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Abstract  

Southeast Asia is experiencing one of the fastest electricity demand growths 
globally, with consumption set to double by 2050. While renewable deployment 
has accelerated in recent years, the region’s growing reliance on imported fossil-
fuels for electricity generation, exposes countries to volatile fuel prices, potential 
supply disruptions and rising emissions. At the same time, the region possesses 
vast and diverse renewable resource potential.  

Variable renewable energy (VRE) - solar and wind - are now among the most cost-
competitive generation options and are playing an increasingly important role in 
the region’s power sector. VRE presents an opportunity for the region to meet 
rising demand, support energy security, affordability and climate goals. However, 
integrating higher shares of VRE can present technical and regulatory challenges 
that require changes to system operation and planning.  

This report provides a comprehensive assessment of the readiness of Southeast 
Asia’s power sector to integrate higher shares of VRE - identifying opportunities 
and key considerations. It reviews technical and regulatory measures that are 
being implemented and applies the IEA’s six-phases of VRE integration 
framework to assess potential challenges within the context of each country’s 
power system.  

Drawing on this assessment, the report outlines practical actions for policymakers, 
regulators, utilities and regional entities from 2025 to beyond 2030, corresponding 
to different phases of VRE integration and readiness.  
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Foreword 

Southeast Asia’s energy demand has surged over the past decade, driven by rapid 
urbanisation, economic development and population growth. The region stands at 
a pivotal moment for its energy future. With rapidly rising electricity demand, there 
is a narrow but vital window to shape a secure, affordable and sustainable energy 
future. 

Today, eight of the ten ASEAN member states have set net zero or carbon 
neutrality targets. Solar PV and wind, now among the most cost-competitive 
electricity sources in the region, could be central to this transformation. The 
region’s combined technical potential for utility-scale solar PV and onshore and 
offshore wind exceeds 20 terawatts – roughly 55 times the current regional 
generation capacity from all sources. Realising even a fraction of this potential 
presents an opportunity to diversify energy supply, harness domestic resources, 
reduce fossil fuel import reliance and curb emissions.  

Yet challenges remain. The region’s growing dependence on fossil fuel imports 
exposes countries to price volatility and supply disruption risks. Integrating 
variable renewable energy (VRE), especially solar and wind, is therefore both 
urgent and essential. Over the coming decade, renewable energy is expected to 
meet over one-third of Southeast Asia’s electricity demand growth. Achieving this 
will require investments in system flexibility, grid modernisation, interconnections 
and well-aligned market and policy frameworks. Southeast Asia has an 
opportunity to accelerate VRE integration by learning from two decades of global 
experience. Building on the biennial Southeast Asia Energy Outlook, this report 
outlines regional dynamics and insights to accelerate VRE integration while 
ensuring secure and efficient power systems.  

Recognising Southeast Asia’s crucial role in shaping global energy trends, the 
International Energy Agency (IEA) recently opened the IEA Regional Cooperation 
Centre based in Singapore. This marks the first IEA office outside its Paris 
headquarters.  

This report was carried out jointly by experts in the IEA Regional Cooperation 
Centre and Paris headquarters. We thank our regional partners for their insights 
and hope this work will inform practical action to unlock the region's renewable 
potential for a secure, affordable and sustainable energy future.  

Sue-Ern Tan  
Head of the IEA Regional Cooperation Centre  
International Energy Agency 

https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
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Executive summary 

Southeast Asia stands at a pivotal moment to leverage 
abundant renewable resources and meet growing 
demand  

Electricity demand in Southeast Asia is rising at one of the fastest rates 
globally, highlighting the importance for all countries to diversify their 
energy sources. Driven by rapid urbanisation, population growth, industrialisation 
and rising living standards, demand growth exceeded 7% in 2024 - nearly double 
the global average. While the Association of South East Asian Nations (ASEAN) 
member states are becoming increasingly reliant on imported coal and gas for 
power generation, the recent global energy crisis underscored the risks that this 
dependence poses through fuel price volatility and supply disruptions. Meeting 
electricity demand growth securely, affordably and sustainably requires co-
ordinated policy measures and actions from policymakers, regulators and utilities.  

Southeast Asia has vast potential to leverage a diverse array of renewable 
energy resources – including solar, wind, hydropower, geothermal and 
biomass – offering a significant opportunity to secure its energy future. With 
20 terawatts of untapped variable renewable energy (VRE) - solar and wind - 
technical potential (roughly 55 times the region’s current total generation 
capacity), Southeast Asia is well positioned to meet surging demand whilst 
reducing dependence on fossil fuels. Solar and wind are now among the most 
cost-competitive sources of new electricity generation, with solar PV costs falling 
by 90% since 2010. Harnessing even a fraction of the available renewable 
resources would enhance energy independence, reduce import costs, and 
increase sustainability.  

The ASEAN Vision 2045 and regional targets place strong emphasis on 
renewable energy, putting a spotlight on integration measures to ensure its 
cost-effective and secure deployment. Eight of the ten ASEAN member states 
have announced carbon neutrality and net zero emissions targets, with many 
countries already implementing policy measures to scale up renewables, including 
competitive auctions, direct power purchase agreements and feed-in tariffs. The 
2025 renewal of the 5-year ASEAN Plan of Action for Energy Cooperation 
(APAEC) is expected to reinforce the regional commitment to progress 
deployment of renewables until 2030.  
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Near-term VRE integration challenges in Southeast Asia 
are manageable with proven, low-cost measures 

Growing solar PV generation will create new flexibility demands, but most 
ASEAN member states can integrate higher VRE shares through 2030 by 
applying proven measures and without major system overhauls. Today, all 
ASEAN countries except Viet Nam operate in VRE integration phases 1-2 where 
VRE has minor to moderate impact on the power system. Most countries are 
expected to remain in these phases until 2030. At these low phases, integration 
challenges are manageable. Key integration measures include unlocking flexibility 
of existing conventional power plants, improving forecasting systems, making 
dispatch decisions closer to real time and at higher granularity, updating grid 
codes for renewable connections and modernising grid monitoring and control 
capability. Critically, these measures do not require significant investment or 
restructuring of power systems or markets. Countries can implement them 
progressively, adapting to specific challenges as VRE shares increase. By 2035 
some ASEAN countries could reach VRE integration phases 3-4, with power 
systems facing greater flexibility needs due to changes in net load patterns, driven 
by variable output of solar PV. This is a similar situation that is already managed 
by many countries in phase 3 today, such as Japan and Australia, through a 
combination of flexible resources, including thermal and hydropower plants, 
demand response, interconnection and energy storage. 

Southeast Asia has substantial flexibility resources to integrate growing 
VRE, though these remain underutilised without price signals and digital 
infrastructure. Today most system flexibility comes from thermal and hydropower 
plants, with 80% in Indonesia supplied by coal and gas. While these plants could 
technically operate more flexibly, ramping up and down faster and operating at 
lower minimum levels, they are constrained by long-term, inflexible power 
purchase and fuel supply contracts subject to take-or-pay obligations. Demand 
response can also facilitate VRE integration and benefit consumers through 
energy bill savings. The potential for demand response is enhanced by more 
flexible technologies like smart air-conditioners, electric vehicle charging, and 
battery energy storage, which could be actively supported through targeted 
policies and incentives. To unlock this potential, price signals should create 
incentives through arbitrage opportunities and remuneration for providing system 
services as well as changing consumer behaviour to support grid flexibility. 

Modern grids and regional interconnection are essential 
for secure and affordable integration of renewables  

Modernising grids and interconnecting the region’s power systems enables 
secure electricity supply, facilitates VRE integration and supports power 

https://www.iea.org/reports/integrating-solar-and-wind/infographic-six-phases-of-variable-renewables-integration
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trade. Grid infrastructure must evolve in sync with growing demand, increased 
VRE penetration, and expanding regional power trade to maximise these benefits. 
This transformation requires coordinated action at both national and regional 
levels to deliver secure, affordable electricity while supporting the region's clean 
energy ambitions. 

Timely reinforcement and modernisation of national grids is critical. Without 
it, power systems face mounting risks including grid congestion, lengthy 
connection queues for new projects and costly redispatch of generation. In a 
scenario where countries globally get on track for their national energy and climate 
pledges, grid investments would need to double by 2035 to deliver secure 
electricity to meet rapidly growing demand. Beyond supporting renewables 
integration, modern grids deliver important co-benefits including energy access for 
underserved communities, improved power quality and strengthened resilience, 
all of which aligns with the region’s key priorities.  

Cross-border interconnection delivers efficiency and security gains at 
regional scale. Regional initiatives such as the ASEAN Power Grid can bring 
benefits by leveraging complementary needs and resource endowments, as 
illustrated by the Lao PDR-Thailand-Malaysia-Singapore Power Interconnection 
Project. Peak demands rarely occur at the same time across ASEAN countries, 
creating opportunities for sharing resources and reducing the need for standby 
generation. Drawing on a larger pool of generation assets across a wider 
geographic area helps smooth out renewable energy variability and better balance 
supply and demand. Shared reserves, balancing services and flexibility resources 
also reduce the investment burden on individual countries by fully optimising 
assets across the region. Cross-border power trade helps address affordability 
concerns by allowing countries to access low-cost renewable resources and 
shared infrastructure. Realising these benefits requires strong regional co-
ordination and robust governance frameworks to ensure the costs and benefits 
are distributed fairly across countries. 

Balancing grid infrastructure investment needs with affordability is 
essential for maintaining public support and political feasibility. Rising grid 
costs create pressure to raise electricity prices, while many households already 
spend a significant share of their income on electricity bills. Countries can manage 
these cost pressures through strategic approaches: optimising existing assets, 
implementing competitive procurement, diversifying financing sources, and 
judicious cost allocation between governments and consumers. Additionally, 
dedicated funding pools for interconnectors and regional priority projects can 
unlock cross-border infrastructure that benefits multiple jurisdictions. 

https://www.iea.org/reports/southeast-asia-energy-outlook-2024
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Decisive action now can deliver resilient, affordable and 
sustainable power systems 

Countries have clear implementation pathways aligned with their readiness 
levels and 2030 ambitions. Readiness levels are assessed based on the 
implementation of technical and regulatory measures to support VRE integration. 
It reflects differences in grid infrastructure, system operation practices and market 
frameworks. Countries should prioritise different types of actions based on their 
current readiness level. Strategic sequencing from foundational to 
transformational actions is crucial to minimise costs and maximise system 
benefits. Early-stage readiness countries like Cambodia, Lao PDR and Myanmar 
should focus on foundational actions in the near term by enhancing energy 
efficiency regulations, establishing grid codes, building basic forecasting 
capabilities and co-ordinating government-utility planning. Mid-stage readiness 
countries – including Indonesia, Malaysia and Thailand – can develop flexibility 
procurement mechanisms, foster investment in a broader range of flexibility 
resources, enhance grid infrastructure, and reform system planning. High-
readiness countries including the Philippines and Singapore can prepare for 
deeper system transformation, including flexibility deployment roadmaps, 
advanced grid services, market and regulatory reform, and cross-sector planning. 

Delayed or misaligned action risks higher costs and lock-ins, while timely 
action secures long-term gains. Countries building coal plants today face long-
term commitments to assets that may become increasingly uncompetitive over 
time as renewable energy costs, particularly solar PV and wind, continue to fall. 
Without proactive grid reinforcement, renewable projects may face connection 
delays just as deployment accelerates. Implementing appropriate integration 
measures can reduce system costs, lower the risk of renewable curtailment and 
enhance system stability. The region benefits from two decades of global VRE 
integration experience, with proven solutions readily available to avoid the pitfalls 
seen elsewhere. 

Co-ordinated implementation across key dimensions is essential to position 
the region as a leader. Success depends on co-ordinated progress across 
technical, regulatory, and market dimensions, with clearly defined roles for 
stakeholders. Energy ministries provide direction through targets, regulators 
update frameworks, utilities modernise operations, and regional bodies facilitate 
cross-border trade. By drawing on global experience while electricity demand rises 
rapidly, Southeast Asia can avoid common development pitfalls and build power 
systems that deliver secure, affordable electricity while advancing economic 
prosperity and climate goals. 
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Introduction 

Southeast Asia stands at a pivotal moment for its energy future. With abundant 
renewable resources at hand and electricity demand growth second only to India 
globally, the region must make some momentous decisions in order to shape a 
secure, affordable and sustainable energy future. The region’s combined technical 
potential for utility-scale solar PV and onshore and offshore wind exceeds 
20 terawatts (TW), roughly 55 times the current regional generation capacity from 
all sources of 361 gigawatts (GW), of which 40 GW is solar PV and wind. Recent 
cost reductions have also made these technologies among the most competitive 
sources of new electricity generation. 

This report assesses the opportunities and readiness of Southeast Asia’s power 
sector to integrate variable renewable energy (VRE) – solar and wind – at scale 
and identifies ways to unlock this potential. It also provides actionable steps for 
policy makers, regulators, utilities and other key stakeholders to support a secure, 
affordable and sustainable power system.  

Variable renewables integration: challenges 
and solutions 

VRE integration requires co-ordinated technical, market and policy changes to 
electricity systems originally designed around controllable, dispatchable 
generation. Traditional electricity systems relied on the principle of such 
generation that could be ramped up or down to match electricity demand in real-
time. This approach used a portfolio of baseload, intermediate and load-following 
peaking plants, each with different economics and operational characteristics. For 
example, baseload plants such as coal have relatively high capital costs and low 
operating costs (especially when there is no carbon price) and typically require 
long construction times.  

VRE changes this system design by introducing generation that produces power 
when solar and wind resources are available, regardless of electricity demand. 
Solar and wind power plants can be deployed relatively quickly and have close to 
zero operating costs without fuel costs. However, their weather-dependent output 
creates challenges for maintaining supply-demand balance that load-following 
plants previously managed through demand-responsive adjustments. 

There are three key VRE integration challenges which will gradually increase over 
time as VRE penetration expands and plays a larger role in the power system.  

https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
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First, the variability and uncertainty of solar and wind generation increase flexibility 
requirements across multiple timescales. Systems where VRE plays a limited role, 
as in most Southeast Asian countries, are unlikely to experience acute system 
operation challenges from VRE in the near term. 

Second, when countries reach a state at which VRE has a more tangible influence 
on shaping system operations, they need to consider more enhanced integration 
measures such as reinforcing grid infrastructure. Utility-scale solar and wind 
typically have little flexibility in siting choices and often require transmission 
extension, while smaller assets connecting at lower voltage impact distribution 
grids. Grid extensions can help connect resource-rich areas to demand centres.  

In the early stages of VRE integration, countries can optimise existing 
infrastructure before considering grid extension. However, given the strong and 
sustained electricity demand growth in the region, countries will need grid 
infrastructure upgrades and extensions regardless of VRE development. This 
creates an opportunity to strengthen grids today to prepare for smooth VRE 
integration later.  

Third, the legacy market and operational frameworks, designed primarily around 
dispatchable energy resources, neither adequately incentivise flexibility nor 
provide system services to respond to system needs. Both become increasingly 
necessary in systems with high shares of VRE.  

Structure of this report 
• Chapter 1 establishes the regional context and outlook, examining the 

growing electricity demand, the potential for power mix transformation, the 
geographic distribution of domestic resources and an assessment of the 
ASEAN member states' readiness to integrate higher shares of VRE.  

• Chapter 2 highlights opportunities and considerations for VRE integration 
in the region. It identifies opportunities to unlock flexibility from 
underutilised existing resources as well as emerging new options. It 
explores how grid modernisation enables power system transformation 
and regional trade, examines strategic financing to balance affordability 
with investment recovery and highlights the role of increased regional 
interconnection like the ASEAN Power Grid.  

• Chapter 3 provides a practical roadmap for policy makers, regulators, 
utilities and regional entities with time-sequenced priority actions for 
different stakeholders over the near term (2025-28), medium term (2028-
30) and long term (post 2030). 
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Chapter 1. Local Context and 
Outlook 

Southeast Asia is experiencing rapid electricity demand growth and has a major 
opportunity to transform its power systems. While fossil fuels remain the dominant 
energy source, renewables – particularly solar PV and wind – are emerging as 
cost-competitive, sustainable alternatives. The region has abundant renewable 
energy resources. Harnessing even a portion of this potential could diversify 
energy supply, reduce fossil fuel imports and lower emissions, while expanding 
electricity supply across the region and enabling governments to raise living 
standards and boost economic development. 

This chapter establishes the foundation for understanding this opportunity by 
examining three fundamental elements: rapidly growing electricity demand and 
the current energy mix; the region's renewable energy potential and evolving 
policy frameworks; and each ASEAN member state's readiness to integrate higher 
shares of VRE through regulatory, policy and technical measures. 

While the ASEAN member states are at varying stages of readiness, most can 
accommodate higher VRE levels in the near term without major system upgrades. 
However, meeting the region’s ambitious renewable energy goals will require 
sustained political will, targeted investment in grid infrastructure and better 
alignment between targets and enabling policies.  

Southeast Asia’s electricity demand and 
supply mix 

Regional electricity demand is surging 
Southeast Asia's electricity demand growth significantly outpaces the global 
average, with 2024 growth exceeding 7% compared to approximately 4% 
worldwide. Electricity demand in Southeast Asia has tripled over the past two 
decades, with this growth heavily concentrated in Indonesia and Viet Nam. This 
trajectory is expected to continue, with annual regional demand projected to grow 
at 5% through 2027, compared to about 4% globally. Under current policies, 
Southeast Asia's electricity demand could double between 2023 and 2050, driven 
by economic growth, industrialisation, population growth, rising living standards, 
urbanisation, increasing air conditioning usage and data centre construction. If 

https://iea.blob.core.windows.net/assets/0f028d5f-26b1-47ca-ad2a-5ca3103d070a/Electricity2025.pdf
https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
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announced pledges and targets are fully implemented, the region’s electricity 
demand could surge even higher as electrification accelerates across end uses. 

Electricity demand in Southeast Asia by scenario and the share of electricity in total 
final consumption, 2023-2050 

IEA. CC BY 4.0. 

Notes: “TFC” = total final consumption. “STEPS” = Stated Policies Scenario, “APS” = Announced Pledges Scenario. 
Source: IEA (2024), Southeast Asia Energy Outlook 2024. 
 

Alongside this surge in electricity demand, renewable generation is also 
expanding rapidly in the region. Renewables present an opportunity to meet this 
demand in an affordable and sustainable way. Led by solar PV, renewables are 
set to enter a period of rapid expansion, supplying over 50% of Southeast Asia’s 
electricity by 2050 under current policy settings and nearly 90% if announced 
pledges and targets are achieved as in the APS. 

Renewables are expanding in the region, but fossil fuels 
remain the dominant source of supply 

Southeast Asia's increasing use of renewable energy – driven by climate 
commitments, supportive policy frameworks and the falling costs of clean energy 
technologies – coexists with continued growth in the use of fossil fuels. The 
average age of coal plants in the region is only 15 years and coal remains the 
dominant energy source, accounting for 47% of the region’s generation mix in 
2024. Despite growing renewable energy commitments, some countries, including 
Indonesia, continue to plan new coal capacity additions in the near term, reflecting 
the challenge of balancing energy security (and sometimes affordability) with 
decarbonisation goals. The region’s coal consumption rose by almost 8% in 2024, 
driven by Indonesia, the Philippines and Viet Nam. The region’s gas-fired power 
generation also continues to grow at just below 5% year-on-year.  
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https://www.iea.org/reports/global-energy-and-climate-model/stated-policies-scenario-steps?utm_source=chatgpt.com
https://www.iea.org/reports/global-energy-and-climate-model/announced-pledges-scenario-aps#abstract
https://www.iea.org/reports/southeast-asia-energy-outlook-2024
https://www.iea.org/reports/southeast-asia-energy-outlook-2024
https://www.iea.org/reports/southeast-asia-energy-outlook-2024
https://iea.blob.core.windows.net/assets/5b169aa1-bc88-4c96-b828-aaa50406ba80/GlobalEnergyReview2025.pdf
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While coal dominates the power generation mix of Indonesia, the Philippines and 
Viet Nam, gas is the main source in Thailand, Singapore and Brunei Darussalam. 
Hydropower accounts for more than 70% in Lao PDR and contributes significantly 
in Cambodia, Myanmar and Viet Nam. 

Power generation mix by fuel in ASEAN member states, 2024 

 
IEA. CC BY 4.0. 

Notes: “Other” includes manufacturing gases, chemical heat, industrial waste, non-renewable municipal waste and any 
other non-specified. Three-letter country codes: “BRN” = Brunei Darussalam; “KHM” = Cambodia; “IDN” = Indonesia; “LAO” 
= Lao PDR; “MYS” = Malaysia; “MMR” = Myanmar; “PHL” = Philippines; “SGP” = Singapore; “THA” = Thailand; “VNM” = 
Viet Nam. 
 

Between 2000 and 2023, the share of renewables in the region’s electricity 
generation mix nearly tripled, with VRE showing rapid growth in recent years. 
However, other than in Viet Nam, the share of VRE is still less than 5% of electricity 
generation in all ASEAN member states. While grid stability and supply reliability 
considerations become important at higher phases of VRE integration, most 
ASEAN member states remain in low phases, allowing the focus to remain on 
scaling deployment rather than managing complex integration challenges (see 
Chapter 2). Solar and wind have increased rapidly in recent years, however the 
region’s renewable energy supply remains dominated by modern bioenergy, 
geothermal energy and hydropower, which account for 96% of total renewable 
energy supply. Despite this renewable capacity growth, the absolute volume of 
fossil fuel generation continues to rise due to the pace of demand growth. While 
renewables are meeting a growing share of new electricity demand, they have not 
yet begun to displace existing fossil fuel generation at scale. 

Renewables offer a secure, affordable and sustainable 
option for meeting growing electricity demand 

The continued fossil fuel dependence creates significant vulnerabilities for the 
region. Several ASEAN member states, including Malaysia, Singapore, Thailand 

0

100

200

300

400

500

0%

20%

40%

60%

80%

100%

BRN KHM IDN LAO MYS MMR PHL SGP THA VNM

TW
h

Pe
rc

en
ta

ge
 (%

) Coal

Gas

Oil

Hydro

Wind

Solar PV

Geothermal

Bio-fuels

Other

Total Generation

https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
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and Viet Nam, rely on fossil fuel imports for power generation and the region is set 
to become a net importer of natural gas. ASEAN’s growing reliance on fossil fuel 
imports exposes the power sector to external risks such as global commodity price 
volatility, geopolitical tensions affecting supply security and supply disruptions. 
These risks can translate into rising import bills which can impact affordability, 
potentially requiring government support to maintain affordable electricity for 
consumers. 

 

Energy security risks of fossil fuels in 2022 

When record-high coal and gas prices drove up generation costs across Southeast 
Asia in 2022, the region’s fossil fuel consumption subsidies soared to a record 
USD 105 billion – nearly 60% above the previous peak. 

Fuel supply shortages in 2022 also impacted the reliability of power systems. 
Viet Nam, for example, had to grapple with coal shortages, a doubling of coal 
import bills, as well as difficulty in securing LNG supply contracts. Meanwhile a 
drop in domestic gas production and difficulty sourcing additional coal exacerbated 
an electricity supply crunch in the Philippines. Though Indonesia has abundant 
coal resources, a temporary export ban and other measures were put in place in 
2022 to ensure sufficient domestic supply. Coal is also expected to contribute 
around 80% of power sector emissions in the region. 

Despite the energy security risks, reliance on fossil fuel imports continues to grow 
in the region. In 2024, Viet Nam, for example, saw thermal coal imports increase 
by 31%, largely driven by an expanding manufacturing sector. The growing 
vulnerabilities coincide with renewable energy reaching economic competitiveness 
in many countries, positioning clean technologies as both a climate solution and a 
strategic response to energy security risks by diversifying energy supply sources. 

 

While some countries in the region, such as Indonesia, have turned to domestic 
fuels to hedge against import risks, renewables offer a more sustainable path to 
energy independence. The falling costs and vast untapped potential of 
renewables, solar in particular, provide an opportunity to diversify energy supply 
using borderless resources that do not deplete over time. Globally, the levelised 

https://www.iea.org/reports/southeast-asia-energy-outlook-2024
https://www.iea.org/reports/southeast-asia-energy-outlook-2024
https://www.iea.org/reports/southeast-asia-energy-outlook-2024
https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
https://asia.nikkei.com/Business/Markets/Commodities/Indonesia-to-end-coal-export-ban-with-tighter-local-supply-rules
https://www.iea.org/reports/southeast-asia-energy-outlook-2024
https://www.reuters.com/markets/commodities/vietnams-industrial-boom-drives-global-coal-imports-new-highs-maguire-2025-02-11/
https://www.reuters.com/markets/commodities/vietnams-industrial-boom-drives-global-coal-imports-new-highs-maguire-2025-02-11/
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costs of electricity from newly-commissioned utility-scale solar PV and onshore 
wind projects fell by 90% and 70%, respectively, between 2010 and 2023.1  

While renewable technology costs in Southeast Asia remain higher than 
international benchmarks due to smaller markets and higher financing costs, solar 
and wind are becoming increasingly cost-competitive with new coal and gas 
across the region (particularly in the absence of fuel price subsidies). In many 
Southeast Asian countries, solar PV is now among the most affordable options for 
new power generation and the costs appear to be continuing to fall. The scalability, 
modularity and declining costs of solar PV technology make it a practical and cost-
effective option for both grid-connected and off-grid applications. As markets and 
manufacturing capacity for solar PV and wind continue to grow in the region, the 
costs of these technologies are expected to decline closer to global averages. 
Building domestic supply chains is also important since import dependencies for 
critical minerals and technologies needed for solar, batteries and other 
renewables supply chains are heavily dominated by a single supplier – People’s 
Republic of China (hereafter: “China”).  

There is a rich untapped potential for renewables across 
the region 

Southeast Asia is endowed with diverse renewable energy resources, including 
solar, wind, hydropower, geothermal and biomass, yet most remains largely 
untapped. Solar potential is widespread across the region, particularly in countries 
with pronounced dry seasons like Cambodia, Lao PDR, Myanmar, Thailand and 
Viet Nam. Wind resources are more location-specific, with excellent offshore 
potential in the Philippines and Viet Nam and onshore wind potential in Cambodia, 
Myanmar, Thailand and Viet Nam close to urban centres. Southeast Asia’s 
combined technical potential for utility-scale solar PV, onshore and offshore wind 
exceeds 20 terawatts. The region also has significant hydropower potential: Lao 
PDR produces more than 70% of its electricity supply from hydropower and is the 
largest clean electricity exporter in the region. The country also plans to retrofit 
many existing hydropower plants into pumped storage hydropower – a key 
flexibility resource. Harnessing even a fraction of the region’s vast renewable 
energy potential could significantly reduce its reliance on fossil fuels while meeting 
the growing electricity demand. 

 
 

1 Levelised cost of electricity (LCOE) is a widely used metric to compare the costs of different generation technologies, 
representing the average lifetime cost for providing a unit of output (kWh). However, the LCOE does not capture some 
important aspects of power generation, particularly for VRE, since it does not consider indirect costs incurred when integrating 
VRE into the system, such as grid and balancing cost as well as the value that they provide to the power system. 
 

https://www.irena.org/Publications/2024/Sep/Renewable-Power-Generation-Costs-in-2023
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Sep/IRENA_Renewable_energy_outlook_ASEAN_2022.pdf
https://www.iea.org/reports/global-critical-minerals-outlook-2025
https://www.iea.org/reports/global-critical-minerals-outlook-2025
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Utility-scale solar PV and wind power capacity factor in the region 

Note: These maps show the distribution of wind and solar energy potentials in the region, quantified as the energy yield by the capacity factor, meaning the electricity produced from one unit 
capacity of solar PV or wind turbine in an average year. Only areas technically suitable for the deployment of renewables and not otherwise used or restricted are included. Offshore wind 
resources with a capacity factor below 20% are not included.  
Source: IEA (2024), Southeast Asia Energy Outlook 2024. 
 

https://www.iea.org/reports/southeast-asia-energy-outlook-2024
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Operating and planned hydro power capacity and biogas potential in the region 

 
Note: "Operating": The project has been formally commissioned and commercial operation has begun, "Construction": Site preparation and equipment installation are underway, "Pre-
construction": Projects actively moving forward in seeking governmental approvals, land rights, or financing, "Announced": Proposed projects described in corporate or government plans but not 
yet taking concrete steps such as applying for permits. 
Source: IEA (2025), Outlook for Biogas and Biomethane, and IEA analysis based on data from GEM Wiki. 
 

https://iea.blob.core.windows.net/assets/5b757571-c8d0-464f-baad-bc30ec5ff46e/OutlookforBiogasandBiomethane.pdf
https://www.gem.wiki/Main_Page
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Evolving policy measures 
Unlocking the region’s huge renewable energy potential will require sustained 
political commitment and robust policy and regulatory frameworks to attract 
investment. Although progress on renewables has been slow, most ASEAN 
member states have now set ambitious targets and are advancing supportive 
policy measures. Increasing commitments to reduce reliance on fossil fuels also 
sends important market signals that could drive greater investment in renewables. 

The region has ambitious targets for renewables 
Renewable and climate targets provide a high-level policy signal to encourage 
investment. Eight of the ten ASEAN member states have announced carbon 
neutrality and/or net zero emissions (NZE) targets.  

In Indonesia, the new Rencana Umum Perencanaan Tenaga Listrik (RUPTL) 
2025-34 (Electricity Supply Business Plan 2025-34) includes a target to construct 
69.5 GW of additional generation capacity by 2034, with 17.1 GW of solar PV and 
11.7 GW of wind. Malaysia has set a bold target to reach a 70% share of 
renewables in the power capacity mix by 2050, up from 17% in 2024. Thailand’s 
draft Power Development Plan 2024 states an ambitious target of at least 50% of 
electricity generation from renewables by 2037, up from 16% in 2024. Singapore 
is targeting up to 6 GW of low-emissions electricity imports by 2035. This is driving 
the development of large-scale renewable projects in neighbouring countries. 
Viet Nam’s revised PDP8 2025, increases its 2030 solar capacity targets sixfold, 
aiming for renewables (excluding large-scale hydro) to contribute 28-36% of 
generation by 2030 and 74-75% by 2050.  

At the regional level, initiatives like the ASEAN Power Grid (APG) are facilitating 
cross-border renewable energy trade. The ASEAN Plan of Action on Energy 
Cooperation (APAEC) 2016-2025 Phase II aims for a 23% share of renewables in 
the total primary energy supply (TPES) and a 35% share in installed power 
capacity by the end of 2025. The renewables share in TPES may not be met, but 
in the AMS Targets Scenario, installed renewables capacity is projected to reach 
39% by 2025, exceeding the 35% APAEC target. We also anticipate that the 
region will announce even higher ambitions in the upcoming APAEC 2026-2030, 
which takes into consideration the ASEAN Community Vision 2045. 

https://gatrik.esdm.go.id/assets/uploads/download_index/files/28dd4-rukn.pdf
https://ekonomi.gov.my/sites/default/files/2023-08/National%20Energy%20Transition%20Roadmap.pdf
https://iea.blob.core.windows.net/assets/0f028d5f-26b1-47ca-ad2a-5ca3103d070a/Electricity2025.pdf
https://www.eppo.go.th/index.php/th/eppo-intranet/item/20632-news-200667-01
https://iea.blob.core.windows.net/assets/0f028d5f-26b1-47ca-ad2a-5ca3103d070a/Electricity2025.pdf
https://www.ema.gov.sg/news-events/news/media-releases/2025/sg-grants-conditional-licence-to-singa-renewables-for-electricity-imports-from-indonesia
https://vanban.chinhphu.vn/?pageid=27160&docid=213388
https://aseanenergy.org/publications/asean-plan-of-action-for-energy-cooperation-apaec-phase-ii-2021-2025/
https://aseanenergy.org/publications/asean-plan-of-action-for-energy-cooperation-apaec-phase-ii-2021-2025/
https://aseanenergy.org/the-8th-asean-energy-outlook/#:%7E:text=Drawing%20on%20historical%20data%20from%202005%20to%202022%2C,Scenario%20%28RAS%29%2C%20and%20the%20Carbon%20Neutrality%20Scenario%20%28CNS%29.
https://aseanenergy.org/publications/the-8th-asean-energy-outlook/
https://aseanenergy.org/publications/the-8th-asean-energy-outlook/
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Domestic renewable energy targets in Southeast Asia and IEA scenarios (STEPS/APS), 
2005-2050 

 
IEA. CC BY 4.0. 

Sources: IEA analysis based on BRN: Brunei Darussalam’s Intended Nationally Determined Contribution (INDC); KHM: 
Government announcement, the target may account for imported electricity; IDN: National Electricity Business Plan 2025–
2034 (RUPTL); PHL: Clean Energy Scenario, Philippine Energy Plan 2023–2050; THA: the draft Power Development Plan 
(PDP) 2024; VNM: Revised Power Development Plan 8 (PDP8). 
 

Support measures are driving VRE deployment in 
Southeast Asia 

The ASEAN member states are implementing diverse policies to support 
renewable development. These include regulated pricing instruments such as 
feed-in tariffs (FiTs) and net metering, as well as market-based approaches like 
direct or corporate power purchase agreements (PPAs)2 and competitive auction 
schemes. These pricing instruments are complemented by fiscal incentives such 
as tax exemptions and subsidies to attract investment. 

Regulatory mechanisms to drive early-stage VRE deployment 
FiTs, which offer a premium price over a fixed period to de-risk investment, have 
played a key role in driving early-stage VRE deployment (initial market 
development) in Malaysia, the Philippines, Thailand and Viet Nam. In Viet Nam, 
FiTs were a key instrument in driving the unprecedented growth in solar PV and 
wind generation capacity, raising their share in the electricity generation mix from 
less than 1% before 2019 to around 15% in 2022. However, this unprecedented 
growth also exposed challenges in grid congestion, curtailment, system planning  
 

 
 

2 Direct or corporate PPAs are typically structured in two main types: physical and financial (virtual) PPAs. A physical PPA is 
the actual delivery of electrical energy from generators (e.g. wind, solar plants) to a corporate buyer through a national grid. 
A financial (virtual) PPA, does not involve physical delivery of electricity to the buyer. It is a contract for difference. The 
corporate buyer continues to purchase electricity from the grid but enters a financial arrangement with the generator to hedge 
price risk and receive Renewable Energy Certificates (RECs).  
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https://www4.unfccc.int/sites/submissions/INDC/Published%20Documents/Brunei/1/Brunei%20Darussalam%20INDC_FINAL_30%20November%202015.pdf
https://kpl.gov.la/detail.aspx?id=86424
https://gatrik.esdm.go.id/assets/uploads/download_index/files/b967d-ruptl-pln-2025-2034-pub-.pdf
https://gatrik.esdm.go.id/assets/uploads/download_index/files/b967d-ruptl-pln-2025-2034-pub-.pdf
https://legacy.doe.gov.ph/pep?utm_source=chatgpt.com
https://moit.gov.vn/upload/2005517/fck/files/768_QD-TTg_15042025-signed_1__9548d.pdf
https://www.seda.gov.my/reportal/fit/
https://doe.gov.ph/announcements/feed-tariff-fit-advisory
https://www.eppo.go.th/index.php/th/electricity/plan-buy-renewenergy
https://iea.blob.core.windows.net/assets/522afcb9-097c-440a-909c-c1fd5f2cdfca/AchievinganetzeroelectricitysectorinVietNam.pdf?utm_
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and policy uncertainty following the expiration of the FiTs which resulted in a bust 
in the deployment cycle. Viet Nam and several ASEAN member states have 
updated FiTs while introducing market-based mechanisms.  

Alongside FiTs, regulated green electricity tariff programmes have emerged to 
allow consumers to purchase renewable electricity along with Renewable Energy 
Certificates (RECs) at a premium. Malaysia introduced a green electricity tariff 
(GET) in 2022, which is now available for residential and non-residential 
customers. Thailand launched the utility green tariff (UGT) scheme in 2025 
targeting commercial and industrial consumers, allowing large energy users to 
procure green energy. 

Another regulated mechanism which is commonly used in Southeast Asia is net 
metering and net billing to promote distributed energy resources, particularly 
rooftop solar, by allowing prosumers to manage their excess generation. Net 
metering, used in Brunei Darussalam, Malaysia and the Philippines, enables 
customers to offset electricity bills with excess energy exported to the grid, while 
net billing compensates electricity exports at a rate below the retail price, as 
adopted in Thailand. 

Market-based mechanisms to accelerate the growth of VRE  
Market-based mechanisms can help scale up renewables. These mechanisms, 
including direct or corporate PPAs and competitive auction schemes, are 
becoming the primary drivers of renewable investment growth in Southeast Asia.  

Direct PPAs (DPPAs) allow businesses to purchase renewable electricity directly 
from generators, bypassing traditional utility models and are gaining traction in 
Malaysia, Singapore, Thailand and Viet Nam as alternatives to FiTs. In Singapore, 
corporate buyers can enter into PPAs, coupled with RECs, with licensed retailers 
allowing them to contract for renewable power indirectly via the grid. Viet Nam 
officially launched at DPPA scheme in 2024 to accelerate renewable deployment, 
which consists of two models: a physical and virtual DPPA. Malaysia introduced 
the Corporate Green Power Programme (CGPP) in the form of a financial PPA, 
which enables the corporation to enter virtual PPAs, where TNB (Malaysia’s utility 
company) handles wheeling of electricity and buyers receive RECs for the solar 
energy produced. Thailand introduced a DPPA pilot of up to 2 GW to attract new 
foreign direct investment where large consumers (e.g. data centres) can purchase 
renewable energy through a third-party access framework. 

In parallel, several ASEAN member states are moving towards competitive 
auctions for larger-scale renewable projects. The Philippines has undergone three 
rounds of Green Energy Auctions (GEA) from 2022 to 2025. Malaysia adopted  
 

https://www.tnb.com.my/get
https://www.energynewscenter.com/%E0%B8%81%E0%B8%81%E0%B8%9E-%E0%B9%80%E0%B8%9B%E0%B8%B4%E0%B8%94%E0%B9%83%E0%B8%AB%E0%B9%89%E0%B8%9A%E0%B8%A3%E0%B8%B4%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%84%E0%B8%9F%E0%B8%9F%E0%B9%89%E0%B8%B2%E0%B8%AA/
https://www.energy.gov.bn/Downloads/2025%20Net-metering%20Guideline%20ENG.pdf
https://www.mytnb.com.my/renewable-energy/net-energy-metering
https://legacy.doe.gov.ph/sites/default/files/pdf/renewable_energy/Net-Metering-Guidebook-2022.pdf
https://www.agora-energiewende.org/publications/unlocking-rooftop-solar-pv-investment-in-thailand
https://en.evn.com.vn/d/en-US/news/Communication-Materials-on-Decree-No-802024ND-CP-regulating-Direct-Power-Purchase-Agreement-DPPA-Mechanism-between-renewable-energy-generators-and-large-power-consumers-60-206-500506
https://www.singlebuyer.com.my/nedacgpp.php
https://www.erc.or.th/web-upload/200xf869baf82be74c18cc110e974eea8d5c/202502/m_news/9090/3189/file_download/18ec6c50b299c96379d8f3f8dfdaa998.pdf
https://legacy.doe.gov.ph/geap
https://legacy.doe.gov.ph/press-releases/doe-releases-gea-3-notice-award-advancing-over-6000-mw-renewable-energy-projects
https://www.seda.gov.my/reportal/wp-content/uploads/2022/01/MyRER_webVer2.pdf
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solar auctions with quotas to award large-scale solar (LSS) projects with long-term 
PPAs while Viet Nam is developing an auction system to replace FiTs.  

These national market mechanisms are being complemented by emerging 
regional cooperation initiatives, such as cross-border renewable energy trading 
frameworks and the development of regional REC systems to support broader 
market integration. The ASEAN member states are now working to adopt 
harmonised standards for RECs and to align cross-border power trade regulations 
to facilitate REC trading and help Southeast Asia function more like a unified 
energy market.  

Growing commitments to reduce reliance on fossil fuels  
Policies supporting renewable deployment are being accompanied by growing 
momentum to reduce dependence on fossil-fired generation, particularly coal. 
Southeast Asia has a large and relatively young fleet of coal-fired power plants. 
As the average age of its coal plants is only about 15 years, the region faces a 
unique challenge in balancing economic value from existing plants with a transition 
away from coal generation to achieve decarbonisation targets. While some 
ASEAN member states continue to build new coal power plants, measures 
including coal phase-out targets, the adoption of co-firing technologies and 
restrictions on new coal plant development are also being considered. Brunei 
Darussalam, Cambodia and Malaysia have announced that they will no longer 
pursue the development of greenfield coal-fired power plants. These efforts signal 
political commitment to a decarbonised power sector and could encourage further 
private sector investment in renewable deployment.  

Indonesia is planning for new coal power plant development until the early 2030s 
and then a gradual reduction from the mid-2030s. Its roadmap includes 
accelerating the early retirement of coal power plants – conditional upon factors 
such as availability of international support and system affordability and reliability 
– and completely phasing out unabated coal-fired generation to achieve the NZE 
target by 2060. These phase-out plans primarily target grid-connected capacity, 
while co-firing with biomass and retrofitting with carbon capture and storage 
technology are considered as part of managed phase-out strategies under the 
recent RUKN 2024-60.  

The Philippines, despite its moratorium on new coal projects, remains heavily 
reliant on coal, which accounted for 62% of the generation mix in 2024. To help 
address this challenge, the country is exploring innovative options such as 
transition credits where carbon credits could be issued for early coal retirement. 
Viet Nam has banned any new coal projects not already under construction and 
plans to retire or repurpose all existing coal plants by 2050. 

 

https://www.pvknowhow.com/news/renewable-energy-vietnam-new-decree-boost/
https://aseanenergy.org/wp-content/uploads/2025/01/Regional-Frameworks-for-Cross-Border-Renewable-Energy-Certificates-RECs-Trading-on-Grid-to-Grid-Transmission-Lines.pdf
https://aseanenergy.org/wp-content/uploads/2025/01/Regional-Frameworks-for-Cross-Border-Renewable-Energy-Certificates-RECs-Trading-on-Grid-to-Grid-Transmission-Lines.pdf
https://jdih.esdm.go.id/dokumen/view?id=2567
https://news.mongabay.com/2020/11/philippines-declares-no-new-coal-plants-but-lets-approved-projects-through/
https://technode.global/2023/12/06/mas-launches-coalition-announces-pilots-to-develop-transition-credits-for-early-retirement-of-asias-coal-plants/
https://xaydungchinhsach.chinhphu.vn/toan-van-quy-hoach-phat-trien-dien-luc-quoc-gia-11923051616315244.htm
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With ambitious targets, supporting policy frameworks and abundant renewable 
potential, preparing regional power systems to accommodate much higher shares 
of renewables can help to accelerate this transformation. See Annex A for more 
details on current policy ambitions.  

Readiness to manage the power system 
transformation 

The current power system infrastructure and market frameworks in most of the 
ASEAN member states were designed with limited system flexibility, primarily 
based on the paradigm of centralised bulk generation with one-way transmission 
to demand centres where supply adjusts to follow demand.  

Today, most Southeast Asian countries’ power systems face manageable VRE 
integration challenges, though this varies by location depending on grid 
infrastructure, load patterns and existing flexibility resources. While many 
challenges can be managed by adjusting existing system assets and operational 
practices, some parts of the region with high VRE concentrations or weak grid 
infrastructure may already require more comprehensive measures. As the ASEAN 
member states move towards systems with higher impacts from VRE, more 
comprehensive integration measures will be needed to ensure the security of 
supply, efficient market operation and investment signals for flexibility resources. 

To assess the ASEAN member states’ readiness to integrate higher shares of 
VRE, we examined the extent to which key VRE integration measures have been 
implemented in each country. These integration measures include enhanced 
power plant flexibility, forecasting, demand-side measures, system operation 
practices and market frameworks, enhanced grid capacity and storage options. 
Each measure consists of a set of technical and regulatory components – see 
Annex C. ASEAN countries are at varying stage of readiness. The Philippines and 
Singapore are considered to have a high level of readiness with advanced 
forecasting, system operation practices and rules, and market frameworks in 
place. Indonesia, Malaysia, Thailand, and Viet Nam are at the mid stage of 
readiness, having implemented several integration measures but requiring further 
enhancements to manage increasing VRE penetration. The remaining ASEAN 
member states are at an early stage of readiness, with many integration measures 
yet to be implemented.  
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Stage of VRE integration readiness in each ASEAN member state  

VRE Integration 
Measures 

ASEAN Member State 

BRN KHM IDN LAO MYS MMR PHL SGP THA VNM 

Enhancing power 
plant flexibility 

          

Accurate 
forecasting 

          

Implementing 
demand-side 

measures 
          

System operational 
practices and 

market framework 
          

Enhancing grid 
capacity and use 

          

Deploying storage           

Early stage of 
readiness    High readiness 

          
 
Notes: VRE integration measures and the approach to reaching the readiness assessment is explained in Annex C. Three-
letter country codes: “BRN” = Brunei Darussalam; “KHM” = Cambodia; “IDN” = Indonesia; “LAO” = Lao PDR; “MYS” = 
Malaysia; “MMR” = Myanmar; “PHL” = Philippines; “SGP” = Singapore; “THA” = Thailand; “VNM” = Viet Nam. 
 

Enhancing power plant flexibility  
Thermal generation could transition from serving as baseload power to playing a 
more flexible, supportive role in the energy system, enabling greater integration of 
VRE as power systems evolve. Currently, coal and gas-fired power plants are the 
predominant source of flexibility in Southeast Asia, supported by hydropower 
plants in providing short and medium-term flexibility. International experience has 
shown that the flexibility of conventional power plants can be improved through 
targeted retrofits and adjustments in operational practices. For instance, coal plant 
retrofits are a central component of China's strategy to increase the flexibility of its 
electricity system. 

Several countries including Indonesia, the Philippines and Thailand have been 
exploring retrofitting options to lower minimum generation levels, increase ramp 
rates and shorten start-up times of existing thermal plants. Thailand launched a 
power plant flexibility pilot project to accommodate the uptake of VRE. However, 
across several countries, existing contractual structures – including long-term fuel 
contracts and PPAs - are inflexible, posing significant challenges to improving 
power plant capability. The role of thermal power plants in providing flexibility is 
discussed in more detail in Chapter 2. 

https://www.iea.org/reports/meeting-power-system-flexibility-needs-in-china-by-2030
https://www.iea.org/reports/meeting-power-system-flexibility-needs-in-china-by-2030
https://www.iea.org/reports/electricity-market-report-december-2020
https://www.iea.org/reports/thailand-power-system-flexibility-study
https://www.iea.org/reports/thailand-power-system-flexibility-study
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Forecasting VRE output  
ASEAN member states, including Indonesia, Malaysia, Singapore, Thailand and 
Viet Nam, are at different stages of implementing VRE forecasting systems. High 
quality forecasts that accurately predict VRE generation are essential for cost-
effective and secure system operation. Regularly updated forecasts closer to real 
time help optimise reserve requirements and the use of system services which 
improve system stability.  

In Peninsular Malaysia, the grid system operator (GSO) currently uses 1-hour 
solar forecasts to support system operations. As for Indonesia, VRE plants submit 
daily forecasts at 15-minute intervals that are updated every six hours. In Thailand, 
the Electricity Generating Authority of Thailand (EGAT) has established the 
Renewable Energy Forecast Centre, which uses artificial intelligence to forecast 
generation out approximately 6 hours in advance to support real-time dispatch. In 
Viet Nam, the National Power System & Market Operator has developed 
centralised day-ahead and intraday VRE forecasting systems with ongoing efforts 
to reduce forecast errors. Singapore uses real-time high-resolution solar 
forecasting up to one hour ahead. Similarly, the Philippines incorporates day-
ahead VRE forecasts in market projections for each of the dispatch intervals 
(5 min) and updates these once every dispatch interval. VRE plants submit daily 
forecasts at 15-minute intervals that are updated every six hours.  

Demand-side measures 
Demand response programmes across Southeast Asia demonstrate varying 
capabilities to suppress peak demand and smooth consumption patterns, 
regardless of VRE penetration levels. As the share of VRE increases, so too does 
the value of demand-side measures  for the flexibility that they offer. They can 
help to smooth consumption curves through mechanisms such as load shifting or 
load shedding and they can limit the impact of peak demand on generation and 
grid congestion.  

Demand response programmes are being actively explored in Singapore, 
Viet Nam and to some extent in Thailand. Most of Southeast Asia has more limited 
programmes such as those in the Philippines, mainly targeting large consumers 
in the case of power shortages. Several countries in the region (where systems 
allow) have time-of-use pricing which encourages consumers to shift demand 
based on market signals.  

Electric vehicles (EVs) show promise for consumption smoothing through smart 
charging, while their potential contribution to grid stability through vehicle-to-grid 
(V2G) connections remains much more challenging to realise. V2G deployment 
faces significant hurdles, requiring comprehensive policy, regulatory and market 
frameworks that are not yet established in the region, alongside substantial 

https://www.gso.org.my/LandingPage.aspx
https://www.egat.co.th/home/en/20230824e/
https://iea.blob.core.windows.net/assets/1a99c20a-97cd-4e5f-b014-3992cfce2258/LouiAlgrenDEAHowdoesVNintegrateVRE_Danish-Vietnamesecooperation.pdf
https://www.ema.gov.sg/news-events/news/media-releases/2024/future-proofing-ema-energy-management-system-for-a-sustainable-future
https://legacy.doe.gov.ph/philippine-grid-code
https://www.iea.org/energy-system/energy-efficiency-and-demand/demand-response
https://www.ema.gov.sg/news-events/news/media-releases/2024/new-initiatives-to-harness-demand-flexibility-potential-in-sg
https://en.evn.com.vn/d6/news/Why-demand-response-program-must-be-implemented-in-Vietnam-66-163-1535.aspx
https://www.egat.co.th/home/en/20230824e/
https://legacy.doe.gov.ph/demand-side-management-dsm-program
https://legacy.doe.gov.ph/demand-side-management-dsm-program
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infrastructure development including specialised connection points, monitoring 
and control systems and sophisticated optimisation platforms with advanced 
algorithms and communication networks. Although pilot projects are underway in 
the Philippines, Singapore and Thailand, more immediate benefits are likely to 
emerge from co-ordinated EV charging strategies that help reduce peak demand 
- an approach that can be implemented more readily using existing grid 
infrastructure. 

System operation practices and market framework 
The range of power sector institutional structures across Southeast Asia produces 
varying dispatch practices. Key market framework and system operational 
practices to integrate VRE include least-cost dispatch, faster scheduling, short 
dispatch intervals and the procurement of system services, either through market 
mechanisms or regulatory frameworks, depending on the structure of the 
electricity market.  

Power sector structures in Southeast Asia range from vertically integrated utilities 
to liberalised markets, creating different implications for power system operation. 
Most ASEAN member states apply least-cost/merit order dispatch principles. 
However, the implementation and transparency vary depending on market 
structure and are subject to technical and contractual constraints. Some countries 
including Thailand, Indonesia and Viet Nam face contractual obligations from both 
PPA and fuel off-take contracts resulting in over-supply situations that can lead to 
uneconomic VRE curtailment. 

The Philippines and Singapore have competitive market-based bidding systems 
with 5-minute and 30-minute dispatch intervals, respectively, and gate closure 
close to real time. Both countries have mechanisms to procure ancillary services.3 
For example, the Philippines launched the ancillary service market in 2024 in 
addition to the contracted capacity via the Ancillary Service Procurement 
Agreement (ASPA).  

The market structure, procurement of system services, dispatch interval and gate 
closure of countries are provided in Annex A. 

Mechanisms to enhance grid capacity 
The ASEAN member states are deploying diverse grid enhancement technologies 
and planning mechanisms to enhance grid capacity and stability. The Philippines 
introduced Competitive Renewable Energy Zones (CREZ) in 2020 to steer 

 
 

3 The National Grid Corporation of the Philippines (NGCP) procures five ancillary service products via competitive contracts 
based on the reserve requirements (three for frequency control, one for voltage control and one for system restoration). In 
Singapore, ancillary services are procured through co-optimised markets and long-term contracts. 

https://www.deltathailand.com/en/products-services-detail/6/169/Delta-at-EVAP-10th-Philippine-EV-Summit
https://www.ema.gov.sg/content/dam/corporate/news/media-releases/2023/20231025-EMA-Media-Release-Singapore-Largest-Vehicle-to-Grid-Test-bed-to-Assess-Potential-of-Providing-GridServices.pdf.coredownload.pdf
https://www.egat.co.th/home/en/20221021e/
https://www.iea.org/reports/thailand-power-system-flexibility-study
https://www.iea.org/reports/enhancing-indonesias-power-system
https://www.agora-energiewende.org/publications/electricity-market-design-in-southeast-asia
https://legacy.doe.gov.ph/press-releases/doe-announces-full-commercial-operations-reserve-market
https://legacy.doe.gov.ph/renewable-energy/ready-renewables-grid-planning-and-competitive-renewable-energy-zones-crez
https://doe.gov.ph/sites/default/files/pdf/issuances/dc2021-10-0031.pdf
https://www.home.emcsg.com/services/nems-services/Contracted-Ancillary-Services/Current-Contracted-Ancillary-Services
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renewable investment in areas with high resource potential, aligning transmission 
expansion with these zones. However, implementation faces challenges including 
securing regulatory approval for transmission projects and completing 
transmission backbone infrastructure ahead of aggressive VRE grid connection 
targets. VRE proposals in areas outside the CREZ also require grid expansions, 
highlighting the need for prioritised planning to better align transmission and 
generation development. Thailand has deployed grid support devices such as 
static var compensators, shunt capacity and special protection schemes to 
strengthen grid capacity. Malaysia, Thailand and Viet Nam are also exploring 
dynamic line rating 4  to maximise the use of existing grids through accurate 
assessment of real-time capacity, with Malaysia particularly focusing on rapid 
growth areas. Some countries in the region, such as Indonesia, are rolling out 
smart grids to enhance future grid capacity.  

Deploying storage options 
Pumped storage hydro (PSH) currently dominates the storage landscape in 
Southeast Asia, though battery energy storage systems (BESS) are rapidly 
emerging as costs decline. Storage technologies can help store excess VRE 
generation and limit the need for backup generation. Thailand and the Philippines 
are already operating PSH and actively pursuing expansion, while Indonesia and 
Viet Nam are constructing their first PSH projects. Cambodia, Lao PDR, Malaysia 
and Thailand are in the early stages of PSH development. In 2025, a new 
USD 1 billion PSH project was announced in Cambodia which could reach a 
maximum generating capacity of 1 GW. 

BESS are quickly maturing in the region and will be an important driver of flexibility 
as systems enter higher phases of VRE integration. Notable large-scale projects 
are emerging for example in Malaysia, the Philippines, Singapore and Thailand.  

 
 

4 Dynamic line rating calculates the capacity of transmission lines closer to real time by taking into account actual operating 
and ambient conditions instead of assuming a fixed capacity. 

https://www.iea.org/reports/partner-country-series-thailand-renewable-grid-integration-assessment
https://news.un.org/en/story/2025/06/1164576#:%7E:text=With%20support%20from%20the%20United%20Nations%2C%20the%20electricity,fluctuating%20energy%20loads%20from%20solar%20and%20wind%20power.
https://legacy.doe.gov.ph/press-releases/doe-releases-gea-3-notice-award-advancing-over-6000-mw-renewable-energy-projects
https://www.nationthailand.com/sustainability/renewable-green-energy/40043062
https://www.globalconstructionreview.com/chinese-group-to-invest-1bn-in-cambodian-pumped-storage/
https://www.iea.org/reports/integrating-solar-and-wind
https://solarquarter.com/2025/02/17/sarawak-energy-launches-malaysias-first-utility-scale-battery-energy-storage-system-at-sejingkat-power-plant/
https://aseanenergy.org/wp-content/uploads/2024/09/8th-ASEAN-Energy-Outlook.pdf
https://www.straitstimes.com/singapore/south-east-asia-s-largest-energy-storage-system-deployed-by-sembcorp-on-jurong-island
https://www.pv-magazine.com/press-releases/adb-gulf-sign-820-million-loan-to-scale-up-solar-and-battery-storage-in-thailand/
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Chapter 2. Opportunities and 
Considerations 

Southeast Asia can accelerate renewable energy adoption by applying proven 
international approaches and unlocking existing system flexibility. By drawing on 
decades of international experience and tailoring solutions to local contexts, 
countries can integrate VRE more efficiently and affordably. This chapter focuses 
on three key areas: learning from global experience with VRE integration, 
unlocking underutilised system flexibility, and modernising grid infrastructure. It 
sets the foundation for the practical implementation framework in Chapter 3, 
offering guidance on sequencing actions and aligning policy, technical, and 
investment priorities for effective VRE integration. 

Outside of Viet Nam, most Southeast Asian countries generate less than 5% of 
their electricity from VRE and face challenges typical of low integration phases. 
These countries can therefore draw on proven international solutions whilst 
focusing on deployment in parallel, avoiding costly trial-and-error approaches that 
constrained earlier adopters. The chapter references the IEA's six-phase VRE 
integration framework, where phases 1-3 represent low integration levels and 
phases 4-6 represent high integration levels. 

Solar PV deployment will create substantial flexibility needs over the next decade. 
However, significant untapped flexibility exists within current systems that can be 
mobilised before major investments in new infrastructure such as battery storage 
become necessary. This untapped system flexibility offers a cost-effective 
pathway for managing increased renewable penetration. 

Large investments in grid infrastructure will be needed to support electricity 
demand growth, supply diversification and regional interconnection. These 
investments deliver long-term socioeconomic benefits, but financing approaches 
need careful consideration to prevent undue consumer burden. 
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Learning from global experience 

Most Southeast Asian countries operate in low phases of 
VRE integration 

Based on the IEA’s six-phases of VRE integration framework, most of the ASEAN 
member states currently operate in low phases of VRE integration, between 
phases 1 to 3. The framework illustrates the increasing impact of solar PV and 
wind on power systems, noting that radical changes to manage greater variability 
are generally not required until phase 3. 

Phases 4 to 6 are considered high phases of VRE integration. These reflect 
growing VRE influence on system operations and require fundamental 
transformations in power system planning and operation. Globally, only a few 
countries and sub-systems such as Denmark and South Australia are classified in 
phase 5. Countries address these challenges by encouraging flexible operation of 
existing generation, building strong regional interconnections and investing in new 
devices across energy sectors. These measures help maintain system stability 
and manage renewable generation surpluses and deficits. Phase 6 remains 
largely theoretical and should not be regarded as the target to aim for to 
decarbonise power systems. It is rather a niche phase for smaller systems (such 
as some island systems) with extremely high or near complete reliance on VRE. 

IEA’s Phases of VRE integration framework 

 
IEA. CC BY 4.0.  

Notes: A description of the challenges experienced at each phase is given at https://www.iea.org/reports/integrating-solar-
and-wind/infographic-six-phases-of-variable-renewables-integration 
Source: IEA (2025) Carbon-Free Electricity in G20 Countries 
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https://www.iea.org/reports/integrating-solar-and-wind
https://www.iea.org/reports/integrating-solar-and-wind/infographic-six-phases-of-variable-renewables-integration
https://www.iea.org/reports/integrating-solar-and-wind/infographic-six-phases-of-variable-renewables-integration
https://iea.blob.core.windows.net/assets/7acaeb75-f06b-486e-b0de-14294c1c5660/Carbon-FreeElectricityinG20Countries.pdf
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The framework has limitations for power systems with multiple sub-national grids. 
It analyses supply-demand profiles at the national level, but many Southeast Asian 
power systems consist of multiple sub-national grids with varying interconnection 
levels. Archipelagic nations such as the Philippines and Indonesia often have 
isolated island systems or limited transmission capacity between islands. Areas 
with weak grid infrastructure, particularly rural and remote regions, also face 
similar constraints. Both types of systems may experience localised challenges 
when solar PV uptake increases rapidly, including voltage control and low system 
inertia that require immediate technical solutions. Whilst addressing these grid 
issues remains essential for maintaining reliable electricity supply, the solutions 
typically involve targeted technical interventions rather than comprehensive 
national policy or regulatory reforms. This report therefore focuses on system-level 
integration measures that support broader VRE deployment. Readers seeking 
archipelagic-specific solutions such as inter-island high-voltage direct current 
(HVDC) and microgrid strategies may consult additional IEA technical resources. 

Countries progress through phases at different rates 
until 2035 

Today, all ASEAN member states stand in low phases of VRE integration. Nine 
out of ten currently operate in phase 1, where VRE integration has no significant 
impact at the system level. By 2030 most countries will stay in phase 2, where 
challenges at the system level are well understood and easily manageable. These 
require measures such as faster and more frequent ramping of generators.  

Countries are progressing through this framework at different rates. Viet Nam 
already operates in phase 3 today. This means that greater swings in the supply-
demand balance prompt the need for a systematic increase in flexible operation 
that often goes beyond what can be readily supplied by existing assets and 
operational practice. This includes significant enhancement of transmission 
capacity for Viet Nam, particularly to address persistent structural grid congestion 
along the north-to-south corridor. Indonesia could also reach this phase from 
2035, based on the new Rencana Umum Perencanaan Tenaga Listrik (RUPTL) 
2025-34 (Electricity Supply Business Plan 2025-34). 

Only the Philippines is classified in one of the higher phases (phase 4) by 2035. 
According to current plans, the Philippines aims to expand its VRE generation, 
achieving more than 30% VRE penetration in 10 years. At that horizon, the power 
system may experience steep net load ramps and high instantaneous VRE 
penetration, reduced system inertia and lower short-circuit current levels, 
particularly during high solar generation output. These are all characteristics 
typical of a system entering phase 4. 

https://www.iea.org/reports/an-energy-sector-roadmap-to-net-zero-emissions-in-indonesia
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Future considerations include frequency and voltage stability concerns. These are 
primarily relevant for systems with very high VRE penetration, which is not 
expected until beyond 2035 in Southeast Asia. These may eventually emerge if 
grids become weaker as conventional generation is displaced by renewable 
resources. Preparing for these future requirements involves ensuring that existing 
conventional plants continue to deliver essential grid support services for 
frequency response and voltage control, whether through explicit contracts or 
regulatory requirements. This also requires transitioning inverter-based resources 
from grid-following to grid-forming capabilities to provide active voltage and 
frequency support. Strategic grid strengthening and deployment of advanced grid-
forming technologies can ensure continued system stability as power systems 
evolve. 

Phase assessment of VRE integration in SEA countries, with comparison to higher-
phase systems (2023, 2030 and 2035) 

 
IEA. CC BY 4.0. 

Notes: The phase assessments for 2030 are based on VRE forecasts (main case) from the IEA Renewables 2024 report. 
The phase assessments for 2035 are based on each country's national power development plans and publicly available 
data at the time of the writing of this report. These assessments are not based solely on VRE share in annual generation 
(see Annex B). For Indonesia, the future VRE shares are calculated based on the on-grid Java-Bali-Sumatra system 
(captive plants are not included) and is based on RUPTL numbers. 
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Proven low-phase integration measures can be deployed 
while preparing for future challenges 

Southeast Asian countries can strategically select measures that have already 
demonstrated success in similar contexts. Unlike early adopters who pioneered 
integration solutions through costly trial and error, the region can adapt proven 
approaches. The IEA’s 2024 report, "Integrating Solar and Wind: Global 
Experience and Emerging Challenges" catalogues a suite of commonly adopted 
and effective measures that countries worldwide have successfully used to 
integrate similar levels of VRE and provides comprehensive analysis of these 
approaches and their application across different system types.  

The economic implications of choosing the right integration sequence are 
substantial. Early VRE adopters often invested in expensive infrastructure 
solutions before discovering more cost-effective operational approaches. 
Southeast Asia can reverse this sequence by implementing low-cost operational 
measures first whilst strategically planning infrastructure investments.  

Countries can apply proven solutions based on their system characteristics. Those 
with significant thermal generation can apply operational flexibility measures that 
countries like Denmark and China have successfully implemented. Hydro-rich 
nations can leverage balancing strategies developed by Brazil. Nations with 
growing industrial sectors can implement demand response programmes proven 
effective in Australia and the Netherlands. Those with advanced grid infrastructure 
can implement system operation improvements that have worked in Germany and 
Japan. Countries like India demonstrate this approach, retrofitting existing thermal 
plants and improving forecasting systems to accommodate renewables before 
building new storage infrastructure. 

More critically, this global experience shows that low-phase VRE integration relies 
primarily on unlocking flexibility within existing power systems before building new 
infrastructure. Southeast Asia possesses significant untapped flexibility from 
underutilised thermal plant operational flexibility (including ramping capabilities, 
start-up times and minimum generation levels) and demand response potential 
across its rapidly industrialising economies.  

This represents Southeast Asia's fundamental strategic opportunity in applying 
recent decades of global learning to its unique regional context, achieving 
affordable and reliable VRE integration at unprecedented speed. 

https://www.iea.org/reports/integrating-solar-and-wind
https://www.iea.org/reports/integrating-solar-and-wind
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VRE integration measures from recent decades of global experience organised by phase 

 
IEA. CC BY 4.0. 

Notes: The proposed set of focus actions by phase represents a timeline of priorities, though specific system contexts may require adjustments to address their particular challenges. AGC = 
automatic generation control; DLR = dynamic line rating; EMS = energy management systems; OLTC = on-load tap changers; SCADA = supervisory control and data acquisition; VRE = variable 
renewable energy. 
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Unlocking flexibility resources to meet 
system needs 

Steadily expanding power production from solar PV will 
drive hourly and daily flexibility needs in the region by 
2030 

Solar PV expansion will increasingly create flexibility challenges across Southeast 
Asia in the coming years. With abundant solar potential across the region, 
Southeast Asia has made initial progress in solar PV adoption, with over 35 GW 
installed at the end of 2024. Viet Nam has emerged as the regional leader in solar 
PV, representing 61% of the total regional capacity, followed by Thailand (11%) 
and the Philippines (10%). By 2030, this regional capacity is set to more than 
double to reach 81 GW. Viet Nam’s solar production already represents around 
10% of its generation mix, a level comparable to leading solar markets such as 
Japan and Italy, which are in phase 3 of VRE integration. Between 2024 and 2030, 
supported by the policy measures previously outlined, close to 20 GW of 
distributed solar PV and 30 GW of utility-scale solar PV projects are set to be 
added in the ASEAN region in the IEA Renewables main case. 

Solar PV introduces characteristic ramping challenges as production peaks during 
midday and decreases at sunset. While today, short-term (sub-hourly, hourly, 
daily) flexibility needs are mainly driven by changing consumption of electricity 
throughout the day, solar PV will become the primary driver across the region. By 
contrast, wind power development will be more limited and concentrated in 
specific areas. Wind does not bring the same challenges as solar PV because its 
output is typically less correlated across time and location, and its generation 
profile does not create the same steep ramps.  

Existing dispatchable plants can meet near-term ramping needs through 2030 with 
only minimal operational adjustments, such as faster upward and downward 
response. However, beyond 2030, ramping requirements associated with solar 
PV will become more pronounced, requiring additional solutions. These include 
greater use of demand-side flexibility to shift consumption and expand capacity to 
store surplus electricity for use when solar output declines.  

 

https://iea.blob.core.windows.net/assets/45704c88-a7b0-4001-b319-c5fc45298e07/Renewables2024.pdf
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Short-term flexibility needs and supply by technology in Indonesia in the Announced 
Pledge Scenario, 2023-2050 

  
IEA. CC BY 4.0. 

Source: IEA (2024), Southeast Asia Energy Outlook 2024.  
 

Solar PV creates duck curves and ramping challenges  
With its characteristic production pattern, solar PV introduces steep ramping 
requirements when production peaks in the afternoon and decreases at sunset, 
while demand often peaks in the evening. This creates greater challenges for 
maintaining the balance between supply and demand, as the net load - the 
electricity demand that remains after subtracting variable renewable production -
becomes much more variable. In systems with already high shares of solar PV, 
this results in the well-known “duck curve”, characterised by steep ramp rates as 
the sun rises and sets, and a low net load during midday when solar output is 
highest. Steep ramping requirements and large gaps between net daily minimum 
and peak demand present challenges that California, Italy and Japan have 
successfully addressed through different strategies, including enhanced thermal 
plant flexibility, use of storage and operational improvements. 
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Net load curves for SEA countries in 2030 and 2035 and selected solar-dominated 
systems, 2024 

IEA. CC BY 4.0. 

Notes: Net load curves on the day with the highest 3-hour ramp-up change in the year. Values are normalised based on the 
system’s hourly peak net load on that day. Curves for Indonesia represent the Java-Bali system for 2030 and Java-Bali-
Sumatra system for 2035. Three-letter country codes: “ESP” = Spain; “ITA” = Italy; “JPN” = Japan. 
  

Challenges will be comparable to those currently managed by 
advanced markets 
Our detailed analysis examines Viet Nam, Thailand and Indonesia as 
representative of the region's diverse solar integration pathways. It compares the 
solar PV-related challenges of these three countries by 2030 and 2035 with those 
of some current leading solar PV systems.  

Viet Nam, reaching around 10% solar generation share by 2030, will face similar 
integration requirements to Japan and Italy today, with these countries 
experiencing minimum net load levels between 10-17% of peak demand. Thailand 
with a 6% solar share by 2030 will have more moderate challenges, while 
Indonesia with a 3% share will face less severe variations. Overall, by 2035, the 
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scale of flexibility challenges in Viet Nam and Thailand will be comparable to those 
currently managed by advanced solar markets. 

Ramp rate challenges will vary significantly across the region but remain 
manageable. The ramp rate challenges, measuring how quickly the system must 
adjust as the net load curve changes, will vary across the region. Viet Nam is 
projected to experience maximum three-hour ramp rates of 31% of peak load by 
2030, comparable to Italy's 36% today. Thailand and the projected Java-Bali-
Sumatera system in Indonesia will experience more moderate ramp requirements 
at 17% and 25%, respectively. 

These comparisons demonstrate that Southeast Asia's projected solar integration 
challenges beyond 2030 fall well within the range of what advanced markets are 
currently managing successfully.  

Comparison of selected characteristics for SEA countries (2030) with current leading 
solar PV systems (2024) 

Country 
Annual PV  
generation 
share (%) 

Utility-scale 
systems (%) 

Distributed 
systems (%) 

Maximum 3h 
ramp rate 
/Peak load 

(%) 

Minimum net 
load 

/Peak load 
(%) 

Indonesia 2030 3% 67% 33% 25% 62% 

Thailand 2030 6% 65% 35% 17% 25% 

Viet Nam 2030 10% 45% 55% 31% 17% 

Italy 2024 13% 23% 77% 36% 10% 

Japan 2024 10% 43% 57% 30% 13% 

Spain 2024 18% 73% 27% 53% -1% 

IEA. CC BY 4.0. 

Notes: Distributed systems refer to solar PV assets with a capacity below 1 MW, while utility-scale systems have a capacity 
higher than 1MW. Maximum 3-hour ramp rates are calculated as the maximum 3-hourly ramp observed in the year (MW) 
and are normalised by the yearly peak load (MW). Minimum net load refers to the annual minimum net load and peak load 
refers to the annual peak load. 

Distributed solar adds operational complexity 
Distributed solar installations, located behind-the-meter, create additional 
operational challenges for grid operators. These assets offer no or limited visibility 
to the system operator in the absence of smart meters, advanced inverters, or 
aggregators. This makes it more difficult to forecast and results in reduced 
observed demand during midday hours for the system operator. Moreover, high 
penetration of distributed solar can create stress on local distribution grids, such 
as reverse power flows causing overvoltage, highlighting the need for grid  
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upgrades and local solutions. Remuneration models encouraging self-
consumption and demand-side measures to encourage load shifting and 
aggregation can be considered to mitigate these issues.  

 

Managing large 3-Hour ramps in Japan's power system  

Japan experiences exceptionally large net load ramps compared to its peak 
demand, facing one of the world's most challenging solar variability situations. On 
14 January 2024, the country faced an upward ramp of around 50 GW over 
3 hours, representing 30% of its annual peak demand. Such a magnitude is 
comparable only to those in China and India, where the largest 3-hour ramps are 
265 GW (in 2022) and 49 GW (in 2024) respectively, corresponding to around 18% 
and 20% of their respective annual peak demands. During 2024, Japan 
experienced 3-hour ramps higher than 25% of its annual peak demand for 5% of 
the year, while ramps higher than 20% were observed for 28% of the year. In 
comparison, India reached a 3-hour ramp higher than 20% only once in the same 
year. The steepest upward net load ramp results when a typical evening surge in 
electricity demand coincides with decreasing solar PV output. In Japan, the 
challenge to meet this net load variability is further intensified by its isolated grid 
characteristics. 

Incredibly, Japan successfully manages such extreme ramps on a regular basis. 
This is done through co-ordinated dispatch of controllable generation across nine 
sub-regional control areas. 5  In 2024, the country's electricity generation mix 
provided a variety of flexible resources, including hydro at around 8%, gas at 29%, 
and coal at 28% of its annual electricity generation. BESS installation is expanding, 
but remains limited to 0.3 GW of storage capacity, expected to grow in the next 
years up to 2.6 GW, compared to around 27 GW of pumped hydro capacity. 
Therefore, 3-hour upward ramps were primarily met by dispatchable generation. 
During this period, gas, hydro, and coal, increased their outputs compared to pre-
ramping output levels6 by 18 GW, 14 GW7and 7 GW, respectively. 

Analysis across the nine sub-regional control areas reveals significant variation in 
how each of them manage ramping events, reflecting their diverse resource 
portfolios. For example, Shikoku relied primarily on coal generation, increasing its 
output by 26% over the 3-hour ramping period. Chubu increased its gas power 
output by 34 %, while Chugoku increased its hydropower output by 22% in 
response to the ramp-ups of its local net loads. 

 
 

5 Japan system consists of 10 sub-regional control areas, 9 of which are interconnected. 
6 These percentages are calculated using data from 25/11/2024, when fuel source and regional breakdowns were available. 
The 3-hour ramp rate on this day was 40.6 GW. 
7 The number describes the increase of hydro plus pumping hydro at country-level. During pre-ramping, pumped storage 
hydro was replenishing via reverse-mode the reservoirs, absorbing 10% of the generation. 

https://japanenergyhub.com/news/fy2024-meti-grid-scale-storage-subsidy-results/
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This decentralised management approach handles solar PV variability by splitting 
the system into smaller control areas for intervention, while aiming for optimal 
system-level efficiency. The approach breaks down large system-wide ramping 
challenges into manageable sub-regional components, allowing each area to 
respond to net load variations separately. A co-ordinating agent (OCCTO 8 ) 
manages the flow of electricity between the sub-regions to optimise system-wide 
supply-demand balance and ensure efficient resource allocation across sub-
regional control areas. This decentralised approach, combined with diverse supply 
sources, provides resilience against the full range of challenges from solar 
variability to external hazards common in Japan, such as earthquakes, heatwaves, 
floods and typhoons. The US, China, and India similarly use regional sub-systems 
for co-ordinating balancing operations. However, compared to Japan, they benefit 
from international and larger domestic interconnections that provide additional 
operational flexibility. This highlights that there is potential for enhanced 
interconnection and use of domestic links between areas in Japan. 

Hourly power generation by fuels, demand and net load on a severe 
ramping day in Japan, 2024

 
IEA. CC BY 4.0.  

 
 

 
 

8 OCCTO - Organization for Cross-regional Coordination of Transmission Operators is the entity responsible for developing 
the overall power distribution network necessary for wide-area utilisation of power sources, and for strengthening supply and 
demand adjustment functions nationwide during normal and emergency times. Its main duties are to establish rules, adjust 
supply and demand and manage interconnection lines during times of tight supply and demand, draft a development plan for 
wide-area interconnection systems and collect a balanced supply plan, and consider the state of adjustment and reserve 
capacity. 
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Seasonal flexibility needs emerge in higher VRE phases 
Longer-term flexibility needs will emerge as VRE penetration reaches higher 
phases. As the penetration of wind and solar power increases significantly, periods 
of system surpluses and deficits extend from hourly and daily to seasonal and 
interannual timescales. Managing seasonal variability requires flexibility resources 
that can respond across the year, extending over weeks or months. These 
challenges are characteristic of phase 5 of VRE integration, which most countries 
do not reach until VRE penetration becomes very high. 

The transition to higher VRE penetration fundamentally changes how thermal 
plants operate. Dispatchable power plants become the key sources for seasonal 
variability management, but these assets are used only to meet occasional needs, 
with annual operating hours significantly below current global average of 4,000 
hours in phase 5 systems. This underscores the need to manage the transition of 
thermal plants from constant generation to flexibility provision, ensuring they 
remain economically viable whilst operating fewer hours. Addressing seasonal 
variability in long-term system planning is therefore essential to maintain the 
reliability of the system as VRE penetration increases.  

 

Southeast Asia's natural advantages for seasonal flexibility 

Southeast Asia’s tropical climate leads to relatively flat seasonal electricity demand 
across the year and the availability of dispatchable hydropower, along with 
complementarity between solar, wind and hydro, helps ease VRE integration on a 
seasonal timescale.  

Hydropower is the second most important source of seasonal flexibility after 
thermal generation and many hydropower plants in the region can be upgraded to 
provide greater balancing services. However, hydropower is vulnerable to 
interannual variations due to changes in precipitation and prolonged dry spells, 
which may lead to consecutive years of above or below average generation. Since 
multi-year deficits cannot be fully offset through reservoir management, generation 
shortfalls may occur if hydropower’s interannual variability is not considered as 
part of the overall power system planning. 

https://www.iea.org/reports/managing-seasonal-and-interannual-variability-of-renewables
https://www.iea.org/reports/managing-seasonal-and-interannual-variability-of-renewables
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Seasonal flexibility needs and supply by technology in Indonesia in the 
Announced Pledges Scenario, 2023-2050 

 
IEA. CC BY 4.0. 

Source: IEA (2024), Southeast Asia Energy Outlook 2024.  

 

In Indonesia, thermal power plants currently provide nearly all of the seasonal 
flexibility required in the electricity system, with the remainder provided by 
hydropower plants. Across the seasons, thermal power plants, most notably fired 
with coal, remain the most important source of flexibility until well after 2030. By 
2050, they are mostly displaced in that role by additional hydro and the flexible 
operation of grid-connected electrolysers in the APS. The curtailment of surplus 
solar PV or wind generation becomes an increasingly important tool to manage 
seasonal variations and balance the system in a cost-effective manner. 

Abundant existing flexibility resources remain 
underutilised 

Thermal and hydro plants already provide most system 
flexibility 
Today, flexibility needs across the region are met mostly by thermal power plants 
and hydropower. For example, in Indonesia, coal- and gas-fired power plants 
currently provide around 80% of short-term flexibility with the remainder supplied 
by hydropower. These existing assets demonstrate that Southeast Asia already 
has a substantial foundation of flexible resources operating within current power 
systems. Thermal plants adjust their output to match demand variations 
throughout the day, whilst hydropower plants provide balancing services that help 
maintain system stability.  
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Many existing Southeast Asian power systems have latent technical flexibility that 
can be unlocked through proven approaches applied elsewhere. 

Contractual barriers prevent full utilisation of existing assets 
Contractual arrangements often prevent existing assets from providing their full 
flexibility potential. Barriers such as long-term PPAs and fuel supply contracts with 
minimum take-or-pay obligations can restrict access to operational flexibility by 
requiring plants to operate at fixed levels or purchase minimum fuel quantities 
regardless of system needs, leading to higher system costs.  

For example, past IEA analysis has shown that Thailand’s power system has 
substantial untapped technical flexibility and high reserve margins from its hydro 
and thermal generation fleet, which would allow the system to integrate up to 15% 
VRE by 2030 without additional investments. With high minimum-take obligations 
in PPAs, the Thai system has significant amounts of over-contracted volumes, 
especially in off-peak periods and when renewables are producing at high levels, 
leading to curtailment and higher operating costs and emissions.  

Similarly, gas contracts with take-or-pay obligations introduce inflexibility by 
preventing the use of otherwise available and cost-optimal resources in the 
system, as gas becomes a sunk cost and moves down the merit order in line with 
renewables where the fuel is free. 

 

https://www.iea.org/reports/thailand-power-system-flexibility-study
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Recommendations on fuel and power purchase contracts 

 
IEA. CC BY 4.0. 

Notes: The abbreviations are explained as follows: ToP = Take-or-Pay; DAP = Delivered at Place; FOB = Free on Board; 
PPA = Power Purchase Agreement; EMS = Energy Management System; SCADA = Supervisory Control and Data 
Acquisition. 
 

Enhancing operational flexibility and incentivising the use of more cost-efficient 
and low-carbon resources will require reforming these contracts with careful 
management of the potential legal and commercial implications whilst shifting 
away from operating plants at constant output levels to flexible operation patterns.  
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Significant demand response potential remains untapped 
Beyond power generation assets, significant demand response potential exists 
among industrial and commercial consumers across the region. Large energy 
users such as manufacturing facilities and commercial buildings can shift energy-
intensive processes to align with solar production peaks, providing valuable grid 
balancing services whilst reducing their electricity costs. 

Emerging resources and approaches unlock system 
flexibility 

Beyond existing flexibility sources, emerging technologies will provide additional 
flexibility as the region's renewable energy deployment accelerates. These 
resources will diversify the flexibility portfolio and distribute capabilities across the 
power system, from large-scale batteries to small end-users. 

Air conditioning (AC) and EVs represent rapidly growing sources of electricity 
demand across Southeast Asia. AC consumption continues to rise in the region's 
tropical climate, with the IEA projecting AC stock to surge from 40 million units in 
2017 to 300 million by 2040. This growth could account for up to 30% of peak 
electricity demand if energy efficiency measures are not adopted. The EV market 
is expanding with the IEA projecting EVs will make up 30% of vehicle sales in 
Southeast Asia by 2030. National governments are scaling up charging 
infrastructure and battery swapping stations with policy incentives like tax breaks 
and local manufacturing support in Malaysia, Thailand, and others.  

BESS deployment is also accelerating. In the IEA's Announced Pledges Scenario, 
batteries provide around 11% of Indonesia's short-term flexibility by 2035 and 
around 17% by 2050. IEA analysis for Thailand shows that a portfolio combining 
BESS, smart EV charging and flexible thermal generation is the most cost-efficient 
option to achieve the country’s 2037 climate targets. 

Price signals and digitalisation enable flexibility deployment 
Price signals and digitalisation are essential to activate flexibility from both existing 
and emerging resources. Without them, the technical potential remains untapped. 

Price signals can effectively guide when and how flexibility resources operate to 
support the grid. Dynamic tariffs encourage large energy consumers seeking to 
optimise their production costs to shift energy-intensive processes. In liberalised 
markets, flexibility providers can gain revenue through competitive system 
services (e.g. frequency and voltage regulation) and energy arbitrage 
opportunities in wholesale markets based on price signals. However, these 
market-based models do not exist in all Southeast Asian countries. The 
Philippines introduced an alternative model through auctions for BESS combined 

https://www.iea.org/reports/roadmap-towards-sustainable-and-energy-efficient-space-cooling-in-the-association-of-southeast-asian-nations
https://www.iea.org/reports/global-ev-outlook-2025
https://www.iea.org/reports/global-ev-outlook-2025
https://iea.blob.core.windows.net/assets/ac357b64-0020-421c-98d7-f5c468dadb0f/SoutheastAsiaEnergyOutlook2024.pdf
https://iea.blob.core.windows.net/assets/dd5b10b2-b655-4c7d-8c09-d3d7efe6bd50/ThailandsCleanElectricityTransition.pdf
https://legacy.doe.gov.ph/press-releases/doe-announces-timeline-activities-fourth-green-energy-auction-gea-4
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with solar PV, offering 20-year contracts with minimum four hour storage duration 
requirement. As power markets evolve in the region, regulators must first 
recognise the value of flexibility services, then establish mechanisms that provide 
appropriate price signals and adequate compensation on a level playing field. 

Digitalisation makes distributed energy resources visible and controllable. Large 
industrial and commercial consumers use digital tools to identify, monitor and 
control energy-intensive processes that can be shifted in time. Smaller residential 
consumers need smart meters to make BTM devices such as EVs, air conditioners 
and hot water tanks visible to system operators. These tools enable aggregation 
of small resources to provide system services. The IEA developed an in-depth 
analysis of efficient grid-interactive buildings in ASEAN, including how distributed 
energy resources in the region can contribute to system flexibility.  

Diverse flexibility portfolios ensure system reliability 
Not all flexible resources can provide the same system services. Their 
effectiveness depends on factors like response time and service provision 
duration capabilities. Countries should prioritise the most cost-effective flexibility 
options available to them based on their existing asset base and local conditions, 
while system planners must combine their complementary capabilities to maintain 
all necessary grid services throughout the energy transition. 

Amongst thermal assets, gas-fired power plants generally provide the most 
responsive flexibility. They ramp up and down faster and have shorter start-up 
times compared to coal-fired plants. However, their levelised cost of electricity 
varies significantly with local natural gas availability, infrastructure and fuel supply 
arrangements. This affects their economic competitiveness across countries. 

Coal-fired generation flexibility depends on age and technology. Modern or 
retrofitted plants offer better ramping and lower minimum operating levels than 
standard older plants. Retrofits can reduce start-up times, enabling more frequent 
cycling, but are often quite costly. Before making major investments, priority 
should go to removing contractual barriers to flexibility, such as inflexible fuel or 
offtake contracts and dispatch rules. Further considerations can be given to solar-
plus-storage combinations that are becoming increasingly cost-competitive, as 
demonstrated by projects like Terra Solar in the Philippines.  

Emerging technologies can shift demand to moderate system impacts from solar 
PV production. Smart air conditioning systems can adjust cooling with intelligent 
controls during peak solar production periods whilst maintaining comfort levels. 
Similarly, smart charging can shift EV demand by scheduling charging during high 
solar PV production for both individual charging points and battery swapping 
stations. Beyond 2035, electrolysers are expected to provide additional short-term 

https://legacy.doe.gov.ph/press-releases/doe-announces-timeline-activities-fourth-green-energy-auction-gea-4
https://iea.blob.core.windows.net/assets/71d1b69d-e8aa-49e5-9e0c-12c13d5a3a1f/EfficientGrid-InteractiveBuildings.pdf
https://iea.blob.core.windows.net/assets/71d1b69d-e8aa-49e5-9e0c-12c13d5a3a1f/EfficientGrid-InteractiveBuildings.pdf
https://iea.blob.core.windows.net/assets/19f9554b-f40c-46ff-b7f5-78f1456057a9/ThailandPowerSystemFlexibilityStudy.pdf
https://iea.blob.core.windows.net/assets/19f9554b-f40c-46ff-b7f5-78f1456057a9/ThailandPowerSystemFlexibilityStudy.pdf
https://www.enerdata.net/publications/daily-energy-news/philippines-starts-construction-35-gw-terra-solar-project.html
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flexibility by adjusting the timing of hydrogen production. Where time-based pricing 
exists, this reduces costs for users whilst helping manage duck curve impacts. 

BESS offers multiple flexibility services beyond absorbing excess power 
production. It enables energy arbitrage and fast-response services, reacting within 
seconds to frequency deviations. Demand response can also technically provide 
rapid response. When equipped with modern, grid-forming inverters, BESS, VRE 
and HVDC converter stations can deliver system services like synthetic inertia. 
BESS and demand response are less suited for weekly to seasonal flexibility, 
which thermal and long duration energy storage can provide more effectively. 

Suitability of flexible resources for system services 

Type 

Flexibility timeframe 

Sustained 
provision of 

inertia 

Real-time 
(second to 
minutes) 

Hourly to 
daily 

Weeks to 
seasons 

Dispatchable 
generation 

Coal-fired plant     

Retrofitted coal-
fired plant 

    

Gas-fired plant     

Hydropower plant     

Concentrated 
solar power plant 

    

Nuclear power 
plant 

    

Energy 
storage 

Pumped hydro 
storage 

    

Battery storage 
(with grid-
forming  

inverters) 
   

Long duration 
storage (e.g. 

hydrogen) 
    

Demand-side 
flexibility 

Industrial load     

Residential and C&I 
AC/ Heating load 

    

EV charging     

Notes: The darker shade of green means that the resource is more adapted to this timeframe of management. 
“Realtime” refers to system services such as frequency regulation, voltage support, fast ramping and reserve activation. 
“Hourly to daily” refers to system services such as load shifting, peaking generation, day-ahead unit commitment and 
storage cycling. 
“Weekly to seasonal” refers to system services such as capacity adequacy, seasonal storage and maintenance scheduling. 
C&I = commercial and industrial.  
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Grid modernisation and regional integration 
Grid modernisation and reinforcement enable power system transformation and 
regional power trade across Southeast Asia, unlocking substantial benefits for 
energy security, economic development and renewable energy integration. 
However, many existing grid systems were designed for lower demand, 
centralised generation and domestic operation rather than regional co-ordination. 
This creates significant opportunities for upgrading transmission capacity, 
strengthening distribution grids, deploying modern grid management technologies 
and enhancing cross-border connectivity. These measures can enhance system 
reliability, reduce outages, support renewables integration, enable shared energy 
resources across borders and lower system costs. Since these improvements 
require significant investment and affordability remains a concern in several 
countries across the region, efficient grid deployment and utilisation become 
critical. This requires strategic co-ordination and optimised planning to maximise 
value from infrastructure investments. 

Modern grids unlock economic and social benefits, and 
provide a pathway to regional power trade 

Modern grid infrastructure delivers system-wide benefits beyond basic electricity 
delivery through enhanced efficiency, flexibility and resilience. Strategic 
investments in national and cross-border grid infrastructure support reliable 
energy access and broader economic, social and environmental goals. Grid 
modernisation improves system reliability by strengthening infrastructure to 
withstand extreme weather and changing demand patterns. Upgraded 
transmission lines, smart grid technologies and enhanced monitoring systems 
enable faster fault detection and isolation, reducing outage duration and extent.  

These investments improve power quality and reliability for households, schools, 
healthcare facilities and businesses, while stimulating employment in construction, 
engineering and digital infrastructure sectors. Reliable power supply attracts 
investment that creates broader economic opportunities. Translating these 
economic benefits into policy action requires sector-specific business cases 
tailored to local priorities and circumstances. 

Enhanced grid infrastructure enables countries to share energy resources and 
complement generation capabilities and reduces costs. As political, regulatory and 
institutional frameworks mature, regional integration can unlock mutual benefits 
across Southeast Asia while supporting energy security and decarbonisation 
goals. 



Integrating solar and wind in Southeast Asia Chapter 2. Opportunities and Considerations 
Status and outlook for secure and efficient strategies 

PAGE | 50  IE
A.

 C
C

 B
Y 

4.
0.

 

Strengthening grid infrastructure enables the delivery of 
secure electricity as demand grows 

The current grid systems need strategic enhancement to serve Southeast Asia's 
growing electricity demand and more diverse generation sources, irrespective of 
the energy supply mix. These enhancements include immediate operational 
improvements and the deployment of modern grid technologies to address 
evolving electricity system requirements. 

Operational improvements can address immediate performance constraints 
across the region. Technical grid losses and power outage durations vary 
significantly across the ASEAN member states. Countries such as Myanmar, 
Cambodia, Brunei Darussalam and the Philippines experience losses above 
global averages. Myanmar and Cambodia experience long outage durations. Grid 
capacity constraints limit efficient electricity delivery as demand grows and 
distribution grids require strengthening to accommodate distributed energy 
resources and bidirectional power flows. Enhanced national connectivity 
represents another infrastructure need across several countries, with archipelagic 
nations like Indonesia and the Philippines and countries with challenging terrain 
like Lao PDR, Cambodia and Myanmar still working to achieve comprehensive 
domestic grid integration. Better co-ordination between infrastructure 
development and system needs can optimise investment value and prevent 
constraints from emerging. 

Transmission and distribution grid losses (2023) and SAIDI (2019) in each ASEAN 
member state and in selected regions 

 
IEA. CC BY 4.0. 

Notes: The system average interruption duration index (SAIDI) is the average total duration of outages (in minutes) 
experienced by a customer in a year. The index is computed based on the methodology in the World Bank Doing Business 
studies (2016–2020). KHM and MMR are not shown as they are beyond 400 minutes. Country codes for light blue bars are 
as follows: “AUS” = Australia, “CHN” = China, “GBR” = the United Kingdom, “IND” = India, “IRL” = Ireland, “JPN” = Japan, 
“KOR” = Korea and “USA” = the United States.  
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Modern grid technologies can unlock greater system flexibility potential through 
improved grid management and planning. Smart grid technologies like SCADA 
and Energy Management System (EMS)9 can enhance grid visibility and control 
of transmission and distribution assets. Digitalisation and automation can improve 
the communication with all connected devices, from transmission-connected 
generation to BTM resources, improving the ability to identify and activate flexibility 
resources.  

Integrated planning approaches that co-ordinate generation, transmission and 
distribution development can optimise multi-year infrastructure investments and 
system performance. Co-ordinated planning is particularly critical given that 
renewable energy projects typically have shorter development cycles than 
transmission infrastructure, making timing alignment essential to avoid grid 
connection bottlenecks. This integrated approach allows grid planners to evaluate 
whether it is more cost-effective to extend or reinforce grid infrastructure to 
accommodate new generation and demand, or whether incentivising the 
relocation of these resources closer to existing grid capacity would be more 
economical.  

Strategic power system investments deliver both 
affordability and energy security 

Directing power system investments towards renewable energy-based systems 
delivers multiple benefits, including reduced dependence on fuel imports, 
opportunities to export fossil fuels, protection from volatile global energy prices 
that strain national budgets, enhanced energy security through distributed 
generation and long-term operational cost savings. Grid investments spanning 
local reinforcements, modernisation technologies, inter-regional connections and 
cross-border transmission can enable renewable resources to supply growing 
demand while ensuring system reliability.  

International experience provides useful context for understanding grid 
modernisation timelines and investment requirements, though Southeast Asia's 
unique geography, economic conditions and development stages require tailored 
approaches. Europe's grid infrastructure development over several decades - 
including post-war reconstruction (1950s-70s), market integration (1990s-2000s) 
and renewable integration (2000s-present) - required sustained investments of 
USD 40-60 billion per year over the last two and a half decades. While this 

 
 

9 SCADA (Supervisory Control and Data Acquisition) and EMS (Energy Management System) are industrial control systems 
used to monitor, control and optimise infrastructure operations, with SCADA handling real-time data collection and remote 
control while EMS performs higher-level analysis and optimisation, particularly in electrical power grids. In addition, there are 
WAMS (Wide Area Monitoring System which assists transmission system operators in daily operations, even prevents 
widespread blackouts, and assists system restoration), DMS/ADMS (Distribution/Advanced Distribution Management 
Systems) and DERMS (Distributed Energy Resource Management Systems). 
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demonstrates both the scale of investment required and the long-term nature of 
grid transformation, Southeast Asia has opportunities to avoid some of Europe's 
inefficiencies by learning from this experience and leveraging modern 
technologies to accelerate development timelines. 

Southeast Asia faces significant challenges in meeting the high capital 
requirements of transmission and distribution modernisation. From a level of USD 
10 billion annual investment in grids in 2023, requirements are expected to more 
than double by 2035 and grow further towards 2050. These investment needs 
must be balanced against the current purchasing power of populations across the 
region. Except for Singapore and Brunei Darussalam, purchasing power parity 
(GDP per capita) remains well below that of advanced economies, making 
electricity affordability a critical social and economic concern, with many 
households already spending a large share of their incomes on electricity bills. 

Installed transmission and distribution line length and annual average investment in 
grids by scenario for Southeast Asia, 2023-2050 

 
IEA. CC BY 4.0. 

Notes: MER (Market Exchange Rates) refers to the conversion of national currencies using market exchange rates. 
Source: IEA (2024), Southeast Asia Energy Outlook 2024. 
 

While GDP per capita is positively correlated with electricity consumption and 
negatively with electricity affordability, significant social inequality and uneven 
electricity access between urban and rural areas mean that national averages 
mask important disparities. Other factors like the state of the electricity 
infrastructure and cost allocation of electricity upgrades can further exacerbate 
affordability challenges. In the case of Myanmar and the Philippines, per capita 
electricity consumption is significantly lower than the regional average but 
electricity bills are very high relative to income. 
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GDP per capita and monthly electricity bills as a percentage of average household 
income (2024) 

 
IEA. CC BY 4.0. 

Sources: GlobalPetrolPrices (2025), Electricity prices; World Bank (2025), World Bank Database- World Development 
Indicators; WorldData (2025), Average income by country. 
 

This affordability challenge is particularly acute in countries where infrastructure 
constraints drive up costs. Myanmar exemplifies this challenge, where weak 
transmission and generation assets trigger regular load-shedding and heavy 
reliance on costly diesel generators. The substantial expense of rehabilitating the 
grid translates into high electricity tariffs borne by end users. Similarly, the 
Philippines faces high costs due to its archipelagic geography and aging 
distribution network, requiring extensive upgrades alongside continued 
dependence on expensive oil-fired peaker plants, with utilities recovering these 
capital outlays through higher tariffs. These cases demonstrate that infrastructure 
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constraints can create a vicious cycle where countries with the greatest need for 
power system investment face the steepest affordability challenges.  

This challenge is compounded by the high costs of capital in most Southeast Asian 
countries. The cost of capital for solar PV and storage projects in emerging 
markets, including Indonesia and Viet Nam, is over twice the average in advanced 
economies, significantly impacting project economics and deployment pace. 

Diverse financing approaches offer ways to address 
affordability concerns 

Traditional financing approaches create affordability constraints for grid 
investment across Southeast Asia. Utilities rely heavily on state-owned enterprise 
(SOE) balance sheets and regulated electricity tariffs for cost recovery, with 
financing capacity directly linked to SOE creditworthiness rather than project 
characteristics. Electricity tariff structure represents an important aspect of grid 
investment bankability, as investment costs are often recouped through regulated 
tariffs. Tariff structures can help improve the financial health of utilities, as well as 
their ability to finance infrastructure on balance sheets in the future. Tariff levels 
involve complex trade-offs between consumer affordability and utility financial 
sustainability, and where tariffs cannot reflect full investment costs, fiscal support 
from governments may be required. 

Private sector involvement can reduce public financial burdens and improve cost 
efficiency. Public-private partnership models enable governments to attract private 
investment while transferring project risks. Brazil's experience with almost 350 
independent power transmission projects demonstrates this approach, where 
private sector competition secured nearly USD 4 billion in transmission rights at 
an average of 40% below maximum prices the regulator was willing to pay. 
However, implementation depends on each country's regulatory and legal 
environment. 

Public and international support mechanisms can provide financing support, 
including concessional financing and cost-sharing solutions. Development finance 
institutions offer long-term financing and de-risking instruments that improve 
project affordability, as illustrated by the Asian Development Bank and Agence 
Française de Développement's support for Indonesia's West Kalimantan 
transmission development.  

Southeast Asia has multiple channels available for recovering grid transformation 
costs, each with different implications for affordability and equity. Cost recovery 
can occur through four main channels: electricity tariffs paid by consumers, 
government budgets funded by taxation, foreign debt financing and private sector 
investment. The total cost burden can be reduced through efficiency measures 
such as competitive procurement mechanisms, optimised asset operation and 
market-based allocation of resources.  

https://www.iea.org/reports/reducing-the-cost-of-capital/executive-summary?utm_
https://www.iea.org/reports/world-energy-investment-2025
https://www.iea.org/reports/world-energy-investment-2025
https://www.adb.org/sites/default/files/Evaluation%20Document/1012516/files/PVR%20L3015%20INO-West%20Kalimantan%20Power%20Grid%20Strengthening%20Project_uploaded.pdf
https://www.adb.org/sites/default/files/Evaluation%20Document/1012516/files/PVR%20L3015%20INO-West%20Kalimantan%20Power%20Grid%20Strengthening%20Project_uploaded.pdf
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However, cost-reflective tariffs may not be feasible for all segments of society, 
particularly in Southeast Asia where many households already face affordability 
constraints. This creates a need to redistribute the cost burden across different 
recovery channels and consumer segments. International experience 
demonstrates the necessity of mixed cost allocation approaches, with countries 
employing various combinations of consumer tariffs, government subsidies and 
strategic planning mechanisms. 

Approaches to managing grid costs in countries/regions with high VRE 
shares 

Country / Region Cost allocation approach 

Germany Subsidises electricity costs while passing some costs on to consumers, recognising 
affordability thresholds 

Japan Uses revenue cap mechanism for TSOs (since 2023) with cost recovery through 
consumer tariffs. Generation-side tariffs introduced in 2024 to share grid costs. 

Netherlands / EU/ 
EU 

Subsidises offshore grid construction and provides dedicated funding for cross-border 
projects 

Australia / UK Implements strategic integrated planning to control infrastructure costs 

IEA. CC BY 4.0. 

Southeast Asia, having in many cases not undergone electricity sector 
liberalisation, retains relatively more government control than in more mature 
economies over tariff-setting and cost- allocation decisions, which enables flexible 
approaches that balance cost recuperation through multiple channels. The 
region's experience with using state budgets to shoulder costs and reduce 
burdens on end consumers provides a foundation for ensuring equitable 
distribution of costs across society. 

Together, these diverse financing options enable countries to tailor approaches to 
their specific fiscal circumstances while maintaining affordability and utility 
financial sustainability.  

Regional interconnection offers strategic benefits for 
system optimisation 

Given the substantial investment requirements and affordability challenges 
outlined above, regional interconnection provides a strategic approach to reduce 
overall system transformation costs while enhancing energy security and reducing 
fossil fuel dependency. Connecting different geographic areas within and across 
countries can moderate the financial burden on individual systems, optimise 
performance and strengthening energy resilience by enabling countries to share 
resources, reserves and flexibility services.  

https://www.cleanenergywire.org/news/germanys-budding-coalition-agrees-electricity-price-cuts-e-car-subsidies
https://www.meti.go.jp/english/press/2025/0218_001.html
https://www.acm.nl/nl/publicaties/inkomstenbesluit-tennet-net-op-zee-2025
https://energy.ec.europa.eu/news/connecting-europe-facility-nearly-eu600-million-energy-infrastructure-contributing-decarbonisation-2023-12-08_en
https://energy.ec.europa.eu/news/connecting-europe-facility-nearly-eu600-million-energy-infrastructure-contributing-decarbonisation-2023-12-08_en
https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp
https://www.neso.energy/publications/future-energy-scenarios-fes
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Regional grids provide access to a larger pool of assets that can respond to 
demand fluctuations, outages, or extreme weather events, reducing vulnerability 
to supply disruptions. Geographic complementarity, particularly non-coincidental 
demand patterns across countries, further enables cost reduction and system 
optimisation. These benefits, ranging from immediate cost savings and reliability 
gains to longer-term advantages in energy security and competitiveness, make 
regional interconnection a compelling option for Southeast Asia 

Benefits of regional power system integration 

Benefit 
category General advantage How it applies in Southeast Asia 

Cost reduction 
Shared transmission infrastructure and 
avoided redundant generation capacity 
reduce overall system costs 

Reduces the need for expensive local 
flexibility investments and fossil fuel backup 
systems across the region 

Energy security 

Larger pool of generation and reserves 
provides backup during outages and 
extreme weather, reducing supply 
vulnerabilities 

Allows systems to back each other up during 
periods of stress, lowering the risk of 
blackouts; diversified supply reduces diesel 
dependency in remote areas 

Resource 
optimisation 

Using existing generation more efficiently 
across regions to avoid building 
additional capacity; imports through 
interconnection may supply demand 
more efficiently than reinforcing domestic 
grids 

Non-coincident demand peaks across 
countries, thereby reducing the total 
generation capacity investment needed; It is 
more efficient for Mekong hydropower to 
supply neighbouring countries than for them to 
build their own backup capacity 

Environmental 
impact 

Reduced carbon emissions, costs and 
global price exposure through lower fossil 
fuel dependency and enhanced 
renewable energy integration 

Reduces reliance on expensive and volatile 
fossil fuel peaker plants for system balancing; 
enables countries to share abundant 
renewable resources 

Regional 
integration 

Cross-border interconnection builds 
regional solidarity and deepens economic 
ties between countries 

Grid integration can deepen economic ties, 
connect underserved border communities and 
unlock mutual benefits across Southeast Asia 

Technical 
flexibility 

Access to diverse flexibility options for 
managing variability and sudden system 
changes across interconnected networks 

Access to broader pools of flexibility options 
across borders from industrial load shifting to 
demand response mechanisms; enhanced 
ability to manage solar and wind generation 
variability 

Economic 
Development 

Job creation and industrial growth from 
infrastructure development and cross-
border energy trade 

Regional grid development stimulates 
employment in construction, engineering and 
digital infrastructure sectors; energy trade 
creates new business opportunities and 
industrial development 

IEA. CC BY 4.0. 
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International examples demonstrate the proven effectiveness of leveraging geographic 
complementarity for renewable energy integration. For example, Brazil utilises its extensive 
north-south transmission network to balance solar power variability across diverse climatic 
regions with dispatchable hydropower from major river basins. This approach allows solar-
rich northeastern states to complement hydropower-abundant regions in the north and 
southeast during different seasonal patterns. Similarly, South Australia has expanded 
interconnection capacity with neighbouring states, taking advantage of resource diversity 
between solar, wind and dispatchable generation across Australian regions to integrate 
high levels of VRE while maintaining system reliability.  

Number of days when Malaysia’s peak demand hour coincides with that of 
Thailand and Singapore in 2024 

 
IEA. CC BY 4.0. 

Notes: Number of days in 2024 when Malaysia’s daily peak demand occurred at each hour, indicating the frequency of 
coincident peak demand hours with Thailand and Singapore (times aligned to co-ordinated universal time [UTC]+8). 
 

Technical barriers to interconnection are manageable with modern grid 
technologies and co-ordinated protection systems. While countries in Southeast 
Asia have different grid characteristics and stability levels, this does not preclude 
successful interconnection. Modern grid technologies and co-ordinated protection 
systems enable safe interconnection between systems of varying strengths, as 
demonstrated by successful interconnections worldwide between grids with 
different technical specifications. Advanced grid technologies enable real-time 
monitoring and control of bidirectional power flows, managing solar and wind 
generation variability while maintaining system stability. The APG and bilateral 
interconnection initiatives represent substantial opportunities to capture these 
proven benefits while addressing the affordability constraints identified in previous 
sections. 
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The role of the ASEAN Power Grid (APG) to facilitate VRE integration 

The APG has been one of the main pillars in the ASEAN Plan of Action for Energy 
Cooperation (APAEC) since its inception in 1997 as part of the ASEAN Vision 
2020. With the goal to drive energy security, accessibility and sustainability in the 
region, APG is seen by the ASEAN member states as a tool to meet the rising 
electricity demand more efficiently and securely through regional integration.  

The initiation and implementation of the first multilateral (uni-directional) power 
trade under the Lao PDR – Thailand-Malaysia-Singapore Power Integration 
Project (LTMS-PIP) was a key milestone of the APG which demonstrated the 
technical and institutional feasibility of cross-border trade in the region. This pilot, 
which has since been extended to be multidirectional, has shown the practical 
viability of regional power integration. Singapore's decarbonisation strategy relies 
heavily on such cross-border power trade, with the country actively developing 
multiple import projects to access regional renewable energy resources. Other 
multilateral initiatives, including the Brunei Darussalam-Indonesia-Malaysia-
Philippines (BIMP-PIP), are also under development as part of the broader 
regional effort to advance cross-border trade capabilities. 

The vision for the full development of the APG is discussed in the ASEAN 
Interconnection Masterplan Study (AIMS), with three editions completed to date 
(AIMS I-III), representing the co-ordinated efforts of the ASEAN member states to 
identify priority interconnections and advance APG.  

The APG can play a critical role in facilitating the integration of high shares of VRE 
in the region, delivering not only environmental benefits, but also economic and 
operational advantages. By expanding the balancing areas, the APG can help to: 

 Leverage geographical complementarity: By connecting diverse renewable 
resources and demand centres across the region, the APG can smooth out the 
variability of VRE generation and demand. APG would allow countries to export 
VRE surplus during periods of excess and import when local resources are 
insufficient to meet the demand  

 Support resource diversity and defer investment: The APG would allow 
different jurisdictions to access a broader pool of generation and flexibility 
resource cross borders, reducing their need to invest independently in their 
own generation and flexibility resources, particularly storage. Full regional 
interconnection could potentially reduce the need for solar generation capacity 
by up to 0.6 TW and more than 15 TWh of electricity and hydrogen storage.  
 

Despite these efforts, the APG remains only partially developed. Key barriers – 
including political will, regulatory and institutional arrangements, and grid financing 
– still need to be addressed to unlock its full potential. Additional challenges include 

https://www.ema.gov.sg/news-events/news/media-releases/2024/singapore-doubles-power-import-capacity-under-ltms-pip-phase-2?utm_source=chatgpt.com
https://www.dnv.com/publications/asean-interconnector-study/
https://www.dnv.com/publications/asean-interconnector-study/
https://www.iea.org/reports/establishing-multilateral-power-trade-in-asean
https://aseanenergy.org/wp-content/uploads/2024/12/Policy-Brief-II_Addressing-Financing-Challenges-for-Cross-border-Transmission-Projects.pdf
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establishing clear frameworks for renewable energy certificate (REC) accounting 
in cross-border renewable energy trade, which remains underdeveloped across 
the region. The finalisation of APAEC 2026–2030 and the renewal of the APG 
MOU in 2025 is expected to facilitate the development of APG by addressing these 
key challenges, particularly facilitating the development of protocols on regional 
institutions, market development and infrastructure planning. On financing, the 
establishment of a dedicated APG Financing initiative by the ADB and World Bank 
to expedite cross-border connections infrastructure by mobilising, arranging and 
deploying financing in collaboration with the ASEAN member states will be very 
advantageous. 

https://aseanenergy.org/publications/the-8th-asean-energy-outlook/
https://aseanenergy.org/publications/the-8th-asean-energy-outlook/
https://www.adb.org/where-we-work/southeast-asia/asean-power-grid
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Chapter 3. Policy and Regulatory 
Framework 

Southeast Asia can successfully transform its power system to reliably and 
affordably meet growing electricity demand. This is possible with a progressive 
approach that aligns VRE integration measures with local contexts. It also involves 
building the technical and institutional capabilities to manage effectively higher 
VRE penetrations.  

This chapter outlines a practical implementation roadmap with actionable steps 
for key stakeholders in Southeast Asia. These include policymakers, regulators, 
regional bodies and utilities. The roadmap draws on the regional opportunities 
identified in Chapter 2, global experience in navigating from low to higher phases 
of VRE integration and the current readiness assessment from Chapter 1.  

The roadmap is organised around three types of actions that can build upon each 
other: foundational actions that establish basic policy and regulatory 
frameworks, enabling actions that implement systems and capabilities for 
effective VRE integration and transformational actions that drive advanced 
system transformation. These actions are structured across three time periods: 
near-term (2025-28) based on countries' current readiness and 2030 ambitions, 
medium-term priorities (2028-30) focused on progression towards stated goals 
and longer-term preparation (post-2030). Regional interconnection represents a 
parallel opportunity throughout, offering pathways to reduce costs and enhance 
energy security regardless of individual country phases. 

Implementation priorities for different phases 
of VRE integration 

Global experience shows that successful VRE integration works best when 
countries move through types of actions in sequence, corresponding to different 
VRE integration phases: 

 Foundational actions: Establish core policy and regulatory frameworks and 
technical standards that create the institutional foundation for VRE 
deployment. These actions are essential for countries in phases 1-2 where the 
focus is on building basic capabilities and frameworks for initial VRE 
deployment. 

 Enabling actions: Implement operational capabilities, market mechanisms 
and infrastructure to manage VRE effectively. These actions become critical 
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for countries entering phase 3, where VRE begins to require active system 
management and flexibility resources. 

 Transformational actions: Deploy advanced technologies, cross-sector 
integration and sophisticated market designs that optimise high-VRE system 
performance. These actions are necessary for countries approaching 
phases 4 and beyond, where very high VRE penetration demands system 
transformation. 

 

Implementation priorities by readiness level and expected phase of VRE 
integration 

 
IEA. CC BY 4.0. 

 

Countries typically need to complete foundational actions before effectively 
implementing enabling actions and successfully deploying transformational 
actions. However, specific priorities of actions depend on both current readiness 
levels and 2030 ambitions, with some countries needing to accelerate through 
multiple action types simultaneously to reach their goals. 

Based on our assessment from Chapter 2, the ASEAN member states are 
expected to progress through VRE integration phases at varying rates over the 
next decade, reflecting different starting points, resource endowments, policy 
frameworks and economic conditions. This varied timeline highlights the 
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collective benefits. 
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ambitious targets relative to their current readiness face the most intensive 
implementation efforts and require accelerated action across multiple fronts. 
Countries with conservative targets relative to their readiness may have 
opportunities to aim higher or focus on building robust foundations. 

The ASEAN member states will face different levels of VRE integration challenges 
through 2030 depending on their current readiness to integrate VRE and expected 
phases based on renewables targets. 

Early-stage readiness countries (Brunei Darussalam, Cambodia, Lao PDR, 
Myanmar) are expecting to be in phases 1-2 by 2030, requiring steady progress 
through foundational capabilities and frameworks and enabling actions to get their 
readiness to tackle future VRE challenges.  

Mid-stage readiness countries (Indonesia, Malaysia, Thailand, Viet Nam) 
present more complex trajectories. Viet Nam, which is expected to be in phase 3 
in 2030, is already experiencing phase 3 challenges today but lacks sufficient 
readiness, creating the urgency of implementing enabling measures. Indonesia, 
which is likely to remain in phase 1 in 2030, faces the steepest acceleration. It is 
expected to leap to phase 3 by 2035, but this is complicated by fragmented grids, 
with some islands already experiencing phase 2-3 challenges. Malaysia and 
Thailand have more manageable progressions and are expected to be in phases 
1 and 2, respectively, by 2030, with both progressing to phase 2 by 2035. Given 
their mid-stage readiness, both countries can begin to consider enabling actions 
and potentially pursue more ambitious renewable energy targets.  

High readiness countries (Singapore, the Philippines) present distinct 
challenges. The Philippines faces a triple challenge as it would undergo the 
transition from phase 2 in 2030 to phase 4 by 2035, while simultaneously 
managing multiple island systems, some of which are not interconnected, at 
different phases and navigating the steepest system transformation requirements. 
Singapore presents a unique case as it would remain in phase 1 by 2030, despite 
high readiness, reflecting limited domestic VRE growth rather than technical 
constraints. Singapore plans to increase the share of VRE through imports, which 
requires efforts to build strong importing capability including physical infrastructure 
and regulatory frameworks and regional co-ordination. Singapore actively 
supports regional electricity trade within ASEAN, leveraging its advanced system 
capabilities.  

This varied landscape highlights the importance of tailored approaches whilst 
maintaining regional co-ordination for collective benefits. 
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Priority action by country readiness level and time period 

Country 
group Primary focus Key recommendations Implementation 

priority 

Early-stage 
readiness 

(BRN, KHM, 
LAO, MMR) 

Foundational 
actions 

 

R1: Set policy frameworks to support ambitious 
VRE targets 
R2: Enhance energy efficiency regulations 
R3: Establish grid codes, compliance 
frameworks and build basic operational 
capabilities 
R4: Co-ordinate government-utility grid 
infrastructure planning 

Near-term (2025-2028) 

Mid stage 
readiness 

(IDN, MYS, 
THA, VNM) 

Enabling actions 

R5: Develop flexibility procurement mechanisms 
R6: Foster investment in diverse flexibility 
resources 
R7: Enhance power system infrastructure and 
operation practices 
R8: Enable flexible operation of conventional 
power plants 
R9 Reform system planning and adequacy 
assessment 

Near to medium-term 
(2025-2030) 

High 
readiness 

(SGP, PHL) 

Transformational 
actions 

R10: Map out policies to mobilise power system 
transformation 
R11: Reform markets and tariff structures 
R12: Build capabilities to handle complexities of 
a future power system 
R13: Deploy advanced system transformation 
capabilities 

Medium to long-term 
(2028-post 2030) 

All Countries Regional co-
ordination 

R14: Strengthen regional co-ordination 
platforms 
R15: Sustain regional implementation progress 
R16: Develop roadmaps to harmonise trading 

Continuous parallel 
process  

IEA. CC BY 4.0. 

Implementation priorities for systems in 
phases 1-2 (Foundational actions) 

Foundational actions establish the basic institutional, policy and technical 
frameworks that create the foundation for successful VRE integration. These 
actions are essential for all countries but represent the near-term priority for 
countries in phases 1-2 where the focus is on building basic capabilities and 
frameworks for initial VRE deployment. 

R1: Set policy frameworks that support a clear path to 
achieve VRE integration targets 

Establish clear policy frameworks that enable continued VRE deployment 
and investment confidence. Investment decisions, technology choices and 
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infrastructure planning all depend on policy certainty over multi-year timeframes. 
Specifically, ambitious VRE targets with supporting policy measures provide a 
coherent roadmap, giving confidence to investors. 

Competitive procurement mechanisms are increasingly driving the most 
cost-effective VRE deployment while Southeast Asia relies on regulated 
approaches. Almost 84% of global renewable utility-scale capacity growth 
projected between 2024 and 2030 is policy-driven deployment. Excluding China, 
auctions and tax credits serve as the primary drivers of utility-scale solar and wind 
growth. Although many ASEAN member states are introducing competitive 
mechanisms such as corporate PPAs and auction schemes, the operational 
frameworks to execute them remain weak compared to regulated approaches like 
FiTs and net metering. Southeast Asia accounts for only 2% of global clean energy 
investment, highlighting significant potential for growth through more effective 
policy measures. 

Successful regional examples demonstrate competitive approaches' 
effectiveness, but require government co-ordination for implementation. 
The Philippines’ Green Energy Auction Programme demonstrates how 
competitive approaches can drive down costs and scale up renewable capacity. 
Countries including Malaysia, Singapore, Viet Nam and Thailand are moving 
towards corporate PPAs with third-party access to unlock renewable investment. 
Government co-ordination with regulators and utilities is essential for establishing 
transparent procurement processes, improving bankability of PPAs and creating 
regulatory clarity that reduces investment risks. 

R2: Enhance energy efficiency regulations to reduce 
electricity demand, grid capacity requirements and 
enable future flexibility 

Update appliance standards and building codes to reduce electricity 
demand and enable future grid integration. Energy efficiency, often called the 
“very first fuel”, is a cost-effective, proven strategy to reduce electricity demand, 
lowering energy bills and reducing pressure on power systems. Most technologies 
are market-ready with large potential in the buildings and transport sectors. 
Updating appliance standards now offers the greatest opportunity for long-term 
impact, as appliances purchased today will remain in use for decades across 
Southeast Asia's rapidly electrifying economy. Embedding demand-response 
readiness in new standards prepares the foundation for grid-responsive 
capabilities that support VRE integration as grid infrastructure develops. 
Government action should focus on updating building codes, setting appliance 
efficiency standards and creating regulatory frameworks that enable future grid 
integration through co-ordination with regulators and utilities. 

https://iea.blob.core.windows.net/assets/45704c88-a7b0-4001-b319-c5fc45298e07/Renewables2024.pdf
https://iea.blob.core.windows.net/assets/45704c88-a7b0-4001-b319-c5fc45298e07/Renewables2024.pdf
https://www.iea.org/reports/renewables-2024
https://iea.blob.core.windows.net/assets/a40688e2-4861-433d-bf2b-493c0db33f56/WorldEnergyInvestment2025.pdf
https://iea.blob.core.windows.net/assets/a40688e2-4861-433d-bf2b-493c0db33f56/WorldEnergyInvestment2025.pdf
https://legacy.doe.gov.ph/press-releases/doe-successfully-conducted-3rd-green-energy-auction-round
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R3: Ensure technical standards and enhance operational 
capabilities for secure and efficient power systems 

Develop updated grid codes with detailed VRE performance requirements to 
enable renewable integration that protects existing infrastructure. Grid codes 
must specify technical requirements for VRE plants including fault ride-through 
capability, voltage and reactive power control, and communication interfaces. 
These codes need to safeguard today's system whilst anticipating future 
requirements. Detailed technical requirements, implementation benefits and 
regional examples are provided in Annex D. 

Establish compliance monitoring frameworks to ensure VRE installations 
meet safety and performance requirements throughout plant lifetime. 
Countries need compliance-testing procedures, certification processes for VRE 
equipment and ongoing monitoring frameworks. Regional examples include 
Malaysia's Guidelines for Large Scale Solar Plants and the Philippines' reactive 
power support standards, with more details available in Annex D. 

Implement basic operational capabilities in forecasting and dispatch to 
create the foundation for initial VRE deployment and future operational 
enhancement. Basic VRE forecasting provides essential visibility for operational 
planning. Countries should incorporate forecasting into dispatch processes and 
implement hardware and software that enable dispatch optimisation. Applying 
economic dispatch principles ensures efficient utilisation of available generation 
resources. This creates foundations for the operational enhancements needed as 
VRE penetration increases. 

R4: Establish co-ordinated grid infrastructure planning 
between government and utilities 

Establish co-ordinated planning processes that align government policy 
frameworks with utility technical expertise. Grid plans become robust by 
testing them against scenarios for supply and demand trajectories, grid 
configuration options and regional interconnection possibilities. This provides the 
foundation for infrastructure investments that deliver value across different 
possible futures.  

Energy ministries, regulators and planning authorities must work together 
to create grid development plans with clear timelines and technical 
specifications. The Philippines’ Transmission Development Plan demonstrates 
this approach. The National Grid Corporation co-ordinates annually with the 
Department of Energy to align grid infrastructure with the country's Clean Energy 
Scenario and broader energy policy objectives. Australia's Integrated System Plan 
and the UK’s Future Energy Scenarios provide examples of testing transmission 

https://www.st.gov.my/contents/files/download/154/Guidelines%20on%20Large%20Scale%20Solar%20PV%20Plant%20for%20Connection%20to%20Electricity%20Network.pdf
https://legacy.doe.gov.ph/philippine-grid-code
https://legacy.doe.gov.ph/philippine-grid-code
https://www.ngcp.ph/Attachment-Uploads/TDP%202024-2050%20FINAL%20REPORT-2025-03-11-10-41-01.pdf
https://aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/integrated-system-plan-isp
https://www.neso.energy/publications/future-energy-scenarios-fes
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scenarios against different renewable energy and demand futures to identify 
priority infrastructure investments with clear timelines. Co-ordinated planning 
between government renewable energy targets, utility grid development 
capabilities and VRE deployment timelines ensures that renewable energy 
investments can be fully utilised while maintaining system reliability and security.  

Implementation priorities for systems in 
phase 3 (Enabling actions) 

Enabling actions implement the operational capabilities, market mechanisms and 
infrastructure systems that allow countries to effectively manage variable 
renewable resources. These actions become critical for countries moving through 
phases 1-3 and are essential for phase 3, where VRE variability begins to require 
active system management and flexibility resources. 

R5: Develop mechanisms to procure flexibility and create 
viable business cases for flexibility services 

Establish clear incentive mechanisms and update regulatory frameworks to 
value and procure essential system services, tailored to each country’s 
market structure. This requires defining and quantifying specific system services 
needed to support grid stability and reliability. Countries should establish 
transparent procurement processes and provide valuation mechanisms that 
enable service providers to build viable business cases. Countries can define 
specific technical requirements for system services such as frequency response 
or ramping products. Establishing competitive processes for procuring these 
services provides market-based price discovery. Compensation mechanisms 
such as availability payments for being ready to provide services plus performance 
payments for actual delivery are essential to create viable revenue streams.  

Create transparent procurement processes and market rules that facilitate 
fair competition among flexibility providers. Regulatory frameworks should 
also establish rules and licenses for emerging business models such as EV smart 
charging, BESS grid codes and connection rules, and distributed energy resource 
aggregator licenses. They should also create data-sharing protocols between 
utilities to remove barriers for new flexibility services. Flexibility procurement 
mechanisms should consider all available resources, including existing 
dispatchable plants and demand response, to optimise system flexibility. 

The Philippines demonstrates this approach through both the Reserve Market and 
the Ancillary Services Procurement Agreement (ASPA) contracting framework. 
The reserve market, which entered full commercial operation in January 2024, co-
optimises energy and reserve offers to determine the most cost-effective mix of 

https://www.iemop.ph/market-development/
https://www.ngcp.ph/Attachment-Uploads/Customer%20Bulletin%20No%202023-32%20NGCP%20ASPA%20with%20UPSI%20%28Lamao%20BESS%29-2023-09-05-13-46-35.pdf
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energy and ancillary services. These mechanisms have encouraged greater 
private sector participation and stimulated investment in flexibility resources, 
particularly BESS. 

R6: Establish stable investment signals for diverse 
flexibility providers 

Remove regulatory barriers and create supportive policy environments that 
unlock private sector investment in flexibility resources. As renewable energy 
shares grow, power systems need diverse flexibility options that private sector can 
deliver, including distributed energy resources, BESS, gas turbines, virtual power 
plants and aggregator services. Removing regulatory barriers means establishing 
fair market access rules, allowing market participation of new flexibility resources, 
and ensuring different flexibility providers can compete on equal terms. Supportive 
policy environments include setting specific distributed energy resource targets in 
national power development plans, updating procurement policies to favour 
integrated solutions like solar-plus-storage projects, and implementing tariff 
reforms such as modernised time-of-use rates that provide appropriate price 
signals for flexibility deployment. 

Co-ordinated policy development across government departments provides 
consistent signals about market opportunities to unlock private investment 
in flexibility technologies. When energy ministries, finance departments, and 
planning agencies align their policies, private companies gain confidence to make 
long-term investments in flexibility technologies. This co-ordination becomes 
essential when flexibility resource development must align with renewable energy 
targets and grid infrastructure plans to ensure integrated system planning that 
maximises benefits from both public and private investments. 

R7: Enhance power system infrastructure and 
operational practices  

Ensure timely grid capacity development and digitalisation to meet growing 
electricity demand and support effective VRE integration. Grid capacity 
development is primarily needed to cater for growing electricity demand, whilst 
digitalisation provides real-time visibility into grid conditions and control over 
transmission assets. Dynamic Line Rating technology can maximise transfer 
capacity of existing transmission lines without major new investments, providing 
cost-effective enhancement of grid capacities as both demand and VRE 
penetration increase. 

Update grid codes regularly to reflect evolving system needs while 
balancing performance requirements with provision costs. As VRE 
penetration increases, their operational requirements evolve. Connection 
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standards and compliance frameworks must maintain system security whilst 
enabling efficient VRE integration. Regular updates ensure grid codes remain 
aligned with system capabilities and requirements. 

Enhance operational procedures to respond more quickly to system 
changes. This requires improved VRE and demand forecasting capabilities - 
while many countries including the Philippines, Singapore, Malaysia and Thailand 
have established VRE forecasting systems, though most only forecast days to six 
hours ahead. Countries should implement faster decision-making systems with 
shorter time intervals, as demonstrated by Philippines with 5-minute dispatch 
intervals. Real-time monitoring capabilities track actual system conditions against 
forecasts and schedules, enabling automated dispatch optimisation and 
continuous adjustments through advanced hardware and software systems. 
Additional details on forecasting system capabilities and operational 
improvements across the region are provided in Annex D. 

R8: Enable flexible operation of conventional power 
plants  

Co-ordinate improvements across plant performance, market operations 
and system control capabilities to enable flexible operation of conventional 
power plants. Countries can retrofit existing power plants to operate more flexibly 
to respond to changing electricity demand by lowering minimum generation levels, 
increasing ramp rates and shortening start-up times. Studies in Thailand, Viet Nam 
and Indonesia indicate the technical and economic feasibility of enhancing thermal 
plant flexibility, though implementation strategies vary by country. 

Many countries including Indonesia, Thailand, Viet Nam, Lao PDR and the 
Philippines face limitations from inflexible long-term PPAs that hinder VRE 
integration. Traditional PPAs typically focused on energy delivery and capacity 
availability, but modern flexible contracts include ramping requirements, part-load 
efficiency standards, or payments for ancillary services. Incorporating flexible 
operation requirements when negotiating new contracts ensures future assets can 
respond to system needs. Countries can prioritise operational flexibility 
improvements at existing utility-owned thermal plants to avoid contractual 
complications. 

R9: Reform system planning and adequacy assessment 
Adapt system adequacy assessment methods to account for variability and 
uncertainty of demand and supply. With rising VRE penetration and growing 
uncertainty on both the supply and demand side, system adequacy assessments 
must evolve beyond traditional deterministic methods. Malaysia, Thailand and Viet 
Nam have moved from traditional reserve margin approaches towards more 

https://www.iea.org/reports/thailand-power-system-flexibility-study
https://www.undp.org/vietnam/press-releases/transition-pathways-vietnams-major-coal-thermal-power-plants
https://iesr.or.id/wp-content/uploads/2025/04/RFP-Research-Consultant-for-Coal-Flex-Technological-Assessment.pdf
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sophisticated, probabilistic assessments such as LOLP, LOLE and EENS10 that 
better capture the uncertainty of power systems. As Southeast Asia is highly 
exposed to severe weather events including typhoons, floods and extreme heat, 
integrating the risk of climatic events into planning is essential to ensure system 
security. Internationally, many system operators have been using stochastic 
metrics in adequacy assessments to ensure a reliable system such as the Electric 
Reliability Council of Texas, Australian Energy Market Operator and European 
Network of Transmission System Operators for Electricity. 

Systems preparing for a high VRE future at 
phase 4 and above (Transformational 
actions) 

Transformational actions deploy advanced technologies, cross-sector integration 
and sophisticated market designs that optimise high-VRE system performance. 
These actions are necessary for countries approaching phases 4-5, where very 
high VRE penetration demands comprehensive system transformation and 
advanced operational capabilities. 

R10: Map out policies needed to mobilise the power 
system transformation  

Develop comprehensive flexibility deployment roadmaps to guide when and 
how different flexibility resources will be needed as countries approach high 
phases of VRE integration. These roadmaps should quantify flexibility needs, 
indicate deployment timelines and consider procurement methods for different 
flexibility options including demand response programs, large-scale storage 
systems and flexible generation resources. Creating flexibility deployment 
roadmaps helps countries understand the scale and timing of investments needed 
to support high VRE penetration levels. 

Establish streamlined permitting processes and co-ordinate VRE and 
demand development locations to enable system-friendly deployment at 
scale. As VRE deployment increases, ensuring that new projects are developed 
in locations and configurations that support grid integration becomes essential for 
efficiently maintaining system security. The Philippines has introduced 
Competitive Renewable Energy Zones (CREZ), which are designated areas with 
high renewable resource potential and streamlined permitting processes, 
demonstrating how co-ordinated planning can facilitate grid-compatible renewable 

 
 

10 LOLP (Loss of Load Probability): probability that demand exceeds available generation capacity; LOLE (Loss of Load 
Expectation): expected number of periods per year when supply is inadequate; EENS (Expected Energy Not Served): 
expected amount of energy not supplied due to generation shortfalls. 

https://legacy.doe.gov.ph/renewable-energy/ready-renewables-grid-planning-and-competitive-renewable-energy-zones-crez
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development. Countries can establish similar approaches that consider grid 
constraints, transmission capacity and system requirements to ensure large-scale 
VRE deployment enhances rather than challenges system stability. 

R11: Align and map market and regulatory reforms with 
power system transformation  

Implement targeted market and regulatory reforms that work within current 
frameworks rather than requiring complete restructuring. These reforms 
should include transparent mechanisms to value and procure system services, 
focusing on incremental adjustments that enable higher renewable integration. 
Regulatory frameworks must evolve to accommodate new technologies like BESS 
and advanced grid enhancing devices while providing clear incentive mechanisms 
for flexible power plants and demand response providers to deliver essential 
system services. 

Reform electricity tariff structures to support grid investments while 
maintaining affordability for consumers. High renewable penetration requires 
grid upgrades and new flexibility resources, creating cost recovery challenges. As 
many households across Southeast Asia already spend a considerable share of 
their income on electricity bills, tariff reforms must carefully balance the need to 
recover infrastructure investment costs with affordability. Options for managing 
these costs include shifting some infrastructure investments to government 
budgets, recognising that grid modernisation drives economic growth and long-
term energy supply cost savings that benefit the broader economy.  

Expand green finance eligibility to include grid infrastructure investments 
essential for VRE integration. Creating green taxonomies that include 
transmission lines, storage systems and grid modernisation investments could 
open access to green and sustainable finance from banks and development 
institutions. ASEAN member states can build on existing frameworks such as the 
ASEAN Taxonomy for Sustainable Finance to ensure that grid investments 
needed to support renewable integration receive appropriate recognition in 
sustainable finance classifications. Clear definitions help investors understand 
which grid projects qualify for green financing, while transparent criteria ensure 
that infrastructure investments genuinely support renewable energy deployment. 

R12: Build capabilities to deal with the complexities of a 
future power system  

Build comprehensive operational capabilities to manage increasing power 
system complexity. This entails the establishment of forecasting capabilities that 
can handle greater uncertainty and variability across generation, demand and grid 
operations as the system evolves with electrification and digitalisation. It also 

https://asean.org/book/asean-taxonomy-for-sustainable-finance-version-3/
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requires real-time operational capabilities to co-ordinate diverse flexible resources 
including storage, demand response and distributed generation across 
transmission and distribution networks. Investments in workforce development for 
data science, power system analytics and cross-sector energy planning is critical, 
supported by partnerships with technology providers and research institutions to 
access emerging grid management solutions and operational expertise. 

Assess system-level grid stability requirements and ensure adequate 
sources to provide essential functions as conventional generation is 
displaced by VRE. Countries need to evaluate what grid stability services are 
required across their power system and consider implementing solutions such as 
synthetic inertia, reactive power support, and grid-forming capabilities based on 
their specific needs. This may involve deploying monitoring systems such as 
Phasor Measurement Units (PMU) and Wide Area Monitoring Systems (WAMS) 
to track system conditions in real-time. Response plans including advanced 
operational capabilities and emergency protocols should be developed based on 
system requirements. These capabilities, combined with power flow forecasting 
for advanced operational planning, enable system operators to maintain reliability 
and security with very high renewable penetration levels. 

Implement practical approaches to address supply chain and climate 
resilience challenges for grid infrastructure deployment. Transmission lines, 
substations and interconnectors face significant logistics challenges that can delay 
projects and increase system costs, particularly when connecting utility-scale solar 
and wind projects in remote areas. Strategic approaches include adopting modular 
and scalable grid components that facilitate transport and assembly, implementing 
supplier-managed inventory models that reduce procurement bottlenecks and 
establishing regional manufacturing or assembly hubs that shorten delivery times 
whilst building local technical capacity. 

R13: Deploy advanced system transformation 
capabilities 

Develop comprehensive power system transformation roadmaps to guide 
co-ordinated planning of multiple resources. These roadmaps outline the 
staged deployment of flexibility providers including BESS, pumped hydro storage, 
long-duration energy storage, vehicle-to-grid services and power-to-hydrogen, 
while accounting for transmission infrastructure development. 

Integrate planning across different sectors to align power system 
development with decarbonisation and regional energy security objectives. 
As electrification of transport, heating and industry accelerates, integrated and co-
ordinated planning can align grid expansion and flexibility resource deployment 
with changing demand patterns. Countries approaching high VRE phases need to 
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consider how electricity system transformation interacts with broader economic 
decarbonisation, ensuring that power system development supports rather than 
constrains overall decarbonisation efforts. 

Regional interconnection 
Regional interconnection offers strategic benefits for system optimisation as 
presented in Chapter 2. While countries pursue individual VRE integration at 
different paces, regional interconnection runs as a parallel track requiring 
sustained multilateral effort. The APG initiative provides the institutional 
framework for this co-ordination, aiming to enhance regional energy security and 
optimise resource sharing across the region. The inherently cross-border nature 
of regional interconnection means that progress depends on collective 
commitment and co-ordinated action rather than individual country readiness. This 
framework identifies priority actions across near-term (2025-28), medium-term 
(2028-30) and long-term (beyond 2030) timeframes to build the institutional 
capabilities, technical standards and cross-border frameworks needed for 
successful regional integration. 

Recommendations regional power interconnection and integration time period 

 

IEA. CC BY 4.0. 
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• Strengthen ASEAN coordination 
bodies with clear mandates and 
actionable cross-border electricity 
trade roadmaps

• Implement adaptive cross-border 
co-ordination with performance 
metrics and lessons learned

• Establish standardised 
frameworks for cross-border 
electricity trading, cost recovery, 
and investment assessment

• Create phased implementation 
plans for priority interconnection 
projects 

• Align grid code requirements and 
establish transparent cross-border 
power trading frameworks

• Develop frameworks for 
addressing currency risks and 
regulatory differences 

• Create phased roadmaps for 
regulatory harmonisation and 
standardised cross-border project 
assessment

• Co-ordinate transmission planning 
with neighbouring systems and 
ensure timely cross-border 
development

• Foster regional capabilities for 
complex power system 
management through digital co-
ordination platforms 

• Ensure timely cross-border 
infrastructure development and 
regional emergency response 

• Participate in coordinated grid 
planning and share VRE 
integration best practices
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Strengthen regional co-ordination platforms for cross-
border electricity trade in the near term (2025-28) 

Enhance existing co-ordination platforms to be more effective in planning 
and implementing large-scale infrastructure for interconnectors with clear 
mandates, deliverables and timelines to ensure sustained progress in 
regional integration. These platforms should go beyond high-level dialogues and 
be structured as working groups or steering committees that enable actionable 
implementation rather than just policy discussions. Existing ASEAN energy co-
ordination bodies like the ASEAN Secretariat, ASEAN Centre for Energy, ASEAN 
Power Grid Consultative Committee, ASEAN Energy Regulators' Network and 
Heads of ASEAN Power Utilities/Authorities provide the foundation that can be 
further strengthened through mechanisms for regular progress reviews and 
adaptation of strategies. Co-ordination platforms should balance the 
representation of all participating countries and establish equitable benefits to 
maintain long-term commitment and political support. Setting a consistent cross-
border power trading framework, starting from bilateral trading in the near term, 
provides the foundation for broader regional market development, as 
demonstrated by initiatives like the Lao PDR-Thailand-Malaysia-Singapore Power 
Integration Project. 

Developing actionable roadmaps for cross-border electricity trade requires 
identifying priority interconnection projects based on regional system 
assessments that consider technical, economic and strategic factors. Establishing 
phased implementation plans with clear milestones and responsibilities enables 
the tracking of progress and identification of bottlenecks, as demonstrated by the 
ASEAN Power Grid Advancement Programme approach to structured regional co-
operation. Creating frameworks for addressing the unique challenges of cross-
border investments, including currency risks, regulatory differences and cost and 
risk allocation between participating countries, can help resolve institutional 
challenges that often delay regional projects. Regional or multilateral institutions 
can play important roles in facilitating these complex negotiations. 

Sustain regional implementation progress through 
adaptive co-ordination in the medium term (2028-30) 

Implement adaptive management approaches that sustain progress in 
cross-border integration through continuous learning and adjustment. 
Regional integration requires ongoing co-ordination that can adapt to changing 
circumstances and emerging challenges. Regular reviews of implementation 
progress against established milestones enable regions to apply lessons learned 
and recalibrate approaches and timelines as needed to maintain momentum. 
Developing performance metrics to track the effectiveness of regional integration 

https://www.energytransitionpartnership.org/projects/strengthening-regional-cooperation-for-the-implementation-of-the-apg-ap-towards-accelerating-energy-transition/
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efforts, whilst co-ordinating among all stakeholders and related initiatives, helps 
regions progress towards a common goal. For example, the Agency for the 
Cooperation of Energy Regulators in Europe demonstrates this adaptive approach 
through annual monitoring reports that track cross-border capacity utilisation and 
market integration progress, regularly updating methodologies and 
recommendations based on emerging challenges such as rising congestion costs 
and delays in implementing market design changes. 

Ensure timely development of grid infrastructure that delivers secure 
electricity to the growing demand. While grid planning in Southeast Asia 
currently remains primarily domestic or bilateral, regional bodies can work to co-
ordinate and align grid development plans gradually based on evolving regional 
needs, adjusting timelines and priorities as renewable deployment accelerates 
and demand patterns change. This ongoing planning process involves continuing 
efforts to harmonise technical aspects such as grid codes, operating procedures 
and trading rules to enable secure electricity trade across borders. Even with 
adaptive planning and technical alignment, securing and optimising funding for 
priority interconnection projects remain challenging due to complex co-ordination 
requirements between several parties and many financiers which are not typically 
set up for this type of investment. National laws and regulations in Southeast Asia 
are generally not set up to encourage this type of investment and green 
taxonomies are not typically inclusive of grid-to-grid investments. Australia’s 
“Rewiring the Nation” programme demonstrates how dedicated financing 
mechanisms can address these challenges, providing finance at concessional 
rates through the Clean Energy Finance Corporation (CEFC) to minimise the costs 
of critical grid investments and enable projects that might otherwise struggle to 
secure funding. Although such fiscal resources may not be readily available in 
emerging market and developing economies, this model highlights the need for 
alternative financing mechanisms. 

Develop roadmaps to harmonise trading across 
interconnected borders (beyond 2030) 

Establish regional frameworks to enable cross-border trade across different 
electricity market structures. Fundamental to this are regional co-ordination 
mechanisms that create compatible trading interfaces between different national 
electricity systems, harmonise grid codes, align operating standards and co-
ordinate transmission planning practices. Where power transits through third 
countries, there must be consistent wheeling charge methodologies to ensure fair 
cost allocation for shared infrastructure use. This framework must accommodate 
both liberalised markets and state-controlled utilities by establishing standardised 
cross-border operational procedures – including common scheduling timelines, 
settlement mechanisms and data exchange protocols – that enable different 

https://www.acer.europa.eu/monitoring/MMR
https://www.dcceew.gov.au/energy/renewable/rewiring-the-nation
https://www.cefc.com.au/
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national systems to trade effectively while providing the business case for cross-
border transmission infrastructure investment. 

Establish common transmission cost recovery principles for investment 
recovery and regulatory harmonisation. The ASEAN member states will need 
phased roadmaps for regulatory harmonisation and grid code alignment that 
enable cross-border electricity trade while respecting national sovereignty and 
regulatory autonomy, using incremental approaches where grid codes and trading 
rules are progressively revised and adapted to achieve higher levels of regional 
integration through step-by-step implementation. In parallel, they must establish 
regionally-agreed principles for transmission cost recovery that address cases 
where transmission investments benefit not only the country where the investment 
takes place but also its neighbours, in a manner comparable to the EU's cross-
border cost allocation mechanism. These principles can be implemented 
domestically according to each country's institutional structure, whether through 
market mechanisms, regulated tariffs, or government budgets. Standardised 
approaches for cross-border project assessment and financing that work across 
different regulatory frameworks must be agreed upon; where power transits 
through third countries, consistent methodologies for cost allocation and wheeling 
charges that support bankable investment cases for interconnector development 
are needed. 
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Annexes  

Annex A. ASEAN member state market 
frameworks and policy ambitions 
Market frameworks and key system operation practices of the ASEAN member states 

 Market structure Procurement of 
system services 

Dispatch 
interval Gate closure 

Brunei 
Darussalam Vertically integrated No formal market 60-min N/A 

Cambodia Single buyer No formal market 60-min N/A 

Indonesia Single buyer No formal market 60-min N/A 

Lao PDR Single buyer No formal market 60-min N/A 

Malaysia Single buyer No formal market 30-min N/A 

Myanmar Single buyer No formal market 60-min N/A 

Philippines Liberalised market Market + contract 5-min 9-min ahead 

Singapore Liberalised market Market + contract 30-min 65-min before dispatch 

Thailand Single buyer No formal market 30-min N/A 

Viet Nam Single buyer + retail 
competition No formal market 30-min N/A 

IEA. CC BY 4.0. 

Notes: Dispatch interval refers to a given time interval in which generators are scheduled to operate. For market-based 
systems, the dispatch interval determines how often the market operator clears bids and schedules generation. In non-
liberalised markets, the dispatch interval refers to the period during which system operators issue dispatch instructions to 
generators. However, they may re-dispatch at any desired time according to system needs. Gate closure timing is only 
applicable to liberalised markets. N/A – Not applicable. 

 

Targets and policy measures to support the development of renewable energy in the 
ASEAN member states 

 Renewable target Carbon neutrality 
/ NZE 

Policy measures for 
renewable energy 

deployment 
Fossil fuel transition 

Brunei 
Darussalam 

30% share of 
renewables in installed 

capacity by 2035 
NZE by 2050 Net metering 

Ceasing new permits 
for and construction 
of unabated coal-
fired generation 

Cambodia 

70% share of 
renewables in total 

installed capacity by 
2030 

Carbon neutrality 
by 2050 Tax holidays  
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 Renewable target Carbon neutrality 
/ NZE 

Policy measures for 
renewable energy 

deployment 
Fossil fuel transition 

Indonesia 

34% share of 
renewables in total 

installed capacity by 
2034 and 73% by 2060 

NZE by 2060 Net metering, 
tax exemptions 

No development of 
new coal power 

plants, except for 
plants that were 

already included in 
the RUPTL pipeline. 

Lao PDR 

30% share of 
renewables in total 

energy consumption by 
2025 (without large 

hydropower). 

NZE by 2050. Tax holidays  

Malaysia 

30% share of 
renewables in total 

installed capacity by 
2030, 70% of RE by 

2050. 

NZE by 2050. 
FiT, Green energy tariffs 
(GET), corporate PPA, 

solar auctions 

No new greenfield 
coal-fired power 

plants, accelerating 
coal phase out by 

2045. 

Myanmar 

9% share of 
renewables in total 

installed capacity by 
2030, 38% of 

hydropower in total 
installed capacity by 

2030. 

Partial NZE from 
LULUCF11 by 

2040. 

Tax waiver on production 
and distribution of 
renewable energy. 

 

Philippines 

35% share of 
renewables in 

electricity generation 
by 2030 and 50% by 

2040 

 FiT, Net metering, green 
energy auction Coal moratorium 

Singapore 
30% of renewables 
(import) in electricity 

supply by 2035 
NZE by 2050 Corporate PPAs 

  

Thailand 

51% share of 
renewables in 

electricity generation 
by 2037 (based on 
draft PDP 2024). 

Carbon neutrality 
by 2050, NZE by 

2065 

FiT, net billing, utility 
green tariff (UGT), direct 

PPA (pilot) 

No new coal-fired 
power plants after 

2030. 

Viet Nam 

28-36% of renewables 
in electricity generation 
by 2030 and 75% by 

2050 (excluding hydro) 

NZE by 2050 FiT, Direct PPA 
No new coal-fired 
power plants after 

2030. 

IEA. CC BY 4.0. 

 

 
 

11 Land Use, Land-Use Change and Forestry (LULUCF) refers to human activities impacting the carbon cycle of terrestrial 
ecosystems.  

https://unfccc.int/topics/land-use/workstreams/land-use--land-use-change-and-forestry-lulucf
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Annex B. Technical note on the phase 
assessment framework 

Overview 
This technical note outlines the methodology used to assess the integration of 
VRE into power systems, as part of the IEA’s phases of VRE integration 
assessment framework. The framework is designed to identify the operational 
challenges arising from increasing shares of solar PV and wind generation and to 
support tailored responses across different power system contexts. At the core of 
these challenges lies the need to maintain a continuous balance between 
electricity demand and supply - across all time scales, from seconds to minutes, 
hours and days. 

VRE technologies, due to their variable and non-dispatchable nature, introduce 
fundamental changes to power system operations. Unlike conventional 
generators, they do not intrinsically provide essential ancillary services such as 
inertia, short-circuit current and voltage control. 12  At the same time, demand 
patterns are also evolving due to the electrification of transport and heating, rising 
cooling loads and the expansion of data centres. Therefore, although the phase 
assessment focuses on the implications of increasing VRE shares, it also captures 
the growing impact of changes in electricity demand profiles. 

Importantly, the framework concentrates solely on system-level impacts. It does 
not account for localised issues at specific points of interconnection. The intent is 
not to offer a prescriptive or exhaustive list of conditions and responses, but rather 
to serve as a guiding tool to help identify the most likely challenges and 
corresponding solutions at different stages of VRE integration. Consequently, 
certain challenges associated with a particular phase may also be observed in 
systems classified under other phases. 

Rather than relying solely on the share of VRE, the assessment considers a wide 
range of system characteristics such as generation mix, demand profiles, system 
flexibility and resilience to disturbances. It offers a structured, yet flexible, 
approach to benchmarking progress and identifying integration priorities, 
particularly as systems transition towards higher levels of VRE penetration. 

In more advanced phases, the assessment also examines the frequency and 
magnitude of VRE generation surpluses and deficits, i.e. periods when generation 
either exceeds or falls short of demand. Additional factors influencing the phase 
classification include ramping needs, load and generation variability, behind-the-

 
 

12 VRE is able to provide ancillary services, such as voltage control and inertial response, if paired with advance controls. 

https://www.iea.org/reports/integrating-solar-and-wind/infographic-six-phases-of-variable-renewables-integration
https://www.iea.org/reports/integrating-solar-and-wind/infographic-six-phases-of-variable-renewables-integration
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meter (BTM) storage, demand-side response and interconnection capabilities. 
Notably, at low levels of VRE penetration, modest increases in generation may 
trigger a phase shift. Conversely, at higher VRE shares, more substantial 
increases are required, as other system attributes become more significant. The 
main objective of the framework is to identify system impacts that stem from the 
integration of VRE.  

Rationale 
The primary aim of the framework is to identify system-level impacts resulting from 
the integration of solar PV and wind generation. The framework comprises six 
phases, each associated with specific operational challenges and corresponding 
solutions. By situating a system within a particular phase, the framework supports 
the identification of priority integration measures and fosters knowledge exchange 
between systems in similar circumstances.  

The framework focuses on identifying broader system-level impacts, rather than 
isolated local incidents. It emphasises net load (load minus VRE generation) 
dynamics and incorporates contextual factors, such as generation mix and system 
size. The framework does not prescribe fixed thresholds to denote that a power 
system is in a particular phase. While the annual share of VRE serves as one of 
several indicators, short-term variability and system balancing challenges are also 
considered. 

Data sources  
For historical assessments, real-time data on electricity demand, solar PV and 
wind output generation and generation from all other sources are gathered from 
publicly available sources, typically market or system operation application 
programming interfaces. In addition, IEA's own modelling outputs – such as 
demand forecasts, capacity expansion scenarios and simulated hourly operation 
– are also considered where relevant. 

While the assessment is based on a quantitative analysis, it also considers 
qualitative system characteristics, including policy frameworks, market design and 
operational practices.  

Phase assessment process and considerations 
The assessment is primarily quantitative, centred on a set of indicators that 
evaluate a power system’s ability to balance demand and generation across 
multiple timescales. This includes analysis of hourly and sub-hourly (when 
available) demand and generation profiles by technology, system ramp rate 
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requirements (i.e. rate at which power output must be increased or decreased) 
and annual statistics such as total energy consumption and generation by source. 

Recognising the evolving nature of electricity usage – driven by the electrification 
of transport, heating, cooling and industrial processes – the framework also 
accounts for shifts in demand profiles. Beyond VRE penetration, the phase 
assessment incorporates broader system characteristics, including the generation 
mix (e.g. offshore/onshore wind, utility-scale and distributed solar PV), the 
correlation between VRE output and load patterns, system flexibility across 
timeframes and resilience to disturbances, particularly those affecting frequency 
control and system inertia. 

For higher phases, the evaluation includes the extent and timing of VRE 
generation surpluses or deficits (periods when generation exceeds demand or 
falls short), ramping needs and variability in both load and generation output, 
impact of BTM generation and storage and demand-side flexibility. 

Assessment approach 
The phase assessment evaluates system-level challenges across short-term and 
longer-term intervals. The following key indicators are assessed:  

 comparison of demand, solar and wind generation and net demand (demand 
minus VRE generation) 

 ramp rates (hourly and multi-hour ramp rates) and daily flexibility requirements 

 peak load versus peak net load, including their respective timing 

 large shifts in system inertia due to changes in dispatch on the supply side  

 indicators of daily ramping required from dispatchable, non-VRE generation  

 estimated curtailment volumes 

 incidences and durations of VRE surpluses exceeding local demand  

 frequency and duration of VRE deficits, periods where VRE generation is lower 
than local demand. 

 
These indicators help identify the degree and type of potential operational stresses 
introduced by increasing the penetration of VRE integration and inform the 
development of necessary flexibility and operational strategies to ensure a reliable 
power system. 
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Annex C. Approach to assess VRE 
integration readiness 
 

The readiness of each ASEAN member state to integrate variable renewable 
energy (VRE) was assessed on the basis of key policies and regulatory and 
operational measures essential to ensure the security and cost-effectiveness of 
the power system. The assessment considers six main VRE integration measures, 
each of which consists of a set of specific factors. Each factor was evaluated in 
the context of each ASEAN member state based on its current policy and 
regulatory settings to develop a readiness score for each of the six measures.  

In our analysis, we evaluated measures and policies in place for the specific 
country based on publicly available information and inputs from key stakeholders, 
including government agencies, regulatory bodies, utilities, private sector actors 
and local experts. Insights were gathered through consultation and targeted 
surveys. 

The measures and the factors considered are outlined below: 

Enhancing power plant flexibility: This measure evaluates the flexibility of 
conventional generation to accommodate VRE. Key factors include:  

 retrofitting existing conventional plants, 

 flexible fuel contracts and power purchase agreements (PPAs),  

 increasing VRE technical requirements. 

 
Accurate forecasting: Accurate forecasting with appropriate time granularity is 
key to managing uncertainty and variability of VRE generation output and 
maintaining system stability. The factors assessed include the ability to forecast: 

 VRE generation, 

 conventional power plants netload, 

 power flows. 
 

Implement demand-side measures: Demand-side flexibility plays a vital role in 
unlocking the full value VRE generation potential. Key factors include:  

 industrial, commercial and residential demand response,  

 new EV technologies such as smart charging and vehicle-to-grid (V2G), 

 planned geographical distribution of VRE generation units. 
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System operation practices and market framework: This measure focuses on 
market and operational mechanisms to support VRE integration. Factors include:  

 ancillary and balancing services mechanisms,  

 VRE curtailment,  

 least cost dispatch with short intervals (i.e. sub-hourly) subject to must-run, 

 close to real-time gate closure, 

 enhancing the use of interconnection. 
 

Mechanisms to enhance grid capacity and use: To enhance grid capacity, 
there are several factors to be considered, including: 

 Physical capacity expansion: 

 grid reinforcement and uprating – Increase thermal limits of existing 
transmission lines, 

 new AC interconnections, grid redundancy and mesh networks – Provide 
alternative power flow paths and reduce bottlenecks, 

 HVDC transmission – Enable long-distance, high-capacity transfer with 
lower losses and no stability limits. 

 Technology-enabled capacity optimisation: 

 FACTS (Flexible AC Transmission Systems) devices (e.g. Static 
Synchronous Compensator, Synchronous Condenser, Thyristor-Controlled 
Series Capacitor) – Control power flow and enhance stability to increase 
transfer capacity, 

 dynamic line rating systems – Increase usable capacity based on real-time 
thermal conditions, 

 power flow control and congestion management – Optimise utilisation of 
existing transmission capacity. 

 Operational capacity management: 

 VRE zoning – Optimise renewable placement to minimise grid constraints, 

 strategic VRE curtailment – Prevent overloading during peak generation 
periods. 

 

Ways to support the integration of VRE: storage options can support VRE grid 
integration. This measure considers the deployment and use of pumped storage 
hydropower and battery energy storage systems (BESS). 

Emerging measures: We collected information about emerging measures in the 
region. We considered pilot projects, announced plans and measures underway. 
Our results highlight active areas for VRE policy improvements. 
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Emerging measures for VRE integration in Southeast Asia  

 
IEA. CC BY 4.0. 

Annex D. Priority technical standards and 
operational improvements 
Priority technical standards and operational improvements 

Technical 
area Key Requirements Implementation 

Benefits Regional Status & Examples 

Generation 
Connection 
Standards 

• Fault ride-through 
during disturbances 

• Voltage and reactive 
power control 

• Communication 
interfaces (IEC 61850 
standard) 

• Grid codes regularly 
reviewed and 
updated to reflect 
evolving system 
needs 

• Supports grid to 
maintain stability 

• Enables VRE plants 
to provide grid 
services 

• Effective 
co-ordination and 
control between VRE 
plants and system 
operators 

• Protects current 
system while 
preparing for future 
needs 

• Malaysia: Guidelines for large-scale solar 
plants with voltage control, frequency 
range, fault ride-through 

• Thailand: Requirements for solar and 
wind including BESS 

• Philippines: Reactive power support and 
power quality standards for renewable 
energy facilities 

• Brunei: Code of Practice for Large Scale 
Solar PV Plant Connection to Distribution 
Grid, Code of Practice for Small Scale 
Photovoltaic System Connection to Low 
Voltage Network, National Grid Code for 
Grid Code Requirements and Electrical 
Installation Regulation (EIR) 

• International reference: IEEE-2800 
standard provides framework for grid 
interconnection technical requirements 

Compliance 
and 
Monitoring 

• Compliance-testing 
procedures 

• Certification 
processes for VRE 
equipment 

• Ongoing monitoring 
frameworks to ensure 
continued compliance 

• Ensures installations 
actually meet safety 
and performance 
standards 

• Maintains required 
performance 
throughout plant 
lifetime 

• Verifies ongoing 
compliance with grid 
code requirements 

• Limited specific regional examples of 
comprehensive compliance frameworks 

• Need for standardised testing and 
certification processes across the region 

• Ongoing compliance monitoring 
throughout plant lifetime required 

VRE Integration Measures Emerging 
measures Legend

Enhancing power plant flexibility Initial

Accurate forecasting Active

Implementing demand-side 
measures 
System operational practices and 
market framework 

Enhancing grid capacity 

Deploying storage
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Technical 
area Key Requirements Implementation 

Benefits Regional Status & Examples 

VRE 
Forecasting 
Systems 

• Multi-timeframe 
forecasting (days to 
minutes) 

• Enhanced time 
resolution capabilities 

• Integration with 
dispatch systems 

• Reduces operational 
uncertainty 

• Optimises existing 
plant dispatch 

• Minimises system 
balancing costs 

• Philippines, Singapore, Malaysia and 
Thailand have established systems 

• Room for improvement: Most systems 
only forecast days to 6 hours ahead 

• Example: Malaysia: Guidelines require 
only day-ahead forecasts at 15-minute 
resolution 

Real-time 
Monitoring 

• Wide Area Monitoring 
Systems (WAMS) 

• Dynamic Line Rating 
(DLR) 

• Flexible AC 
Transmission 
Systems (FACTS) 

• Real-time grid 
monitoring systems 

• Maximise transfer 
capacity of existing 
transmission lines 

• Provides real-time 
system visibility 

• Cost-effective technologies available 
• Can maximise existing transmission 

capacity without major new investments 

Contract 
Flexibility 

• Embedding flexibility 
requirements in new 
contracts 

• Avoid rigid take-or-
pay obligations 

• Incentives for 
ramping and part-
load capabilities 

• Enables response to 
system variability 

• Reduces long-term 
system costs 

• Avoids limitations 
from inflexible 
agreements 

• Issues include fuel cost pass-throughs 
and limited operational flexibility 

• Indonesia, Thailand, Viet Nam, 
Philippines, Lao PDR face limitations 
from inflexible contracts 

• Hydropower plants that are inherently 
flexible are underutilised due to rigid 
PPAs and competing water management 
priorities 

• Thailand: Daily take-or-pay gas supply 
obligations limit flexibility 

• Issues include fuel cost pass-throughs 
combined with dispatch not based on 
marginal costs and low reserve margins 
causing coal plants to run continuously, 
reducing incentives for efficient fuel 
procurement 

• Pilot approach: Design pilot projects for 
utilities to test flexible operations with 
select plants (as demonstrated in India) 
to build experience and calibrate 
contractual terms 

IEA. CC BY 4.0. 

 
  

https://www.iea.org/reports/enhancing-indonesias-power-system/executive-summary
https://www.iea.org/policies/4874-small-and-very-small-power-purchase-agreements
https://www.transitionzero.org/insights/cat-philippines
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Annex E. Detailed recommendations by 
action type 
Foundational actions (recommendations R1-R4) 

Nr. Recommendation Target countries Key action Expected outcomes 

R1 

Set policy frameworks 
for continued VRE 
growth (targets and 
procurement) 

All countries 
(Priority: Early 
stage) 

• Set ambitious VRE targets 
with milestones 

• Implement competitive 
procurement (auctions, 
corporate PPAs) 

• Remove VRE deployment 
barriers 

• Establish policy continuity 
mechanisms 

• Clear investment 
signals 

• Cost-effective 
deployment 

• Sustained policy 
support 

R2 

Set energy efficiency 
policies and demand 
response ready 
standards 

All countries 
(Priority: Early 
stage) 

• Establish energy efficiency 
standards to reduce electricity 
consumption 

• Update appliance standards 
and building codes with 
demand response ready 
features 

• Peak demand 
reduction 

• Grid-response ready 
BTM equipment 

 

R3 
 

Build basic operational 
capabilities 

All countries 
(Priority: Early 
stage) 

• Implement VRE forecasting 
• Apply economic dispatch 
principles 

• Install optimisation 
hardware/software 

• Train operational staff 

• Efficient resource 
utilisation 

• Operational 
foundations 

• Readiness for higher 
phases 

Establish technical 
standards, grid codes 
and compliance 
frameworks 

All countries 
(Priority: Early 
stage) 

• Specify VRE technical 
requirements 

• Align with international 
standards 

• Establish compliance 
monitoring 

• Create certification processes 

• Secure VRE 
integration 

• Standardised 
equipment 

• Regional 
interoperability 

R4 Co-ordinate grid 
infrastructure planning 

All countries 
(Priority: Early 
stage) 

• Active government-utility co-
ordination 

• Scenario-based grid planning 
• Clear development timelines 
• Regional interconnection 
consideration 

• Robust infrastructure 
investment 

• VRE-compatible grid 
development 

• System reliability 
maintained 

IEA. CC BY 4.0. 

 
 



Integrating solar and wind in Southeast Asia Annexes 
Status and outlook for secure and efficient strategies 

PAGE | 86  IE
A.

 C
C

 B
Y 

4.
0.

 

Enabling actions (recommendations R5-R9) 

Nr. Recommendation Target countries Key action Expected outcomes 

R5/R6 
Develop flexibility 
procurement 
mechanisms 

Mid to high 
readiness 
(Essential: Phase 3) 

• Create investment signals 
for flexibility 

• Design competitive 
procurement 

• Enable new business 
models 

• Attract private sector 
participation 

• Diverse flexibility 
sources 

• Cost-effective 
solutions 

• Private investment 
mobilised 

R7 

Enhance grid 
infrastructure and 
digitalisation 
 

Mid to high 
readiness 
(Essential: Phase 3) 

• Implement grid capacity 
expansion 

• Deploy real-time monitoring 
• Upgrade operational 

procedures and grid codes 
• Enable higher granularity 

dispatch 

• System flexibility is 
visible and 
accessible 

• Operational 
responsiveness 

• VRE provides 
system support 

R8 

Enable flexible 
operation of 
conventional 
power plants 
 

Mid to high 
readiness 
(Essential: Phase 3) 
 

• Set contract conditions that 
do not discourage flexible 
operation 

• Retrofit power plants to 
enhance flexible operation 
capabilities 

• More flexibility 
extracted from 
conventional power 
plants 

R9 

Reform system 
adequacy 
assessments 
 

Mid to high 
readiness 
(Essential: Phase 3) 
 

• Adopt stochastic 
approaches 

• Consider flexibility resources 
• Include demand-side 

options 
• Update planning criteria 

• Accurate system 
planning 

• Optimised capacity 
mix 

• Cost-effective 
adequacy 

IEA. CC BY 4.0. 

 

Transformational actions (recommendations R10-R13) 

Nr. Recommendation Target 
countries Key action Expected outcomes 

R10 
 

Map out policies for 
power system 
transformation 

High readiness 
(Essential: 
Phase 4+) 

• Develop comprehensive 
flexibility deployment roadmaps 

• Quantify flexibility needs and 
deployment timelines 

• Consider procurement methods 
for different flexibility options 

• Co-ordinated flexibility 
deployment 

Steer VRE 
development with 
grid planning 
 

Mid to high 
readiness 
(Essential: 
Phase 3) 
 

• Co-ordinate VRE siting 
decisions 

• Streamline permitting processes 
• Consider grid constraints 
• Enable system-friendly 
deployment 

• Grid-compatible 
development 

• Reduced integration 
costs 

• Enhanced system 
stability 
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Nr. Recommendation Target 
countries Key action Expected outcomes 

R11 
 

Align market and 
regulatory reforms 
with system 
transformation 

High readiness 
(Essential: 
Phase 4+) 

• Implement targeted market 
reforms within current 
frameworks 

• Create transparent mechanisms 
to value system services 

• Accommodate new technologies 
(BESS, grid enhancing devices) 

• Efficient market 
mechanisms 

• Clear regulatory 
frameworks 

• Technology integration 
support 

Reform markets 
and tariff structures 
 

High readiness 
(Essential: 
Phase 4+) 
 

• Value system services 
transparently 

• Reform tariff structures 
• Balance cost recovery with 
affordability 

• Enable sustainable finance 
access 

• Efficient price signals 
• Sustainable financing 
• Consumer protection 

R12 
 

Build advanced 
operational 
capabilities 
 

High readiness 
(Essential: 
Phase 4+) 
 

• Develop forecasting for complex 
systems 

• Co-ordinate diverse flexible 
resources 

• Integrate planning across 
sectors 

• Build workforce capabilities 

• Complex system 
management 

• Operational excellence 
• Future-ready capabilities 

Ensure adequate 
grid stability 
services 

High readiness 
(Essential: 
Phase 4+) 

• Assess system-level grid 
stability requirements 

• Implement synthetic inertia and 
reactive power support 

• Deploy monitoring systems 
(PMU, WAMS) 

• Develop response plans and 
emergency protocols 

• Maintained system 
reliability 

• Grid stability with high 
VRE 

• Real-time monitoring 
capabilities 

Develop supply 
chain resilience 
 

High readiness 
(Essential: 
Phase 4+) 
 

• Adopt modular grid components 
• Implement inventory 
management 

• Establish regional 
manufacturing 

• Build climate resilience 

• Reliable project delivery 
• Reduced logistics costs 
• Regional capacity 
building 

R13 

Deploy advanced 
system 
transformation 
capabilities 

High readiness 
(Essential: 
Phase 4+) 
 

• Integrate planning across 
different sectors 

• Align with decarbonisation and 
energy security objectives 

• Enable cross-sector integration 

• Co-ordinated multi-
resource planning 

• Cross-sector integration 
• Comprehensive 
decarbonisation support 

IEA. CC BY 4.0. 
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Regional co-ordination (recommendations R14-R16) 

Nr. Recommendation Target 
countries Key action Expected outcomes 

R14 
Strengthen regional 
co-ordination 
platforms 

All ASEAN 
countries  

• Enhance existing co-ordination 
bodies 

• Create actionable working groups 
• Develop progress tracking 
• Ensure equitable participation 

• Effective regional co-
operation 

• Sustained 
implementation 

• Collective benefits 

R15 Develop cross-border 
trading frameworks  

All ASEAN 
countries  

• Start with bilateral trading 
• Address investment barriers 
• Secure project financing 
• Build technical capabilities  

• Regional market 
development 

• Enhanced energy 
security 

• Cost optimisation 

R16 
Harmonise technical 
standards 
progressively  

All ASEAN 
countries  

• Align grid codes gradually 
• Establish cost recovery principles 
• Create compatible interfaces 
• Respect national sovereignty  

• Seamless regional 
integration 

• Fair cost allocation 
• Market harmonisation 

IEA. CC BY 4.0. 

Abbreviations and acronyms 
 
AC   Alternating Current 
ACE   ASEAN Centre for Energy 
ADMS  Advanced Distribution Management Systems 
AERN   ASEAN Energy Regulators Network 
AGC   Automatic Generation Control 
AIMS   ASEAN Interconnection Masterplan Study 
AMS  ASEAN Member States 
APAEC ASEAN Plan of Action on Energy Cooperation 
APG   ASEAN Power Grid 
APGCC ASEAN Power Grid Consultative Committee 
APS   Announced Pledges Scenario 
ASEAN  Association of Southeast Asian Nations 
ASPA   Ancillary Service Procurement Agreement 
ATS  ASEAN Targets Scenario 
BAS  Baseline Scenario 
BESS   Battery Energy Storage Systems 
BIMP-PIP  Brunei Darussalam-Indonesia-Malaysia-Philippines Power Integration 

Project 
BRN   Brunei Darussalam 
BTM  Behind-the-Meter 
C&I  Commercial and Industries 
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CEFC  Clean Energy Finance Corporation 
CGPP   Corporate Green Power Programme 
CNS  Carbon Neutrality Scenario 
CREZ   Competitive Renewable Energy Zones 
DAP  Delivered at Place 
DERMS Distributed Energy Resource Management Systems 
DLR   Dynamic Line Rating 
DMS  Distribution Management Systems 
DPPA   Direct Power Purchase Agreement 
EENS   Expected Energy Not Served 
EGAT  Electricity Generating Authority of Thailand 
EIR  Electrical Installation Regulation 
EMS   Energy Management Systems 
ESP  Spain 
EV   Electric Vehicle 
FACTS  Flexible AC Transmission Systems 
FiT   Feed-in Tariff 
FOB  Free on Board 
GBR  Great Britain 
GEA   Green Energy Auction 
GET   Green Electricity Tariff 
GSO  Grid System Operator 
HAPUA  Heads of ASEAN Power Utilities/Authorities 
HVDC   High Voltage Direct Current 
IDN   Indonesia 
IEA   International Energy Agency 
IND  India 
IRL  Ireland 
ITA  Italy 
JPN  Japan 
KHM   Cambodia 
KOR  Korea 
LAO   Lao PDR 
LCOE   Levelised Cost of Electricity 
LOLE   Loss of Load Expectation 
LOLP   Loss of Load Probability 
LSS   Large-Scale Solar 
LTMS-PIP  Lao PDR-Thailand-Malaysia-Singapore Power Integration Project 
LULUCF Land Use, Land-Use Change and Forestry 
MER  Market Exchange Rates 
MMR   Myanmar 
MYS   Malaysia 
NGCP  National Grid Corporation of the Philippines 
NZE         Net Zero Emissions 
OCCTO Organisation for Cross-regional Coordination of Transmission Operators 
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OLTC   On-Load Tap Changers 
PDP   Power Development Plan 
PDR  People’s Democratic Republic 
PHL   Philippines 
PMU  Phasor Measurement Unit 
PPA   Power Purchase Agreement 
PSH   Pumped Storage Hydropower 
PV   Photovoltaic 
RAS  Regional Aspirational Scenario 
RE   Renewable Energy 
REC   Renewable Energy Certificate 
RUKN   National Energy General Plan (Indonesia) 
RUPTL  Rencana Umum Perencanaan Tenaga Listrik (Indonesia's National 

Electricity Business Plan) 
SAIDI   System Average Interruption Duration Index 
SCADA  Supervisory Control and Data Acquisition 
SGP   Singapore 
SOE  State Owned Enterprise 
STEPS  Stated Policies Scenario 
TFC  Total Final Consumption 
THA   Thailand 
TNB  Tenaga Nasional Berhad 
ToP  Take or Pay 
TPES  Total Primary Energy Supply 
UGT   Utility Green Tariff 
USA  United States of America 
V2G   Vehicle-to-Grid 
VNM   Viet Nam 
VRE   Variable Renewable Energy 
WAMS  Wide Area Monitoring Systems 
 

Glossary 
 
GW  gigawatt 
GWh  gigawatt hour 
kW  kilowatt 
kWh  kilowatt hour 
MW  megawatt 
MWh  megawatt hour 
TW  terawatt 
TWh  terawatt hour 
USD  United States Dollar 
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