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Agenda

Introduction to embodied carbon
- Understanding what embodied carbon is
- The embodied carbon challenge

New buildings: key levers to reduce embodied carbon in the production and construction stages
- Decarbonising material inputs (e.g., cement and steel)
- Material efficiency and building design levers

Existing buildings: the balance of embodied vs operational carbon in retrofits
- Carbon payback from retrofits
- Retrofit vs rebuild debate

Barriers and implementation



1. Infroduction to
embodied carbon




1.1 Understanding
embodied carbon




Embodied carbon accounts for ~13% of annual emissions; 7% of this relates to buildings, with
a further 26% of annual emissions relating to operational energy use

Global emissions by sector, 2022 Total buildings emissions 12.3 GtCO,,

GtCO2
Direct use of fuels in buildings
(e.g.. coal or gas heating, TUOB
for cooking)
i 26%
.. - Indirect use of fuels used fo
Em|$5|°.n$ from buildings generate electricity for power
operational energy use and heat in buildings
0% Ofther
o
~250 billion Current stock of
sgqm global buildings
Annual additions to
i global building stock -
~2% growth
4 Embodied carbon 7% Embodied emission from
: . ° o . . 0
Embodied carbon from from new building C%EZU?GT?F 'r{gglg(zlgg
; . U uri

Fonsiructlon of new construction processing of cement, steel,
6% infrastructure and aluminium for buildings

Note this shows annual carbon flows as opposed to stock. Direct GHG emissions are from sources that are owned or controlled by the reporting entity (e.g. on-site fuel combustion — scope 1) whereas
indirect GHG emissions are a consequence of the activities of the reporting entity but occur at sources owned or controlled by another entity (e.g. electricity purchased from the grid — scope 2) 5
Sources: [EA (2023), The energy efficiency policy package: key catalyst for building decarbonisation and climate action




Half of embodied carbon emissions are from the construction of buildings, the other half from
infrastructure

Global embodied emissions by sector, 2022
GtCO2

Main focus
2.6

Construction of new
residential and
commercial buildings

Construction of roads,
bridges, airports,
pipelines, railways,
ports, etc

Infrastructure

Buildings

Note this shows annual carbon flows as opposed to stock. Direct GHG emissions are from sources that are owned or controlled by the reporting entity (e.g. on-site fuel combustion — scope 1) whereas
indirect GHG emissions are a consequence of the activities of the reporting entity but occur at sources owned or controlled by another entity (e.g. electricity purchased from the grid — scope 2)
Sources: [EA (2023), The energy efficiency policy package: key catalyst for building decarbonisation and climate action



Embodied carbon refers to the emissions from any process relating to the construction,
maintenance and demolishing of buildings

Sources of embodied and operational carbon emissions across building life cycle stages

A. Upfront phase B. Maintenance and use phase C. End of life phase

Embodied Embodied Embodied Operational Embodied

GHG
emissions

EY Y=Y .Q.EIWI! EASH & B,

Extract Transport Manu- Transport Con- Use Mainte- Repair Replace- Refur- Energy Water Demol-  Haul Recycling Disposal

raw to facture tosite struct the nance ment bishment  use use ish away
materials factory products building building waste
materials
* Fuel + process emissions ¢ Fossil fuels / * Production and construction * Heating Fossil fuels / fossil fuel power used
from making steel, fossil fuel power emissions relating to refrofitting + Cooling for:
cement, and wood used for materials and equipment » Cooking + Demolition
» Fossil fuels / fossil fuel ;nochmetrxir.ond + Emissions relating to the /I_Aigh’rl[ng TRronsplc.)r’ro’rlog'of WOTTe
power used in factories ransportanon production of new heating ppliances eCycling or diSposal Processes
and transportation to systems and equipment

site

. Source: New Buildings Institute, Embodied Carbon



Embodied emissions are one-off bursts at a few points in a building’s lifecycle, while
operational emissions are long-term and recur every year

Whole life carbon emissions over time
kgCO,e/m?, average distribution across 6 buildings in Europe

560

B Upfront embodied
| Maintain and use embodied
B End of life embodied

Share of total lifecycle
emissions over 60 years .

B Operational

10 20 30 40 50 60
Years

. Source: WBCSD & Arup (2023), Net-zero buildings Halving constfruction emissions today; RMI (2023), Embodied Carbon 101: Building Materials

There is a lack of data and
no consensus on
embodied carbon
baselines today

Case studies suggest that
embodied carbon
accounts for ~50% of a
building’s lifecycle
emissions

The vast majority of
embodied carbon
emissions are in the upfront
stages (product +
construction)



0 Upfront embodied carbon arises from the production of building materials and the
construction of the 4 building layers

1. Structure

Superstructure

* Frame

* Upper floors

* Roof

« Stairs and
ramps

Substructure

 Foundations

* Retaining walls

 Lowest level
slab

3. Space plan

Common
materials

Structural
concrete
Reinforced
concrete

Tile
Steel

Aluminium
Timber (wood)

Wall, floor and ceiling finishes

(partitions and finishes) °

Internal walls and doors

«  Metal or fimber

Source: WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today

Paint

Tile

Wallpaper
Wood panelling

Mechanical (HVAC)
Metal
Refrigerant

2. Skin (facade)

External walls
« Concrete
 Metal panels

» Brick

Windows

«  GClass

*  Frame (metal or
timber)

External doors
«  Metal or timber

Electrical (wiring, lighting)
+  Metal

«  Glass

Public health (drainage,
pipework, plumbing)

« Metal, plastic



o Cement, concrete and steel account for 95% of embodied emissions, and the rest comes
from other materials such as bricks, aluminium and glass

Cement and steel contribution to global construction material carbon impact
%

B Cement and concrete

. Steel - Concrete and steel are the
Others (bricks, aluminium, glass etc) predominant structural construction
materials by a large margin

» Developers should explore and
develop alternative, low-carbon
materials

« Generally, whatever material

developers are using, they should
aim to use as little of it as possible

. Source: WBCSD & Arup (2023), Net-zero buildings Halving constfruction emissions today



Q A building'’s structure accounts for over half of its embodied emissions, driven by steel
and cement/concrete

Estimated typical upfront embodied carbon distribution for a building in Europe
Total of 760 kgCO2e/m2; % share
400 120 80 160 g Concrete Steel
J content content

Structure
B Concrete / cement

Skin (fagcade)
70%-80% Il External wallls (brick, concrete, or cladding)
- Il Doors (metal or timber)

Space plan
Bl (nternal walls (gypsum board, plaster)
Il Doors (metal or timber)
Il Finishes (paint, tiles)

30% 30% Il HVAC Systems
Electrical (wiring, lighting)

20%-30%

Structure Skin Space plan Services

Source: Typical upfront embodied carbon and the building layers spilt from WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today; material split
from literature review, including ArchDaily (2021), How to Approach Embodied Carbon Reduction within an Architectural Project 11



emissions come from retrofitting with new materials and products
as building layers having different replacement cycles

Building layer life cycles
Element life cycle over 60 years

Project life cycle

Structure Structure (30-60 years)

) / \/ The construction of a building, which involves the structural skeleton
| L eLin (20 2 vy Main focus !
= Skin ' Skin (30-35 years) !
2 /V_\ i The outside layers of a building such as the facade, including windows, surface |
w | material and insulation ;

Services R il i e R 4

W Smart energy systems, lighting and air condifioning that support the internal
Space plan climate in a bUIIdlng

Space plan (10-30 years)
The materials used for compartmentalisation: suspended ceilings, raised floors

and all internal surface finishes
Oy 10y 20y 30y 40y 50y 60y

Source: WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today



G The embodied carbon from retrofitting building fabric will, however, result in emission
savings from avoided operational energy use

lllustration of the balance between embodied carbon and operational carbon from insulation

T Whole lite + Understanding the net lifetime carbon from retrofitting
requires weighing up the embodied carbon and the
avoided operational emissions

Embodied
+ Beyond the balance point, further insulation will have a

@ negative net impact on carbon emissions
0
é ‘\ . * The balance point will shift over time, as operational
2 \ Balance point emissions are decarbonised — creating trickier frade-offs
8 v - embodied for retrofit
5 \ carbon repaid
© \\ * The balance point will vary depending on the building

and type of infervention

Operational - current
carbon intensity

\‘i~{

To be explored in Section 3: how long does it take the

Operational - as grid

— decarbonises embodied carbon of retrofits to be paid back in operational

energy savings?

Insulation thickness 7

. Source: WBCSD & Arup (2023), Net-zero buildings Halving constfruction emissions today



End of life embodied carbon involves emissions from several processes, including
emolition, deconstruction, transportation, and recycling or disposal

Where is embodied carbon produced at end of life?

(1) Demolition/Deconstruction (2) Transportation
4 | Natural building ’ ’

Components break « Energy consumption from « From fuel combustion in material
a . elements machinery and equipment used transport vehicles (e.g.,
*o¥0'0 2 !.__ (e.g., excavators) transport delbris to reprocessing
N centre)
/ Cradle to cradle  Deconstruction
A TN
v ( \
New x , ~\D . .
7\ (3) Reprocessing/Recycling (4) Waste Processing/Disposal
() -] |- | B
. * Energy consumption from « Combustion emissions from
3/ ‘ ‘ machinery and equipment used incineration (e.g., timber)
Reprocessing/recycling v at recycling facilities (e.g., « Methane emissions from
s [ Pemolition granulators) decomposing (e.g., timber)
OO0 »  Emissions from landfill operations
Cradle to grave "

End of life stage generally has a low impact, however, when using biogenic material (e.g., timber), the disposal will release a part
or all of the sequestered carbon to the atmosphere depending of the end of life scenario considered

Source: UCL, Refurbishment & Demolition of Housing Embodied Carbon: Factsheet



1.2 The embodied
carbon challenge




Embodied carbon: construction of new buildings

A. Upfront phase

C. End of life phase

Construction
Product

Embodied Embodied Embodied Operational Embodied

GHG
emissions

.
Time ' I!.

wA S Y iy,

Extract Transport Manu- Transport Con- Use Mainfe- Repair Replace- Refur- Energy Water usDemol-ish  Haul Recycling Disposal
raw  to factory facture tosite struct the nance ment  bishment use building away
materials products building waste
materials

. Source: New Buildings Institute, Embodied Carbon
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Global floor area is set to more than double to 2050, creating significant demands for
material inputs; global concrete and cement use set to increase 45% by 2050

Evolution of global floor area Global concrete & cement demand, 2020 - 2050
2022-2050; Billion m2; IEA NZE Scenario Gt/yr in a no action scenario

Other middle and low income countries B Concrete Cement
China
B High income countries

CREROY
(355% | 60
390

CRAETTY
($45%) y
400

350

300

250

250

200

150

100

50 -

O_

0
2022 2050 2020 2025 2030 2035 2040 2045 2050

. Sources: IEA 2022. Chart: Evolution of global floor area and buildings energy intensity in the Net Zero Scenario, 2010-2030; Mission Possible Partnership (2023), Making Net Zero Concrete and Cement Possible


https://www.iea.org/data-and-statistics/charts/evolution-of-global-floor-area-and-buildings-energy-intensity-in-the-net-zero-scenario-2010-2030

At today’s embodied carbon intensity, total emissions from construction of new buildings
could amount to ~75 Gt CO2e, or 40% of the remaining carbon budget

Global cumulative embodied emissions, 2023 - 2050, compared to remaining carbon budget

Gt CO2e
200 Cement and concrete
New floor space to
. Steel
2050: — i
er mareriais
140 bn m2 Ga0%

Current embodied | ] 125

carbon intensity: -75

540 kg CO2 / m2

Remaining 1.5C carbon budget Total embodied emissions from Remaining carbon budget
from the start of 2024, taking construction of new buildings to 2050

into account updated methods
as well as four years of emissions

Sources: Systemiq analysis for ETC (2024); IEA for global floor area and emissions; Forster et. Al (2024) Indicators of Global Climate Change 2023: annual update of key
indicators of the state of the climate system and human influence
Note: current embodied carbon intensity calculated from 2.6GtCO of annual embodied carbon emissions, divided by 4.6bn m2 of new floor space



Embodied carbon: retrofit of existing buildings

A. Upfront phase

B. Maintenance and use phase C. End of life phase

Construction
Product

Embodied Embodied Embodied Operational Embodied

n

GHGC
emissions

A o TY

wA S Y iy,

Extract Transport  Manu- Transport  Con-  Use Mainte- Repair Replace- Refur- Energy Water usDemol-ish  Haul Recycling Disposal
raw  to factory facture tosite struct the nance ment  bishment use building away
materials products building waste
materials

| . Source: New Buildings Institute, Embodied Carbon
19



Embodied emissions from the retrofit of existing buildings are set to significantly rise, as
heating systems are electrified and energy efficiency improvements are prioritised

Share of buildings that are zero-carbon-ready, existing buildings
% share of existing building stock; IEA NZE Scenario

B Retrofitted No retrofit

Retrofit fo a zero-carbon ready building

2022 A ) )
involves actions to:

* Improve energy efficiency (e.g.,
insulation)

2030 » Removal of fossil fuel heating and

cooking systems

2035

2050

Sources: IEA Net Zero Roadmap (2021)

20



At today’s embodied carbon intensity, total emissions from retrofitted existing buildings could
amount to ~20 Gt CO2e, or 10% of the remaining carbon budget

Global cumulative embodied emissions, 2023 - 2050, compared to remaining carbon budget
Gt CO2e

200

Retrofitted floor space to
2050:

130 bn m2

Current embodied
carbon intensity:

20 105

100 kg CO2 / m2 every
10 years

Remaining 1.5C carbon Total embodied emissions Total embodied Remaining carbon budget
budget from the start of from construction of new emissions from retrofitted
2024, taking info account buildings to 2050 buildings to 2050

updated methods as well
as four years of emissions

Sources: Systemiq analysis for ETC (2024); IEA for global floor area and emissions
Note: current embodied carbon intensity based on European data from WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today; RMI (2023),
Embodied Carbon 101: Building Materials 21



Embodied carbon: end of life of old building stock

A. Upfront phase C. End of life phase

Embodied Embodied Embodied Operational Embodied

GHGC
emissions

gy

wA S Y iy,

Extract Transport Manu- Transport Con- Use Mainte- Repair Replace- Refur- Energy Water usDemol-ish  Haul Recycling Disposal
row  to factory facture tosite struct the nance ment  bishment  use building away
materials products building waste
materials

. Source: New Buildings Institute, Embodied Carbon
22



A significant share of buildings, especially in Europe, are over 60 years old and could reach
end of life over the coming decades

Distribution of population by built year of residential building, select European countries

% of total, 2021

Sweden
Lithuania
Denmark

United Kingdom
Germany

Belgium

Slovakia

Slovenia

ltaly

Hungary

Latvia
Romania
Bulgaria
Estonia
Czech Republic
France
Croatia
Netherlands
Austria
Poland
Finland
Greece
Portugal
Luxembourg
Spain

Malta
Ireland
Cyprus

B <1945 [ 1945-1969 M 1970-1979 MM 1980-1989 1990-1999 " 2000-2010 >2010

25% of homes were
built before 1945

Source: European Commission, Directorate-General for Energy for Europe
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Embodied emissions from end of life are a much smaller challenge; if 10% of existing
buildings are demolished, this would contribute <1GtCO2 at today’s carbon intensities

Global cumulative embodied emissions, 2023 - 2050, compared to remaining carbon budget
Gt CO2e

200

Demolished floor space
to 2050:

25 bn m2

Current embodied
carbon intensity:

10 kg CO2 / m2

20 104

Remaining 1.5C Total embodied Total embodied Total embodied Remaining
carbon budget from emissions from emissions from emissions from end of carbon budget
the start of 2024, taking construction of new retrofitted life buildings to 2050
into account updated buildings to 2050 buildings to 2050

methods as well as four
years of emissions

Sources: Systemiq analysis for ETC (2024); IEA for global floor area and emissions
Note: current embodied carbon intensity based on European data from WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today; RMI (2023),
24

Embodied Carbon 101: Building Materials



2. Decarbonising
upfront embodied

carbon




Embodied carbon: decarbonising material inputs

A. Upfront phase

C. End of life phase

Construction
Product

Embodied Embodied Embodied Operational Embodied

GHG
emissions

.
Time ' I!.

wA S Y iy,

Extract Transport Manu- Transport Con- Use Mainfe- Repair Replace- Refur- Energy Water us Demolish  Haul Recycling Disposal
raw  to factory facture tosite struct the nance ment  bishment use building away
materials products building waste
materials

. Source: New Buildings Institute, Embodied Carbon
26



Building materials differ in terms of their carbon intensity, depending on production fuels,
required temperatures and process chemisiry

Embodied carbon of common building materials
kg CO2/kg; global average estimates based on public literature, but emissions will depend on fuels and region of production

x Global average
I Global range

Aggregates
and sand

Concrete
Bricks
Ceramic tiles
Cement
Glass

Steel

Aluminium

. Source: Jones and Hammond (2019), Inventory of Carbon and Energy(ICE); GreenSpec, Embodied Carbon & EPDs

1 2 3 4 S} 6 7/ 8 9 10 11 12 13 14 15

Firing bricks in kilns around
900°C to 1100°C, typically by
burning fossil fuels

I The majority of emissions come from clinker

production, burning limestone around
‘ 1450°C using fossil fuels

Melting sand and other raw
materials at very 1400°C to
1600°C, often by burning fossil
fuels

Extracting iron from ore in
blast furnaces requires

burning large amounts of
coal at 1200°C to 1500°C

27



There are many different types of steel for a variety of uses across sectors, with different
embodied carbon; rebar is the most commonly used in buildings

Reinforcing steel used in Building and infrastructure
Rebar
reinforced concrete construction
Flat steel sheet rolled on a hot Fllps, Snilo SUlRing), eirsners
Plate 2.46 . . structures, heavy metal
rolling mill
structures
: : : Buildings — wall and roofing
Electro-galvanised steel 3.03 Ul Igyer o Anc or n]ckel e elements, lighting
provide corrosion resistance cars
Welded pipe 578 Flat plo’re.s’reel coil, welded Transport fluids (e.g., gases, oil,
into tube water)
Tinplate 2.85 Electro plating with fin Fope cels, Inelugiiel

packaging

Source: Jones and Hammond (2019), Inventory of Carbon and Energy(ICE); GreenSpec, Embodied Carbon & EPDs
Note: list not exhaustive 28



The built environment accounts for all concrete use, whereas steel is much more widely used
across other sectors

Concrete and steel end-use by mass

% share
I Buildings M Infrastructure
Concrete
I Building and infrastructure Automotive Other transport (e.g., rail, shipping) M Domestic appliances
Mechanical equipment [l Metal products Fletrical equipment
Steel 16% 12% 5%

3%

Source: Mission Possible Partnership (2023), Making Net Zero Concrete and Cement Possible; World Steel Association (2024), World Steel in Figures 2024
Note: concrete numbers are an average of US, China, Europe and India; steel numbers are global



Globally, cement and concrete account for around half of global building materials by mass
and 66% of emissions; steel accounts for a further 29% of emissions

Global building material use, 2017 Global construction material carbon impact
% Share of 17.5 billion t % of product phase embodied emissions
B Cement and concrete [ Aggregate B Cement and concrete
. Steel Plaster, gypsum and lime . Steel
Bricks B Ceramics Others (bricks, aluminium, glass etc)
. Wood

5%

17.5 billion tons

. Source: Huang et al. (2020), A Life Cycle Thinking Framework to Mitigate the Environmental Impact of Building Materials; WBCSD & Arup (2023), Net-zero buildings Halving
construction emissions today 30



China accounts for over half of global material production and use; policies and regulation
in China will therefore be critical to global progress

Cement production by country, 2021

Building material use by regions, 2017

Top 10 largest producers, Mt % share
2,500 Africa B Central America India
& South America
B North America Russia, Central Asia [l China
& Oceania & Middle East
1 000 Bl Rest of Asia Europe
330 2%
100 92 76 66 65 62 56 55 7%
— — — ©
China India Vietnam United Turkey Indonesia Brazil Iran Russia  Saudi RoW
States Arabia
Crude steel production by country, 2020
Mt
1,065
8%
232
1
39 100 83 73 72 45 1%
]
China EU28 India Japan United Russia South Middle RoW
States Korea East

Source: Mission Possible Partnership (2023), Making Net Zero Concrete and Cement Possible; Mission Possible Partnership (2022), Making Net Zero Steel Possible;
Huang et al. (2020), A Life Cycle Thinking Framework to Mitigate the Environmental Impact of Building Materials.



In recent years, the MPP’s sector transition strategies have challenged the belief that it was
not possible to fully decarbonise steel, cement and concrete

In recent years, the MPP’s work has evidenced
the technical and economic feasibility of
reaching net zero in the so-called “hard to
abate” industrial sectors

The MPP sector transition strategies outline the set
of technologies that exist today and possible
transition pathways

They evidence that it is possible to fully
decarbonise material inputs for new buildings
over the long-term

MAKING NET-ZERO
ALUMINIUM POSSIBLE

An industry-backed, 1.5°C-aligned
transition strategy

MAKINGNET-ZERO . ! MAKING NET-ZERO

STEEL POSSIBLE o CONCRETE AND
e " —amm CEMENTPOSSIBLE

An industry-backed, 1.5°C-aligned

/ Mission
,,,,,,,, 3 & POSSIBLE
PARTNERSHIP

Ve

«/ MissiON
& POSSIBLE
ppppppppppp

wwwww
wwwww
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The MPP strategies show that, while reducing demand is important, addressing process and
production emissions is possible and the biggest emission reduction levers

Cumulative GHG emissions between 2022 and 2050

Gt CO2
B Efficiency in concrete Savings Cement Switching to ccus M Decarbonisation [l Efficiency in design [ ] Recarbonation Unabated
production & binders alternative fuels of electricity and construction
and energy
efficiency
Co T T mm e mm e e e e Ly b _______ a"_“.
o L 1
Production levers 1 pemand
1 1
1 I 1 1
K 137 237 <> @ aEa@
98 | 13 ' :
””””””””” | |
N e 23 ! :
| | :
1 b I
: 4 | 11 |
””””””””” e |
| o 47 9

| 3 : A\ - 38
: | |
1 I I
1 b I
1 b I
| | I
1 LI 1
1 I I
! Bringing ! Using !
: production DLELGIGENIEEE | | concrete !
! emissions electricity more :
! close to zero | efficiently |
1 I 1 1
S, L T 1

Notes: Includes scope 1 and 2 emissions. Scope 3 upstream would add approximately 3.8 Gt CO2e of cumulative emissions from 2022 to 2050. “Savings and binders”
include switching to new binders. Decarbonisation of electricity involves electricity demand for kilns, grinders and carbon capture. 33
Source: Mission Possible Partnership (2023), Making Net Zero Concrete and Cement Possible



However, scaling up decarbonisation technologies (e.g., CCUS) will not occur until the mid-
2030s; material efficiency levers therefore need to play a critical role this decade

Net zero, 1.5 degree alighed concrete and cement sector
GtCO2 / year, after recarbonation

— Baseline scenario
Net zero scenario (excluding material efficiency levers)
— Net zero scenario (including material efficiency levers)

40 - This section will discuss the:

3.5

3.0 (cement, steel, bricks, glass,

aluminium)

2.5

* Material efficiency and
building design levers to
reduce demand for material
inputs

2.0

1.5

1.0

0.5

0.0
2020 2030 2040 2050

Source: Mission Possible Partnership (2023), Making Net Zero Concrete and Cement Possible

34



2.1 Decarbonising
material inputs




Cement and concrete

Producing concrete requires temperatures of 1,400°C, which are currently achieved by
burning fossil fuels; the chemical process of making cement also generates CO2

Global thermal energy intensity of clinker production by fuel,
2022 GJ/t clinker; NZE scenario

4 - Process emissions — the chemistry of concrete

_  Clinkeris a material produced in the
I Bioenergy/renewable waste manufacture of cement as an

Commercial heat intermediary product

3 1 B Non-renewable waste :
Fossil fuels A% + Clinker making involves several
chemical reaction acting on the

various ingredients of limestone

-, . One of them is imestone (CaCO3)
decomposing to free lime (CaO) and
carbon dioxide (CO2)

3.2

[ CaCO3 = CaO + CO2

Source: CREEM; IEA (2023), Global thermal energy intensity of clinker production by fuel in the Net Zero Scenario, 2010-2030
36



Cement and concrete

The majority of emissions in the concrete production cycle come from clinker production

I Process emissions [l Energy emissions

Clinker b Cement b

100 - - 5% 1% -10%
88% _o — -
80
Emissions
O -
% CO, 6
Emissions
of totall 40
20
1%
0

& B £

@ Crusher Cyclone
Raw Preheater Bags Mixing
B Raw e & DDD - TF
A. ——— 1]

" : | A

I Blending bed ﬁ D Rotary kiln > \ MM Application % ul_li.|_||:l
= L | : Logistics '
Raw material e Cement mill
extraction Readymix
Raw material extraction and preparation Clinker production Cement grinding Concrete Construction Natural recarbonation
L J J J L J

Value chain included in the analysis (scope 1 and 2)

Note: This illustration covers scope 1 and 2 emissions and includes total raw material extraction. Other construction materials are not considered in this analysis.
Sources: McKinsey ‘Laying the foundation for zero-carbon cement’, Decarbonisation Pathways for the Australian Cement and Concrete Sector, Material Economics 37
Industrial Transformation 2050, GCCA 2050 Cement and Concrete Industry Roadmap for Net Zero Concrete



Decarbonising concrete and cement requires a set of technologies and levers, CCUS being
the main one

Net zero, 1.5 degree aligned concrete and cement sector
GtCO2 / year

I Efficiency in concrete production [ Decarbonisation of electricity

T . . ) Reducing process emissions:
Savings in cement and binders I Using concrete more efficiently

« Using less clinker per unit of cement by using less emissions-intensive

Switching to alternative fuels Recarbonation . .
and energy efficiency supplementary cementitious materials (SCMs)
CCU/S ¥ Unabated « Using less cement per unit of concrete by increasing strength of
cement and industrialising production process
4.0 1~ « Bringing alternative low or zero carbon chemistries fo market (e.g.,
alternative binders, decarbonated raw materials)
3.5 1
3.0 1 Bringing production emissions close to zero:
05 « Addressing heat emissions through thermal efficiency measures and
5 replacing fossil fuels with waste and biofuels, hydrogen, or
electrification
2.0 1 + Capturing remaining process and heat emissions, in order to store or
utilise them
1.5 1
107 Using concrete more efficiently: material efficiency and design
. levers (to be explored in next section 2.2)
0.0 Recarbonation: concrete reabsorbs CO2 through its lifecycle
2020 2030 2040 2050

Source: Mission Possible Partnership (2023), Making Net Zero Concrete and Cement Possible; Mission Possible Partnership (2022), Making Net Zero Steel Possible
38



However, CCUS will not scale significantly until the mid-2030s; this is also the case for all
industrial sectors

CO2 capture by sector in Base scenario

Mt CO2e / year
7 000 - @ pacc
@ BECC
6 000 @ iron & Steel
. Blue Hydrogen
5000 - @ cement
Power
4000 - . Fossil Fuel Processing
3000 4
2000 A
1000 -
0 -
2020 2025 2030 2035 2040 2045 2050

. Source: Systemiqg analysis for the ETC (2022)
39



. Steel |
Producing steel requires very high temperatures of 2,000°C, which are currently achieved by

burning fossil fuels; the chemical process of making steel also generates CO2

Pre-read only

Energy demand for iron and steel by fuel, 2022

EJ; NZE scenario

Process emissions — the chemistry of steel

35 4
B Bioenergy
District heat * Inthe main chemical process used to
30 A Bl Electicity make primary steel, iron ore (Fe203)
B Gos and coal react to become iron and
25 1 Ol carbon dioxide
2Fe203 + 3C > 4Fe + 3C0O2
Coal
20 1 « Steel used in construction is often a mix of primary and
recycled (scrap) steel, with primary steel ratios higher in
15 1 s e.g. load-bearing beams
10 - « Recycled steel are often used in mature markets such as
NA and EU, and increasingly China
5 -
0

Source: [EA (2023), Energy demand for iron and steel by fuel in the Net Zero Scenario, 2010-2030
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L Steel |
Nearly all the world’s steel is made through one of three main production routes, each has its

owhn emission profiles due to different production fuels Pre-read only
Production 7 share of global  Average production emission by technology
technology Details production in 2020 tonnes of CO, pertonne of crude steel (t CO,/t CS)

Blast furnace-basic * lron oreisreduced in the blast furnace

oxygen furnace to molten iron, which is subsequently
(BF-BOF) refined to crude steel in the basic
oxygen furnace 70% 21

* Requires temperatures in the range of
1,100°C to 1,600°C, currently achieved
with fossil fuels

» Uses electricity to melt scrap steel

Electric arc furnace , o
(EAF) * Depending on scrap availability and

plant configuration, other sources of
metallic iron such as direct reduced
iron (DRI) or hot metal can also be

0.5 (average, highly dependent on the
carbon intensity of the electricity supply)

used
Direct reduced « Reducing iron ore without melting it ‘
iron—electric arc « Use areducing gas (typically a blend 1.2 (when using natural gas)
furnace (DRI-EAF) of hydrogen and carbon monoxide 5%

derived from natural gas)

. Source: Mission Possible Partnership (2022), Making Net Zero Steel Possible
4]



Key emissions reduction levers to achieve net zero in the steel industry are scrap use, iron
reduction and CCU/S

Cumulative GHG emissions between 2022 and 2050

Gt CO2
43
3.1
-0.5
-1.2
-0.3
-0.6 —Oi.4 |
-0.3 0.3
2020 emissions Demand- 2050 Increased  Ironreduction Ironreduction Ironreduction Carbon Carbon Other 2050 residual
driven emissions - scrap use with natural with green  with biomass capture capture and emissions (to
emissions 2020 static gas hydrogen and storage utilisation be abated
growth technology through
composition carbon

dioxide
M CCu/s removals)

Note: The *2050 emissions — 2020 static tfechnology composition™ bars in both panels represent what annual emissions would be in 2050 if projected steel demand were met by the same
technologies in the same proportions as in 2020. This is not the same as the Baseline scenario, in which some production technology changes occur even in the absence of concerted efforts to

decarbonise the steel industry. 49
Source: Mission Possible Partnership (2022), Making Net Zero Steel Possible




Other material inputs

Cement, concrete and steel account for 95% of embodied emissions, but other materials
also require attention

Cement and steel contribution to global construction material carbon impact
%

B Cement and concrete

. Steel

Others (bricks, aluminium, glass etc)

This section will cover, at a
lighter touch:

- Aluminium

- Glass

. Source: CRREM (2023), Embodied carbon of retrofits. 43



Other material inputs

For aluminium, clean electrification is the biggest lever; this means ~70% of emissions can be
mitigated by 2035; however, material efficiency levers still play an important role to 2050

Emission reduction pathways
Gt CO2e / year

¥ Remaining emissions Cumulative
reduction to 2050

1.6 -
1.4 ‘ Low-carbon power

1.2 55%-60%

1.0 Additional fuel switching

: 10-15%
0.8
. Low-carbon anode production
0.6 10% technologies (e.g., CCS reftrofits)
Low-carbon refineries (e.g., electric
0.4 :
5%-10% and hydrogen boilers)
0.2 ‘ . Material and resource efficiency
\\\ '+ Improved recycling rates
0.0 i : .

15%-20% . °* Design efficiency
o 20 2050 2035 2040 2045 2050 To be discussed in next section

Source: Mission Possible Partnership (2022), Making Net Zero Aluminium Possible
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Other material inputs

Similarly, clean electrification will account for ~90% of emissions reductions in glass
production; this is also important for bricks

Emission intensity of glass between 2018 and 2050, UK
tCO2 /1

-—— -——

(:-56%:) (:-32%:) -9% (: <3% :/ (: <1% :/

— o - — o - — o - — o - — o

—— —— ——

0.60

* Culletis the recycled broken or waste glass
used in glass-making. The melting of cullet
produces no process emissions unlike raw
materials

« Calcined materials such as calcium oxide,
which is produced from heating limestone
to remove the CO2, could be used to
replace carbonates in the batch and
reduce site CO2 emissions

065 % <0.002
”””””””””””” g

2018 Fuel switch to electricity  Grid decarbonisation  Fuel switch to hydrogen Increased cullet use Use of calcined or
alternative raw materials

Combustion emissions Process emissions

. Source: British Glass, Glass sector Net zero strategy 2050
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Decarbonising material inputs could reduce cumulative embodied carbon of new buildings

to 2050 by ~50%, but will still produce ~40 GiCO2

Potential reduction of baseline embodied carbon from decarbonising material inputs, cumulative emissions 2023-50

Gt CO2e

—— -

(7-14% (7 -3%

— o -

——

(-30%

— o - —

-23

-11

Decarbonising
other materials
(e.g., aluminium)*

Decarbonising Decarbonising steel

cement and concrete

Scenario A - Baseline
embodied carbon
from construction of
new buildings

Note: *Assuming other materials will decarbonise at the rate of how aluminium decarbonise given it's largely focused on power decarbonisation
Sources: Systemiq analysis for ETC (2024)

Scenario B -
embodied carbon
after decarbonisation
of material inputs
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2.2 Material efficiency
and substitution levers




There are other strategies to reduce embodied carbon; their impact and feasibily varies
across the project lifetime

Impact of decision-making on embodied carbon reduction
strategies Embodied carbon reduction potential, %

Build nothing Build less
B1 Build nothing i o
1 LTRSSy iy D e « Re-use or extend use ° OpTImISG bU|Id|ng use
of existing buildings and service efficiency
B2 Build less  Better urban planning

BOUW w A *-r-r-mrssssrssssssssssssssssssssssssssssssssEsssssssrEsEEssssasssEsEsEEEEEsssssssszsssssssssssEsses

High impact - but much harder to implement

. Build clever Build efficient
B3 Build clever
» Building geometry « Efficient construction
methods

* Innovative
construction solutions » Circularity approach

« Material substitution

Relatively lower impact - but easier to implement

l_MaieriaI production

|_Consiruction

. Source: WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today
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Focusing on build clever and build efficient first, there are a huge variety of strategies that
developers can adopt to reduce upfront embodied carbon across all building layers

Skin (fagade)

» Overall massing — floor to wall rafio

+ Use whole life carbon to inform design
decisions

» Focus on most carbon intensive
components

» Think circular

| .
It Services

+ Use whole life carbon to inform design
decisions

What can we omite

Optimize distribution routes

Reduce refrigerant impact

Use low embodied carbon materials
Adopt circular economy principles

800
kgCO2e/m2 i

|

1

|

1

|

|

|
w0 P
y |
:

1

1

* What can we omite
« Focus on most carbon intensive I Structure

components | + 200kgCO2e/m2 or less!
* Minimize material use as a priority
+ Use material to its best impact — consider
o— hybrid, modular and new forms of

construction
» Explore emerging low-carbon
« Consider replacement cycles alternatives
* Prioritize low carbon, circular O Q + Specify lowest carbon options
procurement » Design for performance

Source: WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today



Build efficient Build less Build nothing
There are three main levers to build clever

it IE i

Building design choices Innovative construction solutions Material substitution
Optimize the building’s shape, height, Focus on lightweighting and material Replace conventional concrete and
and layout to use fewer materials intensity without compromising on cement with sustainable alternatives to
without compromising functionality safety and durability significantly lower carbon emissions
« Area efficiency «  Minimize material use through * Rammed earth
« Wall to floor ratio innovative structures and « Timber

techniques

Window-to-wall ratio
Building height

¥ ¥

15-30% reduction 15% reduction
in cement & concreate demand to 2050 in steel demand to 2050
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Build clever

Build efficient

Build less Build nothing

Design and aesthetic choices in the design stage can massively reduce embodied carbon

Area efficiency

High-rise vs low-rise - floor efficiency
Net-to-gross ratio, %

Building height

London mid/high-rise buildings benchmarking
Upfront embodied carbon intensity, kgCO2e/m2 GIA

B Core i} Occupiedarea

.....

.................................
Y

H N
..............................
....................

108 floor levels 9 floor levels 8 floor levels
above ground above ground above ground
Net/gross 69% Net/gross 80% Net/gross 87%

*Higher efficiency, lower embodied carbon

Net-to-gross ratio is the overall efficiency factor of net usable area to

gross construction area

*  Varies by more than 20% in different versions of the same building

typology

+ At the lower efficiency, companies are constructing more overall

building to deliver the same functionality

1,200
] @ Highrise 2)=|ig‘ﬁr@ Se
1,000 - @ Highrise 1 -
i _ - -
800 - o Midrise 4. — ® Highrise 3
i _ - -
=7 7 Ml/d?e i Highrise 4 ®
- MigkisE' 1 @ Midrise 3
400 . . .

0 5 10 15 20 25 30 35 40 45 50 55 60 65
Number of storeys

Taller buildings typically require more structure (thicker core walls, bigger
columns, larger foundations, etc.) and more space and equipment
associated with vertical movement of people (lifts ad stairs) and building
services (risers, interstitial plant provision, etc.)

Embodied carbon per m2 can be 50% higher to provide the same net
useable area between high-rise and low-rise construction

Source: WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today; Saint-Gobain & Arup, Carbon footprint of facades: significance of glass
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Build clever Build efficient

Build less Build nothing

Taller buildings have a higher embodied carbon intensity per m2, requiring significantly more

material as structural support

Wall to floor ratio

Wall-to-floor (W2F) ratio comparison
W2F

P wall Floor

:
ooooooooooooooooooo

]
.
H
]
+
3

'
..........

----------

..................

W2F = 0.50 (poor) W2F = 0.35 (good)

Lower W2F, lower embodied carbon

« W2F ratio can typically vary from about 0.3 to 0.5
« Afifts upper end, it can represent more than 60% of additional fagcade
area, driving additional embodied carbon into the design

Column grids and floor-to-floor heights

Weight-to-depth relationships for a comparable composite
floor plate design kgCO2e/m2

Minimum depth solution Minimum weight solution
9m x 9m grid ?m x 9m grid

600mm

100 kgCO2e/m2 50 kgCO2e/m?2

The span of the building floor plate between columns and walls and the
allowable depth the structure can occupy (span-to-depth ratio) can
significantly impact the overall amount of material needed, which in turn
is directly linked to the overall carbon footprint

Source: WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today
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Build clever Build efficient Build less

Build nothing

Navigating trade-offs between embodied carbon and operational energy use can be
challenging; passive heating and cooling techniques should be prioritised

Just focusing on embodied carbon could Developers should consider the trade-offs
lead to sub-optimal choices regarding between design choices

operational energy (e.g., single glazing over

triple)

BB o=
E— = e e

N BN

Single Double Triple Duuble For example, the window-to-wall ratio can lead
glazing glazing glazing to ~ 80% variation in embodied carbon

The WWR also has implications for a building’s
Reduced embodied carbon operational emissions:

- Natural light vs artificial light needs

- Solar gain vs heating / cooling needs

There are a number of passive
heating and cooling
techniques which have no /
minimal impact on embodied
carbon

» Orientation
+ Airtight construction

* Insulation — as a share of total
embodied carbon, many
insulating materials (e.g.,
natural fibres) have a very
smallimpact on embodied
carbon
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Build efficient Build less Build nothing
Before net-zero concrete is available, using lower carbon intensity structural components
can reduce the carbon impact of reinforced concrete in buildings

Comparison of common concrete floorplate systems
‘ ~ Embodied carbon, kgCO2e/m?2
[ ] - =
Columns
300 ﬁi?j%
-~ L)
250
200
The refers to the horizontal
elements that make up the floors of the building. 150
It's a critical part of the building's structure as it
supports the weight of people, furniture, and 100
equipment. A floorplate typically consists of:
- Slabs: These are the large, flat surfaces (like 50
the floors you walk on). They are usually made
of reinforced concrete 0 P
S)
- Beams: These are horizontal structural o° e N & &© O
0 e ol 0 @ © 0 0@ (P &8
elements that support the slabs. They can be 0\5\0 \cj\o"o(\e 60«\%\\“0**6 < . Q& O a 0((\5 \6 o ¢ NS Qo\d@
made of steel and concrete RO N N %oe® T8 Ty

Source: WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today
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Build efficient Build less Build nothing
Similarly, optimizing steel structural frames can lead to less steel use and subsequently emit

less carbon

Example of innovative solution to reduce steel intensity: tree column floor system
Developed by Make Architects and Arup

The column heads effectively
shorten the spans of the main
beams and reduce both depth and

weight, comparing to conventional
steel composite floor plate ‘M

150 mm finishzone -~ — = _
‘ — 130 mm slab zone, “ \
\

The carbon savings estimated
from this simple modification to

e N V2 2
‘ LS

o) Q
'c :g . . . °
Bel B ; s convention is in the region of
) :—- T o . Y )
v TE s o 1 L Jypical 400mm > / o ‘65 15-20% when compared to a
.8 > 9 2P deepbeamzone ~~ ||| 7 ik standard floorplate system
o= 0 e} S ] . @© L —
Egl ES| EE 855

) g
. Q g Pso
o ™

= : il

Source: WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today
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Build clever Build efficient Build less

Build nothing

Lower embodied carbon design and construction choices face a number of barriers and

frade-offs

Financial and legal barriers

» Project cost, timescales, functionality, and aesthetics are prioritised over sustainability
« Contract structures enforce hierarchies and limit information sharing

« Litigious industry environment makes pursuing novel products difficult

« Concerns over durability and associated liability and reputational risk

Policy and regulatory limitations to use of novel materials

Institutional barriers

« Fragmented supply chain and ineffective integration of different actors early in the
planning process

« Current standards may prevent use of certain types of cement and other construction
materials for safety reasons

« Conservative nature of clients and practitioners

Knowledge and perception barriers
» Perceived unreliability and risk specifically about durability
* Lack of information on performance of novel materials

« Lack of consistent and comparable methods for calculating and reporting embodied
carbon

+ Negative perceptions of low-carbon materials
» Perception of high cost

Concrete floorplate systems illustration
Embodied carbon, kgCO2e/m?2

Reinforced concrete flat slabs

Typically 180 kg CO2e/m2
for a 9x9 m grid with comparable loading

‘ 30%+ reduction

Reinforced concrete waffle slabs

. = - ) o I ]
a0 N T O ,.\‘dl.“d\
.o ) S, o o [ .
L -
-
.

-
5 A
-
| - -
i‘ - ‘J‘

« B
5

Typically 120 kg CO2e/m2
for a 9x9 m grid with comparable loading

Source: Mission Possible Partnership (2023), Making Net Zero Concrete and Cement Possible; WBCSD & Arup (2023), Net-zero buildings Halving consfruction emissions today
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Build clever Build efficient

Build less

Build nothing

There are also some encouraging signs that more innovative new low-carbon intensity
materials may emerge in the not-too-distance future (1/2)

Alternative Applicable Embodied Details and carbon impact Barriers
materials building layers carbon
Hempcrete  Skin (facade); Carbon + A mix of hemp fibers, lime, and wate » Not suitable for
internal wall negative * More atmospheric carbon is locked structural use
(Sequester away in the material for the lifetime of » Limited awareness
over 100 the building than was used in its « Limited building codes
kgCO2/m2) production and use compliance
Rammed Structure; 50-100 kg + Compressed natural soil, sometimes + Labor-intensive (requires
earth internal wall CO,e/m? stabilized with cement skilled labour)
+ Requires significantly less energy and » Potential for cracking
produces minimal waste during
construction comparing to concreate
+ Excellent thermal mass property to
reduce operational emissions
Timber Structure; 100-200 kg + Lower overall GHG emissions than « Supply constrained

(deep dive  skin (facade) CO,e/m?
next)

traditional concrete and steel, in
particular in regions with ample
sustainable forestry

Potential to sequestration

Susceptible to fire, rot,
and pests

Needs sustainable
forestry practices

Bamboo Structure; 50-100 kg
skin (facade) CO,e/m?

For reference, embodied carbon of reinforced
concrete is 240-300 kg CO,e/m?, and steel is 12,000-
16,000 kg CO,e/m?, depending on production process

Source: WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today

Very low carbon footprint

Limited building codes
compliance

Potential for insect
infestation

Low performance for
operational emissions
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Build clever

Build efficient

Build less

Build nothing

There are also some encouraging signs that more innovative new low-carbon intensity
materials may emerge in the not-too-distance future (2/2)

Alternative Applicable Embodied Embodied carbon impact Barriers
materials building layers carbon
Low-carbon Skin (facade); 150-250 kg b - Recycled bricks made from up-cycled construction waste * Material quality
bricks and internal wall CO,e/m? and a lower temperature firing process + Limited building codes
blocks [ compliance
30-150 kg Earth bricks and blocks (i.e., adobe bricks), made from * Labour-intensive
CO,e/m? compressed earth, sometimes stabilized with small amounts ¢ Require stabilization to
of cement or lime, has low embodied carbon especially if improve durability
locally sourced
20-50 kg Rice husk ash bricks are bricks made from an agricultural « Limited availability
CO,e/m? . waste product * Material quality
+ Limited building codes
compliance
100-200 kg I\ Mycelium building blocks, Made from fungal mycelium + Limited availability
CO,e/m? ..\ grown in agricultural waste, are low carbon and + Limited structural use
.. biodegradable + Limited awareness
Biocement  skin (facade) 100-200 kg Bio-based cement tiles made from approx. 85% aggregate ¢ Limited structural use
CO,e/m? combined with 15% biocement, with lower embodied + Limited awareness
carbon
Straw bale Internal wall 20-50 kg = Compressed straw used for insulation and walls « Bulky
modules CO,e/m? * Requires proper sealing

While encouraging, companies cannot only rely on the emergence of new materials that can be deployed at a global built
environment scale over the coming decade. A robust net-zero transition plan must have a combination of all sets of levers

Source: WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today



Build less

Build clever

Build efficient

Build nothing

Used in the right way, modern engineered timber can contribute significantly to lowering

the embodied carbon footprint of a building structure

Comparison of good and bad timber use
Cumulatfive embodied carbon kgCO2e/m?2

0 Year 40 60 ] ) o
_______ Timber used inefficiently
- [ Timber (no sequestration and
f T~ . I —— poor end of life consideration)
| L -/; e . .
| n Efficient reinforced concrete
Efficient steel-concrete composite

I Timber (with sequestration)
sustainably sourced

Timber (with sequestration and
carbon capture) sustainably sourced

End of sequestration
(assuming S0-year
harvest cycle)

Zero or negative overall
emissions are only
possible with carbon
capture

AT-AS C1-C4

=it i b= I
Harvesting, processing Typical end-of-life
and construction scenarios release stored
releases carbon carbon back intfo
emissions atmosphere

Source: WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today

Timber has lower overall
GHG emissions than
fraditional concrete and
steel

Especially in regions with
ample sustainable
forestry

But exactly how high is
heavily contested

It is very unclear where
the boundary lies
between desirable and
undesirable timber
substitution
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Build efficient Build less Build nothing
The timber debate is complex — while it also has indirect embodied carbon benefits,
guaranteeing sustainable supply is very challenging

Uncontested benefits to timber Contested points or risks to timber
= Prefabrication is easier for fimber - lower waste and = Challenging to correctly account for carbon, e.g.,
higher material efficiency incorrect accounting from the share of tree that

cannot be used for timber (e.g., branches) which is
burned / left to rot

Timber aesthetics mean that less additional
material is needed (e.g., plaster, paint, drywall)

: . ) - = Time dimension: replanted tree will take decades
Mass timber has high insulating capabilities, to re-sequester the emitted carbon
requiring less insulation material o e e o

, . | . Cutting trees down before end of life significantly
Construction cost savings of 15% have been | cuts a free’s sequestration potential

reported L o o o o e e f e e e e mmmmmmmmmo -
See next slide

Also important to note that timber is only a viable substitute in certain applications — e.g., low- and mid-rise buildings
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Build efficient Build less Build nothing
Guaranteeing sustainable supply is the key challenge - one part of this involves cutting trees
down at the optimal time in their lifetime

kg of CO; sequestred :“-I-y % of carbon

. Cutting trees before EOL halves a tree’s sequestration potential A --- with~50% of the captured carbon being emitted instead of stored

f,'f’

'R 1250 kg CO,
.................................. -
Used for planks \ Stored in
materials
Residues for paper & furniture 10% J
Bark usually burned 15%
» Direct emissions
- Roots and branches left to rot 1
CO2 sequestration  Tree cutdown — COZ2 sequestration COZ2 sequestration Carbon in 30y tree
over 30Y for timber over next 70Y potential over
100Y lifetime

Source: WRI (2023) adapted from Churkina et al 2020; assuming free sequesters 50% in first 30 years
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Build efficient Build less Build nothing
Supply of sustainable timber is very limited due to competing demands for land, long lead
times and growing demand for sustainable biomass across sectors

: : Maximum achievable only under extremely ambitious systems
e change scenarios; additional potential NOT to be relied upon.
Global sustainable biomass® supply (2050) - illustrative scenario

EJ/year (primary energy) lllustrative

Max prudent estimate Additional potential Recycled wood/paper
Dedicated { MNon-food crops m
land use ; +45
from Forestry?
12
Municipal & i
Industrial Waste “_fﬁl_; 14
Aquatic { Macroalgae u +10 - 11
sources
+60 120
Woody biomass from forestry 4.~15
used as a material®* m

! The term 'sustainable biomass' is used to describe organic material that is renewable, has a life-cycle carbon footprint equal or close to zero (including considerations for the opportunity
cost of land), and for which the cultivation and harvesting practices used are mindful of ecological considerations such as biodiversity and health of the land and soil.
% Includes high-guality stemwood from forestry suitable for the timber and pulp & paper sectors (~10 EJfyear today, FAD Industrial Roundwood production less by-products used for energy).

This category also includes residues from forestry but excludes traditional fushwood (=25 EJ/year today, assumed to reduce with modemisation) due to collection and sustainability assurance challenges.
% E.g., timber, pulp & paper. Based on current harvests from commercial forestry; may increase if forestry additional high-guality stemwood could be made available if freed up land were dedicated to forestry.

* Additional supply from recycled materials (~4 ENyear today).
SOURCE: SYSTEMIQ analysis for ETC (2021).

Only 11% of timber today is
certified as sustainably
harvested

85% of this is from Europe,
North Asia and North
America

Demand for sustainable
biomass in a net-zero
economy greatly exceed
scenarios of maximum

supply

Crucial to prioritise use
across sectors where it can
be used as a material, in

aviation and in applications

where it can be combined
with CCS
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Build clever Build efficient Build less Build nothing

Hybrid construction where timber is used to substitute a portion of steel/cement/concrete use
has a lot of potential

Cross-laminated timber + concrete hybrid floorplate system

Concrete
* Lower susceptibility to vibration
» Better basic sound insulation

Hybrid construction can provide a

V_’_—% 77 balance between lower

e .
= embodied carbon and other
L™
e trade-offs:

« Durability and stability

» Fire and safety risks

T Cross-laminated timber (CLT)

CLTis an engineered wood product made by gluing layers _
of solid-sawn lumber together. Key advantages include + Sound and acoustics

* Non-combustible residual cross-section
« Higher strength and dimensional stability
« Greater impermeability

Source: WBCSD & Arup (2023), Net-zero buildings Halving construction emissions today
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Build clever Build less Build nothing
Efficient consiruction methods and circularity approaches help streamline building
processes, reduce material waste, and reduce overall carbon

IE 7

Efficient construction methods Circularity approach
Use fast and efficient building techniques, to reduce time, Implement re-use and recycling strategies to maximize the
labour, and material waste lifespan of materials and minimize waste in the construction
process
* Modular construction (deep dive available)
» Digital tools (e.g., 3D printing, digital twin, building + On-site waste management
information modelling) * Recycling and re-use

» Robotics and drones for material handling

¥ ¥

1% reduction 5% reduction
in cement & concreate demand to 2050 in steel demand to 2050
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Build clever Build less Build nothing
Modular construction can reduce on-site emissions as well as minimise wastes

Modular construction is a building method where parts
of a building are made in a factory, then shipped to the
site and put together like big building blocks. It's faster
and can be more efficient than traditional building
methods

Reduce construction waste

» The Modular Building Institute reported
that modular construction can result in
a material savings of up to 20% and
reduce on-site waste up to 90%

? Cut transportation emissions
» Transporting fully constructed modules
pi- N requires fewer trips compared to the
= = : .
o) = transportation of raw materials for on-
: site building

‘ ’ Use less energy on-site
© « Average reduction in energy

EREREAR consumption of about 67% during the
EENEEET building phase
 Projects are completed twice as fast

Source: BigRentz (2022), Modular Construction: Reinventing the Building Process; Modular Building Institute, Building Green, Living Clean: How Modular Construction Paves
the Way for Zero-Waste and Eco-Efficiency
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Build clever Build less Build nothing
Re-use and recycling have substantial material and emissions savings compared to

producing virgin materials

Cumulative material and emissions savings from implementing circular renovation actions on the EU building stock
Mt of material savings / Mt CO2e of emissions savings; 2022 to 2050

Baseline Design for disassembly (DfD)* Maximise the recycled content in Maximising re-use
Policy compliant renovation materials

B Ambitious

Material savings (M) 479

O <ED

- 171
5 8 27

GHG emissions @ @

savings (Mt CO2e
9s ( ) C+1,330%> 232 229
143 101 103 103 125

Note: *DfD is a building design process that allows for the easy recovery of products, parts and materials when a building is disassembled or renovated
Source: European Environment Agency (2022), Building renovation: where circular economy and climate meet 66




Build less Build nothing
‘Build clever’ and ‘build efficient’ levers can also be applied to other types of construction,

such as roadway infrastructure

Design choices: reduced lane Circularity approach: recycled

configurations Design choices: parking space asphalt pavement (RAP)
Consider narrower lanes or shoulders Parking spaces below a building can RAP is produced by combining with
where traffic volume allows. This directly save a substantial amount of materials new and usable asphalt and

aggregate from old roads to meet
roadway specifications once again.
The RAP in this new roadway reduces
the amount of required virgin material
inputs and energy required

reduces asphalt and concrete needs in walls

Before

2N

‘/' InServiee
/ \ |
AV

Multi-Recyclin

Serviced Asphalt Pavement

4-lane to 3-lane design

. Source: U.S. Department of Transportation, Road Diet Informational Guide; Once Click LCA, 10 design commandments for cutting your building’s embodied carbon;
67

Sripath, What Is Reclaimed Asphalt Pavement | Recycled Asphalt Pavement | RAP



Build clever Build efficient Build nothing
Extending building lifetimes should be a priority in parts of Asia, where poor urban planning
during rapid urbanisation has resulted in very low building lifetimes

* Frequent demolition in Asia is often not due to poor construction

Building lifetimes vary massively: quality

. 50-60 years in the US « Due to evolving urban planning and land policies = huge

opportunity to get this right first time around

« Over 100 years in Europe . . . . . .
« For poor quality housing with high operational energy requirements,

* 30-40yearsin Japan there is less opportunity

« 25yearsin China = reflects inadequacy and Key levers:
inflexibility of buildings built during rapid , ,
urbanisation « Better urban and spatial planning

Potential to extend lifetimes is heavily region * Material durability

specific » Regular maintenance

« Design and built with future uses in mind

¥ ¥

5% reduction 10% reduction
in cement & concreate demand to 2050 in steel demand to 2050
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Build clever Build efficient Build nothing
MPP analysis suggests that strategies to reduce material demand, minimise waste and
extend building lifetimes could cut demand for cement and steel by 30-35% to 2050

Potential percentage reduction in demand for cement and steel to 2050 with material efficiency and substitution levers
% material demand, cumulative to 2050

Cement : Steel
15
30 . 5
10
I 5 |

i Note: these numbers reflect levers
| in construction, transport and
: machinery — we are working to
: isolate the construction story

BAU Build clever  Build efficient Build less High : BAU Build clever Build efficient Build less High

efficiency : efficiency
Build clever: Building design choices; Build efficient: Efficient construction Build less: extend building lifetimes
Innovative construction solutions; methods; circularity approach

material substitution

Source: Mission Possible Partnership (2023), Making Net Zero Concrete and Cement Possible; Mission Possible Partnership (2022), Making Net Zero Steel Possible 69



Build clever Build efficient Build less Build nothing

The MPP sirategies evidence the importance that material efficiency levers will play to reach
net zero - but can these go further?

Net zero, 1.5 degree aligned concrete and cement sector Net zero, 1.5 degree aligned steel sector
GtCO2 / year GtCO2 / year

Il Decarbonising production technologies Recarbonation B Decarbonising production technologies % Unabated emissions
B Material efficiency levers W Unabated emissions I Material efficiency levers (construction)

4.0 A 4.0 -

3.5 1 3.5 1

3.0 1 3.0

2.5 1 2.5

2.0 A 2.0

1.5 1 1.5

1.0 A1 1.0

0.5 A 0.5 CDR offsets will be required to reach net

zero
0.0 0.0
2020 2030 2040 2050 2020 2030 2040 2050

. Source: Mission Possible Partnership (2023), Making Net Zero Concrete and Cement Possible; Mission Possible Partnership (2022), Making Net Zero Steel Possible
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Build clever Build efficient Build less

Build nothing

Building less through efficient spatial design in residential developments, such as building
multi-unit houses, is key to reducing embodied carbon from buildings and infrastructure

Emissions saving potential of space efficiency in new-building during one year, EU
Mt CO2

B Mobility Energy
Roads & pipes M Building materials

— % (57— L ﬂ:ﬂ;ﬁ: @%

91
[——
BAU Scenario Balanced
neighbourhood
v scenario 1 — better

new building
50% of new

developments are

single-unit houses in

expanding low- All new

density settlements developments are

(requiring new roads spacious multi-unit

and utilities). 50% are houses and 75% infill

multi-unit houses. 25%  (no new roads

BAU scenario Balanced Balanced of newbuilds are infill or utilities required)
neighbourhood 1 neighbourhood 2

Source: Systemiq (2022), Efficient and balanced space use: shaping vibrant neighbourhoods and boosting climate progress in Europe

Balanced
neighbourhood
scenario 2 — better
new building + better
use of existing
buildings

Scenario 1
assumptions + better
use of un(der)-
occupied buildings,
avoiding 10% of
newbuild

/1



Build clever Build efficient Build less
Ambitious scenarios to limit floor space per capita suggest build out could be 15% lower; but
achieving this relies on significant lifestyle and behavioural changes

Scenarios of the expansion of global floor space in 2050
Billion m2

B Commercial buildings Key potential for reduction:

Residential buildings . . . . .
= ! 1Al bUllAing 325  Reduction in residential and commercial

floor space per capita in North America
and Europe - opportunity due to shrinking
populations and fewer second homes

250

* Huge opportunity to reduce vacancy rates
in China

» Limited potential to reduce m2/capitain
developing countries; levels remain far
below Europe/N America average

. . o
5027 Baseline Reduce floor But how feasible to achieve these reductions?

space per capita , , .
= Relies on lifestyle and behaviour changes

Global ) )
average = Does not necessarily lead to lower wellbeing
m2 / - lower vacancy rates, shared working
capita spaces, telecommuting, urban vs rural living,

multi-family homes vs single-family homes

. Source: UN Environment Programme (2024), Global Resources Outlook 2024 79



Build clever Build efficient Build less
The biggest opportunity to reduce the growth in floor space is in China, where the built
environment already exceeds need

Growth in global floor area by region
2022-2050; Billion m2; IEA NZE Scenario

The buildings + infrastructure embodied carbon
opportunity in China: reducing significant wasted
investment

Other middle and low income countries
China
B High income countries
* 40% of Chinese urban households own two or more

apartments

400 1 0 X « Vacancy rates exceed 20% in most cities

350 -  In many cases, new buildings will never be occupied
300 - C:D « Urban infrastructure in many third and fourth-tier cities
250 20 N massively exceeds future requirements

200

- Huge potential to reduce projected growth in floor
space

150

100

50

2050

Sources: IEA 2022. Chart: Evolution of global floor area and buildings energy intensity in the Net Zero Scenario, 2010-2030; ETC and RMI (2020), Achieving a green recovery
for China 73



Material efficiency and substitution levers could further reduce cumulative embodied carbon
of new buildings to 2050 by 10%; a 60% reduction overall is therefore within reach

Potential reduction of baseline embodied carbon from decarbonising material inputs, cumulative emissions 2023-50
Gt CO2e

——

B Cement Steel Others -== <
0%’ J

(-50% (-1

~

— o - — o -

Scenario A - Baseline Decarbonising material inpuits Scenario B - embodied Material efficiency Scenario C — embodied
embodied carbon from carbon after decarbonisation and substitution levers carbon after
construction of new buildings of material inputs decarbonisation of material

inputs + material efficiency
and substitution levers

Note: *Assuming productions of other materials will decarbonise at the rate of how aluminium production decarbonises, and the efficiency and substitution rate as steel rate
Sources: Systemiq analysis for ETC (2024) 74



3. Decarbonising in-
use and end-of-life

embodied carbon




Embodied carbon: decarbonising material inputs

A. Upfront phase B. Maintenance and use phase C. End of life phase

Construction
Product

Embodied Embodied Embodied Operational Embodied

n

GHG
emissions

wA S Y iy,

Extract Transport  Manu- Transport  Con-  Use Mainte- Repair Replace- Refur- Energy Water us Demolish  Haul Recycling Disposal
row  to factory facture tosite struct the nance ment  bishment  use building away
materials products building waste
materials

. Source: New Buildings Institute, Embodied Carbon
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The key consideration for the embodied carbon of retrofits is the extent to which they realise
a reasonable carbon payback from lower operational energy use

lllustration of carbon payback to energetic retrofit
CO2 emissions

Energetic retrofit: any measure which improves the

energy efficiency of a building and reduces operational
[l = Embodied Carbon energy use

= Operational Carbon

c
=]
®
o
E
=]
[&]
8 Focus
g Optimization
o
. Carbon Payback
LT
0 10 20 30 40 50 60
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At today’s electricity carbon intensities, even deep retrofits have a reasonable carbon
payback; but this will change with renewables-dominated electricity grids

Estimated carbon payback at different types of retrofit and carbon intensity of electricity
Years, estimates for a 100m2 house

600gCO2/kwh | 300gCO2/kwh 75gCO2/kwh 10gCO2/kwh

Retrofit type China, Australia us, Germany Finland, France
Light
15kgCO2/m?2 1 year 2 years 8 years 60 years
Medium 1.5 years 2.5 years 11 years 80 years
40kgCO2/m?2 DY DY y y
Deep
85kgCO2/m?2 2 years 4 years 15 years 115 years

—

Decreasing payback as the electricity grid decarbonises

Source: Systemiq analysis for the ETC (2024); CRREM (2023), Embodied Carbon of Retrofits.
Note: analysis focused on all-electric households with an annual energy consumption of 15,000 kwh in the baseline scenario; energy savings from light retrofit (15%),
medium (30%), deep (50%) 78



The carbon payback to retrofits can be improved with similar strategies to reduce the

embodied carbon of material inputs

Embodied carbon of common insulation materials
kg CO2/kg of material

Global average
Woodwool .
board 10 posed on public
insulation literature — upfront
carbon depends on
production fuel and
Glass fibre regions
insulation 1.4
(glass wool)
Flax insulation 1.7
Expanded
Polystyrene 2.6
insulation
Polyurethane
insulation 3.5
(rigid foam)

Source: GreenSpec, Embodied Carbon & EPDs

Key levers to reduce embodied carbon of
retrofits:

* Prioritise lower-carbon materials (e.g., natural
fibres)

« Use materials with recycled content

« Consider durable materials which will last
longer and reduce the frequency of retrofit

» Prioritise local materials

For many retrofits, the value goes beyond carbon and

energy bills — but is key to improving living standards,
health and reducing inequality.
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Retrofitting generally has lower embodied carbon than rebuilding, but building from scratch
allows for optimal design and operational performance

&

Renovation/Retrofitting Building from scratch

O

Reduced material use and embodied carbon: Lower operational carbon: new constructions can achieve
renovating or retrofitting existing buildings typically higher standards of energy efficiency, reducing
.."E’ requires less new material, thus generating lower operational carbon emissions over the building's lifecycle
o embodied carbon + Optimized design: incorporating the latest advanced
g building technology and sustainable practices and
O « Ofther considerations include heritage and culture materials from the ground
<8 preservation and potential upfront cost savings * Regulatory compliance: Easier to meet or exceed

increasingly stringent building codes and standards

o

Complex and limited improvements due o inherent « Constructing new buildings involves significant higher
design and structural limitations embodied carbon

-"E’ « Even when retrofitted, may still have higher operational + Demolishing existing buildings to make way for new

dé + energy demands ones generates substantial waste

c

: ommm

o O

<8
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Case study: Schneider Electric IntenCity building

Schneider Electric further compared 2 scenarios and
perform the WBLCA analysis per year, per m? - on a life
cycle of 60 years

« Scenario 1: Retrofitting of 5 existing sites, some of the
former Schneider Electric Grenoble sites, to achieve
higher energy performance

Life |s<b;1 | Sc%

« Scenario 2: Erecting a new Building
IntenCity building is Schneider Electric’s new flagship building In the local context, and specifically for this project,
located in the Scientific Polygon of Grenoble, France. building right from scratch emits as much as renovating
Through an in-depth Whole Life Cycle Analysis of the sites over a 60-year lifetime

building, SE concludes that the cumulated carbon footprint
of InfenCity is 5 times less than an average European
building on a 60-year life with less than 5% of its total
cumulated carbon emissions coming from operations

Source: Schneider Electric Sustainability Research Institute (2023), Towards net-zero buildings: Exploring the IntenCity case
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However, if best practices and energy efficiency efforts are prioritised, rebuilding could emit
as much as retrofitting from a life cycle point of view

Average cumulated carbon emissions from retrofitting Average cumulated carbon emissions from building new
kgCO2 e/m? over 60 years kgCO2 e/m? over 60 years
B Upfront embodied carbon [ In-use embodied carbon Operational carbon
The operational carbon on the The total upfront embodied carbon of the
retrofitting scenario is 4x higher new build scenario is 3x higher than the
1100 - than the new build scenario 1100 - renovation scenario, but this will change as
’ 1,030 ' material production decarbonises 995 1,030
1.000 1 The dynamics of the in use 900 765 1.000 4 895 930 760
900 - embodied carbon are also 900 - 860
different 835 795 830
800 - 770 800 - 795 760
700 695
700 A 635 700 - 695 660
600 A 570 600 A
505
500 A 440 500 A
400 - 370 400 -
305
300 1240 300 -
200 - 200 -
100 A 100 A
O _
2020 2030 2040 2050 2060 2070 2080 2020 2030 2040 2050 2060 2070 2080
. Source: Schneider Electric Sustainability Research Institute (2023), Towards net-zero buildings: Exploring the IntenCity case
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4. Barriers and
solutions




Key messages - the embodied carbon challenge

« Embodied carbon is often overlooked, but can account for up to half of a building’s lifecycle emissions

» As heating is electrified and electricity grids are decarbonised, embodied carbon will become an even bigger share of
emissions

» By far the biggest source of embodied carbon is from the production of material inputs to construction, namely cement,
concrete and steel — this means that by far the most important lever is the decarbonisation of these materials (as well as
aluminium, bricks, and glass)

* Inrecent years, the Mission Possible Partnership’s sector transition strategies have challenged the belief that it was not
possible to fully decarbonise the so-called “hard to abate” sectors by 2050, setting out the suite of technologies
available today as well as material efficiency levers to reduce demand

- The analysis shows that levers to reduce emissions in the production of materials (e.g., new technologies such as CCUS,
switching to alternative fuels (e.g., hydrogen), and clean electrification) are by far the most important

- However, material efficiency and substitution levers are crucial to reaching net zero by 2050, and are also possible to
scale up this decade - driving important progress to reducing emissions while technologies such as CCUS will not
significantly scale until the mid 2030s

« With global floor area set to more than double by 2050, action to reduce embodied carbon during the transition is
critical; new construction could release 75GtCQO2, or 40% of the remaining carbon budget for 1.5C.

» There are a huge variety of strategies that can be deployed in the brief, design and construction phases to reduce the
use of high-carbon material inputs.

- Developers, construction companies, and policymakers / urban planners should deploy a mixture of strategies to build
nothing (e.g, better use of existing space), build less (e.g., extending lifetimes), build clever (e.g., material efficiency
and substitution) and build more efficient (e.g., reduce waste in construction).
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Key messages — material efficiency and substitution levers

« While material decabonisation takes time, developers can make strategic design and material choices which either use less
material inputs or substitute high-carbon materials for lower-carbon inputs.

- Building design and construction choices, such as concrete waffle slabs, and material substitution to low-carbon alternatives can
reduce cumulative concrete, cement and steel demand to 2050 by 15-30%

- Efficient construction which reduces waste, such as modular construction, is expected to have a lower relative impact of around
~5% reduction in material demand

- Strategies to build less (e.g., extending building lifetimes especially in Asia) has the potential to reduce material demand by 5-
10%.

- Redlising the potential of these levers requires skills and knowledge of developers and architects, where awareness of solutions
remains low, commitments from developers to reduce embodied carbon and therefore pursue strategies even where they add
to design complexity, and full consideration of the trade-offs with operational energy/carbon.

» The biggest potential to reduce embodied carbon is in the brief stage, i.e. deciding whether to build at all. Ambitious strategies
suggest that global floor space could be 15% lower in 2050, with shrinking populations and teleworking in Europe and the US limiting
floor space per capita.

- In Chinq, there is a huge opportunity to optimise existing floor space, with vacancy rates of over 20% in most cities and very high
second homeownership.

- However, strategies to reduce build rates ultimately rely on lifestyle and behaviour change, which is hard to achieve.
» For existing buildings, in most cases it is better to retrofit than to build new, and carbon benefits of retrofits are strong, though set to

decline as the grid decarbonises. In a small subset of buildings building new from scratch may significantly improve energy
consumption
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Key messages - barriers and solutions

Higher costs of low-carbon steel and cement through to 2050 will create an incentive for developers to consider
material efficiency and substitution strategies to reduce input use.

Demand for “green” buildings is growing, but the main focus to date has been on operational carbon, given this
is relatively easier to understand, measure and define targets for; green building certifications often overlook it

This means that market demand signals for low embodied carbon buildings are weak

As the private sector sets emission reduction targets, voluntary action to take action on embodied carbon will
increase; but challenges to incorporate embodied carbon in targets will hinder progress.

Regulation needs to play a role, but setting minimum standards will be much harder than for operational carbon,
where clearer benchmarks and measurement exist

- For embodied carbon, there are many complex trade-offs (e.g., with safety, operational energy, durability)
which regulation needs to ensure does not create unintended consequences for

- In addition, if regulation is too specific, it can be a barrier to innovation

- Regulation should focus on mandating carbon intensities for material inputs, including minimum recycled
content for material inputs, and requiring all new buildings undertake whole lifecycle emission assessments.



The MPP strategies outline the suite of policy and private sector levers required to scale low-
carbon cement and steel

EXHIBIT 3.2

Summary of high-potential solutions to address the three
key challenges to decarbonise the sector

Action fram supply side industry players
I Action from both the supply and demand side industry players

IGH-POTENTIAL SOLUTIONS. HEVACTORS
Industry  Pal Finance

Accelerating
the adoption
of low-carbon
methods and

Research and development, particularty for Gavernment loans, research
early-stage technologies contracts

Performance-basedcer -
e meras % Example so_lu_tlons to address barriers to decarbonisation
the aluminium sector

EXHIBIT 3.2

Plant-level pathways tc
targets and interim mik

Problem Probiem statement Patential soluticns Examples

in the
concrete and
cement sector

methads for zero-smis:
concrete

Long-term planning for palicy trans

Smelters 86 not
have aceess ta
Iow-carbon power

EGA and GE Power
decarbonisation rasdmap
low-¢ EXHIBIT 3.2

«em Four key challenges to kick off the transition to net-zero steel
in this decade and a non-exhaustive overview of potential

Palicy mandsate on the | Shared intrastrueture provision ineluding

of concrete.

Policy mandstes or inct
aceelerate the market ¢
from bagged to bulk ce

Bridging the
cost
differential
and creating
demand

for low- and
zero-carbon
concrete

high-impact solutions "
e

Expanded use of Envirg
Declaration (EPD)

Off-take agresments far

Education, awareness, i
for producers and cons

Green public and privat
programs far concrete

Fiscal incentives on zer
making technelogy ado
cap-and-trade system,

Sutticient capital to sup
gevelapment of investn
potentially through bler

Ensuring
supporting
infrastructure
is scaled
rapidly

Mate: "oy actors” rafors to the main

Scurce:MPP Analyss

Standards, market regu
infrastructure for CCU/

Development of industi
intrastructure amaong h

Supply chain for new 5(

tiater of the actia

eial
eFeritical
technalogy

low-carbon
sluminium

of
crap for

dary

oduction

‘Saurce: MPR analysis

emissions smelting

re not
commercislised

Problem statement

High-potential solutiens
TECHNOLOGY

Support RAD, particulady far

primat
aluminium eannst

be produced
witheut 8 green
premium

Mot all scrap
aluminium is easy
for secondary
producers to
access.

receive explicit and
implicit suppart,
which makes it
more challenging to
deliver low-carbon
projects

® © 0 & #0000 @‘@ ®

‘yetta become
commercially
available

The energy and
carbon infrastructure
needed to underpin
& net-zern steel
indlustry is not

yetin plece

Near-zera-emissins
steelis lhely lo face
a green premium for
the fareseeable
future

Verying steel
‘abstement costs
across regions can
creste competitive
distortions

‘Surce: MPF anayts

Incubate pilat projects in locations with favourable
conditions [such as access Lo cheap renewable energy)

De-risk near-zera-emissions projects
with public-private partnershins

Arrange “snchar” off-tske agreements.
for breskthrough projects

Expand treining and develcpment to
grow the necessary engineering capacity

ENERGY AND SUPPORTING INFRASTRUCTURE

Legislate low-carbon electricity scale-up,
alangside decarbenisation of power sector

Channel capital towards clesn energy
and CO, infrastructure projects.

F ips to
steel production as an “anchor” off-taker for clean
energy or CCUS infrastructure

casT

Agree forward purchase commitments for the
lang-term off-take of near-zeso-emissions steel st
premium to send clear demand signals Lo the market

Institute green public procurement
requirements for steel

Intraduce carbon markets thraugh
sppropriste requlstory measures

COMPETITION

Set jaint definition of near-zero-emissions steel

Adapt palicy mechanisms to
counteract competitive distortions

Establish multilateral agreements
etween major steel-producing cauntries

Apply climate-siigned investment principles ta steel
financing lincluding collective frameworks)

o
o

oo

(]
(]

[

[

Examples

- The HYBRIT project for
hydrogen steelmaking in
Sweden

- Government loan guerantees

- Blended finance imvoling
development banks

- steeluniversity, an initistive
of worldsteel

- Publi targets and supgort for dean
electrizity build out, such &3 the
Renewable Energy Directive of the.
Eurcpean Union and the nflation
Reduction Act in the United States

- Kentification of prospective new
industrial “hubs” centred on hydrogen
o1 C0, pipelines and starage

iatives such as First
Movers Caalition (FMC) in the United
States and SteelZero

« The green public pracurement
commitments develoged by countries
Barty to the Clean Energy Ministesial
(CEM} Industrisi Deep Decarbanisstion
initiative (I0DI)

* Carbon pricing regimes (set by
emissions trading schemes or
slternative regulatory measures]
potentielly supparted by carbon
cantracts for difference (CCFDs)

- Standards designed
by ResponsibleSteel

« Applying carban barder adjustment
Fechanisms such & the one put
Forward by the European Unian

« The Sustsinable STEEL Principles fac
climate-aligned investment
developed by the RMI Center for
Climate-Aligned Finance

Key levers:

« Carbon pricing

«  Mandates on recycled content and low-

carbon percentage

+ Offtake agreements
« Green procurement

* Industry consortia to share risks and

learnings

« R&D support

« Development of shared infrastructure +

clean electrification
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Higher costs of low-carbon steel and cement will only add ~1.5-3% to construction costs, but
could spur developers to explore material efficiency and substitution strategies

Levelised cost of steel in 2050

$/1
1,000
750 758 @
“B 6079
e 5128 5419 4z @
500
Average
osg  BF-BOF
(Baseline
scenario)
0
& N & & &
é’(}) xé, x(‘(, v 66(3* x“’b B{:}ﬂ-
<2 o o ¥ 8 o o
& 4 be R g & g°
Q‘Q’D ,\Q} .:\QJ QQ“ Ky @Q‘.\ Ky
% ¥ & & & &
& & &
9 N
&
i)

Low-carbon steel costs might be 2x higher,
but as steel is only a portion of total
construction costs, the percentage increase
to building costs are expected to be:

+ 1.5-2% to 2050

Without policy support, cost increases expected:
Cost of cement: + 40-120%

Cost of concrete: + 15-40%

« Cost of building: +1.5-3%

Source: Mission Possible Partnership (2023), Making Net Zero Concrete and Cement Possible; Mission Possible Partnership (2022), Making Net Zero Steel Possible
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But cost incentives will not be sufficient to drive large-scale action on reducing material
demand; voluntary commitments and regulation will be required to overcome key barriers

KEY CHALLENGES:

A. Awareness and
demand

B. Skills and
capacities

* The tools and methods
needed to calculate
embodied carbon are
relatively complex not
well understood

+ False perception that
embodied carbon is
relatively insignificant
compared to
operational emissions

* A lack of market
demand for low
embodied carbon
materials and
construction methods

+ Low investment in skills

and capacity building
across the value chain

Material efficiency
strategies often more
complex and labour
intensive

* Transparency and

open collaboration to
share solutions and
best practice are
limited

* Further supply-side

supportive policy
measures are still
needed, including
innovation funding
and incentives for
reuse and recyclability

Barriers to demand
side policy include
lack of awareness and
demand but also
aspects of the political
framework such as
policy cycles and
changing political
priorities

D. Technical
considerations

E. Finance / “making
the business case”

On the demand side,
a lack of high quality,
robust data from LCAs
(life cycle assessment)
and EPDs
(Environmental
Product Declaration)
in some regions makes
it difficult fo set
benchmarks and
targets

A mix of voluntary commitments, regulation and policy incentives is required

Financial incentives
and products are
almost exclusively
targeted at reducing
operational carbon

* For some low-carbon

alternatives there is a
cost premium

Circular business
models may be
assessed as ‘higher
risk’ by lenders and
investors using
traditional risk criteria

Source: WGBC (2019), Bringing embodied carbon upfront
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Embodied carbon is rising up the policy agenda - the UN Climate Action Pathway and 2030
Breakthroughs set commitments to reduce embodied carbon by at least 40% by 2030

Buildings Breakthrough target

We, *90Vemments, gathere T — - . Qﬁ . oge o1 _J°
n:f:n&ﬁﬂu»n:s.uemu.mmmmmmﬁii%’v’ﬂ‘ _— @ “Near-zero emission and resilient buildings are the
= = (BuILoRes i1

new normal by 2030”

* New buildings and deep renovation are both concerned

+  “Near-zero emission buildings” are high energy-efficient buildings with a low
carbon footprint taking info account a whole life cycle assessment
approach (meaning using a low GHG energy source, and built with low
GHG building materials and equipment)

+ “Resilient Buildings” are buildings that integrate specifications related to the
future climate in their design, construction, and operation maintenance

+  “New normal” means the above concepts are generalized in engineered

buildings
The Buildings Breakthrough was officially launched at
COP28 UAE, following the Breakthrough Agenda at ' Breakthrough outcome
COP26. It collectively represents 28 governments, @ 100% of projects due to be completed in 2030 or
including China and United States , aiming at ° : , ,
strengthening international collaboration on 2 icf)’rerlore ne’rbze;) gorbobn n opero’rlorzj(}r/vfrh at Ie;]s’r
decarbonizing the built environment 7 Tgss )em odied carbon compared o curren

practice

Source: Global Alliance for Buildings and Construction, Fostering collaboration: Buildings Breakthrough; UNFCCC (2021), Upgrading Our System Together: A global
challenge to accelerate sector breakthroughs for COP26 — and beyond 90



Indusiry groups are beginning to set voluntary commitments to reduce embodied carbon

» WORLD
GREEN
A

BUILDING
v” COUNCIL

The Net Zero Carbon Buildings Commitment has 176 signatories
equating to ~$400 bn annual turnover

2030 Commitment: 40% reduction in embodied carbon for new
buildings, infrastructure and major renovations

2050 Commitment: Net zero embodied carbon for new buildings,
infrastructure and major renovations

Asset
managers/Funds
Property Developers
Real estate services
Architects
Construction
companies
Financial services

The BBP Climate Commitment has 37 signatories that have
~$400bn AUM

Requires investors to publish their 2050 net zero pathways and
delivery plans including plan to reduce embodied carbon of
development, refurbishment and fit-out works

The guidance recommends use of Science-Based Targets for
setting net zero decarbonisation pathways and interim targets

Asset Managers
Real Estate Investors

™\ SCIENCE
BASED
\./ TARGETS

Over 200 real estate companies and SMEs' have committed or
set corporate net-zero Science-Based Targets so far

Newly published sector-specific buildings guidance and pathway
includes discrete 2030 targets for upfront and in-use embodied
emissions

Asset managers
Property developers

Notes: 1 Real Estate companies who set SBTs are a mix of investors, property developers and other companies related to the sector

-
|

The SBTi guidance
and pathway for
buildings is the
mMost
comprehensive
and robust
approach for
stakeholders to
reduce embodied
carbon in buildings
so far

Sources: WGBC (2023) The Commitment; BBP (2023) Member Climate Commitment; PCAF (2022) Accounting and reporting of financed GHG emissions from real estate
operations; SBTI (2023) Target Dashboard; SBTI (2023) Buildings Sector Science Based Targets Guidance



With corporate tenants and real estate investors setting emission reduction targets, demand
for low embodied carbon buildings is expected to grow

Investor Commitments

Supply and demand* for low embodied carbon office space for Selected examples of Real-Estate Investors Scope 3 Absolute

London, Paris and Berlin today m?2 Emissions Targets Thousand fonnes CO2e
B supply (sgm) Demand (sgm) 1400 4139
@ 1,200 A
2,200,000 O = ot
800 -

1,800,000

600 A
910,000 /~\cade
740,000 770,000 ' 400 - Choice
540,000 200 A Properties
, , 0
London Paris Berlin 2019 2030
+ Tenants committing to science-based targets expected to prompt + Embodied carbon is generally part of the scope 3 emissions for an
higher demand for lower embodied carbon offices in the coming investor
years to deliver on their 2030 target « ~60real estate companies! have set near-term scope 3 reductions
+ Demand for low embodied carbon office space expected to be at targets for 2030

~2 x higher than supply in Europe and demand is expected to
exceed supply by 10 x in the US

But are tenants willing to pay more?

Note: 1 *Demand for low embodied carbon offices based on expected floorspace demand from corporate who have set SBTs before Q1 2023; 2 Real Estate companies who set SBTs are a mix
of investors, property developers and other companies involved in the sector. Sources: JLL ( 2023); SBTI (2023) Target Dashboard; Systemiqg Analysis; Choice Properties (2022) Environmental, 92
Social & Governance Report; Hulic (2020) Environmental Performance Data ; Icade (2022) Climate Report March 2022



But demand signals for low embodied carbon buildings remain very low; regulation may be
required to help drive action

il = 5

Good performance not yet reflected in Lower EC development do not yet attract Signals from the rental market not yet
asset valuation lower cost of capital attractive
« Only few transactions of low EC « Cost of capital mainly linked to » There is little evidence yet that
buildings to date therefore little certification schemes today tenants are willing to pay rent
evidence that low EC drives - Given certifications not yet premiums for lower embodied
higher exit value yet reﬂecﬂng good EC performonce carbon bU||d|ngS

- low EC buildings do not yet
attract lower cost of financing

93



Regulation in developed economies is in the early stages, with some mandatory lifecycle
assessments; some is beginning to set limits on emissions

From voluntary reporting standards... ) ... fo new regulation

\ 2. PCAF PCAF developed guidelines for measuring & An increasing number of countries are mandating life cycle assessment (LCAs)
: disclosing GHG emissions associated with and progressively sefting up carbon limits for new buildings
lending & investment activities
Regulation description | Status | Infro.___
Guidance for Financial Institutions Existing assets & new
(published) development Belgium National LCA for state government buildings Mandatory  Inforce
Optional but strongly Germany National LCA for federal government buildings Voluntary In force
Upfront (A1 — A5) : . -
recommended Canada National LCA for federal buildings, limit by 2025 Mandatory  Inforce
Embodied Use stage (B1-B5) Mandatory! Sweden Carbon reporting for new buildings, limits by 2027 Mandatory  In force
carbon Vancouver LCA reporting for all buildings, limits by 2030 Mandatory  Inforce

End-of-life (C1-4) Not covered
Beyond lifecycle (D) Not covered

. ) France National lifecycle limits on new buildings Mandatory  Inforce
Sg:;oq:onql Z?]ngeTel::sTﬁcfn;O(fér;? Mcmdc:tory2 Denmark National lifecycle limits on new buildings Mandatory 2023
Finland National lifecycle limits on new buildings Mandatory 2025
. . ) New Zealand National lifecycle limits on new buildings Mandatory  Open
ég.:-&Bc ES;:F;T}Z%\;EZCZ%Sxefz;)flkr:;J:)(\;vr;leor;(gllefor Netherlands Naftional lifecycle limits for new buildings Mandatory  Inforce
" subsequent (i.e., buyer of existing asset) Minnesota State-funded projects must reduce impacts by 10% Mandatory  In force
@ SS‘SE&?E SBTi reporting guidance builds on PCAF and Cadlifornia, US Plocir'mg Iimh‘s'on certain materials for state f}g.encies Mandatory  Inforce
TARGETS UKGBC EU Sustainable finance taxonomy for large buildings Voluntary In force
United States Materials LCA requirement for federal buildings Mandatory  Open

Notes: 1 In order to guarantee a net positive environmental benefit of a retrofit, it is imperative to ensure that the embodied carbon emitted as a consequence of the retrofit is considered in

addition to the reduction in operational emissions; 2 Emissions resulting from owner-controlled spaces must be separated from tenant-related building emissions. Both are mandatory to report;

UKGBC stands for UK Green Building Council and is a membership-led industry network part of the World Green Building Council driving sustainability agenda in the Built Environment sector. 94
Sources: PCAF (2022), Accounting and reporting of financed GHG emissions from real estate operations; UKGBC (2019), Guide to Scope 3 Reporting in Commercial Real Estate



Setting clear embodied carbon limits is challenging given a lack of data and inconsistencies
in reporting; even building certification schemes struggle to develop criteria

1)

2)

5)

Supply chain complexities: Building materials
often come from global supply chains,
making it challenging to trace the carbon
emissions data associated with each
product's production and transportation

Lack of LCA measurement standards:
Without standardized assessment methods, it
is difficult to make informed decisions and
compare the carbon impacts of various
design options

Certifications not fit-for-purpose: green
certification schemes do not yet drive
reduction in embodied carbon in buildings

LEED Green Rating & Certification
scheme

LEED is a green building certification
program used worldwide with highest
number of LEED-certified buildings in the
US.

It includes a set of rating systems for the
design, construction, operation, and
maintenance of green buildings

Only 5 out of 110 points in LEED

certification cover building lifecycle
impact, (i.e. embodied carbon)

Therefore, LEED top rating (i.e. platinum)
can be achieved without addressing
embodied carbon at all

Notes: LEED has been developed by the non-profit U.S. Green Building Council (USGBC). it includes a set of rating systems for the design, construction, operation, and
maintenance of green buildings
Source: LEED Scorecards
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Regulation needs to differentiate for different types of buildings and should focus on lifecycle
emissions to prevent unintended consequences for operational energy

Embodied carbon average limit in France

Kg CO2/m2 over full building lifecycle

- — Apartment
800 740 Individual house ‘ '
700 - T~ 650
500 T 490
_ >30 475
400 - 415
300
2022 2025 2028 2031
Whole-life carbon minimum requirements in Denmark
Kg CO2/m2/year (assuming 50-year lifecycle)
= Mandatory CO, limits for new buildings ‘ -
12.0 12.0 Voluntary CO, limits for new buildings | '
10 - — 90 9.0
g — 75
6 Preparation phase 8.0 8.0 70 70
4 6.0 6.0 0
2 -
O T T T T T T 1
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Note: The carbon limits for Denmark comprise both embodied and operational carbon emissions based on life-cycle analysis, as opposed to only embodied for France
Sources: Ministére de la transition écologique (2018) RE2020: eco-construire pour le confort de tous for France and Ministry of Interior and Housing (2021) National Strategy 96
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Regulating minimum kgC02/m2 is much harder than kwh/m2, but there are clear things that
regulation and policy can do to drive a greater focus on embodied carbon

Challenges to regulating embodied
carbon:

» Different types of buildings will have
different embodied carbon
requirements (e.qg., structural
considerations beyond a developer’s
control)

« Trade-offs with operational carbon,
durability, safety

» Risk that poorly designed regulation is a
barrier fo innovation

- Very hard to have a simple metric such
as kwh/m2 for operational carbon

Regulation should focus on:
* Mandating minimum carbon intensity requirements for material inputs
* Mandating a minimum recycled content for material inputs

» Requirements for lifecycle carbon assessments (e.g., to overcome trade-offs
between operational and embodied carbon)

» Clearreporting frameworks
 Disclosure

Other key policies and incentives:

« Skills, tfraining and guidance for low embodied carbon building
» Sharing of best practice

» Data sharing
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Next steps




Next steps

» Refinement of numbers and conclusions in this deck

» Synthesis of key messages and story across the whole workstream
» Report drafting over the summer

* Final workshop to present report in September

« Member review of report in September
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