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GHG emissions (GtCO2-eq yr ')

Source: IPCC2022. Climate Change 2022 Mitigation of climate change.

Projected global CO2e emissions pathways and climate change scenarios
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Sources and proportions of building related CO2e emissions

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

11 % :
29 5 % Includes

— Adirect emissions generated at buildings
Non-residential Aindirect emissions generated away from buildings
37% -l (difg‘ﬁ) e.g., electricity production
3%

Other industry

30%- - \ Non-residential
(indirect)
N T 8 37%

Other building and Buildings construction
construction industry - concrete,

industry aluminium and steel A
6 % 6 %

Estimated emissions A
for bricks and glass

~3 %

Source.UNEP, 2022. Global Status Report for Buildings and Construction




Percentage of total emissions

Sources? European Environment Agency (EEAU.S. Environmental Protection Agency (EPA);
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National proportions of building- related emissions

USA Switzerlan® India* Ching Australief

Swiss Federal Office of Enerqy (SFOE)nternational Renewable Energy Agency (IRENA),
International Energy Agency (IEAS: Green Building Council of Australia

Gt COe

Approximate total annual national building related emissions

EU

USA

Switzerland India China Australia

Calculations based on medjan values for buildingrelated
emissions as percentage of total national emissions

The proportion of building- related emissions varies
between countries

Factors include climate, construction technigues, and
modes of energy production

Total building- related emissions also vary with the
amount of construction




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

Embodied COe
CO2e

building life- span

v

Total emissions =operational + embodied emissions

= +

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

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

building life




Embodied emissions

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

Emissions arising from transportation and installation of materials also contribute to embodied emissions,
though generally these are less significant compared to materials production
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400 Embodied emissions intensity of some common construction materials
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Plywood production (EUR) Polystyrene production, e)xtruded, CO2 blown
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Cement production, Portland (CH) Steel production, electric, low alloyed (EUR)

Data source.Ecolnvent accessed August 2024




Embodied emissions
Embodied emissions depend on

energy consumption during
materials production

Steel production, electric, low alloyed

3.00
o 2.50
Thus, embodied emissions for the
same material are different in
Austria Switzerland (echlgI[-)ﬁeAUT) Canada India dlffe rent Countrles
Cement production, Portland J

However, cement is different....
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Embodied emissions

Typical emissions from concrete in residential construction
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The large amount of concrete used globally makes
cement production a major source of CO2e emissions
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[ On-site placement

1 Transport to construction site

Concrete production
Concrete mixing

B3 Transport raw material

Material production

[lscm processing

] Cement production

[ Gravel production

[ sand production

B Admixture production

Cement final production

[] Cement grinding

[J scm production

Direct kiln emissions

[ Limestone decarbonation

B Fuel burnt

Material production

0 Fuel production and transport

B Raw material transport
and preparation

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




Embodied emissions

Copper Wood
Glass
Aluminum

source of embodied building emissions
3 |

2

Concrete

This proportion of embodied emissions from
concrete is projected to increase

greenhouse gas emissions (Gigaton C02 eq)

0 | | | | | | | |
2020 2030 2040 2050 2060

Projected greenhouse gas emissions from building materials in a businesss- usual scenario to 2060
UNEP, 2023. Building Materials and the FutureConstructing a new future, p.10

Brick Use of Portland cement in concrete is the larges




Global building energy use by function

Operational emissions

water heating
25%

Operational emissions relate to building use, which varies with

residential climate, building type, and building energy efficiency
lighting &
applicances
spaceheating 11%
57% 1
cooking
7%
other gger heating Generally, heating is the main function of building energy use
16% ~
. lighting
cooling ’
4% ‘ 14%
. cookin i i HRH
commercial - coe g New regulations and technologies have reduced building energy

consumption significantly in many countries

spaceheating
52%




Operational emissions

Approximate CO2e emissions intensity of national electricity grids The amount of CO2e emissions arising from
energy use depends upon the emissions

L 800 . . . . .
2 intensity of electricity production
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300 Emissions intensity is higher in countries that

200 rely on coalfired power plants
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covreo: Transitions away from fossilbased power

1 https.//chalg.quarto.pub/carbon- intensity- of- electricity- consumption/ pro duction will reduce ene rgy-re lated emissions
2 https.//en.wikipedia.org/wiki/Enerqy _in_Switzerland

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

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

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




Life- cycle approach

2 Construction process stage
® Transport

. Product stage e Constructioninstallation pr
A life- cycle approach goes beyond 1 marert supply retetonineigiaton process
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life

End of

- life for building materials can

End- of

recycling, or reuse

include disposal

Recycling involves downgrading building

SN components into basic materials e.g.

through crushing or melting

KA

Reuse involves maintaining the form and

value of building components




INTERNATIONAL
STANDARD

1S0

Life- cycle approach

ISO 21930 Building LCA Framework
ISO 21930

Construction works assessment information

Construction works life cycle information within the system boundary

Optional supplementary
information beyond the
system boundary

D

Potential net bene its
from reuse, recycling
and/or energy recovery
beyond the system
boundary
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/SO 21930, 201 7Sustainability 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:

A materials production

A building construction

A building use

A building end- of- life

LCA

o oo To T

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

1ISO-21930




EcoleOrsonnens
Arquitectes EcoleOrsonnensLCA Emissions by LCA stage

EcoleOrsonnensLCA LCA
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EcoleOrsonnensLCA Emissions by building component
EcoleOrsonnensLCA
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Structure Systems Fagades Roof Interiors

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

J




CO2e emissions reduction strategies

Reduce building
emissions

Operational Embodied emissions
emissions

Energy efficient Improved thermal Low- emissions Recycled & reused Reduced material
systems performance building materials building materials use (lightweight)

Project site at the Old Floating Bridge Area o6huidong Town, Ganzhou




| GWP [kg COz eq/ kg

Low- emissions building materials 10kgCOZelkg =

Alumml\.m sheet

EPDM foil

The pyramid organises materials with regard to embodied k g )
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https://www.materialepyramiden.dk/#




Low emissions building materials

Structural column 1,000kN strength, 4m length

Beyond emissions intensity, actual embodied

emissions depend upon material performance and
the amount (mass) of material required "
Granite Limestone Glulam Reinforced Steei 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




CO2e emissions with material replacement

building life- span °

CO2e emissions with building replacement

building life- span °

Total COe

Operational COe
Embodied CQOe

Total COe

Embodied COe
Operational COe

Low emissions building materials

Beyond emissions intensity, actual embodied
emissions depend upon material durability

J

Maintenance and replacement of materials
increases lifecycle emissions

Replacement of buildings increases lifecycle
emissions

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

Technologies for timber structural
systems have advanced rapidly

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

Fire safety and sustainable supply chains
are significant impediments to expanded
use of timber in high- density settings




L ow- emissions materials

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

Structural properties limit use in large scale applications
and high- density settings

Addition of cement stabilisers undermines emissions
reduction impacts

Morocco Pavilion Exp 2020 Dubai
Oualalou+Choi Architects




Low- emissions materials

Straw bale construction combining
envelope and insulation

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

— Vivihouse modular system for straw bale construction
- https://www.vivihouse. ctie/
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Limestone CalcinedClay Cement
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feedstock
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L ow- emissions materials

Research and investment in lowcarbon concrete solutions, e.g.:

A LC3:https://lc3.ch

A Sublime systemshttps://sublime- systems.com
A Fortera https:// forteraglobal.com

A Brimstone:https:// www.brimstone.com

LC3 substitutes limestone with calcined clay in clinker production,
potentially reducing CO2e emissions of cement by 30%

LC3
30%

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

J)




Low- emissions materials

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

L)
J7

: Polymer insulation materials such as XPS and EP!
i are emissions intensive

XPS
EPS

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




Lightweight architecture

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

Buckminster Fuller 20 40

50

Geodesic dome and experimental Dymaxion House designs
emphasized spatial and material efficiency and the potential of

industrialized building production
Dymaxion House

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

Jean demountable house design responded to urgent need
for housing in Europe following WW?2

The design emphasises both material efficiency and labour efficienc

J

Industrial prefabricated components are integrated with local
building materials

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




