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ALCBT Project Overview

Impact: Nationwide transition towards low carbon buildings in Asian countries, substantially reducing GHG emissions from the sector.

Outcome: Technical, planning, and institutional tools for low carbon buildings have been successfully implemented by key public and
private sector stakeholders in Cambodia, India, Indonesia, Thailand, and Vietham

—————— Key Project Participants ~ ------_ Target Outputs
. [2) 'j Standardized tools and
ﬁ@ m ﬂ./. . systems for managing building
D e aaa carbon emissions

National Building Financial ~ Universities _
& local industry services & academia Enhanced capacity of key
government professionals institutions

E@ stakeholders to deliver low
carbon buildings

Financial pathways established

Project @ for low carbon buildings
Funding: 7 transition

EUR 19.3 million

=

Knowledge products produced
to facilitate replication and
scaling up

Implementation period:
August 2023 B August 2028

Total 167 million tCO2eq Total 19,000+ people EUR 140 million

Direct and indirect emission reduced Enhanced knowledge and capacity Investment mobilized




Project Governance

Consortium Lead Government Counterpart Funding Partner
; Federal Minist ~ INTERNATIONAL
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GGGl ~

DDDLQ& / 2ya2NlAdzy tl NIy SNAR BroadRole Country (ies)

A Develop Technical Learning Todtspromote Low Carbon Buildings (LCBS)

A Facilitate development and use of Energy Performance Contract (EPC)-@illi On
Financing Model to promote LC Building by SME players in Building Sector All 5 Countries

A Knowledge sharing & capacity enhancement sustainable building across ASEAN
member countries

A Develop methodology and Todbr whole building Lifecycle GHG Assessment
calculations, establish GHG baseline

A Trainingon building MRV Tools, LCBs & sustainable cooling, building taxonomy, and  All 5 Countries
policy Integration (NDC, LEDS)

A Training of Trainersn LC Building Tools

A Implementation LCBshroughESCO Model India

A Capacity Building & Training _

A Pilot demonstrationon sustainable AC systemaifi0 buildingsin India (60)and in 2 2 other Countries

countries (40)to demonstrate Demand Aggregation and Bulk Procurement



Video: Introducing ALCBT Project

Click the play button or to watch the video.


https://alcbt.gggi.org/about/
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GFA GROUP

Who we are and where we work? four purpose [

HEAT GmbH has been committed
to climate and environmental
protection for over 30 years. Our
extensive experienceare in our
three core areas:climate action; :
sustainable transport; climate-
friendly heating, cooling of
buildings, as well as in managing
projects of international
cooperation.

HEAT GmbH office is based in
Frankfurt, Germany but maintains
a global footprint, having worked

in over 50 countries across Africa el ol e
Asia, Latin America, and Europe. ® Sustainable Transport
We have local staff in Brazil,

Colombia, India, US, Australia and

Japan.




HEAT Activities for ALCBT

WP |: Country-specific institutional tools

o

BEAT and MRV Tool development

Activity I-1.1:

J .

Activity 1-1.3:

Policy Recommendations

J

WP Il: Capacity development

7

Activity I1-1:

Training and capacity building of BEAT and MRV tool

\

HEAT



‘ HEAT Activities for ALCBT

WP Illl: Finance tools and mechanisms

Activity 111.2:

Building taxonomy development

WP IV: Replication and scaling up
R

HEAT







Which of the following best
describes embodied carbon?

l'
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WHOLE LIFE CARBON

Embodied and Operational Carbon

\)C{\on

A ThewWholelife- z J #A BT «z T | X zX«?© 36?
the material sourcing, manufacturing, construction, use over a
z AX« ° X3 -Tw TX2-HKB ° -« J«T T ~°-7°

[

A Whole Life Carbon (WLC) refers to the carbon impacts over the
entire life cycle of a built asset, from its construction through to
its end of life. It is composed of two main sources of emissions:
operational and embodied

A The whole life carbon of a building broadly consists of embodied
carbon and operational carbon.

A In addition, there are also user carbon impacts from the activities
of the users of a built asset, outside of the use of energy and
water used to operate the asset.

Source RICS2023). Wholelife carbon assessmentor the built environment 2" edition, Version2




WHY EMBODIED CARBON?

Projected Contributions from Embodied and Operational
Carbon within the Building Sector

From 2021 to 2050 with Business as Usual Projections

zOperational carbon will
continue to decrease with grid
decarbonization, while
embodied carbon is set to
remain high without meaningful
actionz v

100 -

75 -

OPERATIONAL

50 -

(Building Materials and the Climate:
Constructing a New Future, GABC, UNEP,
2023)

25 -

Gf Building Sector CarboD

EMBODIED

2021 2050
Business as Usual Projection

Source: global ABC website - https://globalabc.org/buildingmaterialsandclimate/chapte -2-life -cycle-thinking/2 -1-embodied -versus-operational -carbon -emissions -in-buildings.html HEA-I-



Projected Impact of Embodied Carbon Relative to Operational Carbon 2020-2050

— 400
S
--b:
€ Upfront embodied carbon 2030 2050
et (product + construction)
%
= 300
2
3 Embodied carbon
E from renovation / maintenance (~15 yrs)
E p
£ 200
Annual Operational carbon
operational ‘ decreases *
carbon : as grid decarbonizes by 2050
100
0
o 1 2 3% 4 5 6 7 8 9 10 n 122 ¥ 1w 1w 6 17 8 19 20 2 2 23 24 25 26 27 28 29 30 3
I I | I
2020 2030 2040 2050
Embodied Scenario 1: Scenario 2:
Carbon Standard Performance High-Performance
Building Building

Source: global ABC website - https://globalabc.org/buildingmaterialsandclimate/chapte

-2-life -cycle-thinking/2 -1-embodied -versus-operational -carbon -emissions -in-buildings.html
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Which stage emits the most
embodied carbon?
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BUILDING LIFE CYCLE

Various stages

__________________________________________________________________________________________________________________

____________________________________________________________________________________

Embodied carbon/Life cycle embodied carbon

F Construction
A4: Transport

A5: Construction and
installation process

Circular Economy

Beyond Asset life

: Benefits and loads beyond
i system boundary

Production End of life

()
@)
o
@
>
=.
S

AQ: Nonphysical process

B1: Use C1:

before construction,
preliminary studies, test and

Al: Raw materials supply
A2: Transport Biogenic carbon

1

1

1

1

1

1

1

1

1

1

1

g 1
Deconstruction/ !
Demolition !
1

1

1

1

1

1

1

1

1

1

1

1

B2: Maintenance

D1: Net output flows from
reuse, recycle, energy recover,

B3: Repair C2: Transport

C3: Waste

B4: Replacement :
processing

other recovery

B5: Refurbishment
Biogenic carbon

C4: Disposal
Biogenic carbon

D2: Exported utilities,
e.g. electric energy, thermal

A3: Manufacturing

% Upfront biogenic carbon
""""""""""""""""""""""""""""""""""""""""""" ! energy, portable water

1
) B6: Opel‘ational Energy : Biogenic carbon

Operational !
Carbon B7: Operational Water i
1

User B8: User activities not ! Source: RICS (2023)Vhdle life

‘\‘\ Carbon covered in B1-B7 /' carbon assessment for,the built
\‘:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ____________ _e.twlronmﬁmJ‘iediIion, Version 2




HEAT
EMBODIED CARBON

Upfront, during Use and End of Life

Embodied carbon denotes carbon emissions associated with materials and construction processes throughout the whole
lifecycle of a building. This includes:

A Upfront carbon: The emissions caused during the building material production and construction phases (Aéb) of the
MA KT «zZ K ZXNENKX MXZ-3X ° © A" XTY .« N-«©38J70 o._ _0] X
already been released into the atmosphere before the building is occupied or the infrastructure begins operation.

A Use stage embodied carbon:Emissions associated with building materials and processes needed to maintain the
building or infrastructure during use such as for refurbishments (B1-5). These are additional to operational carbon
emitted due to heating, cooling and power etc.

A End of life carbon: The carbon emissions associated with deconstruction/demolition (C1), transportation from site
(C2), waste processing (C3) and disposal (C4) phases of a building or infrastructure's lifecycle which occur after its use.

) Upfront Carbon ~ Use stage embodied carbon End of life carbon R
o

P R
-E"'e ot

h H © \ 4
=1 =00

A0 DA3 A4 DAS B1DB7 C1bC4 D
Product Stage Construction process stage Use stage End life stage Benefits and loads

Source WGBC(2019). Bringingembodiedcarbonupfront beyond system boundary




‘ ' Which of the following national documents or frameworks
J explicitly mention or relate to reducing embodied carbon in
Cambodia?
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EMBODIED CARBON

In Cambodian policies

Cambodia NDC 3.0 by 2035:

A Clinker reduction : Transition to low-carbon materials by lowering the clinker-to-cement
ratio from 90% to 75% by 2035, with emission reduction: 6.8 5 °© $ 8 lyR035.

Use of Supplementary Cementitious Materials (SCMs) like fly ash and blended cement
Energy efficiency in cement sector: Emission reduction of8.42 5 °© $ 8 ky)2035
Timeline: These clinker and efficiency measures are explicitly set for 20262035

To Do o

Cambodia LTS4CN by 2050:

A 3 measures i) clinker substitution; ii) Carbon capture and storage (CCS) for cement kilns iii)
Recycling of aggregate concrete

A Industrial policy changes mandating lower clinker composition; incentives (subsidized
loans) for cement producers to adopt clinker substitution and CCS

A Timeline: Aligned with 2050 carbon neutrality, with progressive implementation
throughout the 2020s B2040s.

.

NATION - RELIGION - KING

CAMBODIA’S THIRD NATIONALLY
DETERMINED CONTRIBUTION (NDC 3.0)

July2025 |

\ Long-Term Strategy
\ for Carbon Neutrality




HEAT

Institutional Framework for Low Carbon Buildings

In Cambodian context

MLMUPC

I Construction Law

Building

PPCA

NCBTR to develop building
technical regulations

Energy EY

Design Guideline

Draft Green Building Code

Building Technical Regulations

Key Institutions and Regulations

MME

Electricity Law, Power
Development Plan

'

National Energy  iaf Sledede

-->

!

Sub-decrees: Energy
Efficiency of appliances,
MEP Standard and
Labeling

-_

A

Rooftop Solar
regulation

Energy Efficiency:
Building, Industry, and Transport

oo xr at-se 5 S5 Gu 00 59 a5 65 55 48 559

Direct linkage of key regulations to Low-Carbon Building (LCB) regulations

----- LCB regulations linkages across institutions

Efficiency Policy ol ikt

MOE

Environment and Natural
Resource Code, LTS4CN, NDC

I
!
1 A
L

National Cooling
Action Plan

Draft Guideline and

(C/ ,\rfLQuE‘,J

Sustainable Development

Relevant Institutions

* MEF: Green procurement

* MOI: Fire safety, One-
widow service

« MISTI: Energy efficiency
in industry

+ Subnational - PPCA:
building permit, fire
safety, environment

* EAC and EDC: Energy
data

+ National Construction
Laboratory

+ Board of Architect (BAC),
Board of Engineer (BoE(

Associations: Cambodla
Constructors, Housing

Development, Real Estate

I§§'GGGI

. ASIALOW CARBON
ﬁ BUILDINGS TRANSITION
o IPROJECT

Pathway to Low Carbon
Buildings in Cambodia

Policy Landscape, Institutional Frameworks,
and Entry Points

September 2025

© @ hear IKI@

Source: GGGI Cambodia, 2025




HEAT
EMBODIED CARBON

Its relevance and importance

A Time value of carbon: Unlike operational carbon emissions,which can be reduced over time with building energy efficiency
renovations and the use of renewable energy, embodied carbon emissionsare locked in place as soon as a building is built. It
is therefore critical to reduce embodied carbon emissionsas quickly aspossible.

A Lowering embodied carbon can drive value:

U Reducingcost by reducing the construction materials needed in a project.
U Carbon-reduction strategies in the production of high-emitting materials like concrete can also reduce cost.

U Unlesstheir processis driven by carbon-intensive chemical reactions, low embodied-carbon products will, by nature,
result in energy savingsupstream of a2 J °© X 3endluggeA€sulting in cost savingsfor material manufacturers.

U Projects that reduce embodied carbon and/or include a whole-building life cycle assessmentcan help to meet green
building certification requirements.

U Low-embodied-carbon building design will be better prepared for future code or policy changesthat incentivize or
require low embodied carbon.

U Reducingemissionsin the extraction, manufacturing, and transportation of low-embodied carbon materials improves
air quality and public health in communities located close to industrial centers.

Source: RMI (2021)Reducing Embodied Carbon in Buildings: L@wst, HighValue
Opportunities.



_ HEAT
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Forecast of Residential and Commercial Building Stock

A 400% Growth in Floor Area:
From 115 million m2 (2021)

2 300 )
E 250 ol 2 BB -«
§ng A Massive Energy Demand:
(o]
£ 100 llllllllllttll Building sector projected to
50
0 consume ~35 GWh by 2050
SN8JILE8EF LB ISR ITIITISTIITIISR
SRIJIRRIIIJ/ILIILIRIRKK/IRL/IRLIKIKLKIKIKLKJK/KIKKIKR
edr

w3
o)
& A How about embodied
Y
carbon?
m Residential Floor Area (million sqm) m Commercial Floor Area (million sgm)
Figure 3: Forecast of Residential and Commercial Building Stock Source: GGG| Cambodia. 2025
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‘TO UNDERSTAND BUILDING EMISSIONS HEAT

Lifecycle Stage Scope
Embodied Carbon

B Enclosure
Product stage Construction stage

Al -A3 A4 A5

[ Superstructure

. Substructure

In-use stage ] E?nr;csiﬂzgs and
B1 B2 B3 B4 B5
.~ Services
End of life stage U Biogenic
C1 C2 C3 C4 b
Operational Carbon Beyond System
In-use stage

n B7 B8 D1 D2

Source: Ramboll



Which Material Has the Highest
Embodied Carbon
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HEAT
KEY DRIVING MATERIALS

Cement and Steel

MA KT «zZ"  ~©°3AN°A3 X J«T ~AM ©°3 AN° As3-fonteribddietichtydf Fip 808%™ © ©° A° X
depending on building type. However, because of the relatively rapid renovation of building interiors associated with tenancy
and turnover, the total embodied carbon from interiors can account for a similar order of emissions over the lifetime of a
building.!

Globally, cement and steel are two of the most significant sources of material -related emissions in construction. Cement
manufacture is responsible for 7% of global carbon emissions, with steel also contributing 79% of the global total (with half
attributed to buildings). ?

Both cement and steel are used in buildings in large quantities. These materials are carbon intensive as the manufacturing
processes demand very high temperatures, achieved by firing of fossil fuels; carbon dioxide emissions occur due to
combustion of fuels and also as part of chemical reactions during the manufacturing process.

Cement/concrete and steel are the highest contributors to embodied carbon in typical construction in Cambodia. In
Cambodia's industrial processes sector, cement production accounts for 74% of emissions, making it the dominant source of
embodied carbon in construction materials. The energy sector analysis identifies cement and steel as requiring energy
intensive production processes that significantly contribute to the country's overall emissions profile 3

1Source: Adapted from RMI (2021Reducing Embodied Carbon in Buildings: E@wst, HighValue Opportunities.

2Source: Adapted from WGBC (2020sia Pacific Embodied Carbon Primer.

3SourceRoyal Government of Cambodia. (2021). Cambodia's lbegn strategy for carbon neutrality (LTS4CN). United Nations Framework@wrion on Climate Change.
https://unfccc.int/sites/default/files/resource/KHM_LTS Dec2021.pdf



HEAT
KEY DRIVING MATERIALS

Other building materials

Walling materials are also significant contributors , as large number of buildings are RCC framed structures with
masonry infill. Some of the walling materials like fired clay bricks and concrete blocks are carbon intensive.

Similarly, glass and aluminum, which also have manufacturing processes at high temperatures, are carbon intensive,
though their impact on buildings is smaller in comparison the cement and steel.

Depending on the type of buildings and the prevalent construction technology used in a region or country, the major
materials driving embodied carbon may differ .




CEMENT MANUFACTURING

Manufacturing process outline

A3

Most carbon -
intensive stage
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HEAT
CEMENT MANUFACTURING

Options for reducing Carbon footprint

A Use of alternative raw materials like fly ash,slagand other supplementary cementitious materials (SCMs)

A Useof alternative energy sourcesfor reducing Carbon footprint

A Use of waste materials like tyres, fabrics, paper, municipal solid waste, hazardous waste, etc. as
supplementary fuels in kilns for pyro processing

Using sustainablefuels like biomassfor partial substitution of fossil fuels in kilns.
Increasing pre-calciner stagesto reduce exhaust gastemperature.

Electrical power generation from processwaste heat.

Using renewable energy sources (biomass/ solar)for the electricity power.
Green hydrogen asfuel in the pyro-processing/ clinker-making process.

To To Do To Do I

Explore possibility of electrification of kilns (technology is at a nascent stage).

A Carbon emissions managementthrough carbon capture, utilisation, and storage (CCUS)and carbon offsets



HEAT
LC3 CEMENT (Limestone Calcined Clay Cement)

Options for reducing Carbon footprint

Gypsum Gypsum
5% 5%
I Zero CO, 7]
Zero CO,
Fuel combustion CO,
Chemical CO, -
+
Fuel combustion CO,
Chemical CO,
+
Fuel combustion CO,

LC

Source: LC3.CH



LC3 CEMENT

Options for reducing Carbon footprint

Clinker substitution with alternative raw materials Ordinary Portland Cement : LC* 100kg = 2 Bags
100 kg = 2 Bags (Pre-Mixed at factory)

A Replaces 50% clinker with calcined clay (30%) and limestone Conventional Solution Clinker factor = 50%
(15%)

A Useswidely available low-grade kaolinitic clays

A ReducesCO2 emissionsby 30-40% vs OPC

Energy optimization in production

A Clay calcination at 700-850°C uses 60% less energy than clinker
production

A Limestone used uncalcined - no additional fuel needed

A Lower grinding energy requirements

Market di d f CO, Emissios =
arket readinessana periormance 75 1 per 100 kg 4314 e 100 K0

CO, Emissios =

A Meets international standards (EN197-1, ASTM C595)

A Comparable strength, improved durability Source: LC3.CH



HEAT
STEEL MANUFACTURING

Manufacturing process outline

A3

Most carbon -intensive

Al A2




STEEL MANUFACTURING

Options for reducing Carbon footprint

A Energy efficiency measures
A Optimisation of raw material consumption.
A Improvement in process and energy efficiencies.
A Augmenting waste heat recovery.
A Minimising re-heating of intermediate products.

A Use of renewable energy for electricity power

A Alternative fuels for combustion and asreducing agents

A Explore possibilities for shifting from coal-based process to natural gas, biomass and green hydrogen;
however, these options may be practically difficult to implement in existing plants.

A Carbon managementthrough carbon capture, utilisation, and storage (CCUS)and carbon offsets



HEAT
FIRED CLAY BRICK MANUFACTURING

Manufacturing process outline
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HEAT
FIRED CLAY BRICK MANUFACTURING

Options for reducing Carbon footprint

A Energy efficiency measures
A Efficient combustion of fuels
A Manage and monitor use of raw materials and fuel aswell asthe emissions

A Alternative fuels for combustion
A Explore possibility of fuel substitution from coal to natural gas,biomass,etc.

A Use of renewable energy for electrical power

A Changingthe fired walling product

A Manufacturing alternative fired walling blocks like hollow or perforated bricks etc., which require
lessraw material and fuel. This will also entail changesin the production process.



How Can | Estimate the Embodied
Carbon of My Building?
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WHY ENGINEERS & ARCHITECTS SHOULD HEAT
LEARN ABOUT EMBODIED CARBON

A Regulatory & Market Shift  Governments and clients are demanding carbon reporting and lowcarbon designs, with
future building codes enforcing embodied carbon limits.

s

A Major Carbon Impact DEmbodied carboncanbe56/1An -7Z J MA KT «zZ  °-9°9JK Xa T«
factor in sustainable construction.

A Competitive Advantage B Mastering low-carbon materials and design provides an edge, leading to better projects,
certifications, and market leadership.

A Cost & Resource Efficiency ® Smart material choices reduce costs, minimize waste, and optimize energy use while
aligning with circular economy principles.

A Future-Proofing Careers & Projects D The industry is moving towards carbon accountability, and professionals who
adapt will stay relevant and lead innovation



Embodied Carbon in Buildings

Calculation methodology




HEAT
EMBODIED CARBON

Calculation methodology

Embodied carbon in buildings is commonly measuredin kgCO,e/m ? (kilograms of carbon dioxide equivalent per square meter
of building). This allows comparison of embodied carbon of different buildings.

Simply put, the calculation is:

|
Quantity of materials or x C?égoggﬁ\féor:qg:e?i\;\{?f e Total emb_odi_ed carbon
products used in building P oroduct emissions

Thez ° 3 - T A N@XAB) emissionsrelating to the raw material extraction, shipping to factory and manufacturing is what is
most commonly availablein embodied carbon databases

So, the calculation above, using figures from the carbon database, gives the carbon emissions of materials only for A1-A3
stagesof the building life cycle.

Source: httis://www.riba'|.com/intelIiience/howto-calculateembodiedcarbonfor-riba—2030-climatechallenie



HEAT
GLOBAL WARMING POTENTIAL

Major building materials (India)

Material / Product Unit GWP (kgCO,/unit) Geography Source
(A1-A3 stages)

Ordinary Portland Cement (OPC) 0.842 India CSE (2023). Decarbonizing India: Cement
Sector.

Portland Pozzolana Cement (PPC) kg 0.582 India

Portland Slag Cement (PSC) kg 0.381 India

Concrete m3 D450 to D240 Global Witte, A. and Garg, N. (2024). Case Studies

(Varies as per mix in Construction Materials.
used)

Steel kg 2.3Db25 India Various, including Ministry of Steel (2020),
CSE (2023), CEEW (2023)

Solid Burnt Clay Brick m3 198.87 India Maithel, S. (2023). Book of Proceedings.
CATE 2023.

Solid Concrete Block m3 D200 India Calculated from India Construction
Materials Database of Embodied Energy an

Aluminium kg 26 India Global Warming Potential (2017).

Glass (6mm thick) m? D19 India 5J«AZJINCAZX3IZ" (; &



GLOBAL WARMING POTENTIAL HEAT;

Major building materials (Indonesia)

Material / Product Unit GWP (kgCO,/unit) Geography Source + Remarks
(A1-A3 stages)

Ordinary Portland Cement (OPC) 0.90-0.95 Indonesia Keintiemet al. (2024). Embodied Carbon in
) Concrete: Insights from Indonesia. ETASR,

Portland Pozzolana Cement (PPC) kg 0.65-0.7 Indonesia Suwondoet al. (2024). Comparative analysis

Portland Composite Cement (PCC) kg 0.55-0.6 feenesE | O=Ch Uil aliieik] Seles

Concrete m3 D350 to D450 Indonesia Keintjemet al. (2024)- Higher than UK/US
due to higher cement content

Concrete with fly ash m3 D200 to D260 Indonesia Same as above42% reduction vs standard
concrete

Steel (Rebar/Structural) kg 22D25 SE Asia/Global UNSW (2024)

Aluminium kg 18-22 SE Asia/Global Same as above

Solid Burnt Clay Brick m3 200-250 Indonesia Estimated from regional data

Lightweight Concrete Block m3 150-180 Indonesia Agustiningtyas R. S. et al. (2023)

Glass (6mm float) m3 15-20 SE Asia Vitro Glass EPD (2024)

Timber (Engineered) m3 -500 to -800 Indonesia Carbon storing material (negative
emissions)

Bamboo m3 -600 to -900 Indonesia

Geopolymer Concrete m3 150-200 Indonesia Emerging alternative 60% lower than OPC
concrete



HEAT
EMBODIED CARBON

Calculations

x Carbon factor or Global —
Quantity of materials or Warming Potential (GWP) Total embodied carbon
products used in building of respective material or emissions
product
Material quantities: Data Carbon factor / GWP of building materials:
for material quantities used
in a building are usually Sources in order of preference
available with the project ABJ«AZINCASX3Z  “°XN Z NJ° -« -3 °3.TAN®

proponent in the form of a

z# BB -Z Bo@®J«P° ©° X~

A Generic government or market-based or industry databases or Life
Cycle Inventories (LCIs)

> Progiuct Declaration (EPD)

Building Information
Modeling (BIM) design tools
can also provide material A Other databases like the Inventory of Carbon and Energy (ICE)
quantity estimates in the database, etc.

design phase.




Introduction to BEAT

Calculation methodology

Life Cycle

Assessment
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‘ WHAT IS BEAT?

An easy-to-use interactive tool designed to help you calculate your buildings carbon emissions and make
informed decisions toward a low -carbon transition.

EMBODIED OPERATIONAL

Carbon Emissions Carbon Emissions

LIFE-CYCLE
CARBON

EMISSIONS

A T v

Steel

Concrete HVAC Energy L O

w CO, Emissions
[aa [b Materials -O- Energy Sources

Embodied Emissions:Assess Operational Emissions:
emissions from Operational Emissions:
manufacturing, transport Calculate energy

and installation of building consumption during building
materials. operation.
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KEY BENEFITS OF THEBEAT

Tailored to Asia's fast-growing building markets
Supports national GHG inventories and climate targets

Measures full building emissions by quantifying both embodied and
operational carbon

Enables low-carbon investment decision-making
Fills data gaps with innovative EPD-based methods

Promotes transp%rency in building-related emissions

HEAT



LCA SCOPEBEAT

Product Stage
Raw Material & Processing
— SE—— S——
A1 A2 A3
Raw Transpo rt Manu-
material facturing

supply

A4

Raw
material

supply

A5

Raw
material

supply

Building Life Cycle Information

Construction
Process Stage

Legend: Modules covered by BEAT
D Product Stage

D Use Stage

Use Stage
Building Operation & Maintenance

B1 B2 B3 B4 B5

Main- . Replace- Refur-
s tenance il ment bishment

B6 B7

Operational Operational
energy use water use

End of Life
Stage

C1 C2
mz:e :al |Transport
supply

C3 C4
Manu-

fach.lring] lfah:luﬁngl
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BEAT: VALUE ADDITION BDFREE, ACCESSIBLE, OPEN SOURCE

Feature

© Cost & Access

Cost & Accessibility

Carbon Assessment

Embodied Carbon
Assessment

Data Sources

Environmental Product
Declarations

Operations

Operational Carbon
Assessment

Regional Data

Local Building Dataset &
Benchmarks

Transparency

Data Transparency

v Free & open access

/' Full assessment

/" Open EPD database with generic
options

/. Current: electricity bills analysis.
Future: appliance efficiency

/' 200-250 ALCBT buildings with local
benchmarks

/' Full emission factor traceability

One Click LCA

X Paid license

/" Full assessment

/' Licensed global EPDs

/' Full energy modeling

/. Limited ALCBT
coverage

X Static, non-editable
coefficients

SimaPro

X Paid license

V" Full assessment

/' Licensed global EPDs

/' LCA-based energy
impact

X Academic focus, no
project dataset

/' Proprietary database

EDGE v3

/' Free access

/. Partial coverage - structural
elements limited

/. Limited transparency in data

sources

/' Energy savings estimation

/. Limited public project data

/' Proprietary methodology



‘ METHODOLOGY

Source: BEAT Hand book Part 1

https://alcbt.gggi.org/beat

-handbook -part -1-core-concept -quide/

HOW BEAT CALCULATES EMBODIED CARBON

-
Structure Envelope Interior

Foundations External Walls Partition Walls
Columns & Beams Windows Ceiling Systems
Floor Slabs Doors Floor Finishes
Load-bearing Walls Roof System Interior Doors

.

Material Composites

-

Compaosite Examples Properties Quantities
Concrete Wall System Thickness Area (m?)
Brick-eneer Wall Layer Configuration Volume (m?)
Insulated Roof Assembly Density Weight (kg)

Layered Floor System Material Ratios Units (pcs)
-~

Individual Materials

Material Types

Concrete
Steel
Insulation
Glass
Timber

-
Material Properties

Density

Strength Class
Thermal Properties
Manufacturing Process

Environmental Data

Glebal Warming Potential (GWP)
(kgCO:e/kg)

Environmental Product
Declarations (EPDs)

Regional Factors

Embodied Carbon = Z '( Material Quantity x Material GWP )

HEAT
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‘ METHODOLOGY

HOW

BEAT CALCULATES OPERATIONAL CAREON

Space Conditioning

-
Lighting & Appliances

Building Services

= Heating = |nterior Lighting = Elevators & Escalators

= Cooling = Exterior Lighting = Pumps

" \entilation = Office Equipment " Security Systems

= Air Conditioning = Appliances " Data Centers
Y

[ Energy Carriers ]
"v'
Electricity ] [ Natural Gas ] [ Diesel ] [ LPG
‘v
Energy Consumption Carbon Emission Factors

Annual Electricity (kWh)
Annual Natural Gas (m¥)
Annual Diesel (L)
Annual LPG (kg)

= Electricity (kgCOze/kWh)
= Natural Gas (kgCOze/m?)
" Diesel (kgCO,e/L)
* LPG (kgCO,e/kg)

Operational Carbon = z ( Energy Consumption x Emission Factor ) per Energy Carrier

HEAT



A standardized document informing
about a product's potential

environmental and human health
Impact Is called

The Slidoapp mu s t be 1 nstalled on ever CO o er
@ o =100apD Y Hlido

from



https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design

ENVIRONMENTAL PRODUCT DECLARATION (EPD)

EXAMPLE: 1m32 CONSTRUCTION CONCRETE C20/25 (GERMANY)

@ EPD CERTIFICATE

Concrete C20/25
Germany

»~A Global Warming Potential (GWP)

InformationsZentrum Baton GmbH
Institut Baven und Umwell e.V. (IBU)
Institut Baven und Urmvelt e.V. (1BU)
EPD-IZB-20130411-1BG2-DE
26.07.2013

25.07.2018

Manufacturing Phase (A1-A3):

190.70 kgCO.-Aqv.

Environmental Impact

Global Warming Potential
Manufacturing Phase (A1-A3)

‘www.bau-umweit.com / https:fiepd-oniine.com

Renewable Non-Renewable
Resource Input Energy Energy

Primary Energy Renewable
Primary Energy Non-Renewable

PERT (A1-A3): PENRT (A1-A3):

72.30MJ 846.00 MJ

Output Flows

Waste Categories
Material Disposal

https://epd-online.com/EmbeddedEpdList/Download/8773

Camel Strong Cement i Chip Mong INSEE: https://api.environdec.com/api/vl/EPDLibrary/Files/5c25afb5-f636-4ca7-5135-08dc2e3a662b/Data
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DEEP DIVE EPD: CHIP MONG INSEE CAMEL STRONG

Based on the Environmental Product Declaration (EPD) for Camel Strong cement from ChigMong INSEE
Cement Corporation in Cambodia, the carbon footprintis:AYUgK AS !z $8U X2Y °X3 |z

This is the Global Warming Potential (GHG) value, which represents the total greenhouse gas emissions per
kilogram of cement produced.

Additional details from the EPD:
A This is the gross value that includes emissions from secondary fuels used in clinker production

A The cement contains 80% clinker and 17% recycled content (such as slag, fly ash, limestone)
A The data is based on 2022 production from their Touk Meas Plant in Kampot Province
A For context, this carbon footprint is relatively typical for Portland cement with some supplementary

cementitious materials, reflecting the company's efforts to reduce clinker content through the use of
alternative materials.



ENVIRONMENTAL PRODUCT DECLARATION (EPD)

€ Food Nutrition Label

f*= Building Material EPD

Nutrition Facts

Serving Size 1 cup (2409)
Servings Per Container 2

Calories 250
Total Fat 129 18%
Cholesterol 30mg 10%
Sodium 470mg 20%
Total Carbohydrate 31g 10%
Protein 59 10%

Environmental Facts

Product Concrete Block
Declared Unit 1 m3

Carbon Footprint 235 kg CO:

Water Use 145 L
Energy Used 850 MJ
Recycled Content 25%
Acidification 1.2 kg SO:
Ozone Depletion 0.001 kg CFC

HEAT




BEAT BUILDS ON THREE TYPE OF EPDS

Official EPDs
(Highest Quality)

® Third-party verified and published in recognized databases

® Sources: OKOBAUDAT, ECO Platform, Asian National EPD Platforms

Generic EPDs
(Gap-Filling Solution)

@ Industry-average data when official EPDs unavailable

® Maintains data quality standards for comprehensive coverage

° Custom EPDs

(Future Feature)

® EPDs in process of national certification - complies with recognized standards but not yet officially certified at national

levels

® Not available in national or international EPD databases - BEAT facilitates national certification process

HEAT



STATUS QUO OF AVAILABLE EPDS INALCBT COUNTRIES

Currently in BEAT we have these number of official EPDs

ALCBT Countries Reference

® India 242
Indonesia 39 - (el 2’697
Vietnam 38

® Thailand 27

® Cambodia 1

HEAT



SOLUTION: THREE TIER APPROACH

Use official EPDs @ Apply generic
when available EPDs as

Leverage existing placeholders

verified data Ensure
comprehensive

Enable custom

EPDs for future
locally certified
EPDs

Support national

coverage database
development
Goal: Complete coverage with Encouragement
Increasing accuracy Local governments and industry to develop
As local data develops, transition from generic region-specific EPD datasets

to official EPDs for improved regional accuracy

HEAT



INTERIM STEP:GENERIC EPDS

Start with international
(German) baseline data

Well-documented international
emission factors for each energy
carrier

Q-

Apply country-specific
grid intensity

Multiply by each country's unique
grid carbon intensity factor

-2

Result: Region-Specific Generic EPDs

Ao

Account for efficiency
differences

Adjust for less efficient fuel
delivery and heating systems in
ALCBT countries

Each material's baseline EPD is adjusted using country-specific factors to reflect local energy conditions and efficiency levels

HEAT



‘GENERIC EPD ADJUSTMENT FACTORS

Building Materials Carbon Emission Factors

Regional Comparison for Southeast Asia (tCO.e per tonne)

Material Category Energy Profile Indonesia Cambodia

Cement/Mortar 55% Process, 15% Fuel, 30% Elec 1.20 1.18 1.15 | ) 1.16
Clay Bricks 0% Process, 85% Fuel, 15% Elec 1.20 1.19 1.18 1.17 1.18
Ready-mix Concrete 40% Process, 10% Fuel, 50% Elec 1.35 132 1.25 “ 1.28
AAC Blocks 25% Process, 35% Fuel, 40% Elec 1.35 1.33 1.27 - 1.29
Steel (EAF) 5% Process, 20% Fuel, 75% Elec 1.60 1.57 1.42 “ 1.48
Natural Stone 0% Process, 40% Fuel, 60% Elec 1.50 1.47 1.35 “ 1.40
Gypsum Boards 5% Process, 55% Fuel, 40% Elec 1.35 1.33 1.28 _ 1.30
Mineral Wool 0% Process, 65% Fuel, 35% Elec 1.35 1.34 1.28 “ 1.30

Timber Products 0% Process, 40% Fuel, 60% Elec 1.45 1.42 132 1.27 1.36



BEAT ADOPTS GCCACONCRETE LABELS g'('

GCCA EPD labelsdefine performance benchmarks and
provide verified data to assess embodied carbon in EPD Library
cement and concrete.

Text search Country

A Every concrete EPD in BEATautomatically receives GCCA
band (A-G) md .

A Band A (excellent) to Band G (high carbon)
A BEAT plans to adopt similar labels to assist users in
comparing EPDs for other building materials such as steel

Advanced search N

ACC M30 Ready Mixed Concrete (RMC)

India (Ready mixed concrete )( Unit: m3> 331 kgCO2e - m

JSW M30 Ready Mlxed Concrete (RMC)

) India | Ready m Unit: m3 245 kgCO2e m
A For Users: Instant product comparison =X ) -

A For Industry : Market differentiation & drive low -carbon Start | « . » | End
products demand

BENEFITS

HEAT



Building Operational Energy

The energy used for operating all equipment in a building

HEAT

Operational Energyof buildings is the energy in the form of electricity and fuels for operating various equipment for providing
comfortable room conditions for the occupants and operate various building equipment.

HVAC equipment:
Heating, ventilation

and air-conditioning
equipment to
maintain
comfortable indoor
temperature and air
quality

Electric Lighting:
Artificial lighting
system to perform
task when daylight
IS not
sufficient/available

Operational carbon calculation with BEAT

Hot water
systems:

Electric or fuel
fired equipment
providing hot
water for bathing,
cooking, laundries,
cleaning, etc.

Appliances:
Refrigerators,

deep freezers,
computers,
printers,
projectors,
television sets,
etc.

Other services:

Elevators,
escalators, water
pumps, kitchen /
pantry appliances,
etc.



HEAT
Building Operational Energy

End-use energy distribution in residential buildings

In Cambodia,According to the 7th ASEAN $J2M-T Jz° X" TX«° JK ~X

Energy Outlook (AEO7) by ACE, Cambodia's
residential sector energy consumption in 2020
came from:

Traditional biomass: 0.72 Mtoe (approximately
56%)

Electricity: 0.33 Mtoe (approximately 26%)

Oil: 0.21 Mtoe (approximately 16%)

Source: AE0O7, 2020

Operational carbon calculation with BEAT 66




Over 60 years of the life of the

" building, which of the following Is
the biggest contributor to Carbon
emissions?

@ The Slido app® A~ © « °JKKXT -« XAX3E N--2glidg:
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BEAT INPUT DATA
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