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Foreword

HI =

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.

b b E AL ZH 21 (1S0) 2 i & [F AR fEAL ML K (TSO Rk R ALK ) H i — AR B & &
G ) 15 B AR HE B TAFE W B ISOF AR Z RS #AT. SN TERL T —PMHARE
gy, MR — EBBEMNBIEMER AN AERIRAERSMER . SISORERER
B0 BT 1] A AE R 1] B A 2 2 X 7 R TAE . TSOsA ¢ Tan b i BT 7
HFASEBBHLZERS (TEC) RFEEXETNEIEXLR.

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

ISO/IEC #5431 Fiik 1 F T gl A SO A T3t — DA AR . R, NVERANFZRAN
ISO A i it O AN R HEAR A o AR SCPFARHE 1SO/IEC 454 55 2.3 70 0 2 5 K0 U AbC 2 (AL

www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

THER, AR R AR TR K. 1SO A 5T IR AT B A R LRI AT
G ) A P R A A AL PRARAE ROREAE 51 5 A0/ B0 YL Y 1SO 1 A B A e (AL

www.iso.org/patents ).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

AR S F AT AT AT 7 s A4 R A2 O 7 (R P T SR AR ., ARG AT

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see

www.iso.org/iso/foreword.html.

bR e AR R R . 5 AR E R HISOR: E RIBEFRIEM & X, LLEA RKISOER AR
Sy BE 22 (TBT) Hl syt 5L 51 55 4H 24 (WTO) i I (1915 Bi5 2 Wwww.iso.org/iso /foreword.html.

This document was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 1,
Stationary source emissions.

ARIAFREARZE B 21S0/TC146. iR PMHZEGHRSCL. [ & IR HR g i .
A list of all parts in the ISO 19694 series can be found on the ISO website.
15019694 2 71 T A3 #8AF (K1 51 & T AFEISO R B4k 21

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

X AR SRS R AR] e o 5 ) RS 12 B4 ) P P O [ SXbRE LRGSR o T AT LAY ) 8 05 B v A
www.iso.org/members.html 3£ F .
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Introduction

This document serves the following purposes:

ARSCAF A B0

— to measure, test and quantify GHG emissions from the aluminium industry;

ST AT A AR T B RO

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

VP2 7L — BT R T

— to establish and provide reliable, accurate and quality information for reporting and verification
purposes.
SESTANRME AT EE L AN R A0S B AR S AR 2

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

O AT T TR Rt A EC AR AR Wt AR = R HE S . et i R R il T DA kR
g, EMELE—ANAE L BN (D SRR = A A .

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

BRI BRSO SR N R TR iR = R HE TR, IS0 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 guidelines(él.

AW P g A il 2 R (GHG ) HE S AT ML I T, 2 12006 4EIPCCHE F 54.4.2.4 75 55 324 %
B
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Stationary source emissions — Determination of
greenhouse gas emissions in energy-intensive industries —

[ B IR —HER AR AR A Tl iR = S HER I & —

Part 4:
Aluminium industry

|

1 Scope
1 JiE

This document specifies a harmonized method for calculating the emissions of greenhouse gases from
the electrolysis section of primary aluminium smelters and aluminium anode baking plants. This
document also specifies key performance indicators for the purpose of benchmarking of aluminium
and boundaries.

ASCAEREE 7 oE SRR R L) AR 0SS B L) iR = AR g — T ik . SR ie
SE T BRI O B SR AR A T

2 Normative references

2 RVEHES| FH S

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

FEARSCHGR A AR SCAER,  JLE oy ol 4 B A A R A SR IR o 3 HERTH I Z % 30, R
FIAT S| T BIRRAS o 3T ARE B 25300, @255 SR o A (AR FTEAT) -

ISO 19694-1, Stationary source emissions — Determination ofgreenhouse gas emissions in energy-intensive
industries — Part 1: General aspects

1ISO 19694-1,  [&] & Y HF SR Uk 5 82 7L Tolb il == A HE I e 55130 7 S8 R oK

3 Terms and definitions

3 AREMEX

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

ASCAIE SO 19694-1H 45 H I ARTE R E 3L

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

— ISO Online browsing platform: available at https: //www.iso.or

— IEC Electropedia: available at https://www.electropedia.org/
ISOFIIECHE LA T ik 447 FI F- bR A0 FRO AR 1 Bt e
—ISOTEZE ) %~ & :https: / /www.iso.org/obp

- IECHL T F Bk 7] Mhttps://www.electropedia.org/ 45


https://www.iso.org/obp/ui
https://www.electropedia.org/

3.1
aluminium electrolysis

3.1
LS

section of an aluminium primary smelter where aluminium is converted from aluminium oxide to
aluminium metal in electrolysis cells

JFARIB R 8, RfE AR i LR N R R .
3.2

anode baking plant

3.2

K152 B A 2 18]

production of carbon anodes for use in aluminium prebake electrolysis cells

JHI A FOURE FL PR PO T B A0 A7

3.3
PFC gas
3.3
PFCS 1k

gas emitted from aluminium electrolysis (3.1) consisting of CF, and C, Fg
B R il o AR RO B CFa AN Co Fo 2H Rl 1) A4

34
grid specific CO, factor

3.4
P A R H1C O, py

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

AR R T (t COo/MWh) 55 M 87 e izt 1% 8 B k) FR HL JAH G
Note 1 to entry: The unit for grid specific CO2 factor is t CO2/MWh.
LM EECO, R 1 #47 ytCO, /MWh .
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4 Symbols and abbreviated terms

4 FFENEEARE

4.1 Abbreviated terms

4.1 FEEHRIE

AE Anode effect PHIRRN

CWPB Centre-worked prebake H ] A} 75 A

DAE Direct anode emissions 4% FH A% HE i

DEE Direct electrolysis emissions F.{% HELfiRHEIL

GHG Green house gas & =Sk

HSS Horizontal stud Sgderberg 7K “F-iZ:Sgderberg
IPCC Intergovernmental Panel on Climate Change B [ SR L[ 12 2
PFC Perfluorocarbon 4= Ji Atk

PFPB Point feeder prebake UM ks

SWPB Side-worked prebake fil]iZ T A} ) ks il

TIE Electrolysis electricity consumption Hif##E HL &

VSS Vertical stud Sgderberg i B #Z+:Sederberg



WBCSD

WRI

World Business Council for Sustainable Development tH F A #54E K& & T 54

World Resources Institute tH 54 & JE AT 5T B

4.2 Symbols and chemical formulae

4.2 FESREER

4.2.1 Symbols

421 5
Agm Anode effect minutes per cell-day (equals to frequency multiplied by average duration)
VI RFR A REBAAR RS RSN (], (BRI e LA 4R SR 0] A2 it
Ago Anode effect overvoltage FHM RN it HE [
Axc Net anode consumption FHH 5 #& &
Agha  Ash content in baked anodes FH K5 H 1K 73 & &
Aghp  Ash content in pitch, % mass fraction Jfi T H1 I & B %
Aghpe  Ash content in packing coke, % mass fraction HARP R S8, %
B, Baked anode production Tk FHAR [14E 7= &
B,w  Baked anode mass 5 RH i B
B typical binder content in paste, % mass fraction FIEHH HLAVEE 25555 &, %
Cgn  Carbon content of baked anodes FHAR KT e - ik &
Cpare  Carbon content of anode butts JR M & ik &
Ck Current efficiency for aluminium production 55427 [ B £
Cp Carbon in skimmed dust from anode from Sgderberg cells, tonnes carbon per tonne aluminium
N R AR 22 BR AR 2R b B, SRR P el CRms /AR IS )
Com Emissions of cyclohexane soluble matter, kilograms per tonnes aluminium
OB VATV R, A T B/ AR
£ Emissions of tetrafluoromethane, kg CF, per year
| DUSEALIRAR R, T 30CF, /5R4F
c,fs | Emissions of hexafluoroethane, kg C,Fg per year
NIA IR, T 50C,Fe/4F
Eco2 CO, emissions, tonnes per year
AR, /4
Erpc Emission factor of packing coke, tCOz/t of packing coke
BB A 1, tCOz/mf
F F,
S | Mass fraction of Sl
CF, CF,
Gfg
Fs R EN B
Gy Mass of loaded green anodes, G, = (Gaw ) B,

(Baw)
Gy =t k...
BB R PRl R,




Gaw Green anode mass
A B A R

Gwp Global warming potential; use latest Gyyp data from IPCC
GERARIR TS, INIPCCH A FH S5 ) 4 BRAZ IR 78 4
Hydr%zgen content in green anode

Hy AERE A P A

Hp Hydrogen content in pitch, % mass fraction
MEPEARSE, %

Mgy Total mass of baked anodes
FHBR % 6 1) e B

Mg, | Total mass of anodes butts
PR ) Sl

Mp Total metal production, tonnes aluminium per year
TEFE A I AR R R, WA /AR

Ny Net anode consumption, tonnes per tonnes aluminium
RBABH AR, /il

0

e Oxidation factor of packing coke (typically 1 for this stream)

H e R E A R BB N1)

Ovc .
Overvoltage coefficient for CF,
CFyid i R 5

Pc Paste consumption, tonnes per tonnes aluminium
RUEHEAE R, i /mis

Pcc Packing coke c‘(\)nsumedzger tonnes of baked anode
B THUR BBV FE R SH OB

Pew
Packing coke mass
7R

R. Emission rates of CF4, kg per tonne of aluminium produced

4
CRafHFCR, A= — MR i) A T
Emission rates of C2Fs, kg per tonne of aluminium produced
CoFe | CoFefJHFBCE, R4 — M)A T HL

Sa
Sulfur content in baked anodes
FHBR S 8 B i 25 1

Sc Sulfur content in calcined coke, % mass fraction
BRI S E, %

Sp Sulfur content in pitch, % mass fraction
PETREE, %

Spc
Sulfur content in packing coke, % mass fraction
HARPHREE, %

SCF4 Slope coefficient for CF4, kg CF4 per tonne aluminium per anode effect minute per cell day
CFafI R R %L

W Waste tar collected

T AT 1 R £

10
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4.2.2 Chemical formulae

422 fpEes

Al Aluminium %5

Al,O

23 Aluminium oxide (alumina) %155

Carbon %

C

CF, Tetrafluoromethane VY % {bffk

CF,
Hexafluoroethane 7~ &4k —H%

Co Carbon monoxide — %L fi%

o, Carbon dioxide 28 fLHK

NaAlF, ‘ \
Sodium aluminium hexafluoride (cryolite) 7~ &AL 558 (VK fit A7)

NaF Sodium fluoride FfLEH

5 Calculation methods — General remarks

5 HEFE—ER
5.1 General

5.1 i

This document shall be used in conjunction with ISO 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 specifies the details for applying the
rules. The application of this document to the sector-specific standards ensures accuracy, precision and
reproducibility of the results.

ASCAEN SIS0 19694-1454 1, 1SO 19694-1140 23 FH T BT e U5 25 42 B 36 11 3= S HEKR
S EREA . SARESR . s ORI, FRAE T IEE M AR, FERUE TR g . AR
SCAEE TR e AT bR, AT ARG SRR YE . R A M

5.2 Calculation methods for process GHG emissions from primary aluminium Production

5.2 REAFIEERSESAEHBREKNTHEITE

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

Eags 7R R R IR AR HE T T S .

11
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Identify nct_lv[t_:.'fsou rce of

Identify acthvity fsource of

emissions
Statlonary and mobile combustion | o, of Refer to GHG protocol website for
_._L crosy sectorial tools

[ Frl'h“'“' .II'I{'HiL" Fll'ﬂdlnll.'llﬂﬂ -l i1 i.-'t]: o Process data Rl_'ftlr o A5 - m*“’lﬂ ,ﬁr.f'ﬂill"_'t'
| carbon divgide emizsiony

Prebake
Refer to 6.4 - Calculation of
carbon dioxide emissions from
preboke processes

_ | COy from anode
consumption

Sederberg
Refer to 6.5.5 - colculation of
carhon dioxide emissions from

Aluminium the Saderbery process
electrolysis
Davelop necessary process data
Have
site-specific Y Refer to 7.3 - tier 2 method for

PFC measure-
ments been
made?

calculating PFC emizsions

Is
anode
effect process
data
avallable?

Refer to 7.2 - tier 1 method for
calculating PFC emissions

Davelop necessary process dato

Figure 1 — Decision tree for process carbon dioxide and perfluorocarbon emissions from
primary aluminium production

Bl — JREEAE I AR A AL S SRBR HE T ) DR SRR

Process CO, emissions in state-of-the-art aluminium smelters comprise around 90 % of total direct
CO, equivalent emissions, with the balance of emissions consisting of CO, from fossil fuel combustion
and PFC emissions. Guidance on CO, emissions from fuel combustion is not included in this document.
Methodology for calculating CO, emissions from the combustion of fuel in anode baking furnaces is
described elsewhere[¢][7], while methodology for calculating process CO, emissions is given in Clause 7.
RS HERI BRI M) TIURE S AU FE 7 A BOBR HE A o5 B FF U 90%,  HARHECE R be
APFCHERG™ A 1) — AR R T IREHIRGE 7 A 1) — S AL BRI SR Fg AR SE AR A SR . 1HE
BHAR RS e A s R BHIR 58 7 2 1 — S BRSO ) D AR HoAb g Fik (6], [7], ik R AR — S A
AR R T IEAE SR 7 % h aa .

12



5.3 Sources of greenhouse gases
5.3 BESEKIRIE
5.3.1 Electrolysis

5.3.1 Hf#

Most of the CO, emissions result from the electrolytic reaction of the carbon anode with alumina as
given in Formula (1):

K5 CO2HEBOR B R FEAK S5 AR 1 FAR S B, X (1) B
2A1,03+3C — 4Al+3C0, (1)

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

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

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

FE LA S N AR A, g PR 5 L SR (2R B2 ) KA RN, e s Ak, — L
fth 2~ fEBoudouard S N AR, Hir SRS FH AR SNIIE i — B AR, AR5 — AL IR B AR AT
AR . 25 Boudouard [N B — BLAL I CO, 7E 23 UG JE P2 AR AN AL COL [ W (2) (3)]:

CO,+C— 2CO (2)
2C0+0,— 2C0, (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 from cathode consumption unless there is on-site incineration and no recommendation is
included here. For such operations, CO, emission from addition of sodium carbonate to electrolyses

cells is not included as this is added at infrequent intervals and is an insignificant source.

T B B — S AL B AN Ay — At . ARFEAT AR, HE TS s Fe A e A — SR A B T 75 1
Bl 2 E AT R L . BRAFAIUDERE, B MBI AR A 277 A4 — ek, X AR
UL W T URIRBRAE, A ELIE 1] A rh S IR R P 2R i SRR RS, R IR BAAS IS
PRI ][RI BE IR N 2 — AN TR BRI

5.3.2 Anode baking

5.3.2 [PHMRKERE

Another source of CO, emissions, specific to prebake technologies, is the baking of green anodes,
wherein CO, is emitted from the combustion of volatile components from the pitch binder and, for

baking furnaces fired with carbon based fuels, from the combustion of the fuel source. Some of the
packing coke used to cover the anodes is also oxidized, releasing CO2 during anode baking.

Carbon dioxide is emitted from the fuel used in the paste plant and the fuel used for firing the anode
baking furnace.

TARACBR AU ORI, BARBITUR BOR, R e, Hor AR B R
0 B R o R BE T A K, O B AR R B e, A e ARHIR IR B AR . —
B T i B AR S e R B A A A, 7R B AR RS be R A R A AR

RS ER JR R R A8 A5 08 A 8 PR R R o 7 A T R T

13



5.3.3 Aluminium smelting supporting processes

533 BRHEETE

A further source of carbon dioxide emissions is fuel used in the cast house for heating of the metal
during treatment processes before casting, and some fuel can also be used in rodding operations.

TR HE U A RS AL 3G D IR AR R B AT A AC BT AR R T NI R R, — SR
A UL T [ R R 4

5.3.4 Alumina refining

5.3.4 SEMERE

Carbon dioxide is not produced as process emission in the Bayer Process, the process through which
alumina is refined from bauxite ore. Most of the emissions associated with alumina refining are from
the combustion of fossil fuels, which are covered in the WRI/WBCSD[14] calculation tools for GHG
emissions from energy and electricity.

FEAE AR R MR 00 b A A BRI, AN AR RO AR HE . 5 AR A K K
AT BHEHCR B A AR BE, IX7EWRI/WBCSD[10] A& JE A HE 77 il = S AR HE U v 5 T H
AR 5

5.3.5 Sources of PFC

5.3.5 PFCHKISRIE

Two perfluorocarbon gases (PFCs), tetrafluoromethane (CF,) and hexafluoroethane (C,F¢), can be
produced during primary aluminium production [see Formulae (4) and (5)].

FE SRR A P I RE R AT AP PR A B A, RIVCF, MG Fg [ W3 (4) A1(5)]

4NasAlF¢+3C — 4Al+12NaF+3CF, (4)
4Na3AlF g+4C — 4Al+12NaF+2C,F; (5)
NOTE The following recommendations for calculating PFC emissions are consistent with the inventory

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

HER UM R PFCHERR M W S BUR R URAAL % 1125 52 2 (IPCC) I .46 # —2[6], [15].
6 Methods for calculation of process greenhouse gas emissions

6 IFREERESEHREFTHETE
6.1 General

6.1 it

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

P 7 1 B AL BB S A PR .2 — AT 151
— tier 1: process specific formulae with industry typical parameters;

— A% AT SRR A R

— tier 2: process specific formulae with site or company specific parameters.

— 2 M E BB HO R AR

NOTE Tier 1 and tier 2 in this document correspond to what is listed as tier 2 and tier 3 in the IPCC technical
guidance[©l.

AR SO Y S 1 AN 5 240 S TPCCHIAR T B H BT A1 1K) 585 2 20 A 55 3R AR X L[ 6]

14



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.

FETHSE AR BRI, N2 B N kTR R . R SRR IR TN AT 58247

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

F1F— —FAHHTB P AR E A RN AR BB SHN T E

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 calculate total
emissions. Formulae in 6.4 specify the calculation of CO, for prebake technologies, while 6.5.5
contains the formulae for Sgderberg technologies.

AP IETHE AR S B RCE R, B RARA D AR, 2R R B
FIBHBCRE. 6.4 HIAKULH] T UG EORIICO, T4, 1M6.5.5 % T SederbergHii R 2 7o

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

#k — —EAABERENLIREREAKXNRER ES RN T &

The most accurate inventories of CO2 are obtained by using site or company specific data in the
formulae for calculating emissions (tier 2 method). This data can come from measurements made on
site or from data from suppliers. The formulae are identical to those used in the tier 1 method
specified above. However, facility specific or company specific data, rather than technology typical
data, shall be used.

FETHREH 2 X ) A 7 R E R 2400515 T LLIRAS S i 1) — S AL B RO
B, SRR AT DOk B BN, AT DR A BN . XA S B S 1 405k P A A
Al (HIE, SAZAE ity E Sl B 7 5 Bl AN HoR i R i

6.4 Calculation of carbon dioxide emissions from prebake processes

6.4 IR —EHUATBERITE
6.4.1 General

6.4.1 #id

Carbon dioxide emissions resulting from CWPB and SWPB reduction technologies have as their
sources electrolysis and anode baking.

FEL A 1T BH B 6% 0% J& CWPB I SWP B J5 45 AR 7 A — S AL B 1) 1 R U5
6.4.2 Greenhouse gas emissions from prebake anode consumption during electrolysis

6.4.2 FEFIRE T B FEARIE #E 7 AL IR = SR HEK

The following formula should be used for calculation of CO2 emissions from prebake anode
consumption during electrolysis:

PR g I 5 e TR B ARV R Y CO2HF B & 82 K T 5L

100-5_ -A,
Eco,=|Mp* Nacl =700~ ,J)| x 3,664 (6)
© is the CO, emissions in tonnes per year;
2
NCO, AR, BRI /4
Mp is the total metal production, tonnes aluminium per year;
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NIFEREE R, AR MR /A

Npc is the net anode consumption, tonnes per tonne aluminium;
R BEARIE FE B, A R /R,
S is the sulfur content in baked anodes, % mass fraction;

NS FEAR ™ dl R B S & %;

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

TR B AR by K 93 5 B %

3.664 is the CO2 molecular mass: carbon atomic mass ratio, t CO2/t C.

CO24 ¥ &k IR ¥ i & L, £ COz/t Co

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.

In3(8) A K2 K b HL A o A o RS BE A T AR COZ TR SR B AR M AR A LR 2,

Alternatively, the following formula may also be used:

B, WAL A
Ecof (Mgpx Cgp— M

(7)

Butt X CButt) X 3' 664

where

E is the CO, emissions, tonnes per year;

NCO, HFCE, AN /4

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

TR FHAR S ,  BRr I/ 4,

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

TR BRI &5 B, %;

Mg, | is the total mass of anode butts, tonnes anodes per year;

R, A

Cputt is the carbon content of anode butts, % mass fraction.

BRI S B, % I B 0 B

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

AR T NS EOE LR, LR 5 AL A IR o TORT FH AR #8742 1) COL HE TSR (1 B i
ULkicie
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Table 1 — Typical uncertainty for individual parameters and analyses used in tier 1 or tier 2
method for carbon dioxide emissions from prebake cells

R1 — TSR A ) — SALBRHER R 5 1 B 2 007 v P A3 A B A S B ANt s P A A

Tier 1 method#8 14 771k Tier 2 method 2824 /71
Parameter Data source Data uncertainty Data source Data uncertainty
+0 +0
55 SRR - HIRRR P n—

Mp, tonnes aluminium per year Individual facility records 2 Individual facility records 2
SR, AR /A AN AN B I
Ny, tonnes per tonne aluminium| Individual facility records 5 Individual facility records 5
(VSRR i O AL K 5] AN AN I
S., % mass fraction Use industry typical value, 2 3 Individual facility records 3
L e TR S i AT HL Y, 2 AR
Agha, % mass fraction Use industry typical value, 0,4 3 Individual facility records 3
TR IR 43 B, O B3 AT, 0,4 BB IE SR
Mg,, tonnes anodes per year Individual facility records 2 Individual facility records 2
TR PR R, /4 A B AR
Cga % mass fraction Use industry typical value, 98 5 Individual facility records 2
TR IS, S se | BT LA, 98 A B IC
Mg, tonnes anodes per year Individual facility records 2 Individual facility records 2
BRI, CN N AREN A I
Cgut % mass fraction Use industry typical value, 98 5 Individual facility records 2
ML A B, Y%l s AT SRR, 98 ANt IS

6.5 Baking furnace greenhouse gas emissions

6.5 JEFEH iR = AAHK

6.5.1 General

6.5.1 iR

Baking furnace emissions result from three sources:

J BRI HET A = A KRR

6.5.2 Fuel

6.5.2 Rkl

combustion of the fuel for firing the furnace;
BRREIRBLIHER. (b B &)

combustion of volatile matter released during the baking operation;

A AR RS R I R F R S T B R IR A 1) — A B HE I
combustion of baking furnace packing material.

A AR e R P IRTE R b AR K SR AR HE AR

Carbon dioxide emissions resulting from the fuel consumed during baking furnace firing can be
calculated using the WRI/WBCSD[10] calculation tools for GHG emissions from energy and electricity.

fii FHWRI/WBCSD[10] BEVS AT L F7 i = AR HR BT S TR, AT AT S5 e AP AR I 2 T AR R R
I A ) AR HE R
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6.5.3 Combustion of volatile matter

6.5.3

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

to:

RGeS AR HE IR T

E —G—M B,— W. | x 3,664
co, = | Ga ’J)l_A T|*3

100
where
ECOZ is the CO, emissions, tonnes per year;
NCO, FFIR, AL /4
Ga Is mass of loaded green anodes, G, = (GawH B,
(Baw)
A PR R S
is the green anode mass, tonnes;
Gaw SRR, I
Baw is the baked anode mass, tonnes;
FRAAPHAR I E B, B
By is the baked anode production, tonnes baked anode per year;
iUk BHAR R4 =i, il /4
Hy, is the hydrogen content in green anodes, % mass fraction;
AR I E R, Qi AR
Wy is the waste tar collected, tonnes;
SRR R A,
3.664 is the CO, molecular mass: carbon atomic mass ratio, dimensionless.

NCO20p TR T B, TERHE

Parameters included in Formula (8) are specified and industry typical values noted in Table 2.

Alternatively, Formula (9) may also be used:
AX@)THEEHKIZSH, PLAAT A E W2, e R A= (9):

Eco,= (Gaw % Coa= Baw* Cpa) % 3,664

where

(8)

)
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E is the CO, emissions, tonnes per year;

NCO, HFCE, AL/

is the green anodes mass, tonnes;

FRYUEBARI E MY

is the carbon content of green anodes, % mass fraction;

AR T R SR, %R

is the baked anodes mass, tonnes;

Baw | e o RO A, 0

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

BRI S B, % )i o

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

R2 — BRI E R A B CO2HETBU SR 1 B ER 2 4 T i A F K BB S B AN e 1

oyt
Tier 1 method %5145 Tier 2 method 524 J5 &
Parameter Data source Data uncertainty Data source Data uncertainty
3 +% Y +%
- BRI MR A BRI Sl R A
Gaw, in tonnes. [ndividual facility records 2 Individual facility 2
s records
By, in tonnes Individual facility records 2 Individual facility 2
s records
SR MR, AN 1 SR PyN——
Hyy, in % mass fraction |Use industry typical value, 0,5 5 Individual dfacility 5
records
R A SR, 9% (AR, 0,5 A
RS H
B,, in tonnes per year [Individual facility records 2 Individual facility 2
s records
ik R, g [T BEICR N ARE
Wr, in tonnes Use industry typical value:
& PR AE, L - .
GRIE SN e i A R 20 Individual dfac111ty 20
a) Riedhammer records
farnaces a) 0,005 x Gy N
b) Insienificant AR 5%
Riedhammer}/ ‘”J)I En;gn;;% ”
e Y, A \
b) All other furnaces fa
FT A HoAd 1
Cga in % mass fraction |Use industry typical value, 98 5 Individual dfacility 2
records
B B S g, o [BEARATMLSRAE 98 AR
e
Cgp in % mass fraction | Use industry typical value, 98 5 Individual dfacility 2
records
R ST, %60 BEFAT I A, 98 L3 eSS

BEn%
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6.5.4 Baking furnace packing material

6.5.4 ERMEYIBIREE

Carbon dioxide emissions from packing coke should be calculated according to:

OB AL 1) R AR R SR 4% LT 5 3 5

100-5, .-
Eco, = [PCCXBA[ f;ﬂ Anpe ’J)I] x 3,664 (10)

E is the CO, emissions, tonnes per year;

e HCO, HEMCRE, B 4

Pec is the packing coke consumed, tonnes per tonne of baked anode;

BB AR e BT FE I TR

By
is the baked anode production, tonnes baked anode per year;

O A 8, /4

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

R A R, %R

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

FFeRH R e B R, Yol B

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

NCO20p Tl A T B, TEEE

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:

B XA T OEKSE, AT IAE W3, B R SH TR EIRRE, AR A 5 (11):

Eco, = Pow™ Eppc* Ompe an)

where
ECO are the CO, emissions, tonnes per year;
2

NCO, HEE, BRI /4

Pcw is the packing coke mass, tonnes;
e, W

Egpc is the emission factor of packing coke, tCO,/t of packing coke;
HARHERR 7, €02/,

Orpc is the oxidation factor 3£ packing coke (typically 1 for this stream).
FUORH AL R B CEE V) -
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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

3 — R A R A A I COH R B 1 R BR 2 0 i A A BN S U A 52 MR A 2 A

Tier 1 method & 14 5% Tier 2 methodE 24 J5 1%
Parameter Data source Data uncertainty Data source Data uncertainty
J +% +%
SH SRR B At BRI PR R
Pcc, in tonnes per tonne BA Use industry typical value, 0,015 7,5 Individual facility records 2
A RE AR R b AR I T R AT B, 0,015 FAAN AL R
Ba, in tonnes per year Individual facility records 2 Individual facility records 2
BB b= i, i /4F AN AN B
Spe, in % mass fraction Use industry typical value, 2 5 Individual facility records 6
IR B A e, Yl AL i AT LR, 2 AN IS
Ashpe, in % mass fraction Use industry typical value, 2,5 5 Individual facility records 6
YIRS G, woissy | BT, 2,5 AR
Pcw, in tonnes Individual facility records 2 Individual facility records 2
Ak, ml AN AN B I
EFPC, in t CO2/t of packing coke 3,194 Not relevant 3,1914 Not relevant
SRR T, tc02/m AA%
Orpc 1 Not relevant 1 Not relevant
HFS R AL RGBT ) TAHL

6.5.5 Calculation of greenhouse gas emissions from the Sgderberg process

6.5.5 Sederbergid 2B ESGEHMERITHE
Carbon dioxide process emissions for Sgderberg technologies shall be calculated according to:

Spderberg$i AR — A AL BRI REHF R N A% AT 5 3Tt 5

M [ (R S +A, +H

- P - C b ship P
Eeo, = D x3664  (12)
100-B (5, +A
C ¢ “she
- P xM My %G
[ SR ST
NOTE An acceptable alternative method is to use the parameter of ‘pitch coking’ in lieu of deducting

measured or default values for Sy, Hp, Agy, and Cgy from Formula (4). The pitch coking value is a commonly
determined parameter for many facilities with Sg derberg cells.

E: AT EAOTE R WSS H, AR AKX (4)HHERSp. Hp. AshpMCSM [l &
EBENME . I B E RV 2 KM Sederberghlh (1 5 it 52 10 2 4L

where
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is the CO, emissions, tonnes per year;

co, o
RFAECO, AR ()

Mp is the total metal production, tonnes aluminium per year;
@, W /F

P is the ‘g)aste copsumé)tion, tonnes per tonne aluminium;
RFIEER PR ENE AR (D

c is the emission of cyclohexane soluble matter, kg per tonne aluminium;

SM

AR B0 b VA Y SR (kgD
is the typical binder content in paste, % mass fraction;

B¢ BEL R BLUAORE 257 B (%)

S is the sulfur content in pitch, % mass fraction;

p . o

MEHHREE (%)
is the ash content in pitch, % mass fraction;

Ay, | FEPRIRS SR (%)

Hp is the hydrogen content in pitch, % mass fraction;
DEPNEASTE (%)

SC is the sulfur content in calcined coke, % mass fraction;
BRER RS E (%)
is the ash content inEcalcined coke, % mass fraction;

Ashe | BIREIRIK &8 (%)

Co is the carbon in skimmed dust from Sgderberg cells, tonnes carbon per tonne aluminium;
fpmliga M Sederberg #8 BHAR A 25 B Bk A2 HR B (D

3,664

is the CO, molecular mass: carbon atomic mass ratio, dimensionless.

NCO2p 1 BRI E L, JoEH

Parameters used in Formula (12) are specified in Table 4 together with industry typical values for
calculating CO2 emissions for Sgderberg technologies.

RALH T AX12) 8 I S8 L K Sederbergh A THH CO2HEHUE AT 1 S8 15 .
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ISO 19694-4:2023(E)

Table 4 — Typical uncertainty for individual parameters and analyses used in tier 1 or tier
2 method for carbon dioxide emissions from Sgderberg cells

4 —Spderbergilf=4E ) —EALBRHER 581 BB 2475 ¥ 5 A B BN S RO A sE 1

Tier 1 Method %145 Tier 2 Method%52%4% Jii%
Parameter® Data source Data uncertainty Data source Data uncertainty
N +% +%
2% BRI S A HRRIR SR A
Mp, in tonnes per year Individual facility records 2 Individual facility records 2
SR, A B R A
P, in tonnes per tonne Individual facility records 2-5 Individual facility records 2-5
aluminium
o A S AR S
R R B BN I T FAAN AL R
()
. Use industry typical value,
Csy, in kg per tonne _ . .
- {1 FH AT M S 7R A 30 Individual facility records 15
Al i
umlumur_n FERT HSS - 4,0 AL
MR 3R Cobe rT I A5 AR
e VSS-0,5
HeE (kg)
Use industry typical value, o N
B, in % mass fraction} o FE ATl S8R 25 Individual facility records 5
IR (%) dry paste - 24 U
wet paste - 27
Sp In % mass fraction Use industry typical value, 0,6 20 Individual facility records 10
WETREE (%) i AT JL{E, 0,6 AN I
Agnp, in % mass fraction Use industry typical value, 0,2 20 Individual facility records 10
W HIR S SR (%) AT A, 0,2 AT R
H,, in % mass fraction Use industry typical value, 3,3 20 Individual facility records 10
WA SR (%) AT SR, 3,3 A E R
S, in % mass fraction Use industry typical value, 1,9 20 Individual facility records 10
R RER OB & B (%) B AT B 1,9 AR HIE 3
Ashe in % mass fraction Use industry typical value, 0,2 20 Individual facility records 10
R R IR A i (o) | BEAATML LA, 0,2 FAAN AL R
C;)' in tonnes per tonne Use industry typical value, 0,01 99 Individual facility records 30
aluminium N
igupEah fspderberg | PETTATILIRAL, 0,01 R
FERAAR 22 BR R 2R
YRR (D
a The influence of some parameters with high uncertainty is very low on the total GHG emissions .
- AN 5 JRE v 1) S O iR 3 A HE OSBRI AR A

Referring to Formula (12), the overall uncertainty is approximately 5 %.
N (12) T AT, SARANT E 2 85% .

7 Methods for calculation of PFC emissions

7 PFCHERHITHRE 7

7.1 General

7.1 R

Three sequential steps specified below shall be used to calculate the carbon dioxide
equivalent emissions represented by PFC emissions from primary aluminium production.
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PAR 48 € 1 =N 220 BN T oH B IR A0 AR 77 vh BLPFCHETBUN AR 1 — U ik S S HE s
— Emissions of each of the two PFC gases are first calculated per tonne of primary aluminium produced.
— HUHE AR R PR PFCAUA I HE S E

— These emission rates per tonne of aluminium are multiplied by the total production of
aluminium
during the time period for which the inventory is being developed.

— XA IR 0 R R 3T DU AR A R R T

— The equivalent CO, emissions are calculated by multiplying the PFC emissions by appropriate global
warming potential (Gwp) factors.

— K PFCHR R 3fe DL& B 4 BRAZ BRI %5 (GWP) I 7R it B Co2 B E HilE .

Two separate approaches are specified below for calculating PFC emissions per tonne of
aluminium with relative uncertainty varying from low to high.

NIHARE T PIANAS [F B T VAR T SRR AR B PR CHETSCRE LA AN B i M AR 21 15 AN 4

Tier 1 is a method using a combination of plant specific process data and technology specific
slope factor.

Tier 15& P & H )R s i FE R MBOR RS € BRI 1075 1%

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

Tier 22—l L) s i REEEE AN L) 45 R 1151

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.

) g i AR AN ) e R R R LA T AN E BN T 159% i Tier 275 #5470 & . Tier 10i&
T AETier 2[R 28 5 BRI A AT AT Y16 00 T 1 5 PRCHECR -

7.2 Tier 1 method for calculating PFC emissions

7.2 THEPFCHERERI S 157 %

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

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

GOTIEEET )R € PR RN B v e R et v AR, (BT T 220 R AU TRE ) I
PFC UM THE (1 R 4. PFCHEBCRANCO2 2 HE R RN A% 5 207 k15, (M 7.4.270 I A3 (17)
AN(18) o 24 RTHHEAE KT 220 R AR AN i s R B R 5 s

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

5 — RIBAETREIE T H S B PFCHR R M4E & AR R R B K R EL

Slope coefficient 2 b Overvoltage coefficient 2 b ¢, d Mass fraction C,F4/CF,

HE AR %
Technology
s (kg prc/ta) / (AE-mins/cell-day) (kg cra/tp) / (mV) Uncertainty

Uncertainty Uncertainty FC2F6/CF4— A
Scrs Ove Rt
+% £%
) AN SE 1
AN E M
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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: notrelevant NR: A%

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

B R H SCRR[11], e B B R 22 4t )

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, measured fluoride
collection efficiencies and expert opinion.

FERR R AT H T R BT N BB HE USR5 1 :CWPB 98%, SWPB 90%, VSS85%, HSS90%. XLt SRR ARy i
FIPFCHS A . TR B S IR R AN L 5 IR AR LR
¢ The noted coefficients reflect measurements made at some facilities recording positive overvoltage and others recording
algebraic overvoltage. No robust relationship has yet been established between positive and algebraic overvoltage. Positive
overvoltage should provide a better correlation with PFC emissions than algebraic overvoltage.

TEAC R BRI T A — 590 s 1 3 A s 6 0t R Al 3 s QBB B s ) B0t T 1 A R o I e e R A B v e 2 [A] i

B TSR K AR . IR AR HAR SO f R 5 PRCHETSCA B4 B G Ak .
d Overvoltage coefficients are not relevant to VSS and HSS technologies.

o L R B S VSSATHSS AR % .

The latest revision of the EPA/IAI GHG Protocol[11] should be considered and thereof updated
values applied.

2% RE R E T EPA/TATIR = SR BOE A5 [11],  JF N L SR -

The uncertainties indicated in Table 5 refer to the determination of the industry average of
the technology- specific coefficients. The plant-specific uncertainties of the PFC calculation using the
tier 1 approach, 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].

RSP E TEFR 2 R R REUAT T3 R E - SRS 14005 153 B R IX 28 R B0HAT
PECTHERL I FAR T AN R 11 7T BE R OK i 1385 28 240 07 245 AN e P . A R I LS5 A8 1k i 24
W22 SCHR[8].

7.3 Tier 2 method for calculating PFC emissions

7.3 HPFCHRER FE2H 7

This method is based on calculations 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 should be considered.

WIS L) R BRSO R R L A R O A BB it AU PFCs R B H L. X
L6 RIS 2 I8 22 SRR [ 11 AT - W RR T 204N, N5 8 R 15020264

7.4 Calculation of PFC emissions from aluminium reduction processes

7.4 AR PFCHRKITHE

7.4.1 Step 1 — Calculation of the emissions of each PFC gas per tonne of aluminium
741 SR -FEESMHERSMPFCRARHRE

7.4.1.1 General

7.41.1 MR

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.
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BRI AR X PF CHE TS0 AR 8 1 10 3¢ (1 BH AR RN i R it O 2R Y, SRR R A ld e R T 5

7.4.1.2 Calculation of the emission rate of CF, and C,F4 per tonne aluminium using anode
effect minutes per cell day — Slope method

7.4.1.2 FRAEGRE ETEFHRRN K54S0 E 4R K CF4R C2F6 HE R - R R i3

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.

RER AU R IR CF, T 5O 85 BV P R R0 5 M I BRSO 7 B Al 1 T PRCHEIUE 2 $2 R
PERERREAT IR, PR R A R B B A 2 B O LR AR RIS, K R R A R R K A T 2R

/%I\ o

Formulae (13) and (14) shall be used when anode effect minutes per cell day is the anode effect process
data correlated with emission rate. The formulae shall be applied for each operating potline in the
facility to obtain the specific emissions per tonne aluminium produced for each potline.

EPS s

T8 FER 8L 73 KON 5 R TSR AR DR R BH AR R S R Bl i, M 42 (130 A1 (14

) o BATNIE T YOI AR SRS AT IR LG, DASRAS AR SR £ A i BRI 1) B AR HE TR

Rcr,= Apm> Scr, (13)
Re,k = Rer, % Feyr, (14)
CF,
where
RCF4 is the emission rate for CF4 kg, CF, tonne aluminium;
CRaf R, R4 — a2 T
Apm | . . .
is the anode effects minutes per cell day (equals to frequency multiplied by average duration);
VR G R BRSO AR (], (B T IR AP B RpEem [A]) By 704t
CF, | is the slope coefficient for CF4, kg CF4per tonne aluminium per anode effect minute per cell day;
CRaff R 2 R A, R RE A I R W0 SH AR A L A 23 b 7= A R CF 4 B
C;Fs | is the emission rate for C2Fs, kg C,F¢ per tonne aluminium;
CaFe I HFIAS, AR B AR R0 7 A= iR C2F 6 1
F
Fc ¢ | is the mass fraction of =———.
—26 CF,
CE,

G
CFy i1y LRI K
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7.4.1.3 Calculation of the emission rate of CF, and C,F¢ per tonne aluminium using anode effect
overvoltage — Overvoltage method

7.4.1.3 ERAPARERN T - R T A 4R T CFAFIC2F6 I HER

Some process control systems characterize anode effects by calculating an anode effect overvoltage
(Aro) statistic. Agg is specified as the extra cell voltage above the target operating voltage. This shall be

calculated by summing the product of time and voltage above the target operating voltage and dividing
this figure by the time over which data were collected.

— BE R ) AR G T SRR AR S o L (AEO) G i SR R AERH A RS . AEO# 45 %€ Jy s T~ H A5 L
VE LR P AAME 7o e o Horh S0 v R B B () R e 1 B As TAE s R R B R s B N, AR R %
HUAE B AWSCAE B Fo IS 1]

Formulae (15) and (16) shall be used when anode effect overvoltage is the process data correlated with

the emission rate. As with the slope method noted above the following formulae shall be applied for
each individual potline operating at the facility:

2 PR RS SO 5 BRSO AR B i, RAE T AL (15) A1 (16) o 5 BB RERE—
B, BN 2 QN8 F 348 B TP AT 1R A SRR R A 25

A
cr,= Ove C, (15)
Ree, = B, * For, (16)
CF,
where
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is the emission rate for CF4 kg, CF, tonne aluminium;

CFy R L .
CRafHFCR, R4 —mifa i A i
Ovc | is the overvoltage coefficient for CF, as calculated from facility specific measurements ac-
cording to guidance given in Reference [11];
NCF4HE LIS 23, IRES HSCiR[11] e e S, it A& i A5 21
Ago
is the anode effect overvoltage, millivolts;
SR N L, 24K
Cg is the current efficiency for aluminium production, %;
HRACE, %;
C;F¢ | is the emission rate for C2Fs, kg C,F¢ per tonne aluminium;
C2Fes P HEBR
F
FC2F6 is the mass fraction of F.
— 4
CE, CF,

“Fy RS

7.4.2 Step 2 — Calculation of the total kilogram emissions of each PFC gas

742 BB ——itEEGFPFCRAEN & T RERE

Total PFC emissions shall be calculated from Formulae (17) and (18). For each operating potline,
the emission rate (from Step 1) of each PFC gas per tonne of primary aluminium produced shall be
multiplied by the tonnes of aluminium produced on that potline to calculate total PFC emissions for
the line. Total PFC emissions are calculated by summing the emissions overall operating potlines at the

facility[Zl.
PFCHEBUE

B (17) MR (18) 5. % TG4 E7EIZ AT 00 ARl , 4525 7 — I LR 48— PRC

R I HE TR (M5 BT 840 T B 2 M A b 7 OB O, DA 0% e A9 PRCHE MO
k. PRCHERCE B 0 [7] VS B P02 47 00 b 8 R 3047 SR AR 52

Ecr,= Rcp,* Mp (17)
Ec,r,= RcyFgx Mp (18)
where

is the emission of tetrafluoromethane, kg CF, per year;

CF,
VU SR AL k B HE TSR, T e /R4
is the emission of hexafluoroethane, kg C,F¢ per year;
CFs | NI ZIRIHGE, T 5 /845
R is the emission rate of CF,, kg per tonne of aluminium produced;
| CRAfHIEE, RS A TR
is the emission rate of C,Fg, kg per tonne of aluminium produced;
C2Fe | CoFelPJHERCE
Mp

is the metal production, tonnes aluminium per year.

JRERE R, MR/

28




7.4.3 Step 3 — Calculation of the total tonnes of carbon dioxide emissions equivalent to the PFC

Emissions

A43FE3 -HE R UBHEREN S ML, A4 TPFCHRE

The CO, equivalent emissions for PFC emissions shall be calculated by summing the product of each
PFC emission and its respective global warming potential, Gyp. The Gyp used for this calculation are
those given in Reference [7].

PFCHEL 11 CO2 24 & HE & SO 4 A3 A PFCHE R 5 H 4% B 1 & BRASIR 1 345 GWP A IR 5. AR it
AT IGWP N 225 SR [ 7] H 45 HH I GWP

x E x E
~ [GWPCF4 CF, ! J)Ji[ GWPC2F6 C,Fg . l)l
COZ-eq - 1 000

(19)

where

Eop-¢q | is the carbon dioxide equivalent emissions in tonnes per year;

N RN B, AN

is the emission of tetrafluoromethane, kg CF, per year;

VU SALRR I HECER, e /R4

CF,

is the emission of hexafluoroethane, kg C,F4 per year;

oors | MM BIOHECR, TR

Gwp | is the global warming potential.

A BRAR I 7

7.5 Verification of the GHG calculation

7.5 BESAETHERRIE

7.5.1 Validation of the CO, emission calculation

7.5.1 CO2HEBIHH KR

The measurements were performed by using a mobile FTIR-system. After checking the homogeneity of
the sampling plane (see EN 15259(1]) a heated probe was installed and all relevant components were
analysed by the heated FTIR-system (CO,, CO and moisture). Only oxygen was analysed by means of

a paramagnetic measuring system in the exhaust of the FTIR-system. For the measurement of the
mass flow, the volume flow was measured continuously according to ISO 16911-1 and ISO 16911-2.
Measurements were performed for one month at each sampling site. Quality assurance was done prior
to the measurements (i.e. linearity) and during the measurements (check gas, zero gas).

W FTIRAGUH AT E . EAEDF-PHISMEZ G (EN 15259[1]) 222 A EREr
, B IIIFTIRAR S M T E M G5 (CO2. COFIKAT) o FIFHIRHELI B £ 48 % tir R HS
th SR SHHAT T 0. TR ERENNE, #%MEISO 16911-1F11SO 16911-23E LM EAF i . 1E
FEANKHFE ST 7T — A A B . 75005 2 m (RO 2R ) RN s HA [a) (R A AR, SR BEA T & ARAIE
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7.5.2 Validation of the PFC emission calculation

7.5.2 PFCHEBGHEKKAE

An analysis of the data from PFC measurements at 38 primary aluminium production facilities made
after publication of the 2006 updated tier 1 formula coefficients confirms and validates the IPCC Tier
1 methodology for calculation of anode effect related CF, and C,F¢ emissions from primary aluminium

production based on plant anode effect process data. The data analysed covered all the major primary
aluminium technology types including point feed prebake, side work prebake, vertical stud Sgderberg
and horizontal stud Sgderberg cell types. The analysis of the measurement data also confirmed that
the IPCC Tier 1 formula slope and overvoltage parameters for calculation of PFC emission factors from
plant anode effect process data conforms to statistical expectations. For the most widely used PFPB
technology the expanded measurement data set confirms the uncertainty of measurement of the 2006
[PCC Tier 1 formula parameter is better than + 6 %. Similarly, the post 2006 measurement data confirm
the documented Tier 1 factors for the other technology types used to produce primary aluminium.

TE2006EFEH IR ARRE AL NG, X384 I E5 4 7= B bt I PFC I &= 288 64T 1 70, WA IF
USUE TIPCCE T 1) PHAR AN i R #1155 R A8 A 7= b 5 CFA T C2F 6 4H 2 1 FH AR 50N 1 1 28 T v
SIMTRI BRI R T AT R EAR AR, GRS RALTUR . L FR RS . I B
Spderbergfl/K V- 1Z 4 Sgderberg i 1A . Xl & £ 3 1) 0 A B UESE 7 ML) BH B 88 it 72 £ s
R B PFCHEUA 7 1IIPCC Tier 1A s URFR AL L R S 5055 & it . X+ N H &) 72 IPFPB
HA, ¥ REMNEHIEEUESE T 20064 1PCCEE 10 A NS E A & A1 LI T 6% . [FIFE,
20064 J5 FI & E PR e se 7 AR 7 R AR ) HAh BRI Frid SR 1R IR 5% .

8 Key performance indicators

8 XKEEIEM

For calculation of key performance, indicator values obtained from tier 2 methods shall be used, except
the case of PFCs for which the values obtained from tier 1 methods based on technology specific factors
have a better accuracy.

X TR GURITH, AL 5025 5 AF (TR R e, (HPFCsERAL, DONAEPFCSIN &, 245
TR 21 55 198 05 1045t I e B AT B I TR 12

The methods to be used to compare similar plants are shown in Tables 6, 7 and 8.

T FRZEL) BRIk AR 6. RTMEKS.

Table 6 — Calculation of the total direct emissions from electrolysis

6 — M EEHEBHTHE

Calculation result | Calculation contribution Description
HHEER iR
DEE = total DEE, expressed as tCOzeq/t of aluminium

MDEE, HtCO2eq/tEIR

+ 2CO sum of CO, emissions from anode consumption
PH BRIV FE 77 A2 1) — S A B SR

PFC emissions expressed as CO, equivalent/t electrolysis metal

PFCHE 2 LACO2e/t AR IR

2, anode consumption

+ XCO

2,PFC
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Table 7 — Calculation of the total direct emissions from anode baking

K7 —HRERERE RS ER T

Calculation result | Calculation contribution Description
HHEER ity
DAE = total DAE (tCOzeq/t of anode)

JM.DAE (tCO2eq/t of anode)

+ ZCOZ, process

sum of CO, emissions from process

PR AP AR US

+ 2CO

2, fuel emissions

fuel emissions/t baked anodes

RABHERGEHE /¢ TR B A

Table 8 — Calculation of the total indirect emissions from electrolysis

KR8 —HF R EHBE BHRITE

Calculation result | Calculation contribution Description
HHEER iR
TIE = total indirect emissions from electrolysis

(TIE), (tCOzeq/t of aluminium)

AR P A I ) B HE S B (tCO2eq/ t of aluminium)

electricity, consumption

electrolysis electricity consumption (MWh/t)

HLfif FE L B

L]
CO2, grid specific

grid specific CO2 factor (tCO,/MWh)
Hi™ b CO2 1A ¥

It is generally of interest to know how the electricity is generated, i.e. hydro power, gas, coal, nuclear,
combination. The GHG emission of hydropower is far lower than, for example, gas generated electricity.

MNATTE T BOGER IR 2 FIE 1 2R 1K, BIKITAR L RIRURH . R BER . 236

K. KA ABIRE A H R T RIS
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