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@ How to calculate embodied carbon
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How to calculate embodied carbon (HCEC)

The institution of

StructuraEngineers

How to calculate
embodied carbon

HB : ISE “How to calculate embodied carbon” 2nd edition

Copyright © 2024 JSCE All Rights Reserved.

HCEC& (3 ?
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HCEC (ZH (T 5 Embodied Carbon DEH
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Scenarios Scenarios

iy - . Source: BS EN 15978:2011
Operational Carbon (B6-B7)

Embodied Carbon @ BEREARD A 79 (4 72Kz BL . MEOSECER. #A. BAEZ7O0X (TS
2REENRAAODHHEERUVBREE (B6, BT oI NA2HEHAFO T XL — - KBEEIXKR )

Embodied Carbon + Operational Carbon + Module D = Whole Life Carbon
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HCECOETEIRAI

» HCECIZ$ (¥ 3Embodied CarbonDEAEHEFAI :
ExMEloEs (EE2vEESE) x kFFRE (Carbon Factor) = Embodied Carbon

The fundamental principle of an embodied carbon calculation is to multiply the quantity of each material
by a carbon factor for the life cycle modules being considered':

material quantity (kg) x carbon factor (kgCO.e/kg) = embodied carbon (kgCO2e)

H8l : ISE “How to calculate embodied carbon” 2nd edition
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Embodied carbon DitEHI

> SRKTIEDEMEIZ{F 5 Embodied Carbon (Module Al1-3 : S&EERRE)

B 9 700 ) _
£ 34000 ! 600

10 % 19 & 33 000 10 80 850 -
300 40( ' i’ﬂaaﬁﬂ TA7 7 EEETE T2

povy )~ IE 220 mm
ﬁ_z%gﬁ _2 HiE

arfl 1 i

Fi

HEL : BAERERGS AT OREH & i (H17) ]
#7&R © 33.8m, BAMMEE : 8.5mD EHEREAMMNTIE

- HE Carbon factor
(i @ [ton] A1-A3 2
iR 51 2.450
avoYU—+k
(o ck=30N/mm?2) 214 0.175
KA 18 1.960
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Embodied carbon of Module A1-3 (B EERFE)

material quantity (kg) x carbon factor (kgCO,e/kg) = embodied carbon (kgCO,e)

Material Type

» £ 2—JLA1-A3DCarbon ey
factor HEBEEZTF—4~R—ZX ¢ L
Ti=f,

> TEMEIIEEAET, R -

Rl

BITA2EXRTIFOEEES ILH, e

Steel Reinforcement
bars

PT strand

Structural
sections and
plate

H B ISE “How to calculate embodied carbon” 2nd edition

Copyright © 2024 JSCE All Rights Reserved.

Table 2.3: Suggested embodie

Specificativ./details

UK
C16/20

UK
C20/25
UK
C25/30

UK
C32/40

UK
C40/50

Global Average
(excludes China)
C32/40°

1:4 cement:sand mix® with
average UK cement mix’

UK
C40/50, unreinforced?

UK

150mm reinforced hollow
core slabs: British Precast
Flooring Federation average

UK
CARES sector average (EAF
production)

Global

default value

0.087
25% GGBS”

0.093
25% GGBS"”

0.100
25% GGBS"

0.120
25% GGBS"”

0.138
25% GGBS"”

0.175" (mean)

0.149

0.178
(Average UK
cement mix)

50.2 kgCOe/m?

0.760

1.960

Assume the same as reinforcethent bars

UK
Rolled open sections

Global
Rolled open sections

1.740
(consumption
average)

1.580

Recommended

arbon factors (ECFa;-a3,) for common construction materials

Typical
lower bound

0.050
(70% GGBS)

0.053
(70% GGBS)

0.056
(70% GGBS)

0.063
(70% GGBS)
0.072

(70% GGBS)

0.139¢
(20th percentile)

0.090
(70% GGBS)

0.395
(EAF
production)

0.567
(EAF
production)

Typical

0.113

(0% SCM")

0.112

(0% SCM")

0.119

(0% SCM")

0.149

(0% SCM")

0.159

(0% SCMP)

0.210¢

(80th percentile)

0.191
0% SCM)

3.970
(BOF
production)

2.450
(BOF
production)

upper bound Lower |Upper
bound |bound
Ref. 19 Ref. 19 Ref. 19
Ref. 19 Ref. 19 Ref. 19
Ref. 19  Ref. 19 Ref. 19
Ref. 19 Ref. 19 Ref. 19
Ref. 19 Ref. 19 Ref. 19
Ref. 20 Ref. 20 Ref. 20
Ref. 19 - -
Ref. 19  Ref. 19 Ref. 19
Ref. 21 - -
Ref. 22 - -
Ref. 23 Ref. 24 Ref. 25
Ref. 26 Ref. 27 Ref. 28
Ref. 23



Embodied carbon of Module A1-3 (B EERFE)

| Carbon factordifiZ{E

Type Specification/details Recommended Typical Typical
default value lower bound upper bound
Steel Reinforcement UK 0.760 - -
bars CARES sector average (EAF
production)
Global 1.960 0.395 3.970
(EAF (BOF
production) production)
PT strand Assume the same as reinforcement bars - -
Structural UK 1.740 0.567 2.450
sections and Rolled open sections (consumption (EAF (BOF
plate average) production) production)
Global 1.580
Rolled open sections
88 ISE “How to calculate embodied carbon” 2nd edition %*}31‘1 T EE*)E*Z'

> ZFMBRIOELEREIZIS LT Carbon factoriZiE o2& AH 5 A, HCECE L TIIFAAEDIER(EA T,

Copyright © 2024 JSCE All Rights Reserved. 9



Embodied carbon of Module A1-3 (B EERFE)

Table A1: Life cycle assessment materiaVproduct carbon factor databases

[ Region __Joatmbase _JNotes Jum

Europe
UK

UK

UK

UK

Europe

France

Germany

Germany

Ireland

Italy
Norway
Spain
Sweden
Switzerland

Copyright © 2024 JSCE All Rights Reserved.

Built Environment Carbon
Database (product-level
database)

ICE database

BRE Verified BSEN 15804
EPD

BRE IMPACT

European Aluminium EPD
Programme

Environmental and health
reference data for buiding
construction products

Oekobaudat

IBU

Irish Green Building Council

EPD Italy

EPD Norge

DAP construccién
International EPD

Ecoinvent

Free online database developed
by a consortium of built
environment institutions to
collect UK EPD data. Beta
version launching 2022

Wide-ranging material database
covering Modules All-A3

EPDs for specific products, with
a range of modules

350 BS EN 15804-compliant
datasets modelled in SimaPro

EPDs for specific aluminium
products, with a range of
modules

EPDs for a range of building
construction products, in French

EPDs for a range of buiding
products

EPDs for specific products, in
German. Requires registration

Generic data for 15 building
materials on the Irish market

EPDs for specific products
EPDs for specific products
EPDs for specific products
EPDs for specific products
Paid database

www.becd.co.uk

https://carbon.tips/ice3
hitps://carbon.tips/breEPD

https://carbon.tips/umx

— HCEC Reference A
Carbon factord®Reference & L T
ZEDEPDGREEGES) T —

https://carbon.tips/ica8

hitps://carbon.tips/lca33

https://carbon.tips/cals
https://carbon.tips/ical7
https://carbon.tips/igbc

https://carbon.tips/ical9
https://carbon.tips/ical8
https://carbon.tips/ca21
https://carbon.tips/ica22

https://carbon.tips/ica23 HH : ISE “How to calculate embodied carbon” 2nd edition

AN—2AE%ER
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Embodied carbon of Module A4 (EfiXE%PE)

ECFasj = Z (TDmode % TEFmode) | == | Carbon Factor for A4 = X IERE x EXFER (@EE—F)

mode
ECF,s; = embodied carbon factor for transport to site for i material
TDmoge = transport distance for each transport mode considered

TEFoqe = transport emission factor for each transport mode considered

Table 2.4: Example transport emissions factors for the UK

Mode | TEFe (9CO:/kg/km  Source |

Road transport emissions, average laden 0.10749 Ref. 64° b7y oEE (FENEESE)
Road transport emissions, fully laden 0.07375 Ref. 64°  FZyoEE (BRAXEHE)

Sea transport emissions 0.01614 Ref. 64° B R

Freight flight emissions 0.53867 Ref. 64 : fiZB X

Rail transport emission 0.02782 Ref. 64° B EIx

Notes:

“ For HGVs (all diesel), average laden.

" For HGVs (all diesel), fully laden.

© For cargo ship/container ship, average.

¢ Intemational, to/from non-UK (direct effects from CO,, CH, and N,O emissions only).
“ Freight train.

H B @ ISE “How to calculate embodied carbon” 2nd edition
Copyright © 2024 JSCE All Rights Reserved. 11



Embodied carbon of Module A5 (3EEZEZRE)

Carbon Factor for A5
> Carbon factorz A5w (Material wastage on site : IRIZ DO ELEZ) & Aba (Site activities : IRIBE
) D2MEIFICHFE L TEHE,

> REEfEDELE (ZEEH 2 Embodied CarbonH A1-30E HEICAIY . ABICETMEL Y,

Carbon Factor for Aba
> e LICB4 S Embodied CarbonDEFHE X, ZREEIRMICH T HESN - MEHEEZERE L Y BEH A8,
> Z L CHEIAENEE > TWRWETE - RETERE T, P
EEOBEERERE 2. UTOBBNLEHEE RE, e
v 1,400 kgCO2e per £100,000 RHE) — BRI =25 H
v 700 kgCO2e per £100,000 (B&&%E) — LEBL - THEIDHA
— BERUROBERCEIAEZRbLE VT 7HHE,

= d ¥ -]
HE : https://www.liebherr.com
Copyright © 2024 JSCE Al Rights Reserved. 12



N

HCECD A F;

REBEL P =T HeDHP L CPDFRREZER THX Yy A— FAJge, RX— % 1 58
https://www.istructe.org/resources/guidance/how-to-calculate-embodied-carbon/

The Institution of SECOND EDITION

StructuraEngineers

How to calculate
embodied carbon

www.youtube.com » watch
How to calculate embodied carbon
Speakers: Dr John Orr - University of Cambridge Orlando Gibbons - Arup.

° YouTube - The Institution of Structural Engineers - 2020/11/18

Copyright © 2024 JSCE All Rights Reserved. 13
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SCORS & X ?

> BERTEORIEBEMEEAELT O CIHMET 570D L —F 4
> Module A1-A5 (B Fon&EE - &k
> 707 MIEHZHHWBFHE

2R |

:\:F")/JIII

" RT L
MRAADPHEICEH

ERHRED-HOAT 22— gV

SCORS for Bridges

Example Project
Structural embodied carbon, modules A1-A5

kgCO.e / m* G~ F,\

0 1 o A++
I A+

> 3500

Carbon feotprint calculated i
zalculate embodied carbon'
Projecl celeulalions available

t www.exampleURL.com

accordance with IStructE publication 'How to

A

2.2 Main Span Foundations

The main span piers sit atop 1.2m thick pilecaps
and groups of 6No 900 diameter bored concrete
piles.

The use of bored concrete piles is ubiquitous in

raised the question of whether a different
foundation system might have been more efficient
in carbon terms.
The approach ramps were supported on single
steel columns on concrete plinths attached to
shallow spread footings, a system which
constituted a much lower proportion of the overall
embodied carbon. This suggests that shallow
foundations should be the default foundation type
for low-carbon bridge designs unless geotechnical
constraints force the use of a piled foundation.

Smaller-diameter piles used in conjunction with a
thinner pilecap could offer the benefits of a piled
foundation with less material usage compared to
larger-diameter piles. Driven piles such as steel
tubes might also be suitable in certain situations.

In conclusion, designers should be creative and try
to look beyond the usual assumption that bored
concrete piles are most appropriate.

23 Parapets

The Hams Way parapets are fabricated from 10mm
thick steel flat sections at 110mm centres, with
tubular stainless steel handrail and flat section top
rail,

This is a fairly typical footbridge parapet, but the
design team was surprised to discover that across
the whole bridge the parapets alone weigh more
than the entire main span superstructure (the
parapets are in the category “road/track furniture”
in Figure 2 above).

Although a small proportion of the overall
embodied carbon, the parapets aren't part of the
primary structure and were identified as a
candidate for streamlining in future projects.

Figure 4 - Hams Way Parapets

24 Summary

The overall design of Hams Way Footbridge was a
u

lightweight main span superstructure and efficient
approach ramps on shallow spread footings
achieved a low overall carbon intensity of 815kg
per square metre of deck area. This value achieves
an A-rating on the SCORBS scale.

With lighter systems for the parapets and main
span  substructure, and marginal efficiency
improvements on the steelwork design, a SCORBS
At rating seemed within reach.

SCORS for bridges
—.
] —
—)
-
—
| I
-
—— 3

Copyright © 2024 JSCE All Rights Reserved.
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SCORS O Sk FE

» SCORS: Structural Carbon Rating Scheme for
buildings (G4 %)

Ref.1: ‘Setting carbon targets: an introduction to the proposed

SCORS rating scheme’ (2020) Published by IStructE

» SCORBS: Structural Carbon Rating Scheme for
Bridges ({&R9%)

Ref.2: ‘Carbon targets for bridges: a proposed SCORS-style rating
scheme’ (2021) Published by IStructE

Climate emergency

@2 Low carbon

adopt carbon targets for their projects.

“The Instution has recently publshed a

Setting carbon targets:
an introduction to the proposed
SCORS rating scheme

Will Amold, Mike Cook, Duncan Cox, Orlando Gibbons and John Orr present SCORS
~a proposed carbon rating scheme for structures — and encourage engineers to

Inths atcle, the uthors propose the

{and hid ourselves o) low targels thet are
pericically updated and that end towards
2ero, starting mmedately.

SCORS
Figure 1 shows the SCORS rating ‘sticker”
‘suggestedfor use by structural engineers

e on How {0 calulato emboctedt GET THE GUIDE
carbon'. The guids fee n FOF formt) How to calculate
ther sign,

process. For many, the publcaton of i embodied-carbory.
‘good fure for hat carbon foofprint might — avallable to buy.

be.

coment repiacemert,steel recycled
vent, et «

profession - perhaps incuxing alnk 10
“stcker

‘cabulats embocted carbon. Once the
 real

SCORS to communicate the
“The beneit o using

divided by the gross ntemal area GIA) of

toagreen As rating, or a red F rating,

those who hod

1o1he RICS Buiding Carbon Databases fo
dive progress around ndusty
The

carbon mpact of a design, heing
engineers, archtects, clents and planners
desgn

engneer

high

mantain transperency across the

win ct
1n SCORS, no diferentiaton s made:
type, number of

storeys, cent bif, presence of a
basement, o whether the project s @
Pew-buid o reurbishment. Across al
bulding stnctures, anywhers on the
planet and in any configuration, an A
raing means that the estimated A1-AS

Supersiructure plus SUbstrUCure s i the
range of 100-150kgCO

As well as allowing comparisons
between diferent options of he same
scheme o to a benchmark, it wl alow

tower wih three 10-storey buldings)
wih o

 commuricaing the mplkations of SCORS
design decisns to hcse we wark i e
andor [ —
The S00RS rting of en optin, aseet, .
or company' prtolo of work s based o Avt
e estimatec A1-45 amissions o e Y
pimany Smuciue (upersinciure pis -
subsinclue),caloeted naco —
wilhHow to Catu embocted carbon, -
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1.1 of theguide oran explaraton o
Hecycle mockles) oo | D
Fr ey stage caaions,embodied
carbon actors shouid be basclon tpical  IGURE s Prpesed
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[T - —
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Climate emergenc

@ 2.Low carbon

Carbon targets for bridges:

a proposed SCORS-style

rating scheme

Cameron Archer-Jones and Daniel Green propose a version of the IStructE’s ‘SCORS’ rating
scheme for bridges and encourage engineers to adopt carbon targets for their projects.

Introduction
In October 2020, the Insituton of

s per the orignal SCORS proposal the
authors also renforoe ‘the need to adopt

GLOSSARY
oon o aa
aroon e

= cap
P

# gt

g comeepo

S
e, the ccuivalent to upfront carbonfo
MR ——

ance,rfrbstemant o

torces (500BS,

HCEG outines extensive guidance for this
calculation which is no repsated here. Howeer,

periocically updated and that tend towards
2600, starting immediately

SCORS for bridges
Using SCORBS
Figure 1 shows the SCORBS rating
Sticker” suggested for use by brdge

of the primary structur (superstructure plus
substrciur, including foundatons) and
the supenmposed dead load, cacuiated

i acoordance wih How fo calculte

embodied carbon’ (HCEC). The carbon
footprintis nommalised in ine with PAS

SCORS  for ridges

itispr
aspects o the guidance should bo adapted for

Tocos I R Pl

¢ ) — At
BT
- A

FA)of the bridge dock (Figure 2).
Bridge assels ar assigned a fter and a

For examp, suchas
sutacing and parapets, should be incuded for
abridge.

ackition, for ASa emissions, . those due

most energy-intensive processes.

Communicating with SCORBS
“The SCORBS sicker is prosented as a

colour between A++
the normalised carbon foolprint. Ths rating

shared database, such as the Bult Environment

consincion,

stakenolders

in a project can have a conversation, regardess

of theirlevel of carbon Iteracy. An A rating
oranF

evelopmen)

‘0ach stage, as doscribed by Amodet al 1

1
Octaber 2021 | thasmctrsengnoorory

through
Instantly understandablo cuos. The normaisaton
of the results and transparency of the rating
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SCORBS D {5 1E

> SCORBS DFFfI#S1RE : Structural embodied carbon, module A1-A5 [kgCO2e] / Functional Area [m2]
V IR —RERESR (ETEI - &) RUBHERM (- s#FF

v BV 2 —J)L AL-Ab B0 BNLE - ik - BEREREICEH SCORS for Bridges
v 6]\ AN %4‘7%%%%@%; (FUﬂCtional Area> ODIHE%EZ(IJ:E @:\Lﬁi v ° Structuralem%:%:gi%%?gﬁo;xlesmA5
v Embodied Carbon @& H (x HCEC [ #E#L, J——

~ o _ ) s | E— A
— RBEOIMEERETDREsEZ T .l

MFIGURE 2: Functional area depicted for
various bricdge types |

- =
™ ] )
- Functional | E— ‘ 1
[ Ar P e Widh o TE
N/ ea_ 7." i F i Width for ]l T F—FunctionallArea—ﬂ 3000 —
' /} [ 1 R g _E '
= Ll .| = L +

H 8 : ISE "Carbon targets for bridges a proposed SCORS style rating scheme”
Copyright © 2024 JSCE All Rights Reserved. 17



=[E(-$ 1T 5 SCORBS DERKBIE

> WRAEOEEBRE

R DEELEREIC K > TOERAIREL,

HIEICEHIFTHSCORBSDFEHZ 7%, D~E
> 2030F £ TIC, SCORBSDOFZ » 7 %7 < £ B (~1500 kgCO2e) £ ¥ %, «— WEAFARELMEICEE

BN TH 50 H LR BER,

(2000~3000 kgCO2e)D L > IZH B,

> 2050F £ TIZ, SCORBSD¥H57 7 % A++ (~250 kgCO2e) &%, —BEHEDHIBIERKIC . MEE DR

WEHFHTRAR,

Copyright © 2024 JSCE All Rights Reserved.

SCORS for Bridges

Example Project
Structural embodied carbon, modules A1-A5

kgCQse / m* GHA Fﬁ

0 = p— A+
I A+

AWFIGURE 3: Histogram of SCORBS ratings for bridge

structures in COWI's dataset

20504

S

25%

20%
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5%
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l_

— BROTH

A+
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A B C D

E F

M Truss
M Suspension
M Cable-stayed

i Beam, single span
® Beam, multi-span
M Arch
® Other

H el 1 ISE "Carbon targets for bridges a proposed SCORS style rating scheme”
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2% : Low carbon bridge ICBI3 35 —RX X2 T 4

H# : Transport for London. Nine Elms - Pimlico bridge - Feasibility study summary report, Final version

Ay Py FLXNICH D B BERESEEFTEOERFLRE

> 20134, Buro Happold#t A AIE D EZRETE D Feasibility Study (FS) % £He, XMEEHN150md BixESEE,
> ZOWREHEEBEN L LT, SCORBSD A++7(250kg CO2e/m2) DEMERH B — R AL T 1,
> FSOBKERTHT —FHB5 L ONERE. FSICBII2RHMBLBREMRTOR—R 51> LT 5,

Copyright © 2024 JSCE All Rights Reserved. 20



2% : Low carbon bridge ICBI3 35 —RX X2 T 4

Feasibility Study

(b)

Cable-stayed

0 500 1000 1500 2000 2500 3000 3500
Upfront Carbon [kgCO,e/m?]

MW Superstructure M Substructure Foundations

OPTIMISED RISE-TO-SPAN RATIO

TIMBER ARCH

BixR{LZZFRT 578 DENH

INCLINED CABLES

H 88 : JABSE Manchester 2024 Proceedings

“A low carbon bridge over the River Thames, London, UK”

> BEREMAM (Glulam#) =7 —F Y 7ICKA,
Glulam#4 Carbon Factor : 0.280 t-CO2e/t < #fi#F D #91/10
> AT —F U T DEE . MEBRAZEI A WEE T EE3NEL
> IRER : 702 FRP, AMTHERL. BE - RRFEHEONT VX %FE

B L TARMZEA,

#H) Y4 2 VRUARMACO2TEE R

Module A1-5 : 2850 kgCO2e/m2

(SCORBS : E)

Module Al1-5 : 1360 kgCO2e/m2
(SCORBS:B)

Module A1-5+D : 640 kgCO2e/m2
(SCORBS: A)

Copyright © 2024 JSCE All Rights Reserved.
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EPD (Environmental Product Declaration : IRIE&MAEES)

EPD&(E?

» EPD& 3. BHEGODFA 7Y M 7V EEFKICHEIRIBEZEENICFHEL., ThZz/HT 57
HDIFHREY — b, BITEFRIRMOBEDRZE,

EPD®EESE

> 1990FMIC, HRDZA 7T A 7 ILVERIChI-2REEN O L AR T 555 LT, EPDAR
T I —T Y THIHTEAIND,

> 2006%F (212, EPDOFEICET 2 EBEHRME [1SO 14025  IRWIEFANILELUVES - 24 7IIRIEE

g -FRABLIUFIE] HREITSN. ZDERIIE, =180 14025:2006

> EP D j: TE_ 1 . T | SO 1402 5(Z ET&\_T % EPD Environmental labels aqd declargtiops — Type lll
environmental declarations — Principles and
JATILEEEICL > TEEEINTWS

procedures

Published (Edition 1, 2006)

version remains current.

H B https://www.iso.org/standard/38131.html
Copyright © 2024 JSCE All Rights Reserved.

This standard was last reviewed and confirmed in 2020. Therefore this
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Figure 0.1: Contextualising potential impact of structural engineers’

Cut one economy
flight to New York Save 1,600kgCOze

&

RA

Cut meat, dairy and beer Save 2,000kgCO.e per year
from your diet

Stop driving @ NN Save 3,000kgCO:ze per year
your car |

20% structural embodied
carbon reduction achieved Save 200,000kgCOze per year

H 8 How to calculate embodied carbon (IStructE Guide) 2" Edition
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v EN 17472 (2022) : Sustainability assessment of civil engineering works.

v’ Carbon targets for bridges: a proposed SCORS-style rating scheme (2021)
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