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Unfolding the importance of climate change
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Every tonne of CO, emissions adds to global warming
Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCQO,)

°C
3

The near-linear relationship
between the cumulative
CO; emissions and global
warming for five illustrative
scenarios until year 2050

Cumulative CO; emissions between 1850 and 2019
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Cumulative CO; emissions between 2020 and 2050

Future cumulative
CO: emissions differ
across scenarios and
determine how much
warming we will
EXpenence.
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e Climate Clock is Ticking!

(BigImi | | AND PROTECTED BY INDIGENOUS PEOPLE

43,500, 000KM? &

R MAKING ECOCIDE A CRIME | CHILDREN HAVE RIGHT TO CLEAN ENVIRONMENT, UN STATES COUNTRIES ADOPT MULTIBILLION-D( #ActInTime

CLIMATE ®

Source:https://climateclock.world/
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Transitioning to a low-carbon economy
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o Thailand’s GHG Emission Overview as of
2018 (Excluding LULUCF)

W Energy Industrial Processes and Product Use Agriculture Waste

Source:: Thailand’'s Fourth National Communication



1B Fugitive emissions from fuels
10,293.28 GgCO.eq
’4.00%
1A4 Other Sectors
16,884.56 GgCO.eq
6.56%

1A3 Transport m
75,029.65 GgCO,eq
29.16%

257,340.89
GgCO,eq

»

1A1 Energy Industries
103,055.20 GgCO,eq
40.05%

yA N

1A2 Manufacturing

Industries and Construction Energy consumption in
52,078.20 GgCO,eq

20.24% the industries

2F Product Uses as Substitutes for
Ozone Depleting Substances
5,347.09 GgCO,eq

13.33% 2G Other Product
2D Non-Energy Products 1 Y. 82.72 GgCO,eq
from Fuels and Solvent Us 0.21%

294.41 GgCO,eq

0.73% A

2C Metal Production »
512.20 GgCO,eq

2A Mineral Industry
1.28%

20,574.46 GgCO.,eq
» 51.28%

40,118.18
GgCO.,eq

. 4

2B Chemical Industry .
13,307.30 GgCO,eq

33.17% i ;—
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Thailand’s
National
Adaptation
Plan (NAP)

Thailand is resilient with adaptive
capacity to climate change impacts
and moves towards sustainable
development.

Target 20-25%

LINDC
Nationally Determined Contribution
Implementing starts

@ Submission of [ 1M =8

Long-term Low Greenhouse Gas
Emission Development Strategy
Implementing towards

achieving net zero GHG emission and
Carbon Neutrality within this century

Improve Energy Efficiency and
Promote Energy System
Transformation through
¢ Decarbonisation  ° Deregulation
° Digitalisation ° Electrification
¢ Decentralisation

Aims to reduce GHG
by 40% with
international support

2035 <G

® |ncrease and Remain Primary Forest
* Regenerate Natural Forest Area
® Increase Economic Forest Area
e |ncrease and Remain Cropland
* Reduce Biomass Burning

Achievement of CO:
removals of 120 MtCOseq

69°A) share of electric
vehicles of new vehicles in

the market

500/0 share of renewable

electricity generation of new
power generation capacity

e 3

Reduction of GHG emissions
in various sectors:

Energy

Product Use (IPPU)

Agriculture

Waste

and Forestry

Industrial Processes and

Land Use, Land Use Change,

2065

Achievement of

while looking forward to enhanced
international cooperation and
support on finance, technology,
and capacity-building to achieve
this ambition
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Increased use of renewable energy

Improved energy efficiency

Increased use of electric vehicles (EV)
Green hydrogen

Hydraulic cement
Substitution of refrigerant
CCUS in cement industry
Green hydrogen

Community waste management
Industrial and community
wastewater treatment

Waste to energy

27

A % Biogas from livestock farming

Reduced methane emissions from
rice production

Afforestation (natural and
commercial forest]
Increase green areas in cities

Halting and reversing deforestation

Removal 120 MtCO,eq
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i Factors driving a transition of Thai industries

to a low-carbon economy
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Industries Initially Targeted by the EU-CBAM

Camdao

Iron and Steel Aluminum Cement Fertilizers Electricity Hydrogen

Source: European Commission

Industries Targeted by the US-CBAM

‘ ‘ ‘ =‘ :

Cement Fertilizers Petroleum Petrochemicals Adipic Acid

066 O
Carbon border - - <

Iron and Steel Aluminium Hydrogen Glass Pulp and Paper Ethanol

adjustment taxes (e.qg.
CBAM)]

Source: Department of Trade Negotiations (DTN)




Value of Thailand’s exports to EU and RoW Value of Thailand’s exports to EU Value of Thailand’s exports affected
(million US$, % of export value) (million US$, % of export value) by CBAM to EU in 2022 [million US%)

212.9
272,006 \
; 0.03 (0.01%
yamm3ssandudii ( B ;e tilisers Coment

wnani CBAM Tuiu EU27 oy 01 52T B
# 212.87 dunoamianiy

Aoduniog 0.07%
YA TEIBaN
to RoW, Ausnefonun

90.7% Anudlu 0.8% wpoyas
mdepandud
anumlyta EU2T

2018 2019 2020 2021
W to EU27 to RoW

Source: SCB EIC using data from EU Commission
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““Multinationals and foreign direct investors require emission reduction

* TOYOTA, a Japanese automaker, aims to be carbon neutral at all global manufacturing facilities

by 2035. C In D

\ \\/.
* TOYOTA plans to accelerate its decarbonization efforts by setting numerical targets, and asked ( 'l , )
300-400 of its tier-one suppliers to reduce their emissions this year. As part of these updated U |

requirements, TOYOTA's suppliers also join TOYOTA's efforts to reduce CO2 emissions across \//

the vehicle life cycle and are expected to commit to an annual 3% CO2 reduction target.

— TOYOTA

Denso, another key TOYOTA's supplier, has set a goal to reach virtually zero

/z; TOYODA GOSEI

Toyoda Gosei, air bags and other components

] carbon emissions by fiscal 2035 and is working to commercialize technologies
manufacturer, has formulated a plan to halve its

L. L. . that can capture carbon dioxide for later use as raw materials and fuel.
carbon dioxide emissions by 2030 (2015 baseline].

* PANDORA, a jewelry manufacturer, will reduce its GHG emissions 50% by 2030 from a 2019 baseline (Scope 1 + 2 +
3). To achieve this Pandora will:

* become carbon neutral in its own operations by 2025, reducing emissions by at least 90% from a 2019 baseline (Scope 1 + 2).
Carbon removal mechanisms and offsets will balance any remaining emissions.

PANDORA * reduce value chain emissions by 42% by 2030 from a 2019 baseline (Scope 3).

* Pandora will achieve net zero emissions by 2040.

In 2020, Pandora switched to 100% renewable energy at its crafting facilities, and the company is also planning to
purchase green power for its more than 1,300 stores and distribution centers, which requires green electricity.



Investments in capital market favor companies with lower emissions

There has been a growing demand for ‘sustainable’ investments

We are asking comnanies to disclose a plan for how their business model will be compatible with

a net zero economy - that is, one where global warming is limited to well below 2°C, consistent with

a global aspiration of net zero greenhouse gas emissions by 2050. We are asking you to disclose how this plan is incorporated into

your long-term strategy and reviewed by your board of directors.

Green repricing: It's happening
Relative return of green vs. brown sectors, 2016-25

Green repricing Brown repricing

10%
5%
0%

-5%

-10%
2016-19 2020 2021-25
Expectation
Source: Blackrock

Larry Fink's 2021 letter to CEOs [Chairman and Chief Executive Officer of Blackrock/

ESG rating is important for companies to be included in ESG funds and will affect

market activity and pricing.

Companies that score well on ESG metrics are believed to better anticipate future
risks and opportunities, be more disposed to longer-term strategic thinking, and

focused on long-term value creation.

Assets are repriced to capture the risks and opportunities from environmental

impacts.

Task Force on Climate-related Financial Disclosures (TCFD) highlights the impacts
of climate change on corporate financial performances. This stimulates investors to
integrate climate risks into their asset-allocation and portfolio-management

decisions and firms to set emission reduction targets.



Consumers give high importance to environmental impacts

* Consumers around the world are becoming more aware of the need to transition to a low-carbon economy.

Consumers are increasingly in pursuit of experiences

% share of consumer segments, Global * The EY Future Consumer Index surveyed 18,000
35
consumers across the globe, including

3 Thailand between January and February 2022.

" * After the COVID-19 pandemic, consumers

value impacts toward the planet over
20 affordability.

5 ®* Consumers are highly aware of
consumption impacts; they favor locally

sourced products and expect transparency

Jun-20 Jul-29 Nov-20 Feb-21 May-21 Oct-21 Feb-22

Source: Ernst & Young
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Progress in low-carbon transition in the
Thai Industrial sector



Raw materials, energy,
and resources Clinker and cement manufacturing

Quarry Crusher Transport' Raw Kiln and preheater/ Cooler® Cement mill Logis-:

mill precalcinator? tics* 1
1

Scope 2 10% Electricity from coal-fired power plant

Scope 1 40% Combustion from fossil fuel

Limestone decarbonization

40% - Combustion
(fossil fuel)




16 15.83 Low Carbon Construction to Turn Waste to Value
Contributions to achieve net zero

14 Efficiency in design and

construction

Low Carbon Concrete

12 Efficiency in concrete production

10 Carbon capture & utilization/

storage (CCUS)

8

CO, sink : recarbonation

N De-carbonization of electricity

6
4 Savings in cement & binders
2

Savings in clinker production

Zero Coal
0
Total reduction 100%
2020 2030 2050

Alternative Fuels to Replace Solid Fuels

Source: Manasit Sarigaphuti (2023) 24



: : Thai Cement
Accelerate using of hydraulic cement, —ll—C MA Manufacturers

which is low carbon product through anaugnannssuyusiuuiine | Association
procurement process for government
construction.

0808508, < om"
23 oSt 220T

Ministry Ministry Ministry Ministry Ministry of Ministry
of Natural  ofTransport of Inqustry of Interior ~ Agdriculture of
Resources and and Commerce 5 . :
Environment Cooperatives TCMA together with 24 alliances (government agency, professional

sector, industrial sector, and academic sector) announced

‘MISSION 2023’ on greenhouse gas mitigation

=

r'@ @
MIUSSION Sity

"*:anag

CEMENT industry is the

FIRST industry in

THAILAND continuing
| 000 000 announcement its
Permanent Secretary, Director-General and high level t COMMITMENT 0
authority join forces Ifor achievement of GHG emission o coz by 2023 mltlgate greenhouse gas

reduction target as set by improving the construction emission
standard of each agency, enhancing product standard,

educating stakeholders, and researching and development

on low carbon product, etc.
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Thailand’s Vision
on Electric Vehicle

“To be one of the most important EV

production bases and component
parts in 2035”

The National Electric Vehicle
Policy Committee, March 2021

Source: Thitipat Dokmaithet [2023), Thailand Automotive Institute

©i Mitigation Measure in the Automotive Industry: Transition to ZEV

ZEV Cumulative volume target in 2030
(Zero Emission Vehicle (ZEV) = BEV & FCEV)

Vehicle type Production Public Charging
Station

Passenger cars & 2,935,000 2,050,000 12,000
Pick-up trucks (Fast charge)
Trucks & Buses 156,000 160,000 n.a.
Motorcycles 3,133,000 3,200,000 1,450

(1 Station = 8 outlet)

26
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Source: Thitipat Dokmaithet [2023), Thailand Automotive Institute

Thailand’s EV Promotion Measures

1. Supply side measures

1.1 Investment promotion scheme
1.2 EV and charger standards

1.3 Establishment of testing facility
1.4 Supply chain transition program

1.5 End-of-Life Vehicle (ELV) program

2. Demand side measures

2.1 EV package of incentives

2.2 Registration tax reduction

3. Installation of public
charging stations
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Decarbonizing Thai Industries Using CCS

Upstream Decarbonization Power Generation and Industrial Decarbonization

N | E—

LCO

Pipe (Gas / CO2)

w
Co,

TECHNICAL

o Swork f © Storage @ Transportation to/from collection site © Capture from industrial sources
dz%rzfgp?r:::]? atfc:ss ?;J.e Quantify geological potential Feasibility on propriate means for each emitter Analyze emission amount and identify
CCS value chain efficient capture methods

Source: Yanadet Sripanich (2023], PTT Exploration and Production Plc.



Phetchabun
Basin

Bung Ya @ @ Pru Krathiam
ung Miang® q Sirikit
’ .

Phi&hglok Basin

Khorat Basin

Jgsmine
,Bchﬁamas:
Pakakrongg
Jarmjuree®
NUaN®  Bualuang @

Petrochemical

Refinery

Cement factory
Iron & steel mills

Coal fired power plant
Gas fired power plant

Waste-to-energy plant
Natural gas processing plant

Gas field

Oil field

Gas pipeline

Oil pipeline

Proposed CCS clusters

Basin

CO, emission (Mtpa)

c o 0o 0 O
<1 15 5-10 10-20 >20
CO, storage capacity (Mt)

+ oo 0O
<50 50-100 100-200 200-500 >500

Scale

-
0 50 100 (km)

Storage capacity = 79.4 Gt

® 24 gas fields
¢® 29 oilfields

® 10 saline aquifers

CO2 emission = 0.143 Gtpa
37 power plants
2 iron and steel mills
4 refineries
12 cement factories
2 natural gas plants

6 petrochemical plants
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e Possibility and Update on CCS in Thailand

ARTHIT Upstream CCS Project

Wellhead Platforms Reinjection Platform & Wells

Saline Aquifer &
Depleted reservoirs

OBJECTIVES

* Reducing emissions from upstream activities at Arthit
gas field (Gulf of Thailand)

* Tt demonstration of CCS feasibility in Thailand and
prove Gulf of Thailand’s CCS potential

Source: Yanadet Sripanich (2023], PTT Exploration and Production Plc.

Eastern Thailand
Carbon Capture and Storage (CCS) Hub Initiative

Potential
future emitters

IrRPC
Petrochemical
Refinery & Power Plant

(\ CCS Hub
GPSC Collection

Power Plant Terminal Area

v Potential

777(7’01’ “\ “ future emitters

Petrochemical,
Refinery & Power Plant Petrochemical &
Refinery Plant

®ptt

Gas Separation Plant

CO, Pipeline Potential Future Phase
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Barriers to low-carbon transition and
Policy recommendations



Fossil-fuel lock-in, infrastructure, and regulations may

obstruct low-carbon transition

Lock-in of fossil fuel infrastructure: Planned or grey energy projects in the pipeline, unabated coal power plant, etc. are
costly to change due to sunk investment costs and can lead to future stranded assets. These present a challenge to the
development of alternative clean energy infrastructure.

Regulatory risk: policy discontinuity or stop-and-go policy, fossil fuel subsidies, etc.

Laws and regulations: Under this existing regulatory structure, the peer-to-peer clean energy trading is still not supported.
The third-party access (TPA) regime must be established to allow prosumers, or third parties, to access the grid.

Insufficient infrastructure: inadequate charging stations for electric vehicles (EV]

Lack of access to finance: both domestic (access to bank loan) and international (access to climate finance takes long time
to develop proposals)

Technology costs: costs of some technologies are still very high, especially CCS & CCUS, energy storage system, etc.

Source: TDRI EIS (2022)
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Economic disturbances and energy insecurity slow down the transition

IMF slashes global GDP forecast as

® Economic slow down due to unexpected negative economic outlook grows ‘gloomy and
more uncertain’ :
. . The Ukraine war has upended the
shocks such as a pandemic leads to an reallocation of energy transition — and it's not good
news for the planet
resources to support short-term stimulus plans and 3 ==
=== 1 AT LA
delay Investment |n lOW-CarbOn prOJeCtS and g;sergycrmspromptsES(Jrethlnkonoﬂand »
teChnOlogieS nvestors are starting to look more favourably on energy companies because of their role in ! |
* 0Oil price crisis such as that stemming from the Will the Ukraine war derail the

green energy transition?

Ukraine-Russian War causes disruptions in the energy

market and create major energy security risks

worldwide. Because of their variability, wind and solar —"G
cannot be the foundation of a dependable electricity
grid they are less reliable than coal, oil or natural

gases.

Source: CNBC and Financial Time



Government policies/measures needed for Thailand’s low-carbon transition

* Transitioning toward a low-carbon economy will depend on the government
making/introducing the following.

* New policy instruments that incentivize businesses to reduce emissions and green their
production:

* Two commonly known external carbon pricing measures include carbon tax and cap-and-trade or
emission trading scheme.

* Emission trading scheme might be less costly for businesses and appropriate for targeting the
sector or industry that is a big emitter; however, setting up carbon market is not an easy task,
requiring allocation of allowed GHG emission units or “Cap”.

* Carbon tax is relatively less preferred by business but the cost of implementation is less. The
challenge is that carbon tax in Thailand is linked with the complicated structure of energy pricing. A
carbon tax would increase the cost of burning fossil fuels, thus increasing the cost of producing
goods and services that rely on those inputs, particularly for carbon-intensive things like electricity
and transportation. In the future, there is thus possibility of having carbon tax on selected types of
commodities that are high emitters.

* Power market reform: Unlocking rigid laws and regulations by allowing for third party access

to grid to allow for peer-to-peer energy trading are key in allowing for 100% green electricity to
meet requirements of CBAM, multinationals and foreign direct investors.

* Provision of necessary infrastructure: This includes putting in place accessible and affordable
public EV charging stations, especially in areas that are not profitable for private sector to
complement private sector efforts.

* Carbon credit certification: Agencies that certify GHG emission reduction should reduce the
time used in certifying and certifying costs and ensure compliance with international practices.
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7s) http://tdri.or.th
'@ facebook/tdri.thailand
"2 @TDRI_thailand
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