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European foreword

This document (EN 19694-5:2016) has been prepared by Technical Committee CEN/TC 264 “Air
quality”, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by January 2017, and conflicting national standards shall
be withdrawn at the latest by January 2017.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent
rights.

This document has been prepared under a mandate M/478 given to CEN by the European Commission
and the European Free Trade Association.

This part of EN 19694 deals with sector-specific aspects for the determination of greenhouse gas (GHG)
emissions from lime manufacture.

This European Standard can be used to measure, report and compare the GHG emissions of a lime
manufacturing plant. Data for individual plants, sites or works may be combined to measure, report and
compare GHG emissions for an organization, corporation or group.

EN 19694, Stationary source emissions - Determination of greenhouse gas (GHG) emissions in energy
intensive industries is a series of standards that consists of the following parts:

— Part 1: General aspects

— Part 2: Iron and steel industry

— Part 3: Cement industry

— Part 4: Aluminium industry

— Part 5: Lime industry

— Part 6: Ferroalloy industry

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,

Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom.
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1 Scope

This European Standard provides a harmonized methodology for calculating GHG emissions from the
lime industry. It includes the manufacture of lime, and any downstream lime products manufactured at
the plant, such as ground or hydrated lime. This standard allows for reporting of GHG emissions for
various purposes and on different basis, such as plant basis, company basis (by country or by region) or
international organization basis.

Since lime is defined as the generic name for quicklime, dolime and sintered dolime, plants
manufacturing at least one of these products shall be covered by this standard.

This European Standard addresses all of the following direct and indirect sources of GHG included as
defined in ISO 14064-1:

— direct greenhouse gas emissions from greenhouse gas sources that are owned or controlled by the
company, such as emissions resulting from the following sources:

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

— combustion ofkiln fuels (fossil kiln fuels, alternative fossil fuels, mixed fuels with biogenic
carbon content, biomass fuels and bio fuels) related to lime production and/or drying of raw
materials;

— combustion of non-kiln fuels (fossil kiln fuels, mixed fuels with biogenic carbon content,
biomass fuels and bio fuels) related to equipment and on-site vehicles, heating/cooling and
other on-site uses;

— combustion of fuels for on-site power generation.

— indirect greenhouse gas emissions from the generation of imported electricity, heat or steam
consumed by the organization;

— other indirect greenhouse gas emissions, other than energy indirect GHG emissions, which is a
consequence of an organization's activities, but arises from greenhouse gas sources that are owned
or controlled by other organizations such as from imported kiln stone.

This European Standard is to be used in conjunction with EN 19694-1, which contains generic, overall
requirements, definitions and rules applicable to the determination of GHG emissions for all energy-
intensive sectors, provides common methodological issues and defines the details for applying the
rules. The application of this standard to the sector-specific standards ensures accuracy, precision and
reproducibility of the results and is for this reason a normative reference standard.

Together these standards provide a harmonized method for:
a) measuring, testing and quantifying methods for GHG emissions;

b) assessing the level of GHG emissions performance of production processes over time, at production
sites;

c) establishment and provision of reliable, accurate and quality information for reporting and
verification purposes.

GHG emissions offset mechanisms, including but not limited to voluntary offset schemes or nationally
or internationally recognized offset mechanisms, shall not be used at any point in the GHG assessment
according to this standard.
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

EN 459-2, Building lime — Part 2: Test methods
EN 932-1, Tests for general properties of aggregates — Part 1: Methods for sampling

EN 12485, Chemicals used for treatment of water intended for human consumption — Calcium carbonate,
high-calcium lime, half-burnt dolomite, magnesium oxide and calcium magnesium carbonate — Test
methods

EN 13639, Determination of total organic carbon in limestone
EN 15442, Solid recovered fuels — Methods for sampling

EN 19694-1:2016, Stationary source emissions — Determination of greenhouse gas (GHG) emissions in
energy-intensive industries — Part 1: General aspects

[SO 5069-1, Brown coals and lignites — Principles of sampling — Part 1: Sampling for determination of
moisture content and for general analysis

ISO 13909 (all parts), Hard coal and coke — Mechanical sampling
ISO 18283, Hard coal and coke — Manual sampling

ISO 14064-1, Greenhouse gases — Part 1: Specification with guidance at the organization level for
quantification and reporting of greenhouse gas emissions and removals

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 19694-1 and the following
apply.
3.1

activity data
information on material flow, consumption of fuel, input material or production output

Note 1 to entry:  Expressed as energy [G]] or as mass or volume [t or m3y] in the case of fuels and mass or
volume in the case of raw materials or products [t or m3y].

3.2

dolime

product resulting from the calcination of kiln stone consisting of calcium carbonate and magnesium
carbonate

3.3

downstream lime product

downstream lime products including Run-Of-Kiln lime (ROK), Lime Kiln Dust (LKD) and products made
from them at the plant including ground lime and hydrated lime
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3.4

free CaO and MgO

calcium oxide or magnesium oxide that has been produced in the kiln during the decarbonation of
calcium carbonate or magnesium carbonate

Note 1 to entry:  The terminology free CaO and MgO as used in this standard may differ from the terminology
applied in other standards.

3.5
kiln battery
group of kilns at the same plant and of the same design

EXAMPLE Parallel Flow Regenerative Kilns, Annular Shaft Kilns, Mixed Feed Shaft Kilns, Preheater Rotary
Kilns or Long Rotary Kilns

3.6
Kiln stone
limestone that is fed into the kiln

3.7

lime

LI

generic name for quicklime, dolime or sintered dolime

3.8

lime Kiln dust

LKD

partly calcined Kiln stone material which is extracted by the kiln particulate abatement system

39

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

3.10
non kiln stone aggregates
all stones extracted from a quarry except that used as kiln stone

3.11
quicklime
product resulting from the calcination of limestone consisting primarily of calcium carbonate

3.12

residual CO;

CO: that remains in the product leaving the kiln which is bound with CaO in the form of CaCO3; and
possibly with MgO in form of MgCO3

3.13

run-of-kiln lime

ROK

direct output from the kiln
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3.14

sintered dolime

dolime heated to temperatures below its melting temperature, so as to increase its density

4 Symbols and abbreviations

m, CO2-stack

X
CaCOs3 i-rok

CaCO3 kp
CaC03 LS

Cao fr

CaO vi-rok

CaO ko
CaOt
CVFy

di
EF i

EF 1s

EFEeLec
EFFy

EFLs-puri
LI

LKD

LS

m Li-RoK
m Lxp
mis

M wmgco3

M mgo

mass of CO, emitted through the stack
arithmetic mean of the measured values

weight fraction of calcium carbonate in the dry ROK lime
produced by the kiln

weight fraction of calcium carbonate in the dry LKD

weight fraction of calcium carbonate in the dry limestone fed
into the kiln

free CaO

weight fraction of free calcium oxide in the dry ROK lime
produced by the kiln

weight fraction of free calcium oxide in the dry LKD
total CaO

calorific value of the fuel (y). It is important to note that 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)

the transport distance of the kiln stone for the mode i

emission factor of the ROK lime, here the CO; emissions
resulting from the calcination of the limestone factor per mass
of ROK lime

emission factor of the limestone, here the CO; emissions
resulting from the calcination of the limestone factor per mass
of limestone

emission factor of externally generated electricity

emission factor of the fuel (y) expressed as (combustion
emissions)

the greenhouse gas emission factor of imported kiln stone
lime

lime kiln dust

limestone

dry mass of ROK lime

dry mass of LKD generated by the process

dry mass of limestone fed into the kiln or kiln battery
molar mass of magnesium carbonate

molar mass of magnesium oxide

GJ/tor GJ/m3N

COZe / t

COZe / t

(COz / kWh)
tcoze/GJ

t
t
t
84,314 g/mol
40,304 g/mol



Mecacoz

Mcao
Mcoz

mFy

MgCO3 Li-rok

MgCOs3 Lkp
MgCOs s

MgO Li-roxk

MgO LKD
MgOfr
m;
IMLI-Prod
IMLKD-out

IMLS-PUR i

Oxry
QeLEc
ROK

t

te
TFis-pur
TFis-puri
ot

TOC s
Ua

Ui

Um

Umi
Umtotal

w
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molar mass of calcium carbonate
molar mass of calcium oxide
molar mass of carbon dioxide

material flow of a fuel (y), i.e. the fuel consumption expressed
as mass for solid and liquid fuels or as volume for gaseous fuels

weight fraction of magnesium carbonate in the dry ROK lime
produced by the kiln. 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

weight fraction of magnesium carbonate in the dry LKD

weight fraction of magnesium carbonate in the dry limestone
fed into the kiln

weight fraction of free magnesium oxide in the dry ROK lime
produced by the kiln

weight fraction of free magnesium oxide in the dry LKD

the mass of load i
measured mass of downstream lime product
dry mass of LKD that is not blended with the downstream lime

the 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

oxidation factor of the fuel (y)

quantity of electricity consumed

run of kiln

metric tonne

tonnes of aggregates used for the production of fillers
emission factor per wet mass for kiln stone imported

the GHG emission factor of transport mode i

a given period of time

total organic carbon content of the limestone

uncertainty associated with the overall analytical procedure
relative expanded uncertainty

uncertainty associated with the sampling procedure
uncertainty of the weighbridge for measurement of load I
total relative uncertainty of the mass measurement

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

100,087 g/mol
56,077 g/mol
44,010 g/mol

t or m3y

te
kgCO2/t
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Xi absolute amount of mass flow or material in stock in the mass
balance

y fuel consumed

Nu 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

Nis mass flow of LKD generated in the dedusting system(s) of the
Kkiln divided by the dry mass flow of limestone fed into the kiln

5 Introduction
5.1 Overview of the lime manufacturing process

Lime manufacture includes three main process steps: 1
a) Kkiln stone preparation including quarrying, crushing, washing, screening and transporting to the
lime Kkiln;

b) kiln operation including lime manufacture using pyro-processing to calcine the kiln stone in a lime
kiln;

c) downstream processing including crushing, screening, transporting to silos, grinding/milling,
hydrating and packing.

Kiln Stone Preparation
Quarrying of kiln stone, crushing,
washing, screening and transporting to
the lime kiln

\ 4

Kiln Process
Calcination in the lime kiln

A 4

Downstream Processing Products:
Crushing, screening, transporting to Lime
silos, grinding/milling, hydration and > Hydrated lime

packing

Figure 1 — Process steps in lime manufacture

A lime manufacturing plant may 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);
— combustion of kiln fuels (known as combustion emissions).

These two sources are described in more detail below.

10
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Other minor direct greenhouse gas emissions may 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.

For the lime sector, only the greenhouse gas CO; is relevant as demonstrated by different field tests.
Details about these tests are provided in Annex A.

5.2 Direct greenhouse gas emissions from calcination of Kiln stone (process emissions)

In the lime manufacturing process, CO; is released due to the chemical decomposition of calcium,
magnesium and other carbonates in the kiln stone when the kiln stone is heated to high temperatures:

CaCO3 e d CaO+C02 (1)

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

— €Oz from kiln stone used for lime production;
— CO; from materials leaving the kiln system as partly calcined LKD.

The CO: from lime production is dependent on the quality of the final lime product, i.e. the degree of
calcination. 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 gas emissions
are likely to be relevant and so shall be accounted for.

CO; emissions from calcination can be determined as a part of the measurement method or by using the
following mass-balance-based methods which are in principle equivalent:

a) the Input Method, based on the mass of kiln stone entering the kiln and chemical composition 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 leaving the
kiln system;

c) direct greenhouse gas emissions from organic carbon in kiln stone.

Some kiln stone sources contain a small fraction of organic carbon, which can be expressed as total
organic carbon (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.

5.3 Direct greenhouse gas emissions from fuels for Kkiln 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 alternative
fuels (AF) include fossil fuel-derived fractions, such as waste oil, as well as biomass-derived fractions,
such as waste 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).

11
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Both traditional and AF result in direct greenhouse gas emissions through the kiln stack. However,
biomass fuels and the biomass component of mixed fuels are considered “climate-neutral” in
accordance with IPCC definitions.

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 standard is compatible with the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories issued by the Intergovernmental Panel on Climate Change (IPCC).

Alternatively, kiln GHG emissions, from combustion, calcination and organic carbon in the kiln stone,
can be determined by direct measurement at the kiln stack using the stack-measurement-based
method. Emissions from the kiln stack all sources are determined based on continuous measurement of
the concentration of the relevant GHG in the flue gas and of the flue gas volume flow. For the stack-
measurement-based method non-kiln emissions are measured using a mass balance approach similar
to the mass-balance-based method. Direct greenhouse gas emissions from non-kiln fuels (combustion
emissions)

Greenhouse gas emissions from use of fuels in non-kiln applications which are part of the lime
manufacturing plant, such as on-site transport, fuel heating, and room heating are determined in a
similar way to the greenhouse gas from fuels for kiln operation.

5.4 Energy indirect greenhouse gas emissions

In lime manufacture the main energy indirect greenhouse gas emission source is electricity purchased
by the plant but generated off-site. Where kiln stone is imported to the plant, the emissions associated
with its manufacture to the plant shall be included within the scope of this standard. The emissions

associated with the off-site transport of purchased kiln stone to the plant may be included within the
scope of this standard.

6 System boundaries
6.1 Appropriate boundaries to distinguish

The reporting entity shall define appropriate boundaries in line with ISO 14064-1 which distinguishes
between organizational and operational boundaries.

6.2 Organizational boundaries

Organizational boundaries define which parts of an organization - for example wholly owned

operations, joint ventures and subsidiaries - are covered by an inventory, and how the emissions of
these entities are consolidated.

The rules for defining organizational boundaries in EN 19694-1 shall be applied.
In particular, the lime industry shall include the following types of activities:

— kiln stone preparation including quarrying, crushing, washing, screening and transporting to the
lime kiln;

— calcination in the lime Kkiln;

— downstream processing including crushing, screening, transporting to silos, grinding/milling,
hydrating and packing;

— fuel use for on-site power generation or heat;

— preparation or processing of fuels in own installations.

12
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6.3 Operational boundaries
6.3.1 Scopes of emissions to be included

Operational boundaries define the types of sources of emissions covered by this standard.
The requirements for defining the scopes of emissions in EN 19694-1 shall be applied.

Subject to the limitations set out in 6.4 below, the following greenhouse gas emissions sources shall be
measured for lime manufacturing plant facilities:

— all direct greenhouse gas emissions (direct emissions) from greenhouse gas sources owned or
controlled by the organization;

— all energy indirect greenhouse gas emissions (indirect emissions) from the generation of imported
electricity, heat or steam consumed by the organization;

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

Each lime plant shall undertake an assessment of its direct greenhouse gas emission sources, energy
indirect greenhouse gas emission sources and, where relevant, other indirect greenhouse gas emission
sources. The assessment shall include GHG emissions from all stages of the lime manufacturing process
undertaken at the plant including kiln stone preparation, calcination and downstream processing of the
lime products such as into ground lime or hydrated lime. Where kiln stone is imported into the site,
GHG emissions from its production shall be included for use in performance assessments.

By way of example, but not restricted to, the following greenhouse gas emissions as shown in Table 1
are relevant for a typical lime manufacturing plant:

Table 1 — Relevant GHG emissions for a lime manufacturing plant

Kiln stone
preparation

Scope Process steps
direct Direct greenhouse gas emissions including extraction, quarry operations, transport to
greenhouse stone processing plant, processing (washing, crushing, screening), transport to the lime

gas emissions

kiln

energy indirect
greenhouse
gas emissions

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

other indirect
greenhouse
gas emissions

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

Kiln process

direct
greenhouse
gas emissions

Direct greenhouse gas emissions from the manufacture of lime

Direct greenhouse gas emissions from the production of LKD

Direct greenhouse gas emissions from the combustion of fossil fuels

energy indirect
greenhouse
gas emissions

Indirect greenhouse gas emissions from kiln operation and infrastructure

direct

greenhouse Includes transport to silos, grinding/milling, hydrating or packing
Downstream gas emissions
processing energy indirect

greenhouse
gas emissions

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

It is not necessary to include the following greenhouse gas emissions as these are deemed to be

insignificant or out of scope:

— greenhouse gas emissions from overburden removal in the quarry;

13
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— 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;

— greenhouse gas emissions from the production, transportation and distribution of fossil and
alternative fuels;

— other indirect greenhouse gas emissions, other than for kiln stone imported to the plant.

If these greenhouse gas emissions are incorporated within the available measured values, and cannot
be separately measured, then 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 downstream
processes, such as grinding and hydration.

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

6.4 Sources and greenhouse gases to be included

All greenhouse gas emissions sources necessary for producing lime shall be included.

The following greenhouse gas shall be reported as carbon dioxide equivalent (COz.) using the relevant
Global Warming Potential for a time horizon of 100 years (GWP 100 factor), consistent with reporting
under the second assessment report of the Intergovernmental Panel on Climate Change (IPCC):

— carbon dioxide (CO2).

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

6.5 Internal lime transfers

Some lime companies transfer 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 a manner that avoids double counting between different plants or distortion of the
performance indicators. Such transfers shall be taken into account in the calculation of the performance
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 to EN 19694-1.
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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 EN 19694-1.

The monitoring plan shall contain at least the elements laid down in Annex A of EN 19694-1:2016 and
in Annex B of this standard.

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

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

Both techniques with the corresponding requirements are described in Clause 9 of EN 19694-1:2016.

For lime plants, it is not usually practical for the concentration of emissions from all emission sources to
be measured directly. The stack-measurement-based method therefore involves only the continuous
measurement of the greenhouse gasses from the kiln exhaust stack(s) and application of the mass-
balance-based method for other emission sources in accordance with 9.4.

Where biomass or mixed fuels containing biomass are used, the greenhouse gas emissions associated
with the biomass fraction shall be determined using the mass-balance-based method described in 9.2.
The annual proportion for greenhouse gas emissions from the biomass shall be deducted from the total
kiln greenhouse gas emissions as measured continuously at the exhaust stack(s).

9 Direct greenhouse gas emissions) and their determination

9.1 Sources of direct greenhouse gas emissions and the applicability of determination
methods

In the production of lime direct greenhouse gas emissions may arise from, but are not restricted to, the
following sources:

— calcination of carbonates and organic carbon contained in the kiln stone (and other raw materials
where relevant);

— combustion of fuels used to heat the kiln, including:

— combustion of traditional fuels;

— combustion of alternative or mixed fuels with biogenic content;

— combustion of biomass and bio-fuels (including biomass wastes).
— combustion of fuels for non-kiln processes, including:

— combustion of traditional 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.

15



BS EN 19694-5:2016
EN 19694-5:2016 (E)

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

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 clauses
9.2.2.1t09.2.2.6 of EN 19694-1:2016 shall to be met.

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

9.2 Direct CO: greenhouse gas emissions from the calcination of kiln stone (process
emissions) using the mass-balance-based method

9.2.1 Introduction and overview of the methods

Calcination is the release of CO; from carbonates and organic carbon in the kiln stone during pyro-
processing. During calcination of kiln stone CO is released:
— either when the kiln stone is decarbonated according to the reactions (1) and (2);

— or when organic carbon contained in the kiln stone is oxidized when the kilnstone is heated
according to the following generic reaction:

C+0, - CO, (3)

CO; emissions from calcination therefore include:

— (O emissions from the partial or full calcination of kiln stone;
— (€O emissions from the partial or full calcination of LKD leaving the kiln system;
— (€O emissions from the oxidation of organic carbon in the kiln stone.

CO2 emissions associated with the calcination of kiln stone can be determined by the mass-balance-
based method in two ways:

— the input method, based on the mass, contents of carbonates and carbon of the kiln stone
consumed, composition of the Lime Kiln Dust (LKD) leaving the kiln system as well as the
carbonate content of the lime;

— the output method, based on the mass and composition (free calcium and magnesium oxides) of
the lime and the LKD leaving the kiln system.

The mass flows and chemical compositions of the kiln stone and LKD refer systematically to a dry state

(< 1 % humidity). The moisture content of the required mass flows shall be determined as far as
relevant to convert the as measured (wet) mass flows into dry mass flows.
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The reporting entity may 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 (Table 2).

Table 2 — Overview of 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 Measured lime production according
according to the provisions of 9.2.2.2 to the provisions 0f 9.2.3.2
Measured moisture, CaCO3, MgCO3 . .
. Lo Measured organic carbon content in
CO2 from . and organic carbon contents in kiln . . L.
. Composition . . kiln stone according to the provisions
lime All plants stone according to the provisions of
. 0f9.2.3.4
production 9.2.2.3
Measured CaCOs in ROK lime Measyred free (;aO and free MgO n
. . ROK lime according to the provisions
according to the provisions 0f 9.2.2.6
0f9.2.3.3
Continuous measurement of LKD Continuous measurement of LKD
production production
or or
Estimation of the LKD production Estimation of the LKD production
Mass based on spot measurements based on spot measurements
according to the provisions 0of 9.2.2.4 | according to the provisions of 9.2.3.4
or or
COs f Use of a default value for the Use of a default value for the
EKIS)m All plants estimation of LKD production as estimation of LKD production as
defined in 9.2.2.4 defined in 9.2.3.4
Measured C%CO& MgCOs, ﬁ.ﬂee Ca0 and Measured free Ca0O and free MgO in
free MgO in LKD according to the . .
L LKD according to the provisions of
provisions of 9.2.2.5
9.2.3.5
Composition or or
Use the comp051t10n of the.ll_me Use the default values according to
product according to the provisions of ..
92725 the provisions 0f 9.2.3.5

In this standard free CaO and MgO are to be calculated according to the following formula, providing
that the amount of MgO does not exceed 5 %:

free CaO = total CaO — CaO bound informof CaCO, (4)
free MgO = total MgO (5)

If the amount of MgO exceeds 5 %, the method and assumptions used to calculate the free CaO and free
MgO shall be specified.

MgCO3; decomposes at a lower temperature than CaCOs so all residual CO; can be assumed to be as
CaCO:s.

9.2.2 Input method

9.2.2.1 The main formula of the input method

The input method is based on determining the amount of limestone consumed in manufacturing lime.
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CO: emissions are determined using the following formula 1)

Meoy-stack = (EFLs Mg )+ Meoo_oxy

(6)
where
EF,s ={(CaCO; s — 1,5 xCaCO, 4, ) x0.4397 + (MgCO,, s —1,s x MgCO,,,, ) x 0.5231}
CaCOy, pox x0-4397 + MgCO;, pox x0.5231
1-(CaCOyy, nox x0.4397 + MgCO,,, o x0.5231)
~{|((1-CaCO,,s ~MgCO, ) +CaCO, s x0.5603 + MgCO, 5 x 0.4780) — 17,
% (1 - CaOLKD - MgOLKD - CaCOSLKD - MgCO3LKD ) + CaOLKD + CaCO3LKD
x0.5605 + MgO, ., + MgCO,, ., x0.4780 )

and where

44
Meos_oxy = 12 xmy s xTOC ¢

1 (8)
In the above equations all masses shall be expressed in tt
The reporting entity shall:
— apply this calculation formula to each Kiln or kiln battery and each type of lime manufactured at the
plant;

— and sum the mcoz - stack for each to give a total m coz - stack ror for the plant.

The parameters in this equation shall be determined as follows:

9.2.2.2 Determination of the mass of kiln stone

The annual total wet mass (t) of kiln stone processed through each kiln or kiln battery shall be
measured (m s - wet). This mass shall be corrected to take into account the moisture content of the kiln
stone according to the following formula:

Mg = Mg e X (1-W) 9)
9.2.2.3 Determination of the composition of kiln stone

The moisture and the calcium carbonate (CaCO; ;s), magnesium carbonate (MgCO3 s) and total organic
(TOC) contents of the kiln stone shall be determined for each kiln or kiln battery according to the
frequency of sampling and analytical methods of analytics specified in Table 3.

If the reporting entity can demonstrate that the moisture of the kiln stone is consistently below or equal
to 1 %, then the kiln stone mass does not have to be corrected for moisture.

1) The detailed derivation of the formula is explained in Annex C_
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Table 3 — Sampling and type of analyses to be performed on the kiln stone in the input method

Parameter Samp!mg Frequen'cy of Sampling Frequenc.y of Test method
location sampling method analysis
Water content:
EN 12485
Moisture .
1 analysis per or
Conveyor belt 50 000 taper kiln or EN 459-2
or 1 sample per kiln battery :
CaCOss other suitable month per kiln or EN 932-1 and minimum Calcium Carbqnate
1 ion bef h kiln battery 1 lvsi and magnesium
Olf_?tl(fm de Orf the :ma ysis l}:()_ei'r carbonate content:
MeCO3 s iln feed system quarter 2 per kiln or
& kiln battery EN 12485
EN 459-2
(TOC1s) b EN 13639
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 (Ss) of the historical results and their average (X ) does not exceed 0,1.

All test results range between (x - Ss) and (x + Ss).
If at least one series of results does not comply with the above criteria, the initial sampling rates in Table 3 shall be
reapplied.

b If the TOC vrs content of the kiln stone can demonstrated to be below or equal to 0,15 % on a dry basis itdoes not need to

be measured routinely and can be assumed to be zero.

9.2.2.4 Determination of the mass of LKD

The annual total mass (t) of LKD (m 1xp) generated by each kiln or kiln battery should be measured. The
measured quantity shall then include all LKD collected in the abatement system before it is blended into
commercial products or disposed. A kiln specific ratio of LKD to kiln stone (1s) shall be calculated using
the following formula:

_ My

s =
m, g (10)

For plants unable to measure the annual total mass of LKD, the mass may be determined by developing
a kiln specific ratio (nis) on the basis of short term sampling as specified in Table 4.
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Table 4 — Procedure for determining the ratio of LKD to kiln stone in the input method

Parameter Samp!lng Frequen.cy of Sampling Frequency of test Test method
location sampling method
Total mass of LKD
1 test per annum for generated (m Lko)
vertical kilns or and total dry mass
battery of vertical of klh_l stone (n_l 1)
Kilns fed into the kiln
) ) ) during the same
nLs Non applicable Not applicable Not applicable or defined period of
1 test per quarter for | time (e.g. 4 to 8h)
horizontal k1¥ns or Internal
battery o-fhorlzontal measurement
kilns with calibrated
weighing system
7 mLKD(tgt )
Ls =
mLS (tgt )

(11)

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

Table 5 — Default values for the ratio of LKD to Kiln stone in the input method

Type of lime kiln

ILs =M Lkp / M Ls

Vertical Kkilns:

Parallel flow regenerative kiln

Annular shaft kiln 1%
Mixed feed shaft kiln
Other shaft kiln
Horizontal kiln:
5,5 %
Preheater rotary kiln
Horizontal Kiln:
8%

Long rotary kiln

9.2.2.5 Determination of the composition of LKD

The calcium carbonate (CaCOs 1kp), magnesium carbonate (MgCO3 1xp), free calcium oxide (CaO 1xp) and
free magnesium oxide (MgO 1xp) contents of the LKD shall be measured according to the frequency of
sampling and the method of analysis specified in Table 6.
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Table 6 — Sampling and type of analyses to be performed on the LKD in the input method

Parameter Samp!lng Frequen.cy of Sampling Frequenc'y of Test method
location sampling method analysis
CaO rkp
Discharge screw Calcium
of the dedusting carbonate,
MgO wkp system, magnesium
flow of LKD 1 Samp]e per 1 ana]ysis per carbonate, calcium
leaving the kiln month per kiln or EN 932-1 quarter2 on composite oxide and
system kiln battery sample magnesium oxide
CaCO3 kp or contents:
other suitable EN 12485
sampling location EN 459-2
CaCOs3 Lkp

If at least one series of results does not comply with the above criteria, the initial sampling rates in Table 6 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

(Ss) of the historical results and their average ( X ) does not exceed 0,1. All test results range between (X - Ss) and (X + Ss).

Where the reporting entity does not sample and analyse the LKD, the composition of the LKD shall be
assumed to be same as the ROK lime (see 9.2.2.6).

9.2.2.6 Run-of-Kiln Lime (ROK lime)

The calcium carbonate (CaCOs i-rox) content of the ROK lime shall be determined on the basis of a
chemical analysis performed according to the methods specified in Table 7. It can be assumed that the
magnesium carbonate is completely transformed into magnesium oxide (MgCOs3 1-rok = 0).
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Table 7 — Sampling and type of analyses to be performed on the ROK lime in the input method

Parameter Samp!mg Frequen'cy of Sampling Frequenc'y of Test method
location sampling method analysis
Conveyor belt at Calci bonat
. alcium carbonate
CaCOs LLROK kiln discharge 1 sample per 1 analysis per content:
(assuming that or month per kiln or EN 932-1 quartera on EN 1248.5
MgCOs3 Li-rok % 0 : kiln batter composite
gLUsLI-ROK other suitable y p EN 459-2
sampling location

4 Can be reduced by a factor of 2 if test show after an initial perod of one annum: The ratio between the standard deviation

(Ss) of the historical results and their average ( X ) does not exceed 0,1. All test results range between (X -Ss)and (X +Ss). If
at least one series of results does not comply with the above criteria, the initial sampling rates in Table 7 shall be reapplied.

9.2.3 Output method

9.2.3.1 The 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 the following formula

m_ stk = (EF XMy _gox )+ Meoy oy 2) (12)
where
EF,, =(Ca0,,_gox +1,%Ca0,,,)x0.7848 + (MgO,, i + 1, xMgO,,,)*x1,092 (13)
and where
44 (14)
coz-oxy = 12 X2X My gox X TOC, g 3)

In the above formulae all masses shall be expressed in t.
The reporting entity shall:
— apply this calculation formula to each kiln or kiln battery and each type of lime at the plant;

— and sum the m coz - stack for €ach to give a total m coz - stack tor for the plant.
9.2.3.2 Determination of the mass of ROK lime

The annual total mass (t) of ROK lime produced by each kiln and kiln battery shall where possible be
directly measured (m ri.rok). If the mass of ROK lime cannot be directly measured or where a more
accurate measurement can be obtained by measuring the mass of downstream lime products, this mass

2) The detailed derivation of the formula is explained in Annex C.

3) In this formula, it is assumed that the dry mass of kiln stone fed into the kilns is approximately twice the mass
of the ROK lime produced. This approximation is based on the chemical composition of the limestone. Thus for a
pure calcium carbonate that is fully decarbonated in the kiln the theoretical ratio is equal to 1,79 and for a
dolomitic limestone consisting of 50 % calcium carbonate and 50 % of magnesium carbonate which is fully
decarbonated, the theoretical ratio is equal to 1,91.
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can be used to derive the mass of ROK lime produced. The reporting entity shall then specify in the
monitoring plan the method used to 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
blended with lime shall be measured and the following formula can be used for calculating the mass of
ROK lime:

mLI—Pr od + mLKD—out

1+m, (15)

mLI—ROK -

9.2.3.3 Determination 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.

Table 8 — Sampling and type of analyses to be performed on ROK lime in the output method

Parameter Sampling Frequency of Sampling Frequency of Test method
location sampling method analysis
Ca0 vr-rok 1 analysis per
Conveyor belt at 1 sample per 50000 t2 perkilnor | Calcium oxide and
kiln discharge or month per kiln battery magnesium oxide
other suitable Kiln or kiln battery EN 932-1 and minimum contents:
sarfnplglogll(;f:atlon 1 analysis per EN 12485
or me quartera per Kiln or EN 459-2
MgO Li-rok kiln battery

If at least one series of results does not comply with the above criteria, the initial sampling rates in Table 8 shall be reapplied.

4 Can be reduced by a factor of 2 if tests show after an initial period of one annum: The ratio between the standard deviation

(Ss) of the historical results and their average (X + Ss) does not exceed 0,1. All test results range between (X -Ss) and (X +
SS)-

If the analyses cannot be carried out on the ROK lime and on the LKD, the reporting entity can perform
analyses on the downstream lime products. Based on these analyses, it shall assess the free calcium
oxide and free magnesium oxide contents of the ROK lime. The reporting entity shall then specify in the
monitoring plan the method used to assess the chemical composition of the ROK lime. It shall also
demonstrate that the composition determined is equivalent to the composition that would be based on
a direct measurement on the ROK lime.

Ca0, prog XMy prog x(1+ 1) Ca0, o X Myyp o x(1+1,)

Ca0, grox = — 1, xCa0,, +
My prog T Mikp-out My1_prop + Mikp-out (16)
_MgO, p0q XMy prog x(1+1,) B MgO,p X Myyp_oue X (1+17,,)
MgO,; rox = 1y *MgO, ., +
My prog ¥ Mikp_out My, _prop + Mikp_out (17)
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9.2.3.4 Determination of the mass of LKD

The annual total mass (t) of LKD (m 1kp) generated by each kiln or kiln battery should preferably be
measured. The measured quantity shall include all LKD collected in the abatement system before it is
blended into downstream lime products or disposed. A kiln specific ratio of LKD to ROK lime (1.) shall
be calculated using the following formula:

M kp
My Rrok (18)

N =

If the annual total mass of LKD cannot be directly measured, the mass may be determined by
developing a kiln specific ratio (n7LI) on the basis of short term measurements as specified in Table 9.

Table 9 — Procedure for determining the ratio of LKD to ROK lime in the output method

Parameter Samp!lng Frequen.cy of Sampling Frequency of test Test method
location sampling method

Total mass of LKD

1 test per annum for generated (m Lko)

vertical kilns or and toFal mass of

battery of vertical ROKlime (m .”)

kilns produced during

) ) ) the same defined
nu Not applicable Not applicable Not applicable and period of time (e.g.

1 test per quarter for 4hto8h)
horizontal kilns or

) Internal
battery ofhorlzontal measurement
kilns with calibrated
weighing system
_ Dry Mass of LKD generated during a given period of time
u Dry mass of ROK lime during the same period of time (19)

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

Table 10 — Default values for the ratio of LKD to ROK lime in the output method

Type of lime kiln My = My T My _gox

Vertical Kilns:

Parallel flow regenerative kiln

Annular shaft kiln 2%
Mixed feed shaft kiln
Other shaft kiln
Horizontal Kiln:

10 %
Preheater rotary kiln
Horizontal Kiln:

15%

Long rotary kiln

24




BS EN 19694-5:2016
EN 19694-5:2016 (E)

9.2.3.5 Determination of the composition of LKD

The free calcium oxide (CaOikp) and free magnesium oxide (MgOwkp) contents of the LKD shall be
determined according to the frequency of the sampling and the method of analysis specified in Table 11.

Table 11 — Sampling and type of analyses to be performed on the LKD in the output method

Parameter Sampling location Frequen.cy of Sampling Frequenc.y of Test method
sampling method analysis
Discharge- screw of the Calcium carbonate,
€a0 Lo dedusting system, magnesium carbonate,

flow of LKD leaving the 1 sample per 1 lvsi . calcium oxide and
kiln system month per kiln or EN 932-1 X oilnjoﬁlsoi?treqsl;i: Gi:: magnesium oxide

or kiln battery p P contents:

other suitable sampling EN 12485

MgO rkp location EN 459-2

If at least one series of results does not comply with the above criteria, the initial sampling rates in Table 11 shall be reapplied.

2 Can be reduced by a factor of 2 if tests show after an initial period of one annum: The ratio between the standard deviation (Ss) of

the historical results and their average ( X ) does not exceed 0,1. All test results range between (X - Ss) and (X + Ss).

Where the reporting entity does not sample and analyse the LKD, the composition of the LKD shall be
assumed to be is the same as the ROK lime (9.2.2.3)

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 demonstrated to be
below or equal to 0,15 %, a default TOC value of 0,0 % can be assumed.

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

method
Parameter Samp!mg Frequen'cy of Sampling Frequenc.y of Test method
location sampling method analysis
1 analysis per
Conveyor belt Y p-
50 000 t2 per kiln or
or- 1 sample per kiln battery
TOC 15 l°theT S“t‘)tafble month perkilnor |  EN932-1 and minimum EN 13639
ocation before .
kiln batter ;
the kiln feed Y 1 analysis per
quartera per Kiln or
system i
kiln battery
4 Can be reduced by a factor of 2 if tests show after an initial period of one annum: The ratio between the standard deviation
(Ss) of the historical results and their average ( X ) does not exceed 0,1. All test results range between (X -Ss)and (X +Ss). If
at least one series of results does not comply with the above criteria, the initial sampling rates in Table 12 shall be reapplied.

9.2.4 Direct greenhouse gas emissions during Kiln start up or shutdown

Lime kilns typically experience some start-ups and shutdowns as part of their normal operational cycle.
Such events result in the generation of partially calcined material which has nonconforming
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composition in comparison with the target lime product and which may have a material effect on the
calculated direct greenhouse gas emissions from calcination. The effect of these events shall be taken
into account in the monitoring plan.

9.3 Direct greenhouse gas emissions from Kkiln fuels (combustion emissions) using the
mass-balance-based method

9.3.1 Introduction to the mass-balance-based method for Kkiln fuels
Kiln fuels are all fuels used in the kilns plus fuels used for drying kiln stone (where carried out). The
following shall be reported under kiln fuels:

— fuel heating;
— preheating air fed into the kiln;
— the treatment of the flue gas (e.g. in post combustion equipment).

Fuels used for the electricity production shall be reported as non-kiln fuel.

Fuels used for the drying of carbonates (as by-products of the lime production) are outside the scope of
this standard.

Greenhouse gas emissions from fuels used at the plant during the reporting period shall be calculated
from measurements of the activity data of each fuel consumed (y), its lower heating value (net calorific
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 the following equation:

Meoy p, = Mg, xCVp, x EF,, x OXp, (20)

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

9.3.2 Determination of the activity data of kiln fuels

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 may determine the activity

data of each fuel using a measurement device. The activity data of fuels shall be expressed in t, litres or

3

my.

9.3.3 Determination of fuel emission factors for kiln fuels

9.3.3.1 Determination of fuel factors for plants with greenhouse gas emissions = 50,000 tCOze
per annum

The determination of fuel factors differs per type of fuel, there are three different approaches:

a) Solid and liquid fossil fuels

Where a plant has total absolute emissions exceeding 50 000 tCO.e per annum, the reporting entity
shall determine fuel emission factors by sampling and analysing each fuel according to relevant
European Standards at the frequency defined in Table 13. Where a relevant European Standard is
not available, the reporting entity shall use an International Standard. If a relevant International
Standard is not available, an appropriate national standard may be used. The reporting entity can
use fuel factors provided by the fuel supplier as long as the fuel is sampled and analysed in
accordance with the requirement of this standard.
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The factors for each fuel used by each kiln or each kiln battery shall be determined at the frequency
specified in Table 13.

Table 13 — Sampling frequency of solid and liquid fuels to determine their fuel factors

Type of fuel

Fuel factors

Frequency of
sampling

Sampling
method

Frequency of analysis

Traditional solid fossil
fuels (coal, petcoke,
lignite, ...)" and
traditional liquid fossil
fuels (fuel oil, gas oil, ...)

net calorific value (G] / t)

Every 20 000 t
and

at least six times per
annum

ISO 18283 or
ISO 13909

ISO 5069-1

Every 20 000 t and at least six
times per annum?

emission factor (tcoz / GJ)

Every 20 000 t and at least six
times per annum?

oxidation factor
(dimensionless)

To be defined by the reporting
entity or

Use a default value of 1

Liquid fuels (fuel oil, gas
oil, ...)

net calorific value (G] / t)
or (GJ] / litre)

Every 20 000 t
and

at least six times per
annum

Every 20 000 t and at least six
times per annum?
or
Use a standard value (only for
standardized fuels like heavy or
light fuel oil)

emission factor (tcoz / GJ)

Every 20 000 t and at least six
times per annum?
or
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

Solid alternative fuels

net calorific value (G] / t)

Every 5000t
and

at least four times
per annum

EN 15442

Every 5 000 t and at least four
times per annum?

emission factor (tcoz / GJ)

Every 5 000 t and at least four
times per annum?

oxidation factor
(dimensionless)

To be defined by the reporting
entity or

Use a default value of 1

Liquid alternative fuels

net calorific value (G] / t)

emission factor (tcoz / GJ)

oxidation factor
(dimensionless)

Every 10 000 t
and

at least four times
per annum

Every 10 000 t and at least four
times per annum?

Every 10 000 t and at least four
times per annum?

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 (Ss) of

the historical results and their average (X ) does not exceed 0,1. All test results range between (X - Ss) and (X + Ss). If at least one
series of results does not comply with the above criteria, the initial sampling rates in in Table 13 shall be reapplied. If fuels are sampled
and the fuel factors are analysed by the fuel supplier according to the same methods as in Table 13 these values can be used by the

reporting entity without the requirement for further testing.
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b)

d)

Traditional gaseous fossil fuels

For natural gas the relevant fuel factors shall be obtained from the supplier or if not available then
appropriate national factors shall be used.

Alternative fuels
For reporting purposes Alternative fuels (AF) have to be split into following three sub-categories:

a) Greenhouse gas from biomass fuels: greenhouse gas from biomass fuels is considered climate-
neutral, because emissions can be compensated by re-growth of biomass in the short term. A
list of biomass materials is in Annex B of EN 19694-1:2016. Greenhouse gas emissions from
biomass fuels shall be accounted for in the greenhouse gas inventory and may be reported
separately as a memo item by the reporting entity. The IPCC default emission factor of 110 kg
C02/G] for solid biomass shall be used, except where other, reliable emission factors are
available?) This value lies in the range of different values for solid bio-fuels, which are specified
as default emission factors in IPC C 2006 (Vol. II, Section 1.4.2.1) [5]. Greenhouse gas emissions
from biomass shall be excluded from the total greenhouse gas emissions total.

b) Greenhouse gas from fossil fuel-derived wastes: the greenhouse gas emissions from waste-
derived fuels consisting solely of fossil fuel-derived fractions such as waste oil or plastics are a
priori not climate-neutral. Therefore these emissions shall be reported as direct greenhouse
gas emissions like those of traditional fuels. Waste-derived fuels that do not contain biomass
shall be treated as in 9.3.3.1.

c) Greenhouse gas from mixed fuels with biomass and fossil fractions: Mixed fuels include fossil
and biogenic carbon e.g. pre-treated industrial wastes (containing plastics, textiles, paper etc.)
or waste tyres (containing natural and synthetic rubber).

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 (e.g. EN 15440 [4]).

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 (a) above.

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 may 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

4) See IPCC 1996, Vol. 111, p.1.13

28



BS EN 19694-5:2016
EN 19694-5:2016 (E)

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 fuels are sampled and the fuel factors are analysed by the fuel supplier according to the same
methods in Table 13 these values can be used by the reporting entity without the requirement for
further testing.

9.3.3.2 Determination of fuel factors for plants with greenhouse gas emissions < 50,000 tCOze
per annum

Where a plant has a total absolute emission below 50.000 tCOze per annum, the reporting entity may:

— determine the emission factors using the methodologies described in 9.3.3.1;

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

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

— or, where national data is not available, use the latest emission factor published by the IPCC or the
World Business Council for Sustainable Development (WBCSD) tCO-e.

9.3.3.3 Determination of fuel factors for minor fuels

For fuels which jointly correspond to less than 5,000 t of fossil CO,e per annum or jointly correspond to
less than 10 % of fossil COz. emitted by the plant per annum, the reporting entity may use one of the
approaches described in 9.3.3.1.

9.3.4 Determination of the greenhouse gas emissions from heat transfer to external parties

Part of the waste heat generated by the kilns can be valorised as heat transferred to external parties.
The greenhouse gas emissions related to the energy consumed to produce this heat are already
accounted for according to the provisions set in 9.3.2 and 9.3.3. However the energy indirect
greenhouse gas savings due to the use of waste heat shall be recognized in the greenhouse gas
inventory.

However the indirect greenhouse gas savings due to the use of waste heat shall be recognized in the
GHG inventory.

The following procedure shall be applied for the assessing the greenhouse gas savings:
a) determine the amount of heat transferred according to the information from the invoices to the

external consumers (T] / annum);

b) the avoided greenhouse gas emissions from the heat transferred are calculated from the total of
heat transferred multiplied by the factor 62.3 tCOz. / TJ.

This amount shall be reported separately as memo item in the greenhouse gas inventory.
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
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into account in the greenhouse gas inventory, the following procedure shall be applied for the assessing
the avoided greenhouse gas emissions:

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

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

This amount shall be reported separately as a memo item.

9.4 Direct greenhouse gas emissions from non-kiln fuels (combustion emissions) using
the mass-balance-based method

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

Non-kiln fuels are fuels consumed by the plant in the manufacture of lime products during the reporting
period but which are not included in the definition of kiln fuels. For instance non-kiln fuels include
those fuels used:

— in the quarry for the extraction, processing and the on-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, water, and road;

— on-site electricity generation;

— for on-site (internal) transport of products to storage, grinding/milling, hydration and packing
installations;

— for thermal process equipment like dryers for hydrated lime;

— for plant vehicles other than those used in the quarry or for the transportation of raw materials or
products;

— for other heating or cooling of the workplace and equipment.
Greenhouse gas emissions from off-site transport by company-owned fleets are outside the system

boundary but the reporting entity may choose to include them on a voluntary basis.

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 the following formula:

Meoy gy = Mg, xCVp, x EF, x OXg, (21)
The greenhouse gas emissions from each fuel shall be summed to give the total m coz-reo: for the plant.
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 in t, litres or m3y.
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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

Frequency of

Underlying required data for determining the

Fuel Parameter measurement activity data of fuel consumed
Fuel invoices
Gasoil consumed e.g. by V(.)lume consumed Fuel meters
the equipment, the on- (ltres) Annual Fuel stocks
site vehicles and the
electricity generator(s) ) . Densities from supplier based on EN ISO 3675 [2] or
Density (kg / litre) EN ISO 12185 [3] measurements
Fuel invoices
Volume consumed Fuel meters
(litres)
Fuel stocks
Gasoline Annual Densities from supplier based on EN ISO 3675:1998
[2], EN ISO 12185:1996 measurements [3]
Density (kg / litre) or
standard densities according to EN 228 [1]
(gasoline)
Fuel invoices
Volume consumed Fuel meters
(litres)
Liquefied petroleum gas Annual Fuel stocks
- LPG (propane, butane) Densities from supplier
Density in liquid or
phase (kg / litre)
default value: 0,51 kg/lat T=15°C
Fuel invoices
Volume consumed
Light fuel oil consumed | (litres) Fuel meters
e.g.by dryers or room Annual Fuel stocks

heating

Density (kg / litre)

Densities from supplier based on EN ISO 3675 [2] or
EN ISO 12185 measurements [3]

For plants consuming natural gas as a non-kiln fuel, its (usually small) volume can be included with the
volume of natural gas consumed by the kilns.

For non-kiln fuels that are not referred to in Table 14, the methodology used to determine the activity
data shall be consistent with the methodology in Table 14.

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.

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) Where the plant is 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.
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b)

d)

Where the plant is not equipped 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:

1) Deduction for the production of aggregates and aggregates used for the production of fillers
Where a sub-metering of the non-kiln fuels for quarry operations and stone processing is available,
the following procedure shall be applied to each non-kiln fuel used in the quarry operations / stone
processing:

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

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

3) dalculate the total consumption of non-kiln fuel used for quarry operations / stone processing
according to the provisions setin 9.4.2.1;

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

Total consumption of nonkiln fuelused for quarry operations y tof non kiln stone aggregates

stone processing tof nonkiln stone aggregates + kiln stone produced

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

1) Deduction for the production of fillers from aggregates

Where sub-metering of the non-kiln fuels used for milling / drying the aggregates for the
production of fillers is available the amount of fuel consumed as monitored by the sub-meter can be
directly 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 following default value for the specific drying energy of the aggregates

should be used:

1) Determination of the amount of aggregates used for the production of fillers with the default
value

E=250M]/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.

9.4.3 Determination of fuel factors for non-Kkiln fuels

The fuel factors for non-kiln fuels shall be determined in accordance with 9.3.3.
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Determination 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
into account in the greenhouse gas inventory, the following procedure shall be applied:

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

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

This amount shall be reported separately as memo item in the greenhouse gas inventory.

10 Energy indirect greenhouse gas emissions and their determination
10.1 Overview of the sources of energy indirect greenhouse gas emissions

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

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

— electricity consumed by the Kiln;

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

— electricity consumed in grinding/milling, hydration and packing.

Quantification of other energy indirect greenhouse gas emissions is not required by this standard.

Greenhouse gas emissions from externally generated electricity used at the plant during the reporting
period shall be calculated from measurements of the quantity of electricity consumed (qeLec) according
to the following formula:

Mooz erec = Qevec X EFeiec (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 m CO2.giec for the plant.

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.
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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 consumed

Electricity (kWh)

Annual Invoices from the electricity supplier

Plant electricity submeter

10.2.2 Plant manufacturing products in addition to lime

If the plant manufactures products, such as aggregates or fillers, where possible the electricity
consumption 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
greenhouse gas reporting system.

Assessment of the electricity related solely to lime manufacture depends on the availability of sub-
meters at the plant. Where the plant is equipped with sufficient sub-meters to precisely allocate
electricity consumption to the manufacture of lime and to other products this shall be done. Where
there are insufficient sub-meters to precisely allocate electricity consumption to the manufacture of
lime and to other products the total amount of electricity consumed at plant level shall be determined
according to the provisions set in 10.2.1. A specific amount of electricity can be deducted from this total
amount according 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 quarry operations / stone processing is possible, the
following procedure shall be applied:

i) determine the quantity of all non-kiln 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 processing
according to the provisions set in 10.2.1.

The amount of electricity used that can be deducted is then equal to:

total consumption of electricityused for quarry operations y all aggregates

stone processing tof all aggregates + kiln stone produced

2) Where sub-metering of electricity used for quarry operations and stone processing is not
possible, no deduction can be made.

b) 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;
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2) Where sub-metering of the electricity used for milling the aggregates for the production of
fillers is not possible, the following default value for the specific electricity consumption for
milling the aggregates should be used:

Determination of the amount of aggregates used for the production of fillers with the default value
E =23 kWh / t aggregates used for the production of fillers

The amount of electricity that can be deducted from the total amount is then equal to the above specific
electricity consumption; multiplied by the tonnage of aggregates used for the production of fillers.

10.3 Determination of the emission factor for externally generated electricity

The reporting entity shall use relevant emission factors for purchased electricity:

— preferentially from the electricity supplier;

— alternatively from government databases providing information about the latest Member State data
available;

— or in the absence of other sources of information, average emission factors for the country based on
International Energy Agency (IEA) data which are updated annually:

http://www.iea.org/stats/index.asp or http://www.ghgprotocol.org/calculation-tools/lime-sector

11 Other indirect greenhouse gas emissions from imported Kkiln stone and
transport of kiln stone by third parties

11.1 Other indirect indirect greenhouse gas emissions, third party and of site
transportation

The reporting entity shall determine the greenhouse gas emissions arising from the manufacture of kiln
stone imported from a third party as this is within the system boundary as defined by this standard.

The reporting of greenhouse gas emissions arising from off-site transportation of kiln stone by third
parties is not mandatory. However if the reporting entity decides to include these emissions in its
greenhouse gas inventory, it shall also include the greenhouse gas emissions arising from the off-site
transportation of kiln stone to the site by its own fleet according to the provisions set in 9.4.

11.2 Greenhouse gas emissions from manufacture of imported Kiln stone

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

Meo, _pur = EF,s pur X Mys_pur (23)

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

Table 16 — Parameters to be determined to calculate the amounts of imported Kiln stone

. Frequency of Underlying required data for determining the mass
Raw material Parameter . . ..
measurement of imported kiln stone (activity data)
Externlally produced Tonnages of kiln Annual Invoices from the supplier / producer of kiln stone
kiln stone stone (t)
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If possible the reporting entity should obtain from the supplier a GHG emission factor per wet mass (in
kgCO/t) for kiln stone imported (EFpyr). The supplier shall determine the GHG emission factor in
accordance with this standard or with the provisions set in ISO 14040 and ISO 14044 for the derivation
of Carbon Footprints or Life Cycle Inventories of products.

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

— either official GHG emission factors for aggregates published by national sources;
— or the default value of 3,7 kg CO2. / t.
11.3 GHG 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 the following formula:

n
Meoo_1r-pur = ZmLS—PURi xTF s pyr 0,
iz

(24)

where

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

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

Underlying required data for determining
Raw Frequency of . . ..
. Parameter the mass of imported kiln stone (activity
material measurement
data)
Tonnages of kiln stone transported . - .
Annual Invoices from the logistic companies
by trucks (t)
Tonnages of kiln stone transported
g ) p Annual Invoices from the logistic companies
) by train (t)
Kiln stone -
Tonnages of kiln stone transported . - .
. Annual Invoices from the logistic companies
by barges (on rivers or channels) (t)
Tonnages of kiln stone transported . - .
Annual Invoices from the logistic companies
by vessels (on sea) (t)

Where possible the reporting entity should obtain the GHG emission factor for the transport of kiln
stone from the supplier (TFis.pur).expressed in kgCOze / (t x kilometre) The supplier shall determine the
GHG emission factor in accordance with this standard or with the provisions set in ISO 14040 and
ISO 14044 for the derivation of Carbon Footprints or Life Cycle Inventories of products.

Where a GHG emission factor (TFis-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.
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Table 18 — Default GHG emission factors for transport of Kiln stone by third parties

GHG emission factor for transportation

Transportation mode TFis-pur
Kg COze / (t x kilometre)
Road (semi -trailers with a payload of 27 t) 0,092
Rail (combined electrical and Diesel 0,023

locomotives)

Barges (up to 1200 t pay load capacity) 0,025

Vessels (bulk carriers up to 20 000 dwt) 0,0075

For determination of transport distance, only one way from the quarry to the lime plant shall be
included as the return journey is already included in the GHG emission factor (TFis-pur ).

If possible the reporting entity should obtain from the supplier the distances (in kilometres) for each
type of transport mode.

Where such information is not available, publicly available distance calculators should be used

12 Reporting and performance assessment
12.1 Reporting data to include

GHG emissions monitoring and reporting has multiple uses, such as, internal management and
performance assessment, as part of a life cycle analysis, for public environmental reporting or reporting
for compliance with legislative requirements. This standard has been designed as a flexible tool to
satisfy different reporting purposes.

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

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

— the boundaries used for the assessment of the GHG emissions;

— all material deviations from this standard;

— 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 standard the user shall always take into consideration the product
quality.

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 standard. 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.
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To assess the performance of kilns, plants, company or group data the Performance Indicators (Pls)
relating to absolute emissions in Table 19 may be useful for the lime industry to the extent that
disaggregated data is available.

Table 19 — PI's relating to absolute GHG emissions

Direct greenhouse gas Energy indirect Direct greenhouse gas Emissions
emissions greenhouse gas emissions, energy indirect from
. emissions reenhouse gas emissions and biomass
Process Combustion g her indi 8 h
emissions emissions (excl. otherin lrec.t gl.'een ouse gas
. emissions
biomass)

Kiln stone preparation

Internal  kiln
stone [t COze / annum] | [t COze / annum] | [t COze / annum]
preparation

Imported kiln
stone [t COze / annum]
preparation

Lime process

Lime :[;i:::;] / [t COze / annum] | [t COze / annum] | [t COze / annum] gtnmfl(r)lie /
Downstream processing
[t COze / annum] | [t COze / annum]
TOTAL (Kiln stone preparation + Lime process + Downstream processing)
Ltlfl?:;] / [t COze / annum] | [t COze / annum] | [t COze / annum] gtnmfl?lie /

To assess the performance of kilns, plants, company or group the Pls relating to relative emissions may
be useful for the lime industry to the extent that disaggregated data is available.

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

Table 20 — Denominator to calculate PI's relating to relative GHG emissions

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

The PI's mentioned in Table 21 are voluntary and can be used to assess performance. Reporting entities
can select the PIs most relevant to their circumstances.
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Table 21 — PI's relating to specific GHG emissions

Direct greenhouse gas emissions Direct Direct greenhouse gas Emissions
greenhouse gas | emissions, energy indirect from
Process Combustion greenhouse gas emissions biomass
emissions emissions (excl. and other indirect
biomass) greenhouse gas emissions

Kiln stone preparation

Internal
production [t COze per t] [t COze per t] [t COze per t]
Imported kiln
stone [t COze per t]
Lime process
Lime [t COze per t] [t COze per t] [t COze per t] [t COze per t] [t COze per t]

Downstream processing

[t COze per t] [t COze per t]

TOTAL (Kiln stone preparation+ Lime process + Downstream processing)

[t COze per t] [t COze per t] [t COze per t] [t COze per t]

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.

Quantifying parameter uncertainties is demanding in terms of data and procedures. As a result,
statements about the aggregate uncertainty of emissions estimates are inherently uncertain themselves
and often involve a subjective component.

Besides the uncertainty of parameters, there are other error sources that can contribute to the
uncertainty of GHG emissions estimates. These include model uncertainty - the question of how
precisely a mathematical model reflects a specific context - and scientific uncertainty, for example
related to the global warming potentials used to aggregate different greenhouse gases. This standard is
designed to reduce the model uncertainty inherent in lime industry inventories to minimal levels.
Addressing scientific uncertainty is beyond the scope of lime industry inventories.

The general principles in EN 19694-1 apply for the determination of uncertainty according to the
requirements of the Guidance on Uncertainty Assessment and ISO/IEC Guide 98-3 (formerly GUM:
Guide to the Expression of Uncertainty in Measurement).

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

13.2 Assessment of uncertainty for the mass-balance- base method
13.2.1 Major sources of uncertainty

The overall uncertainty of the mass-balance-based method depends on the uncertainty of the
measurement and analytical methods used. The main sources of uncertainty normally being associated
with:

39




BS EN 19694-5:2016
EN 19694-5:2016 (E)

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) Representativeness of sampling.

Table 22 provides advice about how to minimise the main sources of measurement uncertainty.

Table 22 — Typical major sources of uncertainty in lime industry inventories and measures to
minimize them

Parameter Measures to minimize parameter uncertainty
Lime production Use alternative methods to cross-check activity data:
(t/a) - Based on kiln stone consumption and kiln stone to lime ratio

- Based on direct lime weighing (where applicable)

Kiln stone consumption 2 Use alternative estimation methods to cross-check activity data:

(t/a) - Based on lime and LKD production(where lime and LKD are weighed) and kiln
stone to lime ratio

- Based on direct limestone weighing (where applicable) and measurement of
the kin stone moisture

EF, Calculate lime plant-specific emission factor based on measured lime composition
(kg CO2e /t lime) (free CaO and free MgO content) and LKD leaving the kiln system, rather than using
default factor

Account for variations in lime composition over time

EFs Calculate lime plant-specific emission factor based on measured composition of kiln
(kg CO2e /t kiln stone) stone (carbonate content), rather than using default factor

Account for variations in kiln stone composition over time

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

- Based on weigh-feeders (where applicable)

Lower and higher heat values Ensure that fuel volumes and lower or higher heat values are based on the same
(GJ/t) moisture content

EFg, If using specific types of traditional fuels, use matching emission factors

(kg CO,e/G)) Measure emission factor of fuel if default factors are deemed non-representative

Account for biomass carbon in, e.g. used tyres and impregnated saw dust

Use analysis data for biomass content in heterogeneous mixed fuels like pre-treated
industrial or domestic wastes (where applicable)

®  Parameters marked with an asterisk are only relevant if input methods are used for calculating CO2 from the

calcination of kiln stone.

13.2.2 Uncertainty of activity data

If the annual amount of ROK lime is determined by mass balance, the aggregated uncertainty for the
activity data has to be calculated via error propagation considering the diverse uncertainties of each of
the weighing instruments involved.

Also the uncertainty of stocks in stockpiles, silos, tanks and other stocks has to be considered.

The information on the uncertainty of a measuring device for activity data can be found in number of
sources including:
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— certificates of calibration under national metrological control (where the operational error limits
the uncertainty under normal operational conditions),

— the specification from the manufacturer of the measuring device and estimate of the additional
uncertainty under operational conditions concerning relevant influences or

— an individual uncertainty assessment under operational conditions (e.g. via regular testing and
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,
— 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 recommends that a Conservative
Adjustment Factor (CAF) of 2 be applied.

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 as follows.

U, +U ,+U  +. U,

U =
miotal A1+ M2+ M3 +.....+ M24

(25)

An example calculation is provided in Annex D.

13.2.3 Aggregated uncertainties of activity data

In accordance with the GUM, if the annual amount of kiln stone, lime, LKD or a consumed fuel is
determined by using the mass-balance-based method, the aggregated uncertainty for the activity data
has to be calculated via error propagation considering the diverse uncertainties of each parameter of
the mass balance according to the expanded uncertainty of the weighing/measuring methods involved
in the calculation of activity data. Also the uncertainty of measuring or estimating stocks in stockpiles,
silos, tanks and other stocks in the mass balance has to be considered.

The following equation for error propagation can be applied to estimate the aggregated relative
uncertainty of a sum, if all determinations of the mass balance parameters and their related
uncertainties are independent:

(26)
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13.2.4 Uncertainty of analytical parameters

The uncertainty of laboratory analysed parameters of fuels and materials mainly depends on:

— uncertainty of the analytical method,

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

— uncertainty due to the representativeness of the sampling.

Also the qualification and experience of the technician performing the analyses can also influence the
quality of analysis results.

In accordance with the GUM, the aggregated uncertainty for the laboratory analysis has to be calculated
via error 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 following procedure can be
used:

n (27)

(28)
The uncertainty associated with the sampling procedure (Us) is then:
Us = Six)
vt (29)
where

tis the number of samples in the actual measurement.

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

n (30)
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S, (x,) =
(31)
The uncertainty associated with the sampling procedure (Um) is then:
Um = Sul%)
t (32)

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

The uncertainty associated with the overall analytical procedure (Ua) is determined by error
propagation by determining the root of the sum of the squares:

U,=JU,+U, (33)

13.2.5 Application of default values instead of analytical results

If default values 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 to determine the overall uncertainty of a GHG inventory, the assessed uncertainties 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 standard 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 EN 19694-1 and in accordance with the GUM.

The results of site field trials carried out in accordance with the requirements of this standard 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.

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.
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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 based method, site field trials were carried out to validate the methodologies
and demonstrate that they are fit for purpose.

The site filed trials had three specific objectives:

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

— a general assessment of the methodology proposed for quantifying non-kiln GHG emissions and
indirect kiln GHG emissions based on verified annual data;

— an assessment of the relevance of non-CO; GHGs using stack measurements (CHs, N2O, HFCs, PFCs
and SFs);

Two plants were selected as host sites for the trials to represent typical plants used in the lime industry
Plant A:
— parallel flow regenerative kiln (PFRK);

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

Plant B:

— rotary Kiln;

— multiple fuel fired (coal, solvent waste, biomass);
— limestone purchase from neighbouring quarry;
— dololime product.

Two rounds of tests were carried out at each plant between June 2013 and January 2014. Following the
first round the methodologies were adjusted according to the recommendations.
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Lime kiln dust (LKD) Dololime product
Key
Reference GHG Emission | Description
Number Source
1 Kiln-direct Kiln stone processed
2 Kiln-direct Lime Kkiln dust (LKD) produced from the process
3 Kiln-direct The lime product produced from the process either as run of kiln
(ROK) lime or as processed product
4 Non-kiln-indirect Electricity used in the production of the kiln stone and transport to
plant
5 Non-kiln-indirect Fuel used in the production of the kiln stone and transport to plant
6 Kiln-indirect Electricity used in the kiln operation including any requirements
for transport of the kiln stone or fuel from plant delivery point
to the kiln
7 Kiln-direct Fuel used in kiln operations
8 Non-kiln-indirect Electricity used in post kiln processing
9 Non-kiln-direct Fuel used in post kiln processing
10 Kiln-direct GHG emissions from the Kiln system released to atmosphere via the

plant exhaust stack

Figure A.1 — Boundaries of the system used in the site field trials
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The site field trials concluded that:

a)

b)

d)

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 %.

The uncertainty of the stack-emission-measurement-based method ranged between 15 % and
25 %. Whilst 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.

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.

Whilst an initial homogeneity assessment to EN 15259 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.

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) Kkiln stone carbonate content;

3) ROK activity data;

4) ROK oxide content;

5) LKD activity data (in some cases);
6) LKD oxide content (in some cases);

7) kiln fuel activity data.

Of the non-CO; greenhouse gases, only methane was identified in any measurable amount in some of
the tests. All other non-CO,GHGs were below the measurement technique detection limits. In the worst
case, the amount of methane, on a COe basis, was less than 0,2 %. In view of the errors associated with
the measurement of methane and the relatively low levels present, it was considered that non-CO;
greenhouse gases do not have a significant impact on the representativeness of GHG emissions in the
lime industry.
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Annex B
(normative)

Minimum content of the monitoring plan

In addition to the minimum content specified in Annex A of EN 19694-1:2016 the monitoring plan
shall contain at least the following information:

iy
2)
3)
4)
5)

6)

7)

8)

a current process flow diagram detailing all processes;

a list of operations associated with lime manufacture;

the boundaries used for the assessment of the GHG emissions;
a clear identification of all GHG emission sources;

an inventory of all internal transfers;

a statement about the inclusion or exclusion of GHG emissions from off-site transport by
company-owned fleets;

all material deviations from this standard;

the overall uncertainty of the calculated GHG emissions;

direct greenhouse gas emissions from the calcination of kiln stone (scope 1 emissions):

1

2)

3)

4)

5)

6)

7)

8)

9)

a full inventory of all direct greenhouse gas emissions sources of the plant;

the methodology and the assumptions used to calculate the free CaO and MgO If the residual
amount exceeds 5 %;

the demonstration that that the kiln stone moisture content is consistently below or equal to
1 % (only applicable if the input method is used);

the methodology used for determining the ratio of LKD to kiln stone in the input method if the
input method is used;

the methodology used for sampling and analysing the LKD in the input method if the input
method is used;

the methodology used to derive the mass of ROK lime in the output method if the output
method is used;

the methodology used to derive the free calcium oxide (CaOi.rox) and free magnesium oxide
(MgOvi.rok) in the output method if the output method is used;

the methodology used for determining the ratio of LKD to ROK lime in the output method if the
output method is used;

the methodology used for sampling and analysing the LKD in the output method if the output
method is use;
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d)

48

10) the methodology used to estimate the direct CO; emissions from the calcination during kiln

start up or shutdown;

11) the methodology used to derive the mass of ROK lime from the mass of downstream lime

products (if the output method is used and the activity data for ROK lime cannot be directly
determined);

12) the methodology used to assess the chemical composition of ROK lime on the basis of the

chemical composition of the downstream lime products (if the output method is used and the
ROK lime cannot be directly sampled and analysed). In addition it shall be demonstrated that
the thus calculated chemical composition of the ROK lime is equivalent to the composition of
the ROK lime if it would be directly measured.

direct greenhouse gas emissions from kiln fuels (scope 1 emissions):

iy

2)
3)

4)

5)
6)

7)

8)

9)

the methodology used for determining the activity data (masses or volumes) of kiln fuels
consumed;

the standards used to sample and analyse the fuels;
the frequency of analysis of the oxidation factor for liquid and solid fuels;

the sampling and monitoring plan of the fuel supplier if the fuels are sampled and the fuel
factors are analysed by the fuel supplier;

the documentation and justification of the fuel factors used for natural gas;
the methodology and fuel factors used for determining the GHG emissions of mixed fuels;

the sampling and monitoring plan of the fuel supplier if the alternative fuels (AF) are sampled
and the fuel factors are analysed by the fuel supplier;

for plants with GHG emissions below 50,000 tcoze per annum, the records of the references
used for the fuel factors;

a precise description about the methodology used to determine the fuel factors of minor fuels.

direct greenhouse gas emissions from non-kiln fuels (scope 1 emissions):

iy

2)

3)

4)

5)

the methodology used for determining the activity data (masses or volumes) of fuels
consumed;

the methodology used to determine the activity data (masses or volumes) of consumed non-
kiln fuels that are not specified in

Table 14;

a precise description about the methodology used to determine the activity data of non-kiln
fuels used respectively for the lime manufacturing and for other products;

a precise description about the methodology used to determine the activity data of non-kiln
fuels used for the manufacturing of other products which are deducted from the overall activity
of non-kiln fuels;
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indirect greenhouse gas emissions from electricity (scope 2 emissions):
1) the methodology used for determining the quantity of externally generated electricity used;

2) aprecise description about the methodology used to determine the quantity of electricity used
for the manufacturing of other products which are deducted from the overall electricity;

3) the methodology and the GHG emission factor of the purchased electricity with its
corresponding reference annum.

inother direct greenhouse gas emissions from purchased kiln stone and off-site transport (other
indirect emissions):

1) astatement about the inclusion or exclusion of GHG emissions from off-site transport;
2) the methodology used for assessing the GHG emission factor of imported kiln stone;

3) the methodology, the emission factors, their origin and the assumptions (e.g. load factor) used
to derive the GHG emissions of the transport of imported kiln stone;

4) the methodology used for determining the transportation distance.
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Annex C
(informative)

Details about the calculation of process emissions from lime Kilns using the
mass balance-based-method

Let’s consider the following calcination system:

Stack emission:
CO;
M co2-stack
Limestone y
m s
SR
> . ———p[ Dedusting
Lime system
kiln
—
VL \ 4
Run-Of-Kiln Lime Kiln Dust
(ROK) lime (LKD)
M LiI-roK m kb

Figure C.1 — Boundaries of the system considered for calculation of the process emissions

The mass balances of Ca0, MgO and CO, are considered in the following: for each of the three
substances, the input mass flow shall be equal to its respective output mass flow.

Thus for the CaO mass balance it follows:

mLS XCGC03 LS X

CaCO3

CaCoO3

= My1_pok X[CGOLI—ROK + CaC03 11 _pok

M
Macos

(C.1)
Similarly, the MgO mass balance provides following equation:
M M
mys x MgCO; 5 x — = My rox ><(j\/lg0u-1e0k + MgCO; oy X M e }
MgCO3 MgCO3
M0
+ My x| MO, + MgCO; 4, % -
MgCO3 (CZ)
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From the definition of m,, ... it follows for the CO, mass balance:

M M
mLS X CCIC03 LS X Ca0 + MgC03 LS X M
Caco3 M ygc03

Mco,

= Mco2—stack + MLI-ROK {CGC% LI-ROK % + MgCO3 1_rok

M M
Mcaco3 M ygco3

[t is assumed that the concentration of impurities can be assessed as follows:

— In the limestone:

%of impurities =1-CaC03;5 —MgCO3 ¢
— Inthe ROK lime:

%of impurities =1-Ca0y;_pog —MgOy;_pox —CaC03 11 pox —MgC0O3 1 pok
— In the LKD:

%of impurities =1-Ca0 xp —MgO kp —CaCO3; ,p —MgCO3 kp

The mass balance of the impurities leads then to the following equation:
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Moz (C.3)
Caco3 M ygco3

(C.4)

(C.5)

(C.6)

mps X(l —C€aC03;5 —MgCO3;¢ ) =Mp;_Rok * (1 —Ca0yp;_pox —MgO ok —CaCO31;_pox —MgCO3 LI—ROK)

+myp x(1-Ca0 p —MgO xp —CaCO3 e —MgCO3 1 p )

(C.7)

If the (carbonate) input method is used to assess the CO; emissions, following parameters are

known:

_ Mg,

)

CaC03 5.
MgC0s s,
— Mikp.,
CaOLKD;
MgO.xp.

CaCO3 kp |
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MgCOs LKD .
CaC03 LI-ROK .

MgCO3 1 pox

The remaining 4 unknown parameters (mCOZ—stack'mLI—ROK'CGOLI—ROKJMQOLI—ROK) can then be
theoretically determined with the Formulae (C.1), (C.2), (C.3) and Formula (C.7) as shown hereafter.

Let’s therefore define the following parameters pq,x,l5, H3,K 5, Hyg, U5,K3, Lg, L7 aS:

M
lll = mLS X CaC03 LS X v, Ca0
caco3 (C.8)
Mcqo
K= Cac0s  pox * 7~
Caco3 (C.9)

M
Wa = Mmpgp X [CGOLKD"' CaC0s 1kp > - cao )

CaC03 (C.10)
M g0
MgCo3 (C.11)
My
g0
Ky = MgCO3 ) pog X ———
MgCo3 (C.12)
M g0
W4 = mpgpX [MQOLKD + MgCOs3 1kp > 73— ? J
MgCo3 (C.13)
M M
Mg = mygx| CaC0g g x ——L02—+ MgCO3 g x ——02—
Caco3 M mgcos (C.14)
Mco, Mcoz
kg = €aC03 1 poy * + MgC0O3 1 _pog *
CaC03 MgCo3 (C.15)
M M
Mg = Mygpx | CaCOz px ——C2—+ MgCOy yp x ——C2—
M ¢qaco3 M mgcos (C.16)
M7= mygx (1= CaC0s s ~MgCO3 15 )~ mkp
(1- Ca0yp — MgO 1y — CaCO3 1yp — MgCO3 1xp ) (C.17)

The parameters pto p7, k to x 3 are fully determined as they are only depending on:
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my,CaC03;5,MgC0O3 s, mygp,Ca0 gy, MgO kp,CaCOs3; k), MgCO3 kp,CaCOsz ;1 _pok

which are known in the (carbonate) input method.

Formulae (C.1), (C.2), (C.3) my;_gok % 3and Formula (C.7) can then be rewritten as follows:

( ul:(caOLl—ROK +K, )"‘P—z

With this system of formulae the unknown (m Cco2—stack» M LI-rOK » COO0 [ 1_ROK » MgOLI_ROK) can
fully determined. It results finally:

(C.18)
M3 =mp_pok X(MgO 1 _pok +12)+H4 (C.19)
<
H5=Mco2—stack XMLI-ROK XK 3TH6 (C.20)
my;_pok *(1-Ca0y;_pox —MgOyp;_pox —CaCO3z 1y pox —MgCO3 1y ok ) =M 7 (€21
\ .

be

Mcoz-stack = EFLs *M g (C.22)

with EFis expressed as follows: (C.23)

Efs = {[Cﬂfﬂam Mpe % Cal0y LHD:'X e = (MgCOaLs = 05 X MgCO3Lkp) ><*“‘ff'efsrt?:-?&}_

Celly 77— Rgxx—cgﬂz—+M_gCG‘.gH ROK=

MMgL’.‘Ds

Mioaroe

M Mens
1-| Collh LT-ROK™ +Mal Ce LF-ROK™ )
( Meacne Mpg glile

MgCOq o % —2g0

MMgE'Ds) T s X ((1 — Caligp — MgOigp — CaCOypgp — MgCOskp ) + Caligp +

CQCGE LER = + MQGL-HD + MQCGE LED > gﬂ ) :|

Mca.cﬂ M gooe

If the (lime) output method is used to assess the CO, emissions, following parameters are known:
— ™Mi-prok .
Ca0y;pok .
MgOL1-rox
CaC03 11-pox .

MgCO;y ;; rox :

Mykp ;

(1— Calo MgCOq, ) + Calq e ¥ —co2
aLr— MAELVg Lo aLE
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CaOLKD;
MgOyxkp.
CaCO4 LKD ,
MgC0s 1.

The remaining 4 unknown parameters (mgpy_gucx,Mys,CaC03;5,MgCO3;g) can then be theoretically
determined with the Formulae (C.1), (C.2), (C.3) and (C.7) as shown hereafter.

Let’s define the following parameters Wy ol as:

, M M
U 1:{mL1—ROK X(CGOLI—ROK +CaC031;_pox XM Lat ]erLKDX[CaOLKD +CaC03kp X Y, La0 J}

Caco3 Caco3
«Mcacos
Mcao (C.24)
' MM 0 MMgO
W 2=yMp_pok X| MgO1;_pok +MgCO31;_pok * ", +mygp x| MgOgp +MgCO3kp % Y,
MgCo3 MgCo3
M
y MgCO03
MMgO
(C.25)
: M o> M yvicoz
W'3=mp;_rok X{CGC% LI-ROK ¥ +MgCO3 11 _pok |t Meo
Caco3 MgCo3
M M
Caco3 M ygc03 (C.26)
W 4=mp;_pox x(1-Ca0y;_rox —MgOy;_pox —CaCOsy;_rox —MgCO3 11 rok )+Mpkp
x(1-Ca0yxp —MgO e ~CaCO3 xp —MgCO3 p ) (C.27)

The parameters p';to p', are fully determined as they are only depending on:
My rok €01 rok MO 11-rok ,€aC03 11 rok »MgCO3 11 rok » MLkp,Ca0 1 kp,MgO Lkp,CaCO3xp,MgC0O3 kp

which are known in the (lime) output method.
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Formulae (C.1), (C.2), (C.3) and Formulae (C.7) can then be rewritten as follows:

[ Wq=mygxCaCOs g

(C.28)
Wo=mpsxMgC0s g (C.29)
Mco> Mcoo :
Mco2—stack =MLs X(CGC03LS W +MgC03 g x—"— | -3
v mysx(1-CaC03,6 —MgC03 5 ) =p'y (€31

With this system of formulae the unknown (mgpy gqer,Mys,CaC03;5,MgC0O3;g) can be fully

determined. It results finally:

Mco2-stack = EFL xmy;_pok (C.32)

With EF,;; expressed as follows:

M¢o M¢o,
+(Mg0y; ok +M11 xMg0 kp )X—M
Caco3 MgC03 (C.33)

EF}; = (CaOpy_pog +Mp xCa0 pyp )x
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Annex D
(informative)

Example of an uncertainty calculation

As an example, the measured standard uncertainty associated with the measurement of ROK lime
activity data (production) during a site trial can be calculated as follows:

a)

b)

56

Uncertainty of activity data

During a site trial, the production of ROK lime is collected in a silo and subsequently transferred to
trucks for weighing on the site weighbridge. In the trial 24 loads, each of around 22,4 t were
recorded. The weighbridge has a valid calibration and the uncertainty determined during the
calibrationis + 0,02 t.

The relative uncertainty of the measurement of ROK lime production is given by:

J ZUm1+Um2+Um3+ ..... +Um24
mtotal M1+M2+M3+....+ M24

In this case:

24x0.02

Umtotal = m ~ 0000 9

The uncertainty is multiplied by a CAF of 2 to provide a standard relative uncertainty for the mass
of ROK lime produced. This uncertainty is equal to:

0,0009 x 2 x24x22,4=+0961t
Uncertainty of analytical parameters

In the example below the carbonate or oxide content of the ROK lime is used. For the determination
of the uncertainty due to the sample handling, the procedure presented in the following example
can be used:

For the sample handling (division) process, one sample is used and sub-divided into four. These
samples are then measured by the same technique to determine the CaO content of the ROK lime.
The variation in CaO content in the results is attributed to the uncertainty introduced via the
sampling dividing process. The four samples provided the following measured CaO contents
(%, dry): 94,73, 95,62, 94,83, 95,01.The associated uncertainty is determined by calculating the
standard deviation and then assessing this in terms of the normal measurements made, for
example:
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=0,40

The uncertainty associated with the sampling part of the analytical procedure (Us) is then:

S¢(x;)

Us= =0,40

I

where
t is the number of samples in the actual measurement (in this case t = 1).

For the determination of the uncertainty associated with the analytical measurement, the
procedure presented in the following example can be used:

The same measurement of CaO content in the ROK lime is undertaken five times giving the
following results (%, dry): 94,90, 94,45, 95,00, 94,76, 94,51. The mean and standard deviation
calculated are:

x=94.72

S, (x;)=0.24

Each measurement is undertaken in duplicate (t = 2) and the uncertainty associated with the
measurement procedure is therefore:

0,24

"

The uncertainty associated with the overall analytical procedure (Ua) is then determined by error
propagation by determining the root of the sum of the squares, for example:

U, = /US2 +U 5 =043

Thus in the previous example, the standard uncertainty for the determination of the CaO content of
ROK lime is + 0,45 %.

U =0.17

The resulting standard error should be subsequently combined using propagation methodology
based on the form of the function being calculated. Convention is that uncertainty be expressed on
the basis of a confidence limit. Generally a 95 % confidence limit is employed in EU Directives. The
standard uncertainty is expressed on a confidence limit basis multiplied by a coverage factor
applicable to the desired limit. To express a standard uncertainty at a 95 % confidence limit the
coverage factor is 1,96.

A similar approach can be applied to the annual GHG emission measurement. For this

determination the uncertainty calculation should include all relevant sources of measurement
uncertainty, including all activity data measurements, sampling and analytical measurements.
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