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y use of fossil fuel car

at is it really about?
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Chemically or physically transform materials .
e.g.:
The blast furnace in the iron and steel industry
Cement industry

Ammonia and other chemical products manufactured

from fossil fuels used as chemical feedstock

- chemically: NH3 + O2 = 0.5 N20O t + 1.5 H20 (nitric
acid production)

- physically: CaCO3 + (Heat) = CaO + CO2 1
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GHG related

Refrigerators, foams or aerosol cans.
HFCs as alternatives to ODS
SFs used in electrical equipment
N2O used as a propellant in aerosol products in food
industry
End-consumers
SFe used in running-shoes
N2O used during anesthesia
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frigerants as ODS substitutes
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Uses of Liquid Nitrogen

* Liquid nitrogen is used in medicine to remove warts
and to store donor organs.

¢ Itis also used in the food industry to make ice cream
and to quick freeze foods.
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1 ENERGY

2 INDUSTRIAL
PROCESSES and
PRODUCT USE

2A1 Cement production
2A7 Lime production
2A3 Glass Production

284a  Ceramics
224b  Other Uses of Soda Ash
244c  llon Metallurgical Magnesia Production

24 Mineral Industry

244 Other Process Uses of Carbonates

244d Other (please specify)

2A5  Other (please specify)

2B1 Ammonia Production
2BZ  |litric Acid Production
283 Adipic Acid Production
fr 2B4 Caprolactam, Glyoxal and Glyoxylic Acid Production
/285 Carbide Production
( 2B6  Titanium Dioxide Production
" 2B7 Soda Ash Production

2BBa Methanol

2B Chemical Industry J

\ 2BB  Petrochemical and

2B8c  Ethylene Dichloride and Vinyl Chloride Monomer
Carbon Black Production

2B8d Ethylene Oxide
2B8=  Acrylonitrile
2B8f Carbon Black

\ZB‘} ) o 2B%9a By-product emissions
hemi ti
\ Sfrncherment TN & 289 Fusitive Emistais

2B10 Other (Please specify)

2C1  Iron and 5teel Production
2C2  Ferro alloys Production

2C3  Aluminium production

2C  Metal Industry 2C4  Magnesium production

|

Mational Greenhouse
Gas Inventory

2C5 Lead Production
2C6  Zinc Production
2C7  Other (please specify)

D1 Lubricant Use
D2 Paraffin Wax Use

20 Hon-Energy Products from Fuels and Solvent Use }

2D3  Solvent Use
204 Other (please specify)




National Greenhouse
Gas Inventory

201 Lubricant Use

202 Paraffin Wax Use
20 lon-Energy Products from Fuels and Solvent Use

D3 Solvent Use
i 204 Other (please specify)
2E1  Integrated Circuit or Semiconductor
;ZEI TFT Flat Panel Display
2E  Electronics Industry 2E3  Photovoltaics
2E4 Heat Transfer Fluid
2E5 Other (pleass specify)

2F1  Refrigeration and Air

ik 2F1a Refrigeration and Stationary Air Conditioning
Conditioning e R —
= 2F1b  Mobile Air Conditioning

2F2 Foam Blowing Agents

2F Product Uses as Substitutes for Ozone Depleting Substances k3 bietrotoctn
2F4  Aerosols

Other Applications (please specify)

2G1  Electrical 2G1a Manufacture of Electrical Equipment
Equipment 2G1b  Use of Electrical Equipment
% 2G1c Disposal of Electrical Equipment

262 SF6 and PFCs from Other 2022 Military Applications
Product Uses / 2G2b_Accelerators

\_262c_Other (please specify)

263 1120 from 2G3a  Medical Applications
Product Uses }[ 2G3b  Propellant for pressure and asrosol products

\_2G3c Other (Please specify)
2G4 Other (Please specify)

ZH1 Pulp and Paper Industry
2H Other f ZH2 Food and Beverages Industry
\_2H3 Other (pleass specify)

206 Other Product Manufacture and Use

3 AGRICULTURE, FORESTRY,
AND OTHER LAND USE

i
o

4 WASTE

5 OTHER



Allocation / Double Counting

by-product fuels or waste gases are
transferred from the manufacturing site and

combusted elsewhere in quite different
activities.

to be reported in the IPPU sector or fossil fuel
use in an Energy Sector?
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https://youtu.be/otVFDo9YSMS8
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Example of Allocation
Issue — metal industry

Coking coal

Coke
Breeze

lron ore
additives

Coal
injection

¥

Coke Plant I—

Sinter Plant:
cCO,, CH,, N,O

Pelletzing Plant

Blast furnace
pig iron
production:

CO,, CH,, N,O

Transferred off-site

* Burned on-site:

CO,, CH,, N,O

Basic Oxygen
Furnace gas

-

Steelmaking
{Basic Oxygen

Furnace):
CO,, CH,, N,O

To steel
processing

Pig iron
to iron
processing




- blast furnace

- Blast furnace gas is combusted entirely within
the Iron and Steel industry (whether for
heating blast air, site power needs or for metal
finishing operations) the associated emissions are

reported in the IPPU subcategory 2C1 (Iron and steel
production).

> If part of the gas is delivered to a nearby brick

works for heat production or a main electricity

producer then reported in subcategory 1A2f or
1Ala. (Energy)

i
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Naphtha cracking in petrochemical

If surplus methane or hydrogen from the
steam cracking of naphtha is combusted within
the petrochemical site for another process then
reported as IPPU, subcategory 2B8.

If the gases are passed to a nearby refinery
for fuel use, then reported as Energy, 1A1b
(Petroleum refining)
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https://youtu.be/gYnGgre83CI



Refrigerant in Cars, home & office Air
Conditioners?

capture and emissions for recovery and use or
destruction.

good practice to account for capture of
emissions using detailed country-specific or
more suitably plant-level data.
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Carbon Capture Technology

good practice to deduct the GHG captured in a higher
tier emission calculation, e.g. plant level.

emissions from captured in the process may be both
combustion- and process-related. Be careful of double-
counting.

capture and storage issues refer to Volume 2, Section
2.3.4
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Feedstock: used as raw materials in chemical conversion
processes in order to produce primarily organic chemicals
and inorganic chemicals and their derivatives.

Reductant: used as reducing agent for the production of
various metals and inorganic products.

Non-energy product: refineries and coke ovens produce
some non-energy products. Lubricants and greases,
paraffin waxes, etc.
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e trend, I can presume’

Calculation in IPPU
methods (MB and EF)
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more accurate when emission rate vary across
equipment and facilities, or over time.

consideration

accurate activity data for the MB approach should be a
available

drawbacks: 1. inaccuracy of measuring devices,
2. slow leakage afterwards. i.e. time lag.
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Using nameplate capacity of the equipment, apparent leak
vs actual leak
Continuing accuracy of its EF is the key for robustness and
reliability.

periodical check of EF is necessary.

Limitation: EF for ODS substitutes and SFe from electrical
equipment do not exist for all regions of the world.
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What is my country’s electricity EF?

1ed

IEA Emission Factors 2022

What's included?

Notes & definition

€02 per kWh electricity only

CO2 per kWh of electricity and heat

Trade adjustment
T&D losses adjustment
CH4 factors

N20 factors

Summary

Contents | CO2KWH ELE CH4 factors N2O factors @)

Data description

This document contains a description of the electricity and heat emissions factors file distributed together with
the 2022 edition of the Emission factors data package This excel file includes excel sheets with a set of
carbon emission factors for electricity and electricity/heat generation. The factors are described below

+ CO2 emission factors for electricity only generation (CHP electricity included) for world countries (in
CO2 per kWh, 1980 to 2020). (Sheet CO2KWH ELE)

= CO2 emission factors for electricity and heat generation for world countries (in CO2 per kWh, 1990 to
2020). (Sheet CO2 KWH ELE & HEAT)

[ These emission factors are given for electricify and electricity/heat generation for the total electricity
generation, and for generation from oil, coal, gas and from non-renewable wastes. as well as from biofuels.
(Sheets CO2 KWH ELE & HEAT and CO2KWH ELE)

= 2021 provisional emission factors for electricity and electricity/heat generation, based on provisional
electricity generation data (for all OECD countries and selected non-OECD countries). (Sheets C0O2 KWH
ELE & HEAT and CO2KWH ELE)

= CH4 and N20 emission factors for electricity generation (based on default IPCC factors) (in CO2eq per
kWh, 1880 to 2020). (Sheets CH4 factors and N20 factors)

= Adjustment factors io emission factors from electricity generation for indirect emissions induced by
electricity trade between countries (for OECD countries, 1990 fo 2020). (Sheet Trade adjustment)

= Adjustment factors to emission factors from electricity generation for emissions associated to
transmission and distribution losses of electricity in the grid (for countries with available data, 1920 to
2020). (Sheet T&D losses adjustment)

= Emission factors by fuel from direct combustion of fuels in other sectors than electricity and heat
1
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1 ENERGY

2 INDUSTRIAL
PROCESSES and
PRODUCT USE

241

Cement production

242

Lime production

2A3

Glass Production

24  Mineral Industry

244

2A44a Ceramics
244b  Other Uses of Soda Ash

Other Process Uses of Carbonates

2A5

244c  lon Metallurgical Magnesia Production
\ 244d Other (please specify)

Other (please specify)

2B1  Ammonia Production

I(EB? lHitric Acid Production

Adipic Acid Production

?

2B3
2B4  Caprolactam, Glyoxal and Glyoxylic Acid Production

/285 Carbide Production

 2B6 Titanium Dioxide Production

287 Soda Ash Production

2B Chemical Industry J

‘ 2BB  Petrochemical and
Carbon Black Production

ZBBa Methanol

2BBc  Ethylene Dichloride and Vinyl Chloride Monomer

2B8d Ethylene Oxide
2B8e Acrylonitrile
2BBf Carbon Black

2B%a By-product emissions

\23‘? Fluorochemical Production
\ B

‘. 2B%b  Fugitive Emissions

10  Other (Please specify)

National Greenhouse
Gas Inventory

2C1__ Iron and Steel Production
2C2 Ferro alloys Production
2C3 Aluminium production

2  Metal Industiry 2C4  Magnesium production
2C5  Lead Production
2C6  Zinc Production
2CT  Other (please specify)

2D Hon-Energy Products from

2D1  Lubricant Use

2D2 Paraffin Wax Use
Fuels and Solvent Use

203  Solvent Use
204  Other (please specify)




National Greenhouse
Gas Inventory

201 Lubricant Use

202 Paraffin Wax Use
20 lon-Energy Products from Fuels and Solvent Use

D3 Solvent Use
i 204 Other (please specify)
2E1  Integrated Circuit or Semiconductor
;ZEI TFT Flat Panel Display
2E  Electronics Industry 2E3  Photovoltaics
2E4 Heat Transfer Fluid
2E5 Other (pleass specify)

2F1  Refrigeration and Air

ik 2F1a Refrigeration and Stationary Air Conditioning
Conditioning e R —
= 2F1b  Mobile Air Conditioning

2F2 Foam Blowing Agents

2F Product Uses as Substitutes for Ozone Depleting Substances k3 bietrotoctn
2F4  Aerosols

Other Applications (please specify)

2G1  Electrical 2G1a Manufacture of Electrical Equipment
Equipment 2G1b  Use of Electrical Equipment
% 2G1c Disposal of Electrical Equipment

262 SF6 and PFCs from Other 2022 Military Applications
Product Uses / 2G2b_Accelerators

\_262c_Other (please specify)

263 1120 from 2G3a  Medical Applications
Product Uses }[ 2G3b  Propellant for pressure and asrosol products

\_2G3c Other (Please specify)
2G4 Other (Please specify)

ZH1 Pulp and Paper Industry
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It is about Data Accuracy and Data
availability.

Tier 1

Tier 2

Tier 3
Inventory for small and large GHG
emitters, which tier is appropriate?
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Tier 1 — average value of the world
Tier 2 — national statistical value
Tier 3 — Actual value (Plant specific data)



ertainty leve

ertainty Assessment
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Total emissions are the sum of Equations 4 4 to 4.8

EQUATION 4.4
C O, EMISSIONS FROM [RQN AND STFF] PRODUCTION (TIER 1)

Iron & Steel: Eqpy — BOF » EFgoy + EAF » EFg,p + OHF ® EF gy

. HON—anargy
EQUATION 4.5
CO; EMISSIONS FROM PRODUCTION O PIC TRON NOT PROCESSED INTO STEEL (TIER 1)
Pig Iron Production: Erpy pon-omergy = 4P * EFpp
EQUATION 4.6

C O, EMISSIONS FROM PRODUCTION QEDIRECTREDUCED JRON (TIER 1)
Direct Reduced Iron: Ecoa pon-energy = DRI ® EFpgp

EQUATION 4.7
CO; EMISSIONS FROM SINTER PRODUCTION (TIER 1)
Smter Production: Ecpa pon—emergy = 31 * EF gy

EQUATION 4.8
C O, EMISSIONS FROM PELLET PRODUCTION (TIER 1)

Pellet Production: E -y, =PeEFp

. HOM—emergy

Where:

Econ, aen-enerzy = emissions of CO; to be reported in IPPU Sector. tonnes

BOF= quantity of BOF crude steel produced. tonnes

EAF = quantity of EAF crude steel produced. tonnes

OHF = quantity of OHF crude steel produced, tonnes

Tier 1

IP = quantity of pig iron production not converted to steel, tonnes
DRI = quantity of Direct Reduced Iron produced nationally. tonnes
SI= quantity of sinter produced nationally, tonnes

P = quantity of pellet produced nationally, tonnes

EF,= emission factor, tonnes CO,/tonne x produced



EQUATION 4.9
CO; EMISSIONS FROM IRON & STEEL PRODUCTION (TIER 2)

Efﬂlnﬂﬁ—ﬁfﬂ'@ = PC-CPC+Z{CGER "tqﬂ}—'f_-.‘fiCCI -—LlCl -—_DiCE :—{T_E-CEE
L]

.

+3 (0, #Cy, )+ COGeCrpg—SeCs —IPeCpp —BG-CBG}-;‘—?
b

Where, for iron and steel production:
Eco2, non-snerzy = emussions of CO; to be reported m IPPU Sector. tonnes

PC = quantity of coke consumed 1n 1ron and steel production (not mcluding smter production). tonnes

COB, = quantity of onsite coke oven by-product a. consumed in blast furnace. tonnes

CI= quantity of ¢ogl directly gnjected into blast furnace, tonnes
L = quantity of Jypestone consumed m iron and steel production, tonnes
D = quantity of dolomite copsumed 1n iron and steel production. tonnes

CE = quantity of garhop eleciigdes consumed in EAFs. tonnes

Oy = quantity of athercazhonaceaus and process material b, consumed in iron and steel production, such
as sinter or waste plastic, tonnes

COG= quantity of coke oven gas consumed in blast furnace in iron and steel production. m’ (or other unit
such as tonnes or GJ. Conversion of the unit should be consistent with Velume 2: Energy)

S = quantity of steel produced. tonnes

IP = quantity of won groduction ngt converted to steel, tonnes

BG = quantity of blast furnace gas transferred offsite. m° (or other unit such as tonnes or GI. Conversion
of the unit should be consistent with Volume 2: Energy)

C, = carbon content of material input or output x, tonnes C/(unit for material x) [e.g.. tonnes C/tonne]



Iron & Steel Production GHG calculation—- How to?

EQUATION 4.10
C O, EMISSIONS FROM SINTER PRODUCTION (TIER 2)

44
Em,l'm—w =|:CB'R.CCRR +COG’CCQG +BG'CBG +Z(PM£ ICE ]_SGG.CSQG]'E
a

Where, for sinter production:
E02, non-enersy = emissions of COs to be reported m IPPU Sector. tonnes
CBR = quantity of purchased and onsite produced coke breeze used for sinter production, tonnes

COG= quantity of coke oven gas consumed in blast furnace in sinter production. m’ (or other unit such as
tonnes or GJ. Conversion of the unit should be consistent with Volume 2: Energy)

BG = quantity of blast furnace gas consumed in sinter production. m’ (or other unit such as tonnes or GI.
Conversion of the unit should be consistent with Volume 2: Energy)

PM, = quantity of other process material a, other than those listed as separate terms, such as natural gas,
and fuel oil, consumed for coke and sinter production in imntegrated coke production and wwon and
steel production facilities. tonnes

SOG = quantity of sinter off gas transferred offsite either to iron and steel production facilities or other
facilities, m’ {or other unit such as tonnes or GJ. Conversion of the unit should be consistent with
Volume 2: Energy)

C,= carbon content of material input or output x_ tonnes C/{unit for material x) [e g_. tonnes C/tonne]
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TABLES.1
NON-ENERGY PRODUCT USES OF FUELS AND OTHER CHEMICAL PRODUCTS

Types of fuels used Examples of non-energy uses Gases covered in this chapter
Co, NMVOC. CO
Lubricants Lubricants used mfransportation andindustry: X
Section 5.2 )
Paraffin waxes Candles. corrugated boxes. paper coating. board
sizing. adhesives. food production. packaging: X

Section 5.3

EQUATION 5.2
LUBRICANTS — TIER 1 METHOD

CO, Emissions = LC ¢ CCyppicant ® ODU I bvicans ® 34/ 12

Where:
CO, Emuissions = CO, emuissions from lubricants, tonne CO,
LC = total lubricant consumption. TJ
CClubricant = Sarbon confent of lubricanis (default), tonne C/TJ (= kg C/GJ)

ODULuypricant = ODU factor (based on default composition of oil and grease), fraction
44/12 = mass ratio of CO,/C Oxidised During Use



EQUATION 5.2
LUBRICANTS — TIER 1 METHOD

CO, Emissions = LC ¢ CCrpicamt ®* ODU 1 ubricans ® 44/12

Where:
CO,; Emissions = CO, emissions from lubricants, tonne CO;
LC = total lubricant consumption, TJ
CClLubricant = carbon content of lubricants (default). tonne C/TJ (= kg C/GIJ)
ODUYLybricant = ODU factor (based on default composition of oil and grease), fraction

44/12 = mass ratio of CO,/C

For lubricants the default carbon contents factor is 20.0 kg C/GJ on a Lower Heating Value
basis. (See Table 1.3 in Chapter 1 of Volume 2).
Note that kg C/GJ is identical to tonne C/TJ.

TABLE 5.2
DEFAULT OXIDATION FRACTIONS FOR LUBRICATING OILS, GREASE AND LUBRICANTS IN GENERAL

Lubricant / type of use Default fraction in total lubricant® (%) ODU factor
Lubricating oil (motor oil /industrial oils) 90 0.2
Grease 10 0.05
IPCC Default for total lubricants " 0.2

* Excluding the use in 2-stroke engines,

b . ¢ . z : 4 z - £k
Assuming 90 percent lubricating oil consumption and 10 percent grease consumption and rounded to one significant digit.

Source: Rinehart (2000).

Lubricant use calculation —- How to?




TABIET.1

MAIN APPLICATION ARFAS FOR HFCS AND PFCS AS ODS SUBSTITUTES !

Chemical Rf-ﬁigem_lim Fire 51:;:131&5_5101’1 Aerosols Sﬁhﬁﬂ Foaa_u Dﬂnfr )
['gﬁﬁﬁéﬂg and HE;ELD:EUH Propellants | Solvents Cleaning Blowng Applications™

HFC-23 X X

HFC-32 X

HFC-125 X X

HFC-134a X X X X X

HF(C-143a X

HFC-152a X X X

HFC-227ea X X X X X

HFC-236fa b4 X

HFC-245fa X X

HFC-365mfc X X X

HFC-43-10mee X X

PFC-14° (CFy) x

PFC-116 (CsFs) X

PFC-218 (C5Fg)

PFC-31-10 (C4F10) X

PFC-51-14" (CgF14) x
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Deecision tree for actual emissions from the refrizeration and air conditioning
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v
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data dizazerezated at the sub-
appiicadion fevel (the & FAC arsas)

ODS calculation — How to? Decision tree for Tier




The calculation formula for Net Consumption within the Tier 1a method 1s as follows:

EQUATION 7.1
CALCULATION OF NET CONSUMPTION OF A CHEMICAL IN A SPECTFIC APPLICATION

Ner Consumption = Preduction + Imports — Exports — Destruction

Net Consumption values for each HFC or PFC are then used fo calculate annual emussions for applications
exhibiting prompt emissions as follows:

EQUATION 7.2A
CALCULATION OF EMISSIONS OF A CHEMICAL FROM A SPECIFIC APPLICATION

Annual Emissions = Net Consumption » Composite EF

Where:
Net Consumption = net consumption for the application

Composite EF = composite emission factor for the application



Tier 1 Refrigeration
Argentina - HFC-143a

HFC-143a b

Summary

Country: Argentina
Agent: HFC-143a

Year: 2005
Emission: 460.7 tonnes
In Bank: 3071.1 tonnes

[Current Year | _2005]  Bank:delay in emission
500 —
Data 450 |
Used i |
Use in current year - 2005 (tonnes) Here ’( |
Production of HFC-143a 800 350 / -
Imports in current Year 200 300 |
Exports in current year 0 250 / |
Total new agent to domestic market 00 |
200
Year of Introduction of HFC-143a {ERE 150 I
Growth Rate in New Equi t Sal 3 0%
oW ate in New Equipment Sales b - ;/ |
50 // 1
Tier 1 Defaults N |
Assumed Equipment Lifetime (years) 15 1996 1993 2000 2002 2004 2006 2008 2010 2012 2014
Emission Factor from installed base 15%
% of HEC-143a destroyed at End-of-Life 0%
Estimated data for earlier years 1996 1997 1993 1999 2000 2001 2002 2003 2004 2005
Production ] 0 81 167 259 355 458 566 680 800
Agent in Exporis 0 0 0 0 0 0 0 0 0 0
Agent in Imports 0 a 20 42 65 89 114 141 170 200
[Total New Agent in Domestic Equipment 0 0 102 209 323 444 572 707 850 1000
Agent in Retired Equipment 0 0 0 0 0 0 0 0 0 0
Destruction of agent in retired equipment 0 0 0 0 0 0 0 0 0 0
Release of agent from retired equipment 0 0 0 0 0 0 0 0 0 a
Bank 0 0 102 296 575 933 1365 1867 2437 3071
Emission 0 0 15 44 B6 140 205 280 365 461




alance vs Emission Factors
rtainty
culation of GHG IPPU sector
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