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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document serves the following purposes:
— to measure, test and quantify GHG emissions from the aluminium industry;

— to assess the level of GHG emissions performance of production processes over time at production
sites;

— to establish and provide reliable, accurate and quality information for reporting and verification

nnnnnnnnn
PUTrposSTtst

This document can be used to measure, report and compare the GHG emissions of.an pluminium
profuction facility. Data for individual facilities, sites or works can be combined to méasure,|report and
conjpare GHG emissions for a company, corporation or group.

Dir¢ct fuel-based emissions are not included; for calculation of this part of-the GHG emissions, see
1SO[19694-1.

This document deals with sector-specific aspects for the determination of greenhouse|gas (GHG)
emissions from aluminium production and is based on documents mentioned under| tier 3 of
Section 4.4.2.4 of the 2006 IPCC guidelineslél.
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INTERNATIONAL STANDARD

ISO 19694-4:2023(E)

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

Part 4:

Al

1 (Scope

Thif document specifies a harmonized method for calculating the emissions of greenhouse
the|electrolysis section of primary aluminium smelters and aluminium anedé baking pj
document also specifies key performance indicators for the purpose of benchmarking of
and boundaries.

2 |Normative references

The following documents are referred to in the text in such’a'way that some or all of th
conptitutes requirements of this document. For dated reférences, only the edition cited 3
undated references, the latest edition of the referenced doctiment (including any amendmen
[SO|19694-1, Stationary source emissions — Determination of greenhouse gas emissions in enery
indystries — Part 1: General aspects

3 |Terms and definitions

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

[SO|and IEC maintain terminolegy databases for use in standardization at the following add}
— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: available at https://www.electropedia.org/

3.1

aluminium electrolysis

section of aftaluminium primary smelter where aluminium is converted from aluminiu
aluminiumcmetal in electrolysis cells

3.2

andde 'Ud}\illg plaut

uminium industry

oases from
lants. This
aluminium

Pir content
pplies. For
[s) applies.

jy-intensive

e following

esses:

m oxide to

production of carbon anodes for use in aluminium prebake electrolysis cells

3.3

PFC gas

gas

3.4

emitted from aluminium electrolysis (3.1) consisting of CF, and C,F

grid specific CO, factor
CO, factor (t CO,/MWh) associated with the electricity delivered to a specific aluminium smelter from
their supplier

Note 1 to entry: The unit for grid specific CO, factor is t CO,/MWh.

© IS0 2023 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=9c6f1e0c8b184fd149e5685fb7510cf8

ISO 19694-4:2023(E)

4 Symbols and abbreviated terms

4.1 Abbreviated terms

AE Anode effect

CWPB Centre-worked prebake

DAE Direct anode emissions

DEE Directetectrotysis emissions

GHG Green house gas

HSS Horizontal stud Sgderberg

IPCC Intergovernmental Panel on Climate Change
PFC Perfluorocarbon

PFPB Point feeder prebake

SWPB Side-worked prebake

TIE Electrolysis electricity consumption

VSS Vertical stud Sgderberg

WBCSD World Business Council for Sustainable Development
WRI World Resources Institute

4.2 Symbols and chemical formulae

4.2.1 Symbols

Agm Anode effect minutes per cell-day (equals to frequency multiplied by average duration)
Ago Arnode effect overvoltdge

Anc Ngt anode consumption

Ay,  Ashcontentin baked anodes

Agyp  Agh cantentin pitch, % mass fraction

Agppe  AshreontentinmpackingcokerYmassfraction

By Baked anode production

B,y  Baked anode mass

B¢ typical binder content in paste, % mass fraction
Cga Carbon content of baked anodes

Cguit  Carbon content of anode butts

Cg Current efficiency for aluminium production

2 © IS0 2023 - All rights reserved
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Cp Carbon in skimmed dust from anode from Sgderberg cells, tonnes carbon per tonne aluminium
Coym Emissions of cyclohexane soluble matter, kilograms per tonnes aluminium
ECF4 Emissions of tetrafluoromethane, kg CF, per year

ECzFe Emissions of hexafluoroethane, kg C,F, per year
co, CO, emissions, tonnes per year

Eppc Emission factor of packing coke, tCO, /t of packing coke

F, C,E
GY%  Mass fraction of -5
CF} CE,
Gaw
Gy Mass of loaded green anodes, G, = | —— |B,
Baw
Gaw Green anode mass
Gy Global warming potential; use latest Gy, p data from IPCC
H, Hydrogen content in green anode
H, Hydrogen content in pitch, % mass fraction
Mg, Total mass of baked anodes
Mg/).. Total mass of anode butts
Mp Total metal production, tonnes aluminitim per year
Nyc Net anode consumption, tonnes per tonnes aluminium

Oppl  Oxidation factor of packingoke (typically 1 for this stream)

Oyc Overvoltage coefficientfor CF,
P Paste consumption, tonnes per tonnes aluminium
Pcc Packing coke.consumed per tonnes of baked anode
Pcy Packing-¢oke mass
RCF4 EmiSsion rates of CF,, kg per tonne of aluminium produced
RC216 Emission rates of C,F, kg per tonne of aluminium produced
S Su}ft.u \.UlltCllt ill ]ua}\cd ClllUC‘lCD
a
S. Sulfur content in calcined coke, % mass fraction
Sp Sulfur content in pitch, % mass fraction
.S'pc Sulfur content in packing coke, % mass fraction
SCF4 Slope coefficient for CF,, kg CF, per tonne aluminium per anode effect minute per cell day

W Waste tar collected

©1S0 2023 - All rights reserved 3
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4.2.2 Chemical formulae

Al Aluminium

Al,04 Aluminium oxide (alumina)

C Carbon

CF, Tetrafluoromethane
C,Fg Hexafluoroethane
COo (arbon monoxide
co, (arbon dioxide

NaAlF,  Jodium aluminium hexafluoride (cryolite)

NaF

(@s)

odium fluoride

5 Calculation methods — General remarks

5.1 General

This document shall be used in conjunction with ISO 19694-1 which contains generic, ovdrall
requirements, definitions and rules applicable to the determination of GHG emissions for all enefgy-
intensive gectors, provides common methodological issues.and specifies the details for applying|the
rules. The application of this document to the sector-specific standards ensures accuracy, precision pnd
reproducilfility of the results.

5.2 Calculation methods for process GHG.emissions from primary aluminium
production

Figure 1 dives sources of process emissions and references to where in the standard calculation
methods are specified.

4 © IS0 2023 - All rights reserved
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Davelop necessary proce.
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Figure 1 — Decision tree-for process carbon dioxide and perfluorocarbon emissior

cess CO, emissions in state-of-the-art aluminium smelters comprise around 90 % of
equivalent €miSsions, with the balance of emissions consisting of CO, from fossil fuel ¢
PFC emissions. Guidance on CO, emissions from fuel combustion is not included in this
hodologyfor calculating CO, emissions from the combustion of fuel in anode baking
cribedbelsewherel6l 7], while methodology for calculating process CO, emissions is given

s from

otal direct
ombustion
document.
furnaces is
in Clause 7.

5.3

5.3.

Sourcesof greenmhrouse gases

1 Electrolysis

Most of the CO, emissions result from the electrolytic reaction of the carbon anode with alumina as

given in Formula (1):

2A1,0, +3C—>4A1+3C0,

)

Carbon dioxide is also emitted during the electrolysis reaction as the carbon anode reacts with other
sources of oxygen, primarily from the air. Carbon dioxide is also formed as a result of the Boudouard
reaction where CO, reacts with the carbon anode forming carbon monoxide, which is then oxidized to

©IS
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form CO,. Each unit of CO, participating in the Boudouard reaction produces two units of CO, after air

oxidation [see Formulae (2) and (3)]]:

€0, +C

2C0+0

—2C0

, —2C0,

(2)

(3)

All carbon monoxide formed is assumed to be converted to CO,. By industry convention, no correction
is made for the minute amount of carbon consumed as PFCs rather than CO, emissions. No CO, is

produced

rom cathode consumption unless there is on-site incineration and no recommendati

is

included h
cells is not

ere. For such operations, CO, emission from addition of sodium carbonate to electroly
included as this is added at infrequent intervals and is an insignificant source.

5.3.2 Anode baking

Another sgurce of CO, emissions, specific to prebake technologies, is the baking(f green ano

wherein C
baking fur
packing co

Carbon did
baking fur

D, is emitted from the combustion of volatile components from the pitch binder and
naces fired with carbon based fuels, from the combustion of the fuél source. Some of
ke used to cover the anodes is also oxidized, releasing CO, during-ahode baking.

nace.

5.3.3 Aluminium smelting supporting processes

A further
during tres

ource of carbon dioxide emissions is fuel useddn the cast house for heating of the m
itment processes before casting, and some fuel\can also be used in rodding operations.

5.3.4 Alumina refining

Carbon did
alumina is
the combuy
emissions

5.3.5 So

refined from bauxite ore. Most ©f;the emissions associated with alumina refining are fi
stion of fossil fuels, which are covered in the WRI/WBCSDI19 calculation tools for
‘rom energy and electricity:

irces of PFC

Two perflgorocarbon gases-(PFCs), tetrafluoromethane (CF,) and hexafluoroethane (C,F;), can

produced ¢

4Na3A

4Nay A

uring primary aldminium production [see Formulae (4) and (5)].
F, +3C—4Al+12NaF+3CF,

F, #4C > 4Al+12NaF+2C,F,

yses

es,
for
the

xide is emitted from the fuel used in the paste plant and the fuel used for firing the anode

ptal

xide is not produced as process emission in the Bayer Process, the process through which

fom
LHG

be

(4)

(5)

NOTE
guidance of

the Intergovernmental Panel on Climate Change (IPCC)[l.[15],

6 Methods for calculation of process greenhouse gas emissions

6.1 General

The following recommendations for calculating PFC emissions are consistent with the inventory

Direct CO, emissions from aluminium production shall be calculated by using one of the following two

tiers:

— tier 1: process specific formulae with industry typical parameters;

© IS0 2023 - All rights rese
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— tier 2: process specific formulae with site or company specific parameters.

NOTE Tier 1 and tier 2 in this document correspond to what is listed as tier 2 and tier 3 in the IPCC technical
guidancel®l,

Reference should be made to Figure 1 as an overall guide on how to proceed when calculating direct
CO, emissions. For calculation of key performance indicator, tier 2 shall be used.

6.2 Tier 1 — Method using process specific formulae with technology typical
parameters for carbon dioxide emissions

Tier 1 method for the calculation of total direct CO, emissions shall be based on the calculation of
CO, emissions from each individual process step which are then summed to calculatetotallemissions.
Formulae in 6.4 specify the calculation of CO, for prebake technologies, while 6.5:5 cdntains the
formulae for Sgderberg technologies.

6.3| Tier 2 — Method using process specific formulae with facility,$pecific parameters
for|carbon dioxide emissions

Thg most accurate inventories of CO, are obtained by using site or company specific data in the formulae
for falculating emissions (tier 2 method). This data can come frommeasurements made on dite or from
data from suppliers. The formulae are identical to those usedlin the tier 1 method specified above.
However, facility specific or company specific data, rather than technology typical data, shalll be used.

6.4] Calculation of carbon dioxide emissions frotwprebake processes

6.4{1 General

Carpon dioxide emissions resulting from CWRB'and SWPB reduction technologies have as thieir sources
eledtrolysis and anode baking.

6.42 Greenhouse gas emissionsfrom prebake anode consumption during electrolysi

[72]

Thd following formula should beuséd for calculation of CO, emissions from prebake anode consumption
durjing electrolysis:

10055, Ay,
Eco, =| MpxNpc | o=t || 3,664 6)

whére

ECOZ 1sthe CO, emissions in tonnes per year;

Mp is the total metal production, tonnes aluminium per year;

Nyc  isthe net anode consumption, tonnes per tonne aluminium;

A is the sulfur content in baked anodes, % mass fraction;

is the ash content in baked anodes, % mass fraction;

3,664 is the CO, molecular mass: carbon atomic mass ratio, t CO,/t C.

Parameters used in Formula (6) are specified in Table 2 together with technology typical values for
calculating CO, emissions from prebake anode consumption during electrolysis.

©1S0 2023 - All rights reserved 7
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Alternatively, the following formula may also be used:

Eco,= (Mg XCpp —Mg

where

E
co,

Mgy

CBA

MButt

CButt

Parameter

calculating

Table 1 -

XC

utt Butt )X 3'664

is the CO, emissions, tonnes per year;

is the total mass of baked anodes, tonnes anodes per year;

isthecarbonmcomtentof bakedamodes,; &6 ass fraction;
is the total mass of anode butts, tonnes anodes per year;
is the carbon content of anode butts, % mass fraction.

5 used in Formula (7) are defined in Table 1 together with technology(typical values
CO, emissions from prebake anode consumption during electrolysis.

— Typical uncertainty for individual parameters and analysesused in tier 1 or tier]
method for carbon dioxide emissions from prebake cells

(7)

for

2

Pa

Tier 1 method Tier 2 method

ameter Data source Data uncertainty Data source

+% %

Data uncertajnty

My, tonnes aly

minium per year Individual facility records Individual facility records 2

Ny, tonnes p4g

r tonne aluminium Individual facility records Individual facility records

S,» % mass frd

ction Use industry typical value, 2 Individual facility records

Agpa % mass fraction

Use industry typical value, 0,4 Individual facility records

Mg,, tonnes a

hodes per year Individual facility records Individual facility records

Cgar % mass f

action Use industry typical value,;98 Individual facility records

Mg, tonnes

hnodes per year Individual facility reeords Individual facility records

Cgyp % mass

N0 [N W | e | N

5
3
3
2
2
2
2

fraction Use industry typical value, 98 Individual facility records

6.5 Bak

6.5.1 Ge|
Baking fur
combu

combu

Ing furnace greenhouse-gas emissions

neral
nace emissions.result from three sources:
stion of thetfuel for firing the furnace;

stion'\pf'volatile matter released during the baking operation;

comb

stien of baking furnace packing material

6.5.2 Fuel

Carbon dioxide emissions resulting from the fuel consumed during baking furnace firing can be
calculated using the WRI/WBCSDIY calculation tools for GHG emissions from energy and electricity.

© IS0 2023 - All rights reserved
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6.5.3 Combustion of volatile matter

Calculation of carbon dioxide emissions from pitch volatiles combustion should be calculated according

to:

HW><GA
ECOZ =Gy — SETT —B, —W, |x3,664

where

ECOZ is the CO, emissions, tonnes per year;

G
Gy is the mass of loaded green anodes, G, = AW By;
BAW

Gny  isthe green anode mass, tonnes;

B,w  is the baked anode mass, tonnes;

By is the baked anode production, tonnes baked anode{er year;
Hyy is the hydrogen content in green anodes, % massdraction;

Wr is the waste tar collected, tonnes;

Parpmeters included in Formula (8) are specified and industry typical values noted in Table

Altérnatively, Formula (9) may also be used:

Eco, =(Gaw *Con ~Baw XCpa ) X3,664

whegre

is the CO, enfissions, tonnes per year;

Gaw is the green anodes mass, tonnes;
Cea is the.carbon content of green anodes, % mass fraction;
Baw is.the baked anodes mass, tonnes;

Cga is the carbon content of baked anodes, % mass fraction.

3,664 isthe CO, molecular mass: carbon atomic mass ratio, dimensionless.

N

© IS0 2023 - All rights reserved
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Table 2 — Typical uncertainty for individual parameters and analyses used in tier 1 or tier 2

method for CO, emissions from bake furnace pitch volatiles combustion

Tier 1 method Tier 2 method
Parameter Data source Data uncertainty Data source Data uncertainty

+% +%
Gy in tonnes Individual facility records 2 Indlv;(gggigz;cﬂlty 2
By, in tonngs Individual facility records 2 mmv;ggg;éiumy 2
Hyy, in % maps fraction | Use industry typical value, 0,5 5 Indlv;ggj;giCIIIty 5
B,, in tonneg per year Individual facility records 2 Indlv;(gggigz;mhty 2
W, In tonneps Use industry typical value:
a) Riedhamrper fur- 4) 0,005 x G, 20 Individual facility 20
naces records
b) All other furnaces b) Insignificant
Cca in % mass fraction| Use industry typical value, 98 5 Indlv;(gggigz;cﬂlty 2
Cgp in % m4ss fraction| Use industry typical value, 98 5 Indlv;(;llclgige;cﬂlty 2

6.5.4 Baking furnace packing material

Carbon dio

E., =
co,
where

E
co,

Pec
By

Spe

Ashpc

xide emissions from packing coke should belcalculated according to:
i 100-S__ —-A
P..xB be__Shpe 113,664
cC A 100

is the CO, emissions, tennes per year;

is the packing coke.censumed, tonnes per tonne of baked anode;
is the baked anpde production, tonnes baked anode per year;

is the sulfur content in packing coke, % mass fraction;

is the-ash content in packing coke, % mass fraction;

3,664

1S-the CO, molecular mass: carbon atomic mass ratio, dimensionless.

10)

Parameters included in Formula (10) are specified and industry typical values noted in Table 3.

Alternatively, by considering packing coke as a fuel, Formula (11) may be used:

E

where

E
co,

PCW

10

co, =Few *Eppc *Orpc

are the CO, emissions, tonnes per year;

is the packing coke mass, tonnes;

(11)

© IS0 2023 - All rights reserved
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Eppc  is the emission factor of packing coke, tCO,/t of packing coke;

Oppc  is the oxidation factor of packing coke (typically 1 for this stream).

Table 3 — Typical uncertainty for individual paramters and analyses used in tier 1 or tier 2
method for carbon dioxide emissions from oxidation of bake furnace packing material

Tier 1 method Tier 2 method
Parameter Data source Data uncertainty Data source Data uncertainty
+% +%
P, [rtoTmes per-tommeBA Hsetmdustry typicatvatue; 6,045 75 frdtviduatfaciity records 2
By, in tonnes per year Individual facility records 2 Individual facility records 2
Sper |1 % mass fraction Use industry typical value, 2 5 Individual facility recoyds 6
Agppb In % mass fraction Use industry typical value, 2,5 5 Individual facility records 6
Pcy]in tonnes Individual facility records 2 Individual facility\wrecords 2
Egpd in t CO,/t of packing coke 3,194 Not relevant 3490 Nft relevant
Ogp 1 Not relevant 1 Notrelevant

6.5)5 Calculation of greenhouse gas emissions from the Sgderberg process

Carpon dioxide process emissions for Sgderberg technologies shall be calculated according

M B/ Sp +AShp +Hp
— P - C aF P O P
(MpxF) (CSMX %000) ( 100)PCXMP 100

Q

Eco. = x 3,664 (12)
2
100-B; vy SctAg. (M c )
—|| ——= |B-x ——=21 (M, X
100 JCPL 100 pTb
NOTE An acceptable alternative method isto use the parameter of ‘pitch coking’ in lieu df deducting

megsured or default values for S, H, A, and’Cgy from Formula (4). The pitch coking value is 4 commonly
detgrmined parameter for many facilities with Sgderberg cells.

whére

ECOZ is the CO, emissigns,; tonnes per year;
Mp is the total metal production, tonnes aluminium per year;
P is the paste consumption, tonnes per tonne aluminium;

Csm is thé émission of cyclohexane soluble matter, kg per tonne aluminium;

B is’the typical binder content in paste, % mass fraction;
Sp is the sulfur content in pitch, % mass fraction;

Ashp is the ash content in pitch, % mass fraction;

H, is the hydrogen content in pitch, % mass fraction;

S, is the sulfur content in calcined coke, % mass fraction;

Ay  istheash contentin calcined coke, % mass fraction;
Cp is the carbon in skimmed dust from Sgderberg cells, tonnes carbon per tonne aluminium;
3,664 isthe CO, molecular mass: carbon atomic mass ratio, dimensionless.

Parameters used in Formula (12) are specified in Table 4 together with industry typical values for
calculating CO, emissions for Sgderberg technologies.
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Table 4 — Typical uncertainty for individual parameters and analyses used in tier 1 or tier 2

method for carbon dioxide emissions from Sgderberg cells

Tier 1 Method Tier 2 Method
Parameter Data source Data uncertainty Data source Data uncertainty

+% +%
Mp, in tonnes per year Individual facility records 2 Individual facility records 2
Pe, In tonnes per tonne Individual facility records 2-5 Individual facility records 2-5
aluminium

. Use industry typical value,
Coms n l.<g per tonne HSS - 4,0 30 Individual facility records 15
aluminium
VSS=10,5
Use industry typical value,
B¢, in % massffraction dry paste - 24 25 Individual facility records 5
wet paste - 27
Sy, in % mass fraction Use industry typical value, 0,6 20 Individual facility records 10
Agpp In % mags fraction Use industry typical value, 0,2 20 Individual facility records 10
H,, in % mass fraction Use industry typical value, 3,3 20 Individual facility records 10
S, in % mass fraction Use industry typical value, 1,9 20 Individual facilityrecords 10
Ao in % mags fraction Use industry typical value, 0,2 20 Individual facilityyrecords 10
Coy in_t(?nnes jper tonne Use industry typical value, 0,01 99 Individual facility records 30
aluminium
a The influejnce of some parameters with high uncertainty is very low on the total GHG emissions.
Referring o Formula (12), the overall uncertainty is approximately 5 %.
7 Methpds for calculation of PFC emissions
7.1 General
Three seqpential steps specified below shallbe used to calculate the carbon dioxide equivalent
emissions represented by PFC emissions fromprimary aluminium production.
— Emissions of each of the two PFC gases are first calculated per tonne of primary aluminium produfted.
— These lemission rates per tonne'‘of aluminium are multiplied by the total production of aluminfum
duringthe time period for whieh the inventory is being developed.

— The equivalent CO, emissions are calculated by multiplying the PFC emissions by appropriate glpbal

Two separ
with relati

Tier 1 is a

warmqilz

g potential (Gyyp) factors.

hte approaches are specified below for calculating PFC emissions per tonne of alumin
e uncertainty varying from low to high.

um

method using a combination of plant specific process data and technology specific s

factor.

ope

Tier 2 is a method using plant specific process data and plant specific slope factor.

Plant specific process data and plant specific slope factors should be measured by using the Tier 2
method with an uncertainty of less than 15 %. Tier 1 is only suitable for the calculation of PFC emissions
in case Tier 2 is not feasible for economic or technical reasons.

7.2 Tier 1 method for calculating PFC emissions

This method is based on calculations using site specific anode effect or overvoltage process data
but industry average coefficients in place of coefficients calculated from site specific measurements
of PFC gases. PFC emission rates and CO, equivalent emissions should be calculated as in the Tier 2

12
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method using Formulae (17) and (18) in 7.4.2. The current recommended average slope and overvoltage
coefficients are listed in Table 5.

Table 5 — Technology-specific slope and overvoltage coefficients for the calculation of PFC
emissions per tonne aluminium from AE process data

Slope coefficient 2P Overvoltage coefficient 2 b ¢.d Mass fraction C,F;/CF,
Technology (kg prc/tal) / (AE-mins/cell-'day] (kg cpa/ta) / (mV) . %
SCF4 Uncertainty 0yc Uncertainty Fo.p - Uncertainty

+04, +0/, 2%6 /-4 *%

CWPB 0,143 6 1,16 24 0,121 11
SWPB 0,272 15 3,65 43 0,252 23

VSS 0,092 17 NR NR 0,053 15

HSS 0,099 44 NR NR 0,085 48

Key

NR :Inot relevant
a This data has been taken from Reference [11] through sponsored measurements and at multiple site measurements.

b |Embedded in each slope and overvoltage coefficient is an assumed emissions collection efficiency as follows: CWPB 98 %, SWPB 90 %,
VSS|85 %, HSS 90 %. These collection efficiencies have been assumed based on measured PFC collection fractions, meagured fluoride
coll¢ction efficiencies and expert opinion.

¢ | The noted coefficients reflect measurements made at some facilities recording positive overvoltage and others recorfling algebraic
ovelfvoltage. No robust relationship has yet been established between positivedand algebraic overvoltage. Positive overyoltage should
proyide a better correlation with PFC emissions than algebraic overvoltage.

d |Overvoltage coefficients are not relevant to VSS and HSS technologies.

Thd latest revision of the EPA/IAI GHG ProtocolltIhshould be considered and thereof updated values
applied.

The uncertainties indicated in Table 5 refer to the determination of the industry averjage of the
technology-specific coefficients. The plant-specific uncertainties of the PFC calculation usinjg the tier 1
apprroach, applying these coefficients, can be significantly higher than those reached through the tier 2
approach. Data regarding the variation of these values are found in Reference [8].

7.3| Tier 2 method for calculating PFC emissions

Thif method is based on ¢alculations using site-specific anode effect process data, aluminium production
data and coefficients baSed on direct local facility measurements of PFCs. The measurements on which
the|coefficients are.based on should be made according to Reference [11] - if FTIR is applied{ISO 20264
shojild be considered.

7.4| Calculation of PFC emissions from aluminium reduction processes

7.4]1C~ Step 1 — Calculation of the emissions of each PFC gas per tonne of aluminium

7.4.1.1 General

PFC emissions per tonne aluminium shall be calculated by either the slope method or the overvoltage
method depending on the type of anode effect process data recorded at the facility.

7.4.1.2 Calculation of the emission rate of CF, and C,F, per tonne aluminium using anode effect
minutes per cell day — Slope method

The slope coefficient is the kg of CF, per tonne of aluminium produced, divided by anode effect minutes
per cell-day. Since PFC emissions are measured per tonne of aluminium produced, the slope coefficient
includes the effects of pot amperage and current efficiency, the two main factors determining the
amount of aluminium produced in the pot.
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