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GHG emissions (GtCO2-eq yr ')

Projected global CO2e emissions pathways and climate change scenarios
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Source: IPCC, 2022. Climate Change 2022 — Mitigation of climate change.

Under current emissions scenarios, Paris Agreement targets of
limiting global warming to 2°C are unlikely to be met

FEIREEIR

RIE B BTRHERUIE R, EBEthE>
& 2°CIA N Y B FrAN Ko gESLIR

Modelled pathways:
Bk L5 B Trend from implemented policies

= Limit warming to 2°C (>67%) or return warming to
1.5°C (>50%) after a high overshoot, NDCs until 2030

BFHEIEHIZE 2°C=—— Limit warming to 2°C (>67%)
BHE S 7 1.5°C— Limit warming to 1.5°C (>50%) with no or limited overshoot

-1 Past GHG emissions and uncertainty for 2015 and 2019

(dot indicates the median)




Sources and proportions of building-related CO2e emissions

B AR R = AR R SRR A L 1

Other Residential (direct)
8 % 6% CO,e emissions from buildings account for around 37% of
J l Residential (indirect) total global emissions

Transport

11 % :
22 o % Includes:

= * direct emissions generated at buildings
Non-residential * Indirect emissions generated away from buildings —
37% ] (d‘fg‘ﬁ) e.g., electricity production
3%

Other industry
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estmated emissions I A S A A [B]FERFIL—15I 40 EE 7]

for bricks and glass -~
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Source: UNEP. 2022. Global Status Report for Buildings and Construction




Percentage of total emissions

Sources: 1 European Environment Agency (EEA); 2 U.S. Environmental Protection Agency (EPA); 3
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National proportions of building-related emissions
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USA? Switzerland® India*  China® Australia®

Swiss Federal Office of Energy (SFOE), 4 International Renewable Energy Agency (IRENA), °
International Energy Agency (IEA); ¢ Green Building Council of Australia

Gt CO,e

Approximate total annual national building-related emissions

EU

FRE

USA

REFSEAMBEXNSHRE

Switzerland India China Australia

Calculations based on median values for building - related
emissions as percentage of total national emissions

The proportion of building-related emissions varies
between countries

Factors include climate, construction techniques, and
modes of energy production
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Total building-related emissions also vary with the
amount of construction
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CO.e

Schematic representation of operational, embodied and total
CO2e emissions throughout the building life-span

BE2RAaAMRNEE. RETE -SARINENTEE

Embodied CO,e
& CO2e

building life-span

v

Total emissions = operational + embodied emissions

PHINE = EBEHINE + RSHNE

Embodied emissions primarily relate to the building
materials — which are fixed at the time of construction

MR HEN EAEZ SN E £
E, FEIEEER

Operational emissions relate to building use — primarily
energy consumption — which increases during the

building life
EZEHINEENEAEX, TEERE

ESEEE, 7R A W




Embodied emiIssions

B2 HE

Embodied emissions related to the production of building materials and vary with
different production processes

SRR EFHINHIERE =T ZARmAREFR

Emissions arising from transportation and installation of materials also contribute to embodied emissions,
though generally these are less significant Compared to materials production

BRI E A NHE NS SHER, EREEBEAT, XL
HHEEMME#ﬁw%TE%O

4.00

3.50
Embodied emissions intensity of some common construction materials
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0.00
Cement production, Portland (CH) Steel production, electric, low alloyed (EUR) Plywood production (EUR) Polystyrene production, extruded, CO2 blown
(EUR)

Data source. Ecolnvent, accessed August 2024




Embodied emissions
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Cement production, Portland
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Embodied emissions depend on
energy consumption during
materials production
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E':F' E’] Hb/ \/ﬁ%%

\l

Thus, embodied emissions for the
same material are different in
different countries

Rk, BEHRERDE

NEEHIEZE AR,

However, cement is different....

i, IKEREAIARE.....
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Embodied emissions
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ZHER

Typical emissions from concrete in residential construction

FEERPIRRLTAYHAHE

The large amount of concrete used globally makes
cement production a major source of CO2e emissions

A, EECCERNFEARNKERRLIERS
HREF A — BN EERIR.
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CaCO3(s) — CaO(s) + CO2(g)
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] Other Concrete placement Cement final production
[ sanitary equipment [ On-site placement [ Cement grinding
M Etectrical equipment 0 Transport to construction site [J scm production
H Finishing Concrete production Direct kiln emissions
H insulation [J Concrete mixing [J Limestone decarbonation
I] Windows Transport raw material H Fuel burnt
I Bricks Material production Material production
I steel reinforcement [lscm processing [ Fuel production and transport
Concrete [ Cement production B Raw material transport
and preparation

[ Gravel production
[ sand production
B Admixture production

Habert, G. et al. (2020) Environmental impacts and decarbonisation
Strategies in the cement and concrete industries.

The main source of these emissions is not from energy
consumption during cement production — it is the
chemical reaction of limestone decarbonation

X EEHF A £ BRIR A IR E I FEH
HYBERUERE, MmaEh KA FE RN




Embodied emissions
a2 HER

greenhouse gas emissions (Gigaton C02 eq)

4

3

2

1

0

Copper Wood

Glass
Aluminum
Brick

| _— |

|
2020

l
2030

l
2040

l
2050

l

2060

Concrete

Use of Portland cement in concrete is the largest
source of embodied building emissions

gt L P ERRFZKEREIRE
A Y R K SKIR

This proportion of embodied emissions from
concrete Is projected to increase

TR £ T XM RAH R L 6145
il

Projected greenhouse gas emissions from building materials in a business-as-usual scenario to 2060

UNEP. 2023. Building Materials and the Future — Constructing a new future, p.10




Global building energy use by function
RINEEN D IR RERE

water heating
25%

residential
lighting &
applicances
’ 11%

cooking
7%

space heating
57%

water heating
other 9%

7\

commercial - 5

lighting

cooling 14%

4%

space heating
52%

Source: UNEP, 2021. Status of the World's Buildings Report

Operational emissions
1z 5 HE

Operational emissions relate to building use, which varies with
climate, building type, and building energy efficiency

CEAMMSB2RERT R, mMERERNX
A=, BIRRBIME N 7+

Generally, heating is the main function of building energy use

— Rk, HEEEREFRNETERD

New regulations and technologies have reduced building energy
consumption significantly in many countries

EFZER, FENAFRARKERT
B RER




Approximate CO2e emissions intensity of national electricity grids
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Sources:

1 https.//chalg.quarto.pub/carbon-intensity -of-electricity -consumption/

2 https.//en.wikipedia.org/wiki/Energy in_Switzerland

3 https.//en.wikjpedia.org/wiki/Electricity sector_in_India

4 https.//ember-energy.org/latest-insights/global-electricity -review-2023

5 https.//cer.gov.au/markets/reports-and-data/quarterly-carbon-market-reports/quarterly-carbon-market -
report-december-quarter-2023/emissions-reduction

Operational emissions

1z E A

The amount of COZ2e emissions arising from
energy use depends upon the emissions
intensity of electricity production

RRERTEN RS ERF
MEBURT 8B A& =GR E

Emissions intensity is higher in countries that
rely on coal-fired power plants

EAPLERBIAR R B HIES,
HIGR EE S

Transitions away from fossil-based power
production will reduce energy-related emissions

MEBRETR & BB %e m) A BE R
B> 5 REIRTH R HYHF




Life-cycle approach
A B TTA

2 Construction process stage
® Transport

. Product stage e Constructioninstallation process
A life-cycle approach goes beyond o Raw material supply
building production and use to also i
address the building end-of-life i I . » %%,

B AR > M
M{ER, *EFERIFERS e
B F

P
& |

5 Benefits and loads beyond the
system boundary ® Use
° Reuse, recovery, and & ® Maintenance
‘ recycling potential Bﬁﬂ e Repair
n ® Replacement
.'-.'-.:-.'. e Refurbishment

® Operational useof energy

End-of-life stage ® QOperational useof water
® Demolition

® Transport

-Al‘

® \Waste processing
® Disposal




End-of-life
EREWN G

End-of-life for building materials can

& include disposal, recycling, or reuse

W R S I RA

N AR, EWEERA.

LR Recycling involves downgrading building

components into basic materials — e.g.,
through crushing or melting

Bl F] A 218 S 3 b

o BARAPE, BB
o B

Reuse involves maintaining the form and
value of building components

N AR RS RS

R FNE
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Life-cycle approach

& an BRRTTA

ISO-21930 Building LCA Framework
ISO-21930 #~7 4 fp B HATHHAESR

Construction works assessment information

Construction works life cycle information within the system boundary

Optional supplementary
information beyond the

system boundary
Al -A3 A4 -A5 B1-B7 Cl1-C4
D
PRODUCTION CONSTRUCTION USE'S END-OF LIFE
Stage Stage tage Stage
(Mandatory)
Al A2 A3 A4 A5 B1 B2 B3 B4° B5 C1 c2 c3 c4
E L] 1=
5} 5 = 5]
g =% ] 8 = e
= 85 Ze £ g5 B 2
o —_— m o —_— = o— = = %]
£ g o ET=| =3 EEZ| B g Z us E
? b5 Y & s of g8 = = === z 8 = @ Potential net bene its
2= = = = = ah @ = A52a Eg a = 2 o
E] % “ E el S ‘:g = EE 2 e R g5 8 = i 8 E from reuse, recycling
E = s 2 g = & EsE|l E5% E S8 | &g E g 28 S = and/or energy recovery
g g sg ug & ! = = g E EE w E‘E E g3 E‘ E ;E ;‘ g beyond the system
o 1] 1]
£ A 8 k! 5 5 g‘Cl;% G',%‘E g5 2 gam = 2 o 2 boundary
] ] = ] == 558 2 58 1] £ = =
i @ = o g % = g =]
11 = 252 | &2 A =& A [ =
& 5 B R = kB 5 E ! 7]
o © @ =4 © g
= = o I [=] ®
I = =
Scenario hY Scenarioc  Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario Scenario
B6 Operational energy
Scenario
B7 Operational wat
Sce

ISO 21930, 2017. Sustainability in buildings and civil engineering works —

Core rules for environmental product declarations of construction products and services

Life-Cycle Assessment (LCA) is a
framework for assessing emissions
across the entire building life-cycle,
including:
* materials production
* building construction
* building use
. building end-of-life

|=|

HAME G (LCA) &—
/\ﬁﬁi—'?%/l\i_ fAE A B A HE
WAEIHESR, B35
« MRAE
- BT
° Iﬂ,'ﬁﬁﬁ
o BHIRE

1ISO-21930 provides a consistent
framework for calculating life-cycle

emissions
fip B HA

1SO-21930 418 4
HERUER A T — P — B 1EZE




Ecole Orsonnens
TEQ'A Arquitectes Ecole Orsonnens LCA — Emissions by LCA stage

700,000 N
Ecole Orsonnens LCA——LCAZ- B EX HIHERT
600,000
. 500,000
&
(@]
(é 400,000
o
=< 300,000
[O]
200,000
0
A1-A3 Production B2-B5 Operation - Maintenance B6 Operation - Energy C2-C4 End of Life
200,000 Ecole Orsonnens LCA — Emissions by building component
Ecole Orsonnens LCA——Z 54 B9 HER &
600,000
500,000
8
8 400,000
2
o
= 300,000
L]

200,000

100,000

Structure Systems Fagades Roof Interiors

Each building is different. However, generally, building structure
contributes most embodied emissions

SHRENEE AR, E—MKiE, BREWEE
BN ERREHNNERRA.




COZ2e emissions reduction strategies

— AR RS

Reduce building
emissions

B B SHE

Embodied emissions

BR & HEIX

Operational
emissions

EEHRN

Reduced material
use (lightweight)

BRI REHE
(RELE)

Recycled & reused
building materials

o] E A EH B Y
FESiiRvE S

Low-emissions
building materials

IRHEE SR

Improved thermal
performance

FERERTT

Energy-efficient
systems

TRERS

Project site at the Old Floating Bridge Area of Shuidong Town, Ganzhou




Low-emissions building materials 10kgCOZetkg =

AR AR ==

“? iﬁi.m{
The pyramid organises materials with regard to embodied k . mg
emissions ‘““?é"«“'“"';,
. u’ m' m‘ b &
T FIERBEEFEHRUIE AT MR 77K ““@“’“ e <
Generally, bio-based materials are at the bottom, 0 - |
while metals and polymers are higher o wm‘ m‘ e

— Rk, EMEMBIALTIE  1kgC02ekg - ’ ‘
0, mEEHEEYAT T Y e w @ -

cm"“' e Homp flosce /P w" e Aeﬁbd concrete
Fce cuvack

veo o ‘,Qﬁ%""‘gﬁ-wﬁ

mmveo Brick roof tiles

Gy im board Lime sandstone plaster
aaaaaaaa o oty Concrete C20/25 ﬂw vos ey Lmdm Un fired clay brick
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onstruction timber -150 - -1.69'-
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Low-emissions building materials

RHFBCR AL

Structural column 1,000kN strength, 4m length

Beyond emissions intensity, actual embodied
emissions depend upon material performance and
the amount (mass) of material required

bR 7 HEBGRE, SERRHEEIEEUR T
MR BRI E (RE) .

e B N
RS e e A S T T M TS S AT SR BRI RICRE

B — ———
T A P T A S A Tl = S ) S e o ST PR

P e

Granite Limestone Glulam Reinforced Steel Steel

(reinforced) (reinforced) timber concrete SHS UB
150x150 200x200 340x340 200x200 140x140 240
Embodied emissions (kgCO,e) 42 52 76 150 239 272

Calculations using ICE 2.0




CO,e

CO,e

CO2e emissions with material replacement

MRS S E

building life-span

CO2e emissions with building replacement

BRI E R AR S iR S B H

building life-span

Total CO,e

Operational CO.,e
Embodied CO,e

Total CO.e

Embodied CO,e
Operational CO.e

Low-emissions building materials

RHFBGE AR

Beyond emissions intensity, actual embodied
emissions depend upon material durability

bR 7 HERGRE, KPR E IR BUR T
MBI AT

Maintenance and replacement of materials
increases life-cycle emissions

P NE RSB INA o B AP E

Replacement of buildings increases life-cycle
emissions

B A RY B R TR N A A B RA A A9 HEIX

E

Increasing the life-span of buildings and building
components reduces life-cycle emissions

ERERMERAFRERASFS, B
an B 2R B HF I




Low-emissions materials

RHFA

Technologies for timber structural
systems have advanced rapidly

REMERIRIAN R RLIRE

Timber production (growth) sequesters
(traps) CO2, which is released upon
disposal of the timber

AMAEF (1K) KU (4
R T . 5 vy R) “E|AER, MAMLIER
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T 18 .1\“_ L AR o T e
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Sl Fire safety and sustainable supply chains
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” 4 a s | ¢ el : | \ 5 48 ; E . . . . .
el """9%!:!':"!!&!1?4"\9}‘ " o d wn o . use of timber in high-density settings
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Low-emissions materials

AR

Rammed earth and other earthen construction
techniques are traditional in many places

T HMEM T FIRRBEAREITFZHITEZE
(B RERTRS N
Structural properties limit use in large scale applications

and high-density settings

| T AERBERNSHEIRR

50 i

Addition of cement stabilisers undermines emissions
reduction impacts

AR E 7 &= B 55 BHFUR

" Morocco Pavilion Exp 2020 Dubai
Oualalou+Choi Architects




& Low-emissions materials

S

Straw-bale construction combining
¥ envelope and insulation

| THESME G EIPE AR
AR

Application is urban settings is limited by
fire safety standards and by the
volume/dimensions of straw-bale systems

T EWIERMS AR
=gl ROENERRGNERY
B RTHRE

dll

Vivihouse modular system for straw-bale construction
- httos//www.vivihouse.cc/de/
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Limestone CalcinedClay Cement

Low-emissions materials

AR

Research and investment in low-carbon concrete solutions, e.g.:

5('H KRBT AT ZENMRMFRE, Flan:
LC3: https://Ic3.ch

e Sublime systems: https://sublime-systems.com
* Fortera: https://forteraglobal.com
* Brimstone: https://www.brimstone.com

/' /' LC3 substitutes limestone with calcined clay in clinker production,

we start with a carbon-free
feedstock

P foriera

Pavingthe' Wayto-~
Zero' CO, Cement

potentially reducing COZ2e emissions of cement by 30%

L@TMM$F$%mWﬁiﬂﬁEﬁE
Je B9 — AL i HER &= R 2 30%

Existing cement and concrete supply chains involve very large investments
at global and local levels. These investments entail resistance to new
cement technologies

B B 7KIE TR AE T-jdif_ Y KBk
FEENEIIE . XL T HAIKE
AT H S E




Low-emissions materials

IRHEmA

Insulation is an important factor in improving
energy performance of existing and new buildings

1%}5'1% eI A BRI ERNRE
; VBEERZ

Polymer insulation materials such as XPS and EPS
are emissions intensive

BX

RIRLIGEKRIEBRL (XPS) FI&EEREK
L& (EPS) FE 0 Fhsir il 2HEN
mE TR

Bio-based alternatives differ in performance
and dimensional (thickness) requirements

EPEZAmEMRENRT (BE)
ZRTTEA FFAE




Lightweight architecture
B/

Buckminster Fuller pioneered lightweight architecture in the US in
the 1940s and 1950s

B o83t E% (Buckminster Fuller) FE201H%240
FRFS0FERFE T EERRERAIELT

' § Geodesic dome and experimental Dymaxion House designs
emphasized spatial and material efficiency and the potential of
industrialized building production

b 2% 2 TR AN SL86 M Dymaxion Housel& iT3RiESs
B FORARIRCR A B T L BB AR A 7= A9 78

z

Top.: Geodesic dome house patent application drawings
Middle: Geodesic dome house prototype

Bottom. Dymaxion House prototype

Source: Buckminster Fuller Institute <https.//www.bfi.org>




Lightweight architecture
2R

Jean Prové’s demountable house design responded to urgent need
. ¥ for housing in Europe following WW2

B i SRR TR EERR IR T ZRERH
SR (£

|| The design emphasises both material efficiency and labour efficiency

IR A BR M T HRER

i | Industrial prefabricated components are integrated with local
“ " building materials

e T T AV T4 S S H B AARIAR S

Rl The design considers simplified assembly and disassembly
requirements in response to shortages of skilled labour

RITZ R T B RECAFEINEK, AN A%
5f) 11 R R A9 ()




Lightweight architecture
2R

Glenn Murcutt’'s housing designs for outback Australia emphasize
material efficiency and climatic responsiveness

e S ES (Glenn Murcutt) AR A F)IE A f i
X IR TTAYEE R AR RS & E N

Remote location of the Malika Alderton House and the precise

character of Murcutt’s architectural detailing promote off-site
prefabrication

/' Malika Alderton Housei4Mmiz, mfMurcuttddE
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4 Lightweight architecture
AT

Shigeru Ban'’s paper log houses are an architectural response to
humanitarian shelter

8 IR B S AR 20 AE SR BT B E R

Different versions of paper log houses are notable for specific
responses to different building requirements such as structure,
lighting, and insulation

g E AR ARERNEN . RAMBAFARE
e Rk EWN S AR

/-

Top: Paper log houses, Kobe, 1995
Middle: Paper log house, Noto, 2023
Bottom: Temporary studio, Pompidou Centre, Paris




Humanitarian shelter for people affected by natural disasters and
conflicts requires lightweight architectural solutions

A% B AR EF TR M A= HEANTE T R
TR REERNERBRT =

Material efficiency and cost efficiency are critical factors for
~ temporary humanitarian shelter

AR A R R BT A X R P 0

Top: UNHCR tents, Dadaab, Somalia
Middle: Cortex shelter, Cutwork architects
Bottom: Refugee Housing Unit, Better Shelter
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Building a climate-neutral future together b4 \ R 4L FIE IBE TRAERYFE (- 0 Z:hnv:::::‘sbcohnessniz;;:nossenschm .i nte p
N rati ui

" TR 2 EZE 2 W R G R Confederazione Svizzera ) ;
a FARAFEENSIHHIRZFR - Confederaziun sizra Bl o e
B /I?\ — JL,“ZIJ " Skat_c ! Developmen:

School of Architecture & Urban Planning, NJU
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RIFEHE RENTD

THANK YOU! YOUR QUESTIONS?

__:’\_

~1Projécat site at the Old Floating Bridge Area of Shuidong Town, Ga‘ﬁZhou:
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