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>$45bn USD worth of bankable transactions with Aurora’s forecast to-date globally

A global power market and grid analytics firm
More precise valuation with long-term grid curtailment forecast
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I. Energy trilemma – Affordability vs. Reliability vs. Sustainability

II. Renewables potential and risks

III. Potential of cross border trade / ASEAN Power Grid
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Historical retail tariff
US$/MWh, real 2024

Sources: Aurora Energy Research, Independent Pricing and Regulatory Tribunal, NITI Aayog India, Tenaga Nasional Bhd, MERALCO, SP Group, KEPCO

Affordability: Tariffs are typically lower in Single Buyer markets due to government 
intervention, but also creates financial challenges amid global commodity volatility

1) Assuming the rate during the winter season and 4-person household typical consumption. 2) Low voltage residential data. Comparing 2017 to 2020 rather than 2016 to 2020 due to data availability. 3) Comparing 2020 to 2023 rather than 2020 to 2024 
due to data availability.
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I. Energy trilemma – Affordability vs. Reliability vs. Sustainability

Australia India Japan Malaysia Philippines Singapore South Korea Taiwan ROC

The government is effectively subsidising the end-user in some countries, such as Malaysia, South Korea, 
and Taiwan ROC by keeping tariffs rate unchanged despite an increase in the power market price
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Australia2

India

Japan

Malaysia3

Philippines

Singapore

South Korea

Taiwan ROC

Total dispatchable capacity compared to peak demand in 2024
GW

Sources: Open Electricity, NITI Aayog India, Malaysia Grid System Operator, Philippines Department of Energy Power Statistics, Singapore Electricity Market Authority, OCCTO Japan 

Reliability: There are sufficient margins in the systems to meet growing demand, 
however it is critical to enable renewables economically and out-compete coal

1) Reserve margin is defined as percentage of extra dispatchable capacity available above the system’s peak demand 2) Includes only National Electricity Market (NEM) data. 3) Includes only Peninsular Malaysia. 4) Japan nuclear power plants average age 
data does not account for safety shutdowns since Fukushima.

32%

Indicative average age of dispatchable generators in 2024
years

Reserve margin1 varies between 18% and 36%..1 however, most of the capacity are slated to retire over the coming decades2

36%

31%

18%

29%

24%

Reserve margin

21%
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38

20

25

19

12

18

23

24

22

21

16

20

16

17

22

27

40

23

Not applicable

Not applicable

0 100 200 300 400 500

Peak demand Coal Gas Nuclear Hydro Other dispatchable Non-dispatchable

I. Energy trilemma – Affordability vs. Reliability vs. Sustainability
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Net-zero strategies1 in various APAC economies

Sources: Aurora Energy Research

Sustainability: Over the last decade, governments have made ambitious commitments 
to meet net zero emissions / carbon neutrality, implementing varied strategies

1) List of instruments provided is illustrative and non-exhaustive. 2) LGC stands for large-scale generation certificate. STC stands for small-scale technology certificate. REC stands for renewable energy certificate.

Net zero emissions or carbon neutrality over the coming decades

Financial and 
investment 
instrument

Market-based 
instrument

Regulatory 
instrument

Anchor 
document

Conditional on international support – 
75% reduction in GHG emissions by 2030

I. Energy trilemma – Affordability vs. Reliability vs. Sustainability

Australia

▪ National 
Reconstruction Fund

▪ Net Zero Fund

▪ Capacity Investment 
Scheme

▪ Tradable LGCs and 
STCs2

▪ Safeguard 
mechanism

▪ New Vehicle 
Efficiency Standard

Australia’s Net Zero 
Plan

Japan

▪ Green Innovation 
Fund

▪ CfD for low-carbon 
fuel (e.g., ammonia)

▪ Carbon pricing (ETS 
and levy)

▪ Government-led 
auction (e.g., LTDA)

▪ Energy Supply 
Structure 
Advancement Act

▪ GX Promotion Act

7th Strategic Energy 
Plan GX 2040 Vision

South Korea

▪ Climate Response 
Fund

▪ Future Energy Fund

▪ Mandatory and 
voluntary RECs2 

▪ Carbon price for 
power and industry

▪ Renewable Portfolio 
Standard

▪ Mandatory ETS for 
heavy-emitters

1st National Basic 
Plan for Carbon 

Neutrality and Green 
Growth

India

▪ Viability Gap 
Funding for BESS

▪ Production-linked 
incentives 

▪ Renewables reverse 
auction

▪ Sovereign-backed 
tenders for RE

▪ RE obligations for 
distributors

▪ Intensity target for 
heavy-emitters

-

Malaysia

▪ Green bonds and 
sukuk

▪ Green investment 
tax allowance

▪ Third-party grid 
access framework

▪ Government-led 
auction (e.g., LSS)

▪ Full phase-out of 
coal by 2045

▪ Energy Efficiency 
Act

National Policy on 
Climate Change

Singapore

▪ Future energy fund 
(for investment) 

▪ Climate voucher 
(energy efficiency)

▪ Carbon tax (S$25 
per tCO2 in 2025)

▪ RFPs for 6GW of 
clean power import

▪ Hydrogen-ready 
CCGT mandates

▪ Full phase-out of ICE 
by 2040

Singapore Green Plan 
2030

Taiwan ROC

▪ Green Energy 
Special Fund

▪ Accelerated 
depreciation for RE

▪ Carbon fee (NT$300 
per tCO2 in 2025)

▪ Taipower FiT for 
renewables

▪ Climate Change 
Response Act

▪ Renewable Energy 
Development Act

Taiwan’s Pathway to 
Net-Zero Emissions 

in 2050

▪ Transition credits for 
coal retirement

▪ Allow full foreign 
ownership for RE

▪ Government-led 
auctions (GEA)

▪ Green Energy 
Option Program

▪ Renewable Portfolio 
Standard

▪ Coal moratorium 
since 2020

-

Philippines

All, except Taiwan ROC, have signed the Paris Agreement – requiring them to set and submit their emissions reduction targets
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Historical economy-wide emissions and 2030 target levels
MtCO2e

Sustainability: Japan, Korea and Taiwan ROC are setting themselves the steepest 
emissions reductions among their APAC peers

Unconditional Conditional2

43% below 2005 
emission levels

Australia

40% below 2018 
emission levels

South Korea

1,612 1,293
690548

2,422

1,069 713360 648 437182 285 333 49 58 60 287 285 144 276

2010 2020 2030

Lower emission intensity1 but 
rapid GDP growth leads to 
higher absolute emission level

46% below 2013 
emission levels

Japan
45% below 2005 

emission-intensity 
levels

Malaysia
Peak in 2030 and 
45-50 MtCO2e in 

2035 

Singapore 
45% below 2005 

emission-intensity 
levels

India

2.7-75% below BAU 
level in 2030

Philippines

Sources: Aurora Energy Research, United Nationals Framework Convention on Climate Change, Ministry of Environment of Japan, S outh Korea National Index Portal

Lower emission intensity1 but 
rapid GDP growth leads to 
higher absolute emission level

2030 NDC translates to 75 
for conditional and 290 
MtCO2e under unconditional 
target

1) Emission intensity refers to amount of greenhouse gas emissions produced per unit of GDP. 2) Conditional target means a co untry will only achieve that goal if they receive international support. While Malaysia and India also have conditional components, 
the Philippines stands out as its unconditional cut is only 2.71% below BAU.

75-290

4,000-4,400

600-625

I. Energy trilemma – Affordability vs. Reliability vs. Sustainability

28±2% below 2005 
emission levels

Taiwan ROC

205-215
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Sustainability: All governments aim for the integration of large shares of 
renewables, however, for nuclear policies vary significantly

38% 62%

Zero-carbon power (2024 mix) Government target (2030 mix) Gap to close

44pp -
Australian Government is targeting 82% renewable 
electricity by 2030

13pp 11pp

13pp -

11pp -

18pp <1pp

9pp -

2pp -

Nuclear Renewable Other

82% 18%

Japan’s 6th Strategic Energy Plan is targeting ~37% 
renewables and ~21% nuclear generation1 by 2030

Philippine’s Department of Energy is targeting 35% 
renewable energy by 2030

South Korea’s 11th Basic Plan aims to achieve ~21% 
renewables and ~32% zero-carbon generation by 2030

India2 has a new target of 500GW of non-fossil fuel 
capacity by 2030

Malaysia’s 13th Plan aims to achieve 35% renewable 
energy capacity in 2030

Singapore Green Plan is targeting 2 GW of solar 
deployment by 2030

32% 58%10% 32% 21% 47%

21% 37% 42%

35% 65%

Actual 2024 and 2030 government target capacity share (% of capacity)

44% 54%2%

26% 74% 35% 65%

62% 36%2%

92%8% 90%10%

22% 78%

24% 66%10%

1) Japan released its 7th Strategic Energy Plan (SEP) in February 2025, which sets targets for 2040. The 2030 targets referenced here remain those esta blished under the 6th SEP. 2) India reached its original 2030 goal of 50% non-fossil fuel capacity ahead of 
schedule, accomplishing it in 2025. The 2030 target is calculated based on the total capacity forecasted in Aurora Central in  2030.

Actual 2024 and 2030 government target generation share (% of generation)

83%13%
4% 30% 70% 17pp -4ppTaiwan ROC’s Ministry of Economic Affairs targets 30% 

renewables capacity by 2030

I. Energy trilemma – Affordability vs. Reliability vs. Sustainability
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Required rate (2025-2040)

Sources: Aurora Energy Research, World Bank, Food and Agriculture Organisation, Protected Planet

Opportunities: Japan, Korea and Taiwan ROC are deploying renewables broadly 
consistent with net zero, but population density and terrain imply challenges lie ahead   

1) Renewables deployment data includes only NEM regions. 2) This includes factors like grid capacity, available workforce, permitting processes, supply chain, and other infrastructure required to deploy renewables. 3) Includes only utility-scale solar and 
wind energy. 4) Aurora forecasts are not available yet for Taiwan ROC, as such the government’s 2030 target is used as a proxy.

Australia1 25-33 30-40 47-49

India 26-31 15-31

Japan 15-20 25-32 35-45

Malaysia 16-20

Philippines 16-20 17-34 35-51

Singapore 16-20

South Korea 17-18 24-28 28-39

Taiwan ROC 15-18 28-30 33-38

Although resource quality is high…

Capacity factor
%

land availability limits the maximum capacity 
that can be built in some countries...

Land area
km2, rounded

7.7m 1.7m 3.6m 20k 2.4m

3.3m 0.2m 2.0m 0.2m 0.9m

380k 111k 48k 110k 111k

330k 44k 86k 16k 184k

300k 47k 128k 11k 114k

735 33 10 600 92

100k 20k 16k 22k 32k

36k 7k 8k 3k 18k

while infrastructure and other constraints2 can 
further limit the rate of build out

Renewables3 deployment rate
GW/year

Total Reserved Agriculture Urban Other

0.5

0.4

0.2

46.5

2.0

3.0

3.0

14.6

3.9

3.9

Solar

Onshore wind

Offshore wind

Aurora Central

Aurora Government Plan/Net Zero
Lower HigherCapacity factor

Historical rate (2020-2024)

6-8

18-30

65-75

40-50

55-65

<3

65-70

Steep/hilly 
area (%)

Reserved areas refer to protected conservation zones such as state parks and forestry
Agriculture areas include cropland and grazing land
Urban areas (indicative) include densely populated regions such as residential, industrial, 
and commercial

~3x

~4x

~7x

Gap between historic deployment 
and required rate to achieve 

Aurora Central in 2040

Solar Onshore 
wind

Offshore 
wind

II. Renewables potential and risks

60-70 2.9 3.5 Deployment rate for government’s 2030 
target is ~20% higher than historical rate4
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IEA six phases of VRE integration – where each APAC region sits in the transition

Sources: Aurora Energy Research, International Energy Agency

Risks: Integration of renewables introduces power balancing and system stability 
challenges that will need to be actively managed by operators and planners

Phase 1
Renewables have no impact at 
the system level

Minimal delta between 
load and net load2

Phase 2
Renewables have a minor to 
moderate system impact

Noticeable delta 
between load and net 
load

Phase 3
Renewables determine system 
operation pattern

Emergence of the duck 
curves, ramping around 
solar production

Phase 4
Renewables meet almost all 
demand in some intervals

Instances where all 
demand is covered by 
renewable production

Phase 5
Significant volume of surplus 
renewables across the year

Renewable generation 
exceeds 100% of system 
demand

Phase 6
Secure power supply almost 
exclusively from renewables

Renewable profiles are 
firmed by storage and 
dispatchable resources

1

2

3

4

5

6

System feature1

1) Charts below represent intra-day generation and demand of a sample day where the x-axis represents the hour of the day and the y-axis shows values in GW. 2) Net load being defined as total system load less renewable production within the dispatch 
interval.

IEA challenges with system integration at different flexibility timescale

4System stability Managing contingency / loss 
events

Frequency control Fluctuations in renewable 
resource availability

Changes in demand and 
supply

Intraday ramp around solar 
production

Dispatch and operation 
scheduling

Maintain minimum operational 
limits on baseload units

Maintenance schedules and 
surplus deficit management

Dunkelflaute/ extended period 
when there is little to no wind 
or solar power generation

Seasonal and interannual 
variability

Hydro availability variance and 
weather patterns (e.g., La Nina 
and El Nino)

2 3

43

4 5

5 6

2 3

Sub-
seconds

Years

Months

Minutes

Hours

Days

Seconds

Issue addressed Example issue Phase 

Peaking Solar Wind BESS Dispatchable Load Net load

Regional alignment to phases

II. Renewables potential and risks
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Map of existing SEA transmission lines between 
Singapore and Lao PDR

Sources: Aurora Energy Research, ASEAN Centre for Energy, EGAT, TNB, ERIA

Existing grid network allows Singapore to access electricity generated in 
Thailand and Lao PDR through Peninsular Malaysia

Details of selected existing electricity interconnections from Peninsular Malaysia to neighbouring countries

III. Potential of cross border trade / ASEAN Power Grid

1

2

Lao PDR

Thailand

Malaysia 

Singapore

1) The values in this column refer strictly to the contracted import capacity pertaining strictly to the ENEGEM and LTMS-PIP agreements. The lines running from Lao PDR to Thailand likely see more power flows due to other existing import agreements 
between the two countries that the lines stretch across. 2) Phase 2 of ENEGEM was announced in September 2024, aiming for transfer capacity increase to 200 MW. 3) Existing line supports a maximum of 300MW, but only 100MW contracted as of 2026.

Interconnector (start and 
end locations)

Line 
capacity 
MW

Line 
rating 
kV

Grid 
operators

Import 
projects

Contracted 
capacity1 

MW

Current 
energy flows

Singapore – Peninsular Malaysia (1,000 MW)

Senoko (SGP) – Plentong 
(MYS)

1,000 230 SP Group & 
Tenaga 
Nasional 
Berhad (TNB)

ENEGEM Import/
Hydropower & 
others

50 (Phase I)2 Sembcorp is contracted 
as the offtaker for Phase 
I

LTMS-PIP / 
Hydropower

1003 Stalled in 2024 and 
resumed in January 2026

Peninsular Malaysia – Thailand (380 MW)

Gurun (MYS) – Khlong 
Ngae (THA)

380 300 TNB & 
Electricity 
Generating 
Authority of 
Thailand 
(EGAT)

LTMS-PIP / 
Hydropower

300 Imported energy flows 
via the existing HVDC 
System Interconnection 
Agreement between TNB 
and EGAT

Thailand – Lao PDR (1,100 MW)

Dongphosy- Nongkhai 100 115 EGAT & 
Électricité du 
Laos (EDL)

LTMS-PIP / 
Hydropower

300 Imported energy flows 
via the existing PPAs 
signed between both 
EDL-EGAT and Laotian 
GenCos-EGAT for 
electricity transfer

Thanalang-Nongkhai 100 115

Pakxan-Bueng Kani 200 115

Thakhek-Nakhon Phanom 200 115

Pakbo-Mukdahan 100 225

Bang Yo-Sirindhorn 300 115

Tha Li-Kenthao 100 115300 kV

500 kV 230 kV

275 kV

275 kV/132 kV

Border substation locations Thai/Laotian power lines

132 kV
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General Disclaimer
This document is provided "as is" for your information only and no representation or warranty, express or implied, is given by Aurora Energy Research Limited and its 
subsidiaries Aurora Energy Research GmbH and Aurora Energy Research Pty Ltd (together, "Aurora"), their directors, employees agents or affiliates (together, Aurora’s 
"Associates") as to its accuracy, reliability or completeness.  Aurora and its Associates assume no responsibility, and accept no liability for, any loss arising out of your use 
of this document.  This document is not to be relied upon for any purpose or used in substitution for your own independent investigations and sound judgment.  The 
information contained in this document reflects our beliefs, assumptions, intentions and expectations as of the date of this document and is subject to change. Aurora 
assumes no obligation, and does not intend, to update this information.

Forward-looking statements
This document contains forward-looking statements and information, which reflect Aurora’s current view with respect to future events and financial performance. When 
used in this document, the words "believes", "expects", "plans", "may", "will", "would", "could", "should", "anticipates", "estimates", "project", "intend" or "outlook" or other 
variations of these words or other similar expressions are intended to identify forward-looking statements and information. Actual results may differ materially from the 
expectations expressed or implied in the forward-looking statements as a result of known and unknown risks and uncertainties. Known risks and uncertainties include but 
are not limited to: risks associated with political events in Europe and elsewhere, contractual risks, creditworthiness of customers, performance of suppliers and 
management of plant and personnel; risk associated with financial factors such as volatility in exchange rates, increases in interest rates, restrictions on access to capital, 
and swings in global financial markets; risks associated with domestic and foreign government regulation, including export controls and economic sanctions; and other 
risks, including litigation. The foregoing list of important factors is not exhaustive. 

Copyright
This document and its content (including, but not limited to, the text, images, graphics and illustrations) is the copyright material of Aurora, unless otherwise stated. 
This document is confidential and it may not be copied, reproduced, distributed or in any way used for commercial purposes without the prior written consent of Aurora.

Disclaimer and Copyright
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Platts’ RECs Pricing Coverage 

LGCs – Australia 

I-RECs – India

I-RECs – Thailand

I-RECs – Saudi Arabia

I-RECs – Brazil

I-RECs – Chile

I-RECs – Mexico

I-RECs – Turkey

I-RECs – Vietnam

RECs + Emissions-
adjusted RECs – US

REGOs - UK GOs – European Union

I-RECs – Malaysia

I-RECs – Singapore
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What makes a robust price assessment?

Consistently reflects 

market value

CONSISTENCY

Transparent and robust 

methodology

TRANSPARENCY

Open to market 

scrutiny and feedback

SCRUTINY

Broad industry 

participation

PARTICIPATION

Powered by rich, 

granular and verifiable 

price data

DATA

Auditable price 

assessment process

AUDITABLE

Independent and 

impartial

INDEPENDENCE



Asia I-REC price trends in few 
key market
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Global I-REC markets mostly in decline, except Mexico, which has surged since 2024 on 
tightening supply
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Content 2 columns
Level 1 has a bullet 
turned on – you can 
turn bullets off by 
marking the Level 1 
text and unclick the 
bullet icon on the 
Home Tab. 

To get to the next 
bullet level, use 
“Increase List level” on 
the Home Tab. 

Only use S&P Global 
Red for key text high-
lights, not shapes or 
charts. 
It’s available in the 
custom color palette. 

Contact us:

• Ahmad Afiq

Price Reporter – Energy Transition

ahmad.afiq.m@spglobal.com

• Alice Mason

Associate Director – Energy Transition

alice.mason@spglobal.com

• Ashna Mishra

Market Engagement Leader – Energy Transition

ashna.mishra@spglobal.com
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