INTERNATIONAL ISO
STANDARD 20915

First edition
2018-11

Life cycle inventory calculation
methodology for steel products

Méthodologie de calcul de I'inventaire’du cycle de vie def produits
en acier

Reference number
1SO 20915:2018(E)

©1S0 2018


https://standardsiso.com/api/?name=b68ed8b90ed784c84c887446c5a254e3

ISO 20915:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2018

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=b68ed8b90ed784c84c887446c5a254e3

Contents

Foreword ...
Introduction...........ccoooo,

1 SCOPE ..o

2
3 Terms and definitions...........
4

Basic conditions for LCI of steel products

ISO 20915:2018(E)

4.1 General requirements
4.3 System boundary ...
44  Dataquality.......

441  General

44.3  Geographical

4.2 Function and functional unit....

442  Time-related COVEIage ...y e

444  Technology coverage
4.4.5 Sources of the data
446  Cut-off criteria........

COVETAGEL ... o R o]

5 Methodological procedure for LCI calculation of steel\products with provision fpr

scrap recycling...................
5.1 General ...

5.3 Allocation for scrap re
53.1 General......

54  Collecting data.......
54.1  General....s..
5.4.2  Co-products..

5.2 Calculation of cradle to gate LCI without allocation for scrap input

5.3.2  LCI calculation methodolOogy for SCrap ...
5.3.3  Calculation of the burden for scrap input to produce the specific steel

Product UNAer STUAY ...
5.3.4  Calculation of the/credits for scrap recovery.

5.4.3 Ferrous,raw materialS ...

5.4,75) Other INPut Materials ...

CYCHNE s B e

5.4.4  Process coal..

5.4.5  Neir=ferrous raw materials
5.4.6 C¥Ferro alloy.....

548 Fuels....

514.9  Process gases

5.4.10 Electricity.......

54.11 Steam...

5.4.12 Seawater.....

5.4.13 Fresh water...

5.4.14 Industrial gas

L

5.4.15 Emissions to air, water and SOil.......eeeeeeeeeeeeeeeeeeeee e

5.4.16

5417 TranNSPOTEALION. oo
55 Allocation procedure for CO-PrOAUCES ...
5.5.1 General requirement
5.5.2  SYSTOIM EXPATISTOTN .o
6 REPOTEIIIG ... 13
7 CIIEICAL F@VIBW ... 14
Annex A (informative) An example for calculating Xpr ... 15
Annex B (informative) Example of LCI reSult rePOorting ... 17
© 1S0 2018 - All rights reserved iii


https://standardsiso.com/api/?name=b68ed8b90ed784c84c887446c5a254e3

ISO 20915:2018(E)

Annex C (informative) Example uses of co-products outside of the system boundary

Annex D (informative) Comparison among StANAATAS ...
Annex E (informative) Details for calculating the recycling rate ...
Annex F (informative) LCI calculations for electricity and steam ... 27
BIDIHOGTAPIY ... 29

iv © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=b68ed8b90ed784c84c887446c5a254e3

ISO 20915:2018(E)

Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria ‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Comniittee ISO/TC 17, Steel.

Any feedback or questions on this documentshould be directed to the user’s national standpards body. A
complete listing of these bodies can be feund at www.iso.org/members.html.
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Introduction

The life cycle inventory (LCI) of steel products is an important component in the support of life cycle
assessments for a wide range of products and applications that contain steel or where steel is used to
support the manufacture, production or delivery of products.

This document describes the methodology for the calculation of the steel life cycle inventories that can
be applied to a wide range of steel products, and represents the main process routes for global steel
production. This includes the extraction of raw materials from the earth through to the production
of steel products at the factory gate, as well as provision for scrap recycling of steel products and

the treatment-ef-steelserap—Fhe—methodology—eonforms—to-theprineiplesandframeweorksetogut in
ISO 14040:4006 and ISO 14044:2006 and demonstrates how these principles can be applied to|steel
product mapufacture and steel recycling.

As illustratgd in Figure 1, the life cycle of steel products consists of the following stages;

— sourcing of natural resources (which includes mining, transportation and interinediate procepsing
of raw materials) and ferrous scrap (recovered from both the manufacturingprocess and the end of
life of final products);

— production of steel products at the steelworks;

— manufafturing of final products by downstream users, for example, by customers of the [steel
industry, such as automotive, construction and engineering industries;

— use of fjnal products, where the environmental performance of the final product depends on the
steel prpducts being used; for example, the fuel (or energy) consumption of an automobile degends
partly upon the weight of its steel components;

— recoverfy of material from the end of life of final products;

— recyclirlg of ferrous scrap from both the mantifacturing process and the end of life of final prodlucts
to substjitute the use of raw materials fromthe earth.

The schematic diagram of the full life cycle of steel is shown in Figure 1. This document coverf life
cycle stages|including sourcing of raw-materials from the earth and ferrous scrap, production of|steel
products at fthe steelworks, and reggcling of ferrous scrap. It does not cover the manufacturing of|final
products an(d the use of final products.

All global steel production isisoutced from different ratios of ferrous scrap and primary ores. Theregfore,
an understanding of the valué€ of steel recycling becomes a necessary part of the steel product LCI.

It is generdlly understood that the recycling of materials makes a positive contribution towards
reducing resource.censumption and energy requirements, and helps to avoid the potential impagts of
raw materigls extraction and processing. However, all recycling routes (including the processing and
transport of yecycled materials) carry environmental burdens and these can be quantified as parf of a
life cycle assessment

A critical factor in the understanding of the benefits of materials recycling is the quality of the materials
and products that can be produced from the recycled material. Where the recycled products can be
made to the same inherent properties as those sourced from primary materials, this is described as
closed loop recycling.

With the existing process and scrap quality controls, steel sourced from (scrap based) steel recycling
can be made to the same specification as steels sourced from the (iron ore based) primary routes.
The properties of the different steel grades are achieved through different alloying concepts as well
as process steps, such as heat treatment. Steel metallurgy allows the control of alloying and tramp
elements to achieve closed loop recycling.

Life cycle assessment can be used to quantify the potential benefits of recycling to conform to the
guidance set out in ISO 14040:2006 and ISO 14044:2006.

vi © ISO 2018 - All rights reserved
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Figure 1 — Schematic diagram of the life cycle of steel
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Life cycle inventory calculation methodology for steel
products

1 Scope

This document specifies guidelines and requirements for conducting life cycle inventory (LCI) studies
of stgetproductsreftecting steet sTapacity for ctosed=toop Tecychng, incuding:

a) gpecification of the functional unit used for LCI calculation of steel products;
b) definition of the system boundaries used for LCI calculation of steel products;
c) ¢valuation of scrap in LCI calculation of steel products;

d) ¢valuation of co-products in LCI calculation of steel products;

e) feporting of LCI calculation results of steel products.

The application of LCI results, including life cycle impact assessnient (LCIA), is outside the $cope of this
docujment.

2 Normative references

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

ISO 14040:2006, Environmental management — Life cycle assessment — Principles and fram¢work

ISO 14044:2006, Environmental management — Life cycle assessment — Requirements and gliidelines

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd [EC maintain/terminological databases for use in standardization at the following dddresses:

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

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

31
steel product
product produced from steel and shipped out from steelworks

EXAMPLE Hot rolled steel, pickled hot rolled steel, cold rolled steel, finished cold rolled steel,
electrogalvanized steel, hot-dip galvanized steel, tin-free steel, tinplated steel, organic coated steel, section,
plate, rebar, engineering steel, wire rod, seamless pipe, UO pipe, welded pipe.

3.2
final product
product that requires no additional transformation prior to its use

EXAMPLE Automobiles, building structures, building envelopes, packaging.
[SOURCE: ISO/TS 18110:2015, 2.2, modified — The example has been added.]
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3.3
scrap

:2018(E)

iron and steel material in metallic form that is recovered in multiple life cycle stages, including steel
production processes, the manufacturing processes of final products (3.2) and the end of life of final
products, and is recycled as a raw material for steel production

3.4

internal scrap
scrap (3.3) from a crude steel making unit process that is then recycled within the same unit process
[e.g. basic oxygen furnace (BOF) or electric arc furnace (EAF)]

3.5

home scrap
scrap (3.3)
that is retun

3.6
manufactu
scrap (3.3) f]

3.7

end of life gcrap

scrap (3.3) f]

3.8
external sc
scrap (3.3) {
scrap (3.7)

39

recycling rate

ratio of the
the steelwo]

3.10
end of life 1
ratio of the |

3.11
manufactu
ratio of the
for manufac

3.12
ferrous raw
raw materig

ned to steel making processes (e.g. BOF or EAF)

Fing scrap
rom the manufacturing processes of final products (3.2), such as autémobiles and build

rom after the end of life of final products (3.2)

rap
rovided from outside of the steelworks, includingwnanufacturing scrap (3.6) and end

mass of external scrap (3.8) recycled to"the mass of steel products to be shipped out
ks gate

ecycling rate
mass of end of life scrap (3YZ) recycled to the mass of steel in final products (3.2)

ring yield
mass of steel contained in final products (3.2) to the total mass of steel products (3.1)
turing the figalproduct

y material
| from the earth that becomes one of the main constituents of steel products (3.1), and

rom a downstream steel production process within the steelworks (e.g. rolling,\coating)

ings

f life

from

used

rhich

may have ui

dergone intermediate processing to prepare it for ironmaking

EXAMPLE

3.13

Lump ore, iron ore fine, sinter, pellet, hot briquetted iron (HBI), direct reduced iron (DRI).

process coal

coal used in
EXAMPLE

3.14

iron and steel making processes

Coking coal, injection coal, sintering coal, BOF coal, EAF coal, DRI coal.

non-ferrous raw material
non-ferrous ingredient material for steel products (3.1) other than ferrous raw material (3.12) or process

coal (3.13)
EXAMPLE

2

Zing, tin. aluminium.
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3.15

ferro alloy

alloy of iron with non-iron alloy metals, such as manganese, silicon or chromium used in the
steelmaking process

3.16

other input material

material input and consumables for steel production other than ferrous raw material (3.12), process coal
(3.13), non-ferrous raw material (3.14), ferro alloy (3.15) and scrap (3.3), which does not ultimately form
part of the steel product (3.1)

EXAMPRLE Raofractoryy alactroda chosaioal s atniale o nctona dolooit g
I s e ateoTy; Crecrr o et tnttaracerars S IIIeSToTe S roToTTees

3.17
fuel
energy source for generating heat, steam and power other than process gas (3.20)

EXANPLE Boiler coal, fuel oils, natural gas, LPG.

3.18
indujstrial gas
gas fpr steel production other than fuels (3.17) or reducing agent

EXANIPLE Oxygen, nitrogen, argon, hydrogen, carbon dioxide, compressed air.

Note|1 to entry: Hydrogen can be used as a fuel, or is included here as an industrial gas whep used as an
uncombusted industrial gas, e.g. for the provision of reducing atmospheres in production processeq.

3.19
co-product
any of two or more products coming from the sanie unit process or product system

[SOURCE: ISO 14044:2006, 3.10]

3.20
procdess gas
gas that is produced as part of the\processes on the steel production site

EXANPLE Coke oven gas, blast furnace gas, BOF gas.

3.21
waste
matdrials disposedof in landfills, both internal and external to steel works, or incinerated

4 Basicconditions for LCI of steel products

4.1 | General requirements

The requirements and guidelines set in this document shall be followed in addition to those set by
ISO 14040:2006 and I1SO 14044:2006.

4.2 Function and functional unit
The function of steel products is to form a part of final products, such as automobiles, cans and bridges.

For a LCI of steel products, the functional unit should be set as a mass-based unit of steel products to
be shipped out from the steelworks gate. Where applications are based on other functional capacities,
suitable explanation and conversion guidance shall be provided.

© ISO 2018 - All rights reserved 3
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4.3 System boundary

As shown in Figure 2, the system boundary used for the LCI study of steel products shall include all of
the production steps from input materials (raw materials in the earth, scrap, etc.) to finished products
ready to be shipped from the steelworks, including the recycling of steel products (i.e. cradle to gate).
This includes production processes at the steelworks and all the upstream processes, including energy
conversion, raw material mining, material preparation and transportation of materials to the steelworks
site. The effect of scrap recycling, or the burdens of using scrap and the credits for the recovery of steel
products, should be considered according to the procedure described in 5.3. The calculation of steel
product LCIs should include allocation on scrap to reflect the nature of closed loop recycling. Cradle to
gate LCIs without scrap allocation may be reported when this is aligned to the goals and scope of the
study. Additfionally, care should be taken that if no burdens are assigned to scrap inputs, then nocrdits
should be aitplied to steel recycling. Also, the recovery and use of steel industry co-products outside of
the steelworks shall be taken into account according to the allocation procedure describedin’' 5.5 The
system boupdary does not include the manufacturing of final products using steel products or their use
in the societyy.

System boundary

Industrial
manufacturing

Automobile @

construction
container
etc.

- Ferrous raw material process -

Functignhal
unit,

Use in society

Natdral == |Non-ferrous raw material process —p
resoyrces

Iron and steel making
process

—) Other input material process | =

End of life
scrap recovery
and collection

g U

Scrap pool

y

== Energy coversion process |mmp

Scrpp — Scrap transportation =)

Figure 2 — System boundary

The following items should be excluded from the system boundary. If any of them are included in the
system boundary, this shall be clearly stated and explained.

— Transportation of steel products beyond the gate.
— Transportation of co-products beyond the gate.
— Manufacturing of final products.

— Use of final products.

— Research and development.

— Business travel of employees.
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Production, decommissioning, repair and maintenance of capital goods.
Cleaning and legal services.
Marketing.

Operation of administration offices.

Data quality

4.4.1 General

The (Iiata quality requirements set out in of ISO 14044:2006, 4.2.3.6, should be followedjine¢

relat

4.4.2

The
If the
resu

condiitions and technological improvements, the time period in which the data are col

be sf
secol
using

4.4.3

AnL
one

mult
be cl
cove
with
Man
appl

4.4.4

This
ISO 4

4.4.5

Steel

]ircable within the bounds of the contributing manufacturers.

ed coverage (4.4.2), geographical coverage (4.4.3) and technology coverage (4.44).

Time-related coverage

imeframe of data collection should be one full representative year to adjust for seasong
data set is not possible for a full year, this shall be explained and justified. Moreover, §
ts are prone to change over time for reasons, such as changes in opérational rate due

ated clearly. Primary data sets used in LCI studies should.niot be more than five ye
ndary data used should be less than 10 years old, unleSs‘its ongoing validity is just
b data outside of the reference year, the choice shall be:éxplained and justified.

Geographical coverage

C1 study of steel products may be reported with various geographical representations,
steelworks, one steel company, national,\regional or global coverage. When the s
ple steelworks (or companies, regions, €tc.), the geographical coverage and represent
parly stated. The LCI should be presefnted as a weighted average by the production qu
red scope, not a simple arithmeticraverage. For example, Product A produced by site
mass M1, M2 and M3 would be averaged as: (LCI1 x M1 + LCI2 x M2 + LCI3 x M3)/(M1
facturers contributing to the LCI shall be documented, and use of the data set shall

Technology coverage

document coyers production technologies of unalloyed steels and alloy steels, a;
948-1:1982 /This document does not cover the production of stainless steel.

Sources of the data

production data shall be directly sourced from steel producers based on primary d

luding time-

| variations.
ince the LCI
to economic
lected shall
ars old. Any
ified. When

for example,
tudy covers
htion should
hntity of the
s 1, 2 and 3
+ M2 + M3).
be noted as

defined in

ata, such as

meas

urement, engineering calculations and pnrrhncing records

Upstream data produced by suppliers should be used. If the information is not available, secondary
data produced by LCA-related organizations, academic institutions, public institutions, such as regional
and national governments, and steel-related organizations may be used. All secondary data should be
checked for geographical relevance to the LCI.

4.4.6 Cut-off criteria

As stated in [SO 14044:2006, 4.2.3.3.3, the cut-off criteria for initial inclusion of inputs and outputs and
the assumptions on which the cut-off criteria are established shall be clearly described. In particular,
for LCI of steel products, cut-off criteria may be established for all energetic inputs and outputs to the
process stages, including fuels, electricity, steam and other converted energy as well as for all inputs
and outputs to the process stages of ferrous raw materials, process coal and non-ferrous raw materials.
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To avoid the need to pursue trivial input and outputs to the system, cut-off criteria should be applied as

follows:

— all energetic inputs to the process stages should be reported including fuels, electricity, steam and
compressed air;

each un

environ

it process;

mental relevance.

each excluded material flow should not exceed 1 % of mass, energy or environmental relevance for

the sum of the excluded material flows in the system should not exceed 5 % of mass, energy or

5
for scrap
5.1 Gene

The calculaf
loop recycli
goals and sd

To evaluate
apply this v
this will dej
credits shal
to be consis
Note also th
steel, which|
that the LCI
by improvir
designs invq

The LCI for
Figure 3), aj
A: In af]

scrap. A
flows td

B: Seco
substag]

B1:

B2:

recycling

ral

ion of steel product LCIs should include allocation on scrap to refléct/the nature of ¢
ng. Cradle to gate LCIs without scrap allocation may be reported when this is aligned 4
ope of the study.

the benefits of steel recycling it will be necessary to alldgcate a LCI value to scrap a
alue to both the inputs (burdens) and outputs (credits) of the system. The reporti
pend upon the goals of the study, but if no burdens ate assigned to scrap inputs, thg
be applied to the external scrap (i.e. end of life and ' manufacturing scrap). It is impo
tent with the allocation of credits and burdens throughout the scope of the life cycle s
at the value assigned to scrap reflects the initial investment of the primary producti
if recycled, will be carried forward for futdre generations. The resulting formulae
burdens of steel in an application are reduced by higher end of life recycling rates (R
g the yield of the recycling process (337 This indicates that the sustainability of prq
lving steel products should make provision for high values of R and y.

steel products which takes acceunt of scrap recycling is calculated in three stages
follows.

irst step, the LCI of the §te€l product to the factory gate is calculated without allocatid

/from earth relate@to scrap).

hdly, an LCI value for scrap (as described in 5.3) is calculated. It is then applied ij
es B1 and B24@s described below. Both of these steps have to be conducted.

The LGlIvdlue is applied as a burden for the mass of scrap consumed in the process.

The'same LCI value for scrap is credited for the mass of scrap that is going to be recov

Meth(Jdological procedure for LCI calculation of steel products with proyvision

osed
o the

nhd to
hg of
n no
rtant
tudy.
on of
show
and
duct

(see

n for

t this stage, scrap willappear as a mass input but will not be allocated with an LCI (inventory

h the

bred.

consideration for scrap recycling can be determined.

Thirdly, by aggregating the three components (A + B1 + B2) the LCI value for the steel product with
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5.2

The
the 1
calcy

2.0
1.5 n
1.0 B
Allocation forscrap recycling
A
( \
U.o
L '\(b

00 = ‘\Q

A: Cradle to gate LCI B1: LCl for scrap B2: LCI for scrap A+¢B1+B2: llcl with
0.5 without allocation for consumed in the steel recovered for recyrling allocation for scrap

scrap input making process

1.0 \ -
1.5

Figure 3 — Illustration of LCI'of steel products

Calculation of cradle to gate LCI with@ut allocation for scrap input

fradle to gate LCI without a burden for'serap input is calculated process by process by
Ipstream LCI of each input (other than scrap) as well as what happens on-site. An|
lation flow is depicted in Figure4,

Other material
/energy input

O

ron mine Iron

Sinter

Pellet

HBI

DRI

Other mate|
/ener;

Other material
/energy input

energy input

9

(‘
Blast

furnace
process

BOF
EAF
process

Molten
steel

Casting
process

Hot
rolling
process

Hot rolled steel

1
10ther material/=

energy input :

Cold
rolling
process

a@

9

aggregating
example of

Steel
products

o

Co-products
allocation

Co-products
allocation

Co-products
allocation

To-products
allocation

Figure 4 — Schematic example of calculation procedure for cradle to gate LCI without allocation
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5.3 Allocation for scrap recycling

5.3.1 General

Steel can be recycled into new steel products without loss of inherent properties. Because of this nature,
a closed-loop allocation procedure for the recycling of steel is described in this document; this follows
ISO 14044:2006, 4.3.4.3, which describes the allocation procedures for closed loop material recycling.
Allocation methods shall be clearly documented along with justification.

Detailed guidance for calculation is provided in 5.3.2, 5.3.3 and 5.3.4.

Scrap input
inputs (bury
ISO 14044:2

5.3.2 LCI

The LCI of s
with produ
associated
(Xpr), then t
of burdens.
the scrap inj
Xsc, can be ¢

(%

X

sC

where
Xpr is{

Xre ISt

y st

The values f]

In practice,
based upon
Annex A. On
process rou
extrapolate
method can
LCI values. ]

SShratt onty carty a burden providing that scrap attocations have been appied 03
dens) and system outputs (credits) equivalently. This will ensure consistency
006.

calculation methodology for scrap

‘rap is determined by considering the benefits of producing new steelfrom scrap comp
Cing the same steel from purely iron ore based process routeProviding that th¢
pith the process of recycling scrap (Xye) is less than the LCI of producing steel from iron
his will be beneficial to society. In the evaluation of Xre and XpfScrap is assumed to bg
The resulting value of the LCI of scrap can then be input inte(the product LCI study, W
buts, scrap outputs, recycling rates and recycling yields are'known. This LCI of 1 kg of s
plculated from Formula (1):

pr _Xre)xy

he LCI of producing 1 kg of crude steel without steel scrap;

he LCI of producing 1 kg of crud€ steel only from steel scrap;

he yield of crude steel in the Xy route (the mass of crude steel per 1 kg of scrap input)
or Xre and y may be obtained as primary data or as secondary data from reliable sourc

tis rare for steel to-b€ produced without scrap inputs. Therefore, Xpr is a theoretical
calculations defived from real data sets. The approach to these calculations is giv
e of the methods is an extrapolation of LCI data values for sets of data from iron ore b
fes with varying degrees of scrap inputs (typically from 3 % up to 20 %), which can th
1 to estimate zero scrap (0 %) input value for the iron ore based process route (Xpy).
be useful when analysing specific LCI values but becomes less practical to apply acro
'he‘alternative is described in Annex A.

stem
with

ared
2 LCI
ores
free
there
crap,

M

ES.

ralue
PN in
ased
bn be
This
5s all

5.3.3 Calculation of the burden for scrap input to produce the specific steel product under study

The burden for scrap input to produce one functional unit of a specific steel product under study, B1,
can be calculated shown by Formula (2):

Bl=X,.

xMg,

(2)
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where

Xsc  is the LCI of scrap [see Formula (1)];

Ms is the mass of scrap used for producing one functional unit (e.g. 1 kg) of steel products.

5.3.4 Calculation of the credits for scrap recovery
The credit for scrap recovery, B2, is calculated as shown by Formula (3):
B2=X.. xR (3)

where

Xsc isthe LCI of scrap [see Formula (1)];

R istherecycling rate.
The recycling rate, R, is calculated as shown by Formula (4):
R=(a+b)/P “4)

where

¢  isthe mass of manufacturing scrap recycled;

1 is the mass of end of life scrap recycled;

P isthe mass of steel products shipped out of the gate.

Morgover, the end of life recycling rate, B,is-calculated as shown by Formula (5):
B=b/F (5)

where

1 is the mass of end-of life scrap recycled;
F  is the mas§'of'steel products contained in the final product.
Depgnding onthégoals and scope of the study, either of these recycling rates may be used.

Detajls for-calculating the recycling rate are given in Annex E.

5.4_ Ccllnr-l-ing data

TECTCUIIY Tt

5.4.1 General

In the system boundary described in 4.3, all inputs and outputs of materials, energy and co-products
across each unit process shall be captured.

5.4.2 Co-products

Among the outputs listed in Table 1, those which are used beneficially are co-products of steel
production. Co-products other than main products (coke, hot metal, slab, bloom, billet, steel products)
shall be allocated in accordance with 5.5. If there are co-products other than those listed in Table 1,
they can also be allocated.
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Table 1 — Examples of main outputs from iron and steel making processes

Processes Main outputs/co-products

Coke making Coke
Light oil
Benzene
Tar
Toluene

Xylene

[a i Vs

JUITul
Ammonia
Coke oven gas

Recovered steam

—_—

fon making Hot metal

Blast furnace gas
Slag

Dust

Recovered electricity

W

teel making (basic oxygen Steel (slab, bloom, billet)
Wirnace, BOF) + casting BOF gas

Slag
Dust

-

Recovered steam

Scrap (internal scrap)

90}

teel making (electric arc Steel (slab;bloom, billet)
firnace, EAF) + casting

-

Slag
Dust
Electrode

Scrap (internal scrap)

o

ther processes Steel products
Iron powder
Zinc oxide
Dross

Sludge

Dust

Recovered steam

Recovered electricity
Scrap (home scrap)

Scale

5.4.3 Ferrous raw materials

Many of these iron resources are processed before used in steel production. Cradle to gate LCls
associated with processing of raw materials, such as direct reduced iron (DRI) making, pelletizing, hot
briquetted iron (HBI) making and sintering, shall be included, both for the cases where the processing
is done in-house and external to the steelworks.

If no primary data or upstream data are available, the LCI may be based on secondary and literature data.
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5.4.4 Process coal

For the iron and steel making processes, different kinds of coals are used (coking coal, injection coal,
sintering coal, DRI coal, BOF coal, EAF coal and other coals for iron and steel making processes) and
appropriate LCIs shall be collected separately for those types of coal. For each of these types, an average
value (e.g. national or regional, whichever is deemed to be most appropriate) shall be used to reflect the
wide variety of their characteristics.

The LCI for coal shall consider the whole supply chain from coal mining to coal processing as well as the
transport to the coal terminal of the source country. All relevant process steps and technologies shall
be covered; the data shall be representative of deep coal mining and open cast mining. The LCI may be

b 1 J 1. - 1 1. 1. c +1 1 1
dSefrorrsccorradar y dlIUTICT dAtUrc udtid 45 dpplitdulIT 10T LIIC LUd4I USTU.

Regarding methane emissions, the net value shall be provided (occurring mine methane emissions
minys the use of captured mine methane).

As for process coal, all the upstream LCI of process coal shall be considered.

5.4.3 Non-ferrous raw materials

As for non-ferrous raw materials, all the upstream LCI of non-ferrous‘taw materials shall be considered.

5.4.4 Ferro alloy

As far ferro alloys, the upstream LCI of all ferro alloys shall\be considered.

5.4.7 Other input materials

As for other input materials, all the upstream LCLof these materials shall be considered. Mipor material
inpufs may be omitted in accordance with the cut-off criteria as defined by the person who i$ conducting
the LCI calculation.

5.4.8 Fuels

Upstream LCI of fuel productiontsshould cover mining, processing and transportation.

5.4.9 Process gases

Procgss gases are produced from blast furnaces, coke ovens and BOF. Process gases car be used as
energy sources within and outside steelworks. Therefore, data on the amount producgd and used
should be collected:

Procgss gaseésiare used as energy sources for steel production processes within the steglworks and
partially as-energy sources for electricity generation facilities on or off the steelworks. For|this reason,
the generation of process gases shall be equal to the sum of the use of process gases on-site and the

amotE asyynariad o d flond
uric bAPUl tCUudIiIuIrarcu,.

Process gas can be either used to produce thermal energy or electricity. Surplus gas that is not used
on-site but that is exported beyond the system boundaries is also used to replace thermal energy or is
supplied to local power stations to generate electricity.

Generally, the alternative fuel to process gases would be coal, fuel oil or natural gas for the production
of thermal energy.

In case of electricity the national/regional grid should be used as replaced energy. The replaced fuel or
electricity is determined by the site as part of the data collection process and the national grid mix for
the country of location.

When process gases are partially exported outside the steelworks or boundary of the steel product
LCI, the choice of equivalent fuel should be justified and reported. For example, where process gases
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are exported outside of the steelworks to an electricity generation facility nearby, the credit should be
equivalent to the fuels that are avoided in the electricity generation of the local electricity grid (system
expansion).

5.4.10 Electricity

Electricity may be supplied from the grid or generated on-site. Data should be collected for each source
used (see Annex F).

5.4.11 Steam

Steam may Ipe supplied from outside of the steelworks or generated on-site. Data should be collectgd for
each source|used (see Annex F).

5.4.12 Sealwater

Data on seawater used for once-through cooling of condensers, heat exchangers, furnaces, etc. shall be
collected.

Data on eledtricity consumption associated with intake and drainage of sea water shall be collected.
Emission of|chemical agents associated with sea water shall be collected:

All other uses of sea water shall be collected.

5.4.13 Fresh water

Fresh water]is supplied as circulating cooling water and as:a source of process water, such as de-iomnized
water. The gmount of water shall be collected.

Data on eledtricity consumption and chemical inputs‘associated with intake and drainage facilitie§, de-
ionizer, water treatment facility and fresh water ¢irculating facility shall be collected.

Data on emigsions to water associated with drainage shall be collected.

5.4.14 Indpstrial gases

When indusftrial gases are supplied from outside of the steelworks, the upstream LCI of production and
transportatjon of those gases'shall be collected.

When indusfrial gases are produced on-site, inventories are calculated from consumed utilities, such as
electricity apd materials:

5.4.15 Emissions-to air, water and soil

A list of all dmissions to air, water and soil to be included in the study shall be defined and collectdd for
each process stage. Emissions, such as COp, that cannot be measured directly should be calculated from
available information, such as energy consumption and/or appropriate emission factors.

5.4.16 Flares

Data on flares of blast furnace gas, coke oven gas and BOF gas should be measured and all known
emissions included.

When the quantity of flares cannot be measured directly, the amount of flared gas may be calculated
either as the difference between the generation and the use of process gas, or as the difference between
the balance of carbon content of hot metal, input carbon used as heat source and carbon content of
recovered BOF gases. The emissions associated with flaring shall also be included.
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5.4.17 Transportation

LCI of external transport shall be calculated for rail (electricity and diesel powered), road, sea and river,
based on the types of transport and distances for the shipment of the main raw materials (in terms of
tonnage) to the steelworks.

Internal transport should be included if possible. The fuel consumption associated with on-site
transport should be included, if available.

5.5

Allocation procedure for co-products

5.5.1

Duri
Wit

appli
whic
accol
proc

5.5.2

To af
of co

Whe

situdtion. The choice of system should be the most,likely production method that would b

Annd

6 1

LCI 1
casef
crad
“B1”,
resu
show|

General requirement

hg the production of steel products, co-products, such as process gases and slags,are g
in an individual area of steel production (e.g. blast furnace) process division* cannd
ed as a means of avoiding allocation of co-products. Therefore, following)[SO 14044
h states that, wherever possible, allocation should be avoided, system expansion shoul
int for co-products from steel production. When system expansion-cannot be applie
bdures may be used. Details are noted in ISO 14044:2006, 4.3.4.2, Step 2 and 3.

System expansion

ply system expansion, selection of alternative systems Shall be carried out based on
-products.

h choosing the alternative system for system expassion, it shall be chosen regarding

x C for some examples.

Reporting

esults shall be reported for all ©fjthe components shown in Table 2, with the except

1lso created.
t always be
2006, 4.3.4,
d be used to
1, allocation

hictual usage

the regional
e offset. See

ion of those

where the goal and scope da nat include an allocation for scrap burdens and credits. I

t reporting format are provided in Annex B. The components of reporting explaine
that cradle to gate reporting (A) includes scrap as a material input but without

such cases,

e to gate values without scfap allocation can be reported alone (Column A), provided that columns
“B2” and the “LCI including scrap allocation” are reported as “not declared”. Examplg¢s of the LCI

in Annex B
llocation of

burdens or credits. The'¢components which take into account scrap burdens (B1) and scrap|credits (B2)

are d
meth
and ]
stud)

i to whichthe data are being applied.

Table 2 — Components for steel LCI reporting

erived using the allocation methodology described in 5.3, but as expressed in 5.3.1 an} alternative
odology can‘be selected. The aggregated report is a summation of these three compopents (A, B1
B2). It is important to ensure that the aggregate reporting is relevant to the goals and pcope of any

: Allocation for scrap recyclin
A: tchradtle o gate I];(;I ) precycing A+B1+B2: LCI with
without allocation fo Bl: LCI for scrap consumed | B2: LCI for scrap _ allocation for scrap
scrap input in the steel making process [recovered for recycling
NOTE Example comparison with reporting in construction-related standards is provided in Annex D.

Along with the LCI results, the following information, in particular, shall be reported:

a) products, their function and functional unit;

b) datasources:

1) data source for electricity from the grid;
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2) scrap recycling rate and the data source (can be omitted if scrap is not allocated);

3) data source for Xre, Xpr and y used for the calculation of the LCI of scrap (can be omitted if scrap
is not allocated);

c) time-related coverage and geographical coverage, including age of data.

Also, data sources for other inputs (steam, transportation, coal, alloys, virgin ferrous inputs, etc.) should
be reported, when considered important by the person who is conducting the LCI calculation.

7 Critical review

When carryfing out a critical review, ISO 14044:2006, Clause 6, shall be followed.
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Annex A
(informative)

An example for calculating X

Collecting scrap and recycling it through the steelmaking process reduces the environmental burdens
related to steel production from iron ore, often referred to as primary steel production.

In priactice, it is rare for steel to be produced without scrap inputs. Therefore, Xpy is a théo
basef upon the calculations shown below. When there are sufficient data sets and only_a fe
analysed, a numerical approach can be used as an approximation. The latter uses an extrapolation
sets of LCI data for iron ore based process routes (typically BF-BOF) with yarying degrees of scrap

to be
from|

inputs (typically from 3 % up to 20 %) to estimate zero scrap input value for the-iron ore bz

routq

Alter
detel
proc
be c3
to be

scrap recycling, though some EAFs also use hot metal ar.DRI as an input to the process.

moreg

E (Xpr)-

rmine Xpr. This is based on the premise that steel scrap is oftengequired in the proces;
bss using 100 % new material (with 0 % scrap input) and this theoretical value theref
Iculated. Furthermore, it is not the scrap itself that replaceg'this primary steel, as the

than 1 kg of scrap is required to make 1 kg of steebproducts, as shown in Figure A.1.

1 kg of'scrap + x

|
—HH-

!

1 kg steel produced

Figure A.1 — The yield of the EAF process

retical value
i LCI values

sed process

natively, and more practically, when analysing full LCI values, the:calculation below can be used to

, there is no
bre needs to
scrap needs

processed or recycled to make new steel. In this case, the'EAF process can be an example of 100 %

And finally,

The theoretical value of X, can be calculated based on the LCI of crude steel made by the primary or
BOF route (XBor). As the crude steel contains a certain amount of scrap, this needs to be “removed”
from the LCI so that only primary steel is accounted for, as shown in Figure A.2.
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e

g
S
— _’><

T
&

1 kgsteel produced 1-mYkgsteel produced mY kg steel produced

Figure A.2 — Theoretical value of X,

The scrap input to the BOF process (m kg scrap per 1 kg steel produced) that needs to be,‘remaved”
would be m¢lted in the EAF process producing mY kg steel, Y being the yield of the steelmaking prdcess.
Therefore, the theoretical Xpy, needs to produce 1-mY kg steel, as shown in Figure A.3.

X XBOF X

re
pr mkg scrap input

@:@_m

1 - mY kg steel produced 1 kg steel produced ~ mYXkgsteel produced

Figure A.3 — Theoretical value of X,

In effect:

Xgop ={1-mY)(Xpy ) +mYX o

where

m is the scrap input to the BOF toute (Scrapgor);

y—— 31
Scrap..

Therefore,

Scra
my = ~?PBoF

Serap.e

This would themgive

Scrapgop JX N Scrapgop
pr re

Xpor =| 1-
BOF ( Scrap,, Scrap.e

Rearranging this formula enables the theoretical value for Xp; to be calculated:

Scrapgog
XBOF_S— re
crap .,
Xy =
P 1 Scrapgor
Scrap.,
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Annex B
(informative)

Example of LCI result reporting

Examples are given in Tables B.1, B.2, B.3 and B.4.

Table B.1 — LCI result reporting document example 1

Inpyts (mass, kg)

Components of LCI for steel products with allocation for
scrap recycling

B: Allocation for scrap recycling
A: Cradle to gate | B1: LCI for scrap
LCI without alloca- consumed in the B2: LCI foy scrap

tion for scrap input | steel making recovered for
recycling
process

A+B1+B2: LCI with
allocatioh for scrap

Carblon dioxide

Crude oil (resource)

Dolomite

Ferrpus scrap

Hard coal (resource)

Iron|ore

Lignjite (resource)

Limgstone (calcium
carbpnate)

Natyral gas (resource)

Tin qre

Uranium (resource)
Wate¢r

Zinc|ore

Emissions to air (mass, g)

Components of LCI for steel products with allocation for
scrap recycling

B: Allocation for scrap recycling

A: Cradle t t A+B1+B2: LCI with
 ainracie fogate | Bl:LClforscrap | p, 4 ofgoecoran| allocatio for scrap
LUI WILLIUUU Adlluld~ consumea in tlle d f I

tion for scrap input steel making Peﬁgzezﬁn or
process ycling

Carbon dioxide
Methane

Nitrous oxide
(laughing gas)

Sulfur dioxide

Nitrogen dioxide

Nitrogen oxides
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Table B.1 (continued)

NMVOC (unspecified)
non-methane volatile
organic compounds

Particles to air

Carbon monoxide

Hydrogen chloride

Hydrogen sulphide

Cadmium (+II)
Lead (+1I)
Mercury (+11) (\'\V
Chromium (fotal) bV %

o~ o

Dioxins (ungpec.) (\'\‘J

Emissions tp fresh water (mass, g) qQJ
v

Components of LCI for steel products with allocation for D
scrap recycling %)
-

B: Allocation for scrap recycli—@

:wrace fo gate | B1: LCI for scrap . allocation for scra
LCI without alloca- | consumed in the B2: LC@{ ;(f:l‘ap p
tion for scrap input |  steel making rec@e ed for

process g&e cycling
Cadmium (+]I) (%) )

Lead (+II) s\’\}
Nickel (+11) ;@“‘
Chromium (total) Na)

Iron ‘\1;\'\’
Zinc (+11) N
Ammonia (NH4+, NH3, ~

as N) @ I

Phosphate fad

Phosphorus

Nitrogenous|matter N
(unspecified, as N) /\(O

Biological ojygen Qy
demand (BO]D) e

ya\
Chemical oxygen é
demand (COP) , O~

Solids [dissol\@g)\ )
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Inputs (mass, kg)

Components of LCI for steel products with allocation for
scrap recycling
A: Cradle to gate LCI| B: Allocation for scrap recycling
W}th"“t allocation |'gy.y cyfor scrap | B2: LCI for scrap
or scrap input consumed in the | recovered for
steel making recycling
process
Carbea-diexide ND ND ND
Crude oil (resource) ND ND ND
Dolgmite ND ND ND
Ferrpus scrap ND ND ND
Hard coal (resource) ND ND ND
Ironjore ND ND ND
Lignfte (resource) ND ND ND
Limg¢stone (calcium car- ND ND ND
bondte)
Natyral gas (resource) ND ND ND
Tin qQre ND ND ND
Uranium (resource) ND ND ND
Watgr ND ND ND
Zinc|ore ND ND ND
Emisgsions to air (mass, g)
Components of LCIfor steel products with allocation for
scrap recycling
A: Cradle to-gate LCI| B: Allocation for scrap recycling
w1fthout all(_)catlon B1: LCI for scrap | B2: LCI for scrap
or scrap input consumed in the | recovered for
steel making recycling
process
Carbon dioxide ND ND ND
Methane ND ND ND
Nitrous oxide (laughing ND ND ND
gas)
Sulfyr dioxide ND ND ND
Nitrpgen dioxide ND ND ND
Nitrpgen oxides ND ND ND
NMVOC (unspecified) ND ND ND
non-methane volatile
organic compounds
Particles to air ND ND ND
Carbon monoxide ND ND ND
Hydrogen chloride ND ND ND
Hydrogen sulphide ND ND ND
Cadmium (+II) ND ND ND
Lead (+II) ND ND ND
Mercury (+1I) ND ND ND
Chromium (total) ND ND ND
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Table B.2 (continued)

Dioxins (unspec.) | | ND | ND ND
Emissions to fresh water (mass, g)
Components of LCI for steel products with allocation for
scrap recycling
A Cradlor oLl B: Allocation for scrap recycling A+B1+B2: LCI with
: Cradle to gate B1: LCI for scrap . allocation for scra
without allocation | consumed in the | B2 LCI for scrap P
for scrap input steel making recoverel:ed for
recycling
prnr‘pcc
Cadmium (+]1) ND ND ND
Lead (+II) ND ND ND
Nickel (+11) ND ND ND
Chromium (fotal) ND ND ND
Iron ND ND ND
Zinc (+11) ND ND ND
Ammonia (NH4+, NH3, ND ND ND
as N)
Phosphate ND ND ND
Phosphorus ND ND ND
Nitrogenous|matter ND ND ND
(unspecified, as N)
Biological oxygen de- ND ND ND
mand (BOD)
Chemical oxygen demand ND ND ND
(COD)
Solids (dissdlved) ND ND ND
Key
ND = not dedlared.
Table B.3 —'LCI result reporting document example 3
Inputs (masgs, kg) No allocation for scrap
burdens and credits
A: Cradle to gate LCI without applied. B1, B2 and |.CI
allocation for scrap input including scrap alloga-
tion not declared
Carbon diox]de
Crude oil (resource)

Dolomite

Ferrous scrap

Hard coal (resource)

Iron ore

Lignite (resource)

Limestone (calcium carbonate)

Natural gas (resource)

Tin ore

Uranium (resource)
Water

Zinc ore
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Emissions to air (mass, g)

A: Cradle to gate LCI without alloca-
tion for scrap input

Carbon dioxide

Methane

Nitrous oxide (laughing gas)

Sulfur dioxide

Nitrogen dioxide

Nitrpgen oxides

NMVOC (unspecified) non-methane vola-
tile qrganic compounds

Partjcles to air

Carblon monoxide

A
Hydfogen chloride O
Hydyogen sulphide c\ko
Cadrpium (+I1) P O\
Lead (+II) ‘<'§(
Merg¢ury (+11) N N
N
Chrgmium (total) s\Q
Dioxfins (unspec.) \(\Q)
Emissions to fresh water (mass, g) \'\
&Qﬂe to gate LCI without
cation for scrap input

Cadrpium (+I1I)

Lead (+1I)

\
\\O

f\
Nickkl (+11) Y

R\

Chrgmium (total)

Iron

U
)

-

’(

Zinc|(+11)

Ammonia (NH4+, NH3,.3€.9)

Phogphate OJ

Phogphorus ({:

Nitrpgenous @%er (unspecified, as N)

Biol glcglv\;ygen demand (BOD)

Cherlca}\)xygen demand (COD)

Solids (dissolved)
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Table B.4 — Example of reporting document for information along with the LCI results

Product

Product details (function and functional unit)

The reference year

Geographical information (region, country,
company)

Practitioner

Details of data for scrap allocation

Used data

Data source

Scrap recycling rate

Xre

Xpr

y (yield)

Details of data for calculation

Electricity grid

Alternative ¢nergy for process gas

22

© ISO 2018 - All rights reserved



https://standardsiso.com/api/?name=b68ed8b90ed784c84c887446c5a254e3

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Basic conditions for LCI of steel products
	4.1 General requirements
	4.2 Function and functional unit
	4.3 System boundary
	4.4 Data quality
	4.4.1 General
	4.4.2 Time-related coverage
	4.4.3 Geographical coverage
	4.4.4 Technology coverage
	4.4.5 Sources of the data
	4.4.6 Cut-off criteria
	5 Methodological procedure for LCI calculation of steel products with provision for scrap recycling
	5.1 General
	5.2 Calculation of cradle to gate LCI without allocation for scrap input
	5.3 Allocation for scrap recycling
	5.3.1 General
	5.3.2 LCI calculation methodology for scrap
	5.3.3 Calculation of the burden for scrap input to produce the specific steel product under study
	5.3.4 Calculation of the credits for scrap recovery
	5.4 Collecting data
	5.4.1 General
	5.4.2 Co-products
	5.4.3 Ferrous raw materials
	5.4.4 Process coal
	5.4.5 Non-ferrous raw materials
	5.4.6 Ferro alloy
	5.4.7 Other input materials
	5.4.8 Fuels
	5.4.9 Process gases
	5.4.10 Electricity
	5.4.11 Steam
	5.4.12 Sea water
	5.4.13 Fresh water
	5.4.14 Industrial gases
	5.4.15 Emissions to air, water and soil
	5.4.16 Flares
	5.4.17 Transportation
	5.5 Allocation procedure for co-products
	5.5.1 General requirement
	5.5.2 System expansion
	6 Reporting
	7 Critical review
	Annex A (informative)  An example for calculating Xpr
	Annex B (informative)  Example of LCI result reporting
	Annex C (informative)  Example uses of co-products outside of the system boundary
	Annex D (informative)  Comparison among standards
	Annex E (informative)  Details for calculating the recycling rate
	Annex F (informative)  LCI calculations for electricity and steam
	Bibliography

