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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO documen
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draws$ attention to the possibility that the implementation of this document may involve-the
patent(s).[ ISO takes no position concerning the evidence, validity or applicability of any clai
rights in fespect thereof. As of the date of publication of this document, ISO had not,received no
patent(s) which may be required to implement this document. However, implemefiters are caut

this may not represent the latest information, which may be obtained from the patent database ay
www.iso.prg/patents. ISO shall not be held responsible for identifying any or alljsuch patent rightg.

Any trad¢ name used in this document is information given for the coenvenience of users and|
constitut¢ an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and e
related tp conformity assessment, as well as information about ISO's adherence to the Wo

les of the

use of (a)
d patent
ice of (a)

ijoned that

ailable at

does not

rord.html.

Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/forew

This docyment was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 1,
source emjissions.

Alist of all parts in the ISO 19694 series can be found on the ISO website.

Any feedlack or questions on this documentshould be directed to the user’s national standard
complete [listing of these bodies can be fourid\at www.iso.org/members.html.

Stationary

s body. A
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Introduction

0.1 General

This document for the semiconductor and display industry is based on 2019 Refinement to the 2006 IPCC
Guideline for National Greenhouse Gas Inventories.

This document, which deals with specific requirements for the semiconductor and display industry, has
been harmonized with ISO 14064-1 and ISO 19694-1, which deal with broader requirements. ISO 19694-1
and this document provide a harmonized method for:

— measuring, testing and quantifying methods for greenhouse gas (GHG) emissions;

— asses
and

— establlishing and providing reliable, accurate and quality information for reporting and v

purp
0.2 Overy

sing the level of GHG emissions performance of production processes over time, at produg

Ses.

riew of semiconductor and display manufacturing process

Semiconductor and display manufacture include processes, such as TFD or plasma EWC of silicon-g

materials
and nitro
industry

process d@

power production and external transports).

FC gases :

a) plasnpa EWC of silicon-containing materials, and

b) clean

The semid
processes

The proce
Guideline
parts of 2
the eleme¢
to the 20
detected.
the Annej
Guideline |

that resultin significant carbon dioxide emissions. These emissions are the results of th
s oxide used in the manufacturing process. Other GHG emissions in semiconductor af
include the CO, and CH, from direct emissions of combustion, transportation, many
r indirect emissions (e.g. room heating, on-site transports, on-site power generation

ire used in two important steps of electronics manufacturing:

ing of the chamber walls of TFD and diffusion tools after processing substrates.

onductor and display industry use NyO-as an input gas in TFD processes, and in other many
that use N,0, such as diffusion afid-dry removal of photoresist.

ss emission of FC gases and'N,O should be estimated using the 2019 Refinement to the
for National Greenhouse Gas Inventories. In this document, references are made to th¢
019 Refinement to the 2006 IPCC Guideline for National Greenhouse Gas Inventories dep

06 IPCC Guideline.for National Greenhouse Gas Inventories can be corrected if some €
Therefore, companies are strongly encouraged to keep referring to Reference [4] and
L B with the latest corrected version of Chapter 6, Volume 3 of the 2019 Refinement to the
for National:Greenhouse Gas Inventories when it is made available.

tion sites;

rification

ontaining
e FC gases
d display
facturing

external

facturing

006 IPCC
b relevant
ending on

nt used for appropriate guidance that includes formulae, tables, etc. However, the 2019 Refinement

rrors are
o replace
2006 IPCC
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Stationary source emissions — Determination of greenhouse
gas emissions in energy-intensive industries —

Part 7

Semiconductor and display industries

1 Scop

This doc
semicond
microeled
report GH
basis (by
direct and

— direc
by th

— p
(
N
— f
— f

— indir
electl

e

iment provides a methodology for calculating greenhouse gas (GHG) emissions

from the

uctor and display industry. This document includes the manufacture of semiconductofr devices,
tromechanical systems (MEMS), photovoltaic (PV) devices and displays-iTFhis documentfallows to

G emissions for various purposes and on different bases, such as a per-plant basis, per
country or by region) or an international group basis. This document addresses all of the
| indirect sources of GHG:

-company
following

I GHG emissions [as defined in ISO 14064-1:2018, 5.2.4 a)] from sources that are owned or ¢ontrolled

b company, such as emissions resulting from the following{sources:

rocess: fluorinated compound (FC) gases and nitrous oxide (N,0) used in etching and wafejr cleaning
EWC), remote plasma cleaning (RPC), in situ plasma cleansing (IPC), in situ thermal clearjing (ITC),

»,0 thin film deposition (TFD), and other N,0 using-process;
el combustion related to equipment and on;site vehicles, room heating/cooling;
el combustion of fuels for on-site power-generation;

ect GHG emissions [as defined in. ISO" 14064-1:2018, 5.2.4 b)] from the generation of
icity, heat or steam consumed by the organization.

Other ind

imported

irect GHG emissions [as defined in ISO 14064-1:2018, 5.2.4 c) to f)], which are the consegquence of
an organifation’s activities, but arise from GHG sources that are owned or controlled by other orga
are excluded from this document:

2 Normative references

The follov
requirem
the latest

ISO/IEC (

ying documents are referred to in the text in such a way that some or all of their content c
bnts of this document. For dated references, only the edition cited applies. For undated r
editionof the referenced document (including any amendments) applies.

nizations,

nstitutes
bferences,

uide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncqrtainty in

measurement (GUMI995)

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

ISO 14064-1:2018, Greenhouse gases — Part 1: Specification with guidance at the organization level for
quantification and reporting of greenhouse gas emissions and removals

Calvo Buendia, E., Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., Ngarize, S., Osako, A., Pyrozhenko, Y.,
Shermanau, P. and Federici, S. 2019 Refinement to the 2006 IPCC Guideline for National Greenhouse Gas
Inventories (2019 Refinement), Volume 3, Chapter 6 Electronics. URL: https://www.ipcc-nggip.iges.or.jp/

public/20

19rf/index.html
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 19694-1 and the following apply.

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

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

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

3.1

base year
specific, historical period identified for the purpose of comparing greenhouse gas emissions (3.14) or
greenhoufe gas (3.13] removals or other greenhouse gas-related information over time

Note 1 to ¢ntry: Base year emissions or removals may be quantified based on a specific period (e.g.‘@'yeay or part of
year wherg seasonality is a feature of the organization’s (3.27) activity) or averaged from severalperiods (¢.g. several
years).

[SOURCE:|ISO 19694-1:2021, 3.3, modified — Note 1 to entry has been added.]

3.2
carbon djoxide equivalent
CO,e
unit for c¢mparing the radiative forcing of a greenhouse gas (3.13) to thatof carbon dioxide

Note 1 to gntry: The carbon dioxide equivalent is calculated using the ma$sof a given greenhouse gas multiplied by its
global warning potential (3.15).

[SOURCE:|ISO 14064-1:2018, 3.1.13]

3.3
chemicallvapour deposition
CVD
process fqr manufacturing preforms by which vapeurs and gases react chemically to produce deposits at the
surface of a substrate

3.4
equity share
percentage of economic interest in, (o1 benefit derived from, a facility (3.7)

Note 1 to|entry: Under this appfoach, an organization (3.27) (corporation, group) or a company consglidates its
greenhous¢ gas emissions (3.14)-according to the (pro rata) equity share it holds in each operation, i.e. adcording to
ownershipg. As an exception_no emissions are consolidated for so-called fixed asset investments where § company
owns onlyfa small part of the total shares of an operation and exerts neither significant influence nor financjal control;
other possjible exceptions relate to the economic substance of a relationship.

3.5
etching
removal df surface material

Note 1 to entry: Etching can be applied with liquids agents (wet chemical etching) or with gases in a recipient (dry
etching, plasma etching). The etching agent reacts chemically with the substrate.

[SOURCE: ISO 12679:2011, 3.3]

3.6

etching and wafer cleaning

EWC

removal process of chemical and particle impurities without altering or damaging the wafer surface after
etching (3.5) the surface material

© IS0 2024 - All rights reserved
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3.7
facility

ISO 19694-7:2024(en)

single installation, set of installations or production processes (stationary or mobile), which can be defined
within a single geographical boundary, organizational unit or production process

[SOURCE:
3.8

ISO 14064-1:2018, 3.4.1]

fixed combustion emission
emission from the fixed combustion, including power generation, heat and electricity generation

39
fluorinat

ed compounds and N,O

FCs and §,0

types of f
EXAMPLE

3.10
fossil fue

fuels fronp fossilized materials listed by the Intergovernmental Panel on Climate Change (IPCC)

EXAMPLE
[SOURCE:
3.11

fuel combustion

intention
to a procg

3.12

global warming potential

GWP
index, ba
a pulse er

chosen tifne horizon (e.g. 100 years), relative to that of carbon dioxide (CO,)

[SOURCE;
3.13

greenhouse gas

GHG
gaseous (
at specifi
atmosphe

Note 1 to €
Report.

uorinated compounds and liquids used to manufacture electrical products

CF,, C,Fg, C3Fg, ¢-C,Fg, C,Fg, c-CsFg, CHoF, CH,F,, CHF,, C,HFs, NFs, SF,, COF,, F,, G4Fg0 and

Coal, oil, natural gas and peat.

[SO 19694-3:2023, 3.18]

| oxidation of materials within an apparatus that is*d€signed to provide heat or mechar
ss, or to be used away from the apparatus

ed on radiative properties of greenhouse gases (3.13), measuring the radiative forcing
hission of a unit mass of a given gréenhouse gas in the present-day atmosphere integra

ISO 14064-1:2018, 3.1.12, medified — "(e.g. 100 years)" has been added to the definition

onstituent of the-atmosphere, both natural and anthropogenic, that absorbs and emits
c wavelengths-within the spectrum of infrared radiation emitted by the Earth’s su
re and clouds

ntry: For list of greenhouse gases, see latest Intergovernmental Panel on Climate Change (IPCC) A

ical work

following
ed over a

radiation
rface, the

ssessment

Note 2 to entry: Water vapour and ozone are anthropogenic as well as natural greenhouse gases but are not included
as recognized greenhouse gases due to difficulties, in most cases, in isolating the human-induced component of global
warming attributable to their presence in the atmosphere.

[SOURCE:
3.14

ISO 14064-1:2018, 3.1.1]

greenhouse gas emission
GHG emission
release of a greenhouse gas (3.13) into the atmosphere

[SOURCE:

ISO 14064-1:2018, 3.1.5]

© IS0 2024 - All rights reserved
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greenhouse gas emission factor

emission
coefficien

factor
t relating greenhouse gas (3.13) activity data with the greenhouse gas emission (3.14)

[SOURCE: ISO 14064-1:2018, 3.1.7, modified — "GHG" has been removed from the second term and Note 1 to

entry has

3.16

been deleted.]

greenhouse gas inventory

GHG inve

ntory

list of greenhouse gas sources (3.17) and greenhouse gas (3.13) sinks, and their quantified greenhouse gas

emissions ('2 14) and grnnnhnncn gas removals

[SOURCE:|ISO 14064-1:2018, 3.2.6]

3.17

greenhoyse gas source
GHG souilce

process t
[SOURCE:

3.18
electricit
grid
public ele

[SOURCE;
3.19

at releases a greenhouse gas (3.16) into the atmosphere

[SO 14064-1:2018, 3.1.2]

y grid
ctricity network

[SO 52000-1:2017, 3.4.8]

indirect greenhouse gas emission

indirect
greenhous
that arise

Note 1 to 4
[SOURCE:

3.20

in situ pl
IPC
techniqug

3.21

FHG emission
e gas emission (3.14) that is a consequetice of an organization’s (3.27) operations and acti
from greenhouse gas sources (3.17) that are not owned or controlled by the organization

ntry: These emissions occur generally in the upstream and/or downstream chain.

[SO 14064-1:2018, 3.1.11]

hsma cleaning

using chemicallyreactive oxygen plasma to remove hydrocarbon contaminants

in situ thermal ¢leaning

ITC
combined

process of pyrolysis and oxidation

3.22

vities, but

lower heat value

LHV
net calori
NCV

fic value

absolute value of the specific heat (enthalpy) of combustion, for unit mass of the fuel burned in oxygen at
constant pressure under such conditions that all the water of the reaction products remains as water vapour
(at 0,1 MPa), the other products being as for the gross calorific value, all at the reference temperature

[SOURCE: ISO 1928:2020, 3.1.3, modified — the term “net calorific value at constant volume” has been
replaced with “lower heat value”, the admitted term "net calorific value" has been added, and "(enthalpy)"
has been added to the definition.]

© IS0 2024 - All rights reserved
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3.23

micro-electromechanical system

MEMS

DEPRECATED: micro-electromechanical device

system composed of one or more integrated microsized components, such as sensors, actuators, transducers,
resonators, oscillators, mechanical components and electric circuits

Note 1 to entry: In the definition, “microsized” is used to mean a size of less than a few millimetres.

Note 2 to entry: Technologies relating MEMS are extremely diverse and include fundamental technologies (such as
design, material, processing, functional element, system control, energy supply, bonding and assembly, electric circuit,
and evaluation), basic sciences (such as micro-science and engineering) as well as thermodynamics on a micro-scale
and microtribology.

Note 3 to gntry: The singular and plural forms of the term “MEMS” are identical.

[SOURCE; IEC 62047-1:2016, 2.1.1, modified — the term has been changed to “micro;eleetromechanical
device” ahd the previous term “micro-electromechanical system” has been listed as. a deprecated term;
Notes 1 and 2 to entry have been revised.]

3.24
monitoring
continuoys or periodic assessment of greenhouse gas emissions (3.14) and gréenhouse gas (3.13) removals or
other gregnhouse gas-related data

[SOURCE:|ISO 14064-1:2018, 3.2.12]

3.25
N,O othef process
semicondpctor and display manufacturing process other thati N,0 thin-film deposition (3.34) using N,0

EXAMPLE Diffusion and dry removal of photoresist.

3.26
N,O thin|film deposition
N,O TFD
thin-film feposition using N,0 as an input gas

3.27
organization
person o1} group of people that has’its own functions with responsibilities, authorities and relatignships to
achieve itk objectives

Note 1 to ¢ntry: The conceptiof organization includes, but is not limited to, sole-trader, company, corporgtion, firm,
enterprise} authority, partraership, association, charity or institution, or part or combination thereof, whether
incorporatled or not, public or private.

[SOURCE:|ISO 14064-1:2018, 3.4.2]
3.28
organizationalboeundary
grouping of activities or facilities (3.9) in which an organization (3.27) exercises operational or financial
control or has an equity share (3.4)

[SOURCE: ISO 14064-1:2018, 3.4.7]

3.29

photovoltaic device

PV device

device which produces an electric potential difference between two points in a material by the absorption
of photons

© IS0 2024 - All rights reserved
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process emission
emission from industrial processes involving chemical transformation other than combustion

[SOURCE: ISO 19694-1:2021, 3.36, modified — "including chemical and mineralogical transformations" has
been changed to "involving chemical transformation”.]

3.31
remote p
RPC

lasma cleaning

plasma processing method in which the plasma and material interaction occurs at a location remote from
the plasma

3.32
reportin

grouping
organizat
conseque

[SOURCE;

3.33
source s
specific f

a) creat
const

b) conta

balarjce methodology

3.34
thin film
TFD
process o

other techiniques

3.35
transpor
combusti

3.36

uncertai
paramete
can be re:

Note 1 to
and a qual

r boundary

of greenhouse gas emissions (3.14) or greenhouse gas removals reported from w
fonal boundary (3.28) as well as those significant indirect greenhouse gas emissions‘(3.19)
hce of the organization's (3.27) operations and activities

[SO 14064-1:2018, 3.4.8]

ream
el type, raw material or product that

bs emissions of relevant greenhouse gases (3.13) at one or'more emission sources as a re
mption or production;

ins carbon and is included in the calculation of greenhouse gas emissions (3.14) usir

deposition

f producing thin films by physical vapeur deposition or chemical vapour deposition (3.3)

t combustion emission
bn emission from transportation activities

ty
r associated wiith the result of quantification which characterizes the dispersion of the v
isonably attributed to the quantified amount

entry: Uneertainty information typically specifies quantitative estimates of the likely dispersio
tative description of the likely causes of the dispersion.

ithin the
that are a

sult of its

g a mass

as well as

hlues that

h of values

[SOURCE;

1SO 14064-1:2018 3 2 13]

3.37

verification
process for evaluating a statement of historical data and information to determine if the statement is
materially correct and conforms to criteria

[SOURCE:

[SO 14064-1:2018, 3.4.9]

4 Abbreviated terms

For the purposes of this document, the following abbreviated terms apply.

© IS0 2024 - All rights reserved
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CVD chemical vapour deposition

DRE destruction removal efficiency

EF emission factor

EWC etching and wafer cleaning

FC fluorinated compound

GHG greenhouse gas

GWP global warming potential

[PC in situ plasma cleansing

IPCC intergovernmental panel on climate change

ITC in situ thermal cleaning

KPI key performance indicator

LHV lower heat value

MEMS microelectromechanical systems

NER normalized emission rate

OEM original equipment manufacturer

PI performance indicator

4% photovoltaic

TFD thin film deposition

RPC remote plasma cleaning

WSC World Semiconductor Council

5 Detdrmination of GHG)émissions principles

5.1 General

The detefmination-of GHG emissions can in principle be done through a mass balance method o through
stack emfission aneasurement or a combination of these two approaches. The choice of appropriate
methodolpgyshould depend on the obtention of accurate results with acceptable measurement uncertainties
at reasongble costs.

5.2 Major GHG emissions in semiconductor and display

GHG emissions in semiconductor and display industry include the family of FCs, N,0 and CH,, which are from
direct emissions of combustion, transportation and manufacturing processes, or from indirect emissions.

5.3 Determination based on mass balance

The GHG emissions of an installation may be determined based on mass balance. Emissions from source
streams are calculated from input or production data, obtained by means of measurement systems, and
additional parameters from laboratory and analysis [including the reduction of mass of gas i (D;), the use

© IS0 2024 - All rights reserved
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rate of gas i (U), the emission factor of by-product (By ;)]. Standard factors may also be used; references to
these factors are provided in ISO 19694-1.

5.4 Determination based on stack emission measurements

The GHG emissions of an installation may also be determined by measurement. Emissions from an emission
source are determined based on the measurement of the concentration of the relevant GHG in the flue gas
and the flowrate of the flue gas. Measurement standards to be applied on stack emission measurements
are provided in ISO 19694-1 and 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas

Inventories.

6 Inveptory boumdaries

6.1 General

Drawing gppropriate boundaries is one of the key tasks in an emissions' inventory progcess.

6.2 Organizational boundaries

Organizational boundaries define which parts of an organization - for exafple, wholly owned o

berations,

joint ventjures and subsidiaries - are covered by an inventory, and how the'emissions of these entities are

consolidafed. The requirements to create organizational boundaries in,ISO 19694-1 shall be applig

In this document, reporting covers the main direct and indirect GHG emissions associz

d.

ted with

semicondpctor and display production as required in Clauses 7, 8:and 10. These emissions also include those

related tof consumption of fuels, materials and electricity in upstream and downstream operationg.

Separate [inventories may be established for individual *facilities as appropriate, for instance, if they are
geographjcally separated or run by distinct operators;-The impacts of such a division will cancel|out when
emissiong are consolidated at an organizational or greup level.
Table 1 — Reporting boundaries for the semiconductor industry
s Type of GHGs Included within
Emission source boundali
Co, | CH, | N,O | HFCs | PFCs | SF, | NF, oundagles
. Room heating/ o o ° Fossil fuels ysed for
Fixed cooling operating th¢ boiler
combustion
emissions Power /heat o ° ° Fossil fuels used fn the emer-
gefieration gency gendrator
Transport .
combustion Transport and o o o Transport to pfocessing
o distribution faciliti¢s
emissions
. Plasma etching and wafer
D.lre.Ct Ewe © © ° © cleaning of silicoh materials
emissions
RPC o o o o Remote plasmd cleaning
IPC o o o o In situ plasmalcleaning
Process
emissions ITC 0 C O 0 T situ thermal cleaning
Cleaning of the chamber from
N0 TED © the TFD process
N0 other o N,0 process other than TFD
process
Imported
electricity © °© © Use of purchased electricity
Indirect emissions production consumed in the
Imported o o o company’s equipment
steam / heat
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6.3 Reporting boundaries

Reporting boundaries refer to the types of sources of emissions covered by an inventory and shall follow
ISO 14064-1.

Each semiconductor and display plant shall asses its direct GHG emissions sources and indirect GHG
emission sources. The assessment shall include GHG emissions from all stages of the manufacturing process
undertaken at the plant. Clause 7 provides detailed guidance on the different sources of direct emissions
occurring in semiconductor and display plant. Indirect emissions are addressed in Clause 8.

Companies shall use the reporting boundaries outlined in Tables 1 and 2 for the determination of GHG
emissions for the semiconductor and display plant. Any deviation from the boundaries shall be reported and

explaine
Table 2 — Reporting boundaries for the display industry
Emissi Type of GHGs Included within
mission source boundari
CO, | CH, | N,O | HFCs | PFCs | SF, | NF; oundaties
) Room heating/ o ° o Fossil fuels used fpr operating
Fixed cooling the boiler
combustion
emissions Power / heat o ° o Fossil fuels used |n the emer-
generation gency gendrator
Transport | .
combustion Trz.msport_and o ° o Transport to pfocessing
. o distribution faciliti¢s
Direct emissions
emissions - o
Etching o A o o Plasma etchm_g of silicon
materidls
Process RPC d o o o Remote plasmq cleaning
emissions IPC (e o o o In situ plasmajcleaning
Cleaning of the cHamber from
N0 TFD O the TFD prpcess
Imported
electricity °© © °© Use of purchased electricity
Indirect emissions production consfimed in the
Imported ° o o company’s equipment
steam / heat
7 Direct GHG emissions and:their determination

7.1 GelJleral

Direct GHG emissions are@missions from sources of the respective plant. In the semiconductor and display
manufactpre, GHG emisSions include the family of FCs including fluorinated liquids, N,0 and CH, Which may
result from, but are not restricted to, the following sources:

— fuel combustien for on-site power generation

— procgss-emission, including:

a) plasma EWC of silicon-containing materials, and
b) cleaning of the chamber walls of TFD and diffusion tools after processing substrates.
The reporting entity shall prepare a full inventory of all direct GHG emissions sources of the plant.

The amount of FCs and N,0 direct GHG emissions can be determined by the mass balance based method or
by the continuous stack measurement based method.

Generally, companies are encouraged to measure the required parameters at plant level for site-specific
gases. Where plant- or company- specific data are not available, standard or default factors should be used.
Emission factors, formulae and reporting approaches for these sources are described in Clauses 7 and 8.
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7.2 Direct GHG emissions from combustion and transportation

Direct GHG emissions from combustion can occur from sources that are owned or controlled by the
organization, such as boilers, furnaces and vehicles. GHG from combustion and transportation include CO,,
CHy, and N,0. To determine the direct GHG emissions from combustion and transportation, obtain the
following data:

— mass flow or volume flow (activity data);
— emissions factors;

— calorific values for fuels;

— oxidaffion or conversion factors.

GHG emigsions from the fuel combustion can be calculated based on the mass, net calgrific yalue and
chemical fomposition of fuels entering the process. It is important to note that the applied,net calotific value
always hds to match the type of the fuel.

The GHG ¢missions from combustion and transportation shall be determined using-the mass balanged based
method gjven in Formula (1).

Ezfcons'Hi'FE'Fo (1)
where
E are the total annual GHG emissions of the regarding fuel, in tCO,e/year;

feons | 1s the amount of fuel consumed, in t/year;
is the lower heat value (LHV) of fuel, in GJ/t;
Fy is the emission factor of fuel, in tCO,e/GJ;
is the oxidation factor of fuel (dimensionless); an oxidation factor of 1 means complete ¢xidation.
The GHG ¢missions from fuel shall be summed to give the total emissions of the fuels for the entirg plant.
The repoffting entity shall calculate-GHG emissions in accordance with ISO 19694-1.

The reporting entity shall follow; sampling methods in accordance with ISO 19694-1.
7.3 Dinect GHG emissions from process emissions

7.3.1 (Ineral

The use of FCsiand N,O0 is considered under the process emission. The GHG emissions originating from the
use of FC gas and N,0 in the semiconductor and display manufacturing process shall be calculated,

FC gases include perfluoromethane (CF,), perfluoroethane (C,F;), perfluoropropane (CsFg),
perfluorocyclobutane (c-C4Fg), 1,3-hexafluorocyclopentene (C4F¢), octafluorotetrahydrofuran (C,Fg0),
octafluorocyclopentene (c-CsFg), fluoromethane (CH;F), difluoromethane (CH,F,), trifluoromethane (CHF;),
pentafluoroethane (C,HF:), nitrogen trifluoride (NF3) and hexafluoride (SFy). This method is also applicable
to the determination of COF, and F, emissions.

In general, FCs that are GHGs or whose use during the manufacturing of electronic devices can result in
emissions of GHGs should be determined.

In the manufacturing processes, some portions of FC input gas are transformed into FC gas by-products such
as CF,, C,F, C,F¢, C5Fg, CH3F, CH,F, and CHF;. Several of these by-products can also be formed even if no
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carbon-containing FCs, F,, NF5, SF¢, and CIF3, are fed into the process that include etching carbon containing
materials or cleaning chambers used to deposit carbon-containing thin films.

The semiconductor sector includes six process types as follows: EWC, RPC, IPC, ITC, N,0 TFD and N,O other
process. The display sector is differentiated into four process types: etching, RPC, IPC and N,0 TFD.

Methods to determine emissions of FC gases, fluorinated liquids, and N, O that are used in the semiconductor
and display manufacturing processes are mainly classified into three tiers:

Tier 1is applicable only in cases where facility-specific data are not available. Tier 1 gives the aggregated
estimate of GHG and N,0 emissions based on production figures (surface area of substrate used during
the production of electronic devices).

Tier Pa is only applicable to the semiconductor industry or industries with processes_gimilar to
semigonductor manufacturing, such as MEMS. Tier 2a uses the default emission factors(hdsed on gas
consymption.

Tier 2b is only applicable to the semiconductor industry and to MEMS manufacturing that yises tools
and grocesses similar to those used to manufacture semiconductors. Tier 2b uses$ the defaulf emission
factors that are provided by the wafer size being manufactured.

Tier Zc is applicable to the all sub-sectors, semiconductor (MEMS), displdy,Jand PV. Tier 2c uses default
emisgion factors that are provided for distinct process types p.

Tier 3a is applicable to all sub-sectors and uses measured valuesfor-parameters. Tier 3a used emission
factors which are measured for recipes or families of similar re€ipes.

Tier 3b is applicable to all sub-sectors. Tier 3b measures the amount of GHGs emitted froma specific
facility through stack systems. Reporting companies estimate their emissions based on faprication-
specific emission factors.

The steps|to determine the direct GHG emissions in thesSemiconductor and display industry manyfacturing

processeqd are given in Figure 1.
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Yes

Collect activity and
emissions data

Do
reporting companies
measure GHG emission at the
stack level?

NOJ'

Yes

Estimate emissions
using the Tier 3b

source for the
reporting company?

from reproting

Do reporting

companies. Do reporting
7'y companies use site- Estimate emfissions
Is process emission specific emission using the Tjier 3a
a key GHG emission Yes factors?

companies track
8as Usage byd b Estimate enjissions
. Develop or obtain process typ? and by using the Tler 2c
Are data available data on annual substrate size (for
on annual reporting companies semiconductors)?

prqduction by substrate area
(e.g., silicon or glass)?

production by
substrate area for

each sector.

Do reporting

companies track
gas usage by
substrate size
(200mm or

300mm)?

Estimatejemissions
using the Tier 1

Estimate emfissions
using the Tjer 2b

Estimate emfissions
using the Tjer 2a

Figurje 1 ~>Flowchart for the determination of the estimation method of GHG emissions|from
semiconductor and display manufacturing process

NOTE If there are no national regulations, the following suggestion can be used to define key GHG emission
sources: key GHG emission sources are emission sources prioritized within the total GHG emission sources of the
individual company’s emission from Table 1 and Table 2 because their process emission estimates exceed 5 % of the
total process emission.

The GHG emissions determination method is exclusively developed for specific FC handling plants using the
emission factors. The development of individual facilities emission factors for specific process to estimate
emissions is encouraged. When it is not possible to apportion gas consumption for a site-specific level, then
the emission factors from IPCC or national factors based on consumption of individual gases may be used
as the default emission factors. However, the precision of the emissions' estimate generally improves from a
lower tier to a higher tier, due to more site-specific factors.
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Emission factors, formulae and reporting approaches for these sources are described in the following

subclause

sof 7.3.

Generally, companies are encouraged to measure the required parameters at the plant level, as it is expected
to provide a more accurate emissions estimate. International default factors can be used when the data for
the facilities specific emission factors are not provided. Other default factors (e.g. national) are preferred
to the international defaults if deemed reliable and more appropriate. The following sections provide
guidance for choosing between different methods for reporting CO, emissions from the process, which
shall be estimated using 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories,

ANNEX C.

7.3.2 Tier1

For Tier 1
2019 Refiy

[t is not g
(CFy, CoFg
set.

For each
different
emissiony
substrate
by the an

The resulft is a set of annual emissions estimates expressed intkilograms of the gases emitted d

manufact
Formula

Tier 1 me
{Ei },
where

{Ei}n

method, “Tier 1 METHOD - DEFAULT EMISSION FACTORS BASED ON PRODUCTION i
ement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories shall be réeferre

ood practice to modify these, in any way, and the Tier 1 method can only be used if th
, C3Fg, C4F¢, c-C4Fg, C4Fg0, CsFg, CHF3, CH,F,, NF3, SF¢, and N,0), are to be feported as a

sub-sector of electronic products being manufactured, the calculation of emission r
et of default, gas-specific emission factors. Each default emissiomfactor expresses th
of the relevant gas per unit area of the relevant substrate used during manufacture (incl

hual production area of the devices, P, expressed in mZ2.

ure of that class of electronic products. The Tier 1 GHG emission estimation method is d
2), and the default emission factors are presented-inl Table B.1.

thod for estimation of the set of GHG emissions’is calculated according to Formula (2):

={Fg; P[Fpy -6 +(1-8)]} (i=1,...,n)

is the emission of fluorinated compound gas i or N,0, in kg;

NOTE {}, denotes the set for each class of products (semiconductors, display, MEMS
n denotes the number of gases included in each set. The estimates are only valid if
reported for-allinembers of the set using this Tier 1 methodology.

is the emiSsion factor for gas i expressed as annual mass of emissions per square metg
strate stirface area for the product class;

is the annual production m? of substrate used as measured by the surface area of subs
during the production of electronic devices, including test substrates; if annual produc

6.2.1.1 of
d to.

PSe gases,
complete

blies on a
e average
iding test

5). For any class of electronic products (input material), the default emission factors are fnultiplied

uring the
epicted in

(2)

r PV) and
made and

rs of sub-

rate used
tion is not

dvailable from an electronics producer, P may be calculated as the product of the ann

1al manu-

i

facturing capacity and annual plant production capacity utilization (fraction) of that producer;

is the fraction of PV manufacture that uses FC gases;

is equal to 1 when Formula (2) is applied to PV industries and zero when it is applied to either

semiconductor or TFT-display industries;

is the input gas.

Tier 2 and Tier 3a methods are expected to be more accurate than the Tier 1 method because they rely on
the actual consumption of individual gases and account for the use of emissions control technology.
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ier 2a

For Tier 2a method, “Tier 2a Method” under “Tier 2 METHOD - DEFAULT EMISSION FACTORS BASED
ON PRODUCTION” in 6.2.1.1 of 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories should be referred to.

The Tier 2a method is applicable to semiconductor manufacturing and to MEMS manufacturing that is
carried out using tools and processes similar to those used to manufacture semiconductors. The Tier 2a
method does not distinguish between wafer sizes or among process types for most GHGs; the Tier 2a method
uses the default emission factors provided in Table B.2.

Tier 2a method for the emission of input gas i is calculated according to Formula (3):

E;=q;-(1-U;)-(1-D;) (3)
where
E; is the emission of unreacted input gas i, in kg;
C; is the consumption of input gas i, in kg;
U; is the use rate of gas i (fraction destroyed or transformed in process);
D; is the overall reduction of mass of gas i emissions (site-specific fraction, calculated per Fqrmula 6.8
of 2019 Refinement to the 2006 IPCC Guideline for NationalGreenhouse Gas Inventories).
Tier 2a mgthod of the by-product emission is calculated in according to Formula (4):
Bpg g = . .[CiBr,i-(1-Dy)] (4)
where,
Bgpg | is the emission of by-product k generated from the conversion of all input gases i, in kg;
C; is the consumption of input gasi, in kg;
By ; is the emission factor for:by-product k generated from input gas i, in kg of by-product k create/
kg of gas i consumed;
D, is the overall reduction of mass of gas k by-product emissions, in site-specific fraction, calculated per
Formula 6.9 of 2019 Refinement to the 2006 IPCC Guideline for National Greenhouse Gas Irfventories;
k is the by-product gas.
By-produft emissions from hydrocarbon fuelled combustion emissions control systems are ¢alculated
according to Fermula (5):
Egp |r2 =Ci-(1-U;)-(1-n)-Appi cra (5)
where
Egap;cra 1sthe emission of CF, from hydrocarbon-fuel-based combustion emissions control systems when
direct reaction with hydrocarbon fuel and fluorinated species is certified not to occur by the
emissions control original equipment manufacturer (OEM) or electronics manufacturer, in kg;
C; is the consumption of input gas i, where only NF; used in RPC processes or F, for the purpose

of Formula (5) (Formula 6.7 of 2019 Refinement to the 2006 IPCC Guideline for National Green-

house Gas Inventories), in kg;
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is the use rate of gas i (fraction destroyed or transformed in process);

H is the ratio of emissions control systems certified not to form CF,, within emissions control
systems to the total number of emissions control systems in the facility, (site-specific fraction);
Appicrse  isthemass fraction of NF; used in RPC processes of F, in process exhaust gas that in converted

into CF, by direct reaction with hydrocarbon fuel and F, gas in a combustion emissions control
systems; A, ; cp4 IS Set to zero if the emissions control OEM or electronics manufacturer can
ensure that the rate of conversion from F, to CF, or from NF; to CF, is <0,1 percent; otherwise,
a default value of A g3 cpa = 0,093 0r App gy cpg = 0,116 should be used [i is equal to only NF;
used in RPC processes or F, for the purpose of Formula (5) (Formula 6.7 of 2019 Refinement

to the 2006 IPCC Guideline for National Greenhouse Gas Inventories].

For the toltal annual input gas i consumption, C;, on a facility basis for each fluorinated compound’a

the input
6.2.1.1 of

734 T
For Tier 7

Inventorid

The Tier
that use {
set of for
manufact

735 T

For Tier

ON PRODUCTION” in 6.2.1.1 of 2019 Refinementto the 2006 IPCC Guidelines for National Green

Inventorid

The Tier
manufact
semicond
that are
default en

The Tier 2
the Tier 2
However,
which int

Tier 2cm

N

method (Tier 2 and Tier 3a), see “GAS CONSUMPTION AND APPORTIONING FOR TIERS2
2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventopies:

jer 2b

S.

2b method is only applicable to the semiconductor sub<sector and to MEMS many
ools and processes similar to those used in semiconduefey manufacture. Tier 2b uses
mulae as the Tier 2a method, but default emission faetors are provided by the wafer
ured (<200 mm or 300 mm) (see Tables B.3 and B.4)x

jer 2¢

Pc method, “Tier 2c Method” under “Tienn2 METHOD - DEFAULT EMISSION FACTOHR

s shall be referred to.

2c method is applicable to the“'semiconductor, display and PV sub-sectors, and

uring that is carried out using tools and processes similar to those used to ma
lictors. The Tier 2c methodsis'based on a set of formulae that account for default emissi
rovided for distinct process types p (EWC, RPC, IPC, ITC, N,0 TFD, and N,O other pro
hission factors for the-Tier 2c method are included in Tables B.5 to B.8.

c method is preferred over the Tier 2a or Tier 2b methods in the semiconductor sub-secta

using the Ti€r-2c method requires apportioning gas consumption for all gases and proc
Foduces additional complexity.

pthodfor estimation of input gas i emissions are calculated according to Formula (6):

nd N,O in
AND 3” in

b method, see “Tier 2b Method” under “Tier 2 METHOD - DEFAULT.EMISSION FACTORS BASED
ON PROD[UCTION” in 6.2.1.1 of 2019 Refinement to the 2006 IPCC Guidelines-for National Green

house Gas

facturing
the same
ize being

'S BASED
house Gas

to MEMS
nhufacture
bn factors
cess). The

r because

c default emissien/factors are expected to be more accurate than the other Tier 2 methods factors.

eSS types,

E. =

J Ep

b1 C, ,-(1-U; ,)-(1-D; )]

(6)

U
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are the emissions of unreacted input gas i, in kg;

is the consumption of input gas i for process type p, in kg;

is the use rate of gas i for process p (fraction destroyed or transformed in process);

is the overall reduction of mass of gas i emitted from process type p, site-specific fraction cal-
culated per Formula 6.16 of 2019 Refinement to the 2006 IPCC Guideline for National Greenhouse
Gas Inventories.

a_method for estimation of the emission of by-product emissions from hydrocarh

n fuelled

combusti
Bgp,
where

BBPE,

By-produ
according

Egpg,

where

Egasp,

,CF4

bn emissions control systems is according to Formula (7):

( :Zi[zp[ci,p Bieip '(1_Dk,p)]}

Ct emissions from hydrocarbon fuelled, combustion emissions control systems are

to Formula (8):

CF4 :chi,p '(1_Ui,p)'(1—Tlp)'AAB,i,CF4

is the emission of by-product k generated from the conversion of/all input gases i for g
types p, in kg;

is the consumption of input gas i for process type p, in kg;

is the emission factor for by-product k generated ffom input gas i for process typ
by-product gas k created/kg of gas i consumed forprocess type p);

(7)

1l process

e p, (kg of

is the overall reduction of mass of gas k by-product emission for process type p, sitle-specific

fraction, calculated per Formula 6.17 of 2019 _Refinement to the 2006 IPCC Guideline fo
Greenhouse Gas Inventories.

is the emission of CF, from hydrocarbon-fuel-based combustion emissions contrg
when directreaction with hydrocarbon fuel and fluorinated species is certified ng
by the emissions control OEM or electronics manufacturer, in kg;

is th&eonsumption of input gas i for process type p [i is equal to only NF; used in
cesses or F, for the purpose of Formula (8) (Formula 6.15 of 2019 Refinement to the
Guideline for National Greenhouse Gas Inventories)], in kg;

r National

alculated

(8)

| systems

t to occur

RPC pro-
2006 IPCC

is the use rate of gas i for process p (fraction destroyed or transformed in process)

is the ratio of emissions control systems connected to tools running process type p

and certi-

fied not to form CF, within emissions control systems to the total number of emissions control
systems connected to tools running process type p in the facility, (site-specific fraction);
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is the mass fraction of NF; used in RPC processes and of F, in process exhaust gas that is con-

verted into CF, by direct reaction with hydrocarbon fuel and F, gas in a combustion emissions
control systems; A g ; cgs is set to zero if the emissions control equipment OEM or electronics
manufacturer can certify that the rate of conversion from F, to CF, or from NF; to CF,is < 0,1
percent; otherwise, a default value of Ag g3 cpa = 0,093 or Apg gy cpq = 0,116 should be used
[i equal to only NF; used in RPC processes or F, for the purpose of Formula (5) (Formula 6.15
of 2019 Refinement to the 2006 IPCC Guideline for National Greenhouse Gas Inventories)|;

is the process type [RPC using NF; or any process type using F, for the purpose of Formula (8)
(Formula 6.15 of 2019 Refinement to the 2006 IPCC Guideline for National Greenhouse Gas In-

ventories)].

Figure 2 ¢
measured

etermines the need for measured emission factors and should be used to determine wh
emission factors can be necessary to supplement Tier 2 default emission factors.

bn Tier 3a
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Will facility use a [Tier 2]

new substrate size Yes Test and develop measured emission factors.
for which default 7y Use measured factors to fill in gaps in Tier 2

emission factors do default factors or to develop company or

not exist? facility-specific emission factors.

Y

Will facility use a
new process type Yes
< for which default
emission factors do
not exist1?

\ 4

Will facility use
process equipment
< platforms which Yes
have not been
previously
characterized1?

\ 4

Will facility use
GHGs for which Yes
default emission

factors do not exist1?

\ 4

Does. facility wish to
use.Tier 3a factors Yes
td supplement Tier

\ 2 default factors?

No [Tier 2/Tier 3b]
Use Tier 2 default emission factors or
develop facility specific factors using Tier 3b.

\4

If a new gas and process combination are used that accounts for less than 1 % of facility fluorinated GHG
consumption by mass and (1 - U), where U is the rate of the gas, is not measured or not listed, the complier
may assume (1 - U) = 0,8, BCF4 = 0,15, BC2F6 = 0,05

Figure 2 — Decision tree used to determine the need for measured emission factors
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7.3.6 Tier 3a — Measured process-specific parameters

7.3.6.1

General

For Tier 3a method, “Tier 3a Method - Measured process-specific parameters” under “Tier 3 METHODs -
SITE-SPECIFIC PARMETERS” in 6.2.1.1 of 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse
Gas Inventories shall be referred to.

The Tier 3a method can be applied to all sub-sectors (semiconductor, display, PV and MEMS) and uses the
same set of formulae as the Tier 2c method. Tier 3a can also be undertaken to develop facility-specific
emission factors for broader application in the facility.

7.3.6.2 [Minimum sampling frequency of Tier 3a

When thg factors are developed using FCs, commonly used in the semiconductor and display
measurerpents are recommended to be performed as follows: the facility is required to report

of FCs a

N,O for the first two years for each abatement system gas and process{sub-type d

type compination. A random sample of a minimum of 10 % of installed abatement,systems must
annually for a total minimum of 20 % of abatement systems within two years, 6ha minimum d

abateme

If a facilit
the emisg
like use r
efficiency
15 % of in

737 T

7.3.7.1

For Tier 3
in 6.2.1.1
referred

The Tier }
the Tier 3

7.3.7.2

The emiss
gas forme
emissiony

Total GH
Formula

t systems may be tested in the first yearll,

y determines that no substantive changes have occurred in the yearfollowing emission cg
ion factors determined may remain unchanged, and retestingis not required for analy
hte of gas (U;) and by-product emission factor (B); howeverfmeasurement of destructio
(d) is recommended to occur every three years at a miniinum, testing a random samplg
stalled abatement systems for each gas and process sub-type or process type combinati

jer 3b — Stack testing

General

industry,
bmissions
r process
be tested
f 20 % of

Iculation,
Isis items
N removal
of a least
bnslél,

b method, “Tier 3b Method - Stack testing” under “Tier 3 METHODs - SITE-SPECIFIC PARAMETERS”

of 2019 Refinement to the 2006 IPCG-Guidelines for National Greenhouse Gas Inventorie:
o

b method may be applied totall'sub-sectors (semiconductor, display, PV and MEMS). Stac
b method, measures the amopunt of GHGs emitted from a specific facility through stack sy

Stack test method

ions of each FC gas'and N,0 consumed as an input gas is calculated using Formula (9) an
d as a by-produet is calculated using Formula (10). If a stack system comprises multiple 3
from eachistack in the stack system should be summed when using Formula (9) or Form

. shall be

k testing,
rstems.

d each FC
tacks, the
ula (10).

[ input-gas emitted from stack system during sampling period are calculated acc

9):

prding to

T T N Aism
EES,i,s:VVi'Qs'_'_'Z Aty
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is the emission of input gas i from stack system s during the sampling period, in kg
is the molecular weight of gas i, in g/g-mol;
is the flow rate of stack system s during the sampling period, in m3/min;

is the standard molar volume of gas, (0,024 0 m3/g-mol at 293,15 K and 101,325 kP

)

a);

is the average concentration of input gas i in stack system s during time interval m, in nmol/mol;

is the length of time interval m in the FTIR sampling period, in min; each time inte

val in the

1/10
i

S

N

m

The total
Formula

Egs i,

where

Egg ik

Wi
Qs
V

Xk,s,m

At

FTIR sampling period should be less than or equal to 60 min (e.g. an 8 h sampling per
consist of at least 8-time intervals);

is the conversion factor, (1 kg/1,000 g);

is the input gas;

is the stack system;

is the total number of time intervals m in sampling period;
is the time interval.

GHGs by-product emitted from stack system during sampling period is calculated acg

10):

1 1 N Xk
S:Wk‘QS._._‘Zm:]_ 1059’" Aty

is the emission of by-product k emitted from stack system s during the sampling peri
is the molecular weight of by-product gas k, in g/g-mol;

is the flow rate of stack system s during the sampling period, in m3/min;

is the length of time interval m in the FTIR sampling period, in min; each time inter
FTIRsampling period should be less than or equal to 60 min (e.g. an 8 h sampling per
consist of at least 8-time intervals);

is the standard niolar volume of gas, (0,024 0 m3/ g-mol at 293,15 K and 101,325 kPa);

iod would

ording to

(10)

pd, in kg;

4

is average cohCentration of by-product gas k in stack system s during time interval m, in imol/mol;

val in the
od would

1/10

is the conversion factor, (1 kg/1,000 g);

k
s
N

m

is the by-product gas;
is the stack system;
is the total number of time intervals m in sampling period;

is the time interval.

After calculating ES; ; and ES) ;, inventory compilers should calculate a facility-specific emission factor for
each input gas consumed (in kg of FCs or N,0 emitted per kg of input gas i consumed) in the tools that vent
to stack systems that are tested, as applicable, using Formula (11).
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Input gas i gas specific emission factor is calculated according to Formula (11):

D Ersis
(11)

Eoo: p=
EFi,f ., . 1 _Tf
1-(a; r-d;)
where

Fgif is the emission factor for input gas i and facility f representing 100 % emissions control
system uptime, in kg emitted / kg of input gas consumed;

EES ; isthe emission nFinpnf gas ifrom stack cycfnm I Hnring the cnmp]ing pnrinr‘, in l(g;

Ajf is the consumption of input gas i for facility f during the sampling period, inkg;

Ty is the total uptime of all emissions control systems for facility f during the sampling peri-
od, as calculated in Formula 6.30 of 2019 Refinement to the 2006 IPCC,Guideline fof National
Greenhouse Gas Inventories, (site-specific fraction);

a;f is the estimate of the fraction of gas i emitted from process-tools equipped with suitable
emissions control technologies for facility f, (site-specific fraetion, as determined fin Formu-
la 6.10 of 2019 Refinement to the 2006 IPCC Guideline for National Greenhouse Gas Inyentories);

d; is the destruction removal efficiency (DRE) for gas4.(fraction);

i is the input gas;

s is the stack system;

f is the facility.

FC gas bytproduct specific emission factor is calculated according to Formula (12):
Y Eesks
Egpilr = (12)
2 2 . 1-Tf
A I A a Ty
’ 1-(ay p35d)
where

Egp it is the emission factor for FC by-product gas k emitted from facility f representing 100 %
emissiods control system uptime, in kg emitted / kg of all FC input gases i consurhed;

Egg j is the'emissions of FC by-product gas k, emitted from stack system s during the|sampling
peviod, in kg;

Ajf is the consumption of FC input gas i for facility f during the sampling period, in kg;

Ty IS the total uptime of att emisSsions Comtrot SyStems for facitity fauring the sampling peri-
od, as calculated in Formula 6.30 of 2019 Refinement to the 2006 IPCC Guideline for National
Greenhouse Gas Inventories, (site-specific fraction); if the stack system does not have emissions
control systems on the tools vented to the stack system, the value of this parameter is zero;

a s is the estimate of the fraction of by-product emitted from process tools equipped with suitable
emissions control technologies for facility f, (site-specific fraction, as determined in Formu-
la 6.11 of 2019 Refinement to the 2006 IPCC Guideline for National Greenhouse Gas Inventories);

d is the DRE for FC by-product k (fraction).

After calculating Fgg, s inventory compilers should calculate annual facility-level emissions of each input gas
i consumed during the year using Formula (13).
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After calculating Eg, ;5 inventory compilers should calculate annual facility-level emissions of each by-
product k formed using Formula (14).

Tier 3b estimation of annual emission of input gas i is calculated according to Formula (13):

Eeaip =Eprif Cip Tr+7

where

Egaif

Bovif o g
oy d, (1-7¢)

(13)

is the annual emission of input gas i from the stack systems that are tested for facility f, in kg/year;

Eggif

stheemission factor for input gas 1 and facitity f Tepresenting t00percent emissio
system uptime, in kg emitted / kg of input gas consumed;

is the total consumption of input gas i for facility ffor the reporting year, in kg/year;

is the total uptime of all emissions control systems for facility f, duringthe reportin
calculated in Formula 6.27 of 2019 Refinement to the 2006 IPCC Guidelinefor National G
Gas Inventories (site-specific fraction);

is estimate of the fraction of gas i emitted from process tools equipped with suitable
control technologies for facility f (site-specific fraction, as determined in Formula 6.
Refinement to the 2006 IPCC Guideline for National Greenhause Gas Inventories);

is the DRE for gas i (fraction).

Tier 3b edtimation of annual emissions of FC gas by-product kis-calculated according to Formula (

E
Egax|r =Egrk,f 'zici,f Ty +1_Ei'z,-ci,f {1-Ty)

where

Egakf

Egp it

Cs
Ty

ak’f

ak,f 'dk

is the annual emissions of FG-by*product k from the stack systems that are tested fo
in kg/year;

is the emission factor forpy-product gas k, emitted from facility frepresenting 100 per
sions control systemiuptime, as calculated in Formula 6.27 of 2019 Refinement to the
Guideline for National Greenhouse Gas Inventories, in kg emitted/kg of all FC input gases ¢

is the total consumption of FC input gas i for facility ffor the reporting year, in kg;

is the tatal uptime of all emissions control systems for facility f during the reportiy
calculated in Formula 6.27 of 2019 Refinement to the 2006 IPCC Guideline for National G
Gas Inventories (fraction);

s control
g year, as
reenhouse
bmissions

|0 of 2019

[4):

(14)

facility f,

Cent emis-
006 IPCC
onsumed;

g year as
reenhouse

is the estimate of the fraction of FC by-product gas k emitted from process tools equij

bped with

d

suitable emissions control technologies for facility f (site-specific fraction, as determined in For-
mula 6.11 of 2019 Refinement to the 2006 IPCC Guideline for National Greenhouse Gas Inventories);

is the DRE for FC by-product k (fraction).

7.3.8 Fluorinated liquids

7.3.8.1 General

Fluorinated liquids are used as heat transfer fluids (HTFs) for temperature control, device testing, cleaning
substrate surfaces and other parts, and soldering in certain types of electronics manufacturing production
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processes. Leakage and evaporation of these fluids during use is a source of fluorinated greenhouse gas
emissions.

7.3.8.2 Tier 1 — Fluorinated liquids

For fluorinated liquids Tier 1 method, “Tier 1 - Fluorinated liquids” in 6.2.1.2 of 2019 Refinement to the 2006
IPCC Guidelines for National Greenhouse Gas Inventories shall be referred to.

Tier 1 factors for fluorinated liquids are not available for PV. Tier 1 factors are also not available for substrate
cleaning. Thus, the Tier 2 approach should be used to estimate fluorinated liquid emissions from these
sources.

7.3.8.3 [Tier 2 — Fluorinated liquids

For fluoripated liquids Tier 2 method, “Tier 2 - Fluorinated liquids” in 6.2.1.2 of 2019 Refinement t¢ the 2006
IPCC Guidelines for National Greenhouse Gas Inventories shall be referred to.

There is qne Tier 2 method for estimating actual emissions from the use of any and €ach fluorinafed liquid,
applicablg¢ to all electronics manufacturing sub-sector (semiconductor, display, MEMS and PV) and to each
applicatidn (temperature control, device testing, cleaning substrate surfaces and other parts, and spldering).
This Tier|2 method is a mass balance approach that accounts for fluorinated liquid usage over an annual
period. It|is appropriate when company-specific data are available; it is the-only method applicaple to the
use of flugrinated liquids for cleaning substrates surfaces and other parts;and for the PV sub-sectpr.

8 Indirect emissions from imported energy and their determination

8.1 General

Indirect JHG emissions are emissions that are a conseguence of the operations of the reporting ¢ntity, but
occur at pources owned or controlled by another entity. The semiconductor and display manyfacturing
is associdted with indirect GHG emissions from~external production of electricity consumed during the
process, which includes:

— electficity consumed for semiconductorand display manufacturing procedures by third parti

9%
@

— prodyction and processing of conventional fossil and alternative fuels by third parties;

The definftion of the boundaries forindirect emissions is included in 6.3.

8.2 GH[ emissions from-imported electricity

GHG emigsions from eXternal electricity production shall be calculated based on the measured delivery of
icity and, ‘preferentially, emission factors obtained from the electricity supplier. Alterpatively, it
is recomthended ‘te/use governmental data for the national power grid. If both data are not available, an
ission+factor for the country may be used. Such factors are based on I[EA data which arg updated
annually, [see*Reference [7] for the latest update). Emissions associated with the consumption of ¢lectricity

during tr

This document differentiates between the different power sources (purchase, production on-site) and paths
of power usage: use for semiconductor and display production, consumption of power generation auxiliaries
(difference between gross and net power production of the power plant) and power sold externally. Power
given to other non-semiconductor and display installations within the same plant shall be treated like power
sold externally.

The quantity of electricity consumed is calculated by subtracting the amount of resale electricity from the
amount of purchased electricity.
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The GHG emission from purchased electricity is calculated according to Formula (15):
Egrec = qeLec " FiELEC (15)
where

Egigc  isthe GHG emissions from purchased, externally generated, electricity used at the plant, in tCO,e;
qeLec s the quantity of electricity consumed, in MWh;

Fg gLgc 1s the emission factor of consumed electricity, in tCO,e/MWh.

8.3 GHf emissions from external fossil and alternative fuels production and processing

GHG emisgions from external fossil and alternative fuels production shall be calculated baséd on the amount
of consunped steam or heat and, preferentially, emission factors obtained from the supplier: Alternpatively, it
is recommended to use governmental data for the national power grid. If both data sets:are unavailable, an
average emission factor for the country may be used.

The emisgion factor of consumed steam or heat can be determined in one of twe ways.
a) Obtain the emission factor from the steam or heat supplier;

b) Calculate the emission factor using the amount of consumed fu€l for steam or heat generated by the

supplier and the amount of steam or heat generated by the supplier.
The GHG ¢mission from purchased steam or heat is calculated aceording to Formula (16):

Esy =fsu  Fgsn (16)
where

Egy | isthe GHG emission from purchased, externally generated steam or heat used at the plant, in tCO,e;
qsy is the quantity of steam or heatyjconsumed, in T] steam or heat;

Fg s isthe emission factor of tonsumed steam, in tCO,e/T] steam.

Table 3 prjovides an example of the parameters required to determine the quantities of electricity 4nd steam
or heat cdnsumed.

Tlable 3 — Parameters and data sources for the calculation of indirect GHG emissions

Emissigdn source Parameters Frequlﬁlclz’lgrf, :n eas- Example for determining the activitly data
— Fiscal electricity meter
Electricity Electricity Annual — Invoices from the electricity supplier

consumed
— Plant electricity submeter
— Heatvalue meter

Steam or heat Steam or heat Annual — Plant steam or heat submeter (flowmeter)

consumed

— Invoices from the steam or heat supplier

9 General requirements for identifying, calculating and reporting of GHG emissions

The reporting entity shall develop a monitoring plan to identify, calculate and report GHG emissions in
accordance with ISO 19694-1.
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See Annex A for the content of the monitoring plan.

10 Baselines, acquisitions and disinvestments

GHG emissions performance is often measured relative to a past reference year (i.e. the “base year”). The

“Kyoto base year” 1990 can be used as a default reference. However, in many cases, the lack of re
accurate historical data justifies the use of a more recent base year.

liable and

Acquisitions and divestitures, as well as the opening or closing of plants, will influence a company’s emissions
performance, both in absolute and specific terms. To ensure consistency of baselines (i.e. the same quantity
of emissions in and after the base year), companies shall apply the following rules in a consistent way:

— Adjudtment of the baseline for change by acquisition and divestiture: Consolidated emissions re
past years shall always reflect the current amount of shares held in a company. If a company is

borted for
acquired,

its pajst emissions shall be included in the consolidated emissions of the reporting company: Thiis shall be
done pither back to the base year, or back to the year the acquired company came into eXistence, Whichever
is latgr. If a company is divested, past emissions shall be removed from the consolidatéd emissidns. These

adjustments shall be made in accordance with the consolidation rules in the GHGprotocollZl.

— No bdseline adjustment for “organic” change: In case of organic growth of production due to ifvestment

in new installations, capacity expansions or improved capacity utilizatien, the baseline sh
adjusfed. In the same sense, the baseline shall not be adjusted for orgatiic negative growth;
procdss or decrease of production shall not result in a change of the baseline.

11 Reporting and performance assessment

11.1 General

h1l not be
rlosure of

GHG emiskions monitoring and reporting have multiple:goals, such as internal management of envijonmental
performahce, public environmental reporting, reporting for taxation schemes, voluntary or regotiated

agreemerlts, and emissions trading. Additional purposes can be, for example, performance benc
and produict life cycle assessment.

hmarking

This docyiment has been designed as a(flexible tool to satisfy these different reporting purpjoses. The
informatipn is structured in such a way that it can be aggregated and disaggregated according tq different

reporting|scopes, such as shown in thefollowing cases:

— Repofting to national GHG inventories should be compatible with IPCC guidelines. Hence, it sh

puld cover

all difect GHG emissions; including GHG from fossil wastes. CO, from biomass fuels should bg reported

as a memo item.

— Reporting under<C0s compliance and taxation schemes will have varying reporting reqyirements,
depemding on local conventions. This document allows reporting of gross and net emissions and indirect

emisgions, as\appropriate.

This docyment'does not define any threshold for excluding “immaterial” emission sources. In practice, the
decision yhether to include or exclude certain emission sources will also depend on the requiremdnts of the

respective reporting framework.
Reported GHG emissions shall include all relevant emissions as required by ISO 19694-1.

The following data shall be reported:

— the total GHG emissions (direct GHG emissions, energy indirect GHG emissions and other indirect GHG

emission) associated with the manufacturing plant;
— the boundaries used for the assessment of the GHG emissions;

— the overall uncertainty (see Clause 11);

© IS0 2024 - All rights reserved

25


https://standardsiso.com/api/?name=8a33cb6eaf7fbc4624e659a61cd7ef20

ISO 19694-7:2024(en)

— process emissions shall be included in the total GHG gas emissions reported.

11.2 Corporate environmental reporting

The objective of voluntary environmental reporting is to provide the reader with a sufficiently accurate
picture of the environmental footprint of the reporting company. This implies that the reporting of

semiconductor and display device manufacturers shall cover all relevant emission components:

— gross direct GHG emissions of the reporting entity (etching, CVD cleaning, conventional fuels, alternative

fuels, with biomass CO, as a memo item);

— netemissions (if applicable), calculated from gross emissions minus emissions from the use of alternative

fuels;
— mainfindirect emissions (consumption of grid electricity).

Reporting shall be in absolute (Mt CO,e/year) as well as specific (t CO,e/ t consumed amount of
Reporting net emissions alone, omitting gross emissions is not acceptable.

In order o be complete, reporting shall include the CO, emissions (including indibect CO, emiss

FC) units.

jons from

consumption of grid electricity and accounting for own on-site power generatien) from the differefpt process

steps.
Additiongl requirements for voluntary reporting include:

— Clear]y state when GHG sources are excluded from the inventory. To this end, the standard sp
requires companies to state the boundaries of their inventory:.

— Clear]y state that reporting is done in accordance with this document and any material deviaf
it.

11.3 Reporting periods

Reporting GHG emissions can be based on calendar years or on financial years if it helps to reduce
costs. Frdm a GHG perspective, a report can bg based on financial years if it is done consistently
with no gaps or overlaps. Changes in the néporting year should be clearly indicated.

11.4 Performance assessment

readsheet

ions from

reporting
over time

Performapce assessment to beachimark or compare for internal or public reporting may also be udertaken

on a voluptary basis using the-outputs from this document. The nature of such voluntary repoj
highly dependent on the reporting context and purpose. System boundaries for such reporting d
conventigns and practical)requirements as much as on scientific arguments.

In this do¢ument, performance indicators (PIs) are included that can be useful given the current bus
policy enyironment;, and associated reporting requirements. [For the process emission PIs, this
follows Pls fronrthe normalized emission rate (NER) factors used by World Semiconductor Coun

ts can be
epend on

iness and
Hocument
il (WSC)]
hdditional

Generally] this*subclause on Pls is conceived as a flexible vessel where companies may introduce

i ot ol A |
parametex Saccoragtotneir neeas:

Basic unit of process emissions in the semiconductor and display industry are calculated according to

Formula (17):

(E; -G;)+(Bgpg,k "Gk )+ (Egag,i cra *Gra )

Swafer

p
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where
Bgpgx  is the emission of by-product k from Formulae (4) and (7);
Egag ;cra iS the emission of CF, from Formulae (5) and (8);
E, is the process emission, in tCO2e/m?;
E; is the emission of unreacted input gas i from Formulae (2), (3) and (6), in tCO,e/m?;
Gera is the GWP of CFy;
G; is the GWP value of gas i
Gy, is the GWP value of by-product k;
Swafel is the surface area of produce wafer, in m?/annum.

Basic unit of total emissions in the semiconductor and display industry are galgulated accprding to

Formula (|18):
Etotal - Edirect + Eindirect + Ep (18)
where
Eiotal is the total emission in the semiconductor and display industry, tCO2e/m?;
Ejirede  is the direct combustion emission, tCO2e/m?;
Eipgirker  1s the indirect combustion emission, tCO2e/m?;
E, is the process emission, in tCO2e/m?2.
The PIs njentioned in Table 4 are voluntary and ean be used to assess performance. Reporting erjtities can
select the|PI's most relevant to their circumstances.
Tablei4 — PIs relating to GHG emissions
Direct GHG emissions . L.
. L Lo Indirect GHG emissions
Combustion emission Process emission
Semigonductor and display. 2 2 2
manyfacturing processing [£COze / m?] [£COze / m”] [£COze / nr ]
DoWnstream processing [tCO5e / m?] — [tCO,e / nlnz]
Total (sgmiconductor and display
manjufacturingprocess + [tCO5e / m?] [tCO,e / m?] [tCO,e / m?]

dowj

nstream processing)

12 Uncertainty of GHG inventories

12.1 General

The parameters required for determining GHG emissions involve 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.

Besides the uncertainty of parameters, there are other error sources that can contribute to the uncertainty
of GHG emission 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 GWP to aggregate
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different GHG. This document is designed to reduce the model uncertainty inherent in semiconductor and
display industry inventories to minimal levels. Addressing scientific uncertainty is beyond the scope of the
industry inventories.

The general principles in ISO 19694-1 apply for the determination of uncertainty according to the
requirements of the Guidance on Uncertainty Assessment and ISO/IEC Guide 98-3.

Where standards for measurement of specific materials, energy consumption or any other emissions include
the analysis of uncertainty, Guidance on Uncertainty Assessment and ISO/IEC Guide 98- shall be applied.

12.2 Assessment of uncertainty of the mass balance based method

12.2.1 Major sources of uncertainty

The overdll uncertainty of the mass balance based method depends on the uncertainty of the.megsurement
and analyftical methods used. The main sources of uncertainty normally being associated'with:

a) measprement of activity data (including production volume and fuel quantities);
b) deterimination of analytical parameters (including chemical composition, emissions factors);
c) representativeness of sampling.

Quantifying parameter uncertainties is demanding in terms of data and procedures. As a result, sfatements
about thd aggregate uncertainty of emissions estimates are inhereftly uncertain themselves pnd often
involve a $ubjective component. Nevertheless, there are clear incertives to assess and minimize ungertainty:

— complanies may wish to rank the sources of uncertainty in.their inventory in order to identifly priority
areagto focus on when improving inventory quality;

— some|GHG reporting schemes, for example the maonitoring guidelines for the EU ETS, set qupntitative
limitg for the uncertainty of key parameters usedto estimate emissions from semiconductor apd display
plantk;

— wherpver monetary values are assigned to'GHG emissions, uncertainty in emissions estimateg can have
finanfial consequences.

12.2.2 Upncertainty of activity data

The inforpnation on the uncertainty of a measuring instrument can be found in different sources including:

— certifficates on calibration/under national metrological control (where the operational error limits the
unceftainty under noetmal operational conditions);

— the sppecification~from the manufacturer of the measuring device and estimate of the additional
uncertainty uhder operational conditions concerning relevant influences, or;

— an irdividaal uncertainty assessment under operational conditions (e.g. via regular testing and
adjustirent of the measuring device).

Activity data for the electronics industry consists of data on gas consumption and/or production figures
(surface area of substrate used during the production of electronic devices). Activity data uncertainty
originates from multiple variables and particular attention should be taken to minimize the uncertainty
and the potential bias of the measurements or of the models used to estimate activity data. For the activity
data uncertainty of the semiconductor and display industry, see “Activity data uncertainty” in 6.3.2 of 2019
Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

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.
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12.2.3 Aggregated uncertainties of activity data

In accordance with ISO/IEC Guide 98-3, if the activity data are 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.

For the assessment of the scales uncertainty, the 95 % confidence interval has to be calculated from the
deviations of the scale.[2] The associated uncertainty is determined by calculating the standard deviation
and then assessing it in terms of the normal measurements made, according to Formulae (19) and (20):

2 =1 (19)

X==F
n

where

X is the arithmetic mean of observed deviations with x;;

X; is the independent value of observed deviations;

n is the number of deviations.

n _
> (xi=x)?
S (x = S —— (20)
n-1

where

S(x;) | 1isthe experimental standard deviation;

X; is the independent value of observed deviations;
X is the arithmetic mean of observed déeviations with x;;
n is the number of deviations.

The calcufation of the 95 % confidenee\interval according to the t-distribution is given in Formula|(21):

U(x;)=x%tt, - (21)
’ 7% Jn

Ulx) is the reldtive expanded uncertainty;

S(x,) is the'experimental standard deviation;

n is’the number of deviations;

S(x; is-the-standard-uneertainty;

Jn
X is the arithmetic mean of observed deviations with x;;
to.a is the t-distribution, (degree of freedom ¢ = n - 1, probability of error @ = 1- p, probability

p =095 in case of a 95 % confidence interval).

For a significant number of samples, the expanded uncertainty U(x;) and the 95 % confidence interval can be
estimated using a coverage factor k = 2 instead of tyo-Inany case, the number of samples n and the coverage

factor k should be stated with any estimate of the expanded uncertainty.
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12.2.4 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.

For the uncertainty assessment of emission factors, see “Emission factor uncertainties” in 6.3.1 of 2019 Refinement to
the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

12.2.5 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 analytical parameters shall be aggregated by the error propagation laws in accordance with the GUM
and IPCC.

12.3 Asgessment of the uncertainty for the stack-measurement method

When usjing the stack-measurement method, the uncertainty assessment shall take accoupt of the
general guidance on uncertainty assessment provided in ISO 19694-1 and shall-bé& in accordance with
ISO/IEC Quide 98-3.
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Annex A
(informative)

Content of the monitoring plan

An operator shall develop a monitoring plan i.e. GHG determination and reporting plan based on this
document for the semiconductor and display industry type of installation.

The monigoering
methodolpgy of a s

pecific installation and shall at least contain the following elements:

a) geneial information:

1y
2)
3)
4)
5)

o8}

description of the organization and activities for the scope considered,

jo¥)

description of the procedure for managing the assignment of responsihilities,

o))

description of the written procedures of the data flow activities,

o8]

description of the written procedures for the control activities-established,

—

he version number and date of the monitoring plan;

b) adesgription of the semiconductor and display industry methodologies consisting of:

1)
2)

3)
4)
5)
6)

job)

detailed description of the mass balance based méthodologies applied,

<

'here applicable and where the operator intends to make use of simplification for sm
[reams, a categorization of the source streaifis referring to the sector-specific standards

%]

job)

description of the measurement systems/processes used,

<

<

rhere applicable, a list of the ¢hemical analysis methods to be used,

where applicable, a description of the procedure underpinning the sampling plan for the
off fuel and materials te-beanalysed;

c) a desgription of the measurement-based methodologies for stack emissions, where applied,
the fqllowing:

iy

2)

3)

4)
5)

ajny calculation formulae used for data aggregation and used to determine the emissions
emissionsource as well as the method for determining whether valid hours or shorter
eriods-for each parameter may be calculated, and for substitution of missing data,

onitoring

h1l source

rhere applicable, the default valuesuised for calculation factors indicating the source of the factor,

sampling

including

'rom each
reference

allist of all relevant emission points,

where flue gas flow is derived by calculation, a description of the written procedure
emission sources,

a list of all relevant measurement equipment,

a description of how CO, arising from biomass is to be determined and subtracted
measured total CO, emissions.

for these

from the

Together with the monitoring plan, the operator shall include the following supporting information: evidence
for each source stream and emission source demonstrating compliance with the uncertainty thresholds for
activity data and calculation factors, where applicable, as defined in Clause 8.
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Default emission factors are according to 6.2.2 “Choice of emission factors” of 2019 Refinement to the 2006

ISO 19694-7:2024(en)

Annex B

(informative)

Default emission factors

IPCC Guidelines for National Greenhouse Gas Inventories.

Thable B.1 — Tier 1 gas-specific emission factors for process emissions from electrenjic

manufacturing
Electronics industry sub- Semiconductors Display PV MEMS
sector kg/m?2 g/m? (array input glass area) g/m? k§/m?
CF, 0,36 0,65 5 0,015
C,F, 0,12 02
C4Fg 0,03
C,F, 0,03
c-C4Fg 0,01 0,001 0,076
C,Fg0 0,000 07
CsFq 0,001
CHF4 0,001 0,0024
CH,F, 0,003
NF3 0,15 1,29
SFg 0,05 4,14 ,86
N,0 1,01 17,06
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