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CGE GHG Inventory Handbook (NAI)

Industrial Processes Sector – Hands-on Training

Annex 3

TABLE 3

GPG2000  TIER LEVEL METHODS IN ADAPTING RE96GL BASED ON NATIONAL CIRCUMSTANCES FOR SPECIFIC SOURCE CATEGORIES

OF INDUSTRIAL PROCESSES SECTOR
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Table 3.1 :  2A1-CO2 from Cement Production 

Table 3.2 :  2A2-CO2 from Lime Production

[image: image2.emf]Source Category

Sub-Source Category

Brrief Process Activity 

Country Activity

Cement production CO2/CaO=0.785  

Clinker production CO2/CaO=0.785

General  Reference

Invebtory elements Re96GL  GPG 2000  GPG 2000

Choice of Tiers (criteria) NA Based on Decieion Tree (GPG 

2000 Figure 3.1)

Based on Decieion Tree (GPG 

2000 Figure 3.1)

Tiers NA TIER 1 TIER 2

Activity  Data 

Cement Production

Fixed Default CaO content in 

cement =63.5% ,           

Range of clinker to CaO 

content for various types of  

cement product  (GPG Table 

3.4 ) for estimation of clinker. 

Issues Using fixed CaO content in 

cement is considered NOT a 

good practice

Default clinker fraction  in 

cement are:                         

a) Essentially Portland 

Cement-95%;                     

b) Portland and blended 

cement- 75% 

Clinker Production

Default Clinker fraction in 

essentially portland cement 

=98.3% 

Default clinker to cement CaO 

content by type  provided  

(Table 3.1, Table 3.3A; and 

Table 3.3B)

Default CaO content in clinker 

provided as 65%

Issues

Default clinker fraction of 

98% in cement is considered 

too high and leads to over- 

estimation compared to GPG 

Defaults

Collect clinker production 

directly from national statistics, 

preferably plant-level clinker, 

CaO content, and non-

carbonate sources of CaO

EMISSION FACTOR EF=0.785*CaO content of 

cement                                         

EF=0.785*CaO content in 

clinker

EF=0.785tCO2/CaO*CaO 

content in clinker*CKD

Default CaO content in cement- 

63.5%

Default CaO content in 

clinker=65%

Default CaO content=0.65;                              

CKD=1.02

Emisson factor Estimate EF=0.785 tCO2/tCaO*0.635 

tCaO/t cement                                        

EF=0.785tCO2/tCaO*0.65tCa

O/t clinker

Ef=0.785tCO2/CaO*0.65tCaO/

tClinker*1.02

EF=0.499tCO2/tcement EF=0.507 tCO2/tclinker EF=0.520

Uncertainyty Levels

Check whether associated fuel combustion emissions including industrial waste are are 

included where plant emissions are reported directly

If only cement is produced, report as not applicable "NA" 

Types of Products and 

stoichiometric ratios

IPCC Guidelines: Chapter 2.3

IPCC good practice guidance and Uncertainty Management in 



 Carbon dioxide is produced during the production of clinker, an intermediate product from 

which cement is made. High temperatures in cement kilns chemically decompose or 

decarbonise the  calcium carbonate (CaCO3) into lime (CaO) and CO2. The CO2 emissions 

as non-energy related emissions.  The energy required is often obtained from a separate 

source of  fuel combustion process; it good practice to report this as energy-related emissions 

in the Energy sector. Where biomass is used as energy source, it should be reported as 

memo items



2AMineral Production

2A1-Cement Production

Occuring if  clinker is produced. 

CO2 emissions are directly proportional to the lime content of

the clinker. If the emission factor deviates  significantly from the default ,  diffreneces shouldbe 

Uncertainty in this source category is determined by the uncertainty in the

activity data. The lime content of the clinker in some cases may also



Default values are provided in the GPG 2000 Table 3.2 


[image: image3.emf]Source Category

Sub-Source Category

Brief Process Activity 

  Country Activity

Quick lime (CaO + impurities) CO2/CaO=0.785

Dolomite Lime (CaOMgO + impurities) CO2/CaOMgO=0.913

Hydraulic Lime CO2/CaO=0.785

General  Reference

Inventory elements Re96GL  GPG 2000 

Methodological choice 

(Tiers)

NA Based on Decision Tree 

Activity  Data provided Fixed lime content  in product (100%)  Range of CaO content/ purity for various  product types 

provided (GPG Table 3.4 )

 Lime of purity -100%

Default purity factors of various types of lime as 

follows:

100% complete  dissociation of carbonates

Default purity factors provided (GPG 2000 Table 3.4)

High Calcium Lime =0.95

Dolomite Lime= 0.85/0.95

Hydraulic Lime =0.75

Issue

Emission Factor by 

lime type

stoichimetris ratios are used without purity factors of 

lime types (ref. Re96GL Vol.3 Table 2.2)

Purity of lime types are considered                              

(ref. GPG 2000 Table 3.4 )                                                                   

EF (lime type) = stoichiometric ratio*purity factors (f)       

High Calcium Lime 

(CaO 

0.785 tonne CO2/ tonne CaO

 EF(1) =0.785*

f(1)

Dolomite Lime 

(CaOMgO

0.913 tonne CO2/tonne CaOMgO

 EF(2)= 0.913*

f(2)

Hydraulic Lime (CaO  0.785 tonne CO2/ tonne CaO

EF(3) =  0.785* 

f(3)

Emission factor 

Required

Aggregated Emission based on fraction of lime 

types (good pratice  principles)

Aggregated Emission based on fraction of lime types

Estimation method p*0.785 + q*0.913 +  r*0.785                                                               

where p,q,r are lime fractions by type

p*0.785 *f(1)+ q*0.913 *f(2)+  r*0.785*f(3)                                                               

where p,q,r are proportions/lime fractions by type and (f 

) the purity factors  provided in GPG 2000 Table 3.4

Uncertainty 

Assessment

Provided in  GPG Table 3.4

2A2-Lime Production -Overview

Check whether associated fuel combustion emissions including industrial waste are  included where plant 

emissions are reported directly



2A  Mineral Production

 Lime production occurs from calcination of calcium carbonate (CaCO3) to produce quick lime or hydraulic 

lime (CaO), or  dolomitic quicklime (CaO . MgO) decomposition of dolomite (CaCO3 . MgCO3). Lime is an 

important raw material with applications in a number of industries, including steel, construction, pulp and 

paper, and environmental pollution control..  The CO2 emissions as non-energy related emissions.  The 

energy required is often obtained from a separate source of  fuel combustion process; it good practice to 

report this as energy-related emissions in the Energy sector. Where biomass is used as energy source, it 

should be reported as memo items



Occurring if lime is produced for various end uses

IPCC Guidelines 2.4

IPCC good practice guidance and Uncertainty Management in National Greenhouse Gas

Inventories section 3.1.2

Chapter IV: Industrial Processes Sector Issues



Types of Products and 

stoichiometric ratios



Table 3.4: 2C1-CO2  Iron and Steel production

[image: image4.emf]Source Category

Sub-Source Category

Brief Process Activity 

  Country Activity

Quick lime (CaO + impurities) CO2/CaCO3=0.440t/t

Dolomite Lime (CaOMgO + impurities) CO2/CaCO3MgCO3=0.477t/t

General  Reference

Inventory elements Re96GL  Good Practice Principle (GPG not developed )

Activity Data Default purity factor=100% where data on fractional 

purity is not available

Default purity factors provided (GPG 2000 Table 3.4)

High Calcium Lime =0.95

Dolomite Lime= 0.85/0.95

Issues

Emission Factor by 

limestone type

EF (lime type) = stoichiometric ratio*purity factors (f)    EF (lime type) = stoichiometric ratio*purity factors (f)       

Calcium Carbonate  0.440 tCO2/ton CaCO3  EF(1) =0.440*f(1)

Dolomite 0.477 tCO2/t CaCO3MgCO3  EF(2)= 0.477*(f2)

Aggregate Emission 

factor

p*0.440 + q*477                                                                

where p,q are fraction of limestone by type

p*440 *f(1) + q*0.477 *f(2)                                                              

where p,q are proportions/fracyion of limestone type and 

(f ) the purity factors  provided in GPG 2000 Table 3.4

Uncertainty 

Assessment

TABLE 2.3 : Summary of Improvement in AD and EF by GPg 2000

2A  Mineral Production

2A3-Limestone and Dolomite Use 

 Industrial applications of  limestone (CaCO3) and dolomite (CaCO3.MgCO3)  at high temperatures leads to 

their dissociation  and release of CO2. The commercial applications include their use in  iron and steel,  glass 

manufacture , agriculture, construction and environmental pollution control.  

Occurring if limestone and dolmite are use in commercial applications that produce CO2.  All uses of limestone  

and dolomite except for cement production are included in this source category.

Types of Products 

and stoichiometric 

ratios

IPCC Guidelines 2.4

IPCC good practice guidance and Uncertainty Management in National Greenhouse Gas Inventories section 

3.1.2

Chapter IV: Industrial Processes Sector Issues



The stoichiometric ratio is an exact number, and the uncertainty of the emission factor is therefore the 

uncertainty of limestone/dolomite composition, and in the activity data collection.



Different limestone/dolomite types lead to different stochiometric ratios, and hence to different emission factors. 

Complete activity data include both limestone/dolomite production data and data on

limestone/dolomite structure (including types and proportion of hydrated limestone/dolomite). 



Apparent  Consumption of limestone or dolomite is assumed to equal material mined (or dredged) plus material 

imported minus material  exported.



CO2 from liming of agricultural soils should be reported in Land-Use Change and Forestry.



Table 3.4: 2C1-CO2  Iron and Steel production (cont.)

[image: image5.emf]Source Category

Sub-Source Category

Brief Process Activity 

Country Activity

General  Reference

Inventory elements Re96GL  GPG 2000  GPG 2000

Choice of Tiers (criteria) NA Based on Decision Tree 

(GPG 2000 Figure 3.3)

Based on Decision Tree (GPG 

2000 Figure 3.3)

Tiers NA TIER 1 TIER 2

Activity  Data  iron or steel production pig iron production pig iron production

consumption of reducing 

agent in pig iron production 

(e.g. Coke)

steel production

consumption of reducing agent 

in pig iron production (e.g. Coke)

Consumption of graphite 

electrodes in EAF processing 

Emission Factors

Pig iron production from 

blast furnace

0.450tonne Coke/tonne hot 

metal   (1.4-1.6 tonne 

CO2/tonne hot metal depending 

on the type of coke 

consumption of reducing 

agents 2.5-3.6 tonne CO2 per 

tonne reducing agent 

depending on the source of 

coke/coal (GPG 2000 Table 

3.6)

 consumption of reducing agents 

2.5-3.6 tonne CO2 per tonne 

reducing agent depending on the 

source of coke/coal (GPG 2000 

Table 3.6)

BOF Steel production from 

pig iron

2-2.5% by weight of pig iron as 

Carbon oxidised

not considered 2-2.5% by weight of pig iron as 

Carbon oxidised

Integrated iron and steel 

plant

1.6 tonne CO2/tonne iron or 

steel production (Vol.3  Table 2-

12)

Electric Arc Furnace 2-2.5% by weight of pig iron 

as carbon in metal oxidised

2-2.5% by weight of pig iron as 

Carbon in metal oxidised 

5kg CO2 per tonne EAF steel 

from electrode oxidation oxidised

1-1.5 kg carbon per tonne of  

EAF steel from electrode 

consumption

pig iron from blast furnace

Steel from open heart furnace, Basic oxygen furnace (BOF), 

Steel from Electric Arc furnace from scrap processing 

Types of Products 

IPCC Guidelines: Chapter 2.13.3

IPCC good practice guidance and Uncertainty Management in 

National

Greenhouse Gas Inventories section 3.1.3

Source Category 2.C.1 Iron and Steel Production 

Required



2C-Metal Production

2C1: CO2  Iron Steel Production

 CO2 is emitted when crude iron is produced by the reduction of iron oxide ores using the carbon 

in coke or charcoal (sometimes supplemented with coal or oil) as both the fuel and reluctant. The 

process is aided  by the use of carbonate fluxes (limestone).  The emissions from the use of 

carbon as a reducing agent,  oxidation of most of the carbon in crude iron, graphite carbon 

electrode consumption in EAF are considered to be industrial processes emissions  . The 

emissions from combustion of coke as fuel is  reported under energy sector



Occurring if  iron and/or steel is produced in the country 
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Sub-Source Category

Emission Estimation 

Method

Calculates emissions from the 

production-based emissions 

factor (not a good practice )

Calculates emissions from 

the consumption of the 

reducing agent (e.g. coke 

from coal, coal, petroleum 

coke), using emission factors 

similar to those used to 

estimate combustion 

emissions 

Method is similar to Tier 1 but 

includes a correction for the 

carbon stored in the metals 

produced

Subtracts fuel reported as 

energy requirement from total 

fuel used in the iron ore 

reduction

Estimates separately emissions 

from pig iron production and 

steel production                  (Total 

Emissions = (pig iron) +  

Emissions (steel)

Amount of fuel used for 

reduction can be calculated 

from the stoichiometric ratios 

of the iron ore reduction

Uncertainty Levels

2C1: CO2  Iron Steel Production (contd)

carbon content of pig iron, 

crude steel, and of iron ore

reducing agent

25-50% for non-plant data

5% for plant specific data

General Issues Where feedstocks such as CO. H2 are used as reducing agents, use emission factors similar to 

the energy sector for the consumption of each reductant

5% for good national energy statistics

10% for countries with less developed energy statistics



2C Metal Production

it is good practice to make sectoral allocations of fuel combustion in the energy sector and 

emissions from consumption of reducing agents in industrial processes



