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SPGCI was engaged by ANGEA to examine cost-effective pathways to accelerate coal
phase-out in selected Asian countries

Energy Transition Context for Asia Objectives of SPGCI Study
= Asia is pivotal to the global energy transition, accounting » The Asia Natural Gas & Energy Association (ANGEA)
for nearly half of global energy consumption (~45%) commissioned S&P Global Commodity Insights (SPGCI)
and emissions (~49%) to conduct a technology-agnostic study of viable pathways
= Despite climate change concerns, coal remains a prevalent for accelerating coal reduction
energy source in the region, representing ~80% of global coal = The study consists of several key elements:
use and expanding at a ~2% CAGR from 2015 to 2024

_ R _ _ _ — Articulating the significance of coal phase-out to Asia’s broader
= Asia’s decarbonization is complex owing to the varying starting decarbonization efforts

points, needs and challenges for each country:

— In developing economies, rapid power demand growth (~5%
CAGR) and affordability concerns drive continued reliance on
coal for baseload power despite efforts to expand renewables

— In developed economies, constraints on developing renewable
resources hinder greater penetration of low-carbon energy,
putting ambitious emissions reduction targets at risk

» To keep the Paris Agreement temperature goals within reach,
Asian countries must accelerate the transition away from coal:
What are viable pathways for Asian countries to accelerate
coal phase-out and what would these entail?

CAGR = Compound Annual Growth Rate; GDP = Gross Domestic Product; OECD = Organization for Economic Co-operation & Development
Source(s): S&P Global Commodity Insights

— Providing an independent assessment of lifecycle and end-use
emissions from coal and liquefied natural gas (LNG) use for
power generation in select countries

— Conducting a technology-agnostic power market simulation to
derive the relative benefits and costs of a renewables and gas-
based transition pathway versus a fully decarbonized pathway

= Recognizing that multiple transition pathways exist, and that cost
Is only one factor, the study aims to offer indicative metrics that
can inform stakeholder discussions on potential decarbonization
actions
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S&P Global Commodity Insights
Study Acknowledgements

At S&P Global Commaodity Insights, our complete view of global energy and commodity markets enables
our customers to make decisions with conviction and create long-term, sustainable value.

We’re a trusted connector that brings together thought leaders, market participants, governments and
regulators, and we create solutions that lead to progress. Vital to navigating commodity markets, our
coverage includes oil and gas, power, chemicals, metals, agriculture, shipping and energy transition.
Platts® products and services, including the most significant benchmark price assessments in the
physical commodity markets, are offered through S&P Global Commodity Insights.

S&P Global Commodity Insights is a division of S&P Global (NYSE: SPGI). S&P Global is the world’s
foremost provider of credit ratings, benchmarks, analytics and workflow solutions in the global capital,
commodity and automotive markets. With every one of our offerings, we help many of the world’s leading
organizations navigate the economic landscape so they can plan for tomorrow, today. For more information
visit https://www.spglobal.com/commodityinsights

This study offers an independent and objective assessment of the cost and emissions impact of different
pathways to accelerate the retirement of coal-fired power generation in selected Asian countries. It includes
a detailed and independent assessment of lifecycle emissions for coal and LNG from specific supply assets
delivered to the selected countries. The analysis was conducted by CI Consulting, which is the consulting
arm of S&P Global Commodity Insights Division (SPGCI), supported by the world’s largest expert team of
more than 1,400 energy and economic research analysts continuously monitoring, modeling and evaluating
markets and assets. The detailed study methodology is explained in the Appendix. The analysis and metrics
developed during this research represent the independent analysis and views of SPGCI. The study makes
no policy recommendations.

The study was supported by the Asia Natural Gas & Energy Association (ANGEA). SPGCI is exclusively
responsible for all of the analysis, content and conclusions of this study.
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Key Takeaways

Asia plays a major role in
global climate action, but
coal phase-out is difficult

Renewables and gas/LNG
are key to accelerating
coal phase-out

Lifecycle emissions
intensity of LNG is lower
than coal

Significant support is
needed to enable change

Asia represents nearly half of the world’s emissions and energy consumption, and accelerated efforts are
required to keep the Paris Agreement targets within reach. Coal-fired power remains entrenched in the
region as phase-out faces hurdles, including socioeconomic concerns, rapid power demand growth,
infrastructure limitations and financing difficulties.

Assuming accelerated coal retirement, SPGCI analyzed technology-agnostic fuel substitution pathways
tailored to the context of three coal-dependent countries: Japan, Vietham and the Philippines. Deploying
renewables augmented by gas/LNG offers a viable pathway that balances affordability and emissions
reduction.

SPGCI’s independent analysis shows LNG has ~57% lower average end-use GHG emissions (per unit
electricity output) compared with coal and ~47% lower average lifecycle emissions for delivery to the
assessed countries.

To realize power sector decarbonization in Asia, efforts should be focused on addressing structural barriers
to coal phase-out and decarbonizing the gas/LNG value chain, while incentivizing and scaling renewable
power.

CAGR = Compound Annual Growth Rate; GHG = Greenhouse Gas; LNG = Liquefied Natural Gas

Source(s): S&P Global Commodity Insights

S&P Global
Commodity Insights

© 2025 by S&P Global Inc.

4



Asia is home to more than half of the world’s population and its rapid development
IS expected to drive global economic and energy demand growth

Asia’s Share in Global Population and GDP Total Primary Energy Demand: APAC vs. Rest of World
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Strong economic growth and rising living standards in developing nations in Asia will drive energy demand growth in coming decades

CAGR = Compound Annual Growth Rate; GDP = Gross Domestic Product; OECD = Organization for Economic Co-operation & Development
Source(s): S&P Global Commodity Insights
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Fossil fuels play a prominent and persistent role in Asia’s energy mix, and the region
faces significant challenges in its transition to cleaner energy

Asia’s Total Primary Energy Demand by Fuel*
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1 Net imports refer to those of intermediate energy forms (electricity, hydrogen, heat) that are agnostic of fuel source
APAC = Asia-Pacific; GNI = Gross National Income; RE = Renewable Energy
Source(s): S&P Global Commodity Insights
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Key Structural Challenges to Asia’s Energy Transition

Need to balance energy access, affordability and transition

Many nations still operate at low per capita income levels (<USD7.5K GNI
per capita) and ~150M people in APAC still lack basic electricity access.

Legacy or entrenched coal dependence

Sustenance of domestic coal industries for economic growth, employment
and energy security, further complicated by young coal power plant fleet.

Uneven RE resource distribution and limited regional integration

Geographically dispersed RE resources exacerbated by archipelagic
subregions with limited regional grid integration or other cooperation.

Inadequate economic incentives for decarbonization

Largely limited carbon pricing and other market mechanisms to accelerate
private sector decarbonization and clean energy investment.

Financing challenges and other disincentives to private investment

High financing costs and limited capital access with insufficient returns
to justify; centrally owned energy infrastructure also limits participation.

© 2025 by S&P Global Inc.



Asia accounts for ~50% of global emissions and thus plays a crucial role in climate change
efforts, but its targets and actions need to be accelerated to achieve net-zero

GHG Emissions: Asia vs. Rest of World GHG Emissions vs. NDCs: OECD & non-OECD APAC!?2
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1 OECD APAC covers Australia, Japan, New Zealand and South Korea while non-OECD covers the rest of the Asia-Pacific countries

Key Observations

APAC requires accelerated pathway
to net-zero 2050

SPGCI expects the region to achieve only
30% emissions reduction by 2050 under
current commitments, underscoring the
need for bolder targets and actions.

‘Ambition gap’ in non-OECD APAC

Developing economies face pressures
around energy affordability and economic
growth that may limit their commitments;
they may require alternative pathways
and international support for net-zero.

‘Action gap’ in OECD APAC

Developed economies have set ambitious
targets but face challenges to accelerate
emissions reduction, given limited
resource endowment and high costs

of decarbonization.

2 Minimum and maximum NDC represent the lowest and highest bounds of countries’ GHG emissions reduction target ranges: if a country’'s NDC is a single target rather than a range, that target is used; if a country has not set any NDC, zero emissions reduction is assumed.
4 NDCs assessed for OECD APAC and 32 NDCs assessed for non-OECD APAC | APAC = Asia-Pacific; GHG = Greenhouse Gases; NDC = Nationally Determined Contributions; OECD = Organization for Economic Co-operation & Development

Source(s): S&P Global Commodity Insights
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Asia’s power sector drives ~50% of the region’s emissions with coal-fired power accounting
for >90%; coal phase-out must be accelerated but progress remains slower than required

Asia’s CO2 Emissions in 2023: Share of Country Coal Generation Outlooks vs. PPCA! Targets
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SPGCI expects coal use to decline in most markets, but a faster transition is needed to achieve
coal phase-out targets set by the Powering Past Coal Alliance to align with a 1.5°C pathway

40f

1 The Powering Past Coal Alliance (PPCA) expects Organization for Economic Co-operation & Development (OECD) countries to completely phase out unabated coal power by 2030 and non-OECD by 2040

Source(s): S&P Global Commodity Insights
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Each coal-dependent market in Asia faces sizeable constraints to its power transition;
Japan, Vietnam and the Philippines were selected for further analysis

Selection of Large Coal-Dependent Markets in Asia! Growth Economies: Relativel
for Analysis Infrastructure and market constrained higher appeytite§
— = Supportive of renewables but challenged by : and need to :
/ mfrastructurg _constralnts, rapid demand growth i accelerate coal |
) and affordability concerns _ _ ! phaseout |
= Coal phase-out needs policy and financial support
RS :  Selected
g Mature Economies: Challenges in scaling renewables i representative :
= Making significant efforts to deploy renewables but import-
cannot scale low-carbon energy fast enough to : dependent
> ~ meet ambitions : markets for
¢ Wweaet = Constrained by physical barriers (resource potential, further
< N — land, terrain), social acceptance and costs :  analysis
Vietnam m o
Leading Coal Consumers: Structurally dependent
/ The on coal
- A ﬁ@ Philippines = Coal phase-out is particularly challenged given the vast
NN V- , scale of coal-fired fleet and rapid demand growth
— a _ = Competing strategic priorities such as affordability,
4 w7 \ security and economic dependence as major coal
|:|Selected Markets for Analysis =T o producers

Every market has a unique starting point and faces a unique set of constraints to its power sector transition:
Japan, Vietham and the Philippines were selected for further analysis to evaluate economic pathways to accelerate coal phase-out

1 Countries shortlisted based on 2023 market size (>100 MTOE of energy demand) & coal dependency (>35% of generation mix)
Source(s): S&P Global Commodity Insights

S&P Global
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For selected markets, SPGCI conducted a technology-agnostic evaluation of emissions
and power market outcomes under different coal phase-out scenarios to 2035

Overview of Study Approach, Key Analyses and Parameters?

Market selection and fuel lifecycle Power market simulation under various plausible coal Key implications for selected
emissions assessment phase-out pathways markets and for Asia
PLEXOS power market simulation for three fuel substitution
Assessed power system transition scenarios with poal retirement and system reliability as Analyzed trade-offs between key
challenges across Asia and selected exogenous variables power market outcomes when
Japan, Vietnam and the Philippines accelerating coal phase-out
for analysis Base Case: Business-as-usual trajectory for capacity, generation
and emissions aligned with SPGCI base-case outlook
? Balanced Case: Partial coal phase-out by 2035 §ubstitutipg with ?
renewables and available alternatives by country; generation
Estimated lifecycle emissions and emissions determined via least-cost hourly dispatch @
intensity ranges for key fuels |
in each market by considering Accelerated Case: Coal and gas phase-out by 2035 replaced by
potential supply sources zero-carbon sources (renewables, low-carbon hydrogen, BESS)
To express emissions outcomes SPGCI only considered substitution of energy inputs; other
on both lifecycle and end-use decarbonization pathways including carbon capture-based
combustion bases pathways are possible but have not been evaluated in this study

1 Refer to appendix for detailed visualization of methodology
BESS = Battery energy storage system
Source(s): S&P Global Commodity Insights

S&P Global
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SPGCI’s analysis indicates that the ‘balanced’ case with renewables supported by gas
IS well placed to accelerate coal phase-out, while balancing affordability concerns

Comparison of Incremental System Cost! to 2035 across Coal Phase-Out Cases?
Bn USD, real 2024

Interconnection Philippines Japan Vietnam
= s a8 1039
B OPEX & Fuel @ @
210 885 496
102 244 279
e

Base Case Balanced Accelerated Base Case Balanced Accelerated Base BalancedAccelerated

Case Case Case Case Case Case Case
Emissions Reduction
(MM(CO,elyear in 2035 0 -31 MMt -82 MMt 0 -71 MMt -208 MMt 0 -65 MMt -194 MMt
' - 0, - 0, - 0, - 0, - 0, - 0,
% of base) (-38%) (-99%) (-34%) (-99%) (-33%) (-99%)
Required Cost
of Carbon3 0 44 184 0 80 420 0 52 238

(2024US$HCO2e)

1 OPEX and Fuel includes fuel costs and other operating costs; CAPEX includes all capital expenditures; Transmission and Distribution (T&D) costs reflect grid connection costs for new generation but excludes
all high-voltage transmission lines
2 For this study, SPGCI only considered substitution of energy inputs for these countries; Other decarbonization pathways including carbon capture-based pathways are possible, but have not been evaluated in

this study

3 Calculated as the net present value of incremental annual costs (vs. base case) divided by the discounted total lifetime emissions reduction achieved (vs. base case), both at a 10% discount rate. There is no
carbon price applied to S&P’s power modelling.

CAPEX = Capital Expenditure; OPEX = Operating Expenses

Source(s): S&P Global Commodity Insights

S&P Global
Commodity Insights

Key Takeaways

= SPGCI conducted a tech-
agnostic analysis of pathways
if coal phase-out were to be
accelerated while maintaining
system reliability

= Analysis highlights a key
tradeoff between system cost
and emission reduction for
different pathways

— The Balanced Case
presents a pathway
balancing cost and
emissions reduction, based
on renewables supported
by gas to ensure reliability

— Full decarbonization by
2035 may require costlier,
less mature technologies.
A balanced approach offers
significant (30-40%)
emissions cuts at a fraction
of the cost (+10-20%)

© 2025 by S&P Global Inc. 11



Philippines: LNG is critical & cost-effective to support further renewables and accelerate
coal phase-out given demand growth, domestic gas depletion & affordability concerns

Summary of Key Outcomes!? (by 2035) Philippines Context
Indicative » Coal phase-out is challenged by rapid power demand growth
Emissions Affordability (4.6% CAGR) and large young fleet of coal-fired plants
2035 Annual Power Cumulative Average System » Declining domestic gas supply and planned new gas generation
Emissions System Cost Marginal Price requires more LNG import — or reversion to coal use
(MMtCO,e/yr) (US$Bn) (US$/MWh)

= Renewables acceleration requires flexible power source for grid
-8% & +219% reliability to balance renewables’ intermittency
— LNG is a scalable near-term option with existing and planned
infrastructure in Luzon. Other options for the Philippines (nuclear,
hydrogen) face longer deployment timelines and/or higher costs

23806 X -99% =106%

Key Findings
= By 2035, the Balanced Case (50% coal retirement, 38% emissions
2 reduction) will cost ~US$16 Bn extra (+16%)
v
0.5 » The Accelerated Case (full coal and gas phase-out, 99% emissions
reduction) adds ~US$108 Bn (+106%), and assumes hydrogen-fired power
Base Bal.  Accel. Base Bal.  Accel. Base Bal.  Accel. in lieu of gas for grid reliability
Case Case Case Case Case Case Case Case Case
— Incremental costs vs Balanced Case: The Accelerated Case adds
o/ in
Reflects ~50% coal Assumes H, deployed High cost H, drives up +3U58 $9t2 B?] (|+57? A))Im ;ncrte me_ntal system Cgits t?]ndB+LIJS$1?j3C/:MWh
capacity retirement instead of gas marginal prices (3.5x) to wholesale electricity prices compared to the Balanced Case

1 For this study, SPGCI only considered substitution of energy inputs for these countries; Other decarbonization pathways including carbon capture-based pathways are possible, but have not been evaluated in this study
CAGR = Compound Annual Growth Rate; LNG = Liquefied Natural Gas; Nuclear SMR = Nuclear Small Modular Reactor
Source(s): S&P Global Commodity Insights
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Philippines: Increasing renewables to displace coal requires a minimum level of flexible
capacity for grid reliability, which is most cost-effectively served by gas before 2035

Modeled Outcomes: Generation Mix vs Marginal Costs
in 2035 for Each Case!

Indicative

(X-Axis) TWh; (Y-Axis) SUSMWh, reél 2024 S&P’s Base Case is aligned with the Philippine Energy Plan
Other Renew.! Nuclear Solar+Wind Coal Gas H, — SRMC (2023-50) Reference Case:
400 1 " Renewables generation share rises to 37% from 24% by 2030
o and ~45% by 2035, with a strong push for solar and wind
S § 1 = Coal declines to 33% of generation from ~60% by 2035
% s 200 ’
@ Z:’; 100 """"""""""" \ f [ The Balanced Case retires ~50% (~5 GW) of older and inefficient coal
5 0= I plants early
= 400 5 E 54 GW vy 2 " SQmmmmxmwsmanmdwmdcm@dWCﬂBGMﬁwmbemqmmd
= 2 300 13 GW additional g | additional to replace coal due to lower capacity factor of renewables
2 g Slereineedse > o <.  gasneeded » Additional flexible gas capacity (~2.4 GW) is required to maintain
30 © 200 o substitute SGW 4 to maintain same level of grid reliability
< T 100 of coal | . reliability | . ,
S § — In the Accelerated Case, low-carbon hydrogen-fired generation
g 408 providgs flexible ge.nerlation ih lieu of gas o _
= = | 3 " Flexible generation is required to maintain grid reliability outside
% M X 300 39 GW additional | ~11.6 GW of of the monsoon season, when wind speed is low
%ﬁgzm 4 solar+wind needed i ) 3 H, needed to -Hmmwﬁwmnmcmsmwmmmwwmmwm
S n to fully phase out 11 balance grid and wholesale prices
< 100 GW of coal ; due to
0 = seasonality Other renewables (geothermal, hydro) are curtailed during solar
0 150 200 4 and wind peaks due to over-capacity, resulting in lower output

50 100
2035 Annual Generation Output (TWh)

1 For this study, SPGCI only considered substitution of energy inputs for these countries; Other decarbonization pathways including carbon capture-based pathways are possible, but have not been evaluated in this study
Other RE = Other Renewable Energy, including geothermal, biomass, hydro, plus battery and pumped hydro energy storage
Source(s): S&P Global Commodity Insights

S&P Global
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Japan: Slow demand growth and sizeable gas infrastructure facilitates and reduces
costs of coal phase-out; despite nuclear restart, coal use remains sizeable in 2035

Summary of Key Outcomes? (by 2035) Japan Context
Indicative = While electricity demand growth is slow (0.6% CAGR), Japan aims
Emissions Affordability to accelerate decarbonization and reduce thermal generation
2035 Annual Power Cumulative Average System — The 7th Strategic Energy Plan (SEP) targets 50% renewables and 20%
Emissions System Cost Marginal Price nuclear by 2040, while stating LNG’s importance for energy security
(MMtCO,elyr) (US$Bn) (US$/MWh)

» Land and terrain limitations necessitate diverse solutions in addition
34% ¥ -99% +8% & +75% +13%  +370% to renewables to accelerate coal phase-out

— Gas is cost-effective and easily scalable due to excess LNG regasification
capacity (~32% utilization) and gas-fired generation capacity (83 GW)

— Hydrogen/Ammonia Co-firing: Under development with targets to blend
into existing coal and gas plants but long-term outlook is still uncertain

Key Findings
140 .
= By 2035, the Balanced Case (~50% coal phase-out and ~34% emissions
v reduction) will cost an additional ~US$43Bn (+8%)
0.5
= The Accelerated Case (full coal and gas phase-out, 99% emissions
Base  Bal.  Accel. Base  Bal.  Accel. Base  Bal.  Accel. reduction) adds US$378Bn cost (+75%), assuming 100% ammonia/H,
Case Case Case Case Case Case Case Case Case co-firing by 2035
. _ — Incremental costs vs Balanced Case: Accelerated case adds +US$335
R =60 E6! NGB I ALl e 2 Bn (+680%) in incremental system costs, and +US$218/MWh (~4x)
capacity retirement restart + H,/NHj firing? marginal generator '

to wholesale electricity prices vs Balanced Case

1 For this study, SPGCI only considered substitution of energy inputs for these countries; Other decarbonization pathways including carbon capture-based pathways are possible, but have not been evaluated in this study
2 Assuming low carbon ammonia co-firing ratio of 0% in base case, 30% in cost effective case, 100% in decarbonized case by 2035;

CAGR = Compound Annual Growth Rate; LNG = Liquefied Natural Gas

Source(s): S&P Global Commodity Insights

S&P Global
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Japan: Assuming rapid renewables growth and nuclear restart in line with national targets,
existing excess gas capacity can readily substitute almost half of remaining coal by 2035

Modeled Outcomes: Generation Mix vs Marginal Costs
in 2035 for Each Case!

(X-Axis) TWh; (Y-Axis) $US/MWh, real 2024 S _Indicative _
. The Base Case generation mix aligns with Japan’s draft 7t
Other Renew.! Nuclear Solar+Wind Coal Gas H,— SRMC Strategic Energy Plan (SEP) targets:
400 * Nuclear share rises to 20% with restart; renewables rise to 39%
o P bles & nuclear art 1 from 24% by 2035 vs SEP target of 40-50% by 2040
S = 1 already aggressively = Coal generation declines to 16% from ~29% by 2035 as ~17 GW
P8 = 200 deployed under base case capacity is set for retirement
B ,=‘
6:9)' 100 [ e ' e
5 0 = I~ The Balanced Case retires another ~30% (11 GW) of coal capacity
= 400 ; = With premise that renewables and nuclear will be difficult to scale
= 2 300 ; 2 > faster than SEP, gas and ammonia co-firing become key levers
o § 2 200 P 1 6.5 GW of i Existing gas capacity can 2 = Existing gas capacity readily replaces most retired coal —
] itional 6. of -
< o TL: solar +wind, 12 GW | ramp up o Substw only 65 GW of renewables a(l)re needeq - . .
£ 100 of gas required : * Remaining coal plants use 30% ammonia co-firing which shifts coal
= — up the cost curve
s i
= < 400 ] In the Accelerated Case, low-carbon hydrogen and ammonia fully
2 o A?ditional 331G2V\é;3{/ § substitute gas and coal for flexible generation
s oo solar + wind, 1. : . L. . . . g
L & S 200 el 48 | 3 Full H, _and NHj firing will Ilkely prove very expensive, significantly
S~ N2 required ; 3 increasing wholesale power prices
< 100 , » Nuclear restart is also accelerated by four years, while renewables
0 0 ; 150 200 exceed 50% generation target five years early

50 100
2035 Annual Generation Output (TWh)

1 For this study, SPGCI only considered substitution of energy inputs for these countries; Other decarbonization pathways including carbon capture-based pathways are possible, but have not been evaluated in this study
Other RE = Other Renewable Energy, including geothermal, biomass, hydro, plus battery and pumped hydro energy storage
Source(s): S&P Global Commodity Insights

S&P Global
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Vietnam: As one of Asia’s fastest-growing markets, Vietnam is facing grid constraints
for renewables, while coal use is expected to grow despite ambitious renewables targets

Summary of Key Outcomes!? (by 2035) Vietham Context
Indicative = Coal phase-out is even more challenging than other target countries
Emissions Affordability — Fastest power demand growth (+5.2% CAGR) amongst three target
2035 Annual Power Cumulative Average System countries, one of the fastest growing economies in APAC (+6.1% CAGR)
Emissions System Cost Marginal Price — Youngest coal fleet in APAC (80% of plants are below 10 years of age)
(MMLCO,elyr) (Us$Bn) (US$/MWh) = Vietnam’s Power Development Plan 8 (PDP8) targets sizable

+103% 0% Y +336% renew_ables and gas capacity growth by 2030: >4x in gas, >3x in wind,
+14% in solar

* Nuclear has been proposed but deployment timeline likely to be 10 years

= S&P Base Case reflects ambitious renewables growth target and given
grid constraints already faced in South Vietnam, gas/LNG is critical to
supporting grid reliability as even more renewables are deployed

Key Findings
129 . .
»= By 2035, the Balanced Case (~50% coal retirement, 33% emissions
v reduction) will cost ~US$35 Bn extra (+14%).
0.5 .
= The Accelerated Case (full coal and gas phase-out, 99% emissions
Base  Bal.  Accel Base  Bal.  Accel. Base  Bal.  Accel reduction) adds ~US$252 Bn (+103%), and assumes hydrogen-fired power
Case Case Case Case Case Case Case Case Case in lieu of gas for grid reliability
. _ _ — Incremental costs vs Balanced Case: Accelerated case adds
R =60 E6! ASEINES [ EEO)ER ALENEEE i ElES +US$217 Bn (+500%) in incremental system costs, and +US$316/MWh
capacity retirement instead of gas up marginal prices '

(~4x) to wholesale electricity prices vs Balanced Case

1 For this study, SPGCI only considered substitution of energy inputs for these countries; Other decarbonization pathways including carbon capture-based pathways are possible, but have not been evaluated in this study
CAGR = Compound Annual Growth Rate; LNG = Liquefied Natural Gas; Nuclear SMR = Nuclear Small Modular Reactor
Source(s): S&P Global Commodity Insights

S&P Global
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Vietnam: Even with doubled renewables capacity by 2035, coal use will still grow.
Further renewable acceleration is needed to displace coal, with gas ensuring grid reliability

Modeled Outcomes: Generation Mix vs Marginal Costs
in 2035 for Each Case!

. . Indicative
(X-Axis) TWh; (Y-Axis) $US/MWHh, real 2024 _ _ _ —
. Base Case projects aggressive renewables capacity growth
Other Renew.! Nuclear Solar+Wind Coal Gas H, — srMC exceeding PDP 82 base case:
400 = Total renewables capacity doubles to 96 GW by 2035, exceeding
® 300 1 PDP 8 share projections. Generation share reaches 50%
o g 1 = Coal generation share falls from 50% to 32% by 2035 but absolute
o S 200 l consumption increases
< W
il O 100 | -eeeeeeeeoeeeeeeens R [
& : ‘ I : e
o 0= l Balanced Case retires ~50% (~15 GW) of inefficient coal plants
= 400 ; ; = Additional 30% solar and wind capacity required; hydro growth
= 2 309 23 GW additional ' : az;t%\:; > expected to be moderate as suitable sites are developed
o § 2 FalarRvindineeac i I 4___igas needed 2 = Existing hydro capacity (~23 GW in 2024) provides support but
=x8] o 200 o S“bztf'té’;zllf’ew | ' to maintain is concentrated in the north and seasonally limited
- £ 100 g | reliability [ = Additional flexible gas capacity (~5.7 GW) is required to maintain
= § m = grid reliability given the increase in renewables
> :
= = 400 : In the Accelerated Case, low-carbon hydrogen-fired generation
% M X 300 48 GW additional , ~32f.6 GW provides flexible generation in lieu of gas
R S o0 solar+wind needed ... » 3 ofgas = Additional 75% solar and wind capacity required
s °lg to fully phase out 31 nﬂzgttso 3 = Total of ~33 GW of flexible capacity required to balance renewable
< 100 Ghifaiicae fire H2 intermittency and hydro seasonality
0 0 150 200 » High H, costs drive up marginal costs and wholesale prices

50 100
2035 Annual Generation Output (TWh)

1 For this study, SPGCI only considered substitution of energy inputs for these countries; Other decarbonization pathways including carbon capture-based pathways are possible, but have not been evaluated in this study
Other RE = Other Renewable Energy, including geothermal, biomass, hydro, plus battery and pumped hydro energy storage; PDP 8 = Vietnam’s Power Development Plan 8 issued in 2024;
Source(s): S&P Global Commodity Insights
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Taking power generation efficiencies into account, SPGCI’s analysis estimates LNG's

average lifecycle carbon intensity at 148 gCO.,e/MJ compared with 277 gCO2e/MJ for coal

Lifecycle CI? Modelling Methodology

SPGCI modelled lifecycle emissions from major coal and LNG sources

to Asia considering all attributable emissions across the value chain

Analyzed emissions bounds based on high/low emitting mines/
basins/projects and facilities in key supply countries exporting to Asia

Step 1
Facility Upstream + LNG facilities in the US, Qatar, Australia
) Supply : : . .
Selection Coal mines in Indonesia, Australia
Destination Power plants in Japan, Vietnam, the Philippines
Compiled robust data from public and proprietary sources, applied
hierarchically based on data quality
Step 2 = Direct satellite observations of flaring and fugitives
Define = Operator and government reported operational data
Inputs = |PCC, industry, academic studies and factors on fugitives
=  S&P proprietary databases and facility-level models
Modeled equipment-level emissions across each value chain from
extraction to end combustion
step 3 T Li Ship./
Model Upstream rans- lque- 'P- Combustion
L port faction Regas.
Emissions

Fugitive emissions quantified across the value chain

Please refer to Appendix for further details on modeling assumptions

1 100-year Global Warming Potential applied in line with Nationally Determined Contribution definitions

2 Japan, Philippines, Vietnam; See appendix for the range of carbon intensity for fuels delivered into each market
3 MI = Upstream Methane Intensity; Assumes upstream methane intensity is capped at 0.2% of total gas / LNG production, as per the international industry standard defined by the Oil and Gas Climate Initiative (OGCI) methane intensity target
LNG = Liquefied Natural Gas; IPCC = Intergovernmental Panel on Climate Change; CI = Carbon Intensity
Source(s): S&P Global Commodity Insights

S&P Global

Commodity Insights

Lifecycle Cl Comparison for Coal & LNG to Power
in Target Markets?
gCO,e/MJ Electricity Output (gCO,e/kWh on secondary Y-axis)

350
315
300
250
200 227 193
163
100 116 115
50 Note: All Cl outputs account for power plant conversion efficiencies for
each target country (i.e., Japan, Vietham, and the Philippines)
0
Coal LNG LNG @
0.2% MI3
Average CI ’
(gCO,e/MJ of electricity output)
Combustion 260 -57% 111 111

Lifecycle 277 -47% 148 -5% 140

© 2025 by S&P Global Inc.
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Based on differences in generation & emissions intensity between fuels, the Balanced
Case has ~30-40% lower emissions by 2035 & ~13-16% lower cumulative emissions?

Base Case vs. Balanced Case Total Emissions Trajectory by Target Market?
Million tonnes of CO, equivalent (MMtCO,e), inclusive of all sectors

Japan Vietnam Philippines
End-use 1100 610 300
" Emissions 1050 590 290 :
1000 70 7 //
—— Base Case 950 >70 280 4”’// / ‘ ' /
900 550 270 | ’/f
850 1 %
Balanced 800 530 260 i !
Case 750 ‘ | 510 ‘ 250 2030 3 2035
228 -83 MMtCO,e | -71 MMtCO.e | 450 -9 MMtCO,e | -65MMCO,e | 210 13 MMtCO,e | -32 MMtCO,e
N N N d N NN NN N ] N N N 8888%8%88888 N N N N NN d N NN N N N N
Power Sector Emissions Reduction On 2035 Basis I I
End-use Emissions -7T1 MMtCOelyr (55 -65 MMtCO,elyr — -32 MMtCO,elyr o
Reduction (-34% from base3) 24.5 mil. (-33% from base?3) 22.4 mil. (-38% from base?) 11.1 mil.
Lifecycle Emissions* -60 MMtCO,elyr -67 MMtCO,elyr =5 -33 MMtCO,elyr
Reduction (-29% from base®) 297 mil. (-34% from base3) 23.1 mil. (-40% from base3) 11.4 mil.
Power Sector Emission Reductions On Cumulative Basis I_I
End-use Emissions -522 MMtCO,e -267 MMtCO,e -146 MMtCO,e
Reduction (-16% from base3) (-13% from base3) (-15% from base3)
Lifecycle Emissions* -455 MMtCO,e -276 MMtCO.e -152 MMtCO.e
Reduction (-14% from base?) (-13% from base?) (-16% from base?)

1 Cumulative emissions between 2024 — 2035 for the power sector only

2 Japan, Philippines, Vietnam; See appendix for the range of carbon intensity for fuels delivered into each market

3 % reduction is calculated based on Base Case power sector emissions for the respective target countries and not total country level emissions 6750
4 Lifecycle emissions reduction considers the net decrease in overall lifecycle emissions in the power sector as a result of the substitution of coal consumption with increased use of LNG and blue ammonia in the Balanced Case —
Source: S&P Commodity Insight

Equivalence with annual
emissions of # of cars
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Beyond power, Asia’s fast-growing industrial and transport sectors require acceleration
of decarbonization solutions to curb emissions and offset demand growth

Emissions and Fuel Outlooks for Asia’s Key Heavy-Emitting Non-Power Sectors

Demand growth may outpace emissions intensity improvements thus
the need for a faster transition to lower-carbon alternatives

Sector

Key fuel/feedstock application(s)

2023 emissions and incumbent 2035 projected emissions and key
fuels/feedstocks transition fuels/feedstocks

5 s 6

Road transport Engine fuel for vehicle propulsion and auxiliary power generation JM?Eé oil MMLCO,
2 (diesel) -0.3% Electricity Gas Biofuels
. . . . O O
Reductant in direct reduction of iron ore, fuel for power and heat 1,090 % 1,085 @ @
Sl generation (furnace, cutting and welding, etc.) MMtCO MMICO,
' T 2 Coal -0.5% Gas Hydrogen
1,060 H @ & s @ &
RCA Fuel for space and water heating and cooling MI\,/ItCO Biomass MMLCO,
2 (traditional) Oil Gas Coal -1% Gas Hydrogen
Feedstock for hydrogen production traditionally for use 548 L g CH? 550 @ %
Hydrogen . . 4 . : : ) 85 MMtCO
in refining/chemicals but increasingly for other industries MMtCO, , 2 .
Coal Oil Gas +0.1% Gas Electricity
I 0 @)
. . . . . CH H
I Engine fuel for ship propulsion, auxiliary power generation 407 H 376 Q }% @
Shipping oil MMtCO.
and other onboard energy needs MMtCO, 2 .
(HFOIMGO) -8% LNG Methanol Ammonia
Chemicals Feedstock for production of petrochemicals, olefins - 0 — 177 o) o)
) : . i CH L] CH H
(excl. hydrogen and base chemicals; fuel for industrial boilers and Ml\zlltg(;lo H Q Coxee) MMtCO, Q :
generation) process heating 2 Oil Gas Coal -24% Gas Hydrogen

RCA = Residential, Commercial, Agricultural
Source(s): S&P Global Commodity Insights

S&P Global
Commodity Insights
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Significant effort is still required to realize an accelerated coal phase-out scenario wherein
gas delivers on its emissions reduction and renewable power is scaled in tandem

Cumulative Investment in Technology
by 2035: Base vs. Balanced Case?

US$BN, real 2024, total across 3 selected

markets
1,000
900 Solar & wind
CAPEX
800 +$51Bn
BESS CAPEX
700 - / +$10Bn
600 pisemd \ Gas CAPEX
+$11Bn
500
OPEX &
400 Fuel Costs
+$36Bn
300 575 611 (e.g., from
incremental
200 gas fuel
required)
100
0
Base Balanced

1 CAPEX includes both plant and interconnection CAPEX
BESS = Battery Energy Storage System; CAPEX = Capital Expenditure; ETM = Energy Transition Mechanism; JETP = Just Energy Transition Partnership; OGCI 0.2 MI = Oil & Gas Climate Initiative 0.2% Methane Intensity; OPEX = Operating Expenses; PPA = Power Purchase

Agreement

Address
structural
barriers
to coal
phase-out

Develop and
decarbonize

gas value
chain

Incentivize

and scale

renewable
power

Potential Levers for Asia to Realize Balanced Decarbonization (Non-Exhaustive)

Deploy ‘up or out’ policy incentives to rapidly rationalize coal fleet (efficiency/ emissions standards,
generation caps, flexibility retrofits, etc.)

Enhance blended and other financing mechanisms to derisk private capital flows into coal phase-out
(e.g., JETP, ETM, transition credits)

Undertake just transition and whole-of-economy planning to mitigate socioeconomic impact (workforce
reskilling, economic diversification, etc.)

Target international support, targeting country barriers to gas/LNG adoption such as inadequate policy
frameworks and infrastructure and supporting capability building

Promote methane reduction across gas value chain, leveraging international support programs
(e.g., OGCI 0.2% MI, Global Methane Pledge, Methane Leadership Program)

Develop regional MRV framework and capabilities (e.g., voluntary target for LNG cargo emissions
intensity, capability building for LNG MRV)

Enhance transparency of RE project tendering, including use of competitive auctions to drive efficiencies
Enhance PPAs to provide longer-term revenue certainty and reward flexible generation

Target international financing support towards addressing grid constraints (capacity, flexibility, etc.)
to support renewables expansion

Source(s): S&P Global Commodity Insights

S&P Global
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Further long-term solutions would be necessary to develop new viable pathways for
decarbonizing Asia and achieving net-zero emissions

Annual Country Power Sector Emissions

in Balanced Case

Potential Avenues for Asia to Realize Full Decarbonization (Non-Exhaustive)

Million tonnes of CO, equivalent (MMtCO,e) @ % H2O {m
400 Deeply decarbonize Address key barriers Foster new clean Advance other
gas via new to regional grid energy sources promising
technological integration (H,, nuclear, decarbonization
pathways (SEA-focused) LDES, etc.) pathways for key
300 industries
) = Enhance policy = Advance Enhance policy Further support
Sizeable framework and cross-border incentives to promising non-
_remaining incentives to governance improve inter-fuel fuel/feedstock
emissions in 2035 support CCS and commercial economics decarbonization
200 commercialization mechanisms (e.g., clean H,) pathways in
inclu_ding CCS-as-a- (c_ooperation rules, Further support _hard-to-abate
, Japan service grid charges, etc.) commercialization industry, e.g.,
\ Promote eLNG = Enhance financing of promising DRI- and scrap-EAF
100 production, e.g., support to resolve scalable pathways for steel
leveraging green H, infrastructure technologies production
s o e, TS scuemcanen
o . : production to
facilities allgnm_ent of substitute clinker
0 operating
2024 2030 2035 parameters, etc.)

CCS = Carbon Capture & Storage; DRI = Direct Reduced Iron; EAF = Electric Arc Furnace; eLNG = e-Liquefied Natural Gas; LDES = Long Duration Energy Storage; Nuclear SMR = Nuclear Small Modular Reactor; SCM = Supplementary Cementitious Material; SEA = Southeast
Asia
Source(s): S&P Global Commodity Insights

S&P Global

. . © 2025 by S&P Global Inc. 22
Commodity Insights



Appendix: Detalled
Methodology



SPGCI conducted a technology-agnostic evaluation of emissions and market impact in
three power markets under different coal phase-out scenarios to 2035

lllustrative Study Methodology and Key Outputs

1 Select coal-reliant markets for analysis
and determine lifecycle Cl of LNG
and coal for power generation

Examine state of power transition in Asia
and select markets for further analysis.

Conditions for effective power system transition

Model emissions and outcomes of the
power markets under different coal phase-

out cases

Key inputs

Enablers and constraints for power system
transition

Markets

F‘ 3 markets selected
v

For each selected market, determine lifecycle
emission intensity ranges of LNG and coal in
power generation

gCO%e/MJ

LNG Coal

BaU = Business as usual; Cl = Carbon intensity; LNG = Liquefied natural gas
Source: S&P Global

S&P Global
Commodity Insights

Power demand

Generation
capacities

Generation costs

Fuel supply

Fuel prices

Fuel lifecycle
emissions

System
requirements and
constraints

Macro and policy
assumptions

Key exogenous
variables —
phase-out of
coal and scale-
up of
alternative
sources

PLEXOS
model

Key outputs

Generation outlook

Interregional
power flows

Plant utilization

Capacity and
investment outlook

System costs

Wholesale
power prices

Fuel consumption

System lifecycle
emissions

Visualize key outcomes and articulate
implications for selected markets

gCO,e/MJ
Baseline / BaU case

Articulate
enablers and
challenges to
achieving
target case

Accelerated case

»

Time

System emissions (on end-use
combustion as well as lifecycle basis)

System costs

Wholesale power prices

© 2025 by S&P Global Inc.
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SPGCI estimated the lifecycle Cl ranges of coal-to-power on 2023 basis, leveraging a
combination of proprietary data and models, internal analyses, and publicly-reported data

Summary Methodology for Estimating Lifecycle ClI Range of Coal-to-Power

Value Upstream + Midstream + Downstream
Chain —
Segment Jj_ﬂ b N ’—H‘E

Mining operations Mine-to-port transportation Shipping Combustion
Emissions Scope 1 and 2 operational Rail transportation emission was Shipping fuel combustion Coal specifications in particular
Modeling emission and upstream fugitive estimated using S&P’s proprietary rail emission was estimated using calorific values were based on
Approach emission were based on company- emission model and company- S&P’s proprietary voyage distance company-reported figures.

reported figures.

Post-mining fugitive emission
was estimated using IPCC
emission factors.

Exceptions:

Where upstream fugitive emission
was not disclosed or disclosed
separately from Scope 1 emission,
IPCC fugitive emission factors

were used to provide conservative
estimates.

reported rail specifications as inputs
(e.g., vehicle type, capacity, fuel
consumption). Truck transportation
emission was estimated using
emission factors from multiple

online sources.

Post-mining fugitive emission
was estimated using IPCC
emission factors.

Exceptions:

Where rail/truck specifications
were not disclosed, S&P’s standard
assumptions were used.

calculator and industry-standard

assumptions on ship specifications.

Post-mining fugitive emission
was estimated using IPCC
emission factors.

Exceptions:
N/A

Power plant efficiency factors were
sourced from Global Energy Monitor,
based on average efficiencies for
different combustion technologies

in each target market.

Exceptions:
N/A

Data sources include government estimates, academic research, company asset reports, and vessel data
IPCC = Intergovernmental Panel on Climate Change; CI = Carbon intensity

Source: S&P Global

S&P Global

Commodity Insights
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SPGCI applied a standard set of assumptions and equipment-level modeling to estimate
operational and fugitive emissions across the coal-to-power value chain

Detailed Illustration of Coal-to-Power Lifecycle Emissions Modeling Methodology

—Operational ~Fugitives ’ T
Direct fuel combustion
Operator-reported +
z Onsite power generation B
Purchased electricity o OR — > -
IPCC emissions » Company-reported
Other Scope 1 and 2 factor! production
+ P
— Rall (for Australia) — Truck (for Indonesia) !
Volume of coal transported Volume of coal transported > | Coal
Speed and distance travelled Distance travelled lifecycle
OR L
Wagon specifications Truck specifications — + Cl
. — Based on similar operations in the region
Fuel consumption, LHV and emission factors o
Truck emissions factor —> —
Others From multiple online literature sources
Volume of coal transported Vessel specifications +
f Speed and distance traveled Others —
Fuel consumption, LHV and emission factors IPCC emissions 'y, Company-reported
factor? production
Reported coal specifications Power plant efficiencies
e.g., average calorific values, carbon and moisture Country averages based on technol(_)gy type reported —— el T Lo ke e e Lol N e
content, etc. by Global Energy Monitor

production data

Data sources include government estimates, academic research, company asset reports, and vessel data

1 CH4: Ranges between 10 — 25 m3/ton and 0.3 — 2 m3/ton for underground and surface mines, respectively, depending on mine/overburden depth. CO2: Ranges between 0.05-12.3 m3/ton and 0.01-0.94 m3/ton for underground and surface mines, respectively, depending on
mine/overburden depth. 2 CH4: Ranges between 0.9-4.3 m3/ton and 0.0-0.2 m3/ton for underground and surface mines, respectively, depending on mine/overburden depth.

IPCC = Intergovernmental Panel on Climate Change; Cl = Carbon intensity; LHV = Lower heating value. Sources: S&P Global, IPCC, Global Energy Monitor
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SPGCI estimated the lifecycle Cl ranges of LNG-to-power on 2023 basis, leveraging a
combination of proprietary data and models, internal analyses, and publicly-reported data

Summary Methodology for Estimating Lifecycle Cl Range of LNG-to-Power

Value Upstream + Midstream + Downstream
Chain N
Segment ﬁ_ﬂ Em ] ! ’—H‘E

Upstream production, processing and fugitives Liquefaction Shipping Regasification Combustion
Emissions Upstream production emissions were estimated Liquefaction and Shipping fuel Regasification LNG calorific values
Modeling via the following methods: associated onsite combustion emissions were were estimated using
Approach Method 1: S&P's internal forecast. based on historical P°We' generation emissions were estimated using an the US EPA reported

company-reported emissions data.

Method 2: Utilization-based equipment modeling,
based on reported technical specs and/or S&P
internal assumptions.

Note: Upstream pipeline emissions are accounted

emissions were
estimated via
utilization-based

equipment modeling,

based on reported
technical specs
and/or S&P internal

estimated using S&P’s
proprietary voyage
distance calculator
and industry standard
assumptions on

ship specifications.

average emission
factor derived from
multiple online sources
analyzing lifecycle
emissions of LNG
delivered to Asia.

average composition of
LNG by supply source.

Power plant
efficiency factors
were estimated on
country averages

for in both methods , by technology.
assumptions.
CO, removal — Reservoir CO, was allocated to LNG gy gitive emissions* were estimated using factors from plant specific
production and removed through AGRU studies or company disclosures otherwise a conservative S&P internal
Fugitive emissions* were estimated via satellite estimate is applied.
observations, company/government-reported data, *e., methane intensity
and/or prior external studies.
*.e., methane intensity
Data sources include government estimates, academic research, company asset reports, and vessel data
LNG = Liquefied natural gas; Cl = Carbon intensity; EPA = US Environmental Protection Agency; AGRU = Acid gas removal unit
Sources: S&P Global, US Environmental Protection Agency, Commonwealth Scientific and Industrial Research Organisation
S&P Global © 2025 by S&P Global Inc. 27
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SPGCI applied a standard set of assumptions and equipment-level modeling to estimate
operational and fugitive emissions across the LNG-to-power value chain

Detailed Illustration of LNG-to-Power Lifecycle Carbon Intensity Modeling Methodology

B S&P forecast based on historical upstream emissions
Z Direct fuel combustion

Flaring and venting (using satellite data, if available)

OR

Z ~Upstream equipment-based modeling
Equipment specs. (e.g., drivers, compressors, etc.)
f Feed gas consumption and calorific values
Production-based utilization rates
Others

Fugitives

Satellite
observations

AND/OR
Company/
government
reported data

AND/OR

External
studies

Feedgas
CO, content

X

Share
attributable
to LNG on
an energy

delivered
basis

~CO,removal —

e

Liguefaction equipment-based modeling

f Equipment specs. (e.g., trains, drivers, etc.)
Fuel gas consumption and calorific values

Others

Production-based utilization rates

Others

Volume of LNG transported
Speed and distance traveled

LNG calorific values
Based on US EPA reported averages

Vessel specifications

Fuel consumption, calorific
values and emission factors

Power plant efficiencies

Based on country gas power facility averages

+
+
; A
[W\[€]
lifecycle
Regasification Company- s
e X reported
emission factor! :
production
+
+
Company- |
_Metha_nez X reported
intensity :
production

Note: CI per unit of LNG is calculated based on 2023
production data

1 Data sources include government estimates, academic research, company asset reports, and vessel data as well as derived from multiple online sources analyzing lifecycle emissions of LNG delivered to Asia.
2 Methane intensity is based on plant-specific studies or company disclosures, else a conservative estimate is applied by S&P Global.

LNG = Liquefied natural gas; Cl = Carbon intensity; EPA = US Environmental Protection Agency

S&P Global
Commodity Insights
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Higher efficiency plants in Japan result in lower coal and LNG lifecycle emissions,
while upstream methane intensity was a key driver of emissions difference

Lifecycle Carbon Intensity? Comparison for Coal and LNG to Power Generation in Target Markets
gCO,e/MJ Electricity Outputs

350 Japan | | Vietnam || Philippines

300 ] ]
250 ]

200
150, B s . H =
100 | B i
0 — —
3 Coal LNG LNG @ : Coal LNG LNG @ i | Coal LNG LNG @
0.2% MIt | | 0.2% MIt 0.2% MI

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

= Variance between countries for the same fuel is because of differences in power plant efficiencies (technology) and shipping distance (1,775 nm-11,238 nm)

= Variance between upper and lower lifecycle emission ranges of each fuel are primarily because of upstream emissions (mainly fugitive methane intensity)
and end-use combustion efficiencies

1 MI = Upstream methane intensity; Assumes upstream methane intensity is capped at 0.2% of total gas / LNG production, as per the international industry standard defined by the Oil and Gas Climate Initiative methane intensity target;
2. 100-year global warming potential applied in-line with Nationally Determined Contribution definition;

LNG = Liquefied natural gas; Cl = Carbon intensity

Source: S&P Global Commodity Insights
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Disclaimer

S&P Global Commaodity Insights is a business division of S&P Global Inc. (“SPGCI”). The reports, data, and information referenced in this document (“Deliverables")
are the copyrighted property of SPGCI and represent data, research, opinions, or viewpoints of SPGCI. SPGCI prepared the Deliverables using reasonable skill and
care in accordance with normal industry practice. The Deliverables speak to the original publication date of the Deliverables. The information and opinions
expressed in the Deliverables are subject to change without notice and SPGCI has no duty or responsibility to update the Deliverables (unless SPGCI has expressly
agreed to update the Deliverables). Forecasts are inherently uncertain because of events or combinations of events that cannot reasonably be foreseen including
the actions of government, individuals, third parties and competitors. The Deliverables are from sources considered by SPGCI (in its professional opinion) to be
reliable, but SPGCI does not assume responsibility for the accuracy or completeness thereof, nor is their accuracy or completeness or the opinions and analyses
based upon them warranted.

To the extent permitted by law, SPGCI shall not be liable for any errors or omissions or any loss, damage, or expense incurred by reliance on the Deliverables or
any statement contained therein, or resulting from any omission. THE DELIVERABLES ARE PROVIDED “AS IS” AND TO THE MAXIMUM EXTENT ALLOWED BY
LAW, NEITHER SPGCI, ITS AFFILIATES NOR ANY THIRD-PARTY PROVIDERS MAKES ANY REPRESENTATION, WARRANTY, CONDITION, OR
UNDERTAKING, WHETHER EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, RELATING TO THE DELIVERABLES OR THE RESULTS OBTAINED IN
USING THEM; INCLUDING: A) THEIR MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE; OR B) THEIR CONTINUITY, ACCURACY,
TIMELINESS OR COMPLETENESS. The Deliverables are supplied without obligation and on the understanding that any recipient who acts upon the Deliverables
or otherwise changes its position in reliance thereon does so entirely at its own risk.

The Deliverables should not be construed as financial, investment, legal, or tax advice or any advice regarding any recipient’s corporate or legal structure, assets or,
liabilities, financial capital or debt structure, current or potential credit rating or advice directed at improving any recipient’s creditworthiness nor should they be
regarded as an offer, recommendation, or as a solicitation of an offer to buy, sell or otherwise deal in any investment or securities or make any other investment
decisions. The Deliverables should not be relied on in making any investment or other decision and should not in any way serve as a substitute for other enquiries or
procedures which may be appropriate. Nothing in the Deliverables constitutes a solicitation by SPGCI or its Affiliates of the purchase or sale of any loans, securities
or investments. The Deliverables do not constitute legal advice and SPGCI did not act in the capacity of lawyers under any jurisdiction in the preparation of
Deliverables. SPGCI is not a registered lobbyist and cannot advocate on anyone’s behalf to government officials regarding specific policies.

S&P Global Inc. also has the following divisions: S&P Dow Jones Indices, S&P Global Market Intelligence, S&P Global Mobility, and S&P Global Ratings, each of
which provides different products and services. S&P Global keeps the activities of its business divisions separate from each other in order to preserve the
independence and objectivity of their activities. SPGCI publishes commodity information, including price assessments and indices and maintains clear structural and
operational separation between SPGCI’s price assessment activities and the other activities carried out by SPGCI and the other business divisions of S&P Global
Inc. to safeguard the quality, independence and integrity of its price assessments and indices and ensure they are free from any actual or perceived conflicts of
interest. The Deliverables should not be construed or regarded as a recommendation of any specific price assessment or benchmark.

No portion of the Deliverables may be modified, reproduced, reused, or otherwise distributed in any form without the prior written consent of SPGCI (to be granted or
withheld in SPGCI's absolute discretion).

Unless SPGCI has expressly agreed otherwise, the Deliverables are not works-made-for-hire and SPGCI shall own all right, title, and interest in and to the
Deliverables, including all intellectual property rights which subsist in the Deliverables. Use of the Deliverables is subject to any licence terms and restrictions
agreed between SPGCI and the commissioning Client. The SPGCI name(s) and logo(s) and other trademarks appearing in the Deliverables are the property of S&P
Global Inc., or their respective owners.
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