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ISO (the International Organization for Standardization) is a worldwide federation of national standards
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
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD

ISO 19694-5:2023(E)

Stationary source emissions — Determination of
greenhouse gas emissions in energy-intensive industries —

Part 5:
Lime industry

1 (Scope
Thif document provides a harmonized methodology for calculating greenhouse gas (GHG] emissions
from the lime industry. It includes the manufacture of lime and any dowfstream limg products

Thi
ISO

Thi
req

malnfu

emi
or b

factured at the plant, such as ground or hydrated lime. This document allows for repor
ssions for various purposes and on different basis, such as plant basis, eompany basis (
y region) or international organization basis.

5 document addresses all of the following direct and indirect sotirces of GHG included af
14064-1:

direct greenhouse gas emissions [see ISO 14064-1:201855.2.4 a)] from greenhouse gas s
are owned or controlled by the company, such as emissions resulting from the following

calcination of carbonates and combustion of orgafiic carbon contained in the kiln stone;

combustion of kiln fuels (fossil kiln fuels, altérnative fossil fuels, mixed fuels with biogg
content, biomass fuels and bio fuels) related-to lime production and/or drying of raw ma

fuels and bio fuels) related to equipment and on-site vehicles, heating/cooling and ot
uses;

combustion of fuels for on-site power generation;

indirect greenhouse gas emissions [see ISO 14064-1:2018, 5.2.4 b)] from the generation d
electricity, heat or steam consumed by the organization;

other indirect @neenhouse gas emissions [see ISO 14064-1:2018, 5.2.4 ¢) to f)], w
consequence,of /an organization's activities, but arise from greenhouse gas sources that
or controlled-by other organizations, except emissions from imported kiln stone, are exc
this document.

5 document is intended to be used in conjunction with ISO 19694-1, which contains gene
1irements, definitions and rules applicable to the determination of GHG emissions for

[ing of GHG
by country

defined in

burces that
sources:

nic carbon
terials;

combustion of non-kiln fuels (fossil kilir fuels, mixed fuels with biogenic carbon content, biomass

her on-site

fimported

hich are a
are owned
luded from

ric, overall
all energy-

int

MSIVE Sectors, provides common methodotogicat 155Ues and defines the detaits for a

plying the

rules. The application of this document to the sector-specific standards ensures accuracy, precision and
reproducibility of the results.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 19694-1:2021, Stationary source emissions — Determination of greenhouse gas emissions in energy-
intensive industries — Part 1: General aspects

© IS0 2023 - All rights reserved
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[SO 13909
[SO 18283,

(all parts), Hard coal and coke — Mechanical sampling

Coal and coke — Manual sampling

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

a of

jum

Om

3 Terms and definitions

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

ISO and [EC maintain terminology databases for use in standardization at the following addresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

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

31

activity data

quantitatiye measure of activity that results in a GHG emission or removal

EXAMPLE Amount of energy, fuels or electricity consumed, material pfeduced, service provided, arg
land affectefd.

3.2

dolime

productresulting from the calcination of kiln stone (3.6) consisting of calcium carbonate and magnes
carbonate

3.3

downstream lime product

downstream lime products including run-of-kiln(lime (3.13), lime kiln dust (3.8) and products made f
them at the¢ plant including ground lime and hydrated lime

34

free Ca0O and MgO

free calciu
calcium ox
calcium ca

n oxide and magnesiumoxide
ide or magnesium oxide that has been produced in the kiln during the decarbonatio
‘bonate or magnesiun carbonate

Note 1 to efptry: The termifiology free CaO and MgO as used in this document can differ from the termino

applied in o
3.5

her standards:

kiln batte

M

h of

ogy

group of killns at the same plant and of the same design

EXAMPLE

3.6
Kiln stone

Parallel flow regenerative kilns, annular shaft kilns, mixed feed shaft kilns, preheater rotary
kilns or long rotary Kkilns.

limestone (3.9) that is fed into the kiln

3.7
lime
LI

generic name for quicklime (3.11), dolime (3.2) or sintered dolime (3.14)

© IS0 2023 - All rights rese

rved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=eebcb70195e49c5f0a84b374307eedc4

ISO 19694-5:2023(E)

3.8
lime Kkiln dust
LKD

partly calcined kiln stone (3.6) material which is extracted by the kiln particulate abatement system

3.9
limestone
LS

sedimentary rock consisting of calcium carbonate (CaCO3), magnesium carbonate (MgCO3), mineral

and other minor impurities, including in some cases a small fraction of organic carbon

3.1
non-kiln stone aggregate
stome extracted from a quarry except that used as kiln stone (3.6)

31
quicklime

profuct resulting from the calcination of limestone (3.9) consisting primaril{Zof calcium caronate

3.1

resjdual CO,

CO,| that remains in the product leaving the kiln which is boundwith CaO in the form of
pospibly with MgO in the form of MgCO4

3.1

run-of-kiln lime

RO

dirgct output from the kiln

3.14
sinfered dolime
doliine (3.2) heated to temperatures below:its melting temperature, so as to increase its den

4 |Symbols and abbreviated-terms

For|the purposes of this documeiit, the following symbols and abbreviated terms apply.

AF alternative(fuel

Mcdo_stack  Mass 0F€0, emitted through the stack

X arithmetic mean of the measured values

CaQO3 | ;.rpr> Mass fraction of calcium carbonate in the dry ROK lime produced by the kiln

CaQOzpxp  mass fraction of calcium carbonate in the dry LKD

CaCO3 and

ity

CaCOj3 g mass fraction of calcium carbonate in the dry limestone fed into the kiln
CaOpq CaO bound in the form of CaCO3
CaOy, free CaO

CaO ;roxk  mass fraction of free calcium oxide in the dry ROK lime produced by the kiln
CaO; xp mass fraction of free calcium oxide in the dry LKD

CaO, total CaO

© IS0 2023 - All rights reserved
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CVigy calorific value of the fuel (y) GJ/t or GJ/m3N
NOTE The applied calorific value always has to match the status of the fuel,
especially with respect to the correct moisture content during its weighing (e.g.
raw coal or dried coal).
d, transport distance of the kiln stone for the mode i
EF, emission factor of the ROK lime, here the CO, emissions resulting from the CO,./t
calcination of the limestone factor per mass of ROK lime
EFLS emission factorofthe llmncfnnn herethe (‘ﬂ emissions rncn]hng fromthe FnLeI/f
calcination of the limestone factor per mass ofhmestone
EFg kc emission factor of externally generated electricity (CO4e/kW}h)
EFy, emission factor of the fuel (y) expressed as (combustion emissions) tco2e/GJ
EF,spyri | greenhouse gas emission factor of imported kiln stone
[PCC Intergovernmental Panel on Climate Change
LI lime
LKD lime kiln dust
LS limestone
Mco2-oxy mass of CO, from oxidation of organic carbonyin-the raw materials
ML 1.ROK dry mass of ROK lime t
mxp dry mass of LKD generated by the préoess t
myg dry mass of limestone fed into_the’kiln or kiln battery t
Myigco3 molar mass of magnesiumycarbonate 84,314 g/mol
Myig0 molar mass of magnesiwm oxide 40,304 g/rpol
Mcacos molar mass of cal¢ium carbonate 100,087 g/mol
Mc.o molar masscof ealcium oxide 56,077 g/mol
Mco, molar mass of carbon dioxide 44,010 g/mol
Mgy, material flow of a fuel (), i.e. the fuel consumption expressed as mass for  tor m3y
selid and liquid fuels or as volume for gaseous fuels
MgCO3; ;.rox Mass fraction of magnesium carbonate in the dry ROK lime produced by
the kiln
NOTE In practice, this mass fraction can be considered as close to 0 as
the magnesium carbonate is fully converted to magnesium oxide due to the
temperatures prevailing in the kiln.
MgCO3 xp  mass fraction of magnesium carbonate in the dry LKD
MgCOs g mass fraction of magnesium carbonate in the dry limestone fed into the kiln
MgO;.rox  mass fraction of free magnesium oxide in the dry ROK lime produced by
the kiln
4 © IS0 2023 - All rights reserved
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by the dry mass flow of limestone fed into the Kiln

© IS0 2023 - All rights reserved

MgO; kp mass fraction of free magnesium oxide in the dry LKD

MgOx. free MgO

MgO, total MgO

m; mass of load i

My [ _prod measured mass of downstream lime product

M| KD-aut dry mass of LKD that is not blended with the downstream lime

mydpuri annual total (wet) mass of imported kiln stone from the third party that is
imported into the plant and used for lime manufacture during the 12-month
reporting period

Oxg, oxidation factor of the fuel (y)

QkLkc quantity of electricity consumed

ROK run of kiln

TO( total organic carbon
tonne
tonnes of aggregates used for the production of fillers

TF k.pur emission factor per wet mass for kiln stone imported K

TF k.pyri  GHG emission factor of transportniode i
given period of time

TO(, < total organic carbon content of the limestone

U, uncertainty associated with the overall analytical procedure

U; relative expandéd uncertainty

U, uncertainty associated with the sampling procedure

Ui uneertainty of the weighbridge for measurement of load i

Unibear total relative uncertainty of the mass measurement

w average moisture content of the kiln stone determined according to the
provisions of 9.2.2.3

X; absolute amount of mass flow or material in stock in the mass balance

y fuel consumed

Nl mass flow of LKD generated in the dedusting system(s) of the kiln divided
by the mass flow of ROK lime produced by the kiln

NLs mass flow of LKD generated in the dedusting system(s) of the kiln divided
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5 General

5.1 Introduction

Since lime is defined as the generic name for quicklime, dolime and sintered dolime, plants

manufactu

ring at least one of these products shall be covered by this document.

In conjunction with ISO 19694-1, this document provides a harmonized method for:

ring, testing and quantifying methods for GHG emissions;

a) measu
b) assess
sites;
c) establi
verific
GHG emiss|
or internat
according 1
5.2 Ovel
Lime many
a) kiln st
lime k
b) kiln op
Kiln;
c) downs
hydrat

ng the level of GHG emissions performance of production processes over time at produc

shment and provision of reliable, accurate and quality information for reporting
htion purposes.

jions offset mechanisms, including but not limited to voluntary offset schemes or nation|
o this document.
rview of the lime manufacturing process

facture includes three main process steps (see Figure 1)

bne preparation including quarrying, crushing, washing, screening and transporting to
In;

ing and packing.

Kiln Stone Preparation
Quarrying of kiln.stone, crushing,
washing, screening and transporting to
thelime kiln

Y

Kiln Process
Calcination in the lime kiln

Y

fion

and

ally

ionally recognized offset mechanisms, shall not be used at any point.in the GHG assessnpent

the

eration including lime manufacture using pyre-processing to calcine the kiln stone in a lime

tream processing including crushings'screening, transporting to silos, grinding/milling,

Downstream Processing

. . . Products:
Ul usluug, N194 Uﬂlllllg, LI dllprl Llllg LU _ Lime
silos, grinding/milling, hydration and " .

§ 8/ &1y Hydrated lime

packing

Figure 1 — Process steps in lime manufacture

A lime manufacturing plant can also encompass the use of additional fuel for on-site power generation
and for preparation or processing of fuels for use in the plant.

There are two main sources of direct greenhouse gas emissions in the lime manufacturing process:

— calcination of kiln stone through pyro-processing in the lime kiln (known as process emissions);

© IS0 2023 - All rights reserved
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— combustion of kiln fuels (known as combustion emissions).
These two sources are described in more detail below.

Other minor direct greenhouse gas emissions can come from non-kiln fuels such as on-site transport,
pumps, room heating and other on-site uses.

The main source of energy indirect greenhouse gas emissions in the lime manufacturing process come
from external power production or transport but these sources are relatively small in comparison to
the direct greenhouse gas emissions.

o 13 4 1l tl L. Fala W 1 + | s tad b A3 EE, £ fi
FOI‘ CHCTTITCSTCTOT, 0TIy CiC— ST CeITIIO U S T 5 a S~ G U5 IS TCIC vVt aSs o StTratCc i Dy U TeTeIre fleld tests.

Dethpils about these tests are provided in Annex A.

5.3| Direct greenhouse gas emissions from calcination of kiln stone — Process
emjssions

In the lime manufacturing process, CO, is released due to the chemical ‘decomposition pf calcium,
magnesium and other carbonates in the kiln stone when the kiln stone is heated to high tethperatures

Formula (1):
CaC0O3 = Ca0+CO, D

MgCO; —MgO0+C0, (2)
Thiy process is called “calcining” or “calcination”. It régults in direct emissions of CO, through the kiln
sta¢k. When considering CO, emissions due to calcihation, two components can be distinguighed:

— [CO, from Kkiln stone used for lime productiof;

— | CO, from materials leaving the kiln systém as partly calcined LKD.

The CO, from lime production is dependent on the quality of the final lime product, i.e. the degree of
caldination. This varies depending on the kiln design and targeted final lime product properties. The
amount of LKD leaving the kiln System varies with kiln type. The associated greenhouse ga§ emissions
are|likely to be relevant and so'shall be accounted for.

CO,Jemissions from calcifiation can be determined as a part of the measurement method or by using the
follpwing mass-balance<pased methods which are in principle equivalent:

a) [the input method, based on the mass of kiln stone entering the kiln and chemical compodition of the
limestone,lime and LKD leaving the kiln system;

b) |the output method, based on the mass and chemical composition of the lime and LKD |eaving the
Kiln System;

C) direct grppnhmlcp gas emissions from organic carbon in kiln stone

Some Kkiln stone sources contain a small fraction of organic carbon, which can be expressed as TOC
content. Organic carbon in the kiln stone is converted to CO, during pyro-processing. The contribution
of this component to the overall CO, emissions is typically very small. The organic carbon content of
kiln stone can, however, vary substantially between locations and shall be assessed.

5.4 Direct greenhouse gas emissions from fuels for kiln operation — Combustion
emissions

The lime industry uses various fossil fuels to heat the kiln, including natural gas, coal and fuel oil. In
recent years, fuels derived from waste materials have become important substitutes. These AF include
fossil fuel-derived fractions, such as waste oil, as well as biomass-derived fractions, such as waste

©1S0 2023 - All rights reserved 7
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wood. Furthermore, fuels are increasingly used which contain both fossil and biogenic carbon, such as
municipal and pre-treated industrial wastes or waste tyres (containing natural and synthetic rubber).

Both conventional fossil and AF result in direct greenhouse gas emissions through the kiln stack.
However, biomass fuels and the biomass component of mixed fuels are considered in accordance with
[PCC definitions and can be reported separately as a memo item.

Greenhouse gas emissions from combustion of fuels can be calculated based on the mass, calorific value
and chemical composition of fuels entering the kiln.

The mass-balance-based method used in this document is compatible with Reference [5].

Alternativg
can be de

ly, kiln GHG emissions, from combustion, calcination and organic carbon in the kila'st
fermined by direct measurement at the kiln stack using the stack-measuremént<ba

bne,
sed

method. Efissions from the kiln stack all sources are determined based on continuous measurenpent

of the cond
measurem
to the mas

5.5 Dirgct greenhouse gas emissions from non-kiln fuels — Combustion emissions

Greenhous

manufactulring plant, such as on-site transport, fuel heating, and rodm heating are determined

similar wa

5.6 Enel

In lime ma
by the plar
with its m
associated

scope of thiis document.

6 Inven

6.1 App

The report
between o

6.2 Orgs3

Organizati
operations|

entration of the relevant GHG in the flue gas and of the flue gas volume flow, For the st
bnt-based method, non-kiln emissions are measured using a mass balance @pproach sim
5-balance-based method.

y to the greenhouse gas from fuels for kiln operation.

rgy indirect greenhouse gas emissions

hufacture, the main energy indirect greenhouse gas emission source is electricity purchd
t but generated off-site. Where kiln stone isdimported to the plant, the emissions associg
hinufacture to the plant shall be included within the scope of this document. The emiss
with the off-site transport of purchasedkiln stone to the plant can be included within

tory boundaries

ropriate boundaries'to distinguish

ing entity shall defifie appropriate boundaries in line with ISO 14064-1 which distinguis
'ganizational andveporting boundaries.

inizational boundaries

bnal boundaries define which parts of an organization - for example, wholly ow
jeint ventures and subsidiaries - are covered by an inventory, and how the emission|

hck-
ilar

e gas emissions from use of fuels in non-kiln applications (Which are part of the lime

na

sed
ted
ons
the

hes

ned
s of

these entit

esare consolidated

The rules for defining organizational boundaries in ISO 19694-1 shall be applied.

In particular, the lime industry shall include the following types of activities:

lime kiln;

calcination in the lime Kiln;

hydrating and packing;

fuel us

e for on-site power generation or heat;

© IS0 2023 - All rights rese
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— preparation or processing of fuels in own installations.
6.3 Reporting boundaries

6.3.1 Emissions to be included
Reporting boundaries define the types of sources of emissions covered by this document.

The requirements for defining the scopes of emissions in [SO 19694-1 shall be applied.
.ﬂl‘ O "\ﬂ 11“’“1‘ La'l innc [aFa' Oll i“ A A ]‘\D Fn]]r\w\rihn' RY'DDY\L\I'\IICO O C nml'cc!'nnc SOolllc
Subjeet—+to—thelimitations—set—-out—in-64—thefolowing g ees shall be

..............................
megsured for lime manufacturing plant facilities:

— |all direct greenhouse gas emissions (direct emissions) from greenhouse gas $ourceq§ owned or
controlled by the organization;

— |allenergy indirect greenhouse gas emissions (indirect emissions) from imperted energy (electricity,
heat or steam) consumed by the organization;

— |other indirect greenhouse gas emissions (other indirect emisgions) from the prodjiction and
transportation of imported kiln stone.

Each lime plant shall undertake an assessment of its direct greenhouse gas emissign sources,
ind{rect greenhouse gas emission sources from imported energy and, where relevant, other indirect
gregnhouse gas emission sources. The assessment shall include GHG emissions from all sthges of the
lim¢ manufacturing process undertaken at the plantuincluding kiln stone preparation, falcination
and downstream processing of the lime products such as into ground lime or hydrated lime. Where
kilr] stone is imported into the site, GHG emissions.from its production shall be included for use in
performance assessments.

By ay of example, but not restricted to, the following greenhouse gas emissions as showr} in Table 1
arejrelevant for a typical lime manufacturing plant.

Table 1 — Relevarnt GHG emissions for a lime manufacturing plant

Category Process steps

Direct greenhouse gas emissions including extraction, quarry pperations,
transport to stone processing plant, processing (washing, crushing,
screening), transport to the lime kiln

Direct greenhouse
gas emissions

Indire€tgreenhouse |Indirect greenhouse gas emissions including extraction, quarry opera-
Kilp stone gas.emissions from |tions including quarry dewatering, transport to stone processrlng plant,
prejparation |imported energy processing (washing, crushing, screening), transport to the linpe kiln

Indirect greenhouse
gas emissions from
products used by the
organization

Includes imported kiln stone extraction, quarry operations indluding
quarry dewatering, transport to stone processing plant, proce$sing
(washing, crushing, screening), transport to the lime kiln

Direct greenhouse gas emissions from the manufacture of lime

Direct greenhouse

gas emissions Direct greenhouse gas emissions from the production of LKD

Kiln process Direct greenhouse gas emissions from the combustion of fossil fuels

Indirect greenhouse
gas emissions from
imported energy

Indirect greenhouse gas emissions from kiln operation and
infrastructure

Direct greenhouse

gas emissions Includes transport to silos, grinding/milling, hydrating or packing

Downstream

processing Indirect greenhouse

gas emissions from |Includes transport to silos, grinding/milling, hydrating or packing
imported energy

©1S0 2023 - All rights reserved 9
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It is not necessary to include the following greenhouse gas emissions as these are deemed to be
insignificant or irrelevant:

— greenhouse gas emissions from overburden removal in the quarry;
— greenhouse gas emissions from the rehabilitation or restoration of the quarry and plant;
— greenhouse gas emission from manufacture and use of explosives during quarrying;

— greenhouse gas emissions from the original development of the plant, including the manufacturing
the infrastructure;

— greenljouse gas emissions from the production, transportation and distribution of fossil and Ajs;

— indire¢t greenhouse gas emissions from products used by the organization other than for Kiln stone

imporfed to the plant.

If these grgenhouse gas emissions are incorporated within the available measured yalues and carnot
be separat¢ly measured, they shall be included in the reported information.

6.3.2 Structure of plants and processes

The reporting entity shall document all production units at the plant including the downstr¢am
processes, such as grinding and hydration.

If there is ore than one type of industry being operated at the plant, the reporting entity shall cleprly
identify the operations associated with lime manufacture.

6.4 Sources and greenhouse gases to be included
All greenhpuse gas emissions sources necessary for producing lime shall be included.

The follow|ng greenhouse gas shall be reported as'a carbon dioxide equivalent (CO,,) using the releyant
global warjming potential for a time horizon:gf.100 years (GWP 100 factor), consistent with reporfing
under the §econd assessment report of the [PCC: carbon dioxide (CO,).

As demongtrated during different field\tests, other greenhouse gasses are not relevant for the lime
industry (Jee Annex A).

6.5 Internal lime transfers

Some limel companies tfansfer lime products internally between different lime plants for further
downstream processing, for example, milling/grinding or hydration. These transferred products shall
be accounted for in@ymanner that avoids double counting between different plants or distortion of{the
performanice indieators. Such transfers shall be taken into account in the calculation of the performgnce
indicators.

6.6 Assessment period

Data for determination of greenhouse gas emissions and performance indicators shall be collected over
a minimum 12 months' period. If data are collected over a shorter period, this shall be reported by the
reporting entity wherever results are published.

7 Principles

Accounting and performance assessment of greenhouse gas emissions shall be based on the principles
as described in the introduction of ISO 19694-1:2021.
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8 Determination of greenhouse gas emissions: General requirements
8.1 Monitoring plan and other requirements for identifying, calculating and reporting
of greenhouse gas emissions

The reporting entity shall develop a monitoring plan to identify, calculate and report greenhouse gas
emissions according to ISO 19694-1.

The monitoring plan shall contain at least the elements laid down in ISO 19694-1:2021, Annex A and in
Annex B.

8.2| Stack-measurement-based method or mass-balance-based method

Thg amount of kiln direct greenhouse gas emissions can be determined by stack-medsurement-based
methods or a mass-balance-based method.

Both techniques with the corresponding requirements are described in [SO @9694-1:2021, Clause 9.

For|lime plants, it is not usually practical for the concentration of emis§ions from all emission sources
to He measured directly. The stack-measurement-based method therefore involves only the fontinuous
megasurement of the greenhouse gasses from the kiln exhaust staek(s) and application of the mass-
balgnce-based method for other emission sources in accordancewith 9.4.

Where biomass or mixed fuels containing biomass are usedythe greenhouse gas emissions|associated
with the biomass fraction shall be determined using the mass-balance-based method descrfbed in 9.2.
Thg annual proportion for greenhouse gas emissions from the biomass shall be deducted from the total
kilnj greenhouse gas emissions as measured continyously at the exhaust stack(s).

9 [Direct greenhouse gas emissions.and their determination
9.1] Sources of direct greenhousegas emissions and applicability of determination
mefhods

In the production of lime, direct.greenhouse gas emissions can arise from, but are not restrifted to, the
follpwing sources:

— |calcination of carbohates and organic carbon contained in the kiln stone (and other ray materials
where relevant);

— |combustioneffliels used to heat the kiln, including:
— combustion of conventional fossil fuels;

— ¢ Gombustion of alternative or mixed fuels with biogenic content;

— combustion of hiomass and big-fuels (i“l‘]ll{"i“g biomass urncfnc);

— combustion of fuels for non-kiln processes, including:

— combustion of conventional fossil fuels;

— combustion of mixed fuels with biogenic content;

— combustion of biomass and bio-fuels (including biomass wastes);
— combustion of fuels for on-site power generation.

The reporting entity shall prepare a full inventory of all direct greenhouse gas emissions sources of the
plant.

©1S0 2023 - All rights reserved 11
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The amount of kiln direct greenhouse gas emissions can be determined by the continuous stack-
measurement-based method or by the mass-balance-based method.

Determination using the stack-measurement-based method involves the continuous measurement of
the concentration of the relevant greenhouse gases in the flue gas and the flue gas volume. The stack-
measurement-based method can only be applied to the kiln greenhouse gas emissions and cannot be
applied to other site or plant greenhouse gas emissions which require application of a mass-balance-
based method. If the stack-measurement-based method is selected, the provisions specified in
ISO 19694-1:2021, 9.2.2.1 to 9.2.2.6 shall be met.

Determination using the mass-balance-based method involves emissions from each source stream
being detefmined based on input or production data obtained by means of measurement systems pnd
additional parameters from laboratory analyses (e.g. chemical analysis, calorific value, carbon.content,
biomass cgntent) and/or standard factors. According to site trials, the mass-balance-baséd-method
achieves a|significantly lower uncertainty than the measurement method. Therefore, thé-galculatjon-
based method should be the preferred method.

9.2 Dirgct CO, greenhouse gas emissions from the calcination of Kkiln stone (process
emissions) using the mass-balance-based method

9.2.1 Infroduction and overview of the methods

Calcination) is the release of CO, from carbonates and organic carbon in the kiln stone during pyro-
processingl During the calcination of kiln stone, CO, is released:

— either when the kiln stone is decarbonated according to Fermulae (1) and (2);

— or when organic carbon contained in the kiln stone“is oxidized when the kilnstone is hegted

according to Formula (3):
C+0,|—CO, (3)

CO, emissipns from calcination therefore iniclude:

— (O, emissions from the partial or€ul calcination of kiln stone;

— (O, enpissions from the partial or full calcination of LKD leaving the kiln system;

— (O, emissions from the okidation of organic carbon in the kiln stone.

1ce-

ned,

the

The mass flows and chemical compositions of the kiln stone and LKD refer systematically to a dry state
(less than 1 % humidity). The moisture content of the required mass flows shall be determined as far as
relevant to convert the measured (wet) mass flows into dry mass flows.

The reporting entity can choose which of these methods to apply. The selection of method shall be made
according to the availability and location of sampling and measurement equipment (see Table 2).
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Table 2 — Overview of the methods for the determination of direct greenhouse gas CO,
emissions from the calcination of kiln stone (process emissions) using the mass-balance-based

method
Input method Output method
Mass Measured kiln stone consumed ac- |Measured lime production accord-
cording to the provisions of 9.2.2.2 |ing to the provisions of 9.2.3.2
Measured moisture, CaC0O3, MgCO3 |\1ocreq organic carbon content
CO, from o and organic carbon contents in o .
; Composition |; . X in kiln stone according to the
lime All plants kiln stone according to the o
. .. provisions of 9.2.3.4
pr uction pv‘nulcw\nc nFQ 7 7 Q
Measured CaCO5 in ROK lime Measured free CaO@ndfree MgO
— according to the provisions of in ROK lime according tp the provi-
9.2.2.6 sions 0f 9.2.3.3
Continuous measurement of LKD |Continuousymeasuremept of LKD
production production
or or
Estimation of the LKD production |Estimation of the LKD production
Mass based on spot measurements ac- «[based on spot measureipents ac-
cording to the provisions of 9.2.2:4 |cording to the provision]s of 9.2.3.4
or or
CcoJ from Use of a default value for‘the Use of a default value fof the
LKbD All plants estimation of LKD produiction as  |estimation of LKD prodfiction as
defined in 9.2.2.4 defined in 9.2.3.4
Measured CaCQyMgCO3, free CaO Measured free CaO and ffree MgO
and free MgO_in LKD according to |. : LS
. in LKD according to the[provisions
the provisiens of 9.2.2.5
0f9.2.3.5
Composition |or
or
Usgghe composition of the hm'e Use the default values afcording to
product according to the provi- L
\ the provisions of 9.2.3.9
sions of 9.2.2.5
In this document, free CaO and-MgO shall be calculated according to Formulae (4) and (5)} providing
that the amount of MgO does'not exceed 5 %:
CaOg. =Ca0, —CaOyy 4)
MgO ;. = Mgd; (5)
If the amountof MgO exceeds 5 %, the method and assumptions used to calculate the free C30 and free
Mg( shallbe specified.
MgCO-/decomposes at a lower temperature than CaCO4 so all residual CO, can be assumed to be as
CaCOs;.
9.2.2 Input method

9.2.2.1 Main formula of the input method

The input method is based on determining the amount of limestone consumed in manufacturing lime.

CO, emissions are determined using Formulae (6) to (8).

NOTE

©IS

02023 - All rights reserved

The detailed derivation of the formula is explained in Annex C.
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Meog-stack = (EFys XMyig ) +Mcoo.oxy
where

EF ¢ ={(CaC0,, 3 -1, X CaC0y . )% 0,4397 +(MgCO, ; X MgCO,, . )} -

€aco,,, nox X0,4397 + MgCO, -\ X0,5231
{ s —— x[((1~Caco, ; —MgCO, ¢ ) +Caco, ¢ x0,5603 + MgCO, ¢ x0,4780)
1-(Cac0y,;; pox X0,4397 + MgCO, | cox X 0,5231)

Ny x ({1 =CaCO - —MgO - —CaC0 = MgCO \+Ca0 . +CaCo x0,5605+ Mg0___+ Mg(O x0.4780) }

and where
44

Mcoz-oky =15 *MLs XTOCyg
In the aboye formulae, all masses shall be expressed in t.
The reportling entity shall:

— apply this calculation formula to each kiln or kiln battery and each typ€of lime manufactured at

plant;

9.2.2.2 1

The annuall total wet mass (in t) of kiln stone processed through each kiln or kiln battery shal

measured
stone acco

My s =My s wet X(1 _W)

9.2.23 1

The moisty
of the kiln
and analyt|

If the reparting entity can demonstrate that the moisture of the kiln stone is consistently beloy

equal to 1

and S:IE
The paramieters in this formula shall be determined as follows,

the mcoy.stack fOT €ach to give a total Mgy grack tor fOrtHe plant.

etermination of the mass of kiln stone

(M| 5.ver)- This mass shall be corrected'to take into account the moisture content of the

‘ding to Formula (9):

)etermination of the composition of kiln stone

re and the calcium'carbonate (CaCO3 ¢), magnesium carbonate (MgCO3;,¢) and TOC contg
stone shall be detérmined for each kiln or kiln battery according to the frequency of samp
cal methodsefdnalytics specified in Table 3.

o, therrthe kiln stone mass does not have to be corrected for moisture.

(6)

(7)

(8)

the

be
kiln

(9)

ents
ling

14
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Table 3 — Sampling and type of analyses to be performed on the kiln stone in the input method

Parameter Sampl_mg Frequen_cy of Sampling method Frequenc_y of Test method
location sampling analysis
Moisture Use an ISO 1 analysis per Use an ISO

CaCo Conveyor belt Standard, or if not 50 000 t2 per standard, or if not
3LS or other 1 sample per available, a national kiln or kiln available, a national

MgCOs; 5 suitable month perlfdln standard, or if not battery standard, or if not

location before or kiln Il))atter available, arecog- | and minimum | available, a recog-

TOC. . b the kiln feed Y| nizedlocal stand- | 1 analysis per | nized local stand-

LS system ard. Method used |quarter? per kiln| ard. Method used

Shall be recorded. | or Kiln battery | shall bgrecorded.

reapplied.

All test results range between (X -SJ)and (X +S).

a2 |Can be reduced by a factor of 2 if tests show after an initial period of one annum:

The ratio between the standard deviation (S,) of the historical results and their average ( X ) does not excged 0,1.

If at least one series of results does not comply with the above criteria, the initial sampling rates in Taljle 3 shall be

b 1f the TOC, ¢ content of the kiln stone can be demonstrated to be below or equalto, 0,15 % on a dry basi
neefl to be measured routinely and can be assumed to be zero.

, it does not

9.2
The

intd

using Formula (10):

m
_Mkp
NMis =

—-

myg

2.4 Determination of the mass of LKD

annual total mass (in t) of LKD (mkp) generated by each Kiln or kiln battery should be
Thed measured quantity shall then include all LKD collecteghin the abatement system before it
commercial products or disposed. A kiln specific ratio’of LKD to kiln stone (1, 5) shall bd calculated

measured.
is blended

(10)

For|plants unable to measure the annualltotal mass of LKD, the mass can be determined by [developing
a kiln specific ratio [1; s, see Formula{3%)] on the basis of short-term sampling as specified i Table 4.

Table 4 — Procedure for.determining the ratio of LKD to kiln stone in the input meethod

Parameter Sampl_lng Frequen_cy of | Sampling Frequency of test Test m¢thod
location sampling method
Total mass of LKD gen-
1 test per annum for | arated (m ) and total
vertical kilns or bat- | qry mass ofkiln stone
tery of vertical kilns (my¢) fed info the kiln
} i ) or during the same defined
NLs Not applicable | Not applicable | Not applicable period of tinje (e.g. 4 h
1 test per quarter for to 8f)
horizontal kilns or
battery-ofherizental--lnternal measurement
kilns wi.th galibrated
weighing system
My xp (tgt )
Ms=———7 "+ (11)
mis (tg)

Where short-term tests cannot be performed, the reporting entity can use the default values in Table 5.

© IS0 2023 - All rights reserved
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Table 5 — Default values for the ratio of LKD to Kiln stone in the input method

Type of lime Kkiln

Nis = Migp / Mys

Vertical kilns: parallel flow regenerative kiln, annular shaft kiln, mixed

: . 1%
feed shaft kiln, other shaft kiln
Horizontal kiln: preheater rotary kiln 55%
Horizontal kiln: long rotary kiln 8%

9.2.2.5 Determination of the composition of LKD

The calciupn carbonate (CaCOj3 | kp), magnesium carbonate (MgCOs | xp), free calcium oxide (Ca@,

kD)

and free mpgnesium oxide (MgOy k) contents of the LKD shall be measured according to the fréqugncy
of sampling and the method of analysis specified in Table 6.

Table § — Sampling and type of analyses to be performed on the LKD in the inptit method

sampling location

ard. Method used
shall be recorded.

Parametdr Sl?)rcl:gli:)r:lg Fl‘seaqnl:;llliCnngf Sampling method Frz%gf;sci}s’ of Test method
CaOyxp Discharge screw Use an ISO Use an ISO
MaO of the dedusting standard, or if not standard, or if jot

9YLkD . . . ) .
system, 1 sample per available, a national 1 analysis available, a natidnal

CaC03 ky, flow of LKD piepe standard, or if not pér quarter? standard, or if )jot
leavi . month per kiln . ¥ : : X
eaving the kiln : available, a recog oh composite | available, arecgg

or kiln battery : .
CaCo system, or nized local stand- sample nized local starld-
3LKD other suitable

ard. Method uspd
shall be record¢d.

a  Can be

and (X +5)

Ifatleast on¢ series of results does not comply with the above criteria, the initial sampling rates in Table 6 shall be reapplied.

reduced by a factor of 2 if tests show after an initial;period of one annum: the ratio between the standard
deviation (S}) of the historical results and their average (X ) do€s not exceed 0,1. All test results range between (X 1S,

Where the[reporting entity does not sample:and analyse the LKD, the composition of the LKD shalll be
assumed t¢ be same as the ROK lime (see 9(2.2.6).

9.2.2.6 Run-of-Kkiln lime

The calciupn carbonate (CaCO3rpok) content of the ROK lime shall be determined on the basis

pf a

chemical apalysis performed @ecording to the methods specified in Table 7. It can be assumed that|the

magnesium carbonate is completely transformed into magnesium oxide (MgCO3;;.rox = 0)-

Table 7 —+ Samplingand type of analyses to be performed on the ROK lime in the input method

shall be recorded.

Parametpr Sampl_lng Frequen'cy of Sampling method Frequenc'y of Test method
location sampling analysis
Fal Lol o Use an ISO 11 1ICO ot |
\JUllV\—)’ Ul cit dat Standard Or if uosl dil' ToU Sualiu rd,
kiln discharge o) or if not available, a
CaCO3y.rok not available a . .
! 1 sample per . 1 analysis per | national standard, or
(assuming that or . National Standard, . .
month per kiln . . quarterd on |if notavailable, arec-
MgCOs3 1.rok . . or if not available . .
other suitable | orkiln battery : composite ognized local stand-
=0 . arecognized local
sampling ard. Method used
. standard. Method
location shall be recorded.

reapplied.

a2 Canbereduced by afactor of 2 if test show after an initial perod of one annum: the ratio between the standard deviation
(Sy) of the historical results and their average (X ) does not exceed 0,1. All test results range between (X - S and (X +3S,).
If at least one series of results does not comply with the above criteria, the initial sampling rates in Table 7 shall be

16
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9.2.3 Output method

9.2.3.1 Main formula of the output method

The output method is based on determining the mass of ROK-lime produced. CO, emissions shall be
determined according to Formulae (12) to (14)

Mco2-stack = (EFLi XMypok )+ Mco2-0xy

where

and

In the above formulae, all masses shall be expressed in t.

The

9.2

Thd
dire

EFy; =(Ca0yprok +11 XCaOpkp ) X 0,7848 + (MgOy ok +11 XMgOrkp ) X 1,092

where

44
Mco2-oxy = ExzxmLI-ROK XTOCyg

reporting entity shall:
apply this formula to each kiln or kiln battery and each type of lime at the plant;

and sum the mcq,_gack fOr €ach to give a total meo; ek tor fOr the plant.

3.2 Determination of the mass of ROK lime

(12)

(13)

(14)

annual total mass (t) of ROK lime produced’by each kiln and kiln battery shall where possible be
ctly measured (my;.pox)- If the mass of\ROK lime cannot be directly measured or where a more

ducts, this

acclirate measurement can be obtained, by measuring the mass of downstream lime pra
mags can be used to derive the mass_of ROK lime produced. The reporting entity shall then specify in
the[monitoring plan the method us€d fo assess the mass of ROK lime produced.
For|downstream lime products.consisting of a blend of ROK lime and LKD, the mass of LKD| that is not
blemded with lime shall be.measured and Formula (15) can be used for calculating the mpss of ROK
lime:
my . £my kp.
mLI-ROK — LI-Prod LKD-out (15)
1+,
9.2]13.3 De€termination of the composition of ROK lime
The sampling and analysis of the lime shall be undertaken on ROK lime unless not technically possible
according to the frequency of sampling and the method of analysis specified in Table 8.
17
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Table 8 — Sampling and type of analyses to be performed on ROK lime in the output method

Parameter Sampl_mg Frequen_cy of Sampling method Frequenc_y of Test method
location sampling analysis
Ca0y.rok Conveyor Use an ISO standard, | 1 analysis per | Use anISO standard,
belt at kiln 1 sample per or if not available,a | 50 000 t2 per kiln | orif notavailable, a
discharge or plep national standard, or | or kiln battery |national standard, or
: month per |, . L . .
other suitable Kiln or kiln if not available, arec-| and minimum |if not available, a rec-
MgOyrok sampling batter ognized local stand- 1 analysis per | ognized local stand-
location for y ard. Method used | quarter?per kiln | ard. Method used
ROK lime shall be recorded. or kiln battery shall be recorded.
Ifatleast ong series of results does not comply with the above criteria, the initial sampling rates in Table 8 shall be reapplied.
a  Can be reduced by a factor of 2 if tests show after an initial period of one annum: The ratio between the standard
deviation (S}) of the historical results and their average (X +S) does not exceed 0,1. All test results range bétyeen (K -
SJand (X 4S).
If the analyses cannot be carried out on the ROK lime and on the LKD, the reporting entity can perfprm
analyses oh the downstream lime products. Based on these analyses, it shall asséss the free calcjum

oxide and free magnesium oxide contents of the ROK lime. The reporting entity shall then specifly in
the monitdring plan the method used to assess the chemical composition of the-ROK lime. It shall also
demonstrjte that the composition determined is equivalent to the composition that would be based on
a direct mgasurement on the ROK lime, see Formulae (16) and (17).

CaOy iy Xmy gp-oue X(1+711)

My 1-prod T MLKD-out

MgOy xp XMy kp-out X(1+71;)

M 1prod T MLKD-out

_ Ca0y 1 prog XMy1prog X(1+7y)

My 1-Prod T MLKD-out

16)

OK

MgO xXm xX(1+
MgO, ko = 90L1-Prod XMy1-Prod X (1+111)

=N XMgOyxp + 17)

M 1prod T MLKD-out

9.2.3.4 IDetermination of the mass of LKD

total mass (in t) of LKD (m;kp) generated by each kiln or kiln battery should preferably be
measured.[The measured quantity shall in€lude all LKD collected in the abatement system before fit is
blended info downstream lime products or disposed. A kiln specific ratio of LKD to ROK lime (7;,) shall

be calculatied using Formula (18):

I11L.KD
LI-ROK

The annua

M = 18)

3

If the annual total mass™of LKD cannot be directly measured, the mass may be determined by

developing a kiln specifie-ratio (1;;) on the basis of short-term measurements as specified in Tabjle 9
[see Formyla (19)].
Table 9 —< Procedure for determining the ratio of LKD to ROK lime in the output method
Parameter | Sampimg—Frequency of —Sampting Frequency of test Test method
location sampling method
Total mass of LKD gen-
1 test per annum for erated (myp) and total
vertical kilns or battery | 355 of ROK lime (my,)
of vertical kilns produced during the same
n Not Not applicable Not and defined period of time
applicable applicable (e.g.4hto8h)
1 test per quarter for
horizontal Kilns or bat- | [nternal measurement
tery of horizontal kilns with calibrated weighing
system
18 © S0 2023 - All rights reserved
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Mykpp isthe dry mass of LKD generated during a given period of time;

My 1 RoK plS the dry mass of ROK lime during a given period of time.

(19)

Where short-term tests cannot be performed, the reporting entity can use the default values in Table 10.

Table 10 — Default values for the ratio of LKD to ROK lime in the output methJ)d

Type of lime kiln M1 = Mrgp / MLLRoK
Vrtical kilns: parallel flow rege.nerative kiln, anpular shaft kiln, mixed 2%
feed shaft kiln, other shaft kiln
Horizontal kiln: preheater rotary kiln 10 %
Horizontal kiln: long rotary kiln 15 %

9.2

Thd
det

T

3.5 Determination of the composition of LKD

free calcium oxide (CaO;kp) and free magnesium oxide \(MgO, xp) contents of the LD shall be
ermined according to the frequency of the sampling and\thie method of analysis specified

n Table 11.

able 11 — Sampling and type of analyses to be-pérformed on the LKD in the outputfmethod

Parameter Samplgng loca- Frequen_cy Sampling method Frequenc_y of Test method
tion of sampling analysis
(a0 xp Discharge screw
of the dedusting Use an ISO Standard, Use an ISO|Standard,
system, 1 samp\per or _if not available, a 1 analysis per or .if not ayailable, a
flow of LKD montH National Standard, or tora National Standard, or
per |. - quarter 2 on . :
[ leaving the kiln kiln or kiln if noF available, a rec- composite 1fn0.t availpble, a rec-
Mg0ikp tg batt ognized local Stand- | ognized lokal Stand-
system, or attery ard. Method used sampie ard. Method used shall
other suitable shall be recorded. be recprded.
sampling lpcation
If af least one series of results does not comply with the above criteria, the initial sampling rates in this tgble shall be
reapplied.
a  |Can be reduced by a factor of 2 if tests show after an initial period of one annum: the ratio between the standard
devjation (S)of\the historical results and their average (X ) does not exceed 0,1. All test results range betwgen (X - S)
and/ (X +Sg).
Where€ the reporting entity does not sample and analyse the LKD, the composition of the LKD shall be
assumed to he the same as the ROK lime (see 92 2 3)

9.2.3.6 Determination of the TOC content of the kiln stone

The TOC content of the kiln stone shall be determined according to the frequency of sampling and
method of analysis specified in Table 12. If the TOC content of the kiln stone can demonstrate to be
below or equal to 0,15 %, a default TOC value of 0,0 % can be assumed.

© IS0 2023 - All rights reserved

19


https://standardsiso.com/api/?name=eebcb70195e49c5f0a84b374307eedc4

ISO 19694-5:2023(E)

Table 12 — Sampling and type of analyses to be performed on the Kiln stone in the output

the standar
between (X
rates in this

method
Parameter Slamp!lng Frequen.cy of Sampling method Frequenc_y of Test method
ocation sampling analysis
stanlfjs;fr?inolrsgfnot 1 analysis per | Use an ISO standard,
Conveyor belt, . ! . 50 000 t2 per kiln | orif notavailable, a
. available, a national : .
or other suitable| 1 sample per : or kiln battery |national standard, or
. . standard, or if not . . .
TOC, ¢ location before | month per kiln available. a recog- and minimum | if not available, a rec-
the kiln feed | or kiln battery | . ’ & 1 analysis per | ognized local stand-
sustem nlzed local Stand- annumaner kiln ard Methad us
7 ard. Method used oo
shall be recorded. or kiln battery shall be recordef.
a  Canberjeduced to 1 analysis per annum per kiln or kiln battery if after an initial period of one annumthe ratio-between

| deviation (S) of the historical results and their average (X ) does not exceed 0,1. All test results r3
-SJand (x +S,).Ifatleast one series of results does not comply with the above criteria, the initial samp
table shall be reapplied.

nge
ling

9.24 Di

Lime Kkilng
cycle. Such
compositig
calculated

9.3 Dir

9.3.1 Ini

Kiln fuels §

following s
fuel he

— prehed
— treatn]
Fuels used

Fuels used
this docun

Greenhous

"ect greenhouse gas emissions during Kiln start up or shutdown

events result in the generation of partially calcined material*which has nonconfor
n in comparison with the target lime product and which can have a material effect on

roduction to the mass-balance-based method for Kiln fuels

ire all fuels used in the kilns plus_ fuels used for drying kiln stone (where carried out).
hall be reported under kiln fuels:

ating;

ting air fed into the Kilm;

ent of the flue gas (e.g”in post combustion equipment).

for the electrieityproduction shall be reported as non-kiln fuel.

for the drying of carbonates (as by-products of the lime production) are outside the scop
ent.

e gas emissions from fuels used at the plant during the reporting period shall be calculz

typically experience some start-ups and shutdowns as part of\their normal operatrii

ct greenhouse gas emissions from kiln fuels{(combustion emissions) using the
mass-balance-based method

nal
ing
the

direct greenhouse gas emissions from calcination. The effect of these events shall be taken
into accoumt in the monitoring plan.

The

e of

ted

from meas

urements of the activity data of each fuel consumed (y), its lower heat value (net calo

rific

value), its net CO, emission factor and the degree of oxidation. It is important to note that the applied
net calorific value always has to match the status of the fuel, especially with respect to the correct
moisture content during its weighing (wet or dry).

The greenhouse gas emissions from each fuel (y) shall be determined using Formula (20):

(20)

The greenhouse gas emissions from each fuel shall be summed to give the total mgy,_g;,; for the plant.

20
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9.3.2 Determination of the activity data of kiln fuels
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The activity data of each fuel used in each kiln or battery of kilns shall be determined from the delivered
quantity adjusted for any stock changes. Alternatively, the reporting entity can determine the activity

data of each fuel using a measurement device. The activity data of fuels shall be expressed int, 1 or m3

9.3.3 Determination of fuel emission factors for Kkiln fuels

N -

9.3.3.1 Determination of fuel factors for plants with greenhouse gas emissions 250,000 t CO,e

per annum

There are three different approaches to determine the fuel factors differs per type of fuel;

a) |Solid and liquid fossil fuels

Where a plant has total absolute emissions exceeding 50 000 t CO,e per annuiy, the reporting entity
shall determine fuel emission factors by sampling and analysing each-fdel according fo relevant
International Standards at the frequency defined in Table 13. Where“a relevant Infernational
Standard is not available, the reporting entity shall use a National Standard. If a relevapt National
Standard is not available, appropriate national good practice may’ be used. The reporting entity
can use fuel factors provided by the fuel supplier as long as the fuel is sampled and gnalysed in
accordance with the requirements of this document.

The factors for each fuel used by each kiln or each kiln battery shall be determined at th¢ frequency
specified in Table 13.

Table 13 — Sampling frequency of solid andliquid fuels to determine their fuel fdctors

(onventional
sollid fossil fuels
(¢oal, petcoke,
lignite, ...) and
onventional
liquid fossil
fudls (fuel oil, gas
oil, ...)

net calorific value

(GJ/9

and at least
six times per
annum

Frequency of Sampling .
[ype of fuel Fuel factors sampling method Frequency of arjalysis
every 20 000t

[SO 18283 or
ISO 139009 series

every 20 000 t and gt least six
times per annyim?@

emission factor

every 20 000 t and gt least six

(tcot/GN) times per annpim?
oxidation factor . . to be defined by thereporting
(dimensionless) entity or use a defaulf value of 1

L

—-

net calorific value

every 20000 t

and at least

every 20 000 t and gt least six
times per annum?or yse a stand-

t) or itre ix ti ard value (only for stgndardize
(GJ/9 or (GJ/litre) | six times per d value (only f dardized
anhum fuels like heavy or light fuel oil)
. every 20 000 t and gt least six
;ngaf:lilisl (ﬁ]lel e times per annufn@ or
U(EZOUZ/G‘]‘)LW - — use a standard value (only for

standardized fuels like heavy or
light fuel oil)

oxidation factor
(dimensionless)

to be defined by the reporting
entity or use a default value of 1

a  Can be reduced by a factor of 2 if tests show after an initial period of one annum: the ratio between the standard
deviation (Sg) of the historical results and their average (X ) does not exceed 0,1. All test results range between (X - S,)
and (X +S,).If atleast one series of results does not comply with the above criteria, the initial sampling rates in this table
shall be reapplied. If fuels are sampled and the fuel factors are analysed by the fuel supplier according to the same methods
in this tabble, these values can be used by the reporting entity without the requirement for further testing.
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Table 13 (continued)

Frequency of Sampling .
Type of fuel Fuel factors sampling method Frequency of analysis
every 5000t
net calorific value and at least . every 5 000 t and at least four
(GJ/1) four times per times per annum?
annum
Solid AFs emission factor . . every 5 000 t and at least four
(tco2/Gl) times per annum?
exidationfactor — — to-be-defined-by-thereporting
(dimensionless) entity or use a default valuegf 1
net calorific value . every 10 000 t and atleast fqur
(GJ/1) every 10 000 t times per apnum?
L emission factor and at least every 10 000 t ahd'at least fqur
Liquid pAFs ) — :
(tco2/Gl) four times per times per)annum?
oxidation factor annum . to be defined by the reportipg
(dimensionless) entity pruse a default value g¢f 1
a2 Can be feduced by a factor of 2 if tests show after an initial period of one annum: the-ratio between the standard
deviation (S}) of the historical results and their average (X ) does not exceed 0,1. All test résults range between (X 1 S,)
and (X +S,] If atleast one series of results does not comply with the above criteria, thé.initial sampling rates in this thble
shall be reagplied. If fuels are sampled and the fuel factors are analysed by the fuel supplier according to the same metHods
in this tabblg, these values can be used by the reporting entity without the requirement for further testing.

b) Conventional gaseous fossil fuels: For natural gas the releyant fuel factors shall be obtained ffom
the supplier or if not available then appropriate national factors shall be used.

c) Alternptive fuels: For reporting purposes, AF have ta.be split into following three subcategories:

1) Greenhouse gas from biomass fuels: a list of\biomass materials is given in ISO 19694-1:2021,
Arnex B. Greenhouse gas emissions from:biomass fuels shall be accounted for in the greenhquse
gak inventory and may be reported separately as a memo item by the reporting entity. The IPCC
deffault emission factor of 110 kg CO5/G]J for solid biomass shall be used, except where other,
reliable emission factors are available (see Reference [14], Vol. 11, p.1.13). This value lies in|the
rapge of different values for solid ‘bio-fuels, which are specified as default emission factorjs in
Rdference [5], Vol. II, Section 14.2.1. Greenhouse gas emissions from biomass shall be excluded
from the total greenhousé gas emissions total.

2) Greenhouse gas from-tossil fuel-derived wastes: the greenhouse gas emissions from wafte-
derrived fuels consisting solely of fossil fuel-derived fractions such as waste oil or plastics shall
belreported as direct greenhouse gas emissions like those of conventional fossil fuels. Walte-
d
G
a

ived fuelssthat do not contain biomass shall be treated as in 9.3.3.1.

enhouse 'gas from mixed fuels with biomass and fossil fractions: Mixed fuels include fqssil
biogenic carbon, for example, pre-treated industrial wastes (containing plastics, textjles,
pajpenyetc.) or waste tyres (containing natural and synthetic rubber).

3)

Greenhouse gas from mixed fuels shall be measured. The proportion of emissions from the biomass
fraction and the proportion from the fossil fraction shall be determined. This is done by determining the
share of the biogenic carbon in the fuel's overall carbon content, according to International standards.
The standard used shall be recorded.

If bio-fuels form part of the mixed fuel (e.g. pretreated industrial and/or domestic wastes), the
proportion of fossil and non-fossil fraction of the fuel shall be established and the appropriate emission

factors applied to each fraction.

Greenhouse gas emissions from the biomass fraction shall be accounted for in the greenhouse gas
inventory as specified in list number a) above.
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The greenhouse gas emission from the fossil fraction shall be included and reported in the total
greenhouse gas emissions. Appropriate emission factors shall be applied to the suitable fractions. The
emission factors for each fuel used by each kiln shall be determined at a frequency of sampling and
using the method of analyses specified in Table 13.

For some biomass or mixed fuels, representative sampling and testing can possibly not be technically
or economically feasible. In such cases, reporting entities 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 wherever there is a lack
of reliable information on their biogenic carbon content.

If fy
inT

9.3
per

Wh

9.3

For
tol

approaches described in 9.3.3.%;

9.3

Par
gre
for

sav

HoV
GH

pble 13, these values can be used by the reporting entity without the requirement forfurt

3.2 Determination of fuel factors for plants with greenhouse gas emissions <50,0
annum

bre a plant has a total absolute emission below 50,000 tCO,e per annum, the reporting en
determine the emission factors using the methodologies describedin9.3.3.1;

or use measured values from its own sampling and analysis or from suppliers sampling a
according to 9.3.3.1 where such factors are available;

or use fuel emission factors from recognized national squtces such as the latest National (
Gas Inventory as submitted to the United Nations‘Framework Convention on Climg3
(UNFCCC) by the country in which the plant is located;

or, where national data are not available, use thelatest emission factor published by the
World Business Council for Sustainable Devélopment (WBCSD) tCO,e.

3.3 Determination of fuel factors for minor fuels

fuels which jointly correspond to,less than 5,000 t of fossil CO,, per annum or jointly ¢
ss than 10 % of fossil CO,, emittéd by the plant per annum, the reporting entity may usg

[ of the waste heat geherated by the kilns can be valorised as heat transferred to external g
bnhouse gas emissions related to the energy consumed to produce this heat are already

ngs due to the use of waste heat shall be recognized in the greenhouse gas inventory.

veverj the indirect greenhouse gas savings due to the use of waste heat shall be recogn
[ inventory.

els are sampled and the fuel factors are analysed by the fuel supplier according to the sanje methods

her testing.

D0 tCO,e

tity may:

hd analysis

reenhouse
ite Change

[PCC or the

orrespond
 one of the

4 Determination ef the greenhouse gas emissions from heat transfer to external parties

arties. The
accounted

according tocthe provisions set in 9.3.2 and 9.3.3. However, the energy indirect greemhouse gas

ized in the

The following procedure shall be applied for the assessing the greenhouse gas savings:

a)

b)

determine the amount of heat transferred according to the information from the invoices to the

external consumers (T]/annum);

the avoided greenhouse gas emissions from the heat transferred are calculated from the total of

heat transferred multiplied by the factor 62,3 t CO,./T].

This amount shall be reported separately as a memo item in the greenhouse gas inventory.
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9.3.5 Determination of the greenhouse gas emissions from exported on-site power generation

Part of the waste heat generated by the kilns can be directly used to produce electricity. The greenhouse
gas emissions related to the energy consumed to produce this electricity are already accounted
according to the provisions set in 9.3.2 and 9.3.3.

Where electricity is exported, the corresponding amount does not need to be produced by other power
generators. Thus, greenhouse gas emissions are avoided in other locations. In order to take this effect
into account in the greenhouse gas inventory, the following procedure shall be applied for assessing the
avoided greenhouse gas emissions:

a) deternfiine the amount of electricity exported according to the information provided by theJipcal
electricity meter (in kWh per annum);

b) the avpided greenhouse gas emissions from the electricity produced on site and experted|are
then cglculated from the amount of electricity exported multiplied by the official greenhouse|gas
emissipn factor for the national power grid (provided by the national state).

This amoupnt shall be reported separately as a memo item.

9.4 Dirdct greenhouse gas emissions from non-Kiln fuels (combustion emissions) using
the mass+{balance-based method

9.4.1 Infroduction of the mass-balance-based method for non-kiln fuels

Non-kiln fyels are fuels consumed by the plant in the manufactu¥e’of lime products during the reporfing
period butf{which are not included in the definition of kiln~fiels. For instance, non-kiln fuels include
those fuels|used:

— inthe quarry for the extraction, processing and theon-site (internal) transport of kiln stone;

— for external transport of kiln stone or lime between different quarries, lime kilns or hydration
plants] transport modes include rail, watef and road;

— on-sitq electricity generation;

— for onjsite (internal) transport{of ‘products to storage, grinding/milling, hydration and packing
installptions;

— for thermal process equipment like dryers for hydrated lime;

— for plapt vehicles othiep than those used in the quarry or for the transportation of raw materials or
produgts;

— for other heatihg or cooling of the workplace and equipment.

Greenhous
boundary b

gas em1551ons from off-site transport by company-owned fleets are outside the sysfem

Greenhouse gas arising from off-site transport of kiln stone to the plant by third parties shall be
included in the greenhouse gas inventory other indirect greenhouse gas emissions.

The greenhouse gas emissions from each fuel (y) shall be determined using Formula (21):

The greenhouse gas emissions from each fuel shall be summed to give the total mq; g, for the plant.
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9.4.2 Determination of the quantity of externally generated electricity used — Activity data

9.4.2.1 Plant producing only lime

The activity data for each fuel used shall be determined from the delivered quantities adjusted for any
stock changes. Alternatively, the reporting entity may determine the activity data of each fuel using a
measurement device. The activity data of fuels shall be measured int, 1 or m3N.

Table 14 provides an example of parameters needed to determine the quantities of non-kiln fuels
consumed.

Table 14 — Parameters to be determined to calculate the amounts of non-kiln fuels used
Fuel Parameter Frequency of Underlylng_r(_equlred data for defermining
measurement the activity data of'fuel conqumed
] Fuelinvoices
Galsoil consumed e.g.
by the equipment, the | Volume consumed (1) Fuel meters
on}-site vehicles and Annual Fuel stocks
the electricity Densitiess lier based on 150 3675121
enerator(s . ensities\from supplier based on 2
& ©) Density (kg/1) or ISO 12185[3] measuremgnts
Fuel invoices
Volume consumed (1) Fuel meters
. Fuel stocks
Gasoline Annual — -
Densities from supplier basg¢d on
Density (kg/1) 1SO 3675:1998,[21 ISO 12185:1996/ measure-
yike ments(3], or standard densities acfording to
recognized source for gasoline
Fuel invoices
Liguefied petroleum | Volume consumed-(1) Fuel meters
gds - LPG (propane, Annual Fuel stocks
butane) ———— — :
Densitytin liquid Densities from supplier or defaylt value:
phase.(kg/1) 0,51 kg/latT =15°C
Fuel invoices
Light fuel oil Volume consumed (1) Fuel meters
cofjsumed e.g. by dry= Annual Fuel stocks
et]s or room heatifig — -
Density (kg/1) Densities from supplier based on 1SO 36752
y ke or ISO 12185 measurements(3l
For[plants’¢onsuming natural gas as a non-kiln fuel, its (usually small) volume can be includ¢d with the
Voh[me of natural gas consumed by the kilns.
For Tion-KiIn fuels that are not reterred to in lable 14, the methodology used to determine the activity

data shall be consistent with the methodology in Table 14.

9.4.2.2 Plant manufacturing products in addition to lime

If the plant manufactures products, such as aggregates or fillers in addition to lime, where possible the
energy consumption for manufacturing these products shall not be included in the total amount of non-
kiln fuels as these products are outside the boundary of the lime greenhouse gas reporting system.
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Assessment of the activity data for the proportion of non-kiln fuels related solely to lime manufacture
depends on the availability of suitable measurement devices:

a)

b)

where

d)

e)

f)

26

Where the plantis equipped with sufficient sub-meters to precisely allocate the energy consumption
from the non-Kiln fuels to lime manufacturing and to the manufacturing of other products this shall
be done.

Where the plantis notequipped with sufficient sub-meters to precisely allocate energy consumption
between products, for each non-kiln fuel the total amount of fuel consumed at plant level shall be
determined according to the provisions set in 9.4.2.1. A specific amount of fuel can be deducted
from this total according to the following provisions: deduction for the production of aggregates
and aggregates used for the production of fillers.

Wherg a sub-metering of the non-kiln fuels for quarry operations and stone processing is\availdble,
the following procedure shall be applied to each non-kiln fuel used in the quarry operations / sfone
processing:

1) determine the quantity of all non-kiln stone aggregates produced (t per anmim);

2) deftermine the total quantity of all non-kiln stone aggregates and kil stone produced (t|per
annum);

3) cajculate the total consumption of non-kiln fuel used for quarpy operations / stone proces$ing
acpording to the provisions set in 9.4.2.1;

4) the amount of non-kiln fuel that can be deducted is then ggual to:

MNKP,QO y MNKST

MstP,Q0  ™MNKST T MKST,P

Myg,qp 1S the total consumption of non-kilnfuel used for quarry operations;
Mgrpqp 1S the stone processed in quarry/operations, in t;

mykst| 1S the non-kiln stone aggregates, in t;

mykst| 1S the non-kiln stone-aggregates, in t;

Mygrp| is the kiln stoneproduced, in t.

Wherq a sub-metering of the non-kiln fuels for quarry operations and stone processing is|not
possible, no dedugtion can be made. Therefore, all greenhouse gas emissions arising from non-kiln
fuels shall be.attributed to the lime plant deduction for the production of fillers from aggregatess.

Wherq sub~metering of the non-kiln fuels used for milling/drying the aggregates for the production
of filleksds available the amount of fuiel consumed as monitored by the sub-meter can he dire) t]y

deducted from the total amount of non-kiln fuel.

Where a sub-metering of the non-kiln fuels for milling/drying the aggregates for the production
of fillers is not available, the determination of the amount of aggregates used for the production of
fillers with the default value for the specific drying energy of the aggregates should be used: E =
250 MJ/t,

The amount of non-kiln fuel that can be deducted from the total amount is then equal to:
— the above specific energy consumption;

— multiplied by the tonnage of aggregates used for the production of fillers.
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9.4.3 Determination of fuel factors for non-kiln fuels
The fuel factors for non-kiln fuels shall be determined in accordance with 9.3.3.
Determine of the greenhouse gas emissions from exported on-site power generation.

Greenhouse gas emissions of non-kiln fuels used for electricity produced on-site shall be accounted
according to 9.4.2 and 9.4.3.

Where electricity is exported, the corresponding amount does not need to be produced by other power
generators. Thus, greenhouse gas emissions are avoided in other locations. In order to take this effect

3 b 41 1 . 4= 4] £arll . | 1 111 h I |
lnt dLLUUIIL TIT LT g T TTIHITUUST 545 TIIVETILUL y, LIIT TUTTUWIITS PTULTUUL T SIidll DT dppPIITU.

a) |determine the amount of electricity exported according to the information provided bl the fiscal
electricity meter (kWh per annum);

b) [the avoided greenhouse gas emissions from the electricity produced on-gsite and exported are
then calculated from the amount of electricity exported multiplied by the)official greehhouse gas
emission factor for the national power grid (provided by the national state).

Thif amount shall be reported separately as a memo item in the greenfiguse gas inventory.

10|Indirect greenhouse gas emissions from imported energy and their
determination
10.1 Overview of the sources of energy indirect greenhouse gas emissions

Indjrect greenhouse gas emissions arise as a consequence of the operations of the reporting entity, but
occlir at sources owned or controlled by another entity. Lime manufacture is associated with indirect
gregnhouse gas emissions from external production of electricity consumed during lime mpnufacture
including:

— |electricity consumed for kiln stoneextraction, processing and on-site transport;
— |electricity consumed by pumps for dewatering the quarry;

— |electricity consumed by-theé kiln;

— |electricity consumed.for on-site transfer of product to storage;

— |electricity constimed in grinding/milling, hydration and packing.
Qudntificationtefother energy indirect greenhouse gas emissions is not required by this doqument.

Grepnhouse-gas emissions from externally generated electricity used at the plant during th¢ reporting
perjodshall be calculated from measurements of the quantity of electricity consumed (qg gc) according

to Hotmula (22):

Mcoz-eLEC = ELEC X EFELEC (22)

10.2 Determination of the quantity of externally generated electricity used — Activity
data

10.2.1 Plant producing only lime

The greenhouse gas emissions from externally generated electricity shall be separately evaluated for
each process stage where possible and then summed to give the total mcg,.g g for the plant.
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The quantity of externally generated electricity used shall be measured in kWh. Table 15 provides an
example of parameters required to determine the quantities of electricity consumed.

Table 15 — Parameters to be determined to calculate the amounts of non-kiln fuels used

Frequency of | Example of underlying required data for determining
Fuel Parameter .. .
measurement the activity data of electricity consumed
Fiscal electricity meter
- Electricity . - .
Electricity consumed (KWh) Annual Invoices from the electricity supplier
Plant D]nr‘frir‘if‘y submeter
10.2.2 PlInt manufacturing products in addition to lime
If the plant manufactures products, such as aggregates or fillers, where possible the’ electricity
consumptipn for manufacturing these products shall not be included in the total amount of electricity
consumed |for the lime manufacturing as these products are outside the boundary of the lime
greenhousg gas reporting system.
Assessmerft of the electricity related solely to lime manufacture depends-ofthe availability of gub-
meters at [the plant. Where the plant is equipped with sufficient sub-meters to precisely allo¢ate
electricity |consumption to the manufacture of lime and to other products this shall be done. Where
there are ihsufficient sub-meters to precisely allocate electricity cgnsumption to the manufacture of
lime and tg other products the total amount of electricity consumed at plant level shall be determined
according fo the provisions set in 10.2.1. A specific amount of electricity can be deducted from this tptal
amount ac¢ording to the following provisions:
a) Deduction for the production of aggregates and aggregates used for the production of fillers:
1) Where sub-metering of electricity used for gliarry operations/stone processing is possible,the
following procedure shall be applied:
i) | determine the quantity of all nonZkiln stone aggregates produced (t per annum);
ii)] determine the total quantity of all non-kiln stone aggregates and kiln stone produced (t/
annum);
iii} calculate the total consumption of electricity used for quarry operations/stone proces$ing
according to the provisions set in 10.2.1.
THe amount of elecCtricity used that can be deducted is then equal to:
Meuqo | Man
MsTp,Q0 <A +1MKsTP
where
Wgyqo is the total consumption electricity used for quarry operations;
Mgrpqo IS the stone processed in quarry operations in t;
Mpp is all aggregates, in t;
mygrp 1s the kiln stone produced, in t.
28 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=eebcb70195e49c5f0a84b374307eedc4

b)

ISO 19694-5:2023(E)

2) Where sub-metering of electricity used for quarry operations and stone processing is not

possible, no deduction can be made.

Deduction for the production of fillers from aggregates:

1) Where sub-metering of electricity used for milling the aggregates for the production of fillers
is possible, the following procedure shall be applied: the amount of electricity consumed as
monitored by the sub-meter can be directly deducted from the total amount of electricity used;

2)
fillers is not possible, the following default value for the specific electricity consu

Where sub-metering of the electricity used for milling the aggregates for the production of

mption for

Thd
eled

10.
The

11
kil

11.
The

stome imported from athird party as this is within the system boundary as defined by this d

Thd
par
gre

trapsportation of kiln stone to the site by its own fleet according to the provisions set in 9.4.

11

milling the aggregates should be used; the determination ol the amount of aggregatg
the production of fillers with the default value is: E = 23 kWh/t

fillers*

aggregates used for/the

amount of electricity that can be deducted from the total amount is then equal te'the abq
tricity consumption; multiplied by the tonnage of aggregates used for the production of

3 Determination of the emission factor for externally generated electricity
reporting entity shall use relevant emission factors for purchased.electricity:
preferentially from the electricity supplier;

alternatively, from government databases providing.information about the latest me
data available;

or in the absence of other sources of information~average emission factors for the co
Reference [8].

Indirect greenhouse gas emissions from imported Kkiln stone and trans
h stone by third parties

1 Indirect indirect greenhouse gas emissions, third party and off-site transp
reporting entity shall determine the greenhouse gas emissions arising from the manufac
reporting of greehhouse gas emissions arising from off-site transportation of kiln sto

fies is not mandatory. However, if the reporting entity decides to include these emis
bnhouse gasinventory, it shall also include the greenhouse gas emissions arising from

ul
on International Energy Agency (IEA) data which are updated annually: see Referell?ce

es used for

production of

ve specific
fillers.

mber state

try based
[13] or

port of

prtation

ture of kiln
ocument.

he by third
ions in its
the off-site

LcGreenhouse gas emissions from manufacture of imported kiln stone

GHG emissions from the manufacture of imported kiln stone shall be calculated according to

Formula (23):

Mco2-puR =Mps-pur XEF s-pur

(23)

The quantity of imported kiln stone (activitiy data) shall be based on the measured delivery of kiln
stone as shown in Table 16.
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Table 16 — Parameters to be determined to calculate the amounts of imported Kkiln stone

. Frequency of Underlying required data for determining the
Raw material Parameter . . -
measurement mass of imported kiln stone (activity data)
Externally Tonnages of kiln
produced stcf)gne © Annual Invoices from the supplier/producer of kiln stone
kiln stone

If possible the reporting entity should obtain from the supplier a GHG emission factor per wet mass
(in kgCO,/t) for kiln stone imported (EFpyg). The supplier shall determine the GHG emission factor in
accordance with this document or with the provisions set in ISO 14040[11] and ISO 14044[12] for the
derivation jof carbon footprints or life cycle inventories of products.

Where a GHG emission factor (EFjg-pyg) in compliance with these standards is not available, [the

reporting ¢ntity shall use either:
— official] GHG emission factors for aggregates published by national sources, or

— the default value of 3,7 kg CO,,/t.

11.3 GHQ from transport of Kiln stone by third parties

For each mode of transport k (by road, rail, river or sea) GHG emissions from transportation of Kiln
stone by third parties shall be calculated according to Formula (24):
n

Mco2-TR-PUR = D M1s-puRi X TFLs-puRi Xd;
i=1

24)

The quantity of imported kiln stone (activity data) shall-be based on the measured delivery of kiln sfone
as shown ih Table 17.

Table 17 — Parameters to be determined to-calculate the amounts of transported Kiln stone

Raw Frequency of | Underlying required data for determining the
. Parameter . . ..
material measurement mass of imported kiln stone (activity dat
Tonnages of kiln stone . - :
transported by trucks (@ Annual Invoices from the logistic companies
Tonnages of kiln stope . - :
transported by taih (1) Annual Invoices from the logistic companies
Kiln stone| | Tonnages ofKiln stone
transported-by barges Annual Invoices from the logistic companies
(on rivers\or channels) (t)
Tonnages of kiln stone
transported by vessels Annual Invoices from the logistic companies
(on sea) (t)

Where possible, the reporting entity should obtain the GHG emission factor for the transport of kiln
stone from the supplier (TFg_pyr) expressed in kgCO,./(t x kilometre). The supplier shall determine
the GHG emission factor in accordance with this document or with the provisions set in ISO 14040[11]
and ISO 14044[12] for the derivation of carbon footprints or life cycle inventories of products.

Where a GHG emission factor (TFjg-pyr) in compliance with these standards is not available the
reporting entity shall use either:

— official emission factors published by well recognized national bodies, or

— the default values in Table 18.

30 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=eebcb70195e49c5f0a84b374307eedc4

ISO 19694-5:2023(E)

Table 18 — Default GHG emission factors for transport of kiln stone by third parties

Transportation mode GHG emission factor for transportation
TFis.pur
kg CO,e/(t x kilometre)
Road (semi-trailers with a payload of 27 t) 0,092
Rail (combined electrical and diesel locomotives) 0,023
Barges (up to 1 200 t pay load capacity) 0,025
Vessels (bulk carriers up to 20 000 dwt) 0,007 5

To (Iletermine the transport distance, only one way from the quarry to the lime plant shall ll)e included
as the return journey is already included in the GHG emission factor (TF;g_pyr 1)-

If ppssible, the reporting entity should obtain from the supplier the distances (in km) for each type of
tramsport mode.

Where such information is not available, publicly available distance calculdtors should be usgd.

12|Reporting and performance assessment

121 Reporting data to include

GHG: emissions monitoring and reporting has multiple-uses, such as, internal managgment and
performance assessment, as part of a life cycle analysis;for public environmental reporting of reporting
for compliance with legislative requirements. This‘document has been designed as a flex]ble tool to
satisfy different reporting purposes.

Reported GHG emissions shall include all relevant emissions as required by ISO 19694-1.
The following data shall be reported:

— |the total absolute greenhouse'gas emissions (direct greenhouse gas emissions, energy indirect
greenhouse gas emissionstand other indirect greenhouse gas emission) associated with the
manufacturing plant;

— |the boundaries usedforthe assessment of the GHG emissions;
— |all material deviatiens from this document;
— |the overall uncertainty (see Clause 13 on uncertainty assessment);

— |process‘emissions shall be included in the total greenhouse gas emissions reported.

WhEn assessing the outputs of this document, the user shall always take into consideration 1he product
quallity,

12.2 Performance assessment

Performance assessment to benchmark or compare for internal or public reporting may also be
undertaken on a voluntary basis using the outputs from this document. The nature of such voluntary
reports can be highly dependent on the reporting context and purpose. System boundaries for such
reporting depend on conventions and practical requirements, as much as on scientific arguments.

To assess the performance of kilns, plants, company or group data the performance indicators (PIs)
relating to absolute emissions in Table 19 can be useful for the lime industry to the extent that
disaggregated data are available.
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Table 19 — PI's relating to absolute GHG emissions

Direct greenhouse gas emissions Direct greenhouse
gas emissions, ener-
Combustion | Energyindirect | gyindirect green- | o . cions from
Process emissions (ex- greenhouse gas house gas emissions biomass
emissions cluding emissions and other indirect
biomass) greenhouse gas
emissions

Kiln stone preparation
Internal kiln
stone [tCO,e/annum] |[t CO,e/annum] |[t CO,e/annum]
preparatio
Imported
kiln stone [t CO,e/annum]
preparatiofn

Lime procefss

Lime

|[tC02e/annum] |[t CO,e/annum] |[t CO,e/annum] |[t CO,e/annum]

| [t COye/annum]|

Downstream processing

| [t CO,e/annum] | [t CO,e/annum]

Total (kiln

stone preparation + lime process + downstream processing)

|[tC02e/annum] |[t CO,e/annum] |[t CO,e/annum] |[t €03e/annum]

| [t CO,e/annum|

To assess t

be useful for the lime industry to the extent that disaggregated data are available.

For the determination of relative PI's, the denominator specified in Table 20 shall be used.

Table 20 — Denominator to calculatePI’s relating to relative GHG emissions

he performance of kilns, plants, company or group thePlIs relating to relative emissions may

|Lime (quicklime, dolime, sintered dolime) sold + LKD sold | [t/annum]

The PI's m¢ntioned in Table 21 are voluntary’and can be used to assess performance. Reporting entities

can select the PIs most relevant to their'\circumstances.

Table 21 == PI's relating to specific GHG emissions

Direct greenhouse gas Direct greenhouse
emissions issi
on | Direct | asemisions enerty | pisions
Combustion greenhouse ects from
Proceéss emissions gas emissions and other .
AL ) gas 2. biomas
emissions (excluding indirect greenhouse gas
biomass) emissions
Kiln stone preparation
Internal
production [t CO,e per t] [t CO,e per t] [t CO,e per t]
Imported kiln
stone [t CO,e per t]
Lime process
Lime | [t CO,e per t] | [t CO,e per t] | [t CO,e per t] | [t CO,e per t] | [t CO,e per t]
Downstream processing
| | | [t CO,e per t] | [t CO,e per t] |
Total (kiln stone preparation+ lime process + downstream processing)
| [t CO,e per t] | [t CO,e per t] | [t CO,e per t] | [t CO,e per t] |

32 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=eebcb70195e49c5f0a84b374307eedc4

ISO 19694-5:2023(E)

13 Uncertainty of GHG inventories

13.1 General principles

Due to their scientific nature, the parameters required for determining GHG emissions are not precise
point estimates but involve an uncertainty that can be expressed as an uncertainty range or confidence
interval. The aggregate uncertainty of a GHG emissions estimate for a plant or organization will depend
on the individual uncertainties of the underlying parameters.

Quantlfymg parameter uncertainties 1s demandlng in terms of data and procedures As a result,
2 2 e rhemselves

ijute to the

r example,
i§ document
mal levels.

Addressing scientific uncertainty is beyond the scope of lime industry inventories.

The general principles in ISO 19694-1 apply for the determination of uncertainty according to the
reqiirements of Reference [15] and ISO/IEC Guide 98-3[16l,

Where standards for measurement of specific materials, enérgy consumption or any othei emissions
include the analysis of uncertainty, they shall be applied.

13.2 Assessment of uncertainty for the mass:balance-based method

13.2.1 Major sources of uncertainty

The overall uncertainty of the mass-balance-based method depends on the uncertaipty of the
megsurement and analytical methods used. The main sources of uncertainty normally beinglassociated
with:

a) |measurement of activity data:(including production volume and fuel quantities);

b) [determination of analytical parameters (including chemical composition, emissions factors and
lower or higher heat(value);

c) |representativerdess of sampling.

Table 22 providesadvice about how to minimize the main sources of measurement uncertainty.

Taple 22°— Typical major sources of uncertainty in lime industry inventories and mefasures to
minimize them

Farameter Measures to minimize parameter uncertamty

Use alternative methods to cross-check activity data:

Lime production . : . . .
p — based on kiln stone consumption and kiln stone to lime ratio;

(t/annum)
— based on direct lime weighing (where applicable).

Use alternative estimation methods to cross-check activity data:

. . — based onlime and LKD production (where lime and LKD are weighed) and kiln
Kiln stone consumption 2 . )

stone to lime ratio;
(t/annum)
— based on direct limestone weighing (where applicable) and measurement of

the kin stone moisture.

a  Parameters marked with an asterisk are only relevantif input methods are used for calculating CO, from the calcination
of kiln stone.
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Table 22 (continued)

Parameter Measures to minimize parameter uncertainty

Calculate lime plant-specific emission factor based on measured lime composition
EF; (free CaO and free MgO content) and LKD leaving the kiln system, rather than
using default factor.

(kg CO,e /tlime)
Account for variations in lime composition over time.
EF Calculate lime plant-specific emission factor based on measured composition of
LS kiln stone (carbonate content), rather than using default factor.
(kg COze /tkiln stone) Account for variations in kiln stone composition over time.
Use alternative methods to cross-check fuel consumption:
Fuel consumption — based on weighing at delivery, or fuel bills; adjusting for stock changes;

(t/annum gr 1/annum)
— based on weigh-feeders (where applicable).

Lower and higher heat val- |Ensure that fuel volumes and lower or higher heat values are based on the samp
ues (GJ/t) moisture content.

If using specific types of conventional fossil fuels, use matching emission factofs.

Measure the emission factor of fuel if default factors afe’deemed non-representa-

EF tive.
Fy

(kg CO.e/Gf) Account for biomass carbon in, for example, used'tyres and impregnated saw
g2 dust.

Use analysis data for biomass content in heterogeneous mixed fuels like pre-trgat-
ed industrial or domestic wastes (wheféapplicable).

3 Paramefers marked with an asterisk are only relevant ifinput methed§/are used for calculating CO, from the calcinafion
of kiln stonej

13.2.2 Uncertainty of activity data

If the annyal amount of ROK lime is determined.by mass balance, the aggregated uncertainty for|the
activity dafa has to be calculated via error propagation considering the diverse uncertainties of eadh of
the weighihg instruments involved.

Also, the upcertainty of stocks in stoekpiles, silos, tanks and other stocks has to be considered.

The infornjation on the uncertainty’of a measuring device for activity data can be found in numbdr of
sources ingluding:

— certifigates of calibration under national metrological control (where the operational error lifnits
the unfertainty undernormal operational conditions),

— the spgcification/from the manufacturer of the measuring device and estimate of the additignal
uncertainty:under operational conditions concerning relevant influences, or

— an indjividual uncertainty assessment under operational conditions (e.g. via regular testing jand
adjustment of the measuring device).

It is necessary to determine whether the measuring device is subject to national metrological control
and whether it is installed in an environment appropriate for its specification. In most cases, the device
will be suitably installed but often is not subject to national metrological control. The uncertainty can
then be determined in two ways:

— based on maximum permissible error, and
— based on uncertainty obtained by calibration modified by a conservative adjustment factor.

The device will usually have a valid calibration and the second bullet point above will apply. In the
absence of other information or experience ISO/IEC Guide 98-3[16] recommends that a conservative
adjustment factor (CAF) of 2 be applied.
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For an individual uncertainty assessment of a measuring device used to determine activity data
of materials or fuels, the 95 % confidence interval should be calculated from the deviations of the
measuring device observed within regular maintenance and control calibrations using check weights
or other methods recommended by the manufacturer.

The measured standard uncertainty associated with the measurement of ROK lime activity data
(production) during a site trial can be calculated according to Formula (25).

Up1 tUpp +U3+...4U 04

] ) 25
mtotal = a1 4 M2+ M3+...+ M24 >

An example calculation is provided in Annex D.

13.2.3 Aggregated uncertainties of activity data

In 3ccordance with the GUM, if the annual amount of kiln stone, lime, LKD~01* a consummed fuel is
det¢rmined by using the mass-balance-based method, the aggregated uncertaixity for the ag¢tivity data
has|to be calculated via error propagation considering the diverse uncertainties of each pqrameter of
the|mass balance according to the expanded uncertainty of the weighing/measuring methogls involved
in the calculation of activity data. Also, the uncertainty of measuring-or’estimating stocks in|stockpiles,
silop, tanks and other stocks in the mass balance has to be consideréd.

Formula (6) for error propagation can be applied to estimate the aggregated relative yncertainty
of 4 sum, if all determinations of the mass balance parameters and their related uncertpinties are
ind¢pendent:

U = (26)

n
X.
Zi:1 1

13.2.4 Uncertainty of analytical parameters

Theg uncertainty of laboratory analysed parameters of fuels and materials mainly depends o

-

— |the uncertainty of the analytical method,

— |the frequency of analysis)(a decrease of uncertainty is possible by raising the frequency df analysis),
and

— |the uncertaintyddue to the representativeness of the sampling.

Alsg, the qualifieation and experience of the technician performing the analyses can also influence the
qu:[ity of analysis results.

In afccordance with the GUM, the aggregated uncertainty for the laboratory analysis has to bg calculated
via prror propagation considering the diverse uncertainties of each parameter.

For the sample handling (division) process, one sample is used and sub-divided into n. These samples
are then measured by the same technique. The variation in CaO content in the results is attributed to the
uncertainty introduced via the sampling dividing process. The associated uncertainty is determined by
calculating the standard deviation and then assessing this in terms of the normal measurements made:

For the determination of the uncertainty due to the sample handling, the procedure described in
Formulae (27) to (33) can be used:

n
2 =1
e = (27)
n
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n _7\2
SS (XI,):\/M (28)

n-1
The uncertainty associated with the sampling procedure (U is then:

Ss (%)
U . =—2+17 29
y Jt (29)

where t is the number of samples in the actual measurement.

For the determination of the uncertainty associated with the analytical measurement, the following
procedure fcan be used:

1
X:
2

X= 30)
n
n —\2
Zi_l(xi -X)
Spm(xj)=\—"— 31)
n-1
The uncertfainty associated with the sampling procedure (U,,) is therf
S (%7)
U, =——= 32)
" Ne

where t is the number of measurements carried out on the same sample.

The uncerftainty associated with the overall analytical procedure (U,) is determined by efror
propagation by determining the root of the sum of'the squares:

U, =P 2 33)

13.2.5 Application of default values'instead of analytical results

If default yalues are used in-the GHG inventory, the uncertainty of those default values shall be
considered when assessing,.a‘GHG inventory.

13.2.6 Evaluation of the overall uncertainty of a GHG inventory

In order tp determine the overall uncertainty of a GHG inventory, the assessed uncertaintief of
activity data and'fuel and material parameters have to be aggregated by the error propagation laws in
accordance with the GUM.

The results of site field trials carried out in accordance with the requirements of this document at lime
manufacturing plants showed that the uncertainty of the mass-balance-based method was close to 2 %.
Further information is provided in Annex A.

13.3 Assessment of uncertainty for the stack-measurement-based method

When using the stack-measurement-based method, uncertainty assessments shall take account of the
general guidance on uncertainty assessment provided in ISO 19694-1 and in accordance with the GUM.

The results of site field trials carried out in accordance with the requirements of this document at lime
manufacturing plants showed that the uncertainty of the stack-measurement-based method ranged
between 15 % and 25 %. Further information is provided in Annex A.
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14 Verification / certification

For the purposes of transparency in reporting CO, emissions to stakeholders, the inventory and any
associated assertion may be verified in accordance with the requirements identified in Annex C.
ISO 14064-3 also gives guidance on the verification of GHG emissions and removals.

©1S0 2023 - All rights reserved 37


https://standardsiso.com/api/?name=eebcb70195e49c5f0a84b374307eedc4

ISO 19694-5:2023(E)
Annex A
(informative)

Objective and outcome of the site trails

Following the development of the mass-balance-based methods (input and output) and the stack-

emission-measurement bacad mathad cita f1old +rialc vaara carrind ot +0 yalidats tha mofl’\nr‘n]n'}'ies
rHeaSteeRtBaSeaetnoa—Sttte-HerattHarSwere—earea to-Vartaate—+te-etoa616

and demoristrate that they are fit for purpose.

The site filed trials had three specific objectives:

— adetalled assessment of the methodologies for quantifying direct GHG emissions generated by|the
kiln, undertaken by comparing the results of the input/output mass-balance-basedmethod and|the
stack-¢missions-measurement-based method;

— a general assessment of the methodology proposed for quantifying non=kiln GHG emissions pand
indire¢t kiln GHG emissions based on verified annual data;

— an asspssment of the relevance of non-CO, GHGs using stack measurements (CH,, N,0, HFCs, HFCs
and SF);

Two plantg were selected as host sites for the trials to represent typical plants used in the lime induftry
— plant 4:

— pa'lrallel flow regenerative kiln (PFRK);

—

— single fuel fired (natural gas);
— limestone purchase from neighbouring,quarry;
— qulicklime and hydrated lime product;

— plantB:

— rofary Kkiln;

— mitiple fuel fired {coal, solvent waste, biomass);
— limestone purchase from neighbouring quarry;
— ddlolime preduct.

Two roundss of'tests were carried out at each plant between June 2013 and January 2014. Following|the
first round| thé methodologies were adjusted according to the recommendations (see Figure A.1).
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Figure A.1 — Boundaries of the system used in the site field trials
Thelsite field trials concluded the following.

a) The mass-balance-based methods, input and output, are entirely workable and produce results in
relatively close agreement and with acceptable levels of uncertainty of close to 2 %.

b) The uncertainty of the stack-emission-measurement-based method ranged between 15 % and
25 %. While further refinements to site specific measurement techniques may enable a reduction
in this level of uncertainty, the results are considered systematically higher than those achieved
using the mass-balance-based method.

c¢) The main reason for this difference was identified as the high uncertainty of the volume flow
measurement due to the nature of the stack arrangement and fluctuating process conditions,
although variations in the CO, concentration across the sampling plane and the difficulties in
obtaining a representative measurement are also likely to have had a considerable influence.
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d) While an initial homogeneity assessment to EN 15259[10] indicated an acceptable gas concentration
profile in the exhaust stacks and the general velocity profile within the duct was reasonably
uniform during periods of measurement, continuous measurements at a single point indicated
significant temporal variations during these site trials. As a result, CO,e emissions determined
using the stack-emissions-measurement-based method were around 50 % greater than those
determined using the mass-balance-based method.

e) The site field trials identified that the measurements most important for the uncertainty of the
mass-balance-based method are:

1) kiln stone activity data;

2) ki

3) ROK activity data;
4) RQK oxide content;
5) LHKD activity data (in some cases);

6) LKD oxide content (in some cases);

7) ki

Of the non
the tests. A

case, the;lgnount of methane, on a CO,e basis, was less than 0,2'%. In view of the errors associg

with the
greenhous
lime indus

n stone carbonate content;

n fuel activity data.

CO, greenhouse gases, only methane was identified in ahy)measurable amount in som
1l other non-CO,GHGs were below the measurement techhique detection limits. In the w

asurement of methane and the relatively low levels present, it was considered that non-
b gases do not have a significant impact on thextepresentativeness of GHG emissions in

ry.

e of
Drst
ted
CO,
the
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