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1 Introduction

1.1 Background and Objectives

Under the umbrella of the Working Group Gement of the World Business Council for Sus.
tainiable Development (WGC:;W;B.CSD).'@@ cement companies have developed and agreed
upon a methodology for monitoring and reporting CO;, emissions from cement manufactur-
ing: the Cement'CO, Protsedl. Tha protocol alms at harmonizing the methodologies for cal-
culating the CO, emissions from cemerft proftuction, with a view to reporting of CO, emis-
sions for various purposes. S

ol [

The protocotl is intended -as a tool for-cement companies worldwide. It allows the monitoring
and reporting of all' direst and indirect €0; emissions from the cement manufaciuring proc-
ess in an absolute (tonnés of co; per'year) and a specific, unit-based (kg CO; per tonne of
product) way. lbomsists 6f we blocks: - '~ 7.0 -
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* A.company’ block, which collects all the essential production data as well as all the nec-
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assary calcq_ig!ilglri‘s, and key performance indicators. This information can be subject to

. audiling butis fiot for public disclosire.

* A.public" block which reports the production and emission data for public communication
to all concerned or interested stakeholders.

The protocol Is a-spreadshest fn MS- Excel: An overview of the spreadshest structure is pro-
vided in Appendix 1, ... - - . o 0 -

The purpose of this Guide is 1o explain the protocol’s structure and raticnale, and provide
calculation and rebortinﬁ ‘Ins't'ru'“ctiqns. ‘Iri_m:ler to make this Guide comprehensible to staka-
holders from outside the. cement sector, some background information on the cement pro-
duction process is induded in Appendix 3. Pleasé note that the protocol uses metric tonnes,
where 1 tonne = 1000 kg. For other abbreviations of units and numeric prefixes, see Appen-
dix 5. R :

1.2 Outline of Related Inltiatives

This section gives a brief outline of selected initiatives for greenhouse gas (GHG)} emission
reporting, both on the national and the corporate levels. The list is not comprehensive, but it
includes those initiatives which are considered of prime importance In the future coordination
process. Key implications for the Cement CO; Protocol are summatized,

-

1.21 IPCC Guidelines for National GHG Inventorigs under the UNFCCC

The Parlies to the UNFCCC are required to establish and regularly update national GHG
inventories which will, among other purposes, be used to assess Annex 1 Parties’ compli-
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ance with thefr emission limitation or reduction commitments under the Kyoto Protocol, The
Intergovernimental Pane! on Climate Change (IP_CC) has issued guidelines for the national
inveritories.” These glidelines are intended to report emissions fram countries and are to
large extent based on nationsl energy statistics and aggregated production data, using spe-
cific emission factors per unit fiiel- or energy consumption ar per unit production of goods,

National inveniories and the IPCC guidelines are not explicitly designed to monitor and re-
port the emissions of legal entities. Rather, 1PCC encourages legal entities to develop ap-
propriate methodologies for companies ang corporations. The development of the WGC
methodotogy should also be seen in this light.

Compatibility with the IPCE guidslines is a prime ohjective of this protocol. This should re-
sult, for instance, in the possibility fo usa inveniory data from the cement sector as a
straightforward __and.transpareqt‘r;!a'(_q__.spyroe for. national inventories. Generally speaking,
changes in emissions in ft-hfi -Gameat. industry inventory should result in corresponding
changes in the national inventory. IPGC recommendations relevant for the cement industry
are iefeted to'thioughout thisHociment. '

1.2.2 'WRI/WBCSD Initiative for Corporate Greenhouse Gas Reporting

The Greenhouse Gas Protogol ihi"tiaiive_i was developed by the World Resources Institute
(WRI) and World Business Council for Sustainable Development {(WBCSD) to build and
oromote the use of voluntary international accourting and reporting standards for busi-
nesses, through an open, transparent, and inclusive process. The initiative comprises three
separate but linked modules: core inventory, reparting project-based reductions, and ac-
counting for GHGs in the value chain.

The second and third modules ars currently work in progress. The first version of the Core

Inventory Module was published in October 2001, Its standards, guidance and tools will help

companies and other organisations to: '

* develop a credible GHG inventory underpinned by GHG accounting and reporting princi-
ples; '

* account and report infohnation from global operations in a way that presents a clear pic-
ture of GHG impacts and facilitates understanding as well as comparison with simitar re-
ports;

' Revised 1996_Guideiings far National Greenhouse Gas Inventories {sea IPCC 1396), and Good Practice Guidance ang
Uncertainty Management in National Greenhousa Gas Inventoras (see IPCC 2000, hitpeiwwiw.ipoc-nggip.igas.or jp).
Anumber of Evropean countries have a0 far based their national Inventorias on tha somewhal older CORINAIR guidelines
far Inventories undear the Convention on Larg Ranga Transboundary Air Pollution. Yhile considerable progress has been
mada in harmanlzing the IPCC and CORINAIR approaches, thers neverthelass remain some differancas.

?  See hitp:iwww.ghgprotocol.org



+ provide internal management with.valuable information on which to build an effective
strategy to manage and reduce GHG. emissions;

* provide GHG information that compléments other climate initiatives and reporting stan-
dards, including financial standards. - ’

WRI and: WBCSD have addpted this Cefent CO,; Protocol as a standard for the cement
industry under their GHG Prolocol Inftiative. Conversely, the Cement Protocol has been
aligned with the relevant.recommendations of the WRI/ WBCSD GHG Protocol, for instance
with regard to organizational boundaries (see Chapter 7).

With regard to operational boundaries, the WR! / WBCSD GHG Frotocal introduces the con-
capt of emission scopes:

. S_r.ope“"t a:doounts for direct GHG emissions from sources that are owned or controlled
By th reporiiy cdmpany” Co
o AT e T Tty 1 Py me
« Scope 2 accounts for indirect emissions assaciated with the generation of imported /
purchased electricity, heat, or steam.

‘s .Scope 3 allows for the treatmerit of other indirect emissions that are a consequence of

the activities of the reporting company, but occur from sources owned or controlied by
another entity (e.g., employee business travel and commuting, and outsorced activities).

The refation between the WRI'/ WBCSD scopes and the recommendations of the Cement
Protoco! are summarized in Section 8.3 below.

1.2.3 Australian Greenhouse Enérgy Manﬁ'gement System

In January 1997, the Ausiralian Cerneni_lndustry Federation entered into a cooperative
agreement under the Coi'annw_ealth's Greenhouse Gas Challenge program. The agree-
ment commits Australian cén:nenl producers to pursue cost-effective {,no regrets*) measures
for abating GHG emissions. ‘Following this agreement, guidelines for a Greenhouse Energy
Management System were developed (GEMS).? The guidelines cover all steps required to
comply with the cooperative agreement, ranglng from the selection of the relevant sites over
inventories to the development and implementation of action plans.

1.2.4 Climate Wise Initiative {US / Canada)

The Climate Wise Initiative was launched by the U.S. Administration in 1994 in response to
President Clinton's .Ciimate Action Plan®. Climate Wise is a voluntary parMerfshIp pregram

1 seeCIF 1863



-

designed to assist businesses in tuming enargy efficiency and environmental parformance
into a corperate asset. |n particular, Climate Wise encourages LS. industry to take advan-
tage of the environmental and economic benefits associated with energy efficiency im-
provements and GHG emissions reductions. An important component is the voluntary report-
ing of GHG emissions using a standardized fonn.*

The American Portiand Cement Assaciation {APCA) participates in the Climate Wisa initia-
tive. An Excel spreadsheet was developed: fo help companies develop action plans and re-
_ port on their efforts,

*  Form EMA-1605; EIA = .S, Department of Enargy’s Enengy Infoemaltion Administration
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Criteria for the GO, Protocol

The protocol was designed to meet a number of criteria:

1.

2
3.
4

3

I

ke consistent, transparent, and credibls;

. cover all relevant emission sources; .-

be applicable at different levels (plant, company, group, industry);

. avoid double-counting (or fallure to count) at plant, company, group, national, and inter-

national levels;

allow to distinguish between different drivers of emissions (technological improvement,
internal and external growth);

be compalible with IPCC guidelines;
allow to report emissions in absolute as well as specific {unit-based) terms;
allow to report the full range of CQ; abatements achieved;

include performance indicators which do not distort the markets for cement and cementl-
tious products, nor endanger fair frading;

. provide a flexible tool suiting the needs of different monitoring and reporting purposes,

such as: internal management of environmental performance, public corporate environ-
mental reporting, reporting under CO, taxation schemes, reporting under CO» compli-
ance schemes (voluntary or negotiated agreements, emissions trading), industry bench-
marking, and product life-cycle analysis.

KPMG has undertaken an Independent review of the Cement Protoco! and found that it
meets the above eriteria (see validation report, KPMG 2001},

.
a
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3 Dirzct CO, Emissions from Cement Manufacturing

21 Dverview

Direct GHG en‘uss:ons are emlssmns from sources that are owned or controfled by the re-
porting entity. In cament plants d:rec’t CO, emtssrons result from the following sources:

» calcination of imestone in the raw materials

» conventional fossil kil fusls

+ alternative foss:l-based kun fuels {= fossil AFR, fossil wastes)
+ biomass kiln fuels {blomass wastes}

»  non-kiln fusls '

Emissicn factors, formulas and reporiing appreaches for these sources are described below,
Table 1 sumrnarizés the parameters involved, anid”ihe proposed data sources. Generally,
companies are enoouraged to measure the required parameters at plant level. Where plant-
or company—specnf‘ ¢ data is not avan!able the recommended, international default factors
should be used. Other default factors {e.g., natlonaI) may be preferred to the irternational
defadlls if deemad reliable and more appropriate.

Emission componants- . '|Parameters Units Proposed data source

CO; frorn raw matesizis.calcination

+ from clinker praduced clinker produced 't cli measured at plant levet
Ca0 + MgO in clinker % measured at plant leval
Cal + MgO'inraw mix [ % measured at plant level

+ from dust landfilled dust landfilled t dust measurad at plant level
emission factor clinker |t COx/ tcli as calculated above

dust calcination degree | % calcined measured at plant level

CO; from fuel combustien

« conventional kiln fuels fuel consumption 1 fuet measured at plant level
: net calorfic value GJ 1 fuel measurad at plant lavel
emission factor tCO2 /G fuel | measured or IPCC dafaults
= fossl waste fuals (AFR) fuel consumption t fusl measurad at plant level
([gross emissions) net calorific value GJ 1t fuel meastred al plant level
emission factor t CO= /GJ fuel | measured or eslimated defaulis
|+ biomass waste fuels (AFR) | fuel consurmption t fual measured at plant level
net calorific value GJd tfuel measurad at plant leval
emission factor tCOq /GJ fuel | measured or estimated defaults
+ non-kiln fuels fusl cansumption t fuel measured at plant level
net calorific value Gd /t fuel measured or [FCC defaults
emissian factor tCO2 /GJ fuel | measured or IPCC defaults

Table 1: * Parameters and proposed data sources for calculation of direct GO, smissions.

See the Cement Protocol spreadsheet for default CO, emission factors of fuels
t=mefricfonne  AFR = Aflemalive fuels and raw malarials  off = clinker




3.2 C0, from Raw Material Calcinatlon

Calcination is the release of CO, from carbonates during pyroprocessing of the raw mix.
Calcination CO, is directly linked with clinker production. In addition, calcination of cement
_kiln dust (CKD) is a relevant source of CO; in countries where such dust is discarded. In
terms of the WRI / WBCSD GHG Protocol these emissions will be reported as process
emisslons within Scope 1. '

On plant level, calcnation CO; can be calculated in two ways: based on the quantity and

composition of the raw mix consumed, or based on the clinker produced plus discarded dust.

The former approach is used by the US Climate Wise program, the latter by IPCC. The two

approaches are, in thedry, equivalent. WGC decided to focus on the IPCC approach for in-

temational consistency. Companies may nevertheless choose to apply the ClimateWise ap-

proach if adequate data are available. In doing so, error sources in the measurement of raw
- meal pomsurppt[or_: such as, &.g., internal recycling of dust should be accounted for.

C A

Thus, we encourage cement companles to mfcdlate calcination CO, based on their plant-
‘Spemﬁc data as follows

+« Clinker; Calcmatron CO; sh0uld be cﬂlculated based on the amounts of clinker produced
and the Ca0 and MgO contents of clinker. The emission factor should be corrected for
already calcined Ca and Mg entering the kiln, for instance through fly ash or AFR with a
relevant CaQ content, such as sewage sludge. All of these parameters are roulinely
measurad on plant jevel,

In contrast o the above, IPCC neglects MgO content of clinker. In this sense, the ap-
proach proposed here is more comprehensive. For details on the IPCC approach, see
Appendix-4.

The calculation of the clinker emission factor should be clearly documented. To this end,
an auxfliary sheet has been included in the protocol. In the absence of better data, a de-
fault of 525 kg CO4ft clinker should be used; this is the IPCC default (510 kg COyt) cor-
rected for MgO. !

» Dust: CO. from discarded bypass dust or cement kiin dust {CKD) should be calculated
based on discarded amounts of dust and the emission factor for clinker, corrected for
partial calcination of CKD. Discarded bypass dust, as opposed to CKD, can be consid-
ered fully calcined. The IPCC default for CO; from discarded dust (2% of clinker CO;,
see Appendix 4) may be used if plant- or company-specific data on the quantity and
quality of discarded dust is not available. It should, however, be noted that this default is
clearly too low in cases where relevant quantities of dust are discarded.

The relali&n between the degree of CKD calcination and the CO; emissions per tonne of
CKD is non-linear. It can be approximated with the following formula, which has been im-
plemented in the protocol. For details, ses Appendix 4.
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EFCﬁ *
I+ EF,, )
__EFy
- A+ EF,

EFp =

*

where EFgxpg = emission fagtor of partially caicined cement kiln dust {t COy/t CKD)
EFge .= plant specific emission faclcr of clinker {t COt clinker)
d = degree of CKE-caleination (released CO; as % of total carbonate €O, in
the raw mix)

3.3 CO:from Conventional Fossil Fuels.

CO; from conventional fossil kiln fuels {coal, Ppefcoke, fuel oit and natural gas) is calculated
based on fuel consumption, net calorific values, and €O, emission factors. Fuel consumption
and i 3t caioriiic viluesof fuels afé‘mtﬁneﬁ ‘measured at plant level. For CO, emission fac-

' 'ms ([ o defarms aha g'Ven iff the Cemem Proloool spreadshest.

Generalfy, IPCC recommends to account for lncomplele combustion of fossi fuels.® In ge-
ment kilns, however tl'us effect is neglrgible due to very high combustion temperatures and
long residence time in kilns and minimal residual carbon found in clinker. Censequently, car-
bon in all kiin fuels is assumed to be fully oxidized in the protocol.

With reference to the WRI / WBCSD GHG Frotocoi, these emlssions are reporied as sta-
tionary combustion emissions within Scopet,

34  CO; from Alternative Fuels (Fossil and Blomass Wastes)

Cement induslry increasingly uses a variety of waste-derived alternative fusls and raw mate-
rials (AFR} which, without this use, would have to be disposed of in some other way, usually
by landfilling or incineratior. AFR include fossil-based fractions (such as e.g. waste tires,
waste oil, plastics and others) and biomass fractions (such as e.g. waste wood, sewage
sludge and others), AFR serve as a substitute for conventional fossil fuels.

IPCC guidelines for national GHG inventories require the following:®

+* CO, from biomass fuels Is considered climate-neutral, because emissions can be com-
pensated by re-growth of biomass in the short term. €O, from biomass fuels is reported
as a ,mema item”, but excluded from the national emission totals. The fact that bi_omass

?  Defawlt carbon oxidation factors: B8% for coal, 99% for oil, and 99.5% for natl.mlgas see a.g. IPCC 1958, Vol. 11, p.1.28
®  SeelPCC 1996, Vol. Il and Il



is only really dlimate-neutral if sustainably harvested, Is taken Into account in the ,Land
use change and forestry” sections of the national inventories, where CO; emissions due
to forest depletion are reported.

* CO; from fossl! fuel-derived wastes {fossil AFR], in contrast, is not a priori climate-
neutral. According to IPCC guidelines, GHG emissions from industrial waste-to-energy
. conversion are reported: in the SLnergy” source category of national inventories, while
GHG emissions from conventional waste disposal (landfilling, incineration) are reported

in the ,waste management* category.

To ensure consistency with IPCC guidelines and completeness of the inventory, there Is thus
a need to report direct CO, emissions and indirect GHG savings resulting from AFR combus-
tion in cement plants.. R u :

With this background, the protocol handies AFR as follows:

. _\’Di‘riect L0 from-combustion-of bigmass AFR i» reported as a memo ftem (or supporting
information, in WRI A WBC3D terminolegy), but-exclyded from emission totals. The IPCC

* default emission factor of 110 kg CO GJ is used.

*  Direat CO; from combustion'of fossi) AFR is calculated and included in the fotal of direct
CO; eniissions ifgross""éml'sf?s'lntig total). CO, emission factors are a function of the na-
ture of the AFR arid should therefare be specified at plant level where possible. The pro-

" tocol provides a set of ,best estimate” default factors which could be improved In the fu-
ture {see Protocal spreadsheet), With reference to the WRI f WBCSD GHG Protocol, the
gross emissions from waste are reported 2% stationary combustion emissions within
Scope 1.

* Indirect GHG savings through ulilization of AFR, and resulting net emisslons from AFR,
are accounted for in a separate step. This is further described in Section 5.1.

Some AFR, for instance impregnated saw dust, contain both fossil and biomass carbon. Ide-

-ally, a weighted -emission factor should be calculated here, based on the share of the fossil
impregnating substance in the fuel's overall carbon content, However, since this share varies
considerably, companies are advised to use a consérvative approach where carbon from
impregnated saw dust Is assumed to be of 100% fossil origin.

3.5 CO,; from Non-Kiin Fuels
3.5.7 Overview

Non-Kiln fuels include, for instance, fuels far thermal process equipment (e.g. dryers), auto-
production of power, plant and quarry vehicles, and room heating. Direct CO; from nen-kiln
fuels is accounted for In the protocol as follows:
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s €O, from non-kiln fuels is reported separately, by application type, to provide flexibility in
thz aggregation of emissions. The protocol distinguishes the following applications:
— equipment and on-site vehicles
— room heating / coaling
— raw materizal drying
- on-site power generation

- CO, fron_': off-site tkéﬁé_géf;s by company-cwned fleets is currently excluded from the pro-
tocol (see details below).

= Carbon in non-kitn fuels =is aé;ﬁmed to be fully oxidized, i.e. carbon storage in soot or

asltis not accounted for. The resulting overestimation of emissions will usually be small

© {approx. 1%}. This approach is in line with the WRI / WBCSD Stationary Fuel Combus-
tion Tool. ’

3.5.2 CO,from Transpoits~ ™
R R R T VLRI T2 SN
Like any. other mmanufactwingprdcess, cement production requires transports for the provi-
sier. of raw materidls and fuels-as-well as for the distribution of products {clinker, cement,
concrete). In some cases, clinker is transferred to another site for grinding. Transport modes
indude conveyer belts, rail, water, and road. Most transports are camied out by independent
third parties, which makes assodiated emissions indirect, like the emissions due to electricity
consurmplion. _

The protocol covers energy consumption for intemal {on-site} transports, such as quamy
vehicles and conveyor belts. It also includes the associated GO, emissions, which can be
direct (fuel combustion) or indirect (power consumption of conveyor belts), while allowing
them to be separated from kiln-fuel emission totals,

In contrast, CO; emissions from off-site transports, e.g. of fuels and finished products, are at
present excluded from the protocol, irrespective of whether the transports are carried cut by
"third parties or by company-bwned fleets. The reason is that these emissions are small
" campared to emissions from the kiln, and difficult to quantify in a consistent manner. If nec-
essary, emissions of company flzels can nevertheless be included in the non-kiln fuel sec-
tion of the inventor:.r. Companies can use the WRI f WBCSD Mobile Combustion Tao! to cal-
culate their direct and indirect emissions from mobile sources.”

' See hetpztwew.ghgpratosol.ong
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4 - .Other Greenhouse Gas Emissions

4.1  Indirect CO, Emissions

Indirect GHG emissions are: ermssmns that are a consequenoe of the activities of the report-
ing entity, but occur from sources owned or controlled by another entity. Cement production
is associated with indirect emlssrons from various sources, for instance:

» exlemal production of _e]ectnc&ty consumed by cement producers;

. prodn_:clion of c_lihl{a;.ar bbught'from other producers and interground with own production;
« ‘production and proeessing of conventional and altemative fuels;

* ftransport of inputs (raw materials, fuels) and outputs {cement, clinker) by third parties.

Data on indirect emissions, can he useful to assess overall environmental performance of an
industry. To this end, two categaries of indirect emissions are Included in the inventory; CO,
from exteral slegtricity.production, and -CO5 from production of clinker bought from other
companies. The calculat[on approach- s summarized in Table 2.

'coz assoclated w1th clmkar- ur cement—substitutmg mineral components {MIC) Is not consid-
ered an indirect emission of the cement industry, because MIC are waste materials {by-
products) as e.g. slag from steel production or fly ash from power generation. The COQ,
emission is associated with the intended product — steel and power — and not with the waste.
The use of these wastes in the cement industry does not causs additional GO, emissions in
the steel or power production.

Emission components Paramsters = . Units Source of parametars

€0, from extemal power prod, | power consumption GWh maasurad at plant level
{Indiract emizssion) emission factor GO /GWh supplier-specific velue or country
grid Factor (sea Appendix 2)
| €02 from glinker bought clinker bought tch measured at plant level
{Indiract emlssion) gmission faclor t COz feli own emission factor used as proxy

Table 2: Parameters and data sources for calculation of indirect CC, emissions
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4.2 Non-COz Greenhouse Gases

Emissions of methane (CH,) and nitrous oxide {(N-O) from cement kilns are relatively small
duz to the high combustion temperatures in cement_kilns. and are negligible compared to the
CC; emissions.? The other GHG covered by the Kyoto Protocol (PFC, HFC, SFe) are not
relevant in the cement context.

Relevant emissions of CH4 and NC may result from the stationary combustion of non-kiln
fuels {e.qg., dryers on-site power generation). If these emissions are significant {e.g. with gas
fired internal combustion engines), the emission level should be assessed for every specific
case, using the WRI / WBCSD Stationary Fuel Combustion Tool. Please refer to the Sta-
ticnary Fue! Combustion Too! Guide for rnore detaited information.®

5  Indirect Greenhouse Gas Savings
BRI A ‘
51  indirecf Greenhouse Gas Savings Through Alternative Fuels

Waste can substitute comventional fossil fuels and minerals in cement production. The re-
coverad wastes become arternélt_ive fuels and raw materials (abbreviated: AFR). As a result,
direct COZ2 emissions ‘from‘ conventional fuels are reduced but direct CO2 emissions from
wasles { waste-toc-gnergy ceaversion™ occur. The direct CO2 emissions from waste com-
bustion can be higher or lower-than the displaced emission, depending on the emission fac-
tors of the fuels involved. Mareaver, wastes can be of fossil or biomass origin.

In addition to thase direct effects, utilization of AFR results in indirect GHG savings at land-
fills and incineration plants where these wastes would otherwise be disposed. These savings
can partly, fully or more than fully offset the direct CO, emissions from waste combustion at
the cement plant, depending on local conditions (type of waste, reference disposal path).
Consequently, the IEA greenhouse gas R & D program (IEA 1998} recognizes that substitut-
ing fossil fuels by AFR is an Effective way to reduce global GHG emissions.

Therefore, the protocol defines the following indicators: -

s Gross Emissions are the total direct CO; emissions from a cement plant or company,
including CO. from fossil wastes (but excluding CO. from biomass wastes, which' is
treated as a memo item);

*  For methana missions from cemant kilns, IPCC {1996, Table 1-17) provides a defaudt emission facikr of approx. 1 g
CHL/GJ, which is not more than 0,01% of COz-squivalent emissions per GdJ fuel use In cement plants (Assumnpltions: direct
£ from cemant plants is 58 = 100 kg COX/G. from fuel combustion, plus 130 - 170 kg CO/G. From raw materials calci-
naticn, otalting 185 « 270 kg COxGJ. In comparison, 1 g CHJ/GJ correspands lo 21 9 COs-aquiv/Gl on a 100 years hod-
zan}. IPCC defaults for MO emissions are cumently nat avallable.

*  Ses httpwww.ghgprolocol.ong
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« Credits for Indirect GHG Savings refiect the GHG emission reductions achieved at
waste disposal sites as a result of AFR ulilization. The actual reductions will usually be
difficult to determine with precision; hence the creditable savings will o some degree
have to be agreed upon by convention? rather than based on .precise* GHG impact as-
sessments. It is anticipated that national or intemationally agreed emission factors will be
identified in the future and these should be used when available. Further guidance on
accounting for reduction projects will be given by the WRI WBCSD GHG Protocol,
where a module on project based reduttions is currently under preparation (The publica-
tion of this module is planned for December 2002).

+ Net Emissions are the gross emissions minus the credits for indirect GHG savings.

Different policy measures from Annex 1 Parlies concern net emissions. For example, energy
from wasté is exempt from the United Kingdom’s Climate Change Levy. Simllarly, the Swiss
CO, taw excludes' GO, from waste; and Genmany, France and Belgium have signed volun-
tary agreements with the industry excluding €O, from waste from the reduction obligation.
All these policy measures require reporting of net gmissions,

As far as practicable, reported -AFR ¢redits should take into account local circumstances
{e.g., national agréeements, life cycle analyses of local AFR use, etc.). When reparting to
third parties, supporting evidence for the credits should be provided and verified as appropri-
ate. As a default, the protocol assumes credits for indirect savings to be equal to the direct
CO, emission from fossil AFR use.

The protocol recognizes that 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. International convention on a
more precise treatment of AFR has yet to b reached.

52  Otherindirect Greenhouse Gas Savings
5.21 Heat and Power Exports

Some cerﬁent plants export heat and / or electric power 10 extemnal consumers. In accor-
dance with Scope 1 as defined by WRI/ WBCSD, GHG emissions caused by these exports
should be reported as direct emissions, and included in the gross and net emissions totals.

Moreover, WRI / WBCSD recommend to report these emissions also sepérately under
Scope 2, which deals with emissions from energy imports and exports. For the sake of
transparency, emlssions associated with imported and exported electricity, steam and heat
should not be netted.
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No explicit provisions for energy exports have been made in the Cement CO; Protocol be-
cause few cement plants actually export energy. However, companies who receive credits
for indirect GHG savings associated with their energy exports could include them under
Credits for Indirect GHG Savings”, in analogy to savings from AFR.

522 JHCDM Projects

Joint Implementation {J1} and the Clean Development Machanism {(CDM) are Instruments of
the Kyoto Protocol for bilateral, project-based trading of GHG emissions. They allow compa-
nies to receive credits for GHG emission reduction projects in Annex 1 countries {(JI) or de-
velopmg countries (COM). Such credlts may, eventually. be accounted for in the same way
as credits for AFR use, i.e. by subtraction frem gross emissions. For the time being, the Ce-
ment CO; Protocol does not make explicit provision for JIVCDM. Companies are advised to
follow the recommendations of the reductlons project madule of the WRI / WBCSD GHG
Protocol {The publication of thls rnodule |5 planned for December 2002).

s AT

- 5,23  Recarhonization of Cament as a CO,, Sink

When poured concrete is curing, it fezhsorbs some CO; from the atmosphera, Reabsorplion
is however small compared to the emissions from cement production® and is not under con-
trol of the legal entity that reports. emissicns from cement manufacturing. More CQ, s ab-
sorbed throughort the lifetime of the concrete product, but very slowly. Consequently, recar-
bonization of cement is not included as a CO, sink in the protocol.

6 Performance Indicators

6.1 Introduction

The Cement CO; Protocol aims to provide a flexible basis for GO, emissions menitoring and
reporting. The calculation of individual emission components as described above is quite
straightforward. The definition of emission totals and ratio indicators, in contrast, is highly
dependent on the repnrtihg context and purpose, such as e.g.: input to national inventories,
CO; compliance regimes and emissions trading, industry benchmarking, ete. System
boundaries for such reporting dépend largely on conventions, rather than on scientific argu-
ments.

" Ses IPCC 1996, Vol 1IN, p.2.5
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' With this background ‘a section on performance indicators has been added to the proto-
col. The section contains a number of indicators which are deemed most useful in the light of
the current business and policy enwronment and associated reporting requirements,

Generally, the section -on performanoe indicators is conceived as a flexible vessel where
companies can Introduce additionat parameters according to their needs, for instance differ-
ent emission (sub-)totals,

6.2  Denominator for Speclfic, Unit-Based Emissions

From a sustainable development and business point of view, the reporting of CO, efficiency
- the specrﬁc emissron per unit of product — is at least as important as the reporting of abso-
lute em;ssions Thrs rarses the question how the numerator and denominaler of the specific

- emrsstgns shog_ltﬁ be deﬁpqd fu [Particular, how should direct clinker sales and clinker substi-

tules be taken into account?

The WGC redommerids 1o calculate spedific emissions as follows:

'+ -numerator: direct gross or net emissions from the legal entity under consideration (as
defined in Chapter 3};: -, ..

« denominator* all clinker produoe'd ‘by the legal enlity for cement making or direct clinker

sale, plus gypsum"hmestone and all clinker subslitutes consumed for blending, plus all

" cement substitutes produced. For this denominator, the term cementitious products or

binders is used, as it is a sum of clinker and mineral components. The denominator ex-

cludes clinker bought from third pariies for the production of cement, as it Is already in-
cluded in the inventory of the third party.

direct CO, emission from cement manufacturing

Specific CO,
per bon of = - "
cemenlilious product own *.' own gypsum, imestone & cemant
dinker - +  clinker  + Clinkersubstilules 4+ g pstres +
consumed soid directly consumed produced
: for blanding

Figure 1: Definition of - spec!ﬂc (= unit-based) CO» emission. Bought clinker is exciuded
from the denominator.

This denominator is considered the most appropriate basis for monitoring emissions per-
formance and caleulating national cement industry banchmarks. It is important to note that
the denominator excludes the following:

s bought clinker, used for cement production;

* granulated slag which is sold to and ground by ancther company,;
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+ _cement velumes which are traded without any processing.

The denominator is consequently not necessarily equal to total cement sales. It is in ling with
the criteria specified in Chapter 2: ’

. It fully rewards use of clinker and cement substitutes as a CO; emission reduction option.

* Intergrinding of mineral components with clinker to make blended cements (i.e. clinker
substitution) or using the mineral components as a binder (i.e. cement substitution) are
equally rewarded; ie. there is #o bias against any type of cement.

» Bought clinker does not reduce specific emissions; i.e. there is no incentive to dislocate
clinker production to less regulated countries, and there is no unfair distortion of the

clinker market.

Alternative options which include bought clinker in te denominator of specific emissions do
not meet the criteriz fsted in-Ghaptar:& -
= If bought clinker were mc!uded in the denominator instead of the direct clinker sales,
“clinker markets wuuld be dlstorted "Net sellers of clinker would be punished because
their (apparent) spec.rr e emissions. would Increase, endangering their compliance with
specific CO, targets On the other hand, targets could easily be met by increasing the
share of bought elinker, without any ‘real benefit for the global climate.

* Including both bought and scld clinker in the denominator is not a feasible option be-
cause it resulls in double-counting between companies.

Alternative oplions which exclude clinker substitutes or cement substitutes from the denomi-
nator do not demonstrate the CO, efficiency improvement restlting from product substitu-
tion.

63  Denominator for Other Ratio Indicators

Far selected ratio indicators which do not use C0; in the numerator, it Is appropriate to in-

clude bought clinker, and exclude sold dlinker, from the denominator. This applies for:

* specific power consumption per tonne of cementifious product, which should take into
account grinding of bought clinker;

= the clinker f/ cement factor, which should describe the ratio hetwesn total clinker con-

sumplion and total cement production. The proposed dinker / cement factor is shown in
Figure 2. It has also been implemented in the protocol spreadshest.
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’ clinkar consumed
clinker/ cemant  _
factor - \ /
own © gypsum, fimestone & cement clinker
dinker + Cclinker substitutes 4+  guhstitules  + bought &
consumad - &ﬂy consumed produced consumed
for blending

Figure 2: Definition of clinker / cement factor, Sold clinker is éxc!udsd from the denomi-
niator, bought clinker is included,

6.4 Dealing with Stock Changes

Direct CO; resulting from clinker production should be reported for the year in which it is
emitted. To avoid: distortion, specific &missions in the protocol are based on clinker produe-
tion, irrespective of ihether the‘produced ciinker is consumed, sold, or stored.

Other ratio lndlcators sucﬁ as spectﬁc electnmty wnsurnptlon and clinker f cement faclors, in
conlirast, shoufd be based on actual amounts of clinker (plus gypsum and MIC) consumed.
To lhls and accountlng for cltnker stock changas has been introduced in the protacol.

7 Accounting Issues

The following recorﬁmend_ations are in line with recommendations of the WRI / WBCSD -
GHG Protocol, unless stated otherwise. For more detailed accounting rules, please refer to
the WR! / WBCSD GHG Protocol. '

7.1 Which Installations Should Be Covered?

CO; emissions resuit not only from kiln operations, but also from up- and downstream proc-
esses, particularly from quarmry operations and (indirectly) cement grinding. These facilities
may be located at considerable distance. In addition, quamies, kilns and grinding stations are
sometimes operated by separate Iegal entities. How should this be accounted for in a legal

entity's inventory?

There is at present no uniform answer to this question. However, the following points may
provide some guidance:

= Generally,-the inventory should cover the main direct and indirect CO, emisslons associ-
ated with cement production. The protocol addresses upsiream- and downstream opera-
tions (e.g., fuel and power consumption in quarries and grinding stations).



18

» Separate facility inventories may be established for individual facilities as appropriate, for
instance If they are geographically separated or run by distinct operators.'’ The resuiting
CO; emisslon impacts will tend to cance! out when emissions are consolidated on com-
pany or group level,

+ It should be clearly statad when relevant CO; sources are excluded from the inventory.
Ta this end, a section describing inventory boundaries has been introduced in the proto-
col.

7.2 Consolidating Emissions

The WRI / WBCSD GHG Protocol 2rovides guidance on consolidating emissions which can
be summarized as follows:

« Compeanies. are generally ancouraged to consolidate and report GHG emissions in two
distinct ways: (i} based on management control, and (i) based on ownership, i.e. equity
share.

: P T PS £F U S A TR

« Depending on the circumstances. compar_\ies may however choose to report only their
conirolied emissions, and not their equity share of emissions. '

+ In defining cor)-trc!, cc;np_an'ies shcu!d fellow, as closely as possible, thelr existing rules
for finarcia! reporting.

As & guidance on the definition of control, WRI / WBCSD state the following: ,Control is de-
fined as the ability of a company fo direct the operaling policies of another entityYaciity.
Usually, if the company owns. more than 50 percent of the voting interests, this implias con-
trol. The holder of the operating license often exerts control, however, holding the operating
license is not a sufficient crilerion for being able to direct the operating poficies of an en-
lity/facility. In practice, the actual exercise of dominant influence itself is enough fo satisfy the
definition of conirol with rétmin‘ng any formal power or ability through which it arfses.”

In line with these recommendations, and with a view to the characteristics of the cement in-
dusiry, the Cement CO; Protocol recommends to consolidate primarily according to the ,con-
trol” critericn, and secondly according to the ownership criterion in case control is not cleariy
assigned to a single legal enlity. This approach is summarized in Table 3. For illustrative
examples regarding GHG consolidation, see the WR| / WBCSD GHG Protocal (Chapter 3,
Selting Organizational Boundaries).

" This may be ragquired, for Instancs, I installations are defined according to the European Unlon's IPPC divactiva.
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Criterlon for Consalidation % GHG ta consolidate
by reporting entity
First criterion: control
“The reporting entity has control- ) 100%
Ancther legal entity has control 0%
. . . Relative to share ownership
Control is not clearly assigned lo a single entity (aoe 5 d criterion)
Sacond ctiterion: based on aqu'lty sﬁare awnership
< 20% ownership - o 0%
2 20% ownership ‘ pro rata ownership

Table 3: Recommended key for aonso!:’daﬁng corporate GHG emissions.

7.3

'COZ emissions perfunnance |s oﬂen measured relatwe to a past reference year, or base

T ety

Basellnas, Acqulslﬂons and Dwestrtures

i

year. As a default the Kyoto base year 1990 can be used as a reference. In many cases
however, the lack of reliable historical data’ justifies the use of a more recent reference year,
especially when conhpliance or emissions trading is concerned. The choice of reference year
will also depend on in_dividuall‘ counlry regulations.

Acqguisitions and divestitures, as well as opening or closing of plants, will influence a com-
pany's consolidated emissions performance, both in absolute and specific terms. To ensure
consistency of baselines (= emissions in and after the reference year), WGC recommends to
apply the following rules in a consistent way:

Adjust the baseline™ for change by acquisition and divestiture: Consolidated emls-
sions in past years should always reflect the current amount of shares held in a com-
pany. If a company is acquired, its past emissions, back to the reference year, should be
included in the consolidated emissions of the reporting company. If a company is di-
vested, past emissions should be removed from the consolidated emissions. These ad-
justments should be done in accordance with the consolidation rules (see Section 7.2).

No baseline adjustment for ,,organic® change: in case of organic growth of produc-
tion, due to investment in new installations or improved capacity ulilization, the baseline
cannct be adjusted. In the same sense the baseline must not be adjusted for organic
negalive growth: closure of kilns or decrease of production does not resuit in a change of
the reference baseline.

The WRI / WBCSD Prolocol usas tha berm base year For the same purposa,
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Far guidance regarding the choice of base year and baseline adjustment in accordance with
these rules, ses the WR! ! WBCSD GHG Frotocol.

8 Recommendations for Reporting

8.1 Reportmg for Dkfferent Purposes
a.1.1 Background -

CO; emissions monitoring and reporting has multiple goals, such as e.g. intemal manage-
ment of environmental performance, public ervironmental reporting, reporting for taxation
schemes, voluntary or neqohated agreements. and emissions trading. Additional purposes
are perfonnance benchmgﬂung and ;zroduct irfe cvcle 28sas5mENt.

The Cement CO;, P’rﬁtbcol ha s‘ ‘been dréSIgned as a flexible tool to satisfy these different re-

v porhng plrrposgs “hile ahvays meatmg “the criteria described in Chapter 2. The infarmation

Is structured in such a way that it can be aggregated and disaggregated accarding to differ-
ent reporting scopes,

The aggregation of the information is normally governed by conventions, which can be uni-
lateral in case 'of environmental reporting, or bilateral or multilateral in case of negoliated
agreemnents, compliarice and taxation regimes and emission trading regimes.

The following are generic recommendations for best practice” reporting under different pur-
poses, particularly with regard to CO, emissions and indirect savings from altemative fuels.
For more detailed reporting rules, including documentation and independent verification, see
the WRi / WBCSD GHG Protocol.

8.1.2 Corporate Environmentai Reporting

The objecti{re of environmental reporting is to provide the reader with a fair picture of the
environmental footprint of the reporting entity. Hence, corporate environmental reporting
should caver all relevant emission components:

+ gross direct CO; emissions of the reporting entity {calcination, conventional kiln fuels,
alternative kiln fuels, non-kiln fuels, with biomass CO» as a memo item);

» credits for indirect GHG savings, and resulting net emissions;

« main indirect emissions {off-site power generation, bought clinker).
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Reporting should be in absolute {Mton-COfyear) as well as specific (kg COfton cementi-
tious matlerial) units. Reporting of net emissions alone, omiiting gross emissions, would nat
be acceptable.

8.1.3 Reporting to National GHG Inventories

Reporting to national GHG inventories should be compatible with {PCC guidelines. Hence, it
should cover all direct CO, emlssions, lncludlng €O, from fossil wastes. COz from biomass
fuels should be reported as a memo ftem.

814 Repprt'ing‘foxr complian'ﬂ:l:e aﬁ& Taxation Schemes

CO; compltance schiemes {&: g voluntary or negohated agreements, emissions trading) and
" *CO, tikation sctiémes will have vatying reporting requirements, depending on local conven-
tions. The protocpi Qrog;des a ﬂex;ble basis for such reporting. in particular, it allows report-
ing cf gross. emlSSlons net emlssions and for credlts for indirect GHG savings through AFR,
as appropriate.

LI

8.2 Reporting Perlods ) .

Reporting GHG emissnons based on fi nanc:al years, rather than calendar years, can help to
reduce reporting costs. From a GHG perspective, there is no problem to report based on
financlal years, provided that it is done consistently over time, with no gaps or overlaps.
Changes in the reporting year should he. ciearly indicated. Nalional regufations should be
taken into account. : :

83 Scopes of WRI / WBCSD GHG Protocol

The WRI / WBCSD GHG Protocol classifies emissions under three different scopes (see
Section 1.2.2), and recomménds that companies should account for and report Scopes 1
and 2 at a minimum. Table 4 shows the correspondence between the WRI / WBCSD scopes
and the respeclive Cément Protocel sections:

The Cement Protocol provides a basis for complete reporting of a company's direct GHG
emissions (Scope 1), with the exception of CO, from company-owned off-site transport
fleets, which are excluded as a default, but can be Included if required. In addition, the pro-
tocol covers the indirect CO, emissions from electricily imports and energy experts ( Scope
2), and thus allows to comply with the miminum reporting requirements defined by the WRI /
WBCSD GHG Protocol.
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WRI!/ WBCSD Classificairan

Relevant Cement Protocol Sections

Scope 1: Direct GHG emissions

+ Stationary combustion sources

* Process emissions

+ Mobile combustion sources

§ 2.3 and § 3.4: CO; from kiin fuels
§ 3.5: CO, from non-kiln fuels

§ 3.2: COy; from raw material calcination
§ 3.5.2: CO; from transports
§ 4.2: Mon-CO, greenhouse gases

Scope 2: GHG amissions from imports and
exports of electricity, heat, or steam

§ 4.1: Indlrect emissions from grid electricity
§ 5.2.1: Heat and power sxports

Scope 3: Other indirect emissions

§ 4.1: Indirect emissions from bought clinker -

Separate module: i
Accounting for raduction projects. 7

§ 5.1 Indirect savings from AFR

§ 5.2: Other indirect savings

Table 4:
CO; Protocel

Correspondence-between WR'/ WBCSE emission scopes and the Cemeant
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9 Further Information

For further questions, information or comments on the Cement CQO; Protocol, please contact

Holcim Group Support (Brussels) SA

Corporate Industrial Ecology - .

. Attn. Dr Bruno Vanderborght

Vics President Environmental Research & Development
Avenue Loulse 489/12.

1050 Bryssels ’

Bealgium -

Phone: ++ 32 2 626 0367

Fax: '++32.2 626.03 68 -

E-malf; brunu vaserborght@hoicin. com
P T

or

Factor Consulting + Management AG
Urs Brodmann, Partner

Binzstrasse 18

CH-B045 Zurich

Switzerland

Phone: ++41 1 455 6100

Fax ++41 1 455 6060

E-mail: urs.brodmann@factorag.ch
Website: hitp:/fwww.factorag.ch
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11 Acronyms and Glossary

Absolute emission  Absolute emission Is the emission in a year expressed in quantity of
CO: per year rtomes C0: per year).

AFR Aﬂemabve fue!s and raw materials used for fossil fus! substitution in clinker
’ produgtion, AFR}are d_eﬂved from waste.

Annex | Annex [t the UNFCCC lists the developed country Parties which hava
special responsibifities in meeting the objective of the Convention. They in-
¢lude the OECD countries {excl. Mexico and Korea), the couniries of East-

' em Eirope, Russia, and the European Union. Under the Kyola Prolocol,
' Annex | Palties have accepled quantified emissions fimitation or reduction
S eomnu‘tmqf;ts fqr{he ,penod 2008—-12

Basefing Rsference am:ss.-on Ieve.r 'n':e term is used with different meanings in dif-
‘ k fem‘n! contexts g4 cén denote;
~ the h;sfoncq! emission level of an entity in a reference year,
- ihe pm;ected fulure emission level of an entity If no exira mitigation
' measuras ane iaken {busmessas—usuaf scenaric),
' the hypothetma! emission level against which the climats benefits of JI
and COM projecls are calculatad,

Benchmarking  Under benchmarking: some average emissions level, or a percentage
theredf, is used as & uniform larget for all emitters in the group for which
the average applies.

Bypass dust Discardéd dust from the bypass system dedusting unit of suspensicn pre-
heater, procalciner and grate prehester kilns, consisting of fully calcined
kiln feod mélerial.

Climate-neutral Buming of dimate—neu!m! fuels does not increase the GHG stock in the
) armosphere over a relevant time span. Renewabla AFR are climate-neutral
because the CO; emission is compensated by an equivalent absorption by
plants.

CKD Discarded dust from long dry and wet kiln system dedusting units, consist-
ing of partly calcined kiin feed material. Exiraction and discarding of bypass
dust and CKD serve fo control excessive circulating elements input (alkali,
sulfur, chiorine}, particularly in cases of low-alkalfine clinker production. The
lerm ,CKD" is somelimes used to denote all dust from cement kilns, i.e.
also from bypass syslems.
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CORINAIR  Coordination d'information environnementale ~ aire

Direct emissions Direct GHG emissions are emissions from sources that ars owned or con-
troffed by the repomng enlity, e.g., emissions from cement kitns, COMpany-
owned vehfc!es quarrying equipment, etc.

t?:_‘HG The greanhouse gases listed in Ansex A of the Kyoto Protocol include:
carhon dioxide (CQ;), methane (CH,), nitrous oxide {N:0), flucrocarbons
(PFCs, HFCs} and suitur hexafluaride (SFa).

Indirect emissions  indirect GHG ermissipns are emissions that are a consequence of the
activies of the reporting entily, but cccur from sources owned or contralled
by another entity. Sources of indirect emissions, are, e.g., imported efec-

. tricity, employee travel on. vehicles nat owned or aperaled by the company,
proguct transport in vehicles not aned or controlled by the company,
em:ssrons occumng dudng the u¢e of products produced by the reparting

entit iy 7
Inventory -+ Data base-of a fegal dntity oblained by using the CO; emissions Protocol,
IPCC The Jm‘_ergovemrher?}a{ Pans.:! on Climate Change Is a global panel of ex-

perts which provide the Conference of the Parties to the UNFCCC with es-
tablished scientifit information on climate change.

MIC Mineral components are natural or artificial mineral materials with A draulic
Properties, used as a clinker or cement substittes fe. g. blast furnace sfag,
fly asfi, pozzolana). Gypsum can alsc be considered a MIC,

Parties Farties to the UNFCCC are those countries which have signed and raiiffed
the convention. The European Union, in addition to each of the EU member
slates, is a!so & party lo the convention, By analogy, Parties to the K| yoto
Protoco! are those countries which have signed and ratified the Protoco!
{no OECD country has yel ralified the Profocol, as of August 2000).

Protocol The methodofogy for calculating, monitoring and reporting GHG emissions,

Specific emissions  Specific emissions are emissions expressed on a per unit outpur hasis,
for instance in kg or tonnes of CO; per tonne of cement.

UNFCCC United Mations Framework Convention on Climate Change; Partigs fo the
" UNFCCC are those nations which have signed the Convention.
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Appendix 1: Cement CO, Protocol: Structure and Instructions

Al1 Structure of the Protocol
The Protocol is a MS Excel spre'adsheet. containing the following worksheets:

[

1. Colour codes:
This shest explains the meaning of the dlﬂ‘erent colours used in the worksheets.

2, Comments: *-
This sheet gives a short explanation of every line of the Protocol,

3. Plants:
One’ workshem for each plant of a company,
4. "'Company
Cbnsolm‘atlon Yo c oompany levej of the information of every plant,

5. Public:
This sheet lists data which could be publicly accessible (subject to company decislon),

6. Fuel CO; factors: )
Defailt CO; emission fac:toi‘s‘ for fuels used in cement plants.

7. Calclnation COQ;:
Auxillary sheet to caleulate the CO; emission factor for the calcination of raw material,
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A12 Step by Step Instructions for Completing the Spreadsheet

=Plant” Worksheet

Lo

Lines 1-7: Enter general plant infosmation.

Lings 7a-7h: Specify system boundaries of lnventory.

" Lines 8- 19b: Enter production and consumption daia.

Lines 22-24: Enter data on dust produced and landfilled. Enter plant-specifc CKD calci-
nation rate if available.

Lines 25-29: Aggregate kiln fuel consumptions are calculated automaticaily from detailed
data at the bottom of the spreadsheet:

- Lines 101-121: Enter kiln fuei édhsumption in tonnes per year.

. Lines{30-151: Entef iif fiiel heating values. Enter plant-specific fuel CO, emission

factors if availabie.
- Lines $84-231: Kir: fuel consumption in teréjcuies and CO; emissions are calculated
automatically. :

Lines 30-32: Aggregate non-kiln fuel consumplions are calculated automatically from
delailed data at the bottom of the spreadsheet:

- Line§ 301-304e: Enter non-kiln fuel consumption in tonnes per year.

Lines 310-314e: Enfer non-kiln fuel heating values. Enter plant-specific fuel CO,
emission factors i available.

- Lines 321-334e: Non-kiln fuel consumption in terajoules and CO. emissions are cal-
culated automaticaily.

Lines 33a-33: Enter electfic power consumed from internal {on-site) and external genera-
tion. Enter CO; per MWh produced externally (see Appendix 2 for defauit national grid
factors). CO, per MWh produced on-site is calculated automatically,

Line 34: Enter waste heat supplied to external consumers.

Lines 35-39: Enter piant-specific 0O, emission factor per tonne of clinker. Use auxiliary
sheet .Caicination Q" if required. CO» from raw materials calcination is calculated

autarnatically.
Lines 40-43: CO, from kiln fuels is calculated automatically at spreadshest bottomn.
Lines 44-48: COQ, from non-kiln fuels is calculated automnatically at spreadsheet bottomn,

Lines 48-62b: Paramelers are calculated aulomatically.
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Lines 65a-65b: Enter credits for indirect GHG savings achieved through use of alterna-
tive fuels, Specify basis for credit calculation {credit source).

Lines 71-97: Parameters are calculated automatically.

wCompany" Worksheet -

,,Public" Wurks!;aet

Lines 1-7: Enter general plant / company information.
Lines 7a-7h: Specify systen; boundaries of inventary.,

Lines 8-334e: In .SUM" cells, enter consolidated company values {sum of plant data),
taking into account consolidation rules. All other cells are calculated automatically (totals
and company averages).

R

All data is taken autumaﬂnallu from Company" worksheet

*

Torlroeah

“wCalcination CO,” Auxillary Worksheat

Lines 1-3: Enter plant lnformation.
Lines 11-15: Molecular weights are constants.

Lines 21-45; Enter lbrines and Ca0-, MgO contents of different clinkers preduced. Other
parameters are calculated automatically. If additional lines for clinkers #3-n are added,
formulas in lines 41-45 need 1o be adjusted manually.

Lines 51-75: Enter tonnes and CaO-, MgQ tontents of different raw materials consumed.
Other parameters are calculated automatically. If additional lines for raw malerials #3-n
are added, formulas in lines 71-75 need to be adjusted manually.

Lines 81-85: Paramelers are calculated automatically. Enter the corrected calcination
factor (line 85) into the cqtresponding .Plant” spreadshest {line 35).
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Appendix 2: Dafaclt CO, Emission Factors for Grid Electricity

Source: IEA 1998/9, reproduced in Charles Thomas, Tessa Tennant & John Roies 2000,
The GHG Indicator, UNEP, Geneva. The average grid factor in Annex 1 countries was

approx. 446 kg CO/MWh in 1995, For fuel default emission factors, see the Cement CO;
Protocol spreadshest.

1990 1946 1980 1996
Emission Emission Emission Emission
factor - factor factor factor
Country kg COUMWh  JkgCCZMWh  JCountry kg COZMWhH  |kg COZMWR
Albania 228 191Kores 297
Algeria 487 620[Kuwait 512}
JArgentina 320 201 JKyrgyzsian 06
Armenda LR 247 Latia . 172
Aurstralia 777 . . . 78ilLebanon 1'833] B652
Austria RERETF] 55|Cibya 826
i s owggidracf froontf el 15 |Lihiania 142
1014 767 HLuntemboursy 423‘
7 540 Malaysia 594
P . 301 |Mexico. 508
288 281 Moldova 535
RER 288[Momceo 632
94 3IMepal i 17
26 X2|Netheriands 516 435
1'015] 711}New Zealand 103 og]
419[Norway 1 Jg
18% 1683|Pakistan 410 438
274 218]Paraquay 139
Ching 710 72| Peny 14
Colombia 178 117|Potand 508
Croalia - 17 Partugal 384]
Cuba £29 654[Romania 304
iCzech Republic 539 420[Russia 282
Denrnark 454 445]Si §22
Euador 156 307 Skovak Repubiic 207
: 546 561|Soulh Africa *sf 770
Estonia 747]|Spain 322
Finland 202 24951 Lanka Gi 205
France ,57) 4 Swaden 40 _ 62
FYROM 't 698 825] Switzerland g_‘
[Georgia ] 49]Syria 550,
Germany 460 41T ajiklstan [E]
Greege - o) 812{ Thailand 618]
Hi - 379 62| Tunisia 522
Iceland 2 1 Tiwkay 461)
iridia 761 890 Turkmenistan T3
fran 541 S3H{UK gap 477
h_rgq 459 554]Ukraine 76
Jirstand 724 716|United Arab Ernirat 616 753
lizraed 814' 80t Uruguay 40 100
L=, 488 420JUSA 546 5§03
Japan 346 321 |Uzbekistan 432
LJordan 720 791 |Vaneruet 237 176
Kazakhstan 131
Warkd 489 466]Non-CECD Evrope 406 420
Africa 660 563|Former USSR 417] 328
Middle East 832 6501Lafin America 184 1s§|
Asla (gxcl. China} B58 724




Appendix 3: Greenhouse Gas Sources and Abatement Options in
Cement Production

Overview of Cement Manufacturing Process

Cement manufaciure includes three main ﬁrocess steps (see Figure 3):

1. prepa'ring of raw materials; - 7

2. producing cl‘nker an intermediate, through pyroprocessing of raw materials;

3. grinding and biendlng clinker -with other products {,mineral components*} to make ce-
menL

Theré__gre two main sources of dlrect CO; emlasms in the praduction process: combustion
of kiln- ﬁrel::f and ealcinahon of raw malenals in lhe pyroprocessing stage. These two sources
are descrived’ inn mor&delall below. Other CO, souroes include direct emissions from non-
kiln fuels {e.g. dryers,’ rourri “heating, on-site transports), and indirect emissions from e.g.
-external power product:nn and transports Non-CO; greenhouse gases covered by the Kyoto
Protoccl” are not relevant in the cement context, in the sense that direct emissions of thesa

gases are negligible.

Raw material Fuels
supply preparation:

(quatrying, mining, crushing, grindi
crushing drying

Raw materials Pyro-

preparatio * Hl process
grining, hamogenising, mfuﬁng. ulieli]gﬁm nodules
drying or llu_rr)‘lﬂl clinkering, cooling

Clinker production

Figure 3: Process steps in cement manufaciure.
Sourca: Ellis 2000, based on Ruth et al. 2000

™ methana (CH,), nitrous oxide {Nz0), sulfur hexaluoride {SFg), and uorinated hydrocarbons (PFCs, HFCs)
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CQ. from Calcination of Raw Materials

In the clinker t_-urni_ng process, CO; is released due to the chemical decomposition of calcium
carboniates {e;g. from limestone) into lime:

CaCO; + heat —» Cal + 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 actual clinker preduction;

«  CO; from raw materiais di;starded {landfilled} as partly calcined cement kiln dust (CKD),
or as fully calcined bypass-dust.. . .

CO; from actual g:liﬁ[cer ﬁmqyé;thiog is gEopoﬂignél to the lime content of the ctinker," which in
tum varies iittlé in time or Eg@?gn';f_iliffe'rent_ cement plants. As a resull, the CO, emission
factor gor tonfe of ‘clinker is fairly stablé {IPCC default: 510 kg COt clinker).

Iy e T

-Landfiling of kin. dust varies greatly with kiln types and cement quality standards, ranging

from practically zére” to Gver one’ hundred kilograms per tonne of clinker. The associaled
emissions are likely.to be relevant in some countries.

FR ]

CC, from Fuels for Kiin Operation

The cement industry traditionally uses various fossil fuels to operate cement kilns, including
coal, petroleum coke, fuel oil, and natural gas. In recent years, fuels derived from waste ma-
terials have become important substitutes. These alternative fuels and raw materials {AFR)
include fossil fuel-derived fractions such as e.g. waste oil and tires, as well as biomass-
derived fractions such as waste wood and dried sludges from wastewater treatment,

Baoth conventional and alternative fuels result in direct CO, emissions through the Kkiln stack.
However, biomass fuels can be considerad .climate-neutral®, Use of alternative {biomass- ar
fossil-derived) fuels may, in addition, lead to important emission reductions elsewhere, for
instance from waste incineration plants or landfilis.

™ Asecond, but much smaller factor 13 the CaD- and MO coment of the raw materials and addifitves used.
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CO; Abatement Optlons

CO; emissions in the cement industry can be tackled by different measures. The main cate-
gories of CC., abatement potentials inciude:

* - energy-efficiency: technical and operational measures to reduce fuel and power con-
sumption per unit clinker or cement produced:

» fuel switclging: for nstance, i.lse of natural gas or AFR instead of coal;

= reduction of dust landfilling {cement ¥ln dust, bypass dust), where relevant landfilling
OCCUurs;

* MIC: use of mineral components to substitute clinker.

Mineral components (MIC) are hatural and artificial materials with latent hydraulic properties.
Examples of MIC Include gypsum and natural pozzolanas, blast furnace slag, and fly ash.
MICare added tg dlinker to produce blended cement. In some instances, pure MIC are di-
rectly added to thé <E;Em;{.:re'(e mixet. MIC use leads to an equivalent reduction of direct CO;
emissions associdled with cinker production, both from calcination and fusl combustion.
Arificial MIC are waste materials from other production processes such as, e.g. steel and
coal-fired power production.. Related GHG emissions are monitored and reported by the cor-
responding industry sector. Utilization of these MIC's for clinker or cement substitution does
not entait additional GHG emissions at the production site. As a consequence, indirect emis-
sions must not be included in the cement production inventory.

I
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Appendix 4: Details on Calcination CO;

Summary of IPCC Recoemmendations

IPCC recommends to caleulate calcination CQ; based on the CaO content of the ¢linker
produced (0.785 t CDat Ca0, multiplied with the CaQ content in clinker). A defauit Ca0 con-
tent in clinker of 65% is recommended, corresponding to 910 kg CO/t clinker.

€0, from discarded kiin dust should be calculated separately, taking into account its degree
of calcination. Where bre_ciser data is not available, IPCC recommends to account for dis-
carded dust by addirig 2% to clinker CO; by default, acknowledging that emissions can
range much higher in some instances. IPCC does not distinguish between bypass dust and
cement kiln dust {CKD): ..

The IPCC default for clinker is similar to the recommendations of the Australian Cement In-
dusiry Federation (518 Kg €O sl and thé Ametican Portiand Cement Association (522 kg
CO,f t clf), as well as to the older pa;}g on the “Holderbank” Group average (524 kg COt cli).

* The diffetence is'probably due to the fact that IPCC neglects CO, from decomposition of

MgCO, (MgO content in clinker is usually about 2%). WGC recommends a default emission
factor of 525 kg CO/t clinker, which is the IPCC default corrected for MgCO,. 1

Calculating CO;, fram Gement Kiln Dust

Cement kiin dust {CKD) is usually not fully calcined. The CQ, emission factor for CKD can
be derived from the mass balarice between CKD, raw mix and released CO.:

(1) CKD = RawMix~CO2, *d

where CKD' = guanlity of cement kiln dust produced (t)
RawMix = amount of dry raw mix consumed ]
CO2r =total carbaiate CO; contained in raw mix {t)
d = degree oF CXD calcination (released CO; as % of total carbonate CO;zn
the raw mix)}

The CQ, emission factor for CKD is:

CO2,*d _ Co2,%d
CKD  RawMix-C02,%d

{2) EF =

where EFqy = emission factor for CKD (t CO.ft CKD)

" Souncas: IPCC racommendation: IPCC 2000, pp. 3.8H; Australian average: CIF 1998, p.20; *Holderbank” average: Lang &
Lamproya 1996
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Since CO2r Is proporticnal to the amount of raw mix, equation (2) can be ra-written as:

%CO2 *d

3 EFR., = _22xUs78
2 ok 1-%C02,%d

where %cozr = percentage of carbonata €Oz in raw mix (% weight)

When the raw mix is ful!y calc:necl {d=1), EFcxo hecomes the emission factor for clinker:

' ,,esco.? o
4 EF =" ——F  orrp-arranged:
“ @1 %c02, ' O PEmange
) %C02, =—2ra
"‘ o

where gFu. - rf" eymsg;on factor for, cf:nker{t Cozft cli)

: thh the herp of gquahon‘IS). equatfnn (3} can be expressed as:

EFy ) ;f
1+ EF,,

I-—H _»g
A+ EF,

6 .

Equation (6) has been’enterad into'thié Protocol.
It allows to calculate the emission factor of KD~ Sxtsonteor i
based on (i) the emission factor of clinker, ang ™
(it) the degree of calcination of the CKD. Figure
A-1 lllustrates the impact of the  calcination® de-

[ ewission tackr choker =625 kg CozA A }— |

gree. The diagonal line indicates that assuming %o B
a linear dependence between CKD caicination - m_’
and the CKD emission factor results in an over- :

estimation of emissions by up'to 50% (at low =01 et

calcination degrees) or. up to 55 kg COWt CKD. ol el

The emission factor for clinker should be calcu- " , .
lated using the auxiliary sheet in the Protocol. If o 0% o % b Yoo
the raw mix is already parlly calcined before

entering the kiln (imports of CaO and Mg0), the Flgure A-1:  Influence of CKD caicination
degree of calcination should ba expressed rela- o e CO; emission factor for CKD, using
tive to this calcination level In order 1o cormeclly  the default clinker emission factor {525 kg
reflect CO; emissions from the cement kiln. €O cfi) as an example.
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Appendix 5: Numeric Prefixes, Units and Conversion Factors

Prefixes and multiplication factors

Multiplication Factor Abbreviztion Prafix Symbol
1 000 000 600 000 000 10" peta P
1 000 000 600 000 19" tera T
1 000 000 600 10° giga G
1 000 000 10° ' maga M
1000 10 ' kilo k
100 - 10° hecto h
10 10’ deca da
0.1 1m0 deci d
001 . oqeR L centi ¢
0.001 G mili m
0.000 001 10 ticro u
Abbreviatlans for chemical compounds Units and abbreviations
CH, Methane cubic metre m®
NQ Nitrous Oxide - hectare ha
CO, Carbon Dioxide ] gram g
co Carbon Monoxide tonne
NGO, Nitragen Oxides joule J
NMVQC Nen-Methane Volatile Organic Compound degree Celslus *C
NH; Ammonia : calorie cal
CFCs Chlorofluarocarbons yaar yr
HFCs Hydrofluorocarbons ! : capita cap
PFCs Perflucrocarbons gallon gal
80; Sulfur Dioxide dry matter dm
SFy Sulphur Hexaflucride ‘
CCly Carhon Tetrachloride
CsFy Hexafluoroatharne
Source;

'PCC 1998, Revised 1896 IPCC Guidelines for National Greenhouse Gas Inventories.



Convarslon Factors

Sources:

To convert from Gt 'l__'o' ﬁlultlbly.b‘yr .

grams (g) metric tons (t) 1xi0°®
kilograms {kg} -7 melrictons (tf 12107
megagrams T metrc tons (1) 1
gigagrams _ . makriclons (1) 1x10?
pounds (Ib) * metdic tons {1) 45350% 10
tons {long) © .+ mstriclons {t 1.016
tons {ghort) -+ metric tons () 0.8072
bamels (petraleum. US)  * cubic matres (m %) 0.15898
cubic feet (ft%) © " cubic metres (m % 0.028317

clires o ibie metres (m H 1x10°?

. cubicyards . ... - cublc meters (m 0.76455

. gallons (I US). ' cubic meters m %) 37854 x 10

. Imperat géllon ___ X cubic meters fm *) 4.54826 10
jaule o gighjowes (GJ) 1x107
kilojoule gigajoules (GJ) 1x10°®
megajoule gigajoules (G.J) 1x10°®
tergjoule (Td) ~  * ' ' gigajoolds (GJ) = 1x10°
Biu T gigaioules (GJ) 1.05508 x 10 ¢
calories, kg {meati) T gigajoules (GJ) 4.187x10°
tonne oil equivalent (toe) gigajoules {(GJ) 41.86
KWh " gigajoules (GJ) asx107
Btu/ft? Gd/md 2.72589 x 107
Btu /1 GJ / métric tons 2.326x 10
b/f? " melrictons/m® 1.60185x 102
psi _ bar ' 0.0689476
kgf 7 cm ? {tech atm) . Bar 0.980665
alm ! bar 1.01325
mile (slatue} kilomater 1.6093
ton CH, ton CO; equivalent 21
ton MO ton COQ,, equivalent 3o

ton carbon ten CO, 3.664

Internationat Enengy Anmusl, 1998, hitpzivww.ela doe.goviemeutsaioonvheat him)
BP Group Reporting Guidslines, 2000

Source: WRI / WBCSD GHG Protocol, Guideline for Stationary Fue! Combustion
htlp:!mn.m.ghgprctoml.org



