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The Buildin
System Carbon
Framework

A common language for the building
and construction value chain
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Net-zero buildings
Where do we stand?
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Halving construction
emissions today
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Share of buildings in global energy and process emissions in 2023
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Life Cycle Assessment (LCA)

LCI - Life Cycle Inventory

LCIA - Life Cycle Impact Assessment

ARUP

For each stage of a product life
cycle (e.g. resource extraction,
manufacturing, use, etc.) data on
emissions into the environment
(e.g. CO,, benzene, organic
chemicals) and resources used
(e.g. metals, crude oil) are collected

Goal and scope in an inventory.

ZSuirss
e.g. LCA of a car ’

of typology X,
assuming a use for
Y years, produced
in country Z, ect.

Each emission in the environment
and resource used are then
characterised in term of potential
impact in the LCIA, covering

a number of impact categories.
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Areas of protection

Human health
'1 Ecosystem health

Natural resources
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Interpretation

https://eplca.jrc.ec.europa.eu/lifecycleassessment.html
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1. Structure (30-60 years)

The construction of a building, which
involves the structural skeleton

and determines its basic shape.

2. Skin (30-35 years)

The outside layers of a building such
as the fagade, including windows,
surface material and insulation.

5-10 years
e 20-30years
10-30 years

e 30-35 years

ARUP

3. Space plan (10-30 years)

The materials used for
compartmentalisation: suspended
ceilings, raised floors and all
internal surface finishes.

4. Services (20-30 years)

Services such as smart energy systems,
lighting and air conditioning that support
the internal climate in a building.

5. Stuff (5-10 years)

Everything else that comes in a building
with the final tenants. The furniture,

the electronics, the decorations, etc.

30-60 years
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BUILDING ASSESSMENT INFORMATION

SUPPLEMENTARY
INFORMATION BEYOND THE
BUILDING LIFE CYCLE

BUILDING LIFE CYCLE INFORMATION
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%212 BELEHOEFHT-YCO28FHH RBIf1 (20155 {8, AT LEFRA)

BA-RA | ! ! ! 173—K  [{TERF2H CO24 i [ B {57 (kg-CO2/kg)

izl EEERE |E£ECBNE |REER+

Cw5t=A- KRB ] = HXH) B o)
BAF 0621011 |Eb%I- %A 0013 0.007 0.001 0.005
AiR-EHM 0621021 |FH 0012 0.008 0.001 0.003
ABRE 1529021 |Lw51-A - KB 9.646 5.182 3.690 0.774
SEARE I ] 1611011 |S41 0.345 0.191 0.062 0.092
Kalge 1611021 | &4k - SEARAL 0.701 0.374 0.181 0.147
— o =8 1621011 | ABIRE 4.648 2.040 0.981 1.627
AIJ‘LCA%&&T_Q’\_X %a)fma)a,;—;ggg 1621021 |&#BHRE 15.188 9.112 2.895 3.182
EM 1621031 ;%Ei 2.206 1.082 0.451 0673
S F — 2083011 [t 2.864 1.694 1.002 0.168
2015 ERBEBITT—SR Ver.1.01 777‘?;%‘,’5@%% 2121019 |ZQMOBERES 0.614 0.503 0.109 0.002
FSRF Y IEaE 2121021 | St 0.356 0242 0.079 0.035
BIETSRF VLS 2211011 |[FS5RAFYIT4ILa-2—F 2214 1.247 0.750 0.217
RASR 2211012 |ISRAFVIIR-E- 45 2.121 1.207 0.726 0.188
HS R e - E B 2211013 | TSR FvoRiadla 2.326 1.320 0.794 0.213
AR 2211015 |8t TSR FvOHG 2.548 1.476 0.888 0.184
£ H1)—k 2511011 _|#RASR 0.464 0.334 0.095 0.035
A NELE, 2511021 | A5 REkft - FR & 2.822 2.149 0527 0.146
B AmE 2521011 [Ak 0764 0739 0016 0.009
ZOMOEEATRES 2521021 [#av5Y)—h 0.149 0.139 0.006 0.003
ZOOEE - TRAS 2521031 [tAV MBS 0233 0.200 0018 0.015
25 SE T3 2531011 |32 5% FAMRREER 2.264 1.764 0.360 0.140
= 3N SAE@ENHERH) 2591099 |ZDHDEERAT ARG 0314 0.238 0.046 0.031
=E 2599099 %g%o%%-iﬁ&& 0.261 0.229 0.024 0.008
= N 2621011 B 1.345 1.176 0.145 0.024
g,ﬁiﬁ,%gﬁfﬁ;gg BEEGBINARH) 2621014 | @E/IME 0.887 0.771 0.092 0.024
BERSEA R b SEH 2622011 | @RI E 2.350 2.022 0.277 0.050
L3R EPRRLINE HHID > = O3 BE N+ 2622012 |BHIBIRE 2654 2215 0.389 0.050
= e 2623011 Eﬁiﬂ;ﬁ%ﬁ&xg}:g 2.306 2.010 0.258 0.038
2623012 | $555ER /BRI 2.407 2.005 0.364 0.038
BAEFESS - i?‘(ﬁi’&fﬁ;ﬁu? 2623021 | 2 5BIBe = 04 2.425 2.117 0.274 0.034
TBE-r—I ) 2631021 |$A8%E 2735 2.406 0.256 0.073
kTN —T L 2631031 |$A8k&h 3.173 2780 0.351 0.042
B 2711021 |$8- B (BEZET.) 3.124 2.228 0.844 0.051
FILSEER S il 2721011 |B#R-r—J )L 8.398 3.407 4.724 0.267
#ﬁﬁéﬁiﬁgﬁ 2721021 [KI7A/\—T )L 0.056 0.038 0.017 0.001
Eﬁﬁl%lﬁi@ 5 2729011 |{8A& 5.490 2.432 2.734 0.323
: R 2729021 |[ZISEEHS 11.527 1.756 9.653 0.145
0 2 4 6 8 10 12 14 16 18 2729031 |JeikE BRI 3.232 1.601 1.452 0.179
kg—CO02/kg 2812011 |EEASEHNS 2.827 1.993 0.547 0.288

F2.1.2 BEEMOERSHT=YCO2HEH [RELAT (20154FfE, L R T LIEFRTI)
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EPD (Environmental Product Declaration)

1 sumpO SuMPO EPD
VVEPD  summEs @)

EHES © JR-AJ-24043E

@ JFEx@#Hza

JFE

JFE Bars & Shapes Corporation

SUMPORIESNILTOIF A
—BEEREATATHNEREERE
EEBTFRERAHE-14-8
KANDA SQUARE GATE
https://ecoleaf-label.jp
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SAE2ZE) IPCC 2013 GWP 100a 620 | kg-CO:eq
[Z3c2(d 0.55 | kg-SOzeq
FALEAFISI U 0.010 | kg-CzHseq

wla)FEREEE  mm]TE~0HE  w[A3])EEER
WER___———  E\A| H@ 25 |uE#sES (a)Tssoms| [A)EERR RiEzE
AEEH kg-COseq | 6.2E+02 | 1.1E+02 | 25E+01 4.9E+02 2.5E+02
AV VERE kg-CFC-11eq| 3.0E-04 4.4E-06 3.4E-10 3.0E-04 4,6E-08
e[ kg-SO.eq | 5.5E-01 8.3E-02 7.8E-02 3.9E-01 3.9E-01
FALFAFITIH kg-C-H.eq | 1.0E-02 7.7E-04 1.7E-04 9.3E-03 5.5E-02
EFEL kg-PO.eq| 3.7E-05 1.5E-05 2.6E-10 2.2E-05 4.7E-03

@F1794 7 WA YNY NS BSETE IR

CMERUMEICEIT 2R S

EAQ Hifiy HE-HE (ERES) H{r
FBEAEER 4.7E+01 kg # (Fe) 2964 %
FEEFEREEIRILY- 2.3E+02 kg =E (O =0.25 %
IEBEAEIRIY- 9.9E+03 M) T4%E (Si) =0.65 %
BEAHEER 14E+02 kg YYHY (Mn) =1.70 %
BEAEIFIF- 24E+03 MJ Uy (P) =0.50 9%
HAKDEE 4.6E+00 m? HE (S) =0.50 %
P, CO2LESFBE), A5, FHE | 6.0E+02 kg - 0 %
B B, 44 7M. B SEmmTeTang- | 2.5E+01 kg 0 %
BEm, BERETELASH AT, MIE | 34E-08 kg 0 %

@EEEYBEER

EH Eifi
TEEED 1.5E+01 kg
EEREY 7.7E+00 kg

HITIHONCBIREENBETLTVET,
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01. Office building, London, UK
BUILDING STAGES

PRODUCTS | CONSTRUCTION USE END OF LIFE | EMISSIONS | BEYOND LIFE
ks : I : Composits aoncrete
f ; T etoslcotus A1-A3 A4-A5 B1-B5 - c kgCO.e/m* D
' 1 : . Structure
; : ottt ot i Substructure and superstructure 240 9 6 41 =2 53
-"III‘: curtanwals Skin
Uritizsd Fagade 100 1 94 0.2 195 111
Fesnforced concrate . Space plan
raft and piles -
2 Partitions and internal finishes 39 0 39 0.2 = 2
Services
Building services, energy 120 1 240 1512 1.4 1873 -56
= andwater use
Figure 14: Whole life carban (A-C)
I-Tf’: Mew build
toc.;amim . (0 Stuff
DEVELOPMENT STAGE "y Fittmgs, furnishings and 5 10 15 -5
Marmsaciuing and constnaction eqL"pment (FF&E)
Gla
29819y
rénggrﬁicz‘imi Site emissiop; 30 30
BREEAM 2014 Dutstanding 2,450 Waste, electricity and fuel
To0L kgCO e/m*
DreClick LCA
T e 15% Building carbon emissions _
oo actu Embodied and operational 503 40 388 1512 6 227

223 W dyear

“Net-zero buildings —~Where do we stand?’, wbesd & ¢ 3R
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i A 4 77V 2R APz —Fv Fve—7
| I I I H I B
R - IWERTE 20134 20224 20224 20234 20254 20214
HEH 2R 20184 20224 20274 20234 20254 -
100m2A E DEF |FF. BHEAT. | [100m2UL LDE T |EBEERR . 2TOREE —THREU ED2
Fr. £ =i pY==pes 2T ORAE TOR%R
: (L. EMOKE
MR e mEMEE PR
B <) 1,000m2LL o4
TORAR
A~D A~D A1~A5 A1~A3, A1~A5, A~D
(B6,B7% & <) (B6,B7 % <) B4, B6, B3, B4, B6
HEEH 2027 FELIE - C3,C4,D C1~C4,D
A1~A5,B2,B4,
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(HIEEEIpAHE 3 SELIN%E B2 (CRSTEIsS) ?

~2027 2028 203044t 204044 m

.iﬁgﬁg; B EEFIOENORELEE (F : 5,000m L tOBBFIOHES) N BHIRILT (RIERISLEA 5 M)

ok | W EETOREIAOHBHE (B : 2,000mbl EOIEEEENONES) ()3 5% - FARDILTE) W LCCO,HIimED
mm ) | W LCCOMMEROESERIE - ZrblE (- 05 BIMOTE - BES) B

*= = A~F) 5

LCCO =z 1&

i - SHECO, S b BT R iR B LCCOMImZEDS =

LCCO.HIR IO = hADEZIE
ERBEEMZEOHEIEZ(CHITBLCCOHAimEMHL

B BT OREFRESMEENE(CLSLCCO,EFDENM (2027FF)
B UREEBFEICHITBLCCOEFEDEN (202551TEM. 2026~2EBFXBE(CHREILK)

‘ <BBEEMDLCCOL T >

o ik N b 2 M

B ESFAIOBMRER
B E=EHZABAloFHER

<EM - BECO,FHHHEREE R >

PCR - EPD.” CFPYEREBIDEBFIRERL

B E5=FL a1 —flodHERE

m iEH EIFE (EPD/CFP) [CLBEFRERT —F - @7 —HY0EE (FEEHM(F2027FEEFT)
B ENESHDT I AL MEDESE




ARUP

r— T4 7 H—F VIO TEFE

PRl il

BEAM Plus
R IET

*
l\ NABERS

24



MOIP+UAINE (

|

TN

e




49% 32%

19%

HR=ILTZA 7 h—HR

® Embodied A1-A5
@ Embodied B-C

@ Operational B6-B7
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Figure 46: Whole life carbon emissions through time - average distribution

KgCO:e/m?

580

480

380

280

180

80

-120

-220

Construction A1-A5

50%

50%

Replacement B4 - FF&E

Replacement B4 - Services + FF&E

Replacement B4 - Structure + Fagade + Partitions
Replacement B4 - Services + FFRE

Replacement B4 - FF&E

End of life C1-C4

10 20 30 40 50 60
YEARS

Beyond life D

InUse B6-B7

Operational carbon @ Embodied carbon

“Net-zero buildings ~Where do we stand?’, wbesd & ¢ #53,
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HEREIT VAT RN - A—R v

3%
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32%

28%
910
kgCO_e/m?

2%"
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0
39, 19%
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Substructure
Superstructure

Facade

Internal walls and partitions
Internal finishes

FF&E

Building services

Site emissions

“Net-zero buildings ~Where do we stand?’, wbesd & ¢ #53,



o | ARUP
TVAHRT 4K« h—FVHIPEDS

SEIELFE

\7
s

Build off sl‘r&o
nothing =) %,
T o
+ . ; ®©
4N 1] =
[
2 :
Repurpose/  gyerall z : g_’
refurbish building o 5.
I geometry ® o .
|y Area *
efficiency Materials & Yeyq 909'3'%
Build systems selection
efficiently
|
E . Facade Loading Maximize
o Design for optimization assumptions . recycled
E Building disassembly Finishes content
height
Transport & I Low-carbon Facade to Column grids/
construction specification floor ratio transfers
emissions
B Efficient Basement
design
Holistic € Building layer consideration > Specific

“Net-zero buildings —Halving construction emission today?’, wbesd & ) #53

28



TVART 4K« H—F VHIFEDN

BRREDZAIVITEEEDKES

Repurpose / refurbish buildings

Build nothing (Design flexible and
adaptable structures)

Build only to meet needs of
Build less communities / cities
Maximize utilization of buildings, Less fit-out

Reuse materials
Build clever (Design for deconstruction and reuse)
Use low carbon materials / products

Minimize design loads
Use efficient forms and grids
Maximize material utilization

Prefabricate
Improve construction practices
Utilize reuse or recycling streams

Embodied carbon® B8 F %=
“Net-zero buildings —~Where do we stand?’, wbesd & 4 3R

Embodied carbon reduction potential
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Build nothing/re-assess the need

100% o === == === == oo e e o e s

L N et R A AR

Define key parameters:
geometry/materials/criteria

50%

Design efficiently/specify

30%

Prioritize low-carbon materials

10% Build lean

Construction
BRIRED X A 2> & Embodied carbonBlliEk o AIBE 1%

“Net-zero buildings —Halving construction emission today?’, wbesd & 1) #&#
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1200
122 Leadenhall
° .7
g “ @
=z Anonymous, City -
o Pid Anonymous
© 1000 ® , Highrise, City
E i
- s
(=] s
B core % P
1% Occupied area : Anonymous, Southbank ~ L ®
T s00 b i 8 Bishopsgate
< Vs
’
c r
] 7
= Anonymous, ’
] Ruskin Square
L 600 # A
108 floor levels above ground 8 floor levels above ground 9 floor levels above ground g ® - l". Mldl:lc;;:yro::;:n [ ]
Net/gross 69% MNet/gross 87% Netigross 80% P e " 22 Bishopsgate
. ® (Published)
Anonymous
Midrise, London
400
0 10 20 30 40 50 60 70
Number of storeys
FE# & BahmBE L= P& & BAIEE & 7= V) HTEEFFEmbodied carbon D48 B8

“Net-zero buildings —Halving construction emission today?’, wbesd & 1) #&#
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W2F = 0.35 (good) W2F = 0.50 (poor)

Wall to floor ration comparison showing in excess of 40% range

Embodied carbon budget per m2facade
surface area (kgCO,e/m? FSA)

Fagade Form Factor (FFF)
SNBSS PRIEAE LR D ) S\ T LLEE & Embodied carbon® 4 £ D 4HET

“Net-zero buildings ~Halving construction emission today?’, wbesd & 1) $k# ‘How to calculate the embodied carbon of facades: A methodology’, CWCT & Y 4%
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Embodied carbon kgCO,a/m?

Range of carbon
intensity potentially

doubling the

embodied carbon

« S — R VHERD T

R

Typical span range I Span
for a floor plate [

R /%> & Embodied carbon ® 48 B8

s
s

Minimum depth solution 9m x 9m grid

100 kgCOze/m?

ARUP

Minimum weight solution 9m x 9m grid

B600mm
50 kgCO,e/m?

$#EH 2+ L & Embodied carbon

“Net-zero buildings —Halving construction emission today?’, wbesd & 1) #&#
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Years
0 20 40 60
------- Timber used inefficiently
( T e~ : Timber (no sequestration and
o I = R poor end of life consideration)
% I ~ ~ A Efficient reinforced concrete
G Y
8 : N \ 'e Efficient steel-concrete composite
2 I S ]
N ]
c 1}
] N I
¥} \ il . . .
g \ T Timber (with sequestration)
e L S RO I sustainably sourced
L4
= [
3 0 fiii Al .o m.en = = - Timber (with sequestration and carbon
'E il capture) sustainably sourced
o End of sequestration
2 (assuming 50-year
= harvest cycle)
3
E
3
@ R -l o |
A1-AS5 C1-C4
e I e I {
Harvesting, processing Typical end-of-life Zero or negative
and construction scenarios release overall emissions are
releases carbon stored carbon back only possible with
emissions into the atmosphere carbon capture AREREE & Embodied carbon

“Net-zero buildings ~Halving construction emission today?’, wbesd & 1) $k#
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I 1. Structure (30-60 years)
The construction of a building, which
involves the structural skeleton
and determines its basic shape.

I 2. Skin (30-35 years)

as the facade, including windows,
surface material and insulation.

5-10years
. 20-30years
10-30 years
I 3035 years

The outside layers of a building such I

\q
v

3. Space plan (10-30 years)

The materials used for
compartmentalisation: suspended
ceilings, raised floors and all
internal surface finishes.

4. Services (20-30 years)

Services such as smart energy systems,
lighting and air conditioning that support
the internal climate in a building.

5. Stuff (5-10 years)

Everything else that comes in a building
with the final tenants. The furniture,

the electronics, the decorations, etc.

30-60 years

BEDEMER

Element life cycle

ARUP

Project life cycle
'..--......l......'....

l.'.. .... ...‘ ....'-.
Structure
/—\/
Skin
///”—‘ﬁ\\\//,f'—‘“\\\
Services
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Space plan
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Single Double Triple Double
glazing glazing glazing skin

Triple glazed unit (TGU) = Closed cavity fagade (CCF) or

Build-up: 8T-16-6-16-44.2 Double skin fagade (DSF)
Double glazed unit (DGU) Total embodied carbon Build-up: 66.2 + 8T-16-44.2
Build-up: 8T-16-44.2 A1-A3  96kgCO.eqim? Total embodied carbon

2
Total embodied carbon A1-A3 116kgCOseq/m

A1-A3  71kgCOseq/m?
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Carbon intensity of electricity generation, 2000 to 2024

Measured in grams of carbon dioxide-equivalents® emitted per kilowatt-hour? of electricity generated. Emissions
are estimated on a lifecycle basis, including upstream, supply-chain and manufacturing stages, and cover all
greenhouse gases.

600 gCO,
500 gCO, Wy
Japan
400 gCO,
G7 (Ember)
300 gCO,
200 gCO, United Kingdom
100 gCO,
W -
0 gC02 T T T T 1
2000 2005 2010 2015 2020 2024

Data source: Ember (2025); Energy Institute - Statistical Review of World Energy (2025) QOurWorldinData.org/energy | CC BY
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