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bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
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Introduction

0.1 Overview of cement manufacturing process

Cement manufacture includes three main process steps (see Figure 1):

a) preparing of raw materials and fuels;

b) producing clinker, an intermediate, through pyro-processing of raw materials;

c) grindir

There are
materials i
in more de
for cement
and indire
greenhous
nitrous ox
these gase

NOTE ’

sulfur hexaffluoride (SFg), partly halogenated fluorohydrogencarbons (HECJ and perfluorated hydrocarlp

(PFC).

Raw material
supply

quarrying, mining,
crushing

Fuel
preparation

crushing, grinding,
drying

Raw material
preparation

grinding, homogenisingy
drying or slurrying

Pyroprocessing

pre-heating, calcination,

clinkering, cooling

Clinker

Additive
preparation

crushing,
drying

Additives

Cement
grinding

Clinker production

nodules

grinding,
blending

Bagging
and transport

SOURCE

Table 1 gives an overview of places where materials enter the cement production process.

Vi

eference |6, based on Reference | 16]. Reproduced with the permission oI the authors.

Figure 1 — Process steps in cement manufacture
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Table 1 — Overview of input places of materials

Raw meal Input place

Raw materials from natural resources Raw mill
Alternative raw materials Raw mill

Raw material flows for clinker production Input place
Raw meal Kiln feed

Fuel ashes Burner or precalciner or fuel dryer

Addlitional raw materials not part of the kiln feed Kiln inlet

Fug¢ls flows for clinker and cement production Input place

Fossil fuels

Burner or precalciner or fuel dryer or'raw mate

rial dryer

Alternative fuels

Burner or precalciner or fuel drjyer‘or raw mate

Fial dryer

Alternative fossil fuels

Burner or precalciner or fuel'dryer or raw mate

Fial dryer

Mixed fuels

Burner or precalciner orfuel dryer or raw mate

rial dryer

Biomass fuels

Burner or precalciner o¥ fuel dryer or raw mate

rial dryer

Cement Kkiln dust Output place
Dust return Preheater
Filter dust Precipitator / filter
By pass dust Bypass filter
Cement constituents-based products Output place

Clinker

Kiln (cooler)

Cement

Cement mill

Blast furnace slag

Cement mill or grinding station

Fly ash

Cement mill or grinding station

Gypsum

Cement mill or grinding station

Cooler dust

Cooler, is normally added to the clinker flow to t
silo

he clinker

CementKiln dust

Preheater or precipitator or filter or bypass|

filter

Limestone

Cement mill or grinding station

Burnt shale

Cement mill or grinding station

Pozzolana

Cement mill or grinding station

Silica fume

Cement mill or grinding station

af o of oy

CO fraom-calecin

arialc

0.2

o
oy Tronrtarnnmaauirorravw - mmmatcrrary

In the clinker production process, CO, is released due to the chemical decomposition of calcium,
magnesium and other carbonates (e.g. from limestone) into lime:

CaCOj + heat —» CaO + CO,
MgCO; + heat » MgO + CO,

This process is called “calcining” or “calcination”. It results in direct CO, emissions through the kiln
stack. When considering CO, emissions due to calcination, two components can be distinguished:

— CO, from raw materials actually used for clinker production, these raw materials are fully calcined

in the clinker production process;

© IS0 2023 - All rights reserved

vii


https://standardsiso.com/api/?name=0415677501f77dcdb9a0f5c35225c881

ISO 19694-3:2023(E)

— CO, from raw materials leaving the kiln system as partly calcined cement kiln dust (CKD), or as
normally fully calcined bypass dust.

CO, from actual clinker production is proportional to the lime content of the clinker, which in turn
varies little in time or between different cement plants.

NOTE A second, but much smaller factor is the CaO and MgO content of the raw materials and additives used.

As a result, the CO, emission factor per tonne of clinker is fairly stable with a default value in this
document of 525 kg CO,/t clinker (IPCC default: 510 kg CO,/t clinker, CSI default: 525 kg CO,/t
clinker[19]),

The amoullt of kiln dust leaving the kiln system varies greatly with kiln types and cement.-qug

standards,
associated

CO, emiss
principle e
plus dust I¢
of the raw

0.3 Cco

The raw mpaterials used for clinker production usually contain a smyall fraction of organic carl

which can
pyro-proce
typically v¢
substantia
emissions

of fly ash o

0.4 Cco

The cemer
petroleum
substitutes
example, W
sludge fro
(mixed fue
plastics, te
used.

Both tradi
However, b
The use off
reductions

ranging from practically zero to over one hundred kilograms per tonne of clifiket.
emissions are likely to be relevant in some countries or installations.

ons from calcination of raw materials can be calculated by two methads*which ar
quivalent: either based on the amount and chemical composition of theproducts (cliy
aving the kiln system, output methods B1 and B2), or based on the améunt and composi
materials entering the kiln (input methods A1 and A2). See 7.2.1 and(7.2.2 for details.

b from organic carbon in raw materials

be expressed as TOC content. Organic carbon in the raw rheal is converted to CO, du

bry small (about 1 % or less). The organic carbon contents of raw materials can, however, v
ly between locations and between the types of myaterials used. For example, the resul
Can be relevant if a cement company organizationrconsumes large quantities of certain ty
I shale as raw materials entering the kiln.

, from fuels for Kkiln operation

t industry traditionally uses varigus fossil fuels to operate cement Kkilns, including d
coke, fuel oil and natural gas. Kuels derived from waste materials have become impor

for conventional fossil fuels." These AFs include fossil fuel-derived fractions such as,
aste oil and plastics, as wellas'biomass-derived fractions such as waste wood and dewatg
h wastewater treatment: Eurthermore, fuels which contain both fossil and biogenic can
s), like, for example, (pre<treated) municipal and (pre-treated) industrial wastes (contai

Lional fossil<and alternative fuels result in direct CO, emissions through the Kkiln st
iomass and(bioliquids are considered “climate neutral” in accordance with IPCC definiti
alternative (biomass- or fossil-derived) fuels can, in addition, lead to important emis
elsewhere, for instance from waste incineration plants or landfills.

Mineral ¢

ing
ktiles, paper etc.) or.waste tyres (containing natural and synthetic rubber), are increasilntgly

lity
The

P in
ker
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[ing

ssing. The contribution of this component to the overall CO, emissions of a cement plaft is

ary
[ing
pes

oal,
ant
for
red
bon

hck.
bns.
bion

bles

of MIC include natural pozzolana, blast furnace slag and fly ash. In addition, gypsum is within this
document labelled as MIC. MICs are added to clinker to produce blended cement. In some instances,
pure MICs are directly added to the concrete by the ready-mix or construction company. Use of MICs
leads to an equivalent reduction of direct CO, emissions associated with clinker production, both from
calcination and fuel combustion. Artificial MICs are waste materials from other production processes
such as, for example, steel and coal-fired power production. Related GHG emissions are monitored
and reported by the corresponding industry sector. Utilization of these MICs for clinker or cement
substitution does not entail additional GHG emissions at the production site. Consequently, these
indirect GHG emissions are not included in the cement production inventory.

The basic mass balance methods used in this document are compatible with the 2006 IPCC Guidelines
for National Greenhouse Gas Inventories issued by the Intergovernmental Panel on Climate Change
(IPCC)4], and with the revised WRI / WBCSD Greenhouse Gas Protocoll?]. Default emission factors
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suggested in these documents are used, except where more recent, industry-specific data has become
available.

The 2006 IPCC Guidelines[4! introduced a Tier 3 method for reporting CO, emissions from the cement
production based on the raw material inputs (see Vol. I1I, Chapter 2.2.1.1, Formula (2).3[4]). However, a
large number of raw material inputs and the need to continuously monitor their chemical composition
make this approach impractical in many cement plants. The different raw materials are normally
homogenized before and during the grinding process in the raw mill. The WRI / WBCSD therefore
recommended alternative methods for input-based reporting of CO, emissions from raw material
calcination in cement plants. They rely on determining the amount of raw meal consumed in the kiln
system. In many cement plants, the homogenized mass flow of raw meal is routinely monitored including
its ¢hemical analysis for the purpose of process and product quality control. The input methods based
on the raw meal consumed are already successfully applied in cement plants in differenf countries
and seem to be more practical than Tier 3 of Reference [4]. They were included ih|the Jement CO,
and Energy Protocol Version 31 (simple input method A1 and detailed input method A2, [.2.1). This
document provides guidance on how to compare the GHG performance of other*companies or plants
within a sector level which is different from a methodology of the IPCC Nationdl Inventory Ghideline.

Thip document for the cement industry has been based on Reference [1];

© 1S0 2023 - All rights reserved ix


https://standardsiso.com/api/?name=0415677501f77dcdb9a0f5c35225c881



https://standardsiso.com/api/?name=0415677501f77dcdb9a0f5c35225c881
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Stationary source emissions — Determination of
greenhouse gas emissions in energy-intensive industries —

Part 3:
Cement industry

1

This document specifies a harmonized methodology for calculating greenhouse gas (GHG)
from the cement industry, with a view to reporting these emissions for vapious purpo
different basis, such as, plant basis, company basis (by country or by regign) or even in
gropp basis. It addresses all the following direct and indirect sources of GHG included:

Scope

emissions
bes and by
fernational

Direct GHG emissions [ISO 14064-1:2018, 5.2.4, a)] from sources thabare owned or contr¢lled by the
organization, such as emissions that result from the following processes:

— calcinations of carbonates and combustion of organiccarbon contained in raw matgdrials;

combustion of kiln fuels (fossil kiln fuels, alternative fossil fuels, mixed fuels wi
carbon content, biomass and bioliquids) relatedto either clinker production or dry
materials and fuels, or both;

h biogenic
ring of raw

combustion of non-kiln fuels (fossil fuels; alternative fossil fuels, mixed fuels wi
carbon content, biomass and bioliquids)¥elated to equipment and on-site vehicles, ro
and cooling, drying of MIC (e.g. slag-or pozzolana);

h biogenic
pm heating

combustion of fuels for on-sitepower generation;

combustion of carbon contained in wastewater;

Indirect GHG emissions [ISO 14064-1:2018, 5.2.4, b)] from the generation of purchased
consumed in the organization’s owned or controlled equipment;

electricity

Other indirect GHG-emissions [(ISO 14064-1:2018, 5.2.4, ¢) to f)] from purchased clinkef. Excluded
from this documentare all other ISO 14064-1:2018, 5.2.4, ¢) to f) emissions from the cement industry.

Normative references

The
con|

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3

pir content
pplies. For

un

+ad £ tlhalaot adits £l £ P2 A | £ L3 1o s |
AdALCU TUTICTTTUIILTS, LIIU IdlTOU TUILIVIT UL LIIT TUITTUIILCU UUCTUITITTIU l_lll\,luullls Cllly dAIlICIITUIIICTII

s) applies.

ISO 12039, Stationary source emissions —Determination of the mass concentration of carbon monoxide,
carbon dioxide and oxygen in flue gas — Performance characteristics of automated measuring systems

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

ISO 16911-1, Stationary source emissions — Manual and automatic determination of velocity and volume
flow rate in ducts — Part 1: Manual reference method

[SO 16911-2, Stationary source emissions — Manual and automatic determination of velocity and volume
flow rate in ducts — Part 2: Automated measuring systems

© IS0 2023 - All rights reserved
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ISO 19694-1, Stationary source emissions — Determination of greenhouse gas emissions in energy-inten
industries — Part 1: General aspects

3 Terms and definitions

sive

For the purposes of this document, the terms and definitions given in ISO 19694-1 and the following

apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

ISOO 1. 1 H ) Y lalal dotodede LL H Lol
i ITTe 0T UWOSIIG PldtiULIILL avalldUIC dU LIttpPS. /7 W VW W.15U.UL 5 /UUD

— IEC Elgctropedia: available at https://www.electropedia.org/

31
additional raw material
ADRM
raw material (3.30) which is fed directly to the calciner or the kiln inlet (3.26)

Note 1 to enftry: Additional raw materials are not part of the kiln feed.

3.2
alternativge fuel
AF
fuel derivef from waste materials

Note 1 to enftry: AF can be further divided into biogenic, fossil (3.18)and mixed alternative fuels.

3.3
automated measuring system
AMS
measuring[system permanently installed on site for’continuous monitoring of emissions

Note 1 to entry: An AMS is a method which is traceable to a reference method.

Note 2 to enftry: Apart from the analyser, annAMS includes facilities for taking samples (e.g. sample probe, sa
gas lines, filters, flow meters, regulatonsydelivery pumps, blowers) and for sample conditioning (e.g. dust f
water vapofyir removal devices, converters, diluters). This definition also includes testing and adjusting dey
that are reqpuired for regular functjenal checks.

Note 3 to enftry: In ISO 14064-1:2018, AMS are called “continuous emission monitoring systems (CEMS)".

3.4
alternativg fossil fuél
fossil fuel derived from waste materials without biogenic content and not listed by IPCC

3.5

hple
Iter,
ices

alternative raw material

ARM
raw material (3.30) for clinker (3.13) production derived from artificial resources

3.6

bioliquid

liquid fuel for energy purposes other than for transport, including electricity and heating and cool
produced from biomass

ing,

2 © IS0 2023 - All rights reserved
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3.7

bypass dust

BPD

discarded dust from the bypass system dedusting unit of suspension preheater, precalciner and grate
preheater kilns, normally consisting of kiln feed (3.23) material which is fully calcined or at least
calcined to a high degree

3.8

cement
building material made by grinding clinker (3.13) together with various mineral components (3.26) such
as gypsum, limestone, blast furnace slag, coal fly ash and natural volcanic material

Note 1 to entry: This term includes special cements such as the ones based on calcium aluminatés

3.9
cement (equivalent)
caldqulated cement production value which is determined from clinker (3.13)-produced oy-site in an
integrated cement plant (3.21) applying the plant-specific clinker/cement-factor

1Icined kiln
the clinker

cement constituents-based product
clinker (3.13) produced for cement (3:8) making or direct clinker sale, plus mineral components (3.26)
consumed or processed for sale excluding pre-processed mineral components imported fr¢gm another
cenjent plant

3.13
clifker
intdrmediate productiricement (3.8) manufacturing and the main substance in cement

Note 1 to entry: clinker is the result of calcination of limestone in the kiln and subsequent reactjions caused
thrqugh burning ($ee EN 197-1[12]),

3.14
creteaddition

fingly’divided inorganic material with pozzolanic or latent hydraulic properties or nearly in
con . ) . : : : :

brt, used in

3.15

fossil direct GHG emission

total direct emission (3.34) of GHGs within the reporting boundaries excluding GHG emissions from
biomass fuels or biogenic carbon content of mixed fuels

3.16
dust return

dust arising during clinker (3.13) manufacture that is ultimately returned to the raw mill or kiln system
(3.22)

Note 1 to entry: This term does not include bypass dust (3.7).

©1S0 2023 - All rights reserved 3


https://standardsiso.com/api/?name=0415677501f77dcdb9a0f5c35225c881

ISO 19694-3:2023(E)

Note 2 to entry: See Figure 6 for an example of mass flows in the clinker production process.

3.17
filter dust

leaving the kiln system

cement kiln dust (3.11) leaving the kiln system (3.22) excluding bypass dust (3.7)

3.18
fossil fuel

fuels from fossilized materials listed by IPCC

Note 1 to entry: Examples of fossilized material are coal, oil, and natural gas and peat.

3.19

grinding gtation

plant for ce
(3.13) prod

3.20
gross emi
fossil direct

3.21
integratec
plant wher

3.22

kiln syste
tubular he
calciner

3.23

kiln feed
raw mater
fed to a pre

3.24

Kkiln fuel
fuel fed to
for the pro

3.25
Kiln inlet
kiln hood d

3.26

uction

ssion
GHG emissions (3.15) excluding GHG emissions from on-site power production

| cement plant
e clinker (3.13) is produced and partly or fully ground to cement (3.8)

m
ating apparatus used in the production of clinkeiZ(3.13), including preheater and/or

als (3.30), often processed as raw meal(3.31) [including recirculated dust (3.33)], which|
heater or directly into the kiln systém (3.22)

he kiln system (3.22) plus\fuels that are used for drying or processing of raw materials (3]
Huction of clinker (3.13) 'and their preparation

r entrance tQle tubular heating apparatus for materials

mineral component

cement con

stituent (3.10) other than clinker (3.13) plus concrete additions (3.14) processed in viey

changing t

ment (3.8) production where cement constituents are ground without having onsite clinker

pre-

are

30)

v of

heir properties

3.27

net emission
gross emissions (3.20) excluding fossil GHG emissions from alternative fuels (3.2) and comparable
benchmark emissions from external heat or energy transfer

3.28

non-Kiln fuel
fuels which are not included in the definition of kiln fuels (3.24)

© IS0 2023 - All rights reserved
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3.29

petcoke

petroleum coke

carbon-based solid fuel derived from oil refineries

3.30
raw material
materials used for raw meal (3.31) preparation for clinker (3.13) production

3.31
raw meal
groiind raw materials (3.30) for clinker (3.13) production

3.3

raw meal consumed
parf of the raw meal (3.31), which is consumed for clinker (3.13) productiontand the formation of
caldined bypass dust (3.7)

3.3
recjrculated dust
dusk flow that is reused as kiln feed (3.23)

Note 1 to entry: See Figure 6 for an example of mass flows in the clinkér (3.13) production process.

3.3

total direct GHG emission
all direct emissions of GHGs within the reporting boundaries including GHG emissiong from raw
mafterials (3.30) processing, fossil fuels (3.18), biomass-and biogenic carbon content of mixedl fuels, and
CO,|from waste water combustion

4 |Symbols and abbreviated terms

For|the purposes of this document, the féllowing symbols and abbreviated terms apply.

ADRM Additional raw material

AF Alternative fuetl

AFR Alternative fuel and alternative raw material
ARM Alternative raw material

AMB Automated measuring system

Bio Biogenic carbon content

BP Bypass dust

cemgy cement (equivalent)

CeMp . quces ~ Cement constituents-based product

CKD Cement kiln dust

cli clinker

CSI Cement sustainablity initiative of the WBCSD
EF Emission factor

© IS0 2023 - All rights reserved 5
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FD Filter dust

GCV Gross calorific value (synonym for higher heat value, HHV)
GHG Greenhouse gas

GWP Global warming potential

HHV Higher heat value (synonym for gross calorific value, GCV)
IPCC Intergovernmental panel on climate change

IR Infrared

KF Kiln feed

KPI Key performace indicator

LHV Lower heat value (synonym for net calorific value, NCV)
LOI Loss on ignition

MIC Mineral component

m13v Normal cubic meters (at 1 013 hPa and 0 °C)

NCV Net calorific value (synonym for lower heat value; LHV)
QXRD Quantitative X-ray diffractometry

RM Raw meal

SRM Standard reference method

TC Total carbon (the sum of TOC and TIC)

TIC Total inorganic carbon

TOC Total organic carbon

UNFCCC United Nations Framework Convention on Climate Change
WBCSD World Business Council for Sustainable Development

WRI World Resources Institute

5 Determination of GHGs

5.1 General

The volume of GHG emissions can be determined by the mass balance method (see 5.4) or by (continuous)
stack emission measurements (see 5.3). Further clarification of the different mass flows in the cement
production process is given in Annex D.

5.2 Major GHG in cement

For the mass balance, the emissions have been related to carbon assuming that all carbon is converted
into CO,, with exclusion of all other GHG components assuming that these are negligible.
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5.3 Determination by stack emission measurements

The GHG emissions of an installation can also be determined by measurement. Emissions from an
emission source are determined based on continuous measurement of the concentration of the relevant
greenhouse gas in the flue gas and of the flue gas flow. The measurements should include measurements
of CH, and N,0 as these are assumed to be the only important non-CO, GHG emissions. Measurement
standards that shall be applied on stack emission measurements are ISO 12039 for measurement of CO,
CO, and 0, and ISO 16911-1 and ISO 16911-2 for velocity and volume flow measurement rates. For more
details, refer to ISO 16964-1.

5.4 PDetermimatiom based omnmass batance

Theg GHG emissions of an installation can be determined based on mass balance. Emissions ffom source
strgams are calculated from input or production data, obtained by means of measurement syjstems, and
addjitional parameters from laboratory analyses including calorific factor, carbon eontent ajd biomass
confent. Standard factors can also be used; see Annex B for hints regarding emission factors

5.5| Gross and net emissions

5.5/1 General

For|the purpose of comparison of GHG emissions of plants or inrstallations from different secfors within
thelenergy-intensive industries, it is essential that the boundaries for monitoring and reporting of these
emissions are identical on plant level, even when being different in detail for each sector. Within this
viey the GHG emissions from pure biomass and from the biogenic carbon content of mixed fuels are
being recognized as climate change neutral and therefotre treated as zero direct GHG emissigns.

Site

Plant / Facility A

Installation 2

Installation 1 )
=grey kiln 2 + Installation 3

~kiln 1 white kiln 3 - white kiln 4

Plant./Facility B

Installation 1

=Kkiln 1

Figure 2 — Site, facility, plant or installation

For a plant this leads to the so-called “fossil direct GHG emissions”, to the value of which can be
compared with comparable volumes from sites within different sectors. It is an absolute volume of
reported GHGs by a plant, site or organization, see Figure 2 and definitions.

But this volume of “fossil direct GHG emissions” cannot be used for comparison of the performances of
installations within the cement industry sector. A site that is producing its own electricity (power) will
have higher fossil direct GHG emissions than a nearly identical site which gets the electricity from the
external grid as emissions of external electricity production are reported as indirect GHG emissions

©1S0 2023 - All rights reserved 7
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from imported energy. For comparison reasons, the emissions from on-site power generation have to
be excluded from the fossil direct GHG emissions leading to the so-called “gross emissions”.

This concept of gross emissions enables a comparison of GHG emissions on plant, site or organization

level.

Table 2 — Direct emissions

Calculation result

Calculation contribution Description

Efos

sildir = Fossil direct GHG emissions

Erotal dir Total direct GHG emissions

Emissions from pure biomass and from the biogen

~ Ebio carbon content of mixed fuels

ic

oss Gross emissions

Ef gir Fossil direct GHG emissiois

-E

ospg Emissions from on-site power-generation

The conce
the ceme

)
installatio

Tables 2 an

This docun
reporting g

Some wast
recovered

reduced byt direct CO, emissions from wastes (“waste-to-energy conversion”) occur. The direct

emissions
the emissig

In addition

incineration plants where these wastes can-otherwise be disposed. These savings can partly, full

more than
on local co

Gross emis
plant or or
is treated ¢
achieved a
difficult to
upon by co

bt of gross emissions enables comparison of direct GHG emissions on plant level wi

industry. This concept does not enable fair comparison of ,performance of plants
s for their effect on global climate change, because some GHG@emissions are excluded -
d3.

ross (including alternative fossil fuels) and net (excluding alternative fossil fuels) emissi

e materials can substitute conventional fossil fuels‘and minerals in cement production.
wastes are called AFR. As a result, direct COy emissions from conventional fossil fuels

from waste combustion can be higher orlower than the displaced emission, depending
n factors of the fuels involved. Moreover/wastes can be of fossil or biomass origin.

to those direct effects, utilization:of AFR results in indirect GHG savings at landfills

fully offset the direct CO, emissions from waste combustion at the cement plant, depeng
hditions (type of waste, reference disposal path).

sions are the total direct GHG emissions (excluding on-site power generation) from a ce

banization, including,GHG from fossil wastes (but excluding CO, from biomass wastes, w
s a memo item).(Advantages from indirect GHG savings reflect the GHG emission reduct
[ waste dispesal sites as a result of AFR utilization. The actual reductions will usually
determinewith precision; hence the countable savings will to some degree have to be agy
nvention;, rather than based on “precise” GHG impact assessments.

Table 3 — Gross and net emissions

hin
and
see

nent offers the incentive of taking advantage of indirect GHG savings from the use of AFR by

DIS.

The
are
CO,
F on

and
7 or
ling

ent
ich
ons
' be
eed

Calculation result Calculation contribution Description
E et = Net emissions
Egross Gross emissions
- Epp Emissions from alternative fossil fuels and non-biogenic content of mixed fuels
= EgM heat Comparable benchmark emissions for external heat transfer

Net emissions are the gross emissions minus the advantages for indirect GHG savings. As far as
practicable, reported AFR advantages should take into account local circumstances (e.g. national
agreements, life cycle analyses of local AFR use). When reporting to third parties, supporting
evidence for the savings should be provided and verified as appropriate. As a default, this document
assumes indirect savings to be equal to the direct GHG emission from fossil AFR use. This approach
is a simplification of the AFR issue. It is however, in the medium-term, the least onerous and most
practicable approach, where transparency is achieved through disclosure of gross and net emissions.

8
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Table 4 gives the emission sources included within “total direct GHG emissions”, Table 5 gives the
emission sources to be reported within “fossil direct GHG emissions” and Table 6 gives the emission
sources to be reported within “gross emissions”.

Table 4 — Emission sources included within “total direct GHG emissions”

Cateunlationresult Caleunlation-econtribution Peseription
Etotal,dir = Total direct GHG emissions
+ Eawmaterials GHG from raw materials
+ Eonvfuels GHG from conventional fossil fuéls
+ EfygsilAF GHG from alternative fossil fuels (fo$sil wastes)
tE GHG from fossil ca_rbon ofrpixed (alternative) fuels _covering GHG fr bm kiln fuels
fossil,mixedfuels and non-kiln fuels including GHG frontoh-site power genergtion
+Epio GHG from biomass and biogehjc carbon of mixed fuels
+ Eastewater GHG from comhustion of waste water
Menjo item
Indiject GHG (from purchased energy and clinker)

Table 5 — Emission sources to be reported within “fossil direct GHG emissionjs”

Calculation result Calculation contribution Description
Efossil dir = Fossil direct GHG emissions
+E . wmaterials GHG from raw materials
+ Econvfuels GHG from conventional fossil fuels
+ EtossilaF GHG from alternative fossil fuels (fossil wastes)
+ Byt GHG from fossil carbpn of mixed fuels coveripg GHG from kiln fuels hnd non-kiln
ossil,mixedfuels fuels including GHG from on-site power generation
+ Eastewater GHG from combustion of wastewater
Menjo items
— | GHG from biomass fuels
— | GHG from biogenic carbon of mixed fuels
— | Indirect GHG (from purchas€d.power and clinker)

Table 6 — Emission sources to be reported within “gross emissions”

Cdlculation result

Calculation contribution

Description

E

gross

Gross emissions

+ Erawmaterials

GHG from raw materials

+E

conyfuel

GHG from conventional fossil fuels

+ EfossilAF

GHG from alternative fossil fuels (fossil wastes)

+ Efossil,mixedfuels

GHG from fossil carbon of mixed fuels covering GHG from kiln fuels and non-kiln

fuels (excluding GHG from on-site power generation)

+E

wastewater

GHG from combustion of wastewater

Memo items

GHG from biomass fuels

GHG from biogenic carbon of mixed (alternative) fuels

Indirect GHG (from purchased energy and clinker)

GHG from fossil carbon of mixed fuels used for on-site power generation
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5.5.2.2 Accounting of CO, emissions from the biomass content of fuels

The CO, emissions originating from the biogenic carbon content of mixed fuels are not accounted as
part of the gross emissions. Biomass CO, from these fuels is added up with the CO, from pure biomass
to give the total biomass CO, and reported as memo item. It is subtracted when calculating absolute

direct CO, emissions.

5.5.2.3 Net emissions and indirect GHG savings related to utilization of wastes as alternative

fuels

2 0 2 O O a 2 a .11 e A 2 2 ala O A an 2

The ceme S overs larg 2 aterials for use as 2 o1 12 2
These recqgvered wastes are also referred to as AFR. By utilizing AFR, cement companies reducé*t
consumptipn of conventional fossil fuels while at the same time helping to avoid conventionaldisp
of the wasfle materials by landfill or incineration.

Increased Witilization of AFR can have an influence on the direct GHG emissions of a cement organiza
because the emission factors of the AFR can differ from those of the displaced fuels: Moreover,
carbon cortained in the AFR can be of fossil and/or biomass origin. As mentioned.above, utilizatio
AFR by th¢ cement industry typically results in GHG emission reductions at lafidfills and incinera
plants where these wastes would otherwise be disposed. The combinatioi-of direct GHG emiss

rial.
heir
bsal

fion
the
In of
[ion
ons

impacts, ifjdirect GHG emission reductions and resource efficiency makes the substitution of AH for
conventional fossil fuels an effective way to reduce global GHG emissions (e.g. see References [21], [22],

[23] and [

The balanfe sheet approach described in 5.5.2 ensures completeness, rigor and transparency of

reporting. Direct GHG emissions resulting from the combustion.of fossil AF shall always be include
the organifation’s gross emissions, in accordance with 7.6,

With the following concept this document provides a‘framework for reporting also indirect
emission regductions achieved by using alternative fuels. Indirect GHG emission reductions at land
and incineration plants are accounted by subtracting from the gross emissions the fossil GHG emiss
of alternatjve fuels.

See 10.2 fof the reporting requirements withjrespect to net emissions.

5.5.3 Other indirect GHG emission reductions — Utilization of waste heat

d in

LHG
fills
ons

Some cemgnt plants export wagte heat to external consumers as a substitute for conventional engrgy

sources. Inlanalogy to the indirect effects related to the use of alternative fuels, a cement organiza
can account for the indirectGHG emission reductions resulting from such waste heat exports.

fion
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Key
1 |raw gas from preheater 10 preheater tower
2 |bypass of preheater boiler 11 preheater boiler
3 |bypass of cooler boiler 12 toraw grinding
4 |cooler exhaust air 13 turbine
5 |cooler vent filter 14 generator
6 |clinker cooler 15 cooking tower
7 |rotary kiln 16 condenser
8 [tertiary air duct 17 cooler boiler
9 |conditioning tower 18 de-duster

Figure 3 — Schematic of application of waste heat recovery and electrical power gené¢ration in

cement manufacture

Simfilaradvantages can be applied for other forms of waste heat utilization[Zl. Thus, this docunent offers
the [possibility of reporting voluntarily waste heat utilization within the plant (e.g. for raw material or
slagdTyig o poOWeT BeTeration) i order to attow a faiT Comparisor between ptantsexporting heat and
plants using the heat internally. This requires additional calculation taking into account waste energy
utilized only for clinker or cement production and the total energy flow in GJ/a can be reported. The
reporting is voluntary.

Further, in the case of electrical power generation from waste heat originating from the kiln system
(see Figure 3), any additional fuel used in the kiln system is accounted as kiln fuel and consequently
emissions are accounted as direct GHG emissions of the kiln system. In order to provide more detailed
information, this document distinguishes between waste heat recovery and separate on-site power
generation. In any case, when applying in their voluntary reporting, companies should consider whether
their actions indeed contribute to a global reduction in GHG emissions, or merely to a shift of emissions
between different entities.
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6 GHG inventory boundaries

6.1 General

Drawing appropriate boundaries is one of the key tasks in an emissions inventory process.

6.2 Reporting boundaries

Reporting boundaries refer to the types of sources covered by an inventory. A key distinction is between

direct and

indirect GHG emissions:

a) Direct

GHG emissions [ISO 14064-1:2018, 5.2.4 a)] are emissions from sources that are owne

l or

controlled by the reporting organization. For example, emissions from fuel combustion in‘a)cenfent

kiln aj
direct
power

b) Indire
of the
organi
b)] ang

Clause 7 p
plants. Ind

Companies
emissions

e direct emissions of the organization owning (or controlling) the kiln. Thisqincludes
emissions from additional fuel use such as for raw material or fuel drying, ot for on{
generation.

't GHG emissions [ISO 14064-1:2018, 5.2.4 ¢) to f)] are emissions that result as a consequg
activities of the reporting company but occur at sources owned .or_controlled by anof
zation. Relevant for this document are energy indirect emissions SO 14064-1:2018, 5

GHG emissions from imported clinker [ISO 14064-1:2018, 5.2.4-d)].

rect GHG emissions are addressed in Clause 8.

shall use the reporting boundaries outlined in_Table 7 for the determination of
it the cement plant. Any deviation from these boundaries shall be reported and explaine

Table 7 — Reportingboundaries

the
site

nce
her
2.4

rovides detailed guidance on the different sources of diréct emissions occurring in cenfent

LHG
.

I1SO 14064-1:2018;

Mobile transport of fuels

Rrocess step 5.2.4, GHG emissions Inclusion in this document
category
a yes: for quarries owned, controlled or managed by thg
Quarrying of raw materials organization
d no: for quarries not owned by the organization
a yes: for lorries owned by the organization
Raw nlaterials transport
c no: for lorries not owned by the organization
Raw materials drying a yes
Raw materials grinding a yes
Fuel pfeparation jn plant a yes
a yes: for installations owned by the organization
Fuel preplaration;outside plant
d no: for installations not owned by the organization
fuéels for kiln a yes
Non-kiln fuels (raw materials, fuel) a yes
a yes: for lorries owned by the organization

(g}

no: for lorries not owned by the organization

CKD = bypass and/ or filter dust a yes
Calcination a yes
Imported clinker d yes, needs inclusion for cement process KPIs
Imported cement d yes, needs inclusion for cement process KPIs
Imported pre-processed MIC d yes, needs inclusion for cement process KPIs
Drying of cement constituents a yes
Cement grinding b yes

12
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Table 7 (continued)
1SO 14064-1:2018,
Process step 5.2.4, GHG emissions Inclusion in this document
category
Packaging and dispatch b yes
a yes: for lorries owned by the organization
Mobile transport for dispatch
no: for lorries not owned by the organization
Electricity consumption for whole b yes
production process
UIl-51te poOweT proauction d yes
Waste heat recovery a yes
Room heating and cooling a no
a 1 - yes: for mobile equipment owned by the organization
Mobile transportin plant
c 3 - no: for mobile equipment not.owned by the ofganization
Stock changes a,b,candd Yes, for caléulation / KPIs

6.3

6.3

Org
ope
the

6.3

GH(
par
con,
ope

Rep
cenj
con
cony
con

Organizational boundaries

1 General

Anizational boundaries define which parts of an organization - for example, whc

be entities are consolidated. This document provides guidance on organizational bounda

2 Installations that are covered

[ emissions result not only from kiln operations, but also from upstream and downstream
Ficularly from quarry operations and, (indirectly) cement grinding. These facilities can b
Kiderable distance from each other. diraddition, quarries, kilns and grinding stations are
rated by separate legal entities. Hgw should this be accounted for in a legal entity’s inven

orting under this document.shall cover the main direct and indirect GHG emissions asso
ent production as required in Clauses 7, 8 and 10. These emissions include also those
sumption of fuel and elettricity in upstream and downstream operations. In particu
panies shall include. the following types of activities in their reporting to the exten
Lrol or own the respective installations in accordance with 6.3.3 below:

clinker production, including raw material quarrying and preparation;

preparation or processing of fuels or alternative raw materials (such as fly ash or bl3
slag) iftown installations;

grinding of clinker, additives and concrete additions such as slag, both in integrated cen]

lly owned

rations, joint ventures and subsidiaries - are covered by an inventory, and how the efnissions of

Fies.

processes,
e located a
sometimes
tory?

riated with
related to
ar, cement
F that they

1st furnace

hent plants

d)

and stand-atone grinding stations;

additional fuel use for own power generation.

Separate inventories can be established for individual facilities as appropriate, for instance if they are
geographically separated or run by distinct operators. The impacts of such a division will cancel out
when emissions are consolidated at organization or group level (see also 6.3.4 regarding organization-
internal clinker transfers).
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6.3.3 Operational control and ownership criteria

Three methods have been identified for consolidation of GHG emissions of the cement industry for
companies with more than one plant.

— Under the equity share approach, an organization consolidates its GHG emissions according to the
(pro rata) equity share it holds in each operation, i.e. according to ownership. As an exception, no
emissions are consolidated for so-called fixed asset investments where an organization owns only
a small part of the total shares of an operation and exerts neither significant influence nor financial
control. Other possible exceptions relate to the economic substance of a relationship (see revised
WRI/WBCSD Protocoll? for details).

— Finandial control is defined as the ability of an organization to direct the financial and operafing
policiels of an operation with a view to gaining economic benefits from its activities. Forexaniple,
the finfancial control usually exists if the organization has the right to the majority benefits of|the
operatjion, or if it retains the majority risks and rewards of ownership of the operation’s asdets.
Under [this approach, companies consolidate 100 % of the emissions of those operations over which
they have financial control. As an exception, consolidation according to equity,share is required for
joint veéntures where partners have joint financial control.

— Operational control is defined as an organization’s full authority to intteduce and implement its
operatfing policies at an operation. This criterion is usually fulfilled if amorganization is the operjtor
of a fagility, i.e. if it holds the operating license. Under this approach, companies consolidate 100 %
of the lemissions of those operations over which they have operational control. As an exceptfion,
consoljdation according to equity share is required for joint.wwentures where partners have jpint
operatfional control.

Companieq should explicitly state in the report, which methedology they apply; see Figure 4.

/\

Consolidating for Consolidating for
Equity Share Control
/\
Financial Operational

Control Control
{ Y

pro rata 100 % 100 %
y f y

Exception: Exception: Pro rata equity share
0 % for fixed asset investments if joint financial / operational control

Figure 4 — Options for consolidating emissions

Looking at| the ‘characteristics of the cement industry, cement companies shall consolidate primgrily

d' £l Baratianal e ritapiods oo adlr o rding o +1 rohin ot oo
daccor lng Ot C O ptratioTrar CoOntr O CTrIeCT 10T, At S CCoTTOTy atCoT O s tO TNt O W CT STrp—CrIeCT1o 1n

case operational control is not clearly assigned to a single legal entity.

6.3.4 Internal clinker, cement and MIC transfers

Many cement companies transfer large volumes of clinker, cement and MICs such as slag or fly ash
internally, between different plants and grinding stations. These transferred materials are processed
further to other products such as low clinker cements and thus have an impact on the clinker/cement
factor of the receiving plant. In these cases, the risk of double counting occurs. Companies shall ensure
their method of calculation and reporting follows the below methods for plant and organizational level.

On the plant level, internal clinker transfer has to be reported (transfer within the same organization,
plus for received and minus for sent clinker). Clinker transferred internally as ingredient of cement has
to be reported only if the plant is receiving cement from another plant within the same organization and
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processes it further to another cement type, which is then reported in that plant. The clinker quantity
should be calculated based, for example, on the clinker/cement ratio of the transferred cement. Clinker
as ingredient of cement purchased from other companies (external clinker transfer), which is used for
blending, should be reported as “purchased clinker”. The total clinker consumed is given in Table 8.

Table 8 — Calculation of total clinker consumed

Calculation result Calculation contribution Description
Clicons total Total clinker consumed
+clipgg Clinker production
+Clipyren Clinker purchased
=cliggq Clinker sold

+ Cligpock st Start of clinker stock

-cli End of clinker stock

stock,e
+ cliimport'int Internal clink€pnmport
= Cligypore,int Internal clinker export
+ Cllimport, cem Clinkerfrom'cement import
Clismport,cem = ClinKerffom cement import
CeMimport Cement import (t)
xR Clinker/cement ratio (%)

cli,cem

On pn organization level, internal clinker transfers are added”up for checking purposes. It should be
zerd on an organization level. The clinker from internal€ement transfers is reported as a sum of all
plants. The total clinker consumed is given in Table 9.

Table 9 — Calculation of total clinker consumed on an organization level

Calculation result Calculation contribution Description
cli couloL = Total clinker consumed on an organization lvel
+ z cli Clinker production plant A ... plant n
n prod,n
+ zn Cllpurch’” Clinker purchased plant A ... plant n
- chllsold’n Clinker sold plant A ... plantn
+ Z cli Start of clinker stock plant A ... plant n
n stock,st,n
— Zn Cletock,e,n End of clinker stock plant A ... plant n
+ zn CIlimporl,im,n Internal clinker import plant A ... plant
- Zn Cllexpmyim’n Internal clinker export plant A ... plant 1}
+ z cli. Clinker from cement import plant A ... plant n
n import,cem,n
- Z cli Clinker from internal cement transfer plant A ... plant n
n trans,cem,n
i = Total clinker consumed on an organization level
cons,total,OL
+ z cli Clinker consumed plantA ... plantn
n cons,n
- 2 cli Clinker from internal cement transfer plant A ... plant n
n trans,cem,n

Generally, the system for internally clinker transfers can also be applied to internal transferred MIC.
The amount of exported MIC should always be shown as a positive value, meaning that the plant is
selling/exporting. For the reporting it is not relevant whether sold/exported MICs are used in cement or
concrete. However, the amount of consumed pre-processed MIC should not be regarded in the amount
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of cement constituents-based products in case it is received from another plant (regardless of belonging
to the same or another organization).

On an organization level, total MIC transfers are summarized as a sum of all plants.

In conclusion, this document accounts for internal clinker, cement and mineral component transfers.
Accounting for internal transfers is required for the analysis of GHG performance indicators at plant
level.

7 Direct GHG emissions and their determination

7.1 General

Direct GH( emissions are emissions from sources of the respective plant. In cement plantSydirect GHG
emissions ¢an result from the following sources:

a) calcingtion of carbonates, and combustion of organic carbon contained in raw, faterials;
b) combulstion of kiln fuels related to clinker production:
1) combustion of conventional fossil kiln fuels;
2) combustion of alternative fossil kiln fuels and mixed fuels with biogenic carbon content;
3) combustion of biomass and bioliquids (including biomass.wastes);
c) combustion of non-kiln fuels:
1) combustion of conventional fossil fuels;
2) combustion of alternative fossil fuels and mixed fuels with biogenic carbon content;
3) combustion of biomass and bioliquids (including biomass wastes);
d) combulstion of fuels for on-site power generation;

e) combulstion of the carbon containéd:in wastewater.

Table 10 — CO, from rawymaterials: Methods based in raw material input A1 and A2

Emission components | Parameters | Units | Recommended source of parametefs

CO, from'raw materials: Methods based on raw material input A1 and A2

Raw meal consumed t Calculated or measured at plant leve|l
Calc_lna ion of rayk Kiln feed t Calculated or measured at plant leve]
material donsumed-for
clinker production CO, released from total carbon in mass .
. Determined at plant level
raw meal or LOI fraction
Dust return correction h e Calculated or measured at plant level
raction
Dust leavmlg) kiln system excluding ¢ Measured at plant level
o ypass dust
Calcination of dust -
CO, released from total carbon in mass Measured at plant level
dust or LOI fraction P

For detailed input method A2

Bypass dust leaving the kiln

t Measured at plant level
Partial calcination of system
bypass dust CO, released from total carbon in mass
: Measured at plant level
bypass dust fraction
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Table 10 (continued)
Emission components Parameters Units Recommended source of parameters
. ) Additional raw materials t Measured at plant level
Additional raw materials -
not included in kiln feed | CO2 relegs.ed from total Cgrbon in mass Measured at plant level
additional raw materials fraction

Table 11 — Parameters and proposed data sources for the calculation of direct CO, emissions
and default CO, emission factors of fuels

Emission components ! Parameters ! 1Inits ! Recommended source of parameters
CO, from raw materials: Methods based on clinker output B1 and B2
Calcination of raw Clinker produced t Measured atplant leyel
njaterial consumed for - . . | Default equals to 525;0r as cgdlculated in
clinker production Emission factor of clinker kg CO,/ tcli detailed output metholt B2

Dustleaving kiln system t Measlived at plant leyel

Default équals to 525; or as cdlculated in

Emission factor of clinker kg CO,/ tcli detailed output metho}t B2

Calcination of dust

Calcination degree of dust ??;iltrllgg Measured at plant leyel
Clinker produced tcli Measured at plant leyel
(rganic carbon in raw Raw meal: clinker ratio t/¢cli Default equalls to 11'55; can bepdjusted to
materials ocal situation
niass Default equals to 0,2 %; can bg adjusted to
TOC content of raw meal fraction local situation

For detailed outpiit method B2

Calcination of raw

npaterial consumed for Ca0 + MgO in clinker. mass Measured at plant leyel

. : fraction
clinker production
Ca0 + MgO fronrnon- mass

carbonate squrces in : Measured at plant leyel

. fraction
rawmaterials
Qprrection ofemlssmn Raw nraterial consumed t Measured at plant leyel
factor clinker
N " : .
C;atlzlrf’ir;llshfeate ;:ugcrisolfndr:w mass Measured at plant level (e.g. yvith QXRD
§-35P y fraction with Rietveld refinempnt)

minerals)

CO, from kiln and non-kiln fuel combustion

Fuel consumption t Measured at plant leyel
cdnventional fos€il-fiels Lower heat value GJ/ t fuel Measured at plant leyel
Emission factor £C0,/ G fuel [PCC/ CSI/ national defaults of measured
at plant level
Fuel consumption t Measured at plant leyel
Lower heat value GJ/ t fuel Measured at plant leyel
Attermativefossituets — TPCC/ TSI/ Mational defaults or measured
(fossil AF) and mixed fuels Emission factor t CO,/ G]J fuel /LY at plant level
. . mass [PCC/ CSI/ national defaults or measured
Biogenic carbon content fracti
raction at plantlevel
Fuel consumption t Measured at plant level
Biomass and bioliquids Lower heat value GJ/ tfuel Measured at plant level
(biomass AF) -
Emission factor £€0,/ GJ fuel IPCC/ CSI/ national defaults or measured
at plant level
Wastewater combusted — — Quantification of CO, not required

Emission factors, formulae and reporting approaches for these sources are described in the following
subclauses of Clause 7.
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Tables 10 and 11 summarize the parameters involved, and the proposed data sources. Generally,
companies are encouraged to measure the required parameters at plant level. Where plant- or
organization-specific data are not available, the recommended, international default factors should
be used. Other default factors (e.g. national) can be preferred to the international defaults if deemed
reliable and more appropriate. The following subclauses provide guidance for choosing between
different methods for reporting CO, emissions from raw material calcination.

7.2 CO, from raw material calcinations

7.2.1 General

Calcination) is the release of CO, from carbonates during pyro-processing of the raw meal. Cal€inafion
CO, is direftly linked with clinker production. In addition, calcination of FD and BPD can beareleyant
source of £O, where such dust leaves the kiln system for direct sale, addition to centent or other
products of for discarding as a waste.

Figure 5 gives an example of relevant mass flows in the clinker production processiasthey often og¢cur
in plants with a cyclone pre-heater.
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Key

1 |limestone CaO5, MgCO4 11 kiln

2 |clay, shale, other Ca0, MgO, CaSi 12 fuel ashes
3 |raw material 13 cli

4 |dustfilter 14 BPD

5 |[CO, 15 ADRM

6 |FD leaving the kiln system 16 recirculated dust
7 |dustreturn 17 silo

8 |KF 18 RM

9 |pre-heater 19 raw mill
10 |calciner fuel ash

Figure 5= Example of mass flows in the clinker production process in a plant for the
prqduction ef clinker with cyclone pre-heater and rotary kiln with filter dust, recircujated dust

On theplant level, calcination CO, can be calculated in two ways: based on the volume and carbonate
content of the raw meal consumed (input method), or based on the volume and composition of clinker
produced (output method) plus dust leaving the kiln system. The clinker-based method is often used in
Europe. Both input and output based methods are included in the 2006 IPCC Guidelines/4! for National
Greenhouse Gas Inventories (output Tier 1 and 2, input Tier 3; see IPCC 2006, Vol. 111, 2.2.1.1[4]). Input
and output methods are equivalent. This document includes both types of methods. Companies can
choose to apply the raw meal-based input method or the clinker-based output method. The choice
should be made according to the availability of adequate data and measurements of the mass flows.
Furthermore, this document allows for each type applying a simple and a detailed method. The choice
between the simple and the detailed method depends on both the intended use of reporting and the
availability of data. The detailed reporting methods shall be preferred, if the data required for the more
detailed methods can be made available with sufficient accuracy and within the limits of practicability.
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In this document, mass flows and parameters of the raw meal, kiln feed, CKD (filter and bypass dust)
and clinker refer to a dry state (<1 % of humidity). Normally, the residual moisture of these materials is
negligible when measurements are performed in the state as the material or fuel is fed to the process.

The CO, emissions from the calcination of relatively small amounts of carbonates in fuel ashes added to
the kiln system shall be completely accounted for the reporting of fuel CO, emissions. Normally, this is
ensured by determining the CO, emission factors for fuels based on the TC content of the fuels, which
includes both TOC and TIC. Materials with high contents of both TOC and TIC (e.g. municipal sewage
sludge) can be regarded as fuel and/or raw material. In any case, the complete CO, emissions resulting
from their use shall be accounted. Figure 6 summarizes the proposed methodology and the methods for
determining the main sources of CO, from raw material calcination

Determination of CO, from raw material calcination

Input methods Output methods

Simple Input Detailed Input Simple Output Detailed Output

Method Method Method Method
Al A2 B1 B2
I I I I
Principle raw meal consumed Crgwrgizglsggr}igg%dc clinker produced clinker produced
parameter and LOI (weight loss on 2 . p Ca0, MgO analysi
. - (e.g. by IR-analysis of, default value
analysis method ignition) (e.g. by XRF)
gases)
partially included included as part'ef s
CO, from grganic | separate analysis for | CO, released from TC, default value reIg,iﬁga(II’S{szgi R
carbon (TOC) raw materials with | no separate aescounting value
high TOC content required
CO, from Hypass 1nc1udec_i . residual CO, released default value OI cln_lker Ca0, MgO analysis ¢r
complete calcination complete calcination ST
dust . from TC default value of clinker
assumed, no analysis assumed
CO, frgm default value or analysis or
filter dfist Lol CO; released from TC analysis default value
ﬁggelilig?saéer;‘t/\(]) not cosead CO, released from TC included no separate Included no separage
calciner or Kiln inlet accounted separately accounting required accounting requirgd
Figure § — Overview of methods for the determination of CO, emissions from raw materigl
calcination
7.2.2 InputmethodsATand A2

7.2.2.1 General

The input methods are based on determining the amount of raw meal consumed for clinker production
from the kiln feed considering a correction for dust return. Both methods (simple input method A1 and
detailed input method A2) account for:

CO, emissions from raw material calcination for clinker production;

CO, emissions from calcination of cement kiln dust (CKD equals to filter and/or bypass dust) leaving
the kiln system;

CO, emissions from the TOC of raw materials.
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7.2.2.2 Raw meal consumed

The amount of raw meal consumed for the production of clinker in the kiln including calcined bypass
dust leaving the kiln system is determined from the amount of kiln feed calculated or measured at
plant level. The kiln feed weighing is the principal measurement, which determines the final accuracy
of reporting according to the input method to the largest extent.

The amount of kiln feed is corrected by subtracting the amount of dust that is returned, for example,
from the pre-heater, and which is either recirculated to the kiln feed or to the raw meal silo or discarded
as filter dust leaving the kiln system. The concept of the mass flows is illustrated in Figure 6. The
correction of the kiln feed by the rate of dust return prevents double counting of recirculated dust. The
inplit methods thus calculate the amount of raw meal that is consumed for the production of flinker and
byplass dust leaving the kiln system, where relevant.

The fraction of dust return with reference to the kiln feed shall be determined-at plan
that purpose, different methods may be applied. Two common methods are eithér direct
(wefighing) the amount of dust return or determining the fraction of dustgeturn from a
balgnce. In such a balance, the mass inputs from the kiln feed and fuel asheg}and the clinker
losq on ignition of the raw meal and dust leaving the kiln system (e.g. as\bypass dust) are &
yield the mass of dust returned to the dust cycle in a certain period.

In dny case, the methods applied for determining the fraction ofcdust return shall provid
accliracy. When measurements from certain periods of kilh/ operation are used, thes
representative of the kiln operation during the period, forywhich the emission report is
Normally, this requires repeated measurements in order to-account for potential changes in t
st return over time and/or changes with different fnodes of kiln operation.

Thd amount of CO, emissions from the calcinatien of the raw meal consumed is cal
multiplication with the weight fraction of the COp released from TC of uncalcined RM in t
inpyit method A2 or in the simple input methed’A1 its LOI. The corresponding parameter
meal shall be measured regularly at the plant level.

Instfead of the raw meal parameter, the-tespective parameter analysed in samples of the kil
be yised when the difference remains insignificant and a regular analysis of the raw meal
achjeved. The difference remains-small when the dust returned from the pre-heater syste
very low degree of calcinations{as often observed for kiln systems with dry process and c
heafers) or if only very small @mounts of dust are recycled from the pre-heater to the kiln fe

For this parameter substitution in the simple input method A1, the difference of the kiln

the pre-heater-shall not exceed 5 %.

For the parameter substitution in the detailed input method A2, the difference bet|
parameteps shall be analysed and it shall be demonstrated that the CO, emission r
complete and no systematic difference exists between the use of parameters determine
meal‘or kiln feed samples, with regard to the limits of accuracy and practicality.

F level. For
measuring
kiln mass
putput, the
alanced to

b sufficient
e shall be

prepared.
he fraction

culated by
he detailed
of the raw

h feed may

cannot be
m shows a
clone pre-
bd.

feed to the

raw meal parameter'shall not exceed 1 % and the degree of calcination, d, in the dust retyirned from

ween both
pporting is
1 from raw

In addition to Inorganic carbonates, the raw materials used for clinker production normally contain a
small fraction of organic carbon, which is converted to CO, during pyro-processing of the raw meal. CO,
emissions originating from the TOC content shall be included in the parameters used for reporting of
CO, emissions by the input methods.

For the detailed input method A2, the measurement of the CO, from total carbon should
determine the complete CO, emissions from the raw meal and any additional raw materials. This
means it should encompass CO, released from the inorganic carbon content (TIC) and the TOC of the
corresponding materials. Such measurements can be performed, for example, by TC analysis or by CO,
[R-analysis of the gases released from the heated and fully oxidized sample.

In the simple input method A1, the weight fraction of the LOI accounts for all CO, from the
calcination of carbonates. CO, emissions from the TOC are normally relatively small. They are also
accounted by the LOI, but only partially. On the other hand, the mass difference between TOC and the
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CO, emissions from TOC is often more than fully compensated by small amounts of residual humidity
in raw meal samples, which is released as water vapour (H,0) during heating. This weight loss is also
accounted by the LOI. Thus, emission reporting based on the LOI in the simple input method in most
cases provides a relatively accurate estimate of the total CO, emissions from the calcination and pyro-
processing of the raw meal consumed. If raw materials with high organic carbon contents are used,
then - instead of the LOI measurements - the CO, content including CO, emissions from the TOC content
shall be used as in the detailed input method A2. This can be necessary, for example, if a plant consumes
substantial volumes of shale or fly ash high in TOC content as raw materials entering the kiln. In certain
cases, it can make sense to treat the TOC of such materials separately as a “virtual” fuel component. This
means that the material will be distinguished (by calculation) in a raw material component (covering
the minera = -

7.2.2.3 Hilter dust leaving the kiln system

Filter dust|leaving the kiln system refers to all dust that is not recycled to become part of:the kiln feed
again. For gxample, it can be sold directly, added to cement or other products, or discarded as a wdste.
The definition of filter dust leaving the kiln system excludes bypass dust, which is)treated separaftely
in the detdiled input method A2 [see Formulae (1) and (2)]. The amount of filter 'dust leaving the kiln
system is qubtracted as part of the dust return from the measured kiln feed-according to the congept
of determining the raw meal consumed. Consequently, emissions from the ealcination of filter qlust
leaving the kiln system shall be considered separately. In the dry process, filter dust is often uncalcined.
However, partially calcined filter dust is often extracted in plants with semi-dry, semi-wet and wet
processes.|The CO, emissions from its calcination need to be aggounted. The CO, emissions from
calcination] of raw meal that will form bypass dust are already accounted as calcination CO, originafing
from the rgw meal consumed.

CO, from fillter dustleaving the kiln system shall be calculatéd'based on the relevant volumes of dustfnd
either the garbonate CO, content or the LOI of filter dustimeasured at plant level. From the carbonpate
CO, content or LOI of filter dust and uncalcined RM thgCO, emission factor EFgy is calculated according

to the following Formulae (1) and (2):

fCO, pM xd
EFpp /f——7—— D
de1_ f COz ppX(1- fCOz Ry ) @
(1-fCO4pp )X fCOz Ry
where

EFgp is the emission factor of partially calcined filter dust (t CO,/t FD);

fCO, pyp is theSweight fraction of carbonate CO, in the raw meal (t CO, /t RM);

d i the FD calcination rate (released CO, expressed as a fraction of the total carbonate |CO,

in the raw meal);

fCO, pp s the weight fraction of carbonate CO, in the FD (t CO, /t FD).

The variables fCO, py and fCO, gy are replaced by LOIyy and LOI;p respectively in the simple input
method Al, i.e. the weight fractions of the loss on ignition. The calcination rate d of the FD shall
preferably be based on plant-specific data. In the absence of such data, a default value of 0 shall be used
for dry process Kilns because FD is usually not, or only to a negligible degree, calcined in this process.
In other processes (half dry, half wet or wet) calcination rates can be significant. In the absence of data,
a default value of 1 shall be used for these kiln types. This value is conservative, i.e. in most cases it
will lead to an overstatement of FD-related emissions. Formula (1) for the input method is based on
raw meal analysis, while EFp according to the output method is based upon the CO, emission factor of
clinker [see Formula (11)]. Both calculation methods should lead to the same result.
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In the absence of plant-specific data on dust volumes, the IPCC default for CO, from discarded dust (2 %
of clinker CO,) shall be used. It should be noted, however, that this default is clearly too low in cases
where relevant quantities of dust leave the kiln system. Therefore, using plant- or organization- specific
data are clearly preferable.

7.2.2.4 Partial calcination of bypass dust (detailed input method A2)

Normally, BPD extracted from the kiln system is fully calcined. This assumption is made in the simple
input method Al. However, in certain types of installations, bypass dust is only partially calcined.
Dependlng on the amount of BPD extraction and its degree of calc1nat10n thlS can be relevant for the
accy 3 at-es 0 : etHput method
A2 .hould be preferred and the amount of BPD leav1ng the klln system and the carbonate COj4 content of
the [BPD shall be measured at the plant level. The amount of residual CO, in the mass flowyof BPD leaving
thekiln system [see Formula (3)], shall then be subtracted from the amount of CO, from the falcination
of raw meal consumed. This is a correction for the uncalcined fraction of BPD [see Foermula (}]].

COZ,BPD not emitted = BPDXCOZ,BPD,residual (3)
COZ,RM = COZ,RMconsumed - COZ,BPD not emitted (4')
wheére

CO3 BpD not emitted 1S the amount of CO, that is remainingin BPD and is therefore not emifted (t CO,);
BPD is the amount of BPD leaving the kiln system (t);

CO3 Bpp residual is the analysed content ofitesidual CO, in BPD (t CO,/t BPD);
COy pm is the CO, effectively emiitted from raw materials (t CO,);

€0 RMconsumed is the amount of €0, potentially emitted from the consumed raw meal (f CO,), with

COZ,RMconsumed = RMconsumed ><COZ,RM
where

RM g htimeq 1S the amount of consumed raw meal (t);

€Oy gy is the analysed CO, released from total carbon in raw meal (t £O, /t RM).

7.2{2.5 Additionalraw materials not included in Kkiln feed

Optiions for cofisidering additional raw materials are provided in the detailed input method|A2. In case
of raw material, additions which are not included in the kiln feed, for example, directly to thefrotary kiln
inlgt, thesimple input method cannot be used. For each type of material, its quantity and O, content
incl dlng CO, emissions from the TOC shall be measured at plant level Only if the same jmaterial is
e e e ent, then the
reportlng of CO, emissions as add1t10na1 raw materlal shall be restrlcted to its TIC content, see 7.2.1.

The formula for the simple input method A1 is given in Formula (5):

COZ,RM = KF x (1 - DRC) X LOIRM + FDleaVing kiln system X EFFD (5)
where

CO; rm is the total CO, from raw material (t CO,/yr);

KF is the amount of kiln feed measured at plant level (t/yr);
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DRC

LOIpy

FDleaVing kiln system
EFgp

is the fraction of returned dust with reference to the kiln feed (-);
is the weight fraction of the loss on ignition of raw meal (-);

is the amount of filter dust leaving the kiln system (t/yr);

is the CO, emission factor of partially calcined filter dust (t CO,/t FD); BPD leaving

kiln system is the amount of bypass dust leaving the kiln system (t/yr).

The formula for the detailed input method A2 is given in Formula (6):

€O, 4y = KFx(1=DRC)x fCO, . + FD, g it system < EFep = BPD i i system X SC02 50 1 + % (ADRM, x €O, ot e )
where

CO; ry is the total CO, from raw material (t CO,/yr);

KF is the amount of kiln feed measured at plant level (t/yr);

DRC is the fraction of returned dust with reference to the kil feed (-);

LOIny, is the weight fraction of the loss on ignition of raw meal (-);

fCO, pay ¢ is the weight fraction of CO, content in the raw’nfeal here including CO, emiss
from TOC (t CO, /t RM);

FDi¢ayihg kiln system 1S the amount of filter dust leaving the Kiln system (t/yr);

EFgp is the CO, emission factor of partially calcined filter dust (t CO,/t FD); BPD leay
kiln system is the amount of bypass dust leaving the kiln system (t/yr);

fCO5 gAp ¢ is the weight fraction of CO,released from TC in the bypass dust (t CO, /t BP]

ADRM; is the amount of additional raw material i (t/yr), which is not part of the kiln f¢

fCO, anrm TC i is the weight fraction of CO, released from TC in the additional raw materiaf i

CO, /t ADRMY).

(6)

ons

In special ¢ases an adjustment 6f the concept of the input methods can be necessary, in order to refflect

certain mdterial flows in a‘plant and to ensure their correct accounting. The adjustments shal
explained pnd accompanied/by an overview of all relevant material flows. Furthermore, it shal
demonstrated, that CO4emissions from the complete and partial calcination of raw materials and f
the organif carbon_content of raw materials are completely and more accurately accounted by

adjusted mlethod.

7.2.3 Output'methods B1 and B2

be
be
fom
the

7.2.3.1 General

To apply the clinker-based output methods, companies shall use their plant-specific data, as given in

7.2.3.2,7.2.3.3 and 7.2

3.4.

7.2.3.2 Clinker

Calcination CO, shall be calculated based on the volume of clinker produced and an emission factor per

tonne of clinker.

The volume of clinker produced can be determined either from

— amass balance for clinker (backwards calculated from cement dispatch) as given in Formula (7)
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Cliprod = Cemdisp - Cemstock,st + Cemstock,e - Cemconst,ex,cli + Clidisp - Clisupp + Clistock,e - Clistock,st —ce
where

clipog is the clinker production (t);

cemgg, is the cement dispatch (t);

CeMyyock st is the cement stock at beginning (t);

(7)

msupp

Thd
and
Thi

kiln.

Thd

CeMgyock e 1s the cement stock at the end (t);

CeMonstexcli 1S the consumed cement constituents other than clinker (t);
cligigp, is the clinker dispatch (t);

cligypp is the clinker supplied (t);

Cligpoci st is the clinker stock at beginning (t);

Cligpocr e is the clinker stock at the end (t);

cemgyy,, is the cement supplied (t); or

direct weighing after kiln.

emission factor shall be determined based on thezmeasured CaO and MgO contents of

5 can be the case, for example, if calcium silicates or fly ashes are used as raw materials e

determination of the emission factor far clinker shall be clearly documented. The detai
rs to the CaO and MgO analysis of the clinker and a correction for non-carbonate sourd

refe
oxi

In

B1)| This value is comparablé to the IPCC default (0,510 t CO,/t) corrected for typical MgO

cli

whyd

es.

e absence of better data, a'default of 0,525 t CO,/t clinker shall be used (simple outy

er. See 7.3 for details on.the default emission factor [see Formula (8)].
EFy; = fCaOy; < 05785 + fMgO,y; x 1,092
bre

EF,; <:is'the CO, emission factor of clinker (t CO,/t clinker);

the clinker,

corrected if relevant quantities of CaO and Mg0.in the clinker stem from non-carbonate sources.

htering the

ed method
es of these

ut method
Contents in

(8)

fCa0,; is the CaO content of clinker (%);

fMgO,,; is the MgO content of clinker (%).

Significant contents of non-carbonate Ca0 and MgO (e.g. from precalcined raw materials) can be
subtracted.

7.2.

3.3 Dust

CO, from bypass dust or filter dust leaving the kiln system shall be calculated based on the relevant
volumes of dust and an emission factor. The calculation shall account for the complete volumes of dust
leaving the kiln system, irrespective of whether the dust is sold directly, added to cement, or discarded

asa

waste.
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Bypass dust is usually fully calcined. Therefore, emissions related to bypass dust shall be calculated
using the emission factor for clinker (simple output method B1) as given in Formula (9):

where
CO, ppp is the amount of CO, emitted from BPD (t CO,);
BPD is the amount of BPD leaving the kiln system (t BPD);
EF,; is the plant specific emission factor of clinker (t CO,/t clinker).
If more infprmation is available, the emission factor of BPD can be estimated from the calcination rate
of BPD according to Formula (11) (suggested for FD emissions).
Alternativgly, the CO, emission factor of bypass dust (EFgpp) can be determined from CaO, MgO pnd
remaining|carbonate CO, analysed in BPD samples (detailed output method B2}, These parameters
are directly related to the mass of BPD. This method gives more precise results,)especially in the ¢ase
of compongnts such as alkaline chlorides and sulphates being enriched in\the BPD compared to|the
compositidn of clinker or partially calcined raw meal.
EFgpp |= CO2 ca0 + €Oy g0 — fCO2 ppp = (€O cap + CO2 mgo ) X d 10)
where
EFppp | is the CO, emission factor of partially calcinedbypass dust (t CO,/t BPD);
CO; cqq s the stoichiometric amount of CO, related to the content of calcium oxide in bypass dust
Ca0O
(t CO,/t BPD), with €O, ¢, = —2222%0,785 ;
COy pgp s the stoichiometric amount(©fj€0, related to the content of magnesium oxide in bypass
MgO
dust (t CO,/t BPD), with £03 4.0 :%xm%;
fCO, gy is the weight fraction.of carbonate CO, content in the bypass dust (t CO,/t BPD);
d is the BPD calcittabion rate (released CO, expressed as a fraction of the total carbonate|CO,
in fully uncal¢ified bypass dust).
The calculation of the-CO, emission factor of BPD (EFppp) according to Formula (10) follows the same
method aspormally applied for determination of the emission factor of clinker (EF,;). However, by uging
parameterp frombypass dust and its specific mass reference, it considers
a) a redufction of the mass fraction of CaO and MgO in bypass dust (in comparison to calcined faw
meal 3%ﬁmmmmm
b) its partial calcination (degree of calcination, d): filter dust, as opposed to bypass dust, is usually not

fully calcined.

The emission factor for filter dust shall be determined based on the emission factor for clinker and the
calcination rate of the filter dust.
EFcIi %
1+EF,;
__ERg
1+EF,;

(11)

EFpp =

26 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=0415677501f77dcdb9a0f5c35225c881

ISO 19694-3:2023(E)

where

See

EFgp is the emission factor of partially calcined filter dust (t CO,/t FD);

EF,

i is the plant specific emission factor of clinker (t CO,/t clinker);

li

the raw meal), see Formula (2).
Clause B.2 for the details about deriving the calculation formula, which is Formula (11).

is the FD calcination rate (released CO, expressed as a fraction of the total carbonate CO, in
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multiplies clinker production with the following default values:

calcination rate of the FD, d, shall preferably be based on plant-speciiic data. In the
h data, a default value of 0 shall be used for dry process kilns because FD is usuallynef
boligible degree calcined in this process. In other processes (half dry, half wet orywet),
s can be significant. In the absence of data, a default value of 1 shall be used for.these
5 value is conservative, i.e. it will in most cases lead to an overstatement of \ED-related
1t method A2 is based on raw meal analysis, while output method B2 is based’upon the C(

ulating the calcination rate, d, and Formulae (1) and (2).

he absence of plant-specific data on dust volumes, the IPCC defaultfer CO, from discarde
inker CO,, see 7.3) shall be used. It should be noted, however, that this default is clearly
bs where relevant quantities of dust leave the kiln system,-Therefore, using plant- or or
Cific data are clearly preferable.

3.4 CO, from organic carbon in raw materials

ddition to inorganic carbonates, the raw materials used for clinker production usuall
1l fraction of organic carbon which is mostly“converted to CO, during pyro-processing
1l. The TOC contents of raw materials can\vary substantially between locations, and b
bs of materials used.

h compiled by the CSI indicate that@typical value for TOC in the raw meal is about 0,1
y weight). This corresponds to COyemissions of about 10 kg/t clinker, representing abou
cal combined CO, emissions{rom raw material calcination and kiln fuel combustion.

E 1,55 t RM/t cli x 2. kg €/t RM x 3,664 kg CO,/kg C = 11 kg CO, /t cli, under the assump
nic carbon is converted to-GO,. The latter is conservative since a part of the organic carbon is usuy|

emissions from organic carbon in raw materials shall be quantified and reported
pleteness of)the inventory (see Clause 10 on materiality thresholds). However,
fribution to~overall emissions is small, a simple calculation needs to be implemer

default raw meal to clinker ratio: 1,55;

absence of
or only to
calcination
kiln types.
emissions.
, emission
" details on

1 dust (2 %
too low in
banization-

; contain a
of the raw
btween the

Do to 0,3 %
1 % of the

tion that all
plly emitted

0C or CO. The TOC content of 2 kg/t raw meal was determined based on 43 measurements compifled.

to ensure
bince their
ted which

defautt TOCtontentof Taw mreat—2 kg/tTaw meat {dry weight; correspording to 6,296

his default

factor for the TOC content has been checked by collecting and analysing more than 100 analyses
from different raw materials from cement plants all over the world. Based on the analysis of the

data, the value of the default factor of 0,2 % is confirmed.

Companies are not required to analyse these emissions any further unless they have indications
that organic carbon is more relevant. This can be the case, for example, if an organization consumes
substantial volumes of shale or fly ash high in TOC content as raw materials entering the kiln.
Furthermore, please note that any volumes of dust leaving the kiln system are not automatically
reflected in this default calculation.

Companies producing substantial quantities of dust should apply their plant-specific raw meal to clinker
ratios if they wish to analyse their TOC-related emissions in more detail. Plant-specific raw meal to
clinker ratios should exclude the ash content of the fuels used, to avoid double-counting. For example, if
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fly ash with a high carbon content is accounted for as a fuel (i.e. by assigning it a heating value and CO,
emission factor), its ash content should not be included in the raw meal to clinker ratio for the purpose
of calculating emissions from TOC in raw meal.

The formula for the output methods B1 and B2 is given in Formula (12):

COZ,RM = Cliprod x EFcIi + BPDleaving kiln system x EFBPD + FDleaving kiln system x EFFD + RMcons x fTOCRM x3,664 [1 2)
where
CO; ru isthetotal €O fromraw materiat (t €05 /yT13;
Cliprog is the clinker production measured at plant level (t/yr);
EF_; is the CO, emission factor of clinker (kg CO,/t clinker); simple output method
B1: default value = 0,525 t CO,/t clinker; detailed output method B2: detefmi-
nation according to 7.3;
BPD)¢abing kiln system 1S the amount of bypass dust leaving the kiln system (£/yr);
EFgpp is either EF,; estimated from its calcination rate ér determined from analysis;
FDieayihgkiln system 1S the amount of filter dust leaving the kiln system (t/yr);
EFgp is the CO, emission factor of partially cal¢ined filter dust determined accordling
to Formula (11) (t CO,/t FD);
RM is the amount of raw meal consumed for clinker production and bypass ¢ust
(t/yr);
STOCpiy is the weight fraction of TQC'in the raw meal (-); default value = 0,002 = 0,2 %;
3,664 is the stoichiometricproportion of CO, released per unit of C.
The raw mpal consumed is calculated in Eormula (13):
RM :Cliprod X RRM,cIi 13)
where
cliproq | is the clinker‘production measured at plant level (t/yr);
RM_,,d is the ameount of raw meal consumed for clinker production and bypass dust (t/yr);
Rpp cii | 1s thefaw meal clinker mass ratio (raw meal consumed per clinker production, (-), the afdi-
tion of fuel ashes and dust leaving the kiln system shall be accounted for its determinatjion;
JdaL, 1 1 latao 1 L

i
ullidaduit vdadiuc C\iualﬂ U 1,JJ.

7.3 Reporting of CO, emissions from raw material calcination based on clinker output:
Summary of IPCC[4] and CSI recommendations, and default emission factor for clinker

IPCC[4] recommends calculating calcination CO, based on the CaO content of the clinker produced
(0,785 t CO,/t CaO, multiplied with the CaO content in clinker). A default CaO content in clinker of 65 %
is recommended, corresponding to 510 kg CO,/t clinker.

CO, from discarded Kkiln dust, according to IPCC, should be calculated separately, taking into account
its degree of calcination. Where more precise data are not available, IPCC recommends accounting
for discarded dust by adding 2 % to clinker CO, by default, acknowledging that emissions can range
much higher in some instances(23l. IPCC does not distinguish between bypass dust and filter dust.
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Furthermore, the IPCC default value neglects CO, from decomposition of magnesium carbonates (MgO
content in clinker is usually about 2 %)[1l.

This document recommends determining the emission factors for clinker calcination on a plant-specific
basis. To this end, an auxiliary worksheet for the detailed output method B2 has been included in the
spreadsheet of the CSI protocolll], which can account for the specific Ca0 and MgO content of a plant’s
clinker as well as non-carbonate sources of CaO and MgO such as calcium silicates, or fly ash added to
raw meal. In the absence of plant-specific data, this document recommends using the simple output
method B1 with a default emission factor of 525 kg CO,/t clinker, corresponding to the IPCC default
corrected for Mg carbonates.
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CO, emissions resulting from CKD leaving the kiln system and CO, emissions, which‘drig
TOC of raw materials. Consequently, these CO, emissions are accounted additionally
ssions from calcination of raw material for clinker production (for details, séeyFormu
‘esponding descriptions in 7.2.3).

Determination of the FD calcination rate

hrbonate CO, in the FD and in the raw meal, respectively. The twe ihput parameters fCO,
hall be measured by chemical analysis. Possible analysis miethods include, for exampl

_ . JCO2,mp X(1-fCO, gy )
(1= fCOy p )% fCO, gy

re

fCO, pp is the weight fraction of carbonate CO, in the FD (t CO, /t FD);
fCO, py is the weight fraction of carbenate CO, in the raw meal (t CO, /t RM).

he absence of measurement data-on the composition of the FD, a default value of 1 shall
calcination rate d. This valué\is conservative, i.e. it will in most cases lead to an overst
related emissions, because FD is usually not fully calcined.

rnatively, the maximum degree of calcination, d, is calculated from the analysis of c
t samples only as quotient of the maximum CO, potentially released during the calcinat}
ermined from-C40 and MgO analyses) and the analysed remaining carbonate CO, con

ple as givenin‘Formula (15):

d= COZ,CaO +COZ,Mg0 _COZ,sample

€O ca0 +C0z mgo

whd

CO, emission factor for clinker determined from the specific CaO and MgO content does fot account

inate from
to the CO,

a (12) and

FD calcination rate, d, shall be calculated according to Formula (14), based on the weight fractions

-p and fCO,
b, a loss on

(14)

be used for
atement of

ement Kiln
on process
tent of the

(15)

©IS

C03,ca0

COZ,MgO

is the stoichiometric maximum content of carbonate CO, calculated from CaO;

is the stoichiometric maximum content of carbonate CO, calculated from MgO;

CO, sample 1s the carbonate CO, content of the sample (carbon dioxide according to EN 196-2[11]),
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7.5 Direct determination of the CO, emission factor of FD from analysis of CO, content

For the direct determination of the CO, emission factor of FD, the combination of Formulae (1) and (14)

yields:
JCOz,pp (1= fCO, gy )
fCOz rm —
(1-fCOy pp )
EFpp = (16)
fCO2,p X (1= fCO, g )
(1-fCO, pay )+
(1- €0y, pp)
Formula ([I6) is simplified after complementation of the left-hand term by multiplication- With
Formula (1|7):
(1- 405 )
1-fdo
(1-/902pm) _, 17)
(1- 405 p )
(1-£402,rm )
As aresult| the CO, emission factor of FD can equally be determined direct]y~by the following formyla:
(1-fCOy pp )
EFpp 5fC04 gy X 7=~ fCOz pp 18)
(1- €04 gy )
In Formulg (18), the terms in round brackets correct the mass<reference of the carbonate CO, confent
fCO, pyy determined in samples of the uncalcined raw meal to the mass reference of FD, which potentially
is partially calcined. The CO, emission factor of FD, EFgj»is determined from the difference of|the

carbonate
state of FD

7.6 Cement specific issues for fuels

7.6.1 Co

Conventioj
The prefer
kiln fuels,

emission fz

Fuel consu

hventional fossil fuels

al fossil fuels are fossil fuels including, for example, coal, petcoke, fuel oil and natural
Fed approach is to calculate CO, from conventional fossil fuels (but also alternative and j
See 7.6.2 and 7.8) based on fuel consumption, lower heating values and the matching
ctors.

mption andAdower heating values (LHV or net calorific value NCV) of fuels are routi

measured
status of t

coal or dri¢d coal)s Normally, the lower heating value is determined from a dried sample. Subsequeitly,

ht plant level'It is important to note that the applied heating value always has to match
e fuel, especially with respect to the correct moisture content during its weighing (e.g.

CO, content between the potentially partially-¢alcined state and the hypothetical uncalcined

Das.
on-
CO,

nely
the
Faw

ried

Furthermore, the correct reference of the CO, EF shall be ensured. The reference shall be to the heat
determined by the LHV. For the conversion of higher heating values (HHV or gross calorific value GCV)
to LHV the formula defined in the 2006 IPCC Guidelines (Vol. II, Section 1.4.1.2, Box 1.1)[4] can be applied.

Companies are encouraged to use plant- or country-specific emission factors if reliable data are
available. The emission factor of fuels shall be based on the total carbon content. If a fuel contains
significant amounts of TIC, it can be reported based on its TOC content if, in addition, CO, emissions
from its TIC content are reported as CO, emissions from raw material calcination. Direct calculation of
emissions based on fuel consumption (in tonnes) and fuel carbon content (in percent) is acceptable on
the condition that material variations in the composition of the fuel, and especially its water content,
are adequately accounted for.
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Generally, IPCC recommends accounting for incomplete combustion of fossil fuels. However, usually
99 % to 100 % of the carbon is oxidized.

Compare IPCC 2006, Vol. II, Section 1.4.2.1[4] and IPCC 1996, Vol. 111, p.1.29(26] default carbon oxidation
factors: 98 % for coal, 99 % for oil, and 99,5 % for natural gas.

In cement Kilns, incomplete oxidation is negligible, due to very high combustion temperatures and long
residence time in kilns and no, or minimal, residual carbon found in clinker. Consequently, carbon in all
kiln fuels shall be treated as fully oxidized. The CO, emission factors of fuels shall always be determined
based on the TC content.

7.6{2 Alternative fuels

IPCL 1996(26] and IPCC 2006[4] guidelines for national GHG inventories require the follpwing:

CO, from biomass and bioliquids is reported as a "memo item" but excluded from the national
emissions totals.

CO, from fossil fuel-derived wastes (also called alternative fossil fuels or fossil AF): A
IPCC guidelines, GHG emissions from industrial waste-to-energy-conversion are repo
"energy" source category of national inventories, while GHG emisSions from conventi
disposal (landfilling, incineration) are reported in the "waste management" category.

cording to
'ted in the
bnal waste

To
dire
rep

CO, from mixed fuels with biomass and fossil fractions:In the case, that biomass or big
combusted jointly with fossil fuels (e.g. pre-treated.industrial and/or domestic wast
between the fossil and non-fossil fraction of the fuel. should be established and the emiss
applied to the appropriate fractions (IPCC 2006, Veol. 11, Section 2.3.3.4[41).

bnsure consistency with the guidelines of IPCC, there is a need for transparent repor
ct CO, emissions resulting from AF combustion in cement plants. Therefore, this docume|
brting as follows:

Direct CO, from combustion of biomass (including pure biomass or bioliquids, biomass

direct GHG emissions. The IPCE-default emission factor of 110 kg CO,/G]J for solid bid
be used, except where otherjreliable emission factors are available, see Reference [26].
lies in the range of different values for solid biomass or bioliquids, which are specified
emission factors in IPCC 2006, Vol. 11, Section 1.4.2.1[4].

Direct CO, from cdmbustion of fossil AF and the fossil fraction of mixed fuels shall be calg
included in the direct CO, emissions. CO, emission factors depend on the type of AF or
used and, therefore, shall be specified at the plant level where practical. In the absence
organization- specific data, companies shall use the default emission factors.

IndirectGHG savings achieved through the utilization of AF shall be accounted as net e
this document. The definition is further described in 5.5.

liquids are
es), a split
ion factors

ting of the
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wvastes and

the biomass fraction of mixed fuels) shall be reported as a memo item but excluded from absolute

mass shall
This value
as default

ulated and
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of the fuel based on the TC content.

Some AF, for example used tyres and impregnated saw dust, contain both fossil and biomass carbon.
These fuels shall be treated as mixed fuels and the CO, emissions shall be separated in their fossil
and biogenic part. This is done by determining the share of the biogenic carbon in the fuel's overall
carbon content, according to ISO and EN international standards (e.g. EN 15440[14]) or suitable national
standards. For some fuel types, this share is difficult, costly to measure and very variable. Companies
are advised to use a conservative approach in determining the biogenic carbon content, meaning that
the biogenic carbon content should not be overestimated. A fossil carbon content of 100 % shall be
assumed for fuel types in case of a lack of reliable information on their biogenic carbon content until
more precise data becomes available.
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Fuels, which contribute significantly to the mass of the product clinker with their ash content and
which have a significant TIC content can be reported as fuel with a CO, emission factor based on the
TOC content. In this case and when reporting CO, emissions from raw materials based on their input
(see 7.2.2), the CO, emissions from the TIC content shall be reported additionally. This shall be done by
using the detailed input method A2 and the option for reporting ADRM which are not part of the kiln
feed. If CO, emissions from TOC of the material are already reported as fuel, the CO, content specified
for the additional raw material shall only reflect the remaining TIC content so that CO, emissions from

the TC content are reported (see 7.2.2.5).

7.7 GHG from fuels for kilns

Kiln fuels i
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document,
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Cement companies shall ensure the complete reporting of GHG emissions from non-kiln fuels combuj

on site. Th{

GHG f
aggreg
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equipment.and on-site vehicles;

n this document are all fuels fed to the kiln system plus fuels that are used for drying

hg system of the kiln as well as fuels added to a calciner or directly to the kiln-inléet. In
such fuels are regarded as kiln fuels, irrespective of the potential use of waste heat for
of electrical power. Also, fuels used for fuel heating (e.g. for heavy fuel oil-ised for clir
) shall be reported under kiln fuels. Fuels used for the drying of MICs usedin’cement grinc
sed for electricity production in an installation that is separate from thekiln system sha
5 non-kiln fuels.

ic GHG emissions and the specific fuel energy consumptionof clinker production
1 by the use of kiln fuels including the raw material and fuel{preparation.

from non-Kiln fuels

els include all fuels which are not included in the definition of kiln fuels. For instance, f

ht and quarry vehicles,

m heating,

ng, and

pbarate installation for on-gite‘production of electrical power.
pse emissions are accounted for as follows:

om non-Kiln fuels' is reported separately, by application type, to provide flexibility in
ation of emiSsions for the following applications:

pbnrheating or cooling;

and

the raw materials or other kiln fuels. Included in this definition are fuels inserted through

this
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are
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rmal process equipment (e.g. dryers); which can be used in the preparation of MICs for cenfent

ted

the
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ying of MIC such as slag or pozzolana;

neration.

on-site power generation in separately fired boilers and diesel or gasoline engine power

Note that fuels consumed for drying of raw materials for the production of clinker and kiln fuels are
included in the kiln fuel section.

(see 10.1).

accounted for. The resulting overestimation of emissions is usually small (approximately 1 %).
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See also Table 7 regarding the process steps which need to be covered to ensure complete reporting
according to this document.

Measured plant-specific lower heating values shall be used, if available. Alternatively, I[IPCC or CSI
default values can be applied. If the same type of fuel is used as non-kiln fuel and Kiln fuel, then the
CO, emission factors used for reporting shall correspond. Otherwise, measured plant-specific emission
factors shall be used, if available. Alternatively, IPCC or CSI defaults values can be applied.

7.9 GHG from the combustion of wastewater

Some-cementplantsinject-wastewater in-their kilnsfor exampleasa-flame cooclantfor, control of
nitrjogen oxides (NO,). The carbon contained in the wastewater is emitted as CO,. This doeggment does
not|require cement companies to quantify their CO, emissions related to wastewatey, iconsumption,
bechuse these emissions are usually small and, in addition, difficult to quantify:

— |most cement plants do not consume wastewater;

— |where wastewater is consumed, its carbon content usually contributes less than 1 % of{the plant’s
overall CO, emissions;
NOTE If a plant uses wastewater, the volume consumed is typicallysabout 10 kg/t of clinker] At a typical
carbon content in the wastewater of 5 % by weight, this corresponds to CO, emissions of abdut 2 kg/t of
clinker or about 0,2 % of a plant’s typical overall CO, emissions‘(values based on data providefl by several
GCCA, formerly CSI, member companies).

— |in addition, the carbon contained in the wastewater, can'be of biomass origin (e.g. sewagg), in which
case it would have to be counted as a memo item only.

7.10 Non-CO, GHG emissions from the centent industry

In Annex A of the Kyoto Protocoll27], the UNECCC defines the following chemical compounds ps relevant
anthropogenic GHGs causing climate change:

— |carbon dioxide (CO,),

— [methane (CH,),

— |nitrous oxide (N,0),

— |hydrofluorocarbons;(HFCs),
— |perfluorocarbons’(PFCs), and
— |sulfur hexaffuoride (SF).

During the'clinker and cement production process, no HFCs, PFCs or SF are applied. The orfly possible
entl'y pathways would be minimal quantities of gas remaining in wastes containing foamed plastics.
However, such materials are not used as such and are not normally contained in any significaht quantity
in mixed alternative fuels utilized in the cement industry. Used tyres utilized as alternative fuel in
cement plants do not allow for any significant remains of SFy.

Non-CO, GHG gases, i.e. methane (CH,), nitrous oxide (N,0), sulfur hexafluoride (SF), and fluorinated
hydrocarbons (PFCs, HFCs) have been measured during field tests[20], As a main result of the field tests
the conclusion can be drawn that non-CO, GHG gases are not significant in the waste gases of cement
industry. The main blank values of these measurements are discussed in Annex A.
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8 Indirect GHG emissions and their determination

8.1 General

Indirect GHG emissions are emissions that are a consequence of the operations of the reporting entity
but occur at sources owned or controlled by another entity. Cement production is associated with
indirect GHG emissions from various sources. Key examples include the CO, emissions from:

extern

produr‘finn aof clinker pnrr‘hqcpd from other prndnr‘prc and infm"grmlnd with own prndnr‘finn;

al production of electricity consumed by cement producers (see 8.2);

produ
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[ty during transport and distribution (T&D losses) shall not be included in this calculaf

tion and processing of conventional fossil and alternative fuels by third parties;
ort of inputs (raw materials, fuels) and outputs (cement, clinker) by third parties.

fion of the boundaries for the indirect GHG emissions is included in 6.2%nder repor

direct GHG emissions, consisting of several categories, can be_useful to assess ovg
tprint of an industry. To this end, cement companies shall calculate and report GHG 1
rnal electricity production” [see ISO 14064-1:2018, 5.2.4 b)] aid “purchased clinker”

1:2018, 5.2.4 d)] of energy indirect and other indirect GHG emissions which have a signifi
HG emissions.

from external electricity production

xternal electricity production shall be calculated based on the measured delivery of
and, preferentially, emission factors obtainedifrom the electricity supplier. Alternativel
bnded to use governmental data for the national power grid. If both data are not availa
emission factor for the country may be-used. Such factors are based on IEA data which
nually (see Reference [28] for the latestupdate). Emissions associated with the consump

ment differentiates between the)different power sources (purchase, production on-{
of power usage: use for cement production, consumption of power generation auxilia|
between gross and net pewer production of the power plant) and power sold extern
n to other non-cement(installations within the same plant shall be treated such as po
ally.

from purchased clinker

productionyof purchased clinker shall be calculated based on the net clinker tran

CO, from
(purchase
emission

emission factor of the sending plant should be used. If clinker is purchased externally, this valu

clinker‘minus sold clinker plus internal clinker transfer) of the reporting entity, and
ctor.of the clinker. With respect to clinker transfers within the organization, the
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usually not available. In this case, a default value shall be used. As a first priority, national or regi¢nal
values shall be applied, if available. As a second priority, the global average value can be used.

Please note that the default emission factor of 865 kg CO,/t should only be used for calculating the
indirect GHG emissions impact associated with net clinker purchases. For a net clinker seller, the
clinker purchase balance and hence the resulting emissions will be negative, indicating that the
company'’s clinker sales have indirectly helped to avoid emissions at another cement plant. The same
default emission factor should not be used for calculating the gross and net direct GHG emissions of the
reporting organization.

The approaches for calculating these two types of indirect GHG emissions are summarized in Table 12.
Besides CO, from purchased clinker, quantification of other indirect GHG emissions is not required by
this document. This applies, in particular, for indirect GHG emissions related to transports.
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Table 12 — Parameters and data sources for calculation of indirect GHG emisssions from
imported energy and other indirect CO, emissions as required by this document

Emission Parameters Units Source of parameters
Power purchased from
CO, from external power exlzernal grid GWh Measured at plant level
production (energy indirect Emission fact
GHG emission mission ractor P e .
) excluding T&D losses t CO,/GWh | Supplier-specific value or country grid factor
) . . Measured at plant level (purchased minus sold
CO;, from clinker purchased Net clinker purchases teli clinker + internal clinker transfer)
(other indirect GHG emission)
Emissionfactor GO ft-ehi Defaukfactorfrom-GNR-datapaselll)
GHG emissions associated with the production of clinker- or cement-substituting MICs-shall not be
conpidered as other indirect GHG emission of the cement industry if these emission's|are tlhe result of
anofther industrial process. This applies, in particular, to slag produced by the steel industry, and to fly
ash|produced by power plants.
9 |Baselines, acquisitions and disinvestments
GHG¢ emissions performance is often measured relative to a past reference year (the “bpse year”).
As 3 default, the “Kyoto base year” 1990 can be used as a refererice. In many cases howevgr, the lack
of reliable and accurate historical data justifies the use of a-niore recent base year, espedially when
conjpliance or emissions trading is concerned.
NOTE Some Annex 1 countries with economies in trarsition have chosen other years than 1990 as their
bas¢ year or base period (e.g. Bulgaria and Romania: 19897,Poland: 1988, Hungary: 1985 to 1987).|In addition,
all Annex 1 countries can choose 1995 as their base year for hydrofluorocarbons, perfluorocarbong and sulfur
hexafluoride.
The choice of base year also depends on individual country regulations.

Acquisitions and divestitures, as well as'the opening or closing of plants, will influence an org

con
bas
con

solidated emissions performance;both in absolute and specific terms. To ensure con
blines (i.e. emissions in and after the base year), companies shall apply the following
Kistent way.

Adjust the baseline for chiange by acquisition and divestiture: Consolidated emission
for past years shallalways reflect the current amount of shares held in an organiz
organization is acquired, its past emissions shall be included in the consolidated emiss
reporting organization. This shall be done either back to the base year, or back to t}
acquired organization came into existence, whichever is later. If an organization is div
emissionssshall be removed from the consolidated emissions. These adjustments shall
accordance with the consolidation rules (see 6.3).

Nodbaseline adjustment for “organizational” change: In case of organic growth of produd
ihwvestment in new installations, capacity expansions or improved capacity utilization, t

anization’s
Kistency of
rules in a

s reported
htion. If an
ions of the
e year the
ested, past
be made in

tion due to
he baseline

10

10.

shallnotbe adjusted. [n the same sense, the baseline shallnotbe adjusted 10T organization

al negative

growth; closure of kilns or decrease of production shall not result in a change of the baseline.

Reporting

1 General

GHG emissions monitoring and reporting has multiple goals, such as, for example, internal management
of environmental performance, public environmental reporting, reporting for taxation schemes,
voluntary or negotiated agreements, and emissions trading. Additional purposes can be, for example,
performance benchmarking and product life cycle assessment. If verification is required, further
guidance is given in Annex E.
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This document has been designed as a flexible tool to satisfy these different reporting purposes. The
information is structured in such a way that it can be aggregated and disaggregated according to
different reporting scopes. Examples include:

Reporting to national GHG inventories should be compatible with IPCC guidelines. Hence, it should

cover all direct GHG emissions, including GHG from fossil wastes. CO, from biomass should be
reported as a memo item.

Reporting under CO, compliance and taxation schemes will have varying reporting requirements,

depending on local conventions. This document allows reporting of gross and net emissions, and
indirect GHG emissions, as appropriate.

This docur

hent does not define any threshold for excluding “immaterial” emission sources. In prae

the decision whether to include or exclude certain emission sources also depends on the requiremd

of the resp

Also, the d
assessmen

bctive reporting framework.

verall uncertainty of a GHG inventory should be reported, see Clause 11¢n uncerta
.

10.2 Corporate environmental reporting

The object
picture of
cement cof|

gross
alterni

altern
main i

Reporting
units. Repc

In order td
from cons
different p

Additional

docunj

Comp3
deviat

ve of voluntary environmental reporting is to provide the readéb with a sufficiently accu

hpanies shall cover all relevant emission components:

direct GHG emissions of the reporting entity (calcination, conventional fossil kiln f
itive kiln fuels, non-kiln fuels, with biomass CO, as;a memo item);

net enjissions (if applicable), calculated from grossiemissions minus emissions from the us

htive fuels;
hdirect GHG emissions (consumption of'grid electricity and purchased clinker).

bhall be in absolute (Mt CO,/year)-as-well as specific (kg CO,/t cement constituents matet
rting of net emissions alone, omitting gross emissions is not acceptable.

be complete, reporting shall include the CO, emissions (including indirect CO, emiss
imption of grid electricity and accounting for own on-site power generation) from
Focess steps (see Table\13).

requirements for.voluntary reporting include the following.

It shall be clearly<tated when GHG sources are excluded from the inventory. To this end,

ent requjres companies to state the GHG inventories.

nies sshall clearly state that they report according to this document and any mate
ons\rom it.

ice,
bnts

nty

rate

he environmental footprint of the reporting organization, THis implies that the reporting of

els,

a)

of

ial)

ons
the

this

rial
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Table 13 — Recommended reporting boundaries for GHG reporting

(quarrying, mining, crushing)

Process step Is ﬁlgilazl:g:;;ng Comments
Raw material suppl Can require consolidating emissions of two legal
PPy Yes - unless NA entities, if raw material supply is contracted out.

See 7.3 for details.

Preparation of raw materials, fuels

Yes — unless NA —

1 A Y
I dlIU dUUILIVES

Kiln operation (pyro-processing) Yes - unless NA —

Cement grinding, blending Yes - unless NA —

CO, from owned vehicles (including leas
On-site (internal) transports Yes - unless NA excluding owner-drivens)‘shall be re
If third-party tfansports: it is N

bd vehicles,
ported.
A

Reporting is not mandatory. If reported,
Off-site transports No direct CO, (own yéhicles, incl. leased veh
indireetCO, (third-party vehiclg

distinguish
icles) from

s).

On-site power generation Yes - unless NA Also report'CO, if operated only occa

bionally.

Room heating and cooling Yes - unless NA —

Key
NA

not applicable

10.

Rep
rep
pro
sho

10.

10.

Thi
The
defi
con
trad
pra

3 Reporting periods

orting GHG emissions can be based on caléndar years or on financial years, if it help{
brting costs. From a GHG perspective,~there is no problem to report based on finar
vided that it is done consistently over time, with no gaps or overlaps. Changes in the rep
11d be clearly indicated.

1 Performance indicators

1.1 General

5k document gives guidelines for providing a flexible basis for GHG emissions monitoring and

calculation of-individual emission components as described above is quite straightfor
nition of emigsion totals and specific indicators, in contrast, is highly dependent on th¢
fext and purpose, such as: input to national inventories, GHG compliance regimes and
ling, industry benchmarking. GHG inventories for such reporting depend largely on conve
Cticalisequirements, rather than on scientific arguments.

to reduce
cial years,
brting year

reporting.
ward. The
b reporting
emissions
ntions and

Wit

hthis background, a section on performance indicators is included in this document.

[t contains

a number of indicators which are deemed most useful in the light of the current business and policy
environment, and associated reporting requirements. Generally, the subclause on performance
indicators is conceived as a flexible vessel where companies can introduce additional parameters
according to their needs, for instance different emission totals or subtotals.

A summary of the definitions of the performance indicators (KPIs) is presented in Table 14.

10.4.2 Denominators

10.4.2.1 General

From a sustainable development and business point of view, the reporting of GHG efficiency - the
specific or unit-based emission - is at least as important as the reporting of absolute emissions. This
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raises the question how the denominator of the specific emissions and other ratio indicators should be

defined.

Three denominators are appropriate in the cement industry:

a)
b)

10.4.2.2 (

In the cont
and white
calculated

ClipI'Od,

where

cllpmd’

Cllcons,

Clisold,o
10.4.2.3 (

Cement (ed

applying the plant speeific clinker/cement-factor. Hence, it is a virtual cement production under

inker/cement factor, which should describe the ratio between total-clinker consumption
oduction of cement or concrete additions: cement and concrete additions.

clinker,
cement (equivalent), and

cement constituents-based products.

linker

pxt of this document, clinker refers to grey and white elinker used for the production of g
cement. The production of clinker is the main sou¥se of CO, in cement production an

pccording to Formula (19).
bwn — Clicons,own + Clisold,own

wn 1S the own clinker production(t);

wn 1S the own clinker consumed (t);

is the own clinker sold directly (t).

wn

ement (equivalent)

uivalent) is.acement production value, which is determined from clinker produced onA

and

rey
d is

19)

site
the
ant

assumption that all\clinker produced in a plant is consumed for cement production in the same p
and applyihg thexeal plant specific clinker/cement ratio [see Formula (20]].
Cliprnd own
CeMgq =
cli,cem

where

ceme, is the cement (equivalent) (t);

Cliprod,own 1S the own clinker production (t);

Rgicem  isthe clinker / cement (equivalent) ratio (t/t).
38 © IS0 2023 - All rights rese
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with
cli
— cons
Relicem = li i (21)
Cllcons,own 1 C€Meonstex,cli 7€ lcons,bought

where

Reli cem is the clinker / cement (equivalent) factor (t/t);

clicons is the clinker consumed (t);

Cliconsown 1S the own clinker consumed (t);

CeMonstexcli 1S the CKD and onstituents other than clinker (gypsum, limestone, €t¢:) consumed for

blending (t);
Cliconspoughe 1S the clinker bought and consumed (t).

Thd
exc

See

Thd

10.

Cenpent constituents-hased products consist of all clinker produced by the reporting orgar

cenj
tha
cha

Any
sho
of C

factor in Formula (21) is based on clinker consumption. Hence, in the denominator sol
uded and purchased clinker is included. Concrete additions are exeluded.

10.4.2.5 for guidance on stock changes.

companies shall calculate their specific emissions as shown)in Figure 7.

direct CO, emission from

T cement manufacturing
Specific CO, per x clinker/cement (eq.) factor

tof cement (eq.) own clinker produiction

A

own clinker own clinker
= + .
consumed sold directly

Figure 7 *— Calculation of specific emissions

1.2.4 Cement constituents-based products

1 clinker is

ization for

ent making or direct clinker sale, plus gypsum, limestone, CKD and all cement constitr:kents other

h clinker constimed for blending, plus all concrete additions processed at the cement pla
hging theirproperties [see Formula (22)].

dust volirmes which leave the kiln system and are ultimately incorporated in cement c
1ld be/included in the denominator. Examples include CKD added to the cement mill, and

tha

(pure MIC) processed at the plant. In contrast, landfilled dust should be excluded from the de

KD-as a binder. In this document, such dust volumes should be counted as cement constit

in view of

nstituents
irect sales
ents other
mponents
nominator.

Therefore, this denominator is the sum of on-site produced clinker and processed mineral components.
Note that the denominator excludes the following:

a)
b)

©IS

purchased clinker, used for cement production;

granulated slag and fly ash from coal fired power plants, which are stored or sold

to another

organization without any processing for changing their properties (e.g. grinding or thermal

treatment);

cement volumes which are traded without any processing
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Cemproducts :CIiprod,own T CeMeonstex,cli T Mic (22)
where
CeMproquets 1S the cement constituents-based products (t);
clipogown 1 the own clinker production (t);
CeMonstexci 1S the CKD and constituents other than clinker (gypsum, limestone, etc.) consumed
for blending (t);
MIC is the concrete additions (pure mineral components) processed at plant (t).
The specifjc CO, emissions per ton of cement constituents-based product shall be calculated'ds shgwn
in Figure 8
Spedific
CO;prot direct CO, from cement manufacturing
cement =
constithients CKD & cement cohcrete
based product constituents dditi
own clinker own clinker N ther than . o ll\(/)[?é . clink ugh
consumed sold directly _othertha (pure ) & consumed
clinker (gypsum, processed
. limestone, etc) at plant
= own clinker production consumed
for blending
Figure 8 — Calculation of specific CO, emissions per‘ton of cement constituents-based prodfict
For the spgcific GHG per t of cement constituents-based products, the denominator is based on clinker
productiorn], hence sold clinker is included and purchased clinker is excluded, cement constituents other
than clinkdr and concrete additions are included. See 10.4.2.5 for guidance on clinker stock changesg.
In order td calculate the fair and comparable specific power consumption, companies shall calcullate
their clinké¢r/cement constituents-based product factor as shown in Figure 9.
clinker/
cement clinker consumed
constitpents =
basef(:l i;iduct CKD %,Eemint concrete
constituents .
own clinker+ own clinker N other than N (addltll\(/)lrllg) . clinker bought
consumed sold-directly ; pure & consumed
cil'nker (gypsum, processed
; imestone, etc) at plant
L L. consumed
= UWII CIIIIRNTT lJl UuucCtuivIl for blending

Figure 9 — Clinker/cement constituents-based product (or ratio)

The factor (or ratio) is based on clinker consumption. Hence, in the denominator sold clinker is excluded
and purchased clinker is included. Furthermore, concrete additions are included.

Afterwards, calculate the specific power consumption as given in Formula (23):

W,

spec

40

cons

XR

. cli ,cemproducts
cli prod,own

(23)
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Weons is the kWh consumed;
cliprod,own is the own clinker production (t);
R

cli,cemproducts
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is the specific kWh of cement constituents-based products (t);

is the clinker / cement constituents-based product ratio.

See 10.4.2.5 for guidance on stock changes where kWh consumed includes power consumed in clinker

and cement production.

10.4.2.5 Dealing with stock changes, and sold and purchased clinker

Dir¢ct GHG emissions resulting from clinker production should be reported for<the year
itted. To avoid distortion, specific emissions per tonne of cement constituents-base

is

shopld therefore be based on the full clinker production of the same year,irvespective of w

profduced clinker is consumed, sold or stored.

(018
sho
the

cink

n which it
d products
hether the

r ratio indicators such as specific electricity consumption andlirtker/cement factors, in contrast,
11d be based on actual amounts of clinker (plus gypsum and MIC)consumed, irrespective
clinker was produced this year, taken from stock or purchased. When calculating clinker

clinker consumption or vice-versa, changes in clinker)stocks as well as sales and pt
er need to be taken into account (for accounting of material transfers see also 6.3.4).

of whether
production
irchases of

10.4.2.6 Key performance indicators
Table 14— List of KPIs
KPI Unit Description and comment
Fopsil direct GHG (including CO, from on-site Fossil direct GHG emissions from raw materials, kiln
power generation) t CO,/yr fuels and non-kiln fuels, including CO, fr¢m on-site
power generation
Gross emissions (equals to the fossil\direct Fossil direct GHG emissions from raw materials, kiln
GHG excluding CO, from on-sife power t CO,/year fuels and non-kiln fuels, excluding CO, fr¢m on-site
generation) power generation
—| calcination component of gross emissions t CO,/year Fossil direct GHG emissions from raw njaterials
— fuel component,of\gross emissions £ €O, /year Fossil direct t GHG emissions from kiln fugls and non-
2/y kiln fuels, excluding CO, from on-{ite
Net emissions ({,e~gross emissions minus Fossil direct GHG emissions from raw materials, kiln
emissions fromalternative fossil fuels and fuels and non-kiln fuels, excluding CO, fr¢m on-site
) . . . t CO,/year . . s .
nop-biogeniceontent of mixed fuels; excluding power generation, minus emissions from flternative
CO, fromt on-site power generation) fossil fuels and non-biogenic content of nfixed fuels
CO}, from biomass sources (including biomass
content of mixed fuels) tCO,/year
Specific gross emissions per tonne of clinker Kk . Fossil direct GHG emissions, excluding CO, from on-site
g CO,/tcli . - - .
produced power generation, divided by own clinker production
— calcination component K . Fossil direct GHG emissions from raw materials, divid-
g CO,/tcli . .
ed by own clinker production
— fuel component Fossil direct GHG emissions from kiln fuels and non-
kg CO,/tcli kiln fuels, excluding CO, from on-site power generation,

divided by own clinker production

a

b

C

For clinker/cement (equivalent) ratio determination, see 10.4.2.3.

For clinker/cement constituents-based product ratio determination, see 10.4.2.4.

In the specific power consumption KPI, the power consumption is related to the processing of cement constituents (consumed) and
concrete additions (pure MIC processed and sold separately, but exported clinker is excluded.
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Table 14 (continued)

KPI

Unit

Description and comment

Specific net emissions per tonne of clinker

produced

Fossil direct GHG emissions from raw materials, kiln
fuels and non-kiln fuels, excluding CO, from on-site

kg CO,/tcli power generation, minus emissions from alternative
fossil fuels and non-biogenic content of mixed fuels,
divided by own clinker production
Specific gross emissions per tonne of cement K Fossil direct GHG emissions, excluding CO, from
. g CO,/tcem . - - .
constituents-based product prod on-site power generation, divided by cement constitu-

ents-based products

—fCatcimatiomr compoTnernt

kg €07/ tTem

FossitdiTect6HGemissTons from raw nmatertats; diyi

prod ed by cement constituents-based products
— fuel component K Fossil direct GHG emissions from Kiln fuels,andnop-
g CO,/tcem . . . A
od kiln fuels, excluding CO, from on-site power generatjion,
p divided by cement constituents-based. products
Specific npt emissions per tonne of cement Fossil direct GHG emissions from raw materials, kiln
copstituents-based product fuels and non-kiln fuels, excluding)CO, from on-sife
kg CO,/t cem power generation, minus emissions from alternatiye
prod fossil fuels and non-biogenjccontent of mixed fuels)|di-
vided by own production-of'e€ment constituents-baped
products
Improvement rate: net emissions per tonne of
cement con$tituents-based product relative to % —
base year (e.g. 1990)
Specific indjrect GHG emissions from external
power generation:
— per]tonne of cement (equivalent) kg CO,/t cem eq —
— per tonne of cement constituents-based kg CO,/t cem
product prod
Specific oth¢r indirect GHG emissions from net
. . kg CO,/t cem
clinker imports (+) / exports (-) per tonne of ot —
cement constituents-based product P
Net outbound clinker per net clinker 5 Percentage of direct clinker sales versus clinker con-
consumption 0 sumed to produce cement
Clinkef/cement (equivalent) factor2 o Calculated based on total clinker consumed and tofal
%
Portland + blended cements
Clinker/cement constituents-based praduct Total clinker consumed divided by the cement constit-
factorb % uents consumed (produced cements) and concrete afdi-
tions produced (pure MIC processed)
Specifik heat consumptionfeficlinker MJ/t cli Total heat consumption of kilns divided by the clinker
production production
Heat ¢onsumptionsates of clinker
broduction (kiln fuels):
— cpnventional fossil fuel rate o Heat consumption of conventional fossil fuels divided
% . .
by the total heat consumption of kilns
— hltérnative fossil fuel rate o Heat consumption of alternative fossil fuels divided by
" the total heat consumption of kilns
— biomass fuel rate Heat consumption of biomass fuels, bioliquids and
% biomass content of mixed fuels divided by the total heat
consumption of kilns
CO, emission factor for kiln fuel mix £C0,/GJ Total CO, from fossil-based kiln fuels divided by total
2

heat consumption of kilns

Total fuel energy rates at plant level (kiln and

non-kiln fuels):

a For clinker/cement (equivalent) ratio determination, see 10.4.2.3.

b For clinker/cement constituents-based product ratio determination, see 10.4.2.4.

¢ In the specific power consumption KPI, the power consumption is related to the processing of cement constituents (consumed) and
concrete additions (pure MIC processed and sold separately, but exported clinker is excluded.
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Table 14 (continued)

KPI

Unit

Description and comment

— conventional fossil fuel rate

— alternative fossil fuel rate

— biomass fuel rate

%

%

%

Total conventional fossil fuel energy used i

plant (kiln and non-kiln fuels) divided by total fuel

energy

Total alternative fossil fuel energy used in the whole
plant (kiln and non-Kiln fuels) divided by total fuel

energy

Total biomass fuel energy used in the whole plant (kiln
and non-kiln fuels) divided by total fuel energy

n the whole

Specific total plant power consumption¢ KWh/t cem and Total plant power consumption divided by fement con-
conc add stituents consumed (produced cements)-apd concrete
additions (pure MIC processed and.sold spparately)
Specific power consumption of clinker KWh/t cli Power consumption up to and including cligker produc-
production tion divided by clinketrproductidn
Specific power consumption of cement Power consumption of genient productior) including
production¢ KWh/t cem and power consumption of preduction of clinkgr consumed
conc add divided by cement constituents consumed] (produced
cements) and concrete additions (pure MI( processed
and sold)
N4tional energy conversion factor for power MJ /kWh Optional parameter, for example, from natfonal statis-
production of national statistics thermal tics
Tqtal energy intensity of clinker production M/t cli Optional result

(fuel and power)

con

For clinker/cement (equivalent) ratio determination, see 10.4.2.3.
For clinker/cement constituents-based product ratio determinationy/see 10.4.2.4.

In the specific power consumption KPI, the power consumption'is related to the processing of cement constituents (c
rete additions (pure MIC processed and sold separately, but exported clinker is excluded.

nsumed) and

An
sch

11
11.

11.

So
con

Apq
thid
con,

himber of KPIs is recommended according'to the experiences from the use of previous
bmes: absolute gross emissions excluding emissions from on-site power generation in t C

Uncertainty of GHG inventories
1 General to uncertainty assessment

1.1 Basic considerations

far as standafds for measurement of mass flows and parameters of specific materi
sumption ar,any other emission sources include the analysis of uncertainty, these should

lying the'described mass balance method to determine GHG emissions of the cement
doeurient, the procedures for analysing the uncertainty of measured or calculated value|
Kidered as described in the following sections. They are specified in the general rules of t

reporting
D, /year.

hls, energy
be applied.

ndustry in
5 should be
he GUMI3I,

The overall uncertainty depends on the uncertainty of the different parameters:

a) reporting of fuel quantities or production volumes;
b) analyses of conventional parameters such as calorific values;
c) representativeness of sampling.

Due to their scientific nature, the parameters required for estimating GHG emissions, such as fuel
mass flows, lower heating values and emission factors, are not precise point estimates, but involve an
uncertainty that can be expressed as an uncertainty range or confidence interval.

The aggregate uncertainty of an emissions estimate for a plant or organization depends on the
individual uncertainties of the underlying parameters.
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Quantifying parameter uncertainties is demanding in terms of data and procedures. As a result,
statements about the aggregate uncertainty of emissions estimates are inherently uncertain themselves
and often involve a subjective component.

NOTE Besides the uncertainty of parameters, there are other error sources that can contribute to the
uncertainty of emissions estimates. These include model uncertainty - i.e. the question how precisely a
mathematical model reflects a specific context — and scientific uncertainty, for example related to the global
warming potentialsl®] used to aggregate different greenhouse gases. This document aims to reduce the model
uncertainty inherent in cement organization inventories to minimal levels. Addressing scientific uncertainty, on
the other hand, is clearly beyond the scope of corporate inventories.

Neverthele

— some
estim

HG reporting schemes set quantitative limits for the uncertainty of key parameters used to
te emissions from cement plants;

— whereyer monetary values are assigned to GHG emissions, uncertainty in emissions estimates|can
have financial consequences.

— with this background, itis recognized that uncertainty in GHG inventorigs is a longer-term challgnge
which deserves attention.

Table 15 ifdentifies the sources of uncertainty which are typically the most relevant in a cenfent
organizati¢n, along with measures to minimize them.

Tabl¢ 15 — Typical major sources of uncertainty in‘cement sector CO, inventories and
measures to minimize them

P3rameter Measures to minimize parameter uncertainty

Use alternative estimation methods to cross-check clinker volumes:
— based on raw meéal consumption and raw meal: clinker ratio;

Clinker production (t/a) — based on cement production and clinker: cement ratio, adjusted for clinkg
sales and purchases and clinker stock changes;

—

— baSedon direct clinker weighing (where applicable).

Raw meal donsumption (t/a)? | Account for double-counting of recirculated dust by weighing devices.

o o Calculate plant-specific emission factor based on measured clinker compositjon
((Ilz;llc(lzr(l)at/lon gr{l{lss)lon factor~1(Ca0- and MgO- content), rather than using default factor.

t clinker
e Account for additions of calcined materials to the kiln via slag, fly ash, etc.

Calculate plant-specific emission factor based on measured composition of rqw
Calcination| emission factora |meal (carbonate content).

(kg CO,/t rhw.heal) Account for variations in raw meal carbonate content over time (e.g. additionp of
calcined materials)

Use alternative methods to cross-check fuel consumption:
Fuel consumption (t/a) — based on weighing at delivery, or fuel bills; account for stock changes;

— based on weigh-feeders (where applicable).

Lower heating values of fuels |Ensure that fuel volumes and lower heating values are based on the same
(GJ/1) moisture content.

a Itisonly relevant if the raw meal-based method is used for calculating CO, from raw material calcination.
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Table 15 (continued)

Parameter Measures to minimize parameter uncertainty

Emission factors of fuels
(kg CO,/GJ)

If using fuel mixes (e.g. coal-petcoke mix), disaggregate and apply ind
emission factors, or apply weighted emission factor.

If using specific types of coal, use matching emission factors.

Measure emission factor of fuel if default factors are deemed non-
representative.

dust

Account for biomass carbon in, for example, used tyres and impregnated saw

ividual

Use analysis data for biomass content[14] in heterogeneous mixed-alté
fuels such as pre-treated industrial or domestic wastes, where applic

rnative
hble.

It is only relevant if the raw meal-based method is used for calculating CO, from raw material ealcination.

11.

|.2 Materiality thresholds

Ma

eriality thresholds are typically applied in the process of independent verificati

invé¢ntories. For example, a verifier can apply a pre-defined threshold-of’5 % to determine
single or aggregate error in an inventory leads to a material misstatement. The level of such

de

A

org
tha
con
imp
are
emi
Wit
sou
met
org

Int
the

nds on the purpose for which the inventory data are intended‘to be used.

ateriality threshold should not be interpreted as a permissible quantity of emission
hnization can leave out of its inventory. For example, exclusion of all sources which conf

patible with the guiding principle that an inventary should be complete. On the other
ortant to acknowledge that an organization’s tesources available for preparing a GH(
always limited, and that companies should focus on reducing the uncertainty related to
ssion sources.

n of GHG
whether a
h threshold

. which an
ribute less

n 1 % to the overall emissions of a cement plant would introduce a systematic bias which is not

hand, it is
inventory
their main

h this background, this document does-not define a minimum threshold below which an emission

rce should be considered “immaterial”. Instead, companies are encouraged to apply
hods for quantifying their mindr sources of CO,. This applies, for example, for CO, emis
hnic carbon in raw materials,

his context, it is useful to.reiterate the reasons why this document does not require quant
following sources of direet GHG emissions:

GHG emissions frem’off-site transports of inputs and products are typically small, but al
to quantify consistently because these transports are often carried out by third parties,
in Clause 6;

GHG entissions from combustion of wastewater (see 7.9), in addition to being small, oc

simplified
sions from

ification of

so difficult
see Table 7

cur only in
6;

relatively few plants, and the carbon can be from biomass sources, see Table 7 in Clause

CHy, and N,0 emissions from kilns are not significant - see 7.10.

11.

2 Uncertainty of activity data

11.2.1 Measuring instruments for the determination of fuel and material quantities

The information on the uncertainty of a measuring instrument can be found in different sources:

— certificates on calibration under national metrological control (where the operational error limits

the uncertainty under normal operational conditions),

— the specification from the manufacturer of an instrument and estimate of the additional uncertainty

©IS

under operation conditions concerning relevant influences, or
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— an individual uncertainty assessment under operational conditions (e.g. via regular testing and
adjustment of scales),

deviations of the scale under operation conditions can normally be determined by comparison to an
ensured reference, for example, precisely measured weight loss of a pre-loading silo, determination
of the material flow by comparison to an ensured weighing system, scale testing by use of an
appropriate check weight.

See Clause C.1 for an example of the calculations.

11.2.2 A inties i
If the yearlly amount of a consumed fuel or of the produced clinker is determined by a mass balance

the
the

aggregatec
diverse un
the involvd
piles, silos,

See Clause
11.3 Unc

11.3.1 La
The uncert
the an

the an
and

repres

Also, the q

of analysinlg results.

See Clause
parameter

11.3.2 Un

An uncert

uncertainty for the activity data has to be calculated via error propagation considering
Certainties of each parameter of the mass balance according to the expanded ungertaint]
d weighing/measuring method. Also, the uncertainty of measuring or estimating stock
tanks and other stocks in the mass balance has to be considered.

C.2 for an example of the calculations.
prtainties of fuel and material parameters

boratory analyses for the determination of fuel and material parameters
ainty of analysed parameters of fuels and materials depends mainly on:
hlysing method,

hlysing frequency (a decrease of uncertaintysis possible by raising the analysing frequen
entative sampling.

1alification and experience of the persons, who perform the analyses, influences the qusa

5.

certainties of total heat consumption and CO, emissions of fuels

resulted ij

significantly higher relative uncertainties (10 %) for total heat consumption in

y of
s in

lity

C.3 for an example of the ¢alculation of aggregated uncertainties in the case of combined

hinty evaluatien according to the formulae included in the CSI Protocollll spread sheet

the

complicated settingy This is due to the fact, that the sum of heat is calculated from indiviglual
componen{s. The~energy of mixed alternative fuels is separated between fossil fraction and biogenic
fraction. T us, the uncertalnty of these energy components depends on the relatlvely h1gh uncerta
of the biogente ;
of heat. Consequently, the uncertalnty of the total heat consumptlon of clinker shall not be assessed
from the individual components but from the relevant uncertainties of the amounts of fuels and their
corresponding heating values.

The uncertainty of CO, emissions from fuels in most cases does not depend on the uncertainty of
heat values, although the normal way of calculating the emission includes the heat value as in the CSI
Protocol and described in the EU Monitoring, Reporting Regulation and Formula (24):

COZ,fuels = AD X LHVX EF x (1 - CCblO) (24‘)
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where
CO; yels 1s the CO, emission from fuels;
AD is the activity data;
LHV is the lower heat value;
EF is the emission factor;
CChif is the biogenic carbon content.

Normally, the heat specific CO, emission factor of fuels is determined from a total carbtl)n analysis

and division by the lower heat value. In this case and if consistent analytical results ar
uncrtainty of the product of the lower heat value multiplied by the CO, emissiion factor dep
on the uncertainty of the sampling and TC analysis.

For|the conversion of TC analytical results to CO, emission factors, a unique“and precise

fac

11.
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field tests for the total CO, including CO, from biogenic and fossil carbon.

Sta
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The
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NO'
Co,
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or o
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Add
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11.

or shall be used for the CO,/C molar ratio, for example, 3,664.

1 Uncertainties of continuous stack emission measuremeits

br to 1ISO 20988I2]. The overall uncertainty depends on theaiicertainty of the different p
example, measurement of volume flow and concentration measurement. For stac}
lsurements (emission data-based method, St), uncertainties of 7 % to 10 % were achig

k CO, emission measurements were subject toxthe highest relative uncertainty in the \
S.

key influence on the uncertainty of the stack emission method is the accuracy of calibr

uncertainty of the applied SRM.

E The uncertainty results to about 5 % under favourable experiment conditions and whe
emissions were regarded, i.e. €0, emissions of total carbon without differentiation of fossil 3
on content. Uncertainty of @about 4 % to 6 % of the stack emission measurements in the verif
mainly dependent on thé uficertainty of the SRM according to ISO 16911-1, which is used for
assuring the accuracyof,the continuous volume flow measurements in the stack. The indicated
I's to calibration by 12-fold SRM measurements. SRM uncertainty ranged up to 8 % in case of ve
velocities. A lack afaccuracy of the volume flow measurements (activity data) can induce a syster
verestimation @f the direct CO, emissions of the same magnitude. Systematic differences of +4
e identified_in¢the verification tests and can potentially be caused by a swirl in the stack gas
esponding-systematic effect on the SRM gas velocity measurements.

itionalomethods are required for determining the fraction of biogenic CO, emissions in

e used, the
ends solely

conversion

arameters,
K emission
bved in the

rerification

htion of the

finuous measuring instruments for thé.stack gas velocity and volume flow. It strongly depends on

h the direct
nd biogenic
cation tests
calibrating
uncertainty
'y low stack
hatic under-
% to +6 %
flow and a

case of use

rternative fuels or materials with biogenic carbon content.

5 Evaluation of the overall uncertainty of a GHG inventory

In order to determine the overall uncertainty of a GHG inventory, the assessed uncertainties beforehand
regarding activity data and parameters have to be aggregated by the error propagation laws.

11.

6 Application of default values instead of analysing results

There are different situations for different fuels:

©IS

commercial standard fuels, for example, diesel,

commercial fuels, for example, natural gas, and
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other fuels, for example, used tyres or mixed industrial waste.

The cost and effort associated with sampling used tyres and processing them to a quality appropriate
for analysis is very high. A representative sampling is nearly impossible and clearly not feasible in the
same manner as required for monitoring of other fuels and materials. Sample processing and analytical
methods applied are very expensive and subject to a high degree of uncertainty on an individual result,
which can only be overcome by a high number of repetitions. At the same time, the composition of tyres
is defined by their material and quality requirements. Thus, it is highly recommended and perhaps the
only practicable solution to apply methods based on standardized average parameters. A focus should
be on the correct accounting of the mass of consumed tyres. The content of water and mud in the tyres

potentiall
no correct

The result
CO, emissi
materials g

The simple
complicate
for plausib

Furthermdre, the laboratory experience with the raw meal and clinker matrix is an esser

requireme
to the corg
should be ¢
tests.

The labora
matrix, in
reporting.’

The field fests also showed that the simple mass’balance methods (A1 and B1) and therefore

application

raw m

a signi

48

yi

ions have to be applied.

5 of field tests prove that methods A2 and B2 are well applicable for correctly détermining

pns in cement plants in complicated plant settings with significant share of altesnative
nd fuels[29],

input and output methods Al and B1 are in general not appropriate fof-GHG reporting
d plant setting. However, these simple methods can serve as valuable source of informa
lity checks on the results of the more detailed mass balance metheds-A2 and B2.

ht for assuring the accuracy of results. As such, materials and«corresponding analyses bel
competencies of most cement plant laboratories in Eusope, less problems with accui
xpected from plant laboratory analytical results, as forrexample verified during all four f

Lory procedures should include inter-laboratory.¢omparisons for the corresponding mate
order to ensure accuracy and prevent systematic errors in results used for CO, emis

of default values for process emissionrs should not be used when
hterials / raw meal contains a significant content of organic carbon, or

ficant share of alternative-raw materials is used.
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Findings from the field tests (analytical interferences)

In dne of the four verification tests, external laboratory data showed a systematic error.cerfesponding
9 % of CO, emissions from raw material calcination. This difference was larger.than the specified
ertainty. A re-analysis of kiln feed and clinker samples and correction of results Wwas able o decrease
significant systematic error in the most important analytical parameter te=2,5 %. Th
ematic difference seems due to the selection of different analytical methedsfor measuring calcium

to
unc
this
sys

oxi
to

Thd
for

e (Ca0) and magnesium oxide (MgO): XRF-analysis versus titration. Both methods w
rge difference in specified measurement uncertainty (about 1 % yersus > 5 %, re:
Furfthermore, close agreement of results from two different laboratori€s gave confidence in
of the XRF-analysis, which is commonly applied in most cement plant laboratories for regu
quallity control - see Table A.1.

results of the second plant test indicate that analytical/results achieved by the titrati
the clinker matrix were not sufficiently precise ,and robust for emission reporting. It seems

remaining

bre subject
pectively).
the results
ar product

n method

utmjost important, that sufficient experience with the specific sample matrix, adequate procedures
for sample processing and robust analytical methods-are applied. Such procedures and meethods are
oftdn established in cement plant laboratories with Key expertise on raw materials, clinker 4nd cement
profucts. External laboratory analysis should b€ based on similar competence for the m¢thods and
sanjple matrix. For accredited laboratories, notonly the analytical parameter but also the corfesponding
material or sample matrix should be encompassed in the scope of accreditation.
Taple A.1 — Systematic errors correécted by application of appropriate analytical methods and
accuracy
Effect of corrected
Clinker systematic error on Parameter Relevant njethod
direct CO, emissions
XRF analysis for CaO, MgO 2% Clinker CO, EF Output B2
Raw meal / kilmfeed
XRF analysis for€a0, MgO -
y g 1% Ngn carbonate CaO, MgO, Output[B2
Carbonat€ G0, analysis clinker CO, EF correction
T€analysis 8 % Raw meal CO, EF Input A2
TOC analysis 2,4 % Organic CO, emissions Output B2
Ionut Al alcq fo ibili
. > plausibility
LOI analysis 2% Raw meal CO, EF checks of A2, B2

Analyses of the biogenic carbon content in animal meal and sewage sludge with the selective dissolution
method (see EN 15440[14]) often lead to erroneous results. This was experienced in the verification tests
(field tests) when analytical results of about 85 % biogenic carbon content were found. The assurance
of the source of the animal meal clearly confirmed a purely biogenic origin and biogenic carbon content
of 100 %. Such confirmation from the material source and well-known composition is also suggested as
the method in the EU monitoring and reporting regulation, Article 39 (2)[2.
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A.2 Bypass dust calcination rate and determination of its CO, emission factor

The calcination rate of bypass dust cannot normally be calculated based on direct measures of the LOI.
Bypass dust contains higher amounts of salts such as chlorides, which are also lost during heating. KCI
and NaCl often contribute about 10 % to the total weight loss. Thus, the LOI is no precise measure for
estimating the calcination rate d of bypass dust.

In addition, also inferring the calcination rate, d, of bypass dust from the comparison of the carbonate
CO, content of bypass dust with the originally uncalcined raw meal is complicated. Again, this is due
to the accumulation of salts and sulphates in the bypass dust, which change the mass reference. A

difference

f close to 20 % was identified in one of the field tests. In some plants, this accumulation

can

amount to
determinip
content in

The maximpum carbonate CO, content of raw meal consumed can be obtained from assessing the

and MgO ¢
MgCO; car
evaluation
remaining

For higher

for the amgunts of CaO and MgO that do not originate from carbonates.

For the asg
from degr
suggested
carbonate
compound

The first nj
main filter

B0 % of the mass of bypass dust. A correction of the mass reference is required for corre
g the CO, emissions of bypass dust based on a measure of its remaining carbonate
comparison to the original carbonate CO, content of the raw meal consumed.

pntent of bypass dust. It is then assumed, that all CaO and MgO originategd from CaCO;
bonates in the raw meal in order to estimate the maximum carbonate’CO, content. ]
automatically yields the correct mass reference for direct comparison to the measy
carbonate CO, content of bypass dust.

accuracy and if relevant, this maximum carbonate CO, contenttran be corrected by a fa

essment two different methods for determining the CO,‘emission factor of filter dust (4
pe of calcination d) and bypass dust (EFgpp fromdremaining carbonate CO, content)

CO, content) is recommended for application inease of significant accumulation of cer
5 such as salts in bypass dust.

ethod represents a conservative approach; which can normally be applied to dusts from
For BPD, it will often result in increased CO, emission factors. The size of overestima

ctly
CO,

Ca0
and
Chis
red

Ctor

FFD
are

in 7.2. Considering the theory of both methods, the second method (EFgp,, from remaining

fain

the
[ing

the emissipn factor of bypass dust (EFgpp) will depend on the accumulation of certain compongnts

compared to clinker.

A.3 Cortrect reference of parameters regarding moisture

For corredt reporting it should )be ensured that activity data and corresponding parameters |are

reported with the same mass reference.

This is esgecially relevant/for fuels and their moisture content (see also CSI Guidance Document, p.

1701, Correct reporting.can be achieved by, for example,

— activity datasas-tonnes dry material, after correcting process scale data for the moisture content
and usfingthe corresponding LHV per dry material, or alternatively

- ACtiVit_y data ao tUllllCD VVCt lllatcl ;Cl]l, f\Jl CAallllJ]lC; do 1I1ICdoul Cd b_y d lJl ULLTOO DLC[}C aud LI{‘V’ }JCI Net

materi

al with the same moisture content.

In both cases, the moisture content should be sampled and measured correctly. Careful sample handling
is required, in order to preserve the original moisture. The determination of the moisture content may
only be omitted, when the material consumption is measured as completely dry material, for example,
in case of fly ash or ground and already dried lignite.

An input mass balance for raw materials, raw meal and kiln feed can be calculated much easier and
correctly, if mass flow contributions are first all converted to dry mass by subtracting their individual
moisture content. In such a dry mass balance, corresponding material parameters such as, for example,
LOI of the different materials, should also refer to dry mass.
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Some cement plants are used to apply specific process related correction factors to measurement
results. For example, energy correction of lower heating values regarding the energy demand for
evaporation of water content of fuels. Such corrections can be practical for controlling the process heat
input when exchanging fuels. However, they can cause significant errors in the application of material
parameters, if the adjusted reference is not stated clearly and correctly. The application of such types of
parameter corrections is therefore not recommended for CO, emission reporting.

A.4 Summary of stack emission mass flow results (including non-CO, GHG)

The CO, content of the stack gas was analysed according to ISO 12039. The uncertainty assessment was
exefuted according to the procedure described in EN 15058[12] (for CO) and resulted in grfcertainties
in the range of 2,4 % to 3,3 %. Small concentrations of carbon monoxide (CO) were canyvefted by the
stoichiometric factor and considered in the direct stack CO, emissions. The contributionrof JO amounts
to I¢ss than 0,15 % of the direct emissions.

In stack at
ations and
han 99,5 %

In 4ll field tests methane (CH,) and nitrous oxide (N,0) emissions were detected in the k
the([limit of determination (LOD) resulting in an estimated uncertainty ,of’their concentr
emissions of 50 % or higher. Considering their specific GHG warming potential (GWP) more t
of the total CO, equivalent emissions consisted of CO, and CO.

field tests
ction. This
he cement

At
sho

I'eSJi

ma
A.5

ptal of six spot measurements for fluorinated greenhouse gases performed during twg
wed that the concentrations of SF;, HFCs and PFCs were always below the limit of detg
It meets the expectation, because there are no known“sources for these gases in t
ufacturing process.

Relevance of non-CO, GHG

Apgrt from CO,, other GHG emissions can be fowhd in cement industries emissions. Most important are

CH,
a)

b)

(methane) and CO (carbon monoxide), but-also some other components have been menti

CO emissions: Carbon monoxide (CO}-emissions are completely covered by the mass ba
and output methods A1, A2, Bl-and B2, which report emissions based on analysing g
the TC content of materials. This is confirmed by the plant tests of the verification ex]
contribution of CO amounts te less than 0,15 % of the direct GHG emission, which is incl
mass balances.

CH, emissions: Methane (CH,) emissions in the cement industry can originate from ft
content of raw madterials. Thus, their magnitude is likely site and raw material specific
values and results of the plant tests of the verification exercise indicate a maximum cont
the total greehhouse warming potential of less than 0,01 %.

pned.

ance input
r inferring
ercise. The
1ded in the

he organic
Literature
ribution to

N,O emiSsions: Literature values of nitrous oxide (N,0) emissions indicate values for the

contribution to the total emissions expressed as green-house warming potential from
0,5¢9%. The value obtained from the measurements in the plant test, is 0,4 %.

0,02 % to

d)

1 LL . - . - 1 1 L 1 LI oLl . . 1
OLIICI GHG CIHIISSIOILS. DUUl'llly UICE PIAIIU LESLS U6 LIIC VETITICAULIOIT €XCTCIST SOITE OLIICT 11

n-CO, GHG

have measured: sulfur hexafluoride (SF¢), and fluorinated hydrocarbons (PFCs, HFCs). A total
of six spot measurements for fluorinated GHG performed during the plant tests showed that the

concentrations of SF¢, HFCs and PFCs were always below the limit of detection.

From the field tests and literature, it is concluded[2% that non-CO, GHG emissions should be assumed to
make rather insignificant contribution to the total GHG emissions of cement plants. From the current
data and literature, the contribution of non-CO, GHG emissions to the greenhouse warming potential is
assessed to range below 0,5 %. Often the contribution should be expected at less than 0,05 %.
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Annex B
(informative)

Emission factors

B.1 Defaultemissionfacters— — @@

Calculatior
and use on
a) standa
of the

b) literat
compe

values

<)

e of the following values:

rd factors used by the member state for its national inventory submission to the secreta
Jnited Nations Framework Convention on Climate Change;

ire values agreed with the competent authority, including standard factors published by
tent authority, which are representative of more disaggregated sources of fuel streams;

specified and guaranteed by the supplier of a material where the operator can demonst

that thle carbon content exhibits a 95 % confidence interval of not.more than 1 %.

Values bas
are repres¢
B.2 Der

Filter dust
balance be

FD=RJ

where

FD
RM
€Oz,
d

bd on analyses carried out in the past, where the operatorican demonstrate that those va
entative for future batches of the same material.

jvation of the calculation formula for.the emission factor of filter dust

fween FD, raw meal and released CO, indicated in Formula (B.1):
M —CO, gy ¥d (
is the quantity of filter dust produced (t);

is the amount of dry raw meal consumed and converted to FD (t);
is the total€arbonate CO, contained in the raw meal (t);

is the EB.calcination rate (released CO, expressed as a fraction of the total carbonate CC
the raw meal).

factors as default values should be in accordance with the requirement of this degunfent

riat

the

rate

ues

is usually not fully calcined. The CO, emission factor for FD can be derived from the njass

B.1)

The CO, emission factor for FD is:

EFpp =

FD  RM—CO, gy xd

where EFpy, is the emission factor for FD (t CO,/t FD).

(B.2)

Since CO, p,,1s proportional to the amount of raw meal, Formula (B.2) can be re-written as Formula (B.3):

Frp

1- fC€Oy gy xd

where fCO, g, is the weight fraction of carbonate CO, in the raw meal (t CO, /t RM).
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