / (12 * aylik_kg)

# 621.36
# 0.1667

for kg in [tasima kg, servis kg, karton kg, su kg + atiksu kg, atik kg, bakim kg]:

print(kg, kg / D(1000))
print(pp_t)
print(ton km, kisi km, aylik kg, tahmin, pay)

Alistirmalar (cevaplariyla)

Alistirma 1: Hata avcisi

Asagidaki on hatayi bulun ve dizeltin. Cevaplar tabloda verilmistir.

Hata

1. Ton-km faktérini arag kilometresiyle

carpmak

Neden sorun

450 km x 0,10356 = 46,6 kg cikar, yik hesaba

girmez. Sonug 80 kat dusuk kalir

Dogrusu
Once 80t x 450 km = 36.000 ton-

km, sonra faktérle carpin



2. UK faktérint Tarkiye ulusal varsayilani
saymak

3. Yukari yonlu yakit etkisini ikinci kez
eklemek

4. Tedarikgi PCF'si teslimati icerirken tasimayi
Kategori 3'e de eklemek

5. EPD birim ve Urin eslesmesini kontrol
etmemek ya da Module D faydasini dismek

6. Atik tlrinu bilip bertaraf rotasini bilmeden
tek faktor secmek

7. Dusuk geri dontsim faktérini toplam
iklim faydasi saymak

8. Su faktérini yalniz aritma prosesi sanip
ayni tedarikgi etkilerini tekrar eklemek

9. Harcama temelli faktérde para birimi, fiyat
yili ve enflasyonu gérmezden gelmek

10. Eksik veriyi sifir kabul etmek

Alistirma 2: Faaliyet verisi

Faktor Birlesik Krallik filosunu ve kosullarini temsil
eder

Dogrudan faktoér zaten arag isletmesidir. Genis
yasam dongusu faktori yukar yonlu etkiyi igerir
Ayni tasima iki kez sayilir

Birim uyusmazligi sonucu bozar, Module D sistem
sinirt disidir

Faktor rota ve sinira gore farkhdir

Faktor 6zel bir muhasebe sinirina sahiptir

Faktor ofis ve tasima gibi etkileri igerebilir

Fiyat artisi fiziksel emisyon artisi degildir

Envanter eksik ve yanlis yonli disuk gikar

Yontem 6rnegi olarak kullanin,
gercek envanterde uygun veriyi
secgin

Hangi sinin segtiyseniz etkiyi bir kez
sayin

PCF sinirini okuyun, teslimat
icerideyse tasimayi eklemeyin

Birimi eslestirin, Module D'yi
otomatik dismeyin

Tuar ve gergek islem rotasini
belgeleyin

Geri dénisim kredisini otomatik
dismeyin

Metodoloji sinirini okuyun, tekrar

eklemeyin

Para birimi ve yil uyumunu kontrol
edin, sonucu kesin sunmayin

Uygun ikame veriyle tahmin edin,
varsayimi belgeleyin

Bir tedarikciden 50 ton malzeme 300 km tasiniyor ve faktor 0,10356 kg COze/ton-km. Sonuc¢ kac kg COze'dir?

Cevap: 50 x 300 = 15.000 ton-km. 15.000 x 0,10356 = 1.553,4 kg COze (1,553 tCOze).

Alistirma 3: Cifte sayim

Bolum 7'deki 12 ton karton faktdérinin siniri satis noktasina kadar tasimayi iceriyor. Ayni 12 ton igin 450 km'lik ayr bir
kamyon tasimasi Kategori 3'e eklenirse olasi ¢ifte sayim ne kadardir?

Cevap: 12 x 450 = 5.400 ton-km. 5.400 x 0,10356 = 559,224 kg COze (yaklasik 0,559 tCO2ze). Faktor siniri gercekten bu

tasimay! iceriyorsa bu miktar iki kez sayiimis olur. Once faktériin siniri dogrulanmalidir.

Ahstirma 4: Katilim verisi

Servis kapasitesi 40 kisidir, fiili katihm 35 kisidir. Kapasite esas alinirsa sonu¢ ne kadar fazla gikar?

Cevap: 40 x 44 x 220 = 387.200 kisi-km, 387.200 x 0,03948 = 15.286,656 kg COze. Dogru sonug 13.375,824 kg COze
oldugundan fark 1.910,832 kg COze (yaklasik %14,3 fazla).

Ozet

o Uclincii taraf tasima ve personel servisi ISO 14064-1 Kategori 3, hammadde, ambalaj, su, atik ve hizmet Kategori
4'tUr. GHG Protocol numaralar farkhdir.

e Ton-km = ton x km. 80 t x 450 km = 36.000 ton-km ve 36.000 x 0,10356 = 3.728,16 kg CO2ze (3,728 tCOze).

o Kisi-km 6rnegi: 35 x 44 x 220 = 338.800 kisi-km, x 0,03948 = 13.375,824 kg COze (13,376 tCO2e).

e Hammadde: 200 t x 1,85 tCO2e/t = 370 tCO2e (kurgusal tedarikgi verisi). Ambalaj: 12 t x 1.198,23866 = 14,379

tCO:ze.

e Su ve dis atiksu 1,640 tCO2e, duzenli depolama 10,412 tCO:ze, bakim hizmeti 5,4 tCOze.
o Her faktorde sistem siniri, yil, cografya, birim ve KIP temeli kontrol edilir. Hazir COze faktorlerinin tamami ayni KIP

setine dayanmaz.

e Tedarikci PCF, EPD ve atik faktorlerinde teslimat, toplama ve tasima etkilerini iki kez saymayin.

e Geri donusum kredisi otomatik dusilmez. Harcama temelli sonug fiziksel sonug kadar kesin degildir.
o Eksik veri sifir yazilmaz. ikame veri, gerekce ve tahmin payi kaydedilir.
e Bu ornekler tek bir toplam rakamda birlestiriimez.

Bilgi kontrolu (cevaplarniyla)

1. 80 ton yiik 450 km tasindiysa faaliyet verisi kag ton-km'dir? Cevap: 36.000 ton-km.



2. Ton-km ile aragc-km arasindaki fark nedir? Cevap: Ton-km tasinan yukl ve mesafeyi birlikte dlcer. Arag-km ylike
bakmaz. Faktorlerin birimi kontrol edilir ve donustiridlmeden kullaniimaz.

3. Girdi tasimasinin 3.728,16 kg COze sonucu hangi faktorle bulundu ve bu faktoér Tiirkiye faktorii muadur?
Cevap: UK 2026 HGV ortalama doluluk, dogrudan isletme faktori 0,10356 kg COze/ton-km. Hayir, TlUrkiye faktorl degildir,

yontem ornegidir.

4. Tedarikgi uiriin faktorii teslimati da kapsiyorsa ayni tasima Kategori 3'te tekrar hesaplanir mi? Cevap:

Hayir. Ayni tasima iki kez sayllmaz.

5. 35 galisan, gunliik 44 km, 220 giin icin kisi-km kactir? Cevap: 35 x 44 x 220 = 338.800 kisi-km.

6. Bir EPD bulmak verinin kullanilabilir oldugunu kanitlar mi? Cevap: Hayir. Birim, Urlin eslesmesi, sistem siniri,
cografya, yil, tahsis, dogrulama ve KIP temeli kontrol edilmelidir. Module D gibi sinir disi faydalar otomatik disiimez.

7. Dusuk bir geri donusiim faktoru geri doniisiumiin toplam iklim faydasi midir? Cevap: Hayir. Faktorin 6zel
muhasebe sinirt vardir. Geri donusum kredisi otomatik dtstdlmez.

8. Atik bertarafinda tek bir atik faktori neden yetmez? Cevap: Atik tirl ve gergek islem rotasi birlikte bilinmelidir.

Faktor rotaya ve sinira gore degisir.

9. Harcama temelli yontemde fiyat artisi emisyonu ayni oranda artirir mi? Cevap: Hayir. Ayni fiziksel Grin igin
daha fazla 6demek emisyonun ayni oranda arttigi anlamina gelmez. Para birimi, fiyat yili, enflasyon ve sektdr eslemesi

sonucu etkiler.

10. Hazir CO:ze faktoriiniin KIP temeli bilinmeden farkl bir veri setindeki sonucla otomatik birlestirilir mi?
Cevap: Hayir. KIP temeli, sistem siniri, yil ve cografya uyumu kontrol edilmeden toplanmaz.

Anahtar kavramlar sozligu (TR - EN)

Turkce English

ton-km / kigi-km

faaliyet verisi

emisyon faktoru

karbondioksit esdegeri (COze)

kiresel 1Isinma potansiyeli (KIP)

Kategori 3 (ulastirmadan kaynaklanan dolayli emisyonlar)

Kategori 4 (kurulusun kullandigi GrlGinlerden kaynaklanan dolayh
emisyonlar)

Urdn karbon ayak izi
cevresel Grin beyani (EPD)
tedarikgiye 6zgu veri
ortalama veri yontemi
harcama temelli yontem
besikten kapiya

sistem siniri

yukari yonli emisyonlar
cifte sayim

ikame veri

duyarlilik analizi

dizenli depolama

geri donisim

sera gazl envanteri

Kaynaklar ve guncellik notu

tonne-km / passenger-km

activity data

emission factor

carbon dioxide equivalent (COze)

global warming potential (GWP)

Category 3 (indirect GHG emissions from transportation)

Category 4 (indirect GHG emissions from products used by the
organization)

product carbon footprint (PCF)
Environmental Product Declaration (EPD)
supplier-specific data
average-data method
spend-based method
cradle-to-gate

system boundary

upstream emissions

double counting

proxy data

sensitivity analysis

landfill

recycling

GHG inventory



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 3 ve Kategori 4 tanimlari).

ISO/TS 14064-4:2025, Greenhouse gases, Part 4: Guidance for the application of ISO 14064-1 (kategori sinirlari,
nicelendirme, cifte sayim ve belirsizlik rehberi. Standarttaki 6rnek emisyon faktorleri aciklayicidir).

GHG Protocol, Technical Guidance for Calculating Scope 3 Emissions (tedarikgiye 6zgu, hibrit, ortalama veri ve
harcama temelli yontemler, ulasim ve atik hesaplari).

UK Government (DESNZ), Greenhouse gas reporting: conversion factors 2026, 11 Haziran 2026 yayim, flat file 31
Temmuz 2026 glncellemesi. https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-fac
tors-2026

UK Government (DESNZ), 2026 Government greenhouse gas conversion factors for company reporting:
Methodology paper ve Major changes raporu (faktor gruplarinin KIP temelleri Tablo 1'de, yik tasimaciligi
faktorlerinde dogrudan ve yukari yonla ayrimi, malzeme, su ve atik sistem sinirlari).

TSE, TS EN ISO 14064-1 egitim sunumu (Kategori 3 ve Kategori 4 kapsami, atik tasimasinin kategori seciminde cifte
sayimin dnlenmesi).

SATSO-SUBU Egitim Programi, Ders 17 amac ve icerik tanimi.

Guncellik notu: Bilgiler EylUl 2026 itibariyladir. UK faktorleri Birlesik Krallik faaliyetleri icin yayimlanir ve bu materyalde
yalnizca yontem ornegidir. Tedarikgi faktorleri kurgusaldir. Bu materyaldeki faktér degerleri resmi flat file ile
karsilastirilarak her yeni yayinda yeniden kontrol edilmelidir. Gercek envanterde Tirkiye'ye ve raporlama yilina uygun
tedarikci ya da ulusal faktorlerin glincelligi ayrica dogrulanmalidir.



https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2026

ENGLISH VERSION

LESSON 17: Application 3: Transport, Raw Material,
Waste and Purchased Service 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 activity data to tCOze for ISO 14064-1 Category 3 (transportation) and Category 4 (products

this used by the organization) sources: tonne-km, passenger-km, raw material, packaging, water, waste, purchased service,
material missing data and double counting checks

Example Method example with UK 2026 factors and fictional supplier data (all numbers are training data, not real company data)
year

Related Lesson 15 (natural gas and electricity), Lesson 16 (fuels, vehicles, refrigerants and fire suppression gases), Lesson 18 (ISO
lessons 14064-1 report and verification)

Information September 2026
current as
of

Learning outcomes

After completing this material, participants can:

e Classify an indirect emission source as ISO 14064-1 Category 3 or Category 4 and avoid confusing GHG Protocol
Scope 3 numbers with ISO numbers.

e Prepare transport data as tonnes, distance and mode, and calculate tonne-km and passenger-km activity data.

e Match activity data for raw material, packaging, water, waste and services with a suitable factor and show unit
cancellation in every line.

e Check the system boundary, year, geography, unit and GWP basis of a factor.

e Test whether supplier PCF or EPD data is suitable for an organizational inventory.

e Evaluate the waste type and the actual treatment route together in waste calculations.

e Explain the limits of the spend-based method and manage missing data with a documented assumption instead of
writing zero.

e Find double counting risks and correct the ten common mistakes.

1. In indirect emissions the difficulty is the boundary, not the formula

In Lesson 15 and Lesson 16 we worked largely with the organization's own records. In this lesson the data chain moves
beyond the organizational boundary. For supplier production, outbound and inbound logistics, employee shuttles, water,
waste and maintenance services, the emission occurs in another organization.

This material assumes that these sources were selected as significant indirect emissions under criteria the organization
set in advance. It does not teach that all indirect sources must be calculated in the same detail. It shows how to quantify
the selected significant sources.

The main difficulty is not the formula. It is making sure the activity data and the factor represent the same thing. If a raw
material factor ends at the supplier gate, transport to the plant can be calculated separately in Category 3. If the factor
also covers delivery, the same transport is not added again.

Every calculation follows the same order:

Identify the activity data, the category and the unit.

Check the factor's system boundary, year, geography, technology and GWP basis.
Do the calculation and show unit cancellation.

Evaluate double counting, data quality and uncertainty.

PwnNH



1.1 1SO 14064-1 categories of the sources

Source Example in this lesson 1SO 14064-1 category

Third-party inbound transport 80 tonnes of raw material, 450 km Category 3 (indirect GHG emissions from transportation)
Employee shuttle 35 employees, subcontracted service  Category 3

Raw material 200 tonnes of polypropylene Category 4 (indirect GHG emissions from products used by

the organization)

Packaging 12 tonnes of cardboard Category 4

Mains water and external 5,000 m3 and 4,000 m3 Category 4

wastewater treatment

Waste disposal 20 tonnes to landfill Category 4

Waste transport Depends on the method the Category 3 or Category 4, counted in one place only

organization chooses

Maintenance service 300 service visits Category 4

Transport by the organization's own controlled vehicles is a direct emission (Category 1, Lesson 16). The transport and
shuttle examples in this lesson are third-party services.

Attention: ISO category numbers and GHG Protocol Scope 3 numbers are not the same. In the GHG
Protocol, purchased goods and services are Scope 3 Category 1, upstream transportation is Category 4, waste
generated in operations is Category 5 and employee commuting is Category 7. In ISO 14064-1, transportation is
Category 3 and purchased products and services are Category 4. State clearly in the report which framework you use
and do not use the numbers interchangeably.

2. Example data set and calculation boundary

All values below are for the method example. They are training data, not real company data or mandatory values. The UK
factors were chosen only to show the data structure and calculation logic.

Item Activity data Factor Factor source and note
Inbound 80t x 450 km 0.10356 kg UK Government GHG Conversion Factors 2026, Freighting goods, HGV (all
transport COze/tonne-km diesel), average laden. Training assumption, not a Tirkiye factor
Employee 35 persons x 44 0.03948 kg UK 2026, coach. Training assumption, not a Turkiye factor
shuttle km/day x 220 days CO:ze/passenger-
km
Raw material 200t 1.85 tCO2e/t Fictional supplier PCF (cradle to supplier gate). Training assumption
(polypropylene)
Packaging 12 t 1,198.23866 kg UK 2026, Material use, board, primary material production
(cardboard) COze/t
Mains water 5,000 m3 0.19130 kg UK 2026, water supply
COze/m?3
External 4,000 m3 0.17088 kg UK 2026, water treatment
wastewater CO2e/m3
treatment
Waste (landfill) 20t 520.58023 kg UK 2026, commercial and industrial waste, landfill
CO2ze/t
Maintenance 300 visits 18 kg COze/visit  Fictional supplier factor. Training assumption
service

The full decimal values of the factors are kept in the calculation. Rounding is done only in the last step.
The following are not included in this lesson:

e Natural gas, electricity, direct fuel and fugitive gas calculations (Lesson 15 and Lesson 16).

e Use-phase and end-of-life emissions of sold products.

e How to create an EPD or PCF. Only the checks for using them correctly in an organizational inventory are shown.
e |ISO 14064-1 report format and verification procedure (Lesson 18).



e A TRY-based emission multiplier for spend-based service calculation. No such multiplier is given in this material.

Attention: UK factors are not Tiirkiye factors. UK Government factors are published for UK activities. The vehicle
fleet, fuel, grid and water company structure differ from Turkiye. In a real inventory, first evaluate supplier-specific
data, then suitable Turkish, national or sector data.

Attention: Ready-made CO:e factors are not all based on the same GWP set. In the 2026 methodology the
GWP bases of factor groups differ. The GWP basis of the factor you use should be kept separately in the data quality
record. Do not add up the examples in this material and present them as a single inventory figure (see Section 15).

Current status (September 2026): UK Government GHG Conversion Factors 2026 were published on 11 June
2026. The flat file was updated on 31 July 2026 to correct some values that displayed as zero (the change affects
rows such as hybrid vehicles and hotel stays, not those used here). According to the published major changes report,
there are no major changes in the water, waste and material use groups. By contrast, the coach factor rose by about
42% to 43% because of corrected occupancy data. Do not mix an older year's coach factor with the 2026 value.

3. Preparing transport data: tonnes, distance, mode

Example Industry Inc. buys 80 tonnes of raw material from a supplier during the year. The material arrives at the plant
from 450 km away by third-party truck. Two physical pieces of information are enough for tonne-km: the load carried and
the distance that load was carried. To choose the right factor, the transport mode and, if possible, the vehicle class are
also needed.

tonne-km = tonnes of load carried x distance the load was carried (km)

Common mistakes:

e Taking the truck's maximum capacity as the actual quantity carried. A 20-tonne truck may not carry 20 tonnes
on every trip.

¢ Confusing the total kilometres of shipments with load-kilometres. A truck's capacity or total route distance alone
is not tonne-km.

o Not checking the factor's unit. kg COze/tonne-km and kg COze/vehicle-km are different quantities. They are not
used without conversion.

The data file can hold these fields for each shipment: date, supplier, material, tonnage, start and end point, distance,
transport mode and carrier. If the distance does not come from a carrier document, the map or route source used is also
recorded.

o Distance: Do not use straight-line distance. The actual road route or the shipping distance declared by the carrier
is more suitable.

o Multimodal transport: If a shipment involves several transfers or modes, each leg is kept as a separate row. For
example, material that comes by truck to a port, by ship to another country and by truck again to the plant is not
calculated with a single road factor.

e Control boundary: If the organization's own vehicle does the transport, the emission is direct. A third-party
logistics service is treated in this lesson as a Category 3 transportation emission.

4. Tonne-km application: inbound transport

Step 1: Activity data

Value Unit Operation Result

80 tonne X 450 km (tonne and km combine as tonne-km) 36,000 tonne-km

Step 2: Emission



The factor is the direct operating factor from the UK 2026 company reporting set for heavy goods vehicles (HGV, all
diesel), average laden condition: 0.10356 kg COz2e/tonne-km.

Value Unit Operation Result
36,000 tonne-km X 0.10356 kg COze/tonne-km (tonne-km cancels) 3,728.16 kg COz2e
3,728.16 kg COze + 1,000 kg/t 3.728 tCO:ze

80 t x 450 km = 36,000 tonne-km
36,000 tonne-km x 0.10356 kg CO:e/tonne-km = 3,728.16 kg CO2e = 3.728 tC0:e

Inbound transport (Category 3, method example) result: 3.728 tCOze.

Attention: This factor is a training example representing the UK vehicle fleet and operating conditions. It
is not a default national factor for Turkiye. If used for a TUrkiye operation, carrier-specific or suitable national data
should be evaluated.

Boundary check: direct operating factor and upstream fuel effects. This freight factor represents the vehicle's
direct operating emission. Upstream effects such as fuel extraction, refining and distribution are in a separate factor
group in the UK set (WTT). If you want to include them, add them separately and deliberately according to your
organization's boundary decision. If you already use a broader life cycle factor that contains the upstream effect, do
not add the same effect a second time.

When is other data used instead of the tonne-km average?

e If a dedicated truck's round-trip vehicle-km and actual fuel consumption are known, carrier-specific data can be
more representative than the average factor.

o If there are many shipments on the same route, each shipment can be calculated separately and summed. If
tonnage and distance are truly the same, aggregation is also possible.

o If there are different vehicle classes or different load conditions, a single average factor is not applied to all
shipments.

o Refrigerated transport is a separate class. Cooling energy and equipment change the factor value.

5. Employee shuttle and passenger-km

For employee shuttles the same logic is adapted to passenger-km. In the example, 35 employees use the shuttle. The
total daily round-trip distance per person is 44 km, and there are 220 working days a year.

Step 1: Activity data

Value Unit Operation Result

35 persons x 44 km/day x 220 days (person and day units remain as passenger-km) 338,800 passenger-km

Step 2: Emission

Value Unit Operation Result
338,800 passenger-km X 0.03948 kg COze/passenger-km (passenger-km cancels) 13,375.824 kg COz2e
13,375.824 kg COze + 1,000 kg/t 13.376 tCOze

35 x 44 x 220 = 338,800 passenger-km
338,800 x 0.03948 = 13,375.824 kg CO2e = 13.376 tCO:e

Employee shuttle (Category 3, method example) result: 13.376 tCO:ze.

Attention: The vehicle type of the factor must match the shuttle. In this example the coach (intercity coach)
factor was chosen only to show the method. If the real shuttle is a midibus or minibus, the factor for the suitable
vehicle class or the subcontractor's own data should be evaluated.



Attention: Passenger-km is not always the best data. If the shuttle company can reliably provide actual fuel
consumption, vehicle kilometres, vehicle type and number of trips, this data can be more representative than the
average passenger-km factor.

Pay attention to participant numbers. Do not assume 40 people travel every day because the shuttle capacity is 40.
If possible, determine actual participation with turnstile records, shuttle lists, surveys or carrier records. Fill missing days
with a documented estimate instead of assuming zero.

6. Raw material: supplier-specific product data

When data quality rises, the calculation can become simpler. Example Industry Inc. buys 200 tonnes of polypropylene.
Suppose a fictional supplier has reported the cradle-to-supplier-gate product carbon footprint of the same product as 1.85
tCO2e per tonne of product.

Value Unit Operation Result

200 t product x 1.85 tCOze/t product (t product cancels) 370 tCOze
200 t x 1.85 tCO02e/t = 370 tCO:2e

Raw material (Category 4, fictional supplier data) result: 370 tCO:ze.

Attention: The value 1.85 tCO:ze/t is not a real market factor. It is a fictional training assumption to teach the
use of supplier-specific data.

Before using this number, look at the content of the document, not its title:

e Are the product class and recipe the same as the product we buy?

e Is the declared unit a tonne of product?

e Which year and geography does the data represent?

e What are the electricity and recycled content assumptions?

o |s the allocation method explained? Is there independent verification?

¢ What is the system boundary? Does the factor end at the supplier gate, or does it include delivery to the customer?

The system boundary is the most critical question. If delivery transport is included, the same shipment in Section 4
cannot be added again to Category 3.

Supplier-specific data carries advantages and risks. The advantage is that it reduces technology differences in the
general sector average. The risk is that the data sometimes includes only the factory's energy use. Raw material
production, purchased electricity, process emissions or upstream inputs may have been left out. So the phrase supplier-
specific alone does not mean full cradle-to-supplier-gate coverage.

7. Packaging: average-data method

Supplier-specific data may not exist for every item. In that case the physical quantity is matched with a suitable average
material factor. In the example there are 12 tonnes of cardboard packaging. The factor is the UK 2026 material use entry
for board, primary material production: 1,198.23866 kg COze/t.

Value Unit Operation Result
12 t x 1,198.23866 kg CO2¢/t (t cancels) 14,378.86392 kg COze
14,378.86392 kg COze + 1,000 kg/t 14.379 tCOze

12 t x 1,198.23866 kg CO2e/t = 14,378.86392 kg COz2e = 14.379 tCO:e

Packaging (Category 4, average data, method example) result: 14.379 tCO:ze.



Attention: Do not assume the factor's system boundary from its label. UK material use factors are defined to
cover extraction, primary processing and manufacturing, and transport to the point of sale. Check from the data
source which of raw material extraction, processing, manufacturing and related transport stages are inside. When
adding a separate transport or processing row, prevent overlap.

Attention: For products with biogenic content such as cardboard, biogenic carbon accounting can differ
between data sources. When comparing two COze factors, also check this approach.

This UK average is not a Turkish production mix. In a real inventory, if supplier-specific, suitable Turkish or sector data, or
secondary data that is better geographically and technologically, is available, compare their representativeness.

8. EPD and PCF: finding the document is not enough, test its suitability

Finding an EPD or a product carbon footprint document does not mean the data is automatically suitable for the
organizational inventory. Make these checks:

Check Question

Unit Does the unit in the purchase data match the declared or functional unit? If the document gives a result for 1 m? of product,
it cannot be multiplied directly by tonnes purchased

Product Are the product and product class in the document the same as the product we buy?

match

System Does it cover production stages only, the process up to the supplier gate, or also delivery and other life cycle stages?
boundary

Geography Which country and year does the data represent?

and year

Allocation How are emissions shared between co-products?

Verification Is there independent verification?

GWP basis Is the GWP basis of the ready-made CO:ze result known and recorded?

If delivery transport is inside the document boundary, the same transport is not calculated again in Category 3.

Attention: Potential benefits outside the system boundary, such as Module D, are not deducted
automatically. Module D information in an EPD is not a credit to subtract from the purchased product's A1-A3 or
equivalent production emission. The aim is not to memorize modules but to be able to prove which product, unit and
boundary the number you put in the inventory represents.

9. Water and external wastewater treatment service

In the example 5,000 m3 of mains water is purchased and 4,000 m? of wastewater goes to an external treatment service.
Because the emission occurs at another service provider, these two items can be treated as a Category 4 service
emission.

Item Value Unit Operation Result

Water supply 5,000 m3 x 0.19130 kg COz2e/m? (m? cancels) 956.50 kg CO2e
External wastewater treatment 4,000 m3 x 0.17088 kg CO2e/m?3 (m?3 cancels) 683.52 kg CO2e
Total 956.50 + 683.52 1,640.02 kg COze
Total (tonnes) 1,640.02 kg COz2e + 1,000 kg/t 1.640 tCO:ze

5,000 m* x 0.19130 = 956.50 kg CO:ze
4,000 m* x 0.17088 = 683.52 kg C0:e
Total = 1,640.02 kg COz2e = 1.640 tCO:ze

Water and external wastewater (Category 4, method example) result: 1.640 tCO:e.



Attention: If the organization controls its own treatment plant, direct CHs and N20O follow a different
calculation path. Do not move direct emissions from the wastewater treatment process under the organization's
own control to Category 4.

Attention: Do not assume the external service factor covers only the physical treatment process. The
definition of UK water factors can also include the water company's operating effects such as offices and transport.
Do not add the same effects again on another row. These factors are not Turkiye service intensities.

GWP basis example. Table 1 of the UK 2026 methodology report lists the GWP basis of the water supply and
treatment factor group as AR4. This is a concrete example of why you should not treat all 2026 ready-made COze
factors as AR6 or as a single set. Record the basis of the group you use from Table 1 every year.

10. Waste: the treatment route matters as much as the quantity

In waste calculation, tonnage alone is not enough. The waste type and the actual disposal or recovery route must be
known together. A waste = single factor approach is not used. Example Industry Inc. sends 20 tonnes of commercial and
industrial waste to landfill.

Value Unit Operation Result
20 t x 520.58023 kg CO2ze/t (t cancels) 10,411.6046 kg COze
10,411.6046 kg COze + 1,000 kg/t 10.412 tCO:ze

20 t x 520.58023 kg COz2e/t = 10,411.6046 kg CO2e = 10.412 tCO:ze

Waste disposal (Category 4, landfill, method example) result: 10.412 tCOze.

Methodology trap: UK waste factors are not uniform factors designed for full life cycle comparison.
Disposal factors have their own accounting rules and system boundaries. Depending on the route, effects such as
collection and transport can be inside the factor boundary. If the same transport is added separately, double counting
occurs.

Attention: A low recycling factor does not mean the total climate benefit of recycling. Many factors may
represent only the emission of collection and delivery to the processing point. Do not interpret this value as the total
emission of recycling or as an automatic avoided production credit. Do not deduct a recycling credit automatically.

Chain of evidence:

e The waste carrier's receipt, the weighbridge record and the disposal or recovery document should support the same
waste stream.

e The statement sent for recycling does not prove that all the waste was actually recycled. The treatment route
accepted by the facility and, if possible, verified treatment information should be recorded.

e For mixed waste, if the composition is unknown, the uncertainty of the average factor used should be flagged
separately.

Current status (September 2026): According to the UK 2026 major changes report, there are no major changes in
the waste disposal groups. To confirm that the landfill value in this material exactly matches the 2026 table, the
official flat file should be checked. In a real inventory, record the year and version of the factor.

11. Waste transport: Category 3 or Category 4?



Waste transport is a good example for teaching category boundaries. According to TSE's ISO 14064-1 training material,
emissions from the transport of waste can be treated within the waste service or under transportation-related indirect
emissions, depending on the classification used. The aim is not to memorize a single correct box. After the organization
sets its own methodology, the same transport must be counted in only one place.

Situation Correct approach

The contractor's comprehensive service factor includes collecting the waste from the = Do not add the same kilometres again to Category

plant and transporting it to the disposal facility 3
The disposal factor covers only the emission at the treatment facility, transport Haulage can be calculated separately (in Category
excluded 3 or Category 4, in one place)

Consistency. If you put waste transport in Category 3 one year and the same service in Category 4 the next, category
trends are distorted even if the total does not change. Report the classification approach and, if it changes, the reason.

12. Purchased service: supplier-specific factor

For purchased services it can be hard to find a natural physical unit. Suppose the maintenance contractor has a
documented methodology and provides a factor of 18 kg CO:ze per visit. Such a factor can be produced, for example, by
dividing the annual supplier emission allocated to the service by the number of annual service visits. The emissions
included in the share and the allocation key should be explained.

Value Unit Operation Result
300 visits x 18 kg COze/visit (visit cancels) 5,400 kg COze
5,400 kg COze + 1,000 kg/t 5.4 tCO:ze

300 visits x 18 kg CO:e/visit = 5,400 kg COz2e = 5.4 tCO:e

Maintenance service (Category 4, fictional supplier data) result: 5.4 tCO:ze.

Attention: 18 kg CO:ze/visit is entirely fictional and only for showing the method. It is not a real market
factor.

Read the factor's boundary in writing:

e Are technician travel and spare parts included?

e How is head office energy allocated?

o |s the result the full service footprint, or only the company's share of the supplier's Scope 1 and Scope 2 emissions?
These do not measure the same thing.

e Are the method, allocation, year, system boundary and the GWP basis of the ready-made COze result explained?

13. Choosing the data method: supplier, average, spend

There is no single data method for purchased products and services. The GHG Protocol Scope 3 calculation guidance
defines supplier-specific, hybrid, average-data (physical) and spend-based methods.

A practical order for evaluating representativeness:

1. Can the supplier provide data specific to the product or service we buy, with a clear boundary and methodology?
2. If not, is there suitable Turkish, national or sector data?

3. If not, can reliable secondary data that represents the activity well geographically and technologically be found?
4. As a last step, international proxy data can be used, with its limits clearly stated.

This order is not a mandatory, rigid ISO hierarchy. The aim is to choose the traceable data that best represents the
activity. At whatever stage you are, the system boundary, year, unit, GWP basis and data quality are checked separately.

Method Activity data When Caution
Supplier- Supplier factor per The supplier provides data with a Is the coverage full cradle-to-gate or partial?
specific product or service documented boundary and methodology

Average data = tonnes, m3, tonne-km, The physical quantity is known Geography, technology and boundary match



(physical) passenger-km, visits

Spend-based = Purchase amount Data is missing, quick screening is needed Price, exchange rate, inflation and sector
(currency) mapping strongly affect the result

The limit of the spend-based method. The method multiplies the purchase amount by an economic sector emission
intensity. Price rises, exchange rates, inflation and sector classification change the result. Paying more for the same
physical product does not mean the emission rose in the same proportion.

A simple illustration: suppose the amount paid for the same quantity and the same service rises from 100 units to 115
units because of price increases. If the factor does not change, the spend-based result rises by a factor of 115 + 100 =
1.15, that is 15%. The inventory emission appears to rise while the physical activity stays the same. Year-on-year
comparison cannot be interpreted without correcting for inflation and currency. The currency and price year of the factor
must match the currency and price year of the spend.

Attention: Do not present a spend-based result with the same certainty as a physical calculation. This
material gives no TRY-based emission multiplier for spend-based service calculation. A multiplier to be used in a real
study should be taken from the original source page together with its currency, price year and sector mapping.

The data improvement plan should prioritize items that have both high emissions and high uncertainty.

14. Missing data and assumption management

Missing data is almost unavoidable in an indirect emission inventory. The problem is not that data is missing but that it is
silently turned into zero. Do not write zero for missing data.

Example. Suppose the 80-tonne inbound transport in Section 4 arrives over twelve months in equal monthly shipments
(80 + 12 = 6.667 t/month) and distance information is missing in two of the 12 months of logistics records. If the same
supplier, the same origin and the same plant route repeat, using the distance of other verified shipments (450 km) as
proxy data is reasonable. Copying another supplier's distance at random is not correct.

Step Calculation Result

Monthly tonne-km (with proxy distance) 6.667 t x 450 km 3,000 tonne-km/month
Monthly emission 3,000 x 0.10356 310.68 kg CO2e/month
Estimated part (2 months) 2 x 310.68 621.36 kg COze
Annual total 12 x 310.68 3,728.16 kg COze
Estimated share 621.36 + 3,728.16 16.7%

For every estimated row, record at least three things: the proxy data used, why it is suitable, and how much of the total
result the estimates make up. If 40% of a high-emission raw material is calculated with a proxy factor, this is more
significant than 40% missing in a small office service.

Sensitivity check. Plus and minus 20% is only an example sensitivity band, not a statistical confidence or uncertainty
interval. If we vary the proxy distance above within this band, the estimated part becomes 621.36 kg COz2e + 124.27 kg
COze. The annual total stays between 3,603.89 and 3,852.43 kg CO:e, so the total changes by about +3.3%. The proxy
priority for this item is low. If we apply the same band to the 200-tonne polypropylene example, the 370 tCOze result
goes between 296 and 444 tCOze (£74 tCOz2e). Data improvement priority lies with this item. If real, documented
uncertainty information exists for the factor or the activity data, it should be used instead of an arbitrary 20%.

Separate the type of missing data:

e The activity quantity may be missing.
e The quantity exists but the transport distance does not.
e The activity data is complete but the emission factor is not suitable.

The same proxy approach is not used in these three cases. Tracking the share of estimated data across years shows
whether inventory quality is really improving. Uncertainty is not a reason to stop calculating, but hiding uncertainty is not
right either.

15. Interpreting results: why the examples were not summed




Item Category Activity data Factor type Result (tCO:ze)
Inbound transport 3 36,000 tonne-km UK 2026 secondary, direct 3.728
Employee shuttle 3 338,800 passenger-km UK 2026 secondary 13.376

Raw material (polypropylene) 4 200 t Fictional supplier PCF 370.000
Packaging (cardboard) 4 12 t UK 2026 secondary 14.379

Water and external wastewater 4 5,000 m3 and 4,000 m3 UK 2026 secondary 1.640

Waste (landfill) 4 20t UK 2026 secondary 10.412
Maintenance service 4 300 visits Fictional supplier 5.400

The table rows are for comparison. There is deliberately no total row.

compatibility assessment.

Attention: Do not add these results into a single figure and present it as the total indirect emission of
Example Industry Inc. UK 2026 secondary factors were used for the transport, water, waste and packaging
examples, and fictional supplier data for raw material and maintenance service. Adding up training factors selected
from different geographies, years, GWP bases and system boundaries without checking compatibility violates the
quality rules of this lesson. In a real inventory a factor record is kept for every item, and summing is done only after a

One point stands out in the table: the fictional polypropylene item is much larger than the others. This does not show a
real market relationship. Even so, in a real inventory items with high emissions and low data quality go to the top of the
data improvement plan. Carrying these results into the ISO 14064-1 inventory report is the subject of Lesson 18.

16. Verification with Python

The code below recalculates all the numbers in this material.

from decimal import Decimal as D

# Tonne-km
ton km = D(80) * D(450)
tasima kg = ton_km * D(10356) / D(10**5)

# Passenger-km
kisi km = D(35) * D(44) * D(220)
servis kg = kisi km * D(3948) / D(10**5)

# Raw material
pp_t = D(200) * D(185) / D(100)

# Packaging
karton_kg = D(12) * D(119823866) / D(10**5)

# Water
su_kg = D(5000) * D(1913) / D(10**4)
atiksu_kg = D(4000) * D(17088) / D(10**5)

# Waste
atik kg = D(20) * D(52058023) / D(10**5)

# Service
bakim kg = D(300) * D(18)

# Missing data example

aylik_kg = (D(80) / D(12)) * D(450) * (D(10356) / D(10**5))

tahmin = 2 * aylik kg
pay = tahmin / (12 * aylik kg)

# 36000
# 3728.16 kg

# 338800
# 13375.824 kg

# 370 t

# 14378.86392 kg

# 956.5 kg
# 683.52 kg

# 10411.6046 kg

# 5400 kg

# 310.68
# 621.36
# 0.1667

for kg in [tasima kg, servis kg, karton kg, su kg + atiksu kg, atik kg, bakim kg]:

print(kg, kg / D(1000))
print(pp_t)

print(ton km, kisi km, aylik kg, tahmin, pay)



Exercises (with answers)

Exercise 1: Error hunt

Find and correct the ten errors below. Answers are given in the table.

Error

1. Multiplying the tonne-km factor by vehicle
kilometres

2. Treating a UK factor as a national default for
Tarkiye

3. Adding the upstream fuel effect a second time

4. Adding transport to Category 3 when the supplier
PCF already includes delivery

5. Not checking EPD unit and product match, or
deducting the Module D benefit

6. Choosing a single factor when the waste type is
known but the treatment route is not

7. Reading a low recycling factor as the total climate
benefit

8. Treating the water factor as the physical treatment
process only and adding the same supplier effects
again

9. Ignoring currency, price year and inflation in a

spend-based factor

10. Treating missing data as zero

Exercise 2: Activity data

Why it is a problem

450 km x 0.10356 = 46.6 kg, the load is not
counted. The result is 80 times too low

The factor represents the UK fleet and
conditions

The direct factor is already vehicle operation. A
broad life cycle factor contains the upstream
effect

The same transport is counted twice

A unit mismatch distorts the result, Module D is
outside the system boundary

The factor differs by route and boundary

The factor has a specific accounting boundary

The factor can include effects such as offices
and transport

A price rise is not a physical emission rise

The inventory comes out incomplete and biased
low

Correct approach

First 80 t x 450 km = 36,000
tonne-km, then multiply by the
factor

Use it as a method example,
choose suitable data in a real
inventory

Count the effect once, under
whichever boundary you chose

Read the PCF boundary, do not
add transport if delivery is inside

Match the unit, do not deduct
Module D automatically

Document the type and the
actual treatment route

Do not deduct a recycling credit
automatically

Read the methodology
boundary, do not add again

Check currency and year match,
do not present the result as
precise

Estimate with suitable proxy
data, document the assumption

50 tonnes of material is carried 300 km from a supplier and the factor is 0.10356 kg COze/tonne-km. What is the result in

kg COze?

Answer: 50 x 300 = 15,000 tonne-km. 15,000 x 0.10356 = 1,553.4 kg COze (1.553 tCOze).

Exercise 3: Double counting

The boundary of the 12-tonne cardboard factor in Section 7 includes transport to the point of sale. If a separate 450 km
truck transport for the same 12 tonnes is added to Category 3, how much is the possible double counting?

Answer: 12 x 450 = 5,400 tonne-km. 5,400 x 0.10356 = 559.224 kg COze (about 0.559 tCO2e). If the factor boundary
really includes this transport, this amount is counted twice. The boundary of the factor should be confirmed first.

Exercise 4: Participation data

Shuttle capacity is 40 people and actual participation is 35. If capacity is used, how much higher is the result?

Answer: 40 x 44 x 220 = 387,200 passenger-km, and 387,200 x 0.03948 = 15,286.656 kg COze. The correct result is
13,375.824 kg COze, so the difference is 1,910.832 kg COze (about 14.3% higher).

Summary

e Third-party transport and the employee shuttle are ISO 14064-1 Category 3. Raw material, packaging, water, waste
and services are Category 4. GHG Protocol numbers are different.
e Tonne-km = tonnes x km. 80 t x 450 km = 36,000 tonne-km, and 36,000 x 0.10356 = 3,728.16 kg COze (3.728

tCOze).



e Passenger-km example: 35 x 44 x 220 = 338,800 passenger-km, x 0.03948 = 13,375.824 kg COze (13.376 tCOze).

¢ Raw material: 200 t x 1.85 tCOze/t = 370 tCO2e (fictional supplier data). Packaging: 12 t x 1,198.23866 = 14.379
tCOze.

o Water and external wastewater 1.640 tCO:ze, landfill 10.412 tCOz2e, maintenance service 5.4 tCO:ze.

e For every factor, the system boundary, year, geography, unit and GWP basis are checked. Ready-made CO:e factors
are not all based on the same GWP set.

e Do not count delivery, collection and transport effects twice in supplier PCF, EPD and waste factors.

e A recycling credit is not deducted automatically. A spend-based result is not as precise as a physical result.

e Missing data is not written as zero. The proxy data, the reason and the estimated share are recorded.

e These examples are not combined into a single total.

Knowledge check (with answers)

1. If 80 tonnes of load is carried 450 km, how many tonne-km is the activity data? Answer: 36,000 tonne-km.

2. What is the difference between tonne-km and vehicle-km? Answer: Tonne-km measures the load and the
distance together. Vehicle-km ignores the load. The units of factors are checked and they are not used without
conversion.

3. Which factor gave the 3,728.16 kg CO:e result for inbound transport, and is it a Tuirkiye factor? Answer:
The UK 2026 HGV average laden direct operating factor of 0.10356 kg COze/tonne-km. No, it is not a Turkiye factor, it is a
method example.

4. If the supplier product factor also covers delivery, is the same transport calculated again in Category 3?
Answer: No. The same transport is not counted twice.

5. What is passenger-km for 35 employees, 44 km a day, 220 days? Answer: 35 x 44 x 220 = 338,800
passenger-km.

6. Does finding an EPD prove the data is usable? Answer: No. The unit, product match, system boundary,
geography, year, allocation, verification and GWP basis must be checked. Out-of-boundary benefits such as Module D are
not deducted automatically.

7. Is a low recycling factor the total climate benefit of recycling? Answer: No. The factor has a specific accounting
boundary. A recycling credit is not deducted automatically.

8. Why is a single waste factor not enough in waste disposal? Answer: The waste type and the actual treatment
route must be known together. The factor changes with the route and the boundary.

9. In the spend-based method, does a price rise increase the emission in the same proportion? Answer: No.
Paying more for the same physical product does not mean the emission rose in the same proportion. Currency, price
year, inflation and sector mapping affect the result.

10. Can a ready-made CO:ze factor with an unknown GWP basis be automatically combined with results from
a different data set? Answer: No. It is not summed without checking GWP basis, system boundary, year and geography
compatibility.

Key terms glossary (TR - EN)

Turkce English

ton-km / kisi-km tonne-km / passenger-km

faaliyet verisi activity data

emisyon faktoru emission factor

karbondioksit esdegeri (COze) carbon dioxide equivalent (COze)

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

Kategori 3 (ulastirmadan kaynaklanan dolayli emisyonlar) Category 3 (indirect GHG emissions from transportation)
Kategori 4 (kurulusun kullandigi Grtinlerden kaynaklanan dolayh Category 4 (indirect GHG emissions from products used by the
emisyonlar) organization)

Urtn karbon ayak izi product carbon footprint (PCF)

cevresel Grlin beyani (EPD) Environmental Product Declaration (EPD)



tedarikgiye 6zgu veri
ortalama veri yontemi
harcama temelli ydntem
besikten kapiya

sistem siniri

yukari yonli emisyonlar
cifte sayim

ikame veri

duyarlilik analizi

dizenli depolama

geri donisim

sera gazl envanteri

Sources and currency note

supplier-specific data
average-data method
spend-based method
cradle-to-gate
system boundary
upstream emissions
double counting
proxy data
sensitivity analysis
landfill

recycling

GHG inventory

e |ISO 14064-1:2018, Greenhouse gases, Part 1: Specification with guidance at the organization level for quantification
and reporting of greenhouse gas emissions and removals (Category 3 and Category 4 definitions).

e ISO/TS 14064-4:2025, Greenhouse gases, Part 4: Guidance for the application of ISO 14064-1 (guidance on category
boundaries, quantification, double counting and uncertainty. The example emission factors in the standard are

illustrative).

e GHG Protocol, Technical Guidance for Calculating Scope 3 Emissions (supplier-specific, hybrid, average-data and
spend-based methods, transport and waste calculations).
o UK Government (DESNZ), Greenhouse gas reporting: conversion factors 2026, published 11 June 2026, flat file

update 31 July 2026. https://www.gov.uk/government/publications
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¢ UK Government (DESNZ), 2026 Government greenhouse gas conversion factors for company reporting:
Methodology paper and Major changes report (GWP bases of factor groups in Table 1, direct and upstream split in
freight factors, material, water and waste system boundaries).

e TSE, TS EN ISO 14064-1 training presentation (Category 3 and Category 4 scope, avoiding double counting in

choosing the category for waste transport).

e SATSO-SUBU Training Program, Lesson 17 objective and content description.

Currency note: Information is as of September 2026. UK factors are published for UK activities and are only method
examples in this material. Supplier factors are fictional. The factor values in this material should be compared with the
official flat file and rechecked at each new release. In a real inventory, the currency of supplier or national factors suitable
for Turkiye and the reporting year should be verified separately.


https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2026

