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Context: why has this report been produced?

Section

Report Background

Key reports used

ANGEA, an organization comprising of a diverse group of companies participating in the natural gas markets within
Asia-Pacific, and The American Petroleum Institute have jointly co-funded this study by Rystad Energy.

Government reports have been used where available in sufficient detail to derive the aspirations for each country;
Indonesia (LTS-LCCR), Thailand (APEC) and Vietnam (Vietnam Energy Outlook)

This report focuses on "solving" the energy trilemma for Indonesia, Thailand and Vietnam. It evaluates the study
countries' current and future energy market dynamics while accounting for national targets and policies.

A bottom-up approach has been taken to shape the supply view, where all constituents of primary energy are
considered. This is complemented with country-level government targets, where we identify segments most at risk
of materializing, in order to derive the implied call on energy carriers. We then take a global view on export supply

sources that could meet the study countries' call on new supply to meet their GDP goals and assess the sources'
ability to meet those targets.
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A series of broad-in-scope policy recommendations designed to challenge the conventional view on energy policy in
developing economies and address the pressing need for greater energy security in the medium term. Synthesized
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INDONESIA
Long-Term Strategy for Low Carbon
and Climate Resilience 2050
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quantitative findings that highlight the difficulties developing economies face to grow their GDP against the
backdrop of tight global LNG supplies.

Source: APEC Energy Demand and Supply Outlookli2@@2esia LFECCR 2021; Vietham Energy Outlook 2021 (NDEBWAX)RystadEnergy research and analysis



Between a rock and hard place: economic growth in direct conflict with energy security

Section Key Takeaways

Pursuit of energy security through affordable, available and acceptable energy could become a trap

Security

Pressure from the global community limits the options available to three study countries
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Securing resources, particularly LNG, early is critical to greater energy security

Limited raw materials access and manufacturing concentration put the energy transition pathway at risk
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Source: Rystad Energy research and analysis
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EnergySecurityis defined as a condition of ensuringthe availabilityof energyand public accesgo
energyat affordablepricesin the longterm while takinginto accountthe protectionof the environment

{SOdNRG& LYRSE

9 Article 1.10 of Government Regulation No. 79 (2014) in National Energy Policy(j EN)
A B C
AVAILABILITY AFFORDABILITY ACCEPTABILITY

Energy use that cares for
the environment (land, sea
and air) including public
acceptance (e.g. nuclear)

Affordability of energy
investment costs, e.g. cost
of E&P, distribution and
consumer energy prices for
24/7 365 energy access

Ability to access energy
sources, energy grid
infrastructure, including
geographic and geopolitical
challenges

NATIONAL ENERGY SECURITY

Source: National Energy Policy (KEN, 2014); National Energy CouncRyBfatinergy research and analysis
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The Energy Trilemma must be balanced to maximize national energy security

Hierarchy of Energy Trilemma

Availability

. Higher national energy security

Lower national energy security
Less important

Affordability

Acceptability

More important

Source: Rystad Energy research and analysis
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None of the dominant energy carriers have a silver bullet solution to the energy trilemma

oa;

Neutral or muted
Oil

Clearly favorable towards energy trilemma

Clearly unfavorable towards energy trilemma

Significant supply
available- political
considerations

Available

Ener Needed for
. . Acceptable transportation but
trilemma . .
high emissions

OPEC influenced
pricing

Affordable

@

LNG

Significant supply
potential held back
by non-technical
issues

Unabated LNG-
better than coal

Recent reputation
for price volatility

Energy carrier

=

Coal

=

Piped gas

onstrained by Significant supply

litical and . . .
D reohi available- financing
geographical
boundaries challenges

Unabated coal-
worst in class
(CO, emissions and

coal ) )
air quality)

Unabated piped gas-
better than LNG and

Currently easy and
affordable, but with
growing constraints

Typically affordable if
available

Note: The subsequent analysis detracts from a heavy focus on oil as an energy carrier due to minimal direct compeigioralges.

Source: Rystad Energy research and analysis
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Renewable

Concentrated supply
chain

Best in class though

signficant scaling up

issues, including high
land use

Challenges of
managing
intermittency and
driving costs down
through scale

g

Nuclear

Dispersed uranium
supply- financing
challenges

No emissions, but

radioactive waste

and poor public
perception

Expensive with
current technology

RystadEnergy



All economies are expected to grow substantially and consume more energy per capita

Gross Domestic Product (GDP) Population GDP per capita Energy intensity &
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Source: APEC Energy Demand and Supply Outlook 2022; Vietham Energy Outlook 2021; Indo8€$a20PRystadEnergy research and analysis
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renewable development to achieve these targets is unprecedented

Total Primary Energy Supply per Capita split by fuel

GJ/Capita
Start of Growth Period

shared renewaé% O @ @ @ @ @ @ @ <12?

Renewables Hydro Nuclear . Fossil 107
102

. Biofuels
Biomass used ir

co-generation
makes up most

of current non

fossil energy

45
41 43 %
/ .

44

7
1973 2022 2019 2019 2019

2003 1965 1967 1989 2019

. S = ol £ .
—
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*Net zero scenario from Vietham energy outlook report applied to all three countries for illustrative purposes
SourceRystadEnergy research and analysis; BP Energy Statistical Review
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Coalc the solution of choice if we ignore environmental and social acceptance

but need Affordable, Available and Acceptable energy to dag : _
solution of choice for

We want to grow our economy and improve standard of livir ) -
PREMISE g y P Availability Effectively the current

Can we
use coal?

Source: Rystad Energy research and analysis

Higher standard of living ‘
. Lower standard of living

the global energy
systemgavailable and
affordable fossil fuels
while ignoring
acceptability leading
to a longterm
standard of living
threat in the form of
global warming

Where we
should be

Acceptability Affordability

RystadEnergy



Coalfired generation facing intense environmental scrutiny due to carimb@nsive operations

Global C& emission intensity per power source
kgCO2/MWh
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300 3
‘ 1 2 i
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I 1 \ 24 @ 1
43 54
13 13 13 21
0
Onshore Wind  Offshore Wind Nuclear Hydro Solar CCGT (with Coal (with CCUS) CCGT OCGT Coal
CCUSs)

Note: CCUS capture efficiency of 85% is assumed;c@@ equivalence
Source: NREL 2021; Rystad Energy research and analysis
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Restrictive coal financing penalizes affordability, forcing countries to seek alternatives

but need Affordable, Available and Acceptable energy to dag

PREMISE We want to grow our economy and improve standard of livir Availability

Can we
use coal?

Source: Rystad Energy research and analysis

Use of coal could ‘ Higher standard of living
facilitate economic .
growth, however, Lower standard of living
limited access to
financing and higher
|gn0re emissions COSt Of Caplta| are key
¢ we have a moral right ~ affordabilityrelated
challenges for project
commercialization
Where we
should be
The most recent
addition to the loop
and possibly also its
weakest part ‘ ‘
Affordability

Acceptability

RystadEnergy



More than 120 financial institutions and nations have announced coal financing restrictions

Timeline of Coal Finance Restrictions

=
mimm ~z~ DIFC

International

Finance Corporation
BANK OF AMERICA TORLDBANKGROUP SMIBC
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Source: IEEFA, Reuters, Rystad Energy research and analysis
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Europe likely to outcompete developing economies amid a tight gas supply environment

PREMISE

We want to grow our economy and improve standard of livir Availabilit '
but need Affordable, Available and Acceptable energy to dg y expest‘::;i ?:; Zi‘:]ptl?g;ﬁts

use coal?

following the Russia
Ukraine crisis which has
led to elevated gas
prices Europe will
continue leveraging on
its economic power to
acquire flexible supplies
at the expense of other
market participants

Higher standard of living ‘
. Lower standard of living

Ignore emissions
¢ we have a moral right

Where we
should be

Affordability

RystadEnergy



Asia and Europe are driving up LNG demand as gas demand increases and local supplies dwi

LNG demand by region in Reference scenarios o0
Bcm 2
LU
3
Study Countriés Other APEC Europé Rest of the World 3
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Note: (1) Indonesia, Thailand and Vietnam; ) UK, Norway, Albania, Moldova, Montenegro, North Macedonia, Serbia, Switzerland, Ukraine
SourceRystadEnergy research and analysigsMarketCubheAPEC Supply and Demand Outlook 2021



Reference case is in the upper bound of LNG outlooks indicating that growth is too aggresive

RystadEnergy

Implied demand for LNG forecasted by different sources
Bcm
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Source: Rystad Energy research and analysis, EnergyScenarioCube, Shell 2023 Energy Outlook, ExxonMobil 2023 Ener@20Q &iwerigyBOutlook
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Available gas resources globally sit in the hands of few, key decision makers

Russia
t NA2NJ 02 wdzaaAl
Ukraine, ambitions were for -
~ 4. 250Bcmof LNG exportg
- however this target is now -at
risk following sanctions from
the West.

USA & Canada
Despite support for midstream and
downstream investments,
Gf 26 KFy3IAy3I FNUzAGE
becoming exhausted.

Tanzania
Projects might proceed
2 LJLJ2 NI after/agrekihganegotiaition
of fiscal terms.

Canadian & US east coast resources lack
midstream infrastructure, blocking
downstream investments.

Mozambique

Force Majeure declared on projects in
Mozambique due to civil unrest.

Recent communications from operators
suggests project development could resume
in the shortterm.

SourceRystad Energy research and analy$@&be
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Qatar
Expected to maintain
current levels of
approximately 100bcm
LNG exports until 2028
whenQatarGa® y S ¢
trains come online.
Exports will then increase
to 150bcm.

RystadEnergy

Iran

2nd largest gas reserves globally, limited by
AYUSNYFGA2Y I
an MoU to develop LNG export capacitganintry.

Al yOlhAazyas we

Australia
Although a large gas resource base and
close to SE Asia, there is little incremental
production due to political climate around
environmental policy




Full US potential required to meet global demand by 2040 regardle€Re\WWkpeculative projects

US gas production bottlenecks

Maximum US LNG production

2040 LNG marginal cost of

supply curvé
Lower 48 line of sight Lower 48 full potential
20 Y axis: USD/mmbtu, x axis: Bcm | Prgﬂ:;:gon 50 Y axis: USD/mmbtu, x axis: Bem Przﬂ:cr:gon
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B United States

Note: (1) 2040 is used to showcase expected development efdang.NG cost of supply
Source: Rystad Energy research and analysis
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High cost and safety continue to remain as key barriers limiting the expansion of nuclear power

We want to grow our economy and improve standard of livir TSRINIT &
PREMISE but need Affordable, Available and Acceptable energy to dg  nNuclear energ Availability £
remains a capital ‘ Higher standard of living g
intensive technolog n‘>;.
Uranium SUpPIy 1SN . Lower standard of living
Can we considered a
use coal? significant constraint
o however, risks an;ﬂ
Ignore emissions  cost associated wit
¢ we have a moral right health. waste and
weapons proliferation
remain relatively high}
Where we
should be
Affordability

Acceptability

Can we
use nuclear?

Not affordable ‘




Nuclear facilities are set to remain most expensive power sources in Southeast Asia

Vietnamese LCOE levels per power source int2030
USD 2019/MWh

250 ‘
A

213

RystadEnergy

200

10 "’ 137 &

(7 121
$’ 117

122 Ay
® 6
. 97
o High case
86
77 79 78
69 Low case
50 60 57
0 4 5 5 4 4
Nuclear Solar PV Coal Gas Wind onshore Hydro Biomass Wind offshore

Note: (1) Oil not included in LCOE estimates as oil is not a common source of power generation; (2) Assumed 10% waggltest af’eapital (WACC); (3) Excludes system costs andagtrariations; (4) Excludes any storage or

curtailment assumptions. (5) Assumed carbon price of 20 USP/t CO
Source: Vietnam Energy Outlook 2021; Rystad Energy research and analysis



Concentration in the renewable supply chain poses unprecedented risk to materials availability

We want to grow our economy and improve standard of livir TONTIT &
PREMISE but need Affordable, Available and Acceptable energy to da Availability £
Renewables are zero ‘ Higher standard of living g
emission and have ;>Z-
c become more affordable . Lower standard of living
an we with increasing global
use coal?

adoption.However, there

Ignore emissions IS_hlgh S_upply Cham. risk,

¢ we have a moral right with Chlnz_i dominating
the materials &

manufacturing supply.

chains.

Where we
should be

Can we use
natural gas?

Affordability

Acceptability

Can we
use nuclear?

Can we use Not affordable
100% renewables?

20




Geographical concentration of production and manufacturing elevates risk for critical minerals i
renewable energy

>
Risks in production of material for renewable infrastructure Risks in manufacturing processes of renewable infrastructure S
c
L
Risk assessment of critical minerals Risks assessment of geographically-concentrated manufacturing k;
o]
Material Risk level? China's share of manufacturing by component 2-
Polysilicon Wafers Cells
] 2 Qs N
1 = | | |
Silver _ Precursor An/cthode Electrolyte
" .
5 <

Note: (1) Risk level measures the criticality of mineral to clean energy technologies and the likelihood of supply sottleneck
Source: IEA; S&RystadEnergy research and analysis



Unless coupled with larggcale storage, curtailment of renewables will jeopardize affordability

We want to grow our economy and improve standard of livir

PREMISE

but need Affordable, Available and Acceptable energy to dag

Can we
use coal?

Ignore emissions
¢ we have a moral right

Ignore Chinese dominance &

0
go 100% renewables ' Can we use
natural gas?

Can we
use nuclear?

Can we use Not affordable

100% renewables?

22

Availability

Higher standard of living

. Lower standard of living

Beyond the choice to
rely on China,
affordability
deterioratesonce
market saturation
results in curtailments
and need for storage

Where we
should be

Affordability

Acceptability

RystadEnergy



Integration costs might become an economic barrier to deploying renewables at high shares

System LCOE change for increasing penetration rates of SolerVetnamese LCOE levels per power source i2030 ;n
USD 2019/MWh S
©
s
250 ].\ 5
Varying penetration rates give indicative I
system LCOE levels for Solar PV based on i
potential integration costs —
200 - Costs will continue to
increase with higher

penetration rates ‘

™~
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127

I [ 97 117
1004 Integration 110

cost$ 88 86

77 77 79
69
__a 78
50 1 ﬁ. 6 57
— Generation costs
O - 7 7
Solar PV Solar PV Solar PV Solar PV Coal Gas Wind onshore Hydro Biomass Wind offshore Nuclear
@ <1% share

@5% share @15% share @25% share @ 9% share

Note: (1) Similar dynamic expected for wind, but with higher penetration rates before curtailment starts to occur; (2)cildeal in LCOE estimates as oil is not a common source of power generation; (3) Assumed 10% weighted average

cost of capltal (WACC); (4) Excludes any storage or curtailment assumptions; (5) Incloddshfulir (FLH) reduction costisconventional plants, backup costs and overproduction c(@t®ange given by data from various public sources; (7) Assum
carbon price of 20 USD/t gD {2dz2NDOSY 2ASGylY 9ySNH& hdzif 221 HAumMT & Uetkent& a., 20130 Projfectéd Kdstibf genddatingieleGrici) 2020i(IEA); 2PEC; Bystad Enérdy fesehidh\argl drtalgsi



New constraints are possibly closing the loop on the Energy Trilemma conundrum
- Are countries that want to grow and improve standards of living trapped?

PREMISE We want to grow our economy and improve standard of livir Availability
but need Affordable, Available and Acceptable energy to dag

Renewables with other

baseload generation, a

Higher standard of living

- Lower standard of living

Can we difficult choice for the
use coal? future replete with
tradeoffsg primary

Ignore emissions energy mi?( baseload
Can we use ¢ we have a moral righ{ could be filled by
partial nuclear (expensive),
renewables? gas (expensive),
coal (unacceptable)

e storage (expensive
Th ( '
- or elastic demang
Energy Trilemma (unacceptable Where we
Poverty Trap ‘ should be "
Ignore Chinese dominance &
go 100% renewables ' Can we use

natural gas?

Affordability

Acceptability

Can we
use nuclear?

Can we use Not affordable
100% renewables?

24

RystadEnergy



Combining all the different archetypes likely required to maximize energy security

Archetypes of intra-day power grid profiles
MWh
Renewable Energy + Gas Renewable Energy + Coal Renewable Energy + Nuclear? Renewable Energy + Storage? Renewable Energy + Elastic Demand3
A A0 o Curtailgd r. . ®
generation
Energy security Energy security Energy security s Energy security Energy security
Curtailed d_Sto;age
generaton Demandoutiur] | discharge . Demand outur
Solar PV Wind ‘
N
_ v | Demand |
Wind | elasticity!
Hee Solar PV Wind Solar PV k W
12AM 5AM 10AM 3PM 8PM 12AM 5AM 10AM 3PM 8PM 12AM 5AM 10AM 3PM 8PM 12AM 5AM 10AM 3PM 8PM 12AM 5AM 10AM 3PM 8PM

@ Coal is both available and affordable

Gas able to quickly ramp down to
enable full utilization of variable
renewables

Gas is least carbon intensive fossil, and &) Curtailed power generation implies
could be decarbonised through the inefficiencies
application of CCS

Coal facility unable to reduce output
below 4560%

High grid emission intensity due to coal
use, though could be decarbonised

e Gas is less affordable than coal
through the application of CCS

Note: (1) Nuclear baseload assumed as the minimum to cover the grid demand outturn throughout a given day; (2) Storageathatgeage discharge; (3) maximum renewable generation assumed to match the

peak demand outturn. Source: Rystad Energy research and analysis

@ Current grid composition has
significantly smaller emission intensity
than with coal or gas

Nuclear power plants do not have
intra-day ramping capabilities, running
at constant capacity

e Nuclear is least affordable

@ Grid fully operates on clean renewable

Grid fully operates on clean renewable
energy

energy

@ No requirement for back up
generation/storage, thus reducing
overall system costs

Storage integration requires high
utilization rate to minimize unit cost

Larger generation required from wind
and solar which also requires high
utilization rate to minimize unit cost

e Induced demand elasticity is unrealistic
towards the real world consumer intra
day demand cycles

RystadEnergy



Differentpathsto South East Asian countries increasing need for energy
¢ none of them offer a silver bullet to solve for Energy Trilemma and national energy security

el
15
s
We want to increase standard of living and need energy Stay energy poor Incompatible with premise E
Yes o
R X
Yes
What if we ignore emissiomswe have a moral right
o o Use Gas (effectively LNG for Asia)
No, restrictive coal financing Yes
Can we use natural gas? .
No, not affordable Use Nuclear
nor available
Yes
Can we use nuclear? .
No, not affordable
Can we use 100% renewables? I Renewables e e 0
¥ ¥ L . . YeS
No, high Chinese
market share

What if we ignore Chinese dominance and take the |
geopolitical risk

No, curtailment and

storage unaffordable
Can we use partial renewables? Renewable with backup 0 0

| Yes, with
complimentary energy

Note: Energy trilemma metric assessments are prior to policy recommendations
Source: Rystad Energy research and analysis



Policy recommendations are bundled into domains aimed at improving energy security

Summarized policy recommendations for study countries Impact on energy system in terms of

Affordability Availability Acceptability
Al m ; v o o
prove energy efficiency

Increase energy supplies through long term contracts and regulatory reform ° 0

fes Decarbonize fossil fuel via CCS and coal phase-out 0
%"3 Scale domestic renewables and upgrade transmission grid 0 Q Q

Develop robust self-sufficiency in materials

E

Source: Rystad Energy research and analysis
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Impact on energy system in terms of

Affordability Availability Acceptability

Summarized policy recommendations for suppliers and financiers

Deter high-emitting coal consumption in Asia through financing and structural reform
Deter coal : : -
support (i.e., switch to lower emitting baseload fuels e.g. gas)
Build global realization among gas producers around the need to build capacity as gas 0 Q

could play a central role in decarbonizing Asia's energy system

Increase gas  streamline regulatory and permitting processes for buildout of gas infrastructure and 0 0

supplies export approvals to be more transparent and provide greater certainty to investors

Support greater contract flexibility in LNG sales to increase attractiveness for both
European and Asian investors

Source: Rystad Energy research and analysis
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Eyes on the prizePolicy failure can lead to very costly repercussions

Energy subsidies for European consumers in response to rising energy costs since September 2021

€ . AftAZ2Y

. A % . i 9
9 |j dzA ﬁl‘ £ & y- uNew'j:a?éa%y % of Global .
approximately Installed Capacity
oy
~ [o)
NG 800 MTPA 160%
*Liquefaction cost only, excluding
upstream
_:é:-.--
1% ~ 930 GW 85%
Solar
{
At
l l ~510 GW 66%

[

~230 GW 11%

Coal Generation

(Ultra-supercritical)

Europe UK Norway Total

Note: Includes subsidies allocated and earmarked since the start of energy crisis in September 2021
Source: Bruegel; IRENRystadEnergy research and analysis

29

RystadEnergy



RystadEnergy

Navigating the future of energy

RystadEnergy is an independent energy consultéegvices and business intelligence data firm offering global databases, strategiorgdnd research products for energy
companies and suppliers, investors, investment banks, organizations, and governments.

HeadquartersRystadEnergy Fjordalléenl6, 0250 Oslo, Norway i
Americas +1 (281)31-2600 LEL L,
EMEA +47 908 87 700 e
Asia Pacific +65 690 93 715 S
Email:support@rystadenergy.com

.....

© Copyright. All rights reserved



Energy options have deteriorated putting more constraints on solving Energy Trilemma siide

COAL | ELECTRIC POWER | LNG | NATURAL GAS — 08 Dec 2022 | 22:33 UTC

GIObal LNG tightneSS means Gas' reputation as an affordable and stable commodity is
'extreme market volatility' in 2023: SERTEG

S&P Global

/]2t Qa8 aKFENB 2F / KAYlF Q& .0f (WdayR w2FR SySNH& LINR2SOGa

Gas volatility

Coal financing Coal becomes less accessible and affordable

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 H1

China has driven down solar PV

Chinese relations mar‘UfaCtur_,lng costs, helplng spur the VIFG' Relying on China's manufacturing has increased risk if high
technology’s success while at the same time -

resulting in a major concentration of global
PV supplies I e q

Source: S&P; AEI; IRYystadEnergy research and analysis

with countries
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Change in status of Chidal O] SR LINR2 2SOi
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GW

Permitted (potentially scrapped) [ Planned (should be stopped) Change in project status between September 2021 and January 2022

. Under construction (proceed with caution) . Cancelled/Shelved . Commissioned Announced

Indonesia I

Vietnam

Bangladesh -

Indonesia

Mongolia

Laos

Pakistan

Kazakhstan

India Vietnam

Cambodia

Phillippines

-12 -10 8 6 4 -2 0 2 4 6 8 10 12 -6 -4 i) 0 2 4 6

Source: Centre for Research on Energy and Clean Air (CREA), Rystad Energy research and analysis
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Vietnamese gas plans are not suffering from international finance difficulties like cgal e
projects

Capacity by status and reasons for delay
GW

I 090 0 0O 0000

70 7 w w w - w w w w w w w w 25 7
Ca” on S -' -' -' -~ .-' .-' .-' .-' --' .-' --' --' Ca” On
additional| .+ additional [
capacity | capacity |+
60 -
201 Cancelled Cancelled
= .-". .-". .-". o
50 1 Cancelled cancelled Severely
delayed
Unlikely 15 - Future plans
40 -
Severely . No delay
delayed Int. finance
difficulties
30 - Domestic
10 - finance
20 A
5 _
- Existing
10 4 Existing
0- 0-
2022 2030 2030 Status 2030 Reason for 2022 2030 2030 Status 2030 Reason for

Delay/Cancellation Delay/Cancellation

SourceRystadEnergy research and analysis, Vietham Energy Outlook 2021, Global Energy Monitor
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)%ckup slide

Future gas supply demand balances imply LNG could reach 90% of supply by 2(

Reference case supply build-up by increment group? for Vietnam, Thailand and Indonesia

Becm

Domestic Historic { Forecast

(includes producing, under development and
contingent assets)

Special domestic increment

(includes assets with high cost of supply,
under border disputes and with licenses close
to/past expiry)

Uncontracted
LNG

Diverted piped gas
Domestic LNG

International LNG

Note: (1) Excludes LNG exports from Indonesia; (2) Demand based on reference scenarios.
SourceRystadEnergy research and analysi&sMarketCube
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