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reword

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

The steel industry recognizes the urgent need to take actions concerning climate change. Slowing
and halting global warming requires reductions in GHG emissions on a global scale. To play a part in
achieving these reductions, it is necessary for steel plants to identify the amount of CO, emitted during
the production of steel products, in order to identify next opportunities for reduction of CO,.

As the calculation methods for CO, emission and intensity in iron and steel industry, ISO 14404-1
(for steel plants with blast furnace) and ISO 14404-2 (for steel plants with electric arc furnace) were
published in 2013, and ISO 14404-3 (for steel plants with electric arc furnace and coal-based or gas-
based direft reduction iron facility) was published in 2017.

The ISO 14404 series specifies calculation methods for the carbon dioxide (CO,) intensity~ef a steel
plant from|the amounts of the major inputs (purchased items) and outputs (sold items), sueh as natpiral
resources, fintermediate products, and energy. The concept is shown in Figure 1.

Input > OUJ}@V >

sz €0°_/ Energy intensity
Energy consumption z

Crude Steel Production
igure 1 — Conceptual diagram of calculation method in the ISO 14404 series

ey

This calculption method only uses basic imports and exports that are commonly measured and recorjded
by the plants; thus, the method requires neither the measurement of the specific efficiency of indiviqual
equipment] or processes nor dedicated measurements of the complex flow and recycling of mateifials
and wastefheat. In this way;the calculation method ensures its simplicity and universal applicabllity
without refjuiring steel plants to install additional dedicated measuring devices or to collect additi¢nal
dedicated ¢lata other than-commonly used data in the management of plants.

In addition, the ISO:14404 series provides the guidance to consider the activities in the boundary that
are located outside of the site boundary by considering the upstream emissions of the intermedjate
products preduced in such “outsourced steel production activities”. The conceptual diagra:r of
boundary and‘site houndary is shown in Figure 2
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' Boundar:!, ...................................................................................................................................

= Includes all necessary activities

Figure 2 — Conceptual diagram of boundary and site boundary

Intgrmediate products with possibilities of considering'upstream emissions include the follqgwing:
— | Electricity / steam;

— |Substances produced in the basic activities existing in the target process route (e.g. purchased coke
used in the BF - BOF route);

— |Substances that substitute the iron‘source of the process route even if they do not exist ifh the target
process route (e.g. purchased DRI used in the BF - BOF route).

The ISO 14404 series is based on “CO, Emissions Data Collection User Guide” established by the World
Ste¢l Association (worldstéel), which consists more than 161 major steel companies in 6( countries
and regions of the world. ‘Actual data collection among worldsteel members has been|conducted
yearly based upon thisguide since 2007. While the ISO 14404 series of standards and worlgisteel "CO,
Emissions Data Cellection User Guide" share the same concept, they have different characteristics
wheére the worldsteel’s User Guide provides the method suitable for collecting data from qteel plants
acrgss the world-in a uniform way, and the ISO 14404 series provide methods suitable for the|evaluation
of O, intensity of steel plant for each process route (i.e. combination of iron source and sfeelmaking
progess):

Thdrefore, while worldsteel method applies common boundary and CO, emission facfors to all
steelworks regardless of their process routes, the ISO 14404 series defines the boundary, CO, emission
factors and intermediate products for which upstream emissions are considered for each of the process
routes, such as BF-BOF (14404-1), Scrap-EAF (14404-2) and DRI-EAF (14404-3).

This document provides the guidance for calculating the CO, intensity at all types of steel plants,
including steel plants with process routes not covered in ISO 14404-1, ISO 14404-2 and ISO 14404-3
(steel plants with process routes other than BF - BOF, Scrap - EAF, DRI - EAF) as well as steel plants with
multiple process routes, by defining the boundary, CO, emission factors and the intermediate products
for which upstream emissions are considered for each of all types of steel plants. This document also
includes Universal Calculation Sheet, which covers all relevant emission sources from ISO 14404-1,
ISO 14404-2 and ISO 14404-3 to assist the calculation of CO, emissions.

© 1S0 2020 - All rights reserved vii
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Moreover, this document provides additional guidance to the entire ISO 14404 series for the following
topics, which have not been covered by ISO 14404-1, ISO 14404-2 and ISO 14404-3.

a) Evaluation of exported slags
b) Evaluation of by-product gas
c) Evaluation of stock

d) Selection of calorific values and emission factors for electricity and fuel

viii © IS0 2020 - All rights reserved
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Calculation method of carbon dioxide emission intensity
from iron and steel production —

Part 4:
Guidance for using the ISO 14404 series

1 (Scope

This document provides guidance for calculating the CO, intensity at steel plants with gll types of
profess routes, by defining the boundary, CO, emission factors and the intermedigte products for which
upskream emissions are considered for all types of process routes. In particular‘this document provides
guidlance applicable to the ISO 14404 series to the types of steel plants listed-below. This document also
includes the Universal Calculation Sheet, which covers all relevant emission sources from 10 14404-1,
1SO[14404-2 and ISO 14404-3 to assist the calculation of CO, emissions.

i. [Steel plants with different process routes from ISO 14404-151SO 14404-2 and ISO 14404-3 (7.2.1)
ii. |Steel plants with more than one process route (7.2.2)

iii. |Steel plants purchasing pig iron from the outside (7:2:3)

iv. |Steel plants and rerollers purchasing part or alkof crude steel from outside (7.2.4)

Mofeover, this document provides additional’ guidance to the entire ISO 14404 series for the
follpwing topics.

a) |Evaluation of exported slags
b) [Evaluation of by-product gas
c) |Evaluation of stock

d) |Selection of calorificwalues and emission factors for electricity and fuel

Conversion to energy‘consumption and to consumption efficiency can be obtained using AnTex A.

While the use of the calculation result is outside the scope of this document, appropriate applications
and|inappropriate application are recommended in Annex B.

2 |Nermative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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

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

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

© IS0 2020 - All rights reserved 1
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3.1 Emissions

3.11

emission source
process emitting CO, during the production of steel products

Note 1 to entry: There are three categories of CO, emission sources: direct, upstream and credit. Examples of
emission sources that are subject to this document are given in direct CO2 emission (3.1.2), upstream CO2 emission
(3.1.3) and credit CO2 emission (3.1.4).

[SOURCE: I

SO 14404-1:2013, 2.1.1]

3.1.2
direct CO,
CO, emissi

emission
bns from steel production activity inside the boundary (3.10.2)

Note 1 to entry: Direct CO, emission is categorized as “direct GHG emissions” in ISO 14064-1.

[SOURCE: I

313

upstream
CO, emissi
boundary (|

Note 1 to ¢

SO 14404-1:2013, 2.1.2]

CO, emission
bns from imported material related to outsourced steel production activities outside the
B.10.3) and from imported electricity (3.6.1) and steam (3.6:2] into the site boundary (3.1{

ntry: CO, emissions from imported material in this termrare categorized as “other indirect

emissions"']n ISO 14064-1.

Note2toe
“energy ind

[SOURCE: I

3.1.4
credit CO,
CO, emissi

try: CO, emissions from imported electricity (3.6.1),afid’steam (3.6.2) in this term are categorize
rect GHG emissions” in ISO 14064-1.

SO 14404-1:2013, 2.1.3, modified — boundary (3.10.2) is changed to site boundary (3.10.3

emission
bn that corresponds to exportedmaterial and electricity (3.6.1) or steam (3.6.2)

Note 1 to entry: Credit CO, emission is categorized as “direct GHG emissions” in ISO 14064-1.

[SOURCE: ISO 14404-1:2013, 2.1.4]

3.2 Gas fuel

3.2.1

natural gds
mixture of gaseeusvhydrocarbons, primarily methane, naturally occurring in the earth and u
principallylas a fuel

site
).3)
GHG

d as

sed

[SOURCE; S014404-1:2013 2.2 1]

3.2.2
coke oven
CcoG

gas

gas recovered from coke (3.4.6) oven

[SOURCE: I
3.2.3

SO 14404-1:2013, 2.2.2]

blast furnace gas

BFG

gas recovered from blast furnace

[SOURCE: 1

2

SO 14404-1:2013, 2.2.3]
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4

BOF gas
LDG

gas

recovered from basic oxygen furnace (Linz Donawitz converter)

Note 1 to entry: BOF: basic oxygen furnace

[SOURCE: ISO 14404-1:2013, 2.2.4]

3.2.

5

town gas

fue
[SO
3.2

gas manufactured for domestic and Industrial use
URCE: ISO 14404-2:2013, 2.2.2]
6

COREX gas

gas

3.2

recovered from COREX
7

othler gas

gas
gas

3.3

3.3
hea
No.

Not
[SO
3.3
ligh
No.
[SO

3.3
ken
par

[SO

3.3
LP(

other than natural gas (3.2.1), coke oven gas (3.2.2), blast furndee gas (3.2.3), BOF gas (3
(3.2.5), and COREX gas (3.2.6)

Liquid fuel
1
vy oil
4 to No.6 fuel oil defined by ASTM
e 1 to entry: ASTM: American Society for Testing and Materials
[JRCE: 1SO 14404-1:2013, 2.3.1]

2
It oil
2 to No.3 fuel oil defined by;ASTM

URCE: ISO 14404-1:2013;2.3.2]

3
osene
hffin (oil)

URCE: 1SO_14404-1:2013, 2.3.3]
4

.2.4), town

liquefied petroleum gas

[SOURCE: 1SO 14404-1:2013, 2.3.4]

3.4

3.4.

Solid fuel
1

coking coal
coal for making coke (3.4.6), including anthracite

[SOURCE: ISO 14404-1:2013, 2.4.1]
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3.4.2
BF injection coal
pulverized coal injection (PCI) coal, including anthracite

Note 1 to entry: BF: blast furnace
[SOURCE: ISO 14404-1:2013, 2.4.2]

3.4.3

sinter coal

BOF coal

coal for sinfer(3-7.2)/BOF, Including anthracite

[SOURCE: ISO 14404-1:2013, 2.4.3]

3.4.4
EAF coal
coal used fpr an electric arc furnace (EAF) (3.10.5), including anthracite

[SOURCE: ISO 14404-2:2013, 2.4.1, modified — “EAF” is changed to “electric arcfurnace (EAF)”. Nofe 1
to entry is deleted.]

3.4.5
steam coa
boiler coallfor producing electricity (3.6.1) and steam (3.6.2), includinig-anthracite

[SOURCE: ISO 14404-1:2013, 2.4.4]

3.4.6
coke
solid carbdnaceous material

[SOURCE: ISO 14404-1:2013, 2.4.5]

3.4.7
charcoal
devolatilize¢d or coked carbon neutral matérials

EXAMPLE Trees, plants.
[SOURCE: IISO 14404-1:2013, 2:4:6]

3.4.8
SR/DRI cofal
coal used [for smelting reduction (SR, including COREX)/ direct reduction iron (DRI), including
anthracite

[SOURCE: [SO"14404-2:2013, 2.4.5, modified — Note 1 to entry is integrated into the definition]

3.4.9

other coal

coal other than steam coal (3.4.5), coking coal (3.4.1), BF injection coal (3.4.2), sinter coal (3.4.3), EAF
coal (3.4.4), coke (3.4.6), charcoal (3.4.7) and SR/DRI coal (3.4.8)

3.5 Auxiliary material

3.5.1

limestone

calcium carbonate
CaCO4

[SOURCE: ISO 14404-1:2013, 2.5.1]
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3.5.2
burnt lime
CaO

[SOURCE: ISO 14404-1:2013, 2.5.2]
3.5.3

cru

de dolomite

calcium magnesium carbonate
CaMg(CO,),

[SO

3.5
bur
CaM

[SO

3.5
eleq

EAF graphite electrodes

—+

ne
[SO

3.5
nity
N,

inet
bou

[SO

3.5
arg
Ar

iner
bou

[SO
3.5

oxylgen

0,
gas

(3.10.2)

RCEIISU 144U4-1:2U15, £.5.5]

4
nt dolomite
(50,

URCE: ISO 14404-1:2013, 2.5.4]

5
‘tric arc furnace graphite electrodes

use of EAF (3.10.5) graphite electrodes or attrition loss
URCE: ISO 14404-2:2013, 2.5.5]

6
ogen

t gas separated from air at an oxygen plaat (3.10.8), imported from/exported to d
ndary (3.10.2)

JRCE: 1SO 14404-1:2013, 2.5.5, modified — the definition is simplified]

7
on

t gas separated from airJat an oxygen plant (3.10.8), imported from/exported to d
pdary (3.10.2)

[JRCE: 1SO 14404-1:2013, 2.5.6, modified — the definition is simplified]
8

separated from air at an oxygen plant (3.10.8), imported from/exported to outside th

utside the

utside the

b boundary

[SO

3.6

RCE: 150 14404-1:2015, Z2.5.7, modified — the delnition 1s simplifed]

Energy carriers

3.6.1
electricity
electrical energy imported from/exported to outside the boundary (3.10.2)

[SOURCE: ISO 14404-1:2013, 2.6.1, modified — the definition is simplified]
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3.6.2
steam

pressurized water vapour imported from/exported to outside the boundary (3.10.2)

[SOURCE: I

SO 14404-1:2013, 2.6.2]

3.7 Ferrous containing materials

3.71
pellets

agglomera
[SOURCE: I

3.7.2
sinter

bulk iron ore sintered by baking mixture of fine iron ore, coke (3.4.6) breeze and pulverized lime

[SOURCE: ]

3.7.3

hot metal
intermedid
iron ore w

[SOURCE: I

3.7.4
cold iron
solidified H

[SOURCE: 1

3.7.5
scrap
used steel

[SOURCE: I

3.7.6
gas-based
direct redu

[SOURCE: ]
3.7.7

tod snhericaliraon ore calcinated bv rotarv kiln
T o4 o4

SO 14404-1:2013, 2.7.1]

SO 14404-1:2013, 2.7.2]

te liquid iron products containing 30 g/kg to 50 g/kg by mass carbon produced by smelting
th equipment such as blast furnace

SO 14404-1:2013, 2.7.3, modified — “3 %, 5 %" is replaced with “30 g/kg, 50 g/kg”]

ot metal (3.7.3) as an intermediate solid iromwproduct

SO 14404-1:2013, 2.7.4]

hvailable for reprocessing

SO 14404-2:2013, 2.7.4]

DRI
ced iron (DRI)}reduced by a reducing gas such as reformed natural gas (3.2.1)

SO 14404-1:2013, 2.7.5]

coal-base

direct redyced iron (DRI) reduced by coal

DRI

[SOURCE: I

SO 14404-1:2013, 2.7.6]

3.8 Alloys

3.8.1

ferro-nickel
alloy of iron and nickel

[SOURCE: I

SO 14404-1:2013, 2.8.1]
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3.8.2
ferro-chromium
alloy of iron and chromium

[SOURCE: ISO 14404-1:2013, 2.8.2]

3.8.3
ferro-molybdenum
alloy of iron and molybdenum

[SOURCE: ISO 14404-1:2013, 2.8.3]

3.9 Product and by-product

391
CO4 for external use
CO | exported to outside the boundary (3.10.2)

[SOPRCE: ISO 14404-1:2013, 2.9.1]
3.9.2

tar

light oil (3.3.2) recovered by COG (3.2.2) purification, consisting mainly of benzene, t
xyléne (BTX)

[SOPURCE: 1SO 14404-1:2013, 2.9.3, modified — “COG gas” is changed to “COG”]

3.9,
BF slag to cement
blagt furnace slag supplied to;eement industry

[SOPRCE: ISO 14404-1:2013, 2.9.4]

395
BOF slag to cement
BOJ slag suppli€d to cement industry

[SOPRCE:ISO 14404-1:2013, 2.9.5]

hixtures of

luene and

Dithorc

3-1U OTCIICT J

3.10.1
other emission source

other related emission sources (3.1.1) such as plastics, scraps (3.7.5), desulfurization additives, alloys,

fluxes for secondary metallurgy, dust, sludge, etc.
[SOURCE: ISO 14404-1:2013, 2.10.1]

3.10.2
boundary
limit of activity used to calculate CO, emissions intensity for steel production activities

Note 1 to entry: boundary (3.10.2) may be different from the site boundary (3.10.3)

© IS0 2020 - All rights reserved
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[SOURCE: ISO 14404-1:2013, 2.10.2, modified — Note 1 and 2 to entry is deleted, and new Note 1 to
entry is added]

3.10.3

site boundary
boundary (3.10.2) defined by the target steel production site for the calculation of CO, emission and

intensity

3.104

process route
route of steel production defined by the combination of iron source and steel making process

3.10.5
EAF
electric ar
furnace th

[SOURCE: 1

3.10.6
casting
pouring st
slabs, or pd

[SOURCE: 1

3.10.7
lime kiln
kiln used t

[SOURCE: I
3.10.8

c furnace
it melts and refines iron-bearing material into steel

SO 14404-2:2013, 2.10.2.1]

bel directly from a ladle through a tundish into a mould shaped to form billets, bloom
uring steel from a ladle into a mould shaped to form ingots

SO 14404-1:2013, 2.10.2.3]

h produce burnt lime (3.5.2) by the calcination of¥fimestone (3.5.1)
SO 14404-1:2013, 2.10.2.6]

oxygen pl;

nt

cryogenic qir separator to produce high-putity oxygen (3.5.8)

[SOURCE: ISO 14404-1:2013, 2.10.2.8]

3.10.9

steam boiler
boiler for groduction of steam(3.6.2)

[SOURCE: ISO 14404-1:2013, 2.10.2.9]

3.10.10

power plapt
plant that generates electricity (3.6.1)

[SOURCE: IS614464-1+2613;

3.10.11
RHF
reheating

np

102101
1U.Z.1VU]

furnace

heating furnace used in hot rolling (3.10.12) mills to heat the steel stock (billets, blooms or slabs)

3.10.12

hot rolling
rolling at elevated temperature

[SOURCE: I

SO 14404-1:2013, 2.10.2.11]
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3.10.13

cold rolling

rolling at room temperature

[SOURCE: ISO 14404-1:2013, 2.10.2.12]

3.10.14
coating
covering steel with another material (tin, chrome, zinc, etc.), primarily for corrosion resistance

1SO 14404-4:2020(E)

Note 1 to entry: Coating materials may include tin, chrome, zinc, etc.

[SOPRCE: ISO 14404-1:2013, 2.10.2.13]
4 (Symbols
The symbols used in this document are given in Table 1.
Table 1 — Symbols
Syipbol Unit Description
Ed,LO, tonnes of CO, Direct CO, emissidns
Eu,LO0, tonnes of CO, Upstream COyemissions
Ec,CO, tonnes of CO, Credit CO, emissions
Ea,fo, tonnes of CO, Annual COy emissions
1CQ, tonnes of CO, per tonne CO, intensity factor
Kt,4,CO, tonnes of CO, per unit Emission factor for calculation of direct CO, emigsions
Kt,ll,CO2 tonnes of CO, per unit Emission factor for calculation of upstream CO, gmissions
Kt,¢,CO, tonnes of CO, per unit Emission factor for calculation of credit CO, emigsions
P — Annual crude steel production
Qt,ql,COz — Quantities of direct CO, emission sources
Qt,lll,CO2 — Quantities of upstream CO, emission sources
Qt,¢,CO, — Quantities of credit CO, emission sources
5 [Principles
5.1) General
Thd applieation of principles is a base to ensure that calculated CO, intensity is effectively] usable for
ste¢l producers to assess their production site efficiency universally without specificity [of product
configurations, location of site, and individual facility used in the site.

5.2 Relevance

Selectall the direct source, upstream source and credits into and out of the boundary of steel production
site, data and methodologies appropriate to the need of intended purpose.

5.3 Completeness

Include all the relevant imports to, exports from sources and credits to steel production site to calculate
CO, intensity of steel production site.
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5.4 Consistency

Enable universally meaningful assessment in CO, intensity of steel production site regardless of the
product configurations, location of the site, and individual facilities used in the site.

5.5 Accuracy

Reduce bias and uncertainties of the data being collected and used for the calculation and methodologies
of the calculations as much as appropriate.

5.6 Transparency

Disclose CQ), calculation method, including emission factors to allow every steel producer to.asses
CO, intensijty of steel production site universally.

6

Characteriptic features of the ISO 14404 series include the following:

7

7.1 Generat

Characteristic features of the ISO 14404 series

This calculation method only uses basic imports and exports that afe commonly measured
recorded by the plants; thus, the method requires neither the measurement of the specific efficig
ofindiyidual equipment or processes nor dedicated measurementsofthe complex flow and recyd
of materials and waste heat. In this way, the calculation method\enSures its simplicity and unive
applicability without requiring steel plants to install additional dedicated measuring devices o
collectladditional dedicated data other than commonly used data in the management of plants.

The sefies defines the boundary (i.e. limit of activity,used to calculate CO, emissions intensity
steel groduction activities) for CO, intensity calculation for each process route. Even in the (
where(the activities within the “boundary” are.located outside the “site boundary” of the ta
steel plant, the series provides the guidance tg_include them to be inside the boundary by apply
the copcept of “upstream emissions” to the-intermediate products produced in such “outsou
steel production activities”. Intermediate;products that may be produced in such “outsourced s
produgtion activities” include the following:

— Electricity / steam

— Supstances manufactured~in the basic activity existing in the target process route
purchased coke used inthe BF - BOF route)

— Supstances that substitute the iron source of the process route even if they do not exist in
target process<oute (e.g. purchased DRI used in the BF - BOF route)

Guidancefor applying the ISO 14404 series to all types of steel plants

b its

and
ncy
ling
rsal
r to

for
ase
rget
ring
ced
teel

e.g.

the

As shown in Figure 3, there are multiple combinations of iron source and steelmaking process, i.e.
process routes, in the steel manufacturing process.

In Figure 3, each of the arrows represents a process route.

10
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Smelting Reduction | Smelting Reduction DRI
= o Scrap or )
Iron Source BF requiring coke not requiring coke (on-site
purchased DRI )
(e.g. COREX, FINEX) (e.g. ITmk3) production)

1SO 14404-2 I | - I
I 1SO 14404-1 I : ISO 14404-3

A\ 4 \\ 4 \\’4

Steel making BOF EAF
process

Figure 3 — Existing Process Routes in Steel Production

Profess routes covered by ISO 14404-1, ISO 14404-2 and ISO 14404-3 are BE*BOF (ISO 14404-1), Scrap-
EAF (ISO 14404-2), DRI (facility) -EAF (ISO 14404-3) only. However, by determining the infermediate
profucts for which upstream emissions shall be considered according®o the decision tree in Figure 4,
it ig possible to calculate the CO, intensity using ISO 14404 at all steel plants. Moreover, since the idea
of Qoundary application described in Figure 4 is already refle¢ted in the universal calculation sheet
detpiled in Clause 8, the sheet can be applied to all steel plants)by entering the inputs and putputs for
each item in the entry sheet.

Note that if the steel plant both produces crude steel and purchases semi-finished steel products, 7.2.4.2
and Annex E should be referred to.

Classification of intermediate productsffor
which upstream emissions are considefed

The steel plant has
iron making process
requiring coke

Yes (e.g. BF, COREX, FINEX) Follow 1SO 14404-1
(see 7.2.1)

The steel plant has Yes (e.g. on-site production of DRI, ITmk3)

iron making process

Follow ISO 14404-3

No

The steel plant Yes (e.g. Scrap-EAF, purchased DRI)

produces crude steel Follow ISO 14404-2

No
(e.g. Rerollers)

Eollow IS0 144042
(see 7.2.4.1)

Figure 4 — Decision tree for the application of the 1ISO14404 series

Whether to consider the upstream emissions of purchased intermediate products or not is determined
by whether the process producing the intermediate product is inside the boundary applied to the target
steel plant or not. The essential facilities for steel production associated with each process route are
considered to be inside the boundary, and if these processes are located outside of the steel plant site
(i.e. these steel production activities are outsourced), then the emissions from such processes shall be
taken into account by applying upstream emissions to the purchased intermediate products produced
from such processes. On the other hand, upstream emissions of intermediate products produced in
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non-essential processes shall not be considered. Since ISO 14404-1, ISO 14404-2 and ISO 14404-3 have
different boundaries, each part has different set of intermediate products for which upstream emissions
shall be considered.

As shown in Table 2, there are 14 intermediate products for which upstream emissions are considered
in ISO 14404-1, 2, 3. For example, since coke oven is an essential facility in the BF-BOF process route,
which is the target process route of ISO 14404-1, coke production is determined to be inside the
boundary in 14404-1. Therefore, when coke is purchased from outside, the upstream emissions of
such purchased coke shall be considered. On the other hand, coke oven is not an essential facility in the
scrap-EAF process route, the target process route of ISO 14404-2, and therefore outside the boundary

for calculat. - ute,
the upstregam emissions shall not be considered.
Table 2 organizes for which intermediate products upstream emissions are considered in“gach part
of ISO 14404 series (considered—©o, not considered—x, not applicable— -). Among the 14 intermedjate
products, ypstream emissions shall be considered in all 3 parts of the ISO 14404 series forthe following
7 intermediate products: burnt lime, burnt dolomite, nitrogen, argon, oxygen, electricity and stgam.
When a steel plant has a blast furnace or an iron making process requiring eoke, then upstr¢gam
emissions ghall be considered for all 14 intermediate products (i.e. the set of-intermediate prodficts
for which ypstream emissions shall be considered follows ISO 14404-1). When-asteel plant has an Jron
making process not requiring coke, then upstream emissions shall be considered for pellet, hot me¢tal,
cold iron, gas-based DRI, coal-based DRI (i.e. the set of intermediate products for which upstr¢am
emissions [shall be considered follows ISO 14404-3). Since sinter iS\used only in the blast furrace
process, there is no entry space for its inputs and outputs in ISO 144042 or ISO 14404-3. Therefore,|itis
not necessary to determine whether to consider its upstream emissions or not.
Table 2 — Classifications of the intermediate products with/without upstream emissions
1SO 14404-1 | ISO 14404-2 | ISO 14494-3 Condition for cons_lde_rlng the upstream
emissions
Presence of Iron making process requiring
Cole ° 8 X coke in the site boundary
Burnt|ime o] o o
Burnt ddlomite o Q o
Nitrogen o © o
Argon o o o
Oxygen o o o
Electrjcity o o o
Steam © o o
Pelldts o N o Presence of Iron making process in the site
boundary
Sintkr o i ) Presence of Iron making process requiring
i coke in the site boundary
Hot metal o N o Presence of [ron making process 1n the site
boundary
Cold iron o « o Presence of Iron making process in the site
boundary
Gas-based DRI o « o Presence of Iron making process in the site
boundary
Coal-based DRI o « o Presence of Iron making process in the site
boundary

As described above, whether to consider the upstream emission of a purchased intermediate product in
the ISO 14404 series depend on the type of iron source (i.e. whether there is an iron making process or
not, and whether there is an iron making process requiring coke or not), and it does not depend on the
type of steel making process (i.e. BOF or EAF). Therefore, when selecting the part to be applied, there is
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no need to differentiate between BOF and EAF, and only the type of iron source should be considered.
Table 3 organizes the applicable part of the ISO 14404 series for the classification of intermediate
products for which upstream emissions are considered for each iron source type.

Table 3 — Parts of the ISO 14404 series corresponding to iron source type

Ironmaking process Ironmaking process not

Iron source / o . Scrap
requiring coke requiring coke

i e ST s (e.g. BF, COREX, FINEX)  |(e.g. ITmk3, Produced DRI} |Purchased DRI

Applicable Standard

for [the classification of
int¢rmediate products for |ISO 14404-1 ISO 14404-3 1SO 144042
whjch upstream emissions
shalll be considered

Subfclause 7.2 provides the guidance for applying the ISO 14404 series to steel’plants, fon
detérmination of the part of ISO 14404 to be applied is considered difficult.

7.2
ISO

7.2

For

sholild be applied if the iron making process requires coke’(e.g. COREX, FINEX), and I1SO 144(

be 2

7.2

When a steel plant has two or more process-routes, follow the decision tree in Figure 4 for d

which the

Application of the ISO 14404 series for steel plants not covered in ISO 14404-1,

14404-2 and ISO 14404-3

1 Steel Plants with iron making processes other than BF and on-site production of DRI

steel plants with iron making processes other than BF or on-site production of DRI, IS

pplied if the iron making process does not require’coke (e.g. ITmk3).

2 Steel Plants with multiple process routes

0 14404-1
4-3 should

ptermining

which part of the ISO 14404 series should be followed for the classification of intermediatle products

for which upstream emissions shall be.considered. In other words, the intermediate product
upstream emissions shall be considéred are determined by the presence of crude steel
profess, iron making process and iron making process requiring coke in the steel plant. Fg

s for which
production
r example,

for p steel plant with both BF process, which requires coke, and DRI process, which does ot require

cokp, the upstream emissions shall be considered for all purchased coke of this steel plant.

7.2

For
onlj

7.2

3 Steel plants-which purchase pig iron from outside

steel plantsihich make all of their steel products such as special steel or special shaped
 purchased pig iron (hot metal/ cold iron), ISO 14404-2 should be applied.

4 «Steel plants which purchase all or part of semi-finished steel product from outs

steel using

ide

1CO 14404 .1 1CO 1

404-2 and

Th

oo d € P | H L. | A | 4 1. i idad i
ITICTLIIUU 1TUI CUIISIUTUT 1115 }Jul ClIIdoTU LI UUT S5TtCTI 15 1T1IUL }Jl Uuviutu 1I1 10U 1 177VUT 1, 10U 1

ISO 14404-3, while the method to consideration of purchased hot metal and cold iron are provided.
Thus, the guidance is provided here.

2 types of steel plants are assumed (Figure 5).

©IS

Case 1: a steel plant which produces all steel products from purchased semi- finished steel product

Case 2: a steel plant which produces crude steel through process routes such as BF-BOF
EAF in addition to using purchased semi-finished steel products

02020 - All rights reserved
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<(Case-1>
Production process for ) , i Final
purchased crude steel RHF Rolling mill ! product
<Case=2>
Production process for i . . i Final
pur¢hased crude steel i RHF Rolling mill E product
Orlsite production i ) ) i Final
progess of crude steel i RHF Rolling mill ! product

Figure 5 — Schematic diagram of Case-1 anhd Case-2

7.2.4.1 (ase-1: a steel plant which produces all steel products are made by using from
purchased semi- finished steel product (Re-Roller)

For rerollgrs that produce their steel products using only purchased semi-finished steel prodluct
(slab, bloofn, billet etc.), ISO 14404-2 should be applied. In this case, expected input items are fuel] for
reheating the purchased semi-finished products and electricity for rolling. The amount of final product
(or the am¢gunt of purchased semi-finished stegkproduct) is used as parameter of CO, intensity insfead
of the amofint of crude steel production.

7.2.4.2 (ase-2: a steel plant whichproduces crude steel through process routes such as BF-BOF
and scrap{EAF in addition to using purchased semi-finished steel products

Case-2 appllies to a steel plant-which purchases crude steel (slab, bloom, billet, etc.) in addition tofon-
site produg¢tion of crude steel“In this case, the part of the ISO 14404 series to be applied should be
determinegl by the process-route of the on-site crude steel production. Therefore, a steel plant with
BF or an ifon making precess requiring coke follows ISO 14404-1, a steel plant with an iron making
process ndt requiring/coke follows ISO 14404-3, and a steel plant without an iron making pro¢ess
follows IS 14404-~2/for determining for which intermediate products upstream emissions shal| be
considered. Depending on the purposes, a boundary should be applied and calculated. For the method
to apply at1d calculate the boundary, refer to Annex E.

7.3 Guideline for making comparisons using the ISO 14404 series

In general, CO, emissions differ greatly depending on whether a steel plant has the iron making process,
steel making process and rerolling process. In ISO 14404-1, ISO 14404-2 and ISO 14404-3, the boundary
of each target process route is strictly defined, and therefore each steel plant that uses the same part of
the ISO 14404 series (i.e. ISO 14404-1, ISO 14404-2 and 1SO 14404-3) can be compared with each other.

In making comparisons beyond parts or comparisons of steel plants with process routes which are not
covered by ISO 14404-1, ISO 14404-2 and ISO 14404-3, the prerequisite is for the steel plants being
compared to have the same set of iron making, steel making and rolling processes.

In general, a steel plant with iron making process and plant without iron making process cannot be
compared.
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As for comparisons among steel plants with iron making process, when making a comparison between
two or more steel plants with iron making process not requiring coke, the upstream emissions of coke
shall not be considered (i.e. ISO 14404-3 shall be applied for the consideration of upstream emissions).
On the other hand, when making a comparison between a steel plant with iron making process not
requiring coke and a steel plant with iron making process requiring coke, then the upstream emissions
of purchased coke shall be considered (i.e. ISO 14404-1 shall be applied for the consideration of
upstream emissions).

When making a comparison between steel plant using purchased semi-finished steel product, the
guidance below should be followed.

A1
sted
(sed

Wh
sen
emi

8

8.1

Thi
cov
are

Figuire 4. Therefore, this calculation sheet can be applied to all types of steel plants by el

inp

Table 4 lists all emission sources included in the universal calculation sheet. The universal

she
COBR
ISO
Sin

eroller without steelmaking process should be compared only with another rerell
Imaking process, and I1SO 14404-2 should be applied for the consideration of upstrean
7.2.4.1 Case-1).

bn making comparison between a steel plant using both self-produced crude steel and
i-finished steel product with another steel plant with steel making process;.consider th
ssion of purchased semi-finished steel product (see 7.2.4.2 Case-2 and Annex E Boundary

Calculation using the Universal Calculation Sheet

General

5 document provides the Universal Calculation Sheet,which includes all emission sourd
bred in Annex C of the ISO 14404 series. In this calctalation sheet, the emission factors to
automatically selected according to the rules of ipstream emission consideration as d

1t /output data into the cell corresponding to-the appropriate energy source type.

bt includes all emission sources included in ISO 14404-1, ISO 14404-2 and ISO 14404-3
LEX gas, other gas, and other coal:(highlighted by gray color in Table 4), which are not
14404-1, ISO 14404-2 and ISO 14404-3, in order to apply the ISO 14404 series for all s

Table 4 — List of emission sources included in the Universal Calculation Shee

ISO 14404-1
o

ISO 14404-2
o

ISO 14404-3
o

Natural gas

X

Coke oven gas x

X X

Blast furnace gas
BOF gas

O
O
O

br without
emissions

purchased
P upstream
-3).

es that are
be applied
pscribed in
itering the

calculation
as well as
ncluded in
Leel plants.

e the types of “other gas” and “other coal” are different for each steel plant, the type and emission
factor of these items shall be selected by each steel plant.

-+

Town gas

COREX gas
Other gas

Heavy oil
Light oil
Kerosene
LPG
Coking coal

oO|O0|O|O
oO|O0|O|O

o|o|O|O|O

X
X

o:included in this part

x: not included in this part

-:items newly added in this document
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Table 4 (continued)

ISO 14404-1

ISO 14404-2

ISO 14404-3

BF injection coal

o

X

X

Sinter/BOF coal

X

X

Steam coal

Coke

Charcoal

oO|OoO|[O]|O

EAF coal

X

oO|O0|O]|O

offo|o| 0| O

SR/DRI coal

X

X

Other coal

Limestone

Burnt lime

Crude dolomite

Burnt dolomite

Nitrogen

Argon

Oxygen

o|l|oflo|jo|O|O|O

EAF graphite electrodes

X

Electricity

Steam

Pellets

Sinter

Hot metal

Cold iron

Gas-based DRI

Coal-based DRI

Ferro-nickel

Ferro-chromium

Ferro-molybdenum

CO, for externatnse

Coal tar

BenzoleAcoal light oil)

Other emission sources

o|o|jo|lo|OoO|O|O|O|OJ(O|OCO|O|O]|0O]|O

o|jojo|lOo|J]OoO|]O|lO|JO|O|lO|JO|O|]O|O0Og0]O0O|O|OC|O|O|JO|O]|O

o|jojo|lo|]OoO|]O|lO|O|]O|lO|JO|]O|]O|O|O|O|O|O|OJO|OC|O]|O

owincluded in this part

X: not included in this part

-: items newly added in this document

A plant performs its calculations as follows.

a)
b)

<)

d)

16

Step 1: Clarify the quantity of annual crude steel production (or final steel production) at the plant.

Step 2: Clarify the annual direct CO, emissions sources and upstream CO, emissions sources based
on raw materials, intermediate products and energy that the plant exports to outside users.

Step 3: Clarify the annual credit CO, emissions sources based on raw materials, intermediate
products and energy that the plant exports to outside users.

Step 4: Calculate the annual CO, emissions and CO, intensity using the emission factor.
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8.2 Calculation procedure

8.2.1 Data collection of crude steel production (or final steel production)

A plant manufacturing steel records its annual production of crude steel (P). If a plant uses any
purchased semi-finished steel products, record the annual purchased amount of purchased semi-
finished steel products or the plant’s annual production of final steel products.

8.2.2 Data collection of direct and/or upstream CO, emission sources

[1uUld I": cel record [1€ JudIl cS Ol I'daw IIlateridls, Intermediate proau ,3ndenergy
ported from outside suppliers as the direct or upstream CO, emissions sourees based on
Table 5 includes all emission sources included in the ISO 14404 series.
Table 5 — Direct and/or upstream CO, emission sources
Subscript Quantities of Quantities of up-
dgsignator for Q Emission sources Unit direct emission stream emission
t source (t,d,CO, squrce
QtJu,CO,

Gag fuel

1 Natural gas 1032 m3(stp?b) Q1,d,C0, N/Ac

2 Coke oven gas 103m3(stp) Q2,d,Co, N/A

3 Blast furnace gas 103m3(stp) Q3,d,Co, N/A

4 BOF gas 103m3(stp) Q4,d,CO, N/A

5 Town gas 103m3(stp) Q5,d,C0, N/A

6 COREX gas 103m3(stp) Q6,d,CO, N/A

7 Other gas 103m3(stp) Q7,4d,co, N/A
Liquid fuel

8 Heaviy, oil m3 08,d,C0, N/A

9 Iight oil m3 Q9,d,co, N/A

10 Kerosene m3 Q10,d,C0, N/A

11 LPG t Q11,d,CO, N/A
Solfd fuel

12 Coking coal dryt Q12,d,Co, N/A

13 BF injection coal dryt Q13,d,CO, N/A

14 Sinter/BOF coal dryt Q14,d,CO, N/A

15 Steam coal dryt Q15,d,CO, N/A

16 Coke et Q166,60 &16,u,C0,

17 Charcoal dryt Q17,,C0O, N/A

18 EAF coal dryt Q18,d,C0, N/A

19 SR/DRI coal dryt Q19,d,C0, N/A

20 Other coal dryt Q20,d,CO, N/A
Auxiliary materials
NOTE Raw materials that are recorded as both direct and upstream CO, emission sources are handled similarly as both
direct and upstream CO, emissions sources when calculating CO, emissions.
a  103=1000
b Standard temperature and pressure.
¢ Notapplicable.
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Table 5 (continued)

Subscript Quantities of Quantities of up-
designator for Q Emission sources Unit direct emission streasn(;lflr‘lcl:essmn
t source (t,d,CO, 06,u,CO,
21 Limestone dry t Q21,d,CO, N/A
22 Burnt lime t N/A Q22,u,CO,
23 Crude dolomite dryt Q23,d,CO, N/A
24 Burnt dolomite t N/A Q24,u,CO,
25 Nitrogen 103m3(stp) N/A Q25,u,C03
26 Argon 103m3(stp) N/A Q26,0605
27 Oxygen 103m3(stp) N/A Q27CO0,
28 EAF graphite electrodes t Q28,d,CO, @28,u,CO,
Energy cayriers
29 Electricity MWh N/A Q29,u,CO,
30 Steam t N/A Q30,u,CO,
Ferrous-cqgntaining material
31 Pellets t N/A Q31,u,CO,
32 Sinter t N/A Q32,u,CO,
33 Hot metal t Q33,d,Co, Q33,u,CO,
34 Cold iron t Q34,d,CO, Q34,u,CO,
35 Gas-based DRI t Q35,d,Co, Q35,u,CO,
36 Coal-based DRI t Q36,d,CO, Q36,u,CO,
Alloys
37 Ferro-nickel t Q37,d,CO, N/A
38 Ferro-chromium t (38,d,C0, N/A
39 Ferro-molybdenum t Q39,d,CO, N/A
Product and/or by-product
40 CO2 for external use t Q40,d,CO, N/A
41 Coal-tar t Q41,d,C0, N/A
42 Benzole (eoal light oil) t Q42,d,C0, N/A
Others
N Other’emission sources | — | QN,d,CO, | QN,u,CO,
NOTE Raw materialsthdt are recorded as both direct and upstream CO, emission sources are handled similarly as Hoth
direct and upstream COyemissions sources when calculating CO, emissions.
a  103=10p0
b Standar{d témperature and pressure.
¢ Notapplicable.

8.2.3 Data collection of credit CO, emissions sources

A plant manufacturing steel records the quantities of raw materials, intermediate products and energy
that are exported to the outside users as the credit CO, emission sources based on Table 6.
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Table 6 — Credit CO, emission sources

1SO 14404-4:2020(E)

Subscript des;ignator for Q Emission sources Unit credi(tzg?nnitslstilg; (s’(f)urce
Qt,c,CO,
Gas fuel
1 Natural gas 103 2 m3(stpP) Q1,c,CO,
2 Coke oven gas 103m3(stp) Q2,c,CO,
3 Blast furnace gas 103m3(stp) Q3,c,CO,
4 BOF gag 103m3(stp) Q4.cCOo,
5 Town gas 103m3(stp) QS,C,COﬂQ
6 COREX gas 103m3(stp) 06,c.60, "
7 Other gas 103m3(stp) Q7M2
Liquid fuel ‘(\D‘
8 Heavy oil m3 N b‘\)‘ Q8,c,CO,
9 Light oil m’ 090,
10 Kerosene m3 \6 Q10,¢,CO,
1 LPG ten Q11,¢,CO,
Solid fuel L
12 Coking coal ‘ Q\C(ry t Q12,c,CO,
13 BF injection coal , f\ dryt 013,¢,C0,
14 Sinter/BOF coal o, | dryt Q14,¢,CO,
15 Steam coa\l\&\ dryt Q15,¢,CO,
16 Cokes dryt 016,¢,C0,
17 Chareoal dryt Q17,¢,CO,
18 | BAF coal dryt 018,¢,CO,
19 _-CSR/DRI coal dryt Q19,¢,C0,
20 " Other coal dryt 020,¢,CO,
Aucxiliary material A@ )
21 P Limestone dryt Q21,c,CO,
22 ,O . Burnt lime t Q22,c,CO,
;3\(Ov Crude dolomite dry t Q23,¢,CO,
Reld Burnt dolomite t 024,¢,C0,
= 25 Nitrogen 103m3(stp) Q25,¢,CO,
L' 26 Argon 103m3(stp) 026,¢,CO,
= 27 Oxygen 103m3(stp) 027,¢,C0,
N 28 EAF graphite electrodes t Q28,c,CO,
Energy carriers
29 Electricity MWh Q29,¢,CO,
30 Steam t Q30,c,CO,
Ferrous-containing material
31 Pellets t Q31,¢,CO,
32 Sinter t Q32,¢,CO,
33 Hot metal t Q33,¢,CO,
34 Cold iron t Q34,c,CO,
a  103=1000
b Standard temperature and pressure.
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Table 6 (continued)
Subscript destignator for Emission sources Unit credi(tlgzlligstil(frsl :(f)urce
Qt,c,CO,
35 Gas-based DRI t Q35,¢,CO,
36 Coal-based DRI t Q36,c,CO,
Alloys
37 Ferro-nickel t Q37,c,CO,
38 Ferro-chromium t Q38.¢.CO,
39 Ferro-molybdenum t Q39,c,CO,
Product and/or by-product
40 CO2 for external use t Q40,c,CO,
41 Coal tar t Q41,c,GOy
42 Benzole (coal light oil) t Q424¢,CO,
Others
N Other emission sources | — | ON,c,CO,
a  [103=1 000
b Ktandard temperature and pressure.

8.24 Ca

The annua
and (2) us
emission s

Ea,CO2
1CO, =

Table 7 giv
If differen
simplificat
Table 7 are
a template

culation

CO, emissions (Ea,CO,) and CO, intensity (ICO,).of a site are calculated from Formulae
ng CO, emission factors that correspond to the‘direct CO, emission sources, upstream
purces and credit CO, emission sources recorded as specified in 8.2.2 and 8.2.3.

=XN_, Kt,d,CO,x Qt,d,CO, +XN_, Kt,u,€0,x Qt,u,C0,-XN_, Kt,c,CO,x Qt,c,CO,
Fa,CO, /P

es an indication of emission~factors that can be used if no other reliable data are availg

ons should be clearlyidentified and justified. If other emission sources specified in No.
applied, such sources should be clearly identified with their emission factors. An examp
is available in Afinex D.

emission factors or simplifications from Table 7 are applied, such emission factors

(1)
Co,

M
(2)

ble.
or
N of
e of
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Table 7 — Indicative emission factors for CO, emission sources

CO, Emission Factor

Direct Up- Credit
o stream o
emission| . . |emission
factor f factor
o ) actor
CO, Emission Source Unit (Kt,d,- (Kt,u,- (Kt,c,-
COZ) COZ) COZ)
unit unit unit
Natural gas 103m3(stp) 2,014 N/A 20014
0,977
Coke oven gas 103m3(stp) 0,836 N/A
0,952b
0,17¢2
Blast furnace gas 103m3(stp) 0,891 N/A 0 1gbb
Gas fuel .
BOF gas 103m3(stp) 1,512 N/A 043¢
8 P ” 0,47Qb
Town gas 103m3(stp) 2,014 N/A 2,01¢
COREX gas 103m3(stp) 1,414 N/A | 037F
Other gas 103m3(stp) C N/A c
Heavy oil m3 2,907 N/A 2,907
o Light oil m?3 2,601 N/A 2,60[L
Liquid fuel
Kerosene m3 2,481 N/A 2,481
LPG t 2,985 N/A 2,98b
Coking coal dryt 3,059 N/A 3,05p
BF injection coal dryt 2,955 N/A 2,95b
Sinter/BOF coal dryt 2,784 N/A 2,78¢%
Steam coal dryt 2,461 N/A 2,461
fora'steel plant
with Iron making dryt 3,257 | 0,224 | 348
process requiring
coke
Solid fuel Coke
for a steel plant
without Iron dryt 3257 | N/A | 3257
making process
requiring coke
Charcoal dryt 0,000 N/A 0,000
EAF coal dry t 3,257 N/A 3,25[7
SR/DRI coal dryt 2,955 N/A 2,95p
Other coal dryt c N/A c

methodology.

b This credit emission factor is based on natural gas equivalent.

¢ The value shall be determined by using available data backed by reliable evidence.

a  This credit emission factor is based on world average electricity equivalent based on worldsteel
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Table 7 (continued)
CO, Emission Factor
Direct Up- Credit
emission stl_"ea.m emission
factor erfr:llcsts;(r)n factor
CO, Emission Source Unit (Kt,d,- (Kt,u,- (Kt,c,-
CO,) Co,) CO,)
t-CO,/ | tCO,/ | t-CO,/
unit unit unit
Limestone dryt 0,440 N/A 0,440
Burnt lime t N/A 0,950 0,950
Crude dolomite dryt 0,471 N/A 0,471
Ayxiliary|Burntdolomite t N/A 1,100 15100
mdterial Nitrogen 103m3(stp) N/A 0,103 0,103
Argon 103m3(stp) N/A 0,103 0,103
Oxygen 103m3(stp) N/A 0,355 0,355
EAF graphite electrodes t 3,663 N/A 3,663
Ehergy Electricity MWh N/A 0,504 0,504
cayriers Steam t N/A 0,195 0,195
a | This credit emission factor is based on world average electricity equivalent based on worldsteel
mefthodology.
b | This credit emission factor is based on natural gas equivalent.
¢ | The value shall be determined by using available databacked by reliable evidence.
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Table 7 (continued)
CO, Emission Factor
Direct Up- Credit
o stream o
emission .. |emission
emission
factor factor factor
€O, Emission Source Unit (Kt,d,- (Ktu,- (Kt,c,-
Co,) Co,) Co,)
t-CO,/ | tCO,/ | t-CO,/
unit unit unit
for a steel plant
with Iron making t N/A 0,137 043
process
Pellets
for a steel plant
without Iron t N/A N/A N/A
making process
Sinter t N/A 0,262 0,262
for a steel plant
with Iron making t 0,172 1,855 2,02[7
Hot process
metal |for a steel plant
without Iron t 0,172 N/A 0,17R
making process
for a steel plant
Ferrous-con- with Iron making t 0,172 1,855 2,02[7
tainin g|cold process
material iron  |for a steel plant
without Iron t 0,172 N/A 0,17p
making process
for a steel plant
with Irenunaking t 0,073 0,780 0,85B
Gas-  |process
based
DRI fora'steel plant
without Iron t 0,073 N/A 0,078
making process
for a steel plant
with Iron making t 0,073 1,210 1,283
Goal-  |hrocess
based
DRI for a steel plant
without Iron t 0,073 N/A 0,07B
making process
Ferro-nickel t 0,037 N/A 0,03[7
Alloys Ferro-chromium t 0,275 N/A 0,276
Ferro-molybdenum t 0,018 N/A 0,018
CO, for external use t 1,000 N/A 1,000
Product and e - t 3389 | N/A | 3,389
by-product
Benzole (coal light oil) t 3,382 N/A 3,382
Others Other emission sources — c c c

methodology.

b This credit emission factor is based on natural gas equivalent.

¢ The value shall be determined by using available data backed by reliable evidence.

a  This credit emission factor is based on world average electricity equivalent based on worldsteel
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9 Additional guidance to the entire ISO 14404 series

9.1 Eval

uation of slag

Slags which are produced in BF, BOF and EAF can be sold as a material for the production of cement and
reduce CO, emissions and energy consumptions from the production processes of cement by replacing
the use of natural resources such as limestone.

Because the ISO 14404 series aims to calculate CO, emission and intensity or energy consumption and
intensity from a steel plant, emissions reduction outside of steel plants, such as the credit emission

associated

However, 3
purpose of

of exported slag. When making a comparison between steel plants, a care should be taken £¢ make 5

that both s

When the ¢
Table 8 pr¢
cement prq
specific co
cement prd

9.2 Expl

9.2.1 Ge|

Coke oven
processes,
product ga
on their ch

blast furndce gas, called ledmgas due to the low heat value, is generally used as fuel for electrical po

generation
and other
used as thq

In an integ
excess by-

a1 FRPIA | 1 £, 4 4+ oA | pa |
WILITTAPUTTICU S1d g5 TUT LTIITIIT AT T TTUL LUTISTUTTTU.

s there may be cases where the credit emissions of slags are considered dependinglen
the calculation, this subclause provides the calculation method to count the emission cr

teel plants have the same conditions for the consideration of credit emissions

vides examples of CO, emission reduction from using BF slag and BOF slag as materials
duction. Note that these values are examples, and most appropridate)value depending on|
hditions of the use of slags, such as the composition and emissiofxfactors of raw materialg
duction, in the area of study, should be applied.

Table 8 — CO, emission credit of BE/BOF slag

0,550
0,300

BF slag to cement t- CO,/t=slag

t- COy/t-slag

BOF slag to cement

(Source: CO, EMISSION DATA COLLEGTION User Guide (worldsteel))
anation of emission factors for by-product gases

neral

pas, blast furnace gas and BOF gas, which are produced in coke making, blast furnace and
and COREX gas, which arg“produced in COREX-BOF/EAF process, are generically called
5. Although they aredurnable and used as fuel, the gases are selectively utilized depenc
emical compositiofirand generated volume which differs largely from gas to gas. Especi

Coke oven gasas higher heat value and then is widely used as fuel for a reheating furry
heating procésses. The generated volume of BOF gas is not large and then the gas is o
mixtur€ with other by-product gases.

rateéd(steel plant, by-product gases are used for various heat sources inside the plants,
broduct gases are often exported and used outside of the boundary. These exported

the
pdit
ure

bmission credit of slag is considered, the emission factor and the source shall be made clear.

for
the
for

BOF
by-
ling
lly,
wer
ace
ften

but
by-

product ga

ses are subject to credit emission. AS the energy amount oI these exported gases 1s relatl

large, their evaluation is critical to calculate CO, intensity of the steel plant.

vely

Two credit emission factors for by-product gases are given in Table 7. The first one is based on world
average electricity equivalent (9.2.2) and the second one is based on natural gas equivalent (9.2.3).

24
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9.2.2 Explanation of emission factors based on world average electricity equivalent

Table 9 — Emission factors of by-product gases (excerpted from Table 7)

CO, emission sources

Direct CO, emission

Upstream CO, emission

Credit CO, emission

factor factor factor
t CO,/103 2 m3(stpb) t CO,/103 m3 (stp) t CO,/103 m3 (stp)
Coke oven gas 0,836 N/A 0977
Blast furnace gas 0,891 N/A 0,170
BOFgas 512 NAA 6437
COREX gas 1,414 N/A 0,34%
a  1103=1000

b

Standard temperature and pressure (0 degrees Celsius, 101,3 kPa).

Creflit emission factors for by-product gases can be calculated based on wptld average C(J, emission
factior and energy intensity for electricity generation of power plant.

When the plants do not have an industrial owned power generation, blastfurnace gas is usuglly used in
the fadjacent power plant out of the plants. Therefore, worldsteel methodology sets credit C), emission
factior of by-product gas A, expressed in t-C0O,/103m3, can be caléulated based on world aperage CO,
emission factor and energy intensity for electricity generationrof\power plant, as given in Formula (3):

A:Bx%
where

A

B

C

D

The credit CO, emission facters in

wheére

coke oven gas: 0,977= 0,504 x 19/9,8
blast furnacega’s: 0,170 = 0,504 x 3,31/9,8
BOF gas? 0,432 = 0,504 x 8,40/9,8

COREX gas: 0,345 = 0,504 x 6,70/9,8

is credit CO, emission factor of by-preduct gas (t- CO,/103m3);

is the world average CO, emission factor of electricity (t- CO,/MWh);
is the heat value of by-product gas (GJ/103m3);

is the world average entergy intensity of electricity (GJ/MWh).

Table 9 are calculated as follows.

(3

0,504 is the world average CO, emission factor of electricity i.e. the CO, emission per MWh from
electricity and heat generation (IEA global average 2006), (t- CO,/MWh);

9,8 is the world average energy intensity of electricity i.e. the energy conversion coefficient for
electricity on the premise of a power generation factor of 367 J/k], e.g. a typical efficiency for
power generation (G]/MWH);

19,0 is the heat value of COG, [G]/103m3 (stp)];

© IS0 2020 - All rights reserved
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3,31 i
8,40 i
6,70 i

s the heat value of BFG, [G]/103m3 (stp)];
s the heat value of LDG, [G]/103m3 (stp)];

s the heat value of COREX gas, [G]/103m?3 (stp)].

CO, emissions per MWh from electricity and heat generation and the power generation factor should be

updated.

9.2.3 Explanation of emission factors based on natural gas equivalent

Table 10 — Emission factors of by-product gases (excerpted from Table 7)

CO, emission sources | Direct CO, emission factor| Upstream CO, emission |Credit CO, emission fagtor
£C0,/10% a m3(stpb) factor £ C0,/10¥m? (stp)
t CO,/103 m3 (stp)
Coke oven gas 0,836 N/A 1,064
Blast furnafe gas 0,891 N/A 0,185
BOF gas 1,512 N/A 0,470
COREX gas 1,414 N/A 0,375
a  103=10p0
b Standarfd temperature and pressure. (0 degrees Celsius, 101,3 kPa).
Credit emifsion factors for by-product gases A, expressed in.t-€0,/103m3, can be calculated based on
CO, emissipn factor and heat value of natural gas as given i ¥ormula (4):
CN
Ay =B\ X— 4)
Dy
where
Ay is fredit CO, conversion factor of hy-product gas (t- CO,/103m3);
By is fhe CO, intensity of naturaligas (t- CO,/103m3);
Cy is the heat value of by-product gas (GJ/103m3);
Dy is the heat value pffiatural gas (GJ/103m3).

The calculg

Coke oven gas:=1,064 = 0,056 x 19

Blast f

ition of theieredit CO, emission factos in Table 10 are calculated as follows:

irnace gas: 0,185 = 0,056 x 3,31

BOF gas: 0,470 = 0,056 x 8,40

COREX gas: 0,375 = 0,056 x 6,70

where
0,056
2,014
35,9
19,0

26

is 2,014/35,9;
is the CO, emission factor of natural gas (t- CO,/103m3(stp));
is the heat value of natural gas (GJ/103m3);

is the heat value of COG (GJ/103m3 (stp));
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3,31 is the heat value of BFG (G]/103m3 (stp));
8,40 is the heat value of LDG (GJ/103m3 (stp));

6,70  is the heat value of COREX gas (GJ/103m3 (stp)).

factors based on their carbon content are adopted.

9.2.

4  Evaluation of stock

The
Thi
can

9.3

As for the emission factors for electricity, when making comparisons between steel plants

reg
Wh
the

As
diff]
sho
stegq

As nentioned in Table 7, when emission factors otherthan indicative emission factors are ap

emi

timing of counting the input of an item can be either the timing of purchase or the tini
5 choice does not affect annual evaluation. If users want to take account of seasonal.var
enter the data into the input item at the timing of its usage.

Selection of calorific values and emission factors for electricity@nd fuel

ons, indicative emission factors (global average value) provided in this document should
en the goal of calculation is to calculate the emission value withindspecific country or r
emission factors of the specific country or region should be selected.

or fuels used in the steel plants, such as coal and gas, sifice' calorific values and emiss
br depending on the characteristics of each region, emission factors specific to the countr
11d be selected whenever possible. The same guidance.applies when making a comparisq
| plants located in different regions.

ssion factors should be clearly identified and-justified.

When steel plants import by-product gas from other steel plant and/or coke plant, direct emission

g of usage.
ation, they

n different
be applied.
pgion, then

ion factors
y or region
n between

plied, such
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The annual energy consumptlon CE al and 1nten51ty, I, at a plant manufacturlng steel usmg blast

Annex A
(informative)

Calculation of energy consumption and intensity

furnaces cg eae-{A-H A2 B AT =01 d as
explained in 10 2. 2 and 10 2. 3 and the energy conversion factors (th B Ktu B and K. E)
N N N
Cpa = :ZKt,d,E ><Qt,cl,coz +2Kt,u,E XQt,u,COZ _ZKt,c,E ><Qt,c,coz (1)
t=1 t=1 t=1

IE :CE,a /P A.2)
where

Qracod  arethe quantities of direct CO, emission sources;

Qpucod  arethe quantities of upstream CO, emission sources;

Qiccod  arethe quantities of credit CO, emission sourges;

Kk is the energy conversion factor for calculation of direct energy consumption;

K.k is the energy conversion factor for calculation of upstream energy consumption;

K g is the energy conversion factor for-calculation of credit energy consumption;

Ig is the energy intention factor;

Cga is the annual energy consumption;

P is the annual crude steel production.
In order to facilitate the caleulation of energy consumption, this document provides energy consumpfion
factors, which have not béen'provided in ISO 14404-1 and ISO 14404-2. Table A.1 gives an indicatiopn of
energy corlversion facters for energy consumption sources that can be used if no other reliable data

are availalj
factors or

in No. N of
An exampl

le. If differeént emission factors or simplifications from Table A.1 are applied, such emisgion
implifications should be clearly identified and justified. If other emission sources specified
Table/A.1 are applied, such sources should be clearly identified with their emission factjors.
e Of,a template is available in Table D.1.

28
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Table A.1 — Indicative energy conversion factors for CO, emission sources

Energy Consumption Factor
eDrllI;;; Upstream Credit ener-
consump- | °"¢"8Y gy consump-

; ; tion CoNSIMDP™ | 44 factor
Energy Consumption Source Unit p tion factor
actor (Ktu,E) (Kt,c,E)
(Kt,d,E) A
GJ/unit GJ/unit GJ/unit
Natural gas 103m3(stp) | 35,900 N/A 35,900
Coke oven gas 1{\3m3(cfp) 19000 N/A 19000
Blast furnace gas 103m3(stp)| 3,300 N/A ‘3\%
Gas fuel BOF gas 103m3(stp)| 8,400 N/A @%OC
Town gas 10m3(stp)| 35,900 N/A ] V3590
COREX gas 103m3(stp)| 6,700 Nad | 670
Other gas 103m3(stp) " WA
Heavy oil m3 37,700 '\y‘ N/A 37,70
Light oil m3 3 N/A 35,10
Liquid fuel g ;’ @ /
Kerosene m? |, 34700 N/A 34,70
LPG t L <>\47,300 N/A 47,30
Coking coal dryf | 32,200 N/A 32,20
BF injection coal Yt | 31,100 N/A 31,10
Sinter/BOF coal (‘\\\ dryt 29,300 N/A 29,30
Steam coal o, | dryt | 25900 N/A 25,90
for a steel plant with Ir N
making process requ{&ng coke dryt 30,100 4,000 34,10
Solid fuel Coke ; Tol @‘ |
or a steel plant out Iron
making procesﬁequiring coke dryt 30,100 N/A 30,10
Charcoal , \U dryt 18,800 N/A 18,80
EAF coal % dryt | 30,100 N/A 30,10
SR/DRIcoal ()" dryt | 31,100 N/A 31,10
Other coal\‘ . dryt N/A
Limesgong. dryt N/A N/A 0,000
Burft Jime t N/A 4,500 4,504
@ae dolomite dryt N/A N/A 0,000
\4Burnt dolomite t N/A 4,500 4,504
Auxiliary matert
Nitrogen 103m3(stp) N/A 2,000 2,00(
?g Argon 103m3(stp) N/A 2,000 2,00(
Q Oxygen 103m3(stp)|  N/A 6,900 6,900
§§ EAF graphite electrodes t N/A N/A N/A
N Electricity MWh N/A 9,800 9,804
% Energy carriers
Steain + T\TI//\ Q,Qﬂﬂ Q’Qﬂf
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Table A.1 (continued)
Energy Consumption Factor
Direct Upstream .
energy energy Credit ener-
consump- consump- gy consump-
Energy Consumption Source Unit g?:rtlor tion factor E}((’)tncfgtor
(Ktd,E) (Kt,u,E)
GJ/unit GJ/unit GJ/unit
for a_steel plant with Iron ¢ N/A 2,100 2,100
e making process
for a steel plant without Iron
making process t N/A N/A N/A ¢19
Sinter N/A 2,450 2,450\)
for a steel plant with I -V
or a steel plant with Iron ¢ N/A 20,900 @&‘O
making process
Hot metal ; = out 1 "\‘)v
or a steel plant without Iron
making process t N/A N/A b?‘ N/A
: N\
for a_steel plant with Iron ¢ N/A 2@.)0 20,900
Ferfous-containing| . \... making process N
matlerial : ¢
for a_steel plant without Iron ¢ N/A x\ N/A N/A
making process ot
for a_steel plant with Iron t 14,100 14,100
Gas-based |makingprocess I
DRI i
for a_steel plant without Iron ¢ \\< N/A N/A N/A
making process PR
) N
for a_steel plant with Iron 0 N/A 17,900 17,900
Coal-based |makingprocess
DRI for a steel plant without Iron N
making process . ,$ t N/A N/A N/A
Ferro-nickel Ry t N/A N/A N/A
Ferro-chromium , \U t N/A N/A N/A
Alldys Ferro-molybdenum \»\c;b t N/A N/A N/A
CO, for external use C)\‘ t N/A N/A N/A
Coal tar \‘ . t 37,000 N/A 37,000
Prpduct and S
by-broduct Benzole (coal 11@ t 40,570 N/A 40,570
Other emissi ources —
Othrs Other e,m@o}l sources —
S
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Annex B
(informative)

Application of the ISO 14404 series

The ISO 14404 series specifies calculation methods for CO, emission and intensity of a steel plant from
the apeunts-ofthematorinputs (h!!vrlﬂf\(‘ar‘ Hamal and antnnte (cnld I'fnm(‘), cuch Ac natyiva resources,

IO O Co O t T O OT T P ot POt CHT o T o Tt oo oo OOt P ot (D OTor Te eIy o oo oo o e o r o

intdrmediate products, and energy. The calculation result can be used for voluntary manpgement of
enefgy consumption and CO, emission by steel companies as a tool for determining théactipns to take
for feducing CO, emission of their plants and for checking the progress of such actions./For example, the
resyilt can be used for status review in energy management under ISO 50001. It can also be uged to make
a c¢mparison of CO, emission and intensity among steel plants which have similar steel production
professes.

Singe this document provides the guidance for calculating the CO, emiS§sjons and intensity|of a whole
stegl plant as one unit, it cannot be used for the calculation and comparison of the carbon foptprint of a
spefific steel product or the CO, emissions and intensity of each progess within a steel plant] Moreover,
in {der to allow comparison of all steel plants in the world under-the same conditions, the indicative

emission factors provided in the ISO 14404 series are world average values and are not adjusted to
reflect the differences in energy sources and raw materials according to regions. Since availgble energy
soufces and raw materials differ according to the location of a steel plant in reality, thi§ document
canpot be used for calculating the total emissions used,for inventory or for benchmarking. However, by
selgcting the emissions factors applicable to the conditions of the target country or region, th¢ document
can|also be used for calculating the total emissions used for inventory as well as for benchmparking. In
thiq case, appropriate emission factors shall beselected especially for electricity and fuel (such as coal
and| gas).
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ISO 14404-4:2020(E)

(Please fill in ¢

lored cells)

Universal Calculation Sheet

Annex C

(informative)

Year of Assessment yyyy Q
Crude Steel Prdduction t A({l/
AJ
Calculatclgrrzsrj;L;)l:iso(;f energy Calculation resulb’efkoz emigsion
| - 4
Purchased Sold Direct Upstream | Credit Direct tream | Credit
Energy Conspmption Source Unit Procured | Delivered N
GJ/Plant/y ‘\‘%COZ/Plant/y
1| |Natural gas 103m3(stp) 0 - 0 . o - q
2 | Coke oven gas 103m3(stp) 0 - 0 (-_p 0 - d
[y
3 Blast furnace 103m3(stp) 0 ) @\\ 0 - d
gas o)
Gasfuel | [ TpoF gas 103m3(stp) 0 R 0 ] q
Town gas 103m3(stp) 0 O\) 0 0 - q
COREX gas 103m3(stp) 0 A 0 0 - q
Other gas () 103m3(stp) 0 \\)‘ - 0 0 - d
5 |Heavy oil m3 0 % - 0 0 - q
d [Lightoil m3 o ™ . 0 0 - q
Liquid fuel —
7 |Kerosene m3 X - 0 0 - [t
d [Lrc t 1= o - 0 0 - (
: QQJ
9 |Coking coal dryt N 0 - 0 0 - [t
BF injection o
1P| coal dryt \\ 0 - 0 0 - q
1jL | Sinter/BOF coal dryt L 0 - 0 0 - [t
1P | Steam coal dryt ’S\ 0 - 0 0 - q
Coke for a steel U
g [plantwithiron |4, O 0 0 0 0 0 (
making process C> .
requiring coke CA
Solid fuel 4
Coke for a steel %\
plant without
iron making < ert 0 - 0 0 - [t
process requir- 2‘
ing coke A~XT
1| Charcoal\V dryt 0 - 0 0 - (
EAF Soat dryt 0 . 0 0 - q
(SRyDRI coal dryt 0 - 0 0 - q
Other coal () dryt
15 | Limestone dryt - - 0 0 - 0
16 | Burntlime t - 0 0 - 0 0
17 | Crude dolomite dryt - - 0 0 - 0
18 | Burnt dolomite t - 0 0 - 0 0
Auxiliary
material 19 [ Nitrogen 103m3(stp) - 0 0 - 0 0
20 [Argon 103m3(stp) - 0 0 - 0 0
21|0xygen 103m3(stp) - 0 0 - 0 0
EAF graphite ¢ } ) ) 0 0 0
electrodes
Energy 22 | Electricity MWh - 0 0 - 0 0
carriers 23 |Steam t - 0 0 - 0 0
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