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EXECUTIVE SUMMARY

This study aims to propose a comprehensive ASEAN-wide Integrated Resource and Resilience Planning (IRRP)
methodology and guidelines to support the next phase of regional energy planning under the ASEAN
Interconnection Masterplan Study IV (AIMS IV). The report outlines the key steps for conducting robust regional
IRRP and identifies the institutional mechanisms necessary for its continuous and effective updating. It also
offers recommendations to improve national energy planning, informed by a gap analysis of current IRRP
practices across ASEAN Member States (AMS).

Introduction to IRP and IRRP

Traditional generation and transmission planning has focused primarily on optimizing supply-side resources and
grid infrastructure to meet projected electricity demand at the lowest cost. This conventional Integrated
Resource Planning (IRP) approach typically relies on a limited set of scenarios and assumes relatively stable
conditions. While effective in predictable environments, it often fails to account for low-probability, high-impact
events and the increasing complexity of modern energy systems.

As the energy landscape evolves—driven by climate change, technological advancements, and shifting policy
priorities—the limitations of traditional IRP have become more pronounced. There is how a pressing need for
planning methodologies that are adaptive, inclusive, and forward-looking.

Integrated Resource and Resilience Planning (IRRP) addresses these challenges by expanding the IRP framework
to include both supply- and demand-side resources, probabilistic risk assessments, and scenario-based
planning. IRRP explicitly incorporates resilience considerations, enabling energy systems to better anticipate,
absorb, adapt to, and recover from disruptions such as extreme weather events, climate-related risks, and
geopolitical uncertainties. This holistic approach enhances system reliability, supports long-term sustainability,
and aligns national energy strategies with regional development goals.

For ASEAN Member States, IRRP provides a vital pathway toward a more integrated, low-carbon, and resilient
energy future—one capable of withstanding shocks while promoting inclusive growth and energy security.

Current regional planning and interaction with domestic planning

While IRRP offers a transformative framework for national energy planning, its full potential can only be realized
through a coordinated regional approach. Historically, energy planning within ASEAN has been conducted
largely in isolation, with each Member State independently developing its strategies, capacity expansion plans,
and policies. Although some collaboration exists, this fragmented approach has led to inefficiencies in cost
optimization, supply chain coordination, and system reliability.

At the regional level, initiatives such as the ASEAN Interconnection Masterplan Study Il (AIMS lll phase 1-2) have
attempted to apply IRP principles. However, these efforts have not been systematically integrated with national
planning processes. As a result, opportunities to align priorities, share resources, and optimize cross-border
energy investments have often been missed.

The absence of a fully coordinated regional planning framework has constrained ASEAN’s ability to enhance grid
resilience and achieve collective energy security and sustainability goals. Establishing robust IRRP framework
will not only strengthen national planning but also serve as foundational elements for regional transmission
planning and cross-border energy cooperation. Transitioning from fragmented national efforts to a unified
regional strategy will ensure that all AMS contribute to and benefit from a shared vision for a secure, sustainable,
and resilient energy future.

ASEAN-wide Integrated Resource and Resilience Planning (IRRP) | 1



Suggested ASEAN IRRP framework and methodology

Building on the initial understanding of current national and regional planning dynamics, the next step involves
translating these insights into a practical and adaptable framework. This framework must be capable of
addressing the diverse needs of ASEAN Member States while fostering greater alignment and coordination. With
this in mind, the proposed ASEAN IRRP framework draws upon international methodologies and lessons learned
from earlier ASEAN Interconnection Masterplan Studies (AIMS I-lll) and can be applied to both national and
regional level ensuring it is both contextually relevant and forward-looking.

IRRP framework .
Description
components

Establishes a shared vision for energy planning across ASEAN that goes

Planning goals and . . . . -
beyond cost minimization to reflect regional priorities such as sustainability,

strategies . .
resilience, and energy security.

Provides a structured and coordinated planning approach that supports both
national and regional energy development. It ensures consistency in how
Approach and methodology ] o )

countries assess future energy needs and opportunities, enabling better

coordination and comparability across ASEAN.

Introduces a common understanding of what constitutes a reliable power
system in the ASEAN context. This helps countries align their planning
standards and ensures that regional interconnections contribute to collective
reliability and resilience.

Resource adequacy criteria

Embeds resilience thinking into energy planning to address the growing
uncertainties facing ASEAN’s power systems. This component supports the
region’s efforts to build systems that can withstand and recover from
disruptions, contributing to long-term energy security

Risk and resilience planning

Encourages long-term, forward-looking planning that remains responsive to
Planning horizon and change. This supports ASEAN’s dynamic energy transition by promoting regular

iterative process updates and alignment with evolving technologies, policies, and regional
developments.

Emphasizes inclusive and transparent planning processes that reflect the
diverse interests within and across ASEAN Member States. This fosters trust,
accountability, and shared ownership of regional energy strategies.

Stakeholder engagement

and governance

With a clear understanding of the IRRP framework components and their relevance to ASEAN’s regional energy
goals, the next step is to operationalize these principles through a structured planning process. This process
translates the framework into actionable steps that guide how the region collectively approach integrated and
resilient energy planning.

The ASEAN IRRP process follows a structured and iterative methodology designed to supportinformed, resilient,
and regionally coordinated energy planning. Figure A illustrates the structural components of the ASEAN IRRP
methodology. It begins with problem framing, where the key challenges, risks, and objectives specific to the
ASEAN region are clearly defined. Following this, scenario design phase is undertaken to explore a range of

2 | Executive summary



plausible futures. These scenarios are built using carefully collected and relevant data, ensuring that the
analysis reflects real-world conditions. The next phase involves model development and simulation, where a
robust IRRP modelis constructed to test the scenarios under various conditions. This allows planners to assess
system performance, reliability, and resilience across different pathways. Once simulations are completed, the
process moves to results interpretation, where insights are drawn to guide strategic regional actions. Throughout
the entire process, stakeholder engagement plays a critical role. Early and continuous involvement of
stakeholders ensures that the IRRP outcomes are inclusive, credible, and actionable.

Figure A. Structural components of the ASEAN IRRP methodology

Frame the Design Model

problem scenarios development

Stakeholder engagement

Implementation plan

The rollout of the ASEAN IRRP methodology marks a pivotal step in advancing the next phase of regional energy
planning under the ASEAN Interconnection Masterplan Study IV (AIMS 1V). This methodology builds on the
foundations laid by AIMS Il phase 1-2 and introduces a more structured, inclusive, and forward-looking
approach to regional power sector development.

In keeping with the collaborative spirit of previous AIMS initiatives, the regional IRRP process is intended to
include active participation from all AMS from the outset. It will function as an indicative planning exercise,
producing technical reports that outline recommended actions. These outputs are intended for voluntary use by
AMS and can serve as valuable inputs for national, bilateral, or sub-regional planning efforts.

Recognizing the complexity and diversity of national planning frameworks, the operationalization of the IRRP
methodology is envisioned as a long-term process that may unfold over several years or decades. To support
this transition, a three-phase implementation pathway is proposed. This pathway guides ASEAN Member States
from independently developed national planning toward a more coordinated and integrated regional planning
process. Each phase builds on the previous one, enabling gradual alignment and capacity building. Figure B
illustrates this implementation approach.

ASEAN-wide Integrated Resource and Resilience Planning (IRRP) | 3



Figure B. Three-phase ASEAN IRRP implementation plan.

ORegional IRRP

v03 (2040)
O Regional IRRP

v02 (2035)

O Regional IRRP
v01 (2030)

Enhancement of national PDP

oAIMS Il (starting point)

The transition from AIMS Il to an enhanced AIMS IV process—integrating the IRRP methodology

o Phase 1 - Regional IRRP v01: Strengthening national planning. Focuses on enhancing the quality,
consistency, and transparency of national planning practices across ASEAN Member States.

e Phase 2 - Regional IRRP v02: Enhancing regional coordination. Emphasizes greater alignment and
coordination among national plans. This phase supports the development of shared planning
assumptions, improved data exchange, and early-stage regional integration.

o Phase 3-Regional IRRP v03: Advancing a shared regional planning vision. Envisions the creation of
an independent, regionally coordinated IRRP. This stage builds on harmonized national inputs and
supports integrated planning through shared data, unified objectives, and collaborative scenario
development.

It’s important to emphasize that while enhancing national planning practices—particularly in terms of data
quality, granularity, and timelines—is not a formal requirement for progressing regional IRRP efforts, it does
strengthen the foundation for effective regional transmission planning. The closer national plans are aligned with
regional methodologies, the more accurate, representative, and actionable the regional IRRP becomes. This
alignment not only improves the quality of regional insights but also facilitates their integration into national
planning processes, enabling AMS to better anticipate cross-border opportunities, shared risks, and system-
wide efficiencies. In essence, national and regional planning form a mutually reinforcing relationship: each can
operate independently, but their impact is amplified when developed in parallel.

Recommendations to enhance national energy planning practices

Strengthening national planning frameworks remains equally important, as they form the building blocks of
effective regional coordination. As highlighted earlier, strengthening national energy planning is not only
essential for achieving domestic energy goals but also serves as a critical foundation for effective regional
transmission planning and cross-border energy cooperation. To support this, a gap analysis was conducted
using the ASEAN IRRP framework components to assess current planning practices across AMS. The analysis
revealed both common strengths and areas for improvement, providing a basis for targeted recommendations.
The following table outlines these recommendations, offering guidance to enhance national planning
frameworks in a way that aligns with and supports the broader ASEAN IRRP vision.
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Integrate climate objectives
into planning goals:

Strengthening planning
methodologies

Improve demand forecasting
practices

Account for regional
interdependencies

Adopt probabilistic resource

adequacy metrics:

Embed risk and resilience in
scenario planning

Enhance stakeholder

engagement and governance:

Ensure long-term and
consistent planning cycles

Recommendation to enhance national planning practices in a way that
aligns with and supports the broader ASEAN IRRP vision.

National planning should explicitly incorporate climate change mitigation
targets, aligning energy strategies with broader environmental commitments
and sustainability goals.

Move beyond traditional supply-side approaches by integrating demand-
side flexibility, and demand response measures to create more balanced
and adaptive plans.

Standardize and enhance forecasting methods to better reflect evolving
consumption patterns, sectoral shifts, and the impact of emerging
technologies.

Incorporate neighboring countries’ supply and demand dynamics into
national planning to support regional coordination and optimize cross-
border energy flows.

Transition fully from deterministic to probabilistic methods to more
accurately assess system reliability and better manage uncertainty.

Ensure that all planning scenarios include considerations for climate
change, extreme weather events, and policy uncertainties to build a more
resilient energy system.

Establish inclusive planning processes that involve a wide range of
stakeholders—government, private sector, academia, and civil society—and
clearly define how their input influences decision-making.

Adopt a minimum 20-year planning horizon and commit to updating power
development plans every 2-3 years to maintain relevance and adaptability in
a rapidly changing energy landscape.

Recommended enhancement on a regional level

The following table outlines key recommendations for implementing an ASEAN IRRP methodology. These
recommendations are grounded in the previously described framework and methodology and are designed to
guide AMS in adopting a consistent, collaborative, and forward-looking approach to regional energy planning.
Each item reflects a critical step in the IRRP process and offers practical guidance to support coordination,
resilience, and integration across the ASEAN power sector.

“ Regional IRRP methodology recommendation

Adopt a phased, regionally coordinated approach to IRRP implementation across ASEAN.
Begin with improving the quality and consistency of national Power Development Plans
(PDPs), then progressively enhance regional alighment and coordination, ultimately

Regional IRRP

adoption
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establishing an independent regional IRRP process. Use this process to identify ASEAN
Projects of Common Interest (APCls) that support regional integration.

Establish a shared understanding of regional energy challenges, risks, and strategic
objectives. Use this as the foundation for defining planning goals and metrics that reflect
ASEAN'’s collective priorities, ensuring alignment across Member States from the outset

Frame the

problem

Develop harmonized, regionally relevant scenarios that reflect a range of plausible futures,
Design including resilience-focused stressors. Ensure comparability across scenarios to assess
scenario cross-border planning and the benefits of interconnection. Prioritize high-quality,
consistent input data to maintain credibility and relevance.

Recommend a two-stage modelling approach (capacity expansion and production cost)
Model that balances national flexibility with regional consistency. Encourage gradual convergence
development toward shared reliability criteria while allowing for institutional capacity differences. Grid
modelling should be addressed in later feasibility phases.

Result Use regional IRRP outputs as indicative planning tools that inform national strategies and
esults
int - promote regional cooperation. Share findings across ASEAN to support mutual learning,
interpretation

e identify synergies, and guide coordinated investment and policy decisions.

Define clear institutional roles and process—including a regional regulator, a regional
coordinator, and a planning working group—alongside robust governance structures to
enable ongoing, inclusive engagement. Ensure active stakeholder participation—such as
Stakeholder regulators, utilities, and market operators, etc.—throughout the IRRP process, from
engagement scenario development to action planning. Use diverse engagement mechanisms like
consultations, workshops, public forums, and feedback channels to promote
transparency, foster trust, and strengthen the credibility and adoption of planning
outcomes.

Regional planning scenarios

To ensure the ASEAN IRRP process is both robust and resilient, it is essential to test a diverse set of planning
scenarios. Scenario analysis is a cornerstone of the IRRP methodology, allowing planners to explore a range of
plausible futures and evaluate how different strategies perform under varying conditions.

The AIMS Il phase 1 and 2 study laid important groundwork for regional power planning in ASEAN, exploring four
scenarios focused on renewable energy integration and grid development. However, several limitations were
identified: i) Lack of detailed analysis on climate impacts and socio-economic drivers, ii)Energy storage and
demand-side flexibility were not considered, and iii) No regional reliability assessment was conducted—only
national-level metrics were used.

To address these gaps and reflect recent developments in national and regional energy landscapes, a new set
of five progressively developed scenarios are suggested. These scenarios are designed to demonstrate the
strategic value of interconnectors in enhancing system performance, resilience, and sustainability across
ASEAN. Each scenario builds upon the previous one, offering a step-by-step exploration of increasing regional
cooperation. Figure C provides an overview of these scenarios.
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Figure C. Recommended scenarios

Scenario 0 - PDPs without interconnections:

It represents a hypothetical "what if" situation. It reveals the cost of inaction—higher expenses, missed opportunities, and fragile
systems.

Scenario 1 - Business-As-Usual (BAU):

Reflects today’s reality path built on updated national plans and existing and planned interconnectors. It shows the gains already
made through cooperation, but also the limits of current ambition.

Scenario 2 -BAU with uncapped interconnection capacity:

By lifting constraints on interconnection capacity, it explores how a fully connected ASEAN grid can potentially improve efficiency,
reduce costs, and enable smarter energy sharing.

Scenario 3 - High-RE:

Raises the bar with high renewable energy targets. It explores the notion that interconnection isn’t just about economics, but also,
it’s a critical enabler of decarbonization, helping countries meet their clean energy goals together

Scenario 4 - High-RE incl. storage & demand flexibility:

With advanced storage and demand-side flexibility, it envisions a future where ASEAN not only achieves high levels of renewable
energy integration but also leverages cutting-edge technologies to enhance grid stability, responsiveness, and efficiency

Governance and funding mechanisms

To ensure the successful implementation and long-term sustainability of the ASEAN IRRP vision under AIMS 1V,
a clear and coordinated governance structure is essential. As the ASEAN IRRP process evolves through its
phased implementation, effective institutional arrangements will be critical to support collaboration, maintain
consistency, and manage the technical and administrative functions of regional planning. Below are listed the
three core institutional roles required:

e Regional Regulatory Board: In response to the current institutional gap, the establishment of the
ASEAN Member States Regulatory Board (AMSRB) is recommended. This board would be responsible
for overseeing the development, review, and approval of the regional IRRP. It is proposed that the
existing ASEAN Energy Regulatory Network (AERN) be expanded or restructured to fulfil this role.

o Regional Planning Coordinator: The ASEAN Centre for Energy (ACE)—currently serving as the
Secretariat for the ASEAN Power Grid Consultative Committee (APGCC)—is proposed to take on an
expanded role as the Regional Planning Coordinator. In this capacity, ACE would coordinate the
activities of the System Planning Working Group, serve as the custodian of the regional IRRP model, and
manage the planning database.

e  Working Group on Coordinating Planning: To support the technical development of the regional IRRP,
it is recommended that a Working Group on Coordinated Planning (WG Coordinated Planning) be
established under the broader System Planning Working Group. This group would consist of technical
experts seconded by AMS power utilities, facilitated through the Heads of ASEAN Power
Utilities/Authorities (HAPUA) network.

A critical aspect of establishing the regional IRRP is securing sustainable funding to support its ongoing
processes and functions. As the ASEAN IRRP vision evolves and matures, so should the funding mechanisms
that underpin it (Figure D). The following recommendations outline the progression of these mechanisms,
offering guidance for developing effective cost-sharing and financing strategies that promote the long-term
sustainability and inclusivity of the regional IRRP process.
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Figure D. Evolution of ASEAN IRRP funding mechanisms

Establishment phase Initial stage of operation Advanced stage of operation

External funding
AMS dtilities fee

Income from own activities

1. Establishment phase:

In the short to medium term, it is recommended that the initial setup costs of the regional IRRP process
be supported by external funding, like the World Bank, Asian Development Bank, UNOPS etc, until the
working arrangements of the regional System Planning function are fully embedded as “business as
usual”. This would cover one-time expenses like model development, data infrastructure, and the
recruitment of additional staff when required.

2. Initial stage of operation:

During the early stages after setting up the cost of the ASEAN IRRP process, a combination of external
funding and contributions from AMS should be utilized. To ensure fairness, a cost-sharing mechanism
should be established to allocate these central expenses among AMS. This could be based on objective
metrics such as peak demand, energy consumption, or other indicators reflecting the size and
complexity of each national power system. These contributions, like national planning costs, should be
recoverable through national tariffs.

3. Advance stage of operation:

As the ASEAN IRRP process becomes institutionalized and integrated into routine operations, the goal
is for it to be fully funded by AMS utilities and income from own activities on a continuous basis.
Activities may be able to derive fees from running training courses, regional conferences, or other
activities in future. This approach addresses the problem of overdependence on donor funding which
can lead to infrequent IRRP updates, undermining the effectiveness of regional planning.
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INTRODUCTION

The origin of this study lies in the pursuit of the realization of the ASEAN Power Grid (APG). APG is a strategic
initiative developed by the Association of Southeast Asian Nations (ASEAN) to promote regional energy
connectivity and integration. Conceived in the late 1990s, the APG aims to interconnect the power systems of
ASEAN member states (AMS) through a network of cross-border transmission lines. This integration is intended
to enhance energy security, improve access to electricity, and support the region’s transition to a more
sustainable and resilient energy future. By enabling the sharing of energy resources—particularly renewable
energy—the APG helps optimize generation capacity and reduce the need for redundant infrastructure in
individual countries.

While earlier planning efforts supporting the APG relied on Integrated Resource Planning (IRP)—a method
focused on least-cost, supply-side optimization and limited set of scenarios—today’s energy landscape
demands a more adaptive and comprehensive approach. In response, Integrated Resource and Resilience
Planning (IRRP) has emerged as a more suitable methodology. IRRP builds upon IRP by incorporating resilience,
risk analysis, and scenario-based planning. .

A key instrument supporting the APG is the ASEAN Interconnection Masterplan Study (AIMS). The most recent
iteration, AIMS Ill, comprises three phases. Phases 1 and 2 focused on planning the cross-border transmission
infrastructure needed to support multilateral power trade and renewable energy integration among AMS. These
phases, finalized in September 2021", were conducted using the IRP approach. Phase 3 of AIMS Il is envisioned
to lay the groundwork for establishing multilateral power trade in ASEAN. This report represents one of the three
work packages under AIMS Il Phase 32 and aims to propose a comprehensive ASEAN-wide IRRP methodology
and guidelines to support the next phase of regional energy planning under the ASEAN Interconnection
Masterplan Study IV (AIMS IV).

As ASEAN prepares to operationalize this enhanced planning approach, it is important to understand the
strategic value that IRRP can bring to the region. A well-designed IRRP framework can serve as a powerful tool
for aligning national energy strategies with regional goals, optimizing resource allocation, and enhancing
system-wide resilience. Below are key strategic benefits that the ASEAN IRRP initiative is expected to deliver:

1. Comprehensive regional planning. The IRRP provides a holistic view of the energy landscape and
outlines pathways to meet national and regional energy goals. It supports diversification, increased use
of indigenous renewables, and cost-effective system development. Data-driven insights help AMS set
realistic, evidence-based targets for emissions reduction and renewable energy deployment.

2. Anticipating challenges and opportunities. The IRRP identifies sectoral challenges and opportunities,
enabling AMS to anticipate risks and leverage regional cooperation. It supports scenario-based planning
to identify "least-regret" strategies under uncertainty, offering guidance on demand, reliability, and
system costs.

3. Grid expansion and renewable integration. Expanding and reinforcing the regional grid is critical for
integrating variable renewables and meeting rising electricity demand. ASEAN has abundant solar, wind,
hydro, geothermal, and bioenergy resources. Regional interconnections reduce dispatch costs,
enhance grid resilience, and balance supply-demand mismatches caused by weather or outages.

4. Infrastructure and operational readiness. Upgrading infrastructure and planning for both integrated
and islanded operations are essential. Current grid development, driven by national Power

1 ASEAN Interconnection Masterplan Study (AIMS) Il Phase 1 and 2 Report

2 The other Work Packages are “Studies on the minimum requirements for multilateral power market and a strategy to establish a multilateral power trade in ASEAN” and
“A Study on the Proposed Harmonization of Grid Codes and Minimum Operational Technical Standards for Interconnections under the ASEAN Power Grid”
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Development Plans (PDPs), often overlooks regional synergies. A regional IRRP can strengthen the
business case for transmission investments and improve grid utilization.

Climate resilience. The IRRP embeds climate resilience into planning by preparing systems for long-
term climate shifts and extreme weather events. It emphasizes readiness, robustness, resourcefulness,
and recovery to ensure continued operation and rapid restoration after disruptions.

Financing and investment environment. With rising borrowing costs and limited concessional finance,
attracting foreign investment is vital. A regional IRRP framework fosters a stable, transparent
environment for investors and supports the adoption of green financing practices.

Report outline

Chapter 1: This section elaborates on the IRRP concept and drawing upon international methodologies
and lessons learned from earlier ASEAN Interconnection Masterplan Studies (AIMS I-lll) develops an
IRRP framework for the ASEAN context.

Chapter 2: This section offers guidance to enhance national planning frameworks in a way that aligns
with and supports the broader ASEAN IRRP vision informed as they form the building blocks of effective
regional coordination by a gap analysis of current IRRP practices across ASEAN Member States (AMS).

Chapter 3: With a clear understanding of the IRRP framework components and their relevance to
ASEAN’s regional energy goals, this section focus is on the process which translates the framework into
actionable steps that guide how the region collectively approaches integrated and resilient energy
planning.

Chapter 4: Scenario analysis lies at the heart of the IRRP methodology, this section recommends five
progressively developed scenarios with the purpose of illustrating the strategic value of interconnectors
across ASEAN

Chapter 5: This section provides an introduction on the concept of Project of Common Interest (PCI)
and the projects aim to enhance regional energy integration in ASEAN.

Chapter 6: Effective institutional arrangements will be critical to facilitate the continuous and effective
updating of the regional IRRP. As such this section explores the core institutional roles and financing
mechanisms required to ensure the successful implementation and long-term sustainability of the
ASEAN-wide IRRP methodology under AIMS IV
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This chapter introduces the concept and strategic importance of Integrated Resource and Resilience Planning
(IRRP) as a foundation for long-term, coordinated energy planning in ASEAN. It begins by defining IRP and IRRP,
highlighting their role in balancing, reliability, and resilience in power system development. Drawing on global
case studies, it showcases how other regions have developed regional planning. The section also reflects on
lessons learned from previous ASEAN Interconnection Masterplan Studies (AIMS I-lll), identifying key
achievements and persistent gaps. It further examines the limitations of current regional planning efforts and
their interaction with national planning processes, emphasizing the need for better alignment. It concludes by
introducing the ASEAN IRRP framework, which provides a structured, collaborative approach to guide future
regional energy planning and integration.

11 Introduction of IRP and IRRP concepts

Power sector planning is inherently complex, shaped by a long-term horizon and influenced by a diverse set of
interdependent drivers—generation, transmission networks, electricity demand, and the electrification of other
sectors. These elements are increasingly subject to uncertainty, driven by rapid technological advancements,
evolving consumer behaviors, shifting policy landscapes, economic volatility, and climate variability. These
uncertainties affect both the supply and demand sides of the energy equation, making traditional planning
approaches less effective.

Historically, Integrated Resource Planning (IRP) has focused on optimizing supply-side resources and grid
infrastructure to meet projected electricity demand at the lowest cost. This method typically relies on a limited
set of scenarios and assumes relatively stable conditions. While suitable for more predictable environments,
IRP often fails to account for low-probability, high-impact events—such as extreme weather or cyberattacks—
and tends to overlook the growing influence of demand-side dynamics and distributed energy resources (DERs).

In today’s rapidly evolving energy landscape—shaped by climate imperatives, technological disruption, and
policy transformation—the limitations of traditional IRP underscore the urgent need for more adaptive, forward-
looking planning frameworks.

Integrated Resource and Resilience Planning (IRRP) emerges as a robust alternative to addresses these
challenges. It expands upon IRP by integrating both supply- and demand-side considerations, incorporating
probabilistic risk assessments, and embracing scenario-based planning. This holistic approach enables
planners to better anticipate and manage uncertainties, enhance system reliability, and support the transition
to a more sustainable and resilient energy future.

The core objective of IRRP is to develop a “least-regret” electricity master plan—a resilient strategy that balances
cost, reliability and flexibility. IRRP explicitly accounts for external uncertainties such as technological evolution,
economic shifts, and climate impacts. By evaluating a range of plausible future scenarios, it helps design
strategies that can adapt to and recover from disruptions.

The primary output of IRRP is a comprehensive power sector master plan—an investment roadmap that ensures
the future power system is resilient to a wide array of risks, including fuel price volatility, hydrological variability,
economic growth trajectories, regulatory changes, and climate-related threats. In addition to the master plan,
IRRP generates valuable analytical tools, datasets, and insights that support a broad spectrum of decision-
making and policy development.

There are two fundamental concepts that are crucial for developing IRRP exercises: resource adequacy and
resiliency planning.
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e Resource Adequacy: Itis a crucial aspect of power system planning to ensure system reliability and is
hence a critical aspect of IRRPS. It refers to the system's ability to meet all levels of demand under
normal operating conditions, while accounting for potential unexpected events such as generator
outages or fluctuating loads. Resource adequacy serves as a key indicator for identifying and
understanding potential future reliability risks in the power system, with assessments based on
established reliability standards. It is associated with contingency events that have low impact and high
probability of occurring. The metrics used for adequacy assessments can be categorized into
deterministic and probabilistic (risks) approach. Deterministic methods are simple and intuitive but are
generally considered overly conservative, implying excess system investment. Refer to Appendix 8.1 for
more on resource adequacy.

e Resiliency Planning: Grid resilience involves preparing for and recovering from unexpected events that
nonetheless could occur. Grid resilience is associated with extreme events of high impact and low
probability of occurring. While grid reliability and resource adequacy are familiar concepts that already
form part of current grid planning and operations, the same cannot be said of grid resilience planning.
In fact, the development of grid planning rules and guidance to enable the proactive and quantitative
evaluation of system resilience and potential resilience investments within grid planning processes is
relatively new in generation planning®. In Southeast Asia, the need for a resilient power system is more
vital with energy infrastructure becoming increasingly vulnerable to extreme weather events. Climate
change affects hydropower generation, reduces cooling efficiency for thermal plants, and lowers
electricity grid efficiency. Additionally, storms and typhoons frequently cause blackouts. These risks
can be better understood and mitigated with investment into initiatives that address climate impact as
part of the core modeling exercise such IRRP planning. Refer to Appendix 8.3 for more on resiliency
planning.

By embracing IRRP, power sector planners can move beyond static, cost-minimization models and toward
dynamic, resilient strategies that are better suited to the challenges and opportunities of the 21st-century energy
transition.

1.2 Global case studies and their relevance to ASEAN

The development of multinational power markets has proven to be a viable and effective approach for enhancing
energy security, operational efficiency, and sustainability. Various regions around the world have successfully
implemented integrated power markets, showcasing the benefits of regional collaboration. As ASEAN advances
its regional IRRP framework, these global experiences offer valuable insights into coordination mechanisms,
planning methodologies, and institutional arrangements.

Table 1-1 compares three regional examples—the European Union (EU), the Southern African Power Pool (SAPP),
and Central America’s SIEPAC—nhighlighting their relevance and potential lessons for ASEAN. For more
information on the case studies refer to Appendix 8.4.

3 The IRRP framework integrates resilience into traditional IRP to develop a low-cost, least-regret plan that addresses potential future risks.

4 Resilient Electric Grid
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Table 1-1. International case studies

European Union (EU)

Southern African Power Pool
(SAPP)

Central American Electrical
Interconnection System
(SIEPAC)

o &8
cC C
T ©
c 2
S o
o B
O &
x o

Initiation and
objective

Legal basis Market overview

Membership

36 countries in Europe

Initiated in the 1990s to liberalize
electricity markets and enhance
cross-border trade.

e Detailed regulation and
coordination under Electricity
Directives.

o Fully liberalized internal
market with multiple national
and sub-regional exchanges.

Based on Treaties, Directives,
Regulations, Decisions, and
other legal acts.

e Includes regional entities,
multiple national markets,
unbundled utilities,
marketers, generators, and
load customers.

e ENTSO-E members are
Transmission System
Operators (TSOs).

9 countries in Southern Africa

Established in 1995 to promote
regional power cooperation and
energy security

e Multilateral trading
framework, agnostic to
national market design.

e Regional system operation
coordinated by SAPP; national
utilities manage dispatch.

e Responsible for regional
planning.

Governed by an Inter-
governmental MoU.

Includes national power utilities,
operating members, market
participants, and conditional
members.
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6 countries in Central America

Launched in the early 1990s to
develop a regional electricity
market and interconnection
system.

o Similar multilateral trading
framework.

e Regional system operation
coordinated by SIEPAC;
national entities manage
dispatch.

e Responsible for regional
planning.

Operates under a framework
treaty.

Includes national system
operators, transmission,
generation, distribution entities,
large customers, and marketers.



Regulation Financial arrangement Governance structure

Planning process

European Union (EU)

Council and Parliament are
co-legislators.

European Court of Justice
interprets and enforces
electricity law.

ACER and ENTSO-E monitor
implementation and report to
the Commission.

ENTSO-E structured with
CEO-level Assembly.

Market operations funded by
fees from separate markets.

ENTSO-E planning funded by
member TSOs.

Projects of Common Interest
(PCI) eligible for EU support.

Legislative and regulatory
guidance provided by the
Council and Parliament.
Regulations codified in
Directives, Regulations,
Decisions, and other Acts.

Led by ENTSO-E with strong
governance.

Generation: ERAA uses

probabilistic scenario studies.

Transmission: TYNDP every 2
years with high-level
probabilistic metrics.

PCl identified formally and
supported by EU.

Southern African Power Pool

(SAPP)

o SADC Secretariat provides
general direction with limited
involvement.

e Executive Committee (CEOs
of member utilities) acts as
Board.

e Management Committee
oversees 5 sub-committees
and Coordination Centre
Board.

e Market operations and
coordination funded via
administration fee.

e Regional planning funded
through ad hoc grants.

e Regional Transmission
Infrastructure Financing
Facility (RTIFF) created to
finance PCI.

e No formalregional regulator.

e Regulation is contractual via
an Inter-governmental
Memorandum of
Understanding (MoU).

e Led by Coordination Centre;
funded by donor grants.

e Pool Plans (generation and
transmission) intended every 2
years, but rarely produced.

e Generation planning uses
deterministic criteria.

e Transmission planning based
on national 5-year plans.

e No unified optimization or
formal PCl identification.

Central American Electrical
Interconnection System
(SIEPAC)

o CDMER: policy coordination.

o CRIE: regional regulator.

e EOR: system operations and
market operator.

e EPR: transmission
infrastructure
owner/developer.

e Market operations funded via
access and transaction fees.

e Planning and PCI costs
covered through SIEPAC fees.

o CRIE serves as the regional
market regulator.

e Regulations codified in the
Regional Market Regulation
(RMER).

e Multi-actor governance with
structured roles.

e Planning led by OER under
RMER guidance.

e Costs covered via SIEPAC
fees.

e Long-term IRRP-type planning
every 2 years.

e Formal PCl identification
approach included.
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Relevance for ASEAN

Learnings

European Union (EU)

Requires deep institutional
capacity and legal
harmonization.

Complexity and cost may be
overwhelming.

Some planning and
organizational elements are
relevant.

Importance of formal PCI
identification.

Periodic planning
requirements.

Dedicated funding
mechanisms for planning and
PCl implementation.

Southern African Power Pool

(SAPP)

Similar mix of national market
structures.

Regional short-term market
aligns with ASEAN vision.
Infrastructure financing
approach relevant.

Planning lessons applicable.

Lack of dedicated funding
leads to sporadic planning.
PCl identification should be a
stated objective.

RTIFF offers a realistic
financing model.

Central American Electrical
Interconnection System
(SIEPAC)

Similar market structure mix.

Regional short-term market
aligns with ASEAN vision.
Formal PCl identification
methodology relevant.

Regular, multi-horizon

planning with regional

database.

o |eastregrets IRRP approach is
robust.

e PCl identification method

(regional vs. national benefit

ratio) could be useful for

ASEAN.

1.3 Lessons from AIMS |-l

The ASEAN Interconnection Masterplan Studies (AIMS I-lll) have played a foundational role in shaping regional
electricity planning across Southeast Asia. These studies offer critical insights into the evolution of ASEAN’s
planning practices, highlighting both achievements and challenges in regional coordination, data harmonization,
and institutional development. As ASEAN continues to refine its IRRP vision, the lessons from AIMS I-lll provide
valuable guidance for strengthening future planning efforts and enhancing regional energy integration.

Table 1-2 compares the three previous AIMS initiatives, highlighting their stakeholder structure, objectives,
methodology and potential lessons for ASEAN.
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Table 1-2. AIMS I-lll comparison table

Stakeholder

Objective

AIMS lll phase 1-2 Study

e Directed by ASEAN Ministers
on Energy Meeting (AMEM);
ACE appointed as
Implementing Agency.

e Project Advisory Committee
included ACE, HAPUA
Secretariat, HWG #2, USAID.

eTechnical Advisory Committee
included representatives from
HWGs #1-5, APGCC, AERN,
and RE Sub-Sector Network.

eTechnical Review Group:
NREL, HNEI, IRENA, IEA.

eModeling Working Group: All
10 AMS, ministries/regulators,
GE Energy Consulting.

e Sponsored by USAID Clean
Power Asia.

eUpdate APG master plan for
regional cooperation in power
and RE.

e Assess feasibility of cross-
border interconnections and
VRE expansion to support
multilateral power trading.

e Promote energy security,
accessibility, affordability, and
sustainability.

AIMS Il Study

e Assigned to HAPUA Working
Group No. 2 - Transmission.

e|ncluded three sub-working
groups: Power Interconnection
(PI SWG), Operation &
Maintenance (O&M SWG),
Transmission Pricing (TP SWG)
(later replaced by SO SWG).

eDevelop long-term load
forecasts.

e Establish common planning
criteria.

e Create generation expansion
plans with/without
interconnections.

e Conduct transmission network
analyses and propose routes
with cost estimates.
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e |nitiated by AMEM (1999) and
HAPUA (2000).

o AIMS Working Group
established to develop APG.

¢ APG roadmap approved by
SOME-AMEM in 2002.

eEnhance regional energy
connectivity.

eEncourage private sector
participation in power
development.



AIMS lll phase 1-2 Study

AIMS Il Study

AIMS | Study

AIMS 111 (2020 - 2040):

ePhase 1: Capacity expansion
planning, RE assessment,
socio-
economic/environmental
evaluation.

ePhase 2: Grid performance
analysis to identify critical
interconnections.

e Used 2019 AMS data; modeled
scenarios through 2040. (refer
to Appendix 8.8 for detail
assumptions)

eUpdated in 2023 to reflect
revised PDPs and post-COVID
demand shifts.

Methodology

e Estimated VRE potential: 8,119
GW solar, 342 GW wind.

e Majority of VRE additions
expected 2025-2030; 14 key
interconnection projects
identified. (refer to Appendix
8.9).

eMapped interconnection
status per APG roadmap.

eRecommended next steps:

Outcomes and lessons

market mechanisms,
harmonized practices, alighed
PDPs, regional planning, RE
standards.

AIMS Il (2010-2025)

e Fixed PDPs for 2010-2014; new
projects considered from 2015

onward.

o ASEAN grid divided into three
systems (A, B, C): A--

Cambodia, Lao PDR, Myanmar,

Thailand, Vietham—B--
Peninsular Malaysia,
Singapore, Sumatra—C--
Brunei, Philippines, Sabah,
Sarawak, West Kalimantan.
Refer to Appendix 8.11 for
reliability criteria considered.

e Used two optimization
approaches: individual PDPs
vs. integrated APG PDP.

e Compared results for least-
cost, reliable, and stable
configuration.

e|dentified 14 feasible
interconnection projects for
economic exchange. (refer to
Appendix 8.12).

e Advanced regional
connectivity, but did not
address harmonization of
operational practices, grid
codes, or technical standards.

eLimited assessment of
financial, environmental, and
socio-economic impacts.
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e Evaluated long-term power
development.

e Faced limitations due to
incomplete data and lack of
planning tools.

eProposed foundational APG
transmission network with 11
interconnection projects by
2020.

e Faced data and tool
limitations.

e Narrow scope with limited
impact analysis.



AIMS lll phase 1-2 Study AIMS Il Study AIMS | Study

eFocus onincreasing RE e Addressed the viability of eServed as the blueprint for the
integration through greater generic cross-border links APG concept.
interconnections. based on bilateral agreements.

eEnabled data-driven planning e Supported the implementation
for future interconnections. of pilot projects, such as the

e Advanced the APG from LTMS-PIP

bilateral to multilateral
integration.

It may be noted that by 2020, the APG had achieved some progress through partial implementations,

The role in advancing APG

developing approximately 7 GW of interconnections. This capacity increased to 7.7 GW by 2025 and is
expected to grow significantly to 17.6 GW by 2040. The AIMS studies have helped in assessing the
interconnection requirements by utilizing the updated power demand forecast in each AMS and also the
impact of policy changes in each AMS due to increased focus on renewable energy.

1.4 Limitations of current regional planning and its interaction with
national planning processes

While the Integrated Resource and Resilience Planning (IRRP) framework offers a transformative approach to
strengthening national energy planning, its full potential can only be realized through a shift in how planning is
conducted across the ASEAN region. Historically, energy planning within ASEAN Member States (AMS) has been
carried out independently, with each country developing its own Power Development Plans (PDPs), strategies,
and investment priorities. Although some coordination exists—particularly around bilateral interconnectors—
this siloed approach has resulted in inefficiencies, missed synergies, and limited regional optimization.

At the regional level, efforts such as the ASEAN Interconnection Masterplan Study Il (AIMS Ill) have made
important strides in identifying cross-border transmission opportunities and supporting renewable energy
integration. Phases 1 and 2 of AIMS lll, completed in 2021, focused on regional capacity expansion and
transmission planning using a traditional Integrated Resource Planning (IRP) approach. However, these efforts
were largely conducted in parallel to national planning processes, without systematic integration or alignment.
As noted in the AIMS Ill Summary Report, while national PDPs were used as inputs, the study did not fully
coordinate with ongoing national planning cycles or institutional decision-making frameworks.

This lack of integration has limited ASEAN’s ability to align regional and national priorities, leverage shared
resources, and optimize cross-border energy investments. It has also constrained the region’s capacity to
enhance grid resilience and achieve collective goals for energy security, affordability, and sustainability.

Looking ahead, a well-structured IRRP framework can serve both as a national planning tool and a cornerstone
for regional coordination. By shifting from fragmented national approaches to a more unified regional strategy,
ASEAN can foster a shared vision that ensures all Member States contribute to and benefit from a secure,
sustainable, and resilient energy future.
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1.5 ASEAN IRRP framework

Building on the initial understanding of current national and regional planning dynamics, the proposed ASEAN-
wide IRRP framework is designed to address the diverse needs of ASEAN Member States while promoting greater
alighment and coordination across the region. Drawing on international best practices and lessons learned from
previous ASEAN Interconnection Masterplan Studies (AIMS I-111), the framework is both contextually relevant and
forward-looking.

To ensure it delivers meaningful and resilient outcomes, the IRRP framework is structured around four critical
dimensions, each supporting the development of a least-regret electricity plan that can perform under a wide
range of future scenarios:

o Readiness (prepare) - The system’s ability to anticipate and prepare for long-term, gradual changes—
such as evolving climate patterns, shifting demand profiles, and changing consumer behaviours.

o Resource sufficiency (adequate) - Ensures the system can reliably meet aggregate electricity demand
under normal operating conditions.

o Robustness (reliable) — The capacity to withstand and operate through immediate shocks, such as
extreme weather events, geopolitical disruptions, or cyberattacks.

e Recover (operational security) — The ability to restore system functionality quickly and effectively
following major disruptions—such as blackouts or infrastructure failures.

The IRRP framework (see Table 1-3) is applicable at both national and regional levels, ensuring coherence
between country-level planning and broader regional integration efforts. It is built around a set of interrelated
components that provide a comprehensive, resilient, and adaptive approach to power sector planning. These
components are designed to address both current and emerging challenges, while aligning with ASEAN’s goals
for sustainability, reliability, and cross-border energy cooperation.

Table 1-3. Key components of IRRP framework

IRRP
components

Description Considerations

Establishes a shared vision e Move beyond least-cost planning to include multiple

for energy planning across objectives such as emissions reduction, renewable energy
Planning goals FXJFN targets, reliability, and risk minimization.

and strategies e Evaluate trade-offs between cost, reliability, and
environmental outcomes to support a least-regret planning
approach.

Provides a structured and e Assess both conventional and renewable supply-side
coordinated planning resources, along with grid infrastructure needs.
approach that supports e Use detailed demand forecasting methods, including

LVl CET Iyl both national and regional sectoral or bottom-up approaches, to improve accuracy.

UEIUCELIGE energy development e Incorporate hourly demand profiles to capture temporal
variations.

e Integrate flexible demand, sector coupling (e.g., transport,

industry), and electrification trends.

20 | Integrated Resource and Resilience planning (IRRP)



Introduces a common
understanding of what

constitutes a reliable
Resource

adequacy
criteria

power system in the ASEAN
context.

Embeds resilience thinking
into energy planning to

Risk and
resilience

address the growing
uncertainties facing
ASEAN'’s power systems

planning

Encourages long-term,
Planning forward-looking planning
plelgvLelai=a[c Ml that remains responsive to
iterative

process

change

Emphasizes inclusive and
transparent planning

processes
Stakeholder

engagement
and
governance

e Coordinate with regional plans (e.g., AIMS Ill) and neighboring

countries to enhance cross-border energy security and
resource optimization.

e Ensure the system can meet demand reliably under normal

and stressed conditions.

Apply probabilistic metrics such as LOLP (Loss of Load
Probability), LOLE (Loss of Load Expectation), and EENS
(Expected Energy Not Served) in addition to reserve margin
analysis.

Use these metrics to evaluate the likelihood and impact of
supply shortfalls under various scenarios.

Incorporate scenario and sensitivity analysis to assess
system performance under a wide range of uncertainties.
Consider risks related to fuel availability and prices, demand
growth, supply-chain, policy shifts, and climate impacts (e.g.,
extreme weather, hydrological variability).

Ensure the system can adapt to and recover from both short-
term shocks and long-term structural changes.

Maintain a long-term plan horizon aligned with official Power
Development Plan (PDP)

Establish a regular update cycle to reflect changes in
technology, policy, and demand.

Maintain long-term foresight while ensuring responsiveness
to evolving conditions.

Engage a broad range of stakeholders (e.g., government,
private sector, academia, civil society) to ensure inclusivity
and transparency.

Adopt a more consultative approach

Define clear governance frameworks outlining roles,
responsibilities, and decision-making processes to enhance
accountability and coordination.

Use a clear framework to show how stakeholder feedback
shapes planning

The transition from conceptual framework to practical implementation is a critical step in realizing the goals of
integrated and resilient energy planning across ASEAN. Section 3 details this process, outlining the actionable
steps, methodologies, and tools that enable Member States to collaboratively apply the IRRP framework.
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As previously emphasized, strengthening national energy planning is not only essential for meeting domestic
energy objectives but also forms the foundation for effective regional transmission planning and cross-border
energy cooperation. To support this goal, a gap analysis was conducted to evaluate the current state of planning
practices across ASEAN Member States (AMS)5, using the IRRP framework components introduced in the earlier
section.

This chapter outlines the methodology used in the assessment and presents the findings, which highlight both
common strengths and key areas for improvement—laying the groundwork for targeted, actionable
recommendations.

2.1 Criteria used

A traffic light assessment approach was used to evaluate the status of IRRP implementation in each AMS. This
method provides a clear, visualrepresentation of progress and gaps across key planning dimensions. The criteria
used in the assessment are summarized in Table 2-1.

Table 2-1. Criteria used to assess alignment with IRRP principles

Planning goals balance least-cost with other factors such as
emissions, sustainability, and reliability.

Comprehensive objectives

Some consideration of broader factors exists, but they are not fully

Hell Slrseiation integrated into planning goals.

Planning objectives focus solely on minimizing cost, with little or no
inclusion of other considerations.

Considers both supply- and demand-side resources®, coordinates
with regional/neighboring plans, and uses detailed demand
forecasting that reflects variations in demand profiles.

Least-cost focus only

Comprehensive integration

Includes supply-side and some demand-side resources. Demand
forecasting is basic and lacks detailed profiling or regional
coordination.

Partial integration

Focuses only on supply-side resources with no integration of
demand-side measures or regional coordination.

Resource adequacy and reliability planning fully incorporate
probabilistic metrics such as LOLP?, LOLE®, and EENS®.

Limited scope

Full use of probabilistic metrics

Probabilistic metrics are considered in setting reserve margins but

PaEl Lee are not fully integrated into the resource adequacy framework.

5 Official planning documents submitted by AMS to ACE were used for the assessment.

6 Supply-side resources include generations, transmission and distribution networks. Demand-side resources include energy efficiency, demand response, and DERs.
7 LOLP (Loss of Load Probability)

8 LoLE (Loss of Load Expectation)

9 EENS (Expected Energy Not Served)
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Planning relies solely on deterministic criteria (e.g., reserve margin)
with no use of probabilistic metrics.

Considers a wide range of scenarios and sensitivities, including
extreme events and high-impact uncertainties.

Deterministic only

Comprehensive risk planning

Includes some scenarios and sensitivity analysis but lacks depth or

LITIZE Mol emele e o breadth in addressing uncertainties.

Does not incorporate scenarios or sensitivity analysis, overlooking
potential risks and vulnerabilities.

No risk analysis

Clear planning framework with a horizon >15 years and PDPs

Long-term & regular updates
updated at least every 2 years.

Planning horizon <15 years; PDPs updated irregularly or every 2-5

Moderate scope & irregular
years.

updates

No clear planning framework, PDP updates occur less frequently

Short-term & infrequent updates than every 5 years.

Stakeholder engagement Status description

Traffic light L
criteria

A well-established framework exists to incorporate diverse
stakeholder perspectives into planning decisions.

Structure and inclusive
engagement

Some stakeholder consultation occurs, but there is no formal or

Il consistent engagement framework.

No involvement of non-governmental stakeholders in the planning

No engagement .
gag process, and no formal or consistent engagement framework.

2.2 Key observations

The assessment reveals both shared foundations and notable differences in planning practices, institutional
readiness, and integration of resilience considerations. These findings offer a clearer understanding of where
AMS are aligned and where further support or harmonization may be needed to strengthen regional coordination.
Table 2-2 presents a summary of the traffic light assessment by country, while detailed country-level evaluations
are provided in Appendix 8.5.
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Table 2-2. Summary of the traffic light assessment

Planning |Approachand| Resource Risk and Iteration & Stakeholder

IRRP framework goals methodology | adequacy resilience planning |engagement &

criteria planning horizon governance

Brunei
Darussalam

Cambodia

Lao PDR

Malaysia'

Myanmar

The Philippines

Singapore

Thailand

Viet Nam

Planning goals and strategies

Across ASEAN, power sector planning is anchored in least-cost development, though the integration of broader
goals such as renewable energy, emissions reduction, and energy security are limited. For all countries, the
factors that affect the renewables installation target are not detailed. Countries like Indonesia, Viethnam, and the
Philippines have articulated ambitious renewable energy targets and long-term decarbonization goals, while
others such as Brunei and Myanmar maintain more modest objectives. Singapore adopts a balanced approach,
combining cost-efficiency with emissions reduction and regional interconnectivity. Meanwhile, Thailand and
Malaysia incorporate sustainability into their planning but still prioritize cost minimization. Cambodia and Lao
PDR are gradually aligning their strategies with global climate goals, though their frameworks remain largely
supply-side focused. Despite these efforts, many plans still treat sustainability and resilience as secondary to
cost, indicating a need for more holistic planning frameworks that embed these goals from the outset.

Approach and methodology

Most countries rely on top-down, supply-side planning approaches, often using macroeconomic indicators and
historical trends to forecast demand. Indonesia and Singapore employ more advanced modeling tools and
scenario-based approaches, while Malaysia and Lao PDR incorporate sector-specific data (e.g., residential,
industrial, agricultural, commercial etc.) and regional interconnectivity. Cambodia and Myanmar use
regression-based forecasting but lack robust methodologies for capturing evolving demand patterns or regional
dynamics. Vietnam and Thailand apply econometric models but focus narrowly on specific sectors, such as
transport. Brunei’s methodology includes detailed load profiles but has limited consideration for demand-side

10 Each category is split into three columns (left to right): Peninsular Malaysia, Sabah, Sarawak as each operate independently
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flexibility or regional coordination. This highlights a regional gap in forecasting sophistication and the need for
more flexible, integrated planning tools that can accommodate emerging technologies and behavioral shifts.

Resource adequacy criteria

There is a growing trend toward probabilistic reliability metrics across the region, though deterministic reserve
margins remain prevalent. Indonesia, Singapore, Thailand, and Vietham have adopted probabilistic standards
such as LOLE and LOLP, reflecting a more sophisticated understanding of system reliability. Peninsular Malaysia
also incorporates LOLE targets, while the Philippines and Myanmar continue to rely on fixed reserve margins.
Cambodia and Brunei apply uniform margins without probabilistic modeling, and Lao PDR uses a value of lost
load approach but faces seasonal supply challenges. The shift toward probabilistic planning is encouraging, but
broader adoption and methodological clarity are needed to ensure consistent reliability assessments.

Risk and resilience planning

Scenario-based planning is widely used to address uncertainties in demand, fuel prices, and policy shifts, but
climate risk integration remains limited. Indonesia and the Philippines have developed formal risk profiles and
resilience policies, while Singapore enhances system resilience through infrastructure design and energy
diversification. Cambodia and Lao PDR incorporate climate considerations through their national climate
strategies, though these are not fully embedded in power planning. Thailand uses scenario analysis but lack
structured approaches to external risks such as extreme weather or geopolitical disruptions. Vietnam setup
TIMES model with taking into account extreme condition by making combination analysis of seasonal conditions
(dry, wet), fuel price increased due to territorial conflicts, demand forecast for low/high GDP development
scenarios, diversification is also a criteria. Brunei and Myanmar reference climate goals but do not include
detailed risk assessments. This suggests a regional opportunity to strengthen resilience planning, particularly in
the face of climate change.

Planning horizon and iterative process

Planning horizons across ASEAN range from 10 to 30 years, with varying degrees of consistency in updates.
Indonesia and the Philippines maintain relatively structured update cycles, while Vietham and Thailand have
long-term visions but face irregular revisions. Malaysia and Cambodia align their plans with national
development strategies, though transparency in updates is limited. Lao PDR and Myanmar lack formalized
iterative processes, and Brunei’s planning framework does not specify a regular update schedule. Singapore
targets annual updates but has experienced delays in recent releases. Establishing standardized, transparent
planning cycles would enhance responsiveness and ensure alignment with evolving energy and climate goals.

Stakeholder engagement and governance

Stakeholder engagement practices vary widely across the region. Cambodia, the Philippines, and Singapore
have established inclusive consultation processes involving government, industry, and civil society. Indonesia
and Malaysia coordinate across ministries and agencies, while Vietnam and Thailand conduct public hearings
and workshops, though mechanisms for integrating feedback remain unclear. Lao PDR and Myanmar involve
international partners but lack structured public engagement, and Brunei’s planning is primarily government-led
with limited transparency. Strengthening governance frameworks to ensure meaningful participation and
accountability is critical for building public trust and aligning energy plans with societal priorities.

2.3 Recommendations
The following recommendations aim to strengthen national energy planning practices. These proposals address

identified gaps, promote harmonization, and support the development of resilient, forward-looking energy
systems that can serve as a foundation for enhanced regional coordination and cross-border cooperation.
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e Integrate climate objectives into planning goals. National planning should explicitly incorporate
climate change mitigation targets, aligning energy strategies with broader environmental commitments
and sustainability goals.

e Strengthen planning methodologies. Move beyond traditional supply-side approaches by integrating
demand-side flexibility and demand response measures to create more balanced and adaptive plans.
Incorporating demand-side measures enhances the flexibility and resilience of the energy system. It
allows for better management of peak demand, reduces the need for new generation capacity, and
supports theintegration of renewable energy. Practice proactive assessment of renewables integration,
especially tracking off-grid installations via metering for more coordinated planning.

e Improve demand forecasting practices. Standardize and enhance forecasting methods to better
reflect evolving consumption patterns, sectoral shifts, and the impact of emerging technologies.
Accurate demand forecasting is critical for effective energy planning. It ensures that supply meets
demand, reduces the risk of over- or under-investment, and supports the integration of new
technologies and energy sources.

e Account for regional interdependencies. Incorporate neighboring countries’ supply and demand
dynamics into national planning to support regional coordination and optimize cross-border energy
flows. Regional coordination enhances energy security, optimizes resource use, and reduces costs. It
allows countries to benefit from complementary energy resources and demand patterns and supports
the development of regional energy markets.

e Adopt probabilistic resource adequacy metrics. Transition fully from deterministic to probabilistic
methods to more accurately assess system reliability and better manage uncertainty. Probabilistic
metrics provide a more comprehensive assessment of system reliability by accounting for uncertainties
in supply and demand. They support better decision-making and risk management, particularly in
systems with high renewable energy penetration.

e Embed risk and resilience in scenario planning. Ensure that all planning scenarios include
considerations for climate change, extreme weather events, and policy uncertainties to build a more
resilient energy system. Incorporating risk and resilience into scenario planning helps to identify and
mitigate potential vulnerabilities. It supports the development of robust and adaptive energy systems
that can withstand a range of future uncertainties.

e Enhance stakeholder engagement and governance. Establish inclusive planning processes that
involve a wide range of stakeholders—government, private sector, academia, and civil society—and
clearly define how their input influences decision-making. It enhances transparency, builds trust, and
supports the development of energy policies that are responsive to societal needs.

e Ensure long-term and consistent planning cycles. Adopt a minimum 20-year planning horizon and
commit to updating power development plans every 2-3 years to maintain relevance and adaptability in
a rapidly changing energy landscape. Long-term planning horizons provide a strategic vision for the
energy sector, while regular updates ensure that plans remain relevant and responsive to changing
conditions. This approach supports the development of adaptive and forward-looking energy policies.

A robust IRRP framework in each country not only strengthens national planning but also serves as a critical
building block for regional transmission planning and cross-border energy cooperation.
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With a clear understanding of the IRRP framework components and their relevance to ASEAN’s regional energy
goals, the next step is to operationalize these principles through a structured planning process. This process
translates the framework into actionable steps that guide how the region collectively approach integrated and
resilient energy planning.

This chapter begins with the practical steps for implementing the ASEAN Integrated Resource and Resilience
Planning (IRRP) framework. It then presents a phased approach for regional IRRP adoption, guiding ASEAN
Member States from national-level planning toward a harmonized, regionally coordinated process. The section
concludes with a summary of key recommendations, offering clear, actionable guidance to support the effective
rollout and long-term success of the regional IRRP initiative.

3.1 Methodology for ASEAN IRRP implementation

The ASEAN IRRP process follows a structured and iterative methodology designed to supportinformed, resilient,
and regionally coordinated energy planning. Figure 3-1 illustrates the structural components of the ASEAN IRRP
methodology. It begins with problem framing, where the key challenges, risks, and objectives specific to the
ASEAN region are clearly defined. Following this, scenario design phase is undertaken to explore a range of
plausible futures. These scenarios are built using carefully collected and relevant data, ensuring that the
analysis reflects real-world conditions. The next phase involves model development and simulation, where a
robust IRRP modelis constructed to test the scenarios under various conditions. This allows planners to assess
system performance, reliability, and resilience across different pathways. Once simulations are completed, the
process moves to results interpretation, where insights are drawn to guide strategic regional actions. Throughout
the entire process, stakeholder engagement plays a critical role. Early and continuous involvement of
stakeholders ensures that the IRRP outcomes are inclusive, credible, and actionable.

Figure 3-1. Structural components of the ASEAN IRRP methodology

Frame the Design Model

‘ Results
interpretation

problem scenarios development

1 —1

Stakeholder engagement

3.1.1 Frame the problem

The development of a regional IRRP study begins with clearly defining the planning objectives. These objectives
must be grounded in a comprehensive understanding of the key drivers shaping the evolution of ASEAN’s power
systems which is undergoing rapid transformation driven by a mix of technological, economic, environmental,
and policy-related factors (see Figure 3-2). These drivers reflect the dynamic forces—both internal and
external—that influence how electricity is generated, transmitted, consumed, and governed across the region.

Given ASEAN’s diversity in energy resources, infrastructure maturity, and policy frameworks, these drivers are
not uniform across AMS. However, they share common themes that are critical to regional planning, such as the
need to expand access, integrate renewable energy, enhance system flexibility, and respond to climate and
economic risks.
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These drivers are relevant because they:
e  Reflect real-world pressures and opportunities that influence power system evolution.

e  Help prioritize planning goals that align with regional values such as energy security, affordability, sustainability,
and resilience.

e Enable the definition of measurable indicators to track progress, assess risks, and guide investment decisions.

Figure 3-2. Example of ASEAN power system drivers

Cross-border
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initiatives
Flexible storage Extreme

technologies weather events

Increased Policy targets
adoption of and legal
renewables framework

Drivers of
future
Future cost and
Increased
electrification ASEAN macro-

economics

power

system

To support this process, an initial screening should be conducted to identify and prioritize the most influential
drivers. This step helps create a flexible framework for setting planning goals that are regionally relevant and
responsive to emerging challenges.

Once the drivers are identified, planning objectives should be aligned with shared regional values—such as
energy security, affordability, sustainability, and resilience. To ensure accountability and track progress,
planners should establish a set of measurable indicators. This involves:

e Assessing the current status of each Member State (baseline),
e Defining clear regional targets, and
e Monitoring progress through consistent, transparent metrics.

The Table 3-1 below provides some examples of linking drivers to planning goals and indicators.

Table 3-1. Examples of linking drivers to planning goals and indicators

Planning goal example Metric/Indicator example

Electrification Many AMS still face gaps in Achieve universal access Electrification rate (% of
and demand electricity access, especially and meet growing demand. population), peak demand
growth in rural and remote areas. growth rate, per capita

electricity consumption.
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Planning goal example Metric/Indicator example

RE integration

Flexible and
emerging
technologies

Market
structure and
trading
mechanisms

Cross-border
interconnection
initiatives

Climate
resilience and
extreme
weather

Cost and
macro-
economic
trends

3.1.2

ASEAN countries are setting
ambitious RE targets to
reduce emissions and
diversify energy sources.

Technologies like battery
storage, smart grids, and
Small Modular Reactors
(SMRs) are increasingly
included in national Power
Development Plans (PDPs).

ASEAN is moving toward
regional power trading,
requiring more cooperative
market structures and
mechanisms

Regional interconnections
improve system efficiency,
reliability, and resource
sharing.

ASEAN is vulnerable to
typhoons, floods, and
droughts that threaten grid
stability.

Technology costs, fuel price
volatility, and economic
growth affect system
planning and affordability.

Design scenario

Increase RE share in
generation mix while
maintaining reliability.

Enhance system flexibility,
reliability, and innovation.

Facilitate efficient cross-
border electricity trade.

Expand regional grid
infrastructure and
multilateral trading.

Build climate-resilient
infrastructure and
operations.

Ensure cost-effective and
economically viable power
development.

% RE in installed capacity,
curtailment rate, RE
contribution to peak load.

Installed storage capacity
(MW), SMR deployment
timeline, grid flexibility
metrics (e.g., ramping
capability).

Volume of traded electricity
(GWh), number of market
participants, market liquidity
index.

Transmission capacity (MW),
interconnection availability
factor, number of operational
links.

Frequency/duration of
weather-related outages,
resilience index, investment in
climate adaptation.

Levelized Cost of Electricity
(LCOE), total system cost,
GDP-energy elasticity.

Once the problem has been clearly defined, it must be integrated into the IRRP model using scenarios,
sensitivities, or simulations. As such scenario design is a critical step in the IRRP process. It translates complex
planning challenges into structured models that explore future uncertainties, test system resilience, and guide
decision-making. In the ASEAN context—where power systems are diverse and evolving rapidly—scenario
design must balance technical rigor, stakeholder relevance, and regional coordination.
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Scenarios serve as more than hypothetical futures; they are practical tools to:

e Explore uncertainty (e.g., fuel prices, climate impacts, technology costs),

e Evaluate trade-offs (e.g., cost vs. reliability, RE integration vs. grid stability),

e Align planning with policy goals (e.g., decarbonization, energy access),

e Support transparent and inclusive decision-making across ASEAN Member States.
And effective scenario design ensures that regional IRRP outcomes are:

e Robust across a range of plausible futures,

e Responsive to regional drivers and risks,

e Measurable through performance indicators.

This section outlines the key challenges ASEAN planners face in scenario design, presents recommended
practices for developing robust scenarios, and introduces a structured process for integrating scenarios into
IRRP modeling. It also emphasizes the critical role of data collection and preparation, which underpins the
credibility and accuracy of IRRP outcomes.

Definitions:
A scenario is a model run with fundamental changes to multiple inputs, objectives, assumptions and

constraints (multi-dimensional) - internal and external - to provide insights on distinct questions. Often,
scenarios represent different goals or views of the future.

A sensitivity involves primarily changes to a single key input (unidimensional) to understand how that input
affects or drives results, often across multiple scenarios. The objective of a sensitivity analysis is to
understand how results are affected by a single variable.

A simulation involves changes to inputs that are probabilistic in nature. This applies to weather profiles and
generation availability. The probabilistic nature of the problem requires the model be run over a high number
of simulations, i.e. in the hundreds or thousands to capture a wide range of possibilities.

ASEAN planners face several common challenges:

e Establishing a base case: Begin with a consistent base scenario that serves as a reference point. This
allows for systematic adjustments to variables such as load forecasts, commodity prices, regulatory
assumptions, and resource costs.

e Designing scenarios to evaluate risks: Scenarios should explore different futures, assess the impact
of policy goals and market trends, and test how various inputs affect the optimal resource mix. They
should also comply with regulatory requirements and reflect stakeholder priorities.

e Incorporating regulatory uncertainty: Planners should account for existing regulations, proposed
rules, and anticipated future policies. A reasonable approach is to include expected regulations in the
base case and use alternative scenarios or sensitivities to explore varying degrees of regulatory
stringency. Ignoring potential future regulations can lead to costly planning errors and delays.

To effectively respond to these challenges, ASEAN planners need practical tools and structured approaches that
can guide scenario development in a way that is both technically sound and regionally relevant. The following
recommended practices offer actionable strategies for designing scenarios that reflect ASEAN’s diverse
planning contexts, accommodate uncertainty, and support coherent regional integration

e Establish a base case: Begin with a consistent base scenario that serves as a reference point (e.g.

scenario using current PDPs, policies, and market conditions). This allows for systematic adjustments
to variables such as load forecasts, commodity prices, regulatory assumptions, and resource costs.
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o Design exploratory scenarios: Develop scenarios that reflect key uncertainties and regional drivers.
They should explore different futures, assess the impact of policy goals and market trends, and test how
various inputs affect the optimal resource mix.

e Incorporate regulatory uncertainty: Include expected regulations in the base case. Use sensitivities
to test the impact of stricter or delayed policies (e.g., carbon pricing, auction reforms), as ignoring
potential future regulations can lead to costly planning errors and delays.

Scenario design process

Figure 3-3illustrates a structured approach to scenario design within the IRRP framework. This process involves
the following key steps:

1. Set the context and constraints: Define the temporal, spatial, and contextual boundaries to planning
exercise. This helps identify the key factors influencing decision-making and sets the scope for analysis.

2. Identify objectives: Distinguish between different types of objectives:
a. Fundamental objectives (the desired outcome)
b. Means objectives (the pathway to achieve outcome)
c. Process objectives (the steps involved)
d. Strategic objectives (higher-level goals)

3. Set performance metrics: Establish performance metrics/indicators (e.g. LCOE, % RE in installed
capacity, curtailment rate, transmission capacity (MW), etc.) to evaluate progress toward the
fundamental objectives.

4. ldentify critical uncertainties and risks: Assess the major forces shaping the future of ASEAN’s power
system and electricity market. Determine which drivers—such fuel availability and prices, demand
growth, supply-chain, policy shifts, and climate impacts —are most influential.

5. Select set of climate futures: Choose a range of divergent climate projections that align with the
planning horizon. These projections help test system resilience under varying environmental conditions.

6. Develop “practice” scenario: Before finalizing a scenario for modeling, conduct a stakeholder
workshop to explore expectations and build consensus. If the scenario is well-supported, proceed to
finalize it and identify relevant sensitivities. If not, revisit steps 2 through 5 to refine the scenario design.

7. Fine-tune scenario and develop sensitivities: Refine the selected scenario and define specific
sensitivities to test how key uncertainties affect outcomes. This ensures the scenario is robust and
adaptable to a range of future conditions.

Figure 3-3. Scenario design process

1. 2. 3. 4. 5. 6. 7.
Set the context Identify Set Identify Select set of Develop Fine-tune

and constraints g Objectives |u g performance (g uncertainties g climate futures g  “practice’ | scenario and
metrics and risks scenarios develop
sensitivities

Data collection and preparation

Once the scenarios are defined, the next essential step is data collection and preparation, which forms the
backbone of accurate modeling and analysis in the IRRP process.
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Data inputs can come from a wide range of sources, including historical records, manufacturer specifications,
vendor claims, operator estimates, automated monitoring systems, and direct field observations. Among all
stages of the IRRP process, this phase is often the most complex and demanding. It requires sound judgment to
determine when historical data can reliably inform future projections—and when it cannot.

While historical data is crucial for calibrating models and validating results, it may not always reflect future
realities. For instance, climate change can make past weather patterns unreliable, and evolving trends—such

as the adoption of electric vehicles or shifts in fuel use—can significantly reshape demand forecasts. The
reliability of IRRP outcomes is directly linked to the quality of input data. Ensuring that data is relevant, consistent,
and credible is therefore critical.

Table 3-2 outlines the key input categories required for IRRP modeling, while Table 3-3 provides
recommendations for preparing these input parameters effectively.

Table 3-2. Input categories to be considered.

Includes traditional electricity demand, projected increases from electrification of other sectors (e.g.,
transport, industry), and flexible demand resources such as battery energy storage systems (BESS),
pumped hydro, and electric vehicles (EVs). These inputs help define the shape and variability of future
load profiles. Review economic indicators that are used for load forecasts as the strength of correlation
varies as the country’s economy develops.

Load or power demand forecasting for planning purposes can be approached using a variety of
methods, ranging from top-down econometric models that correlate demand with macroeconomic
indicators (e.g., GDP, population, industrial output), to bottom-up approaches that aggregate demand
from individual sectors or technologies. Time-series models (e.g., ARIMA, exponential smoothing) are
often used for short- to medium-term forecasts. Scenario-based forecasting is also common in long-
term planning, allowing planners to assess demand under different policies, technology, and
economic pathways.

EINER[ISI[CIl Captures the potential of demand-side measures such as demand response programs, energy
Resources, efficiency initiatives, and distributed energy resources that can reduce or shift electricity consumption.
(DSR

Covers the existing generation fleet, planned new builds (e.g., thermal, renewables), and detailed
technical and economic characteristics of each unit (e.g., capacity, efficiency, ramp rates, costs).

)
Generation

Commaodity Includes fuel price forecasts and availability (e.g., coal, gas, biomass), as well as carbon pricing
prices mechanisms (if applicable) or emissions caps that influence generation costs and dispatch decisions.

Market Represents interactions with regional electricity markets, including imports/exports, market rules, and
interactions price signals that affect generation and transmission planning.

HEREINIESCIMM Encompasses the existing transmission network, planned expansions, interconnection capacities, and
constraints that influence power flow and system reliability.

34 | ASEAN IRRP methodology and guidelines



Table 3-3. Recommendations for preparing input parameters

Input categor

Demand Side
Resources,
(DSR)

Recommendations

Use hourly/half-hourly chronological profiles rather than representative averages such as
daily/monthly/annual peak and off-peak demand distributed among hours/blocks. Accurate
demand data is crucial for capturing offsetting demand patterns across interconnected grids. For
example, if one utility provides 2023 data and another provides 2024, the data must be realigned to
a common year using growth rate to project the estimated demand for previous/next year using
profile of the available year, something not feasible with aggregated weekday/weekend profiles.

Include load shedding (load not served due to technical and commercial considerations) in base-
year demand to avoid underestimating generation needs, especially in systems with supply
shortages.

Be cautious of overly optimistic forecasts, which may be influenced by incentives to justify new
generation investments.

Model load profile variations as sensitivities across all scenarios, as demand uncertainty is a key
planning risk.

Adjust for extreme weather events, such as prolonged heatwaves, which may not be reflected in
historical data but significantly impact cooling demand.

Treat DSR as a flexible resource rather than a fixed reduction in demand. Allow the model to
optimize when demand is served, not just how much. For example, DSR should be modelled along
with the providing resource embedded at asset level rather than aggregated at regional/nodal level.
Segment DSR by customer type (residential, commercial, industrial) to reflect different capabilities
and response behaviors.

Quantify the technical and economic potential of DSR, including limits on duration, frequency, and
recovery time.

Incorporate price-responsive behavior, where demand is curtailed or shifted based on market
signals or grid conditions.

Use data from existing programs or pilots (if applicable) to calibrate assumptions and validate DSR
performance.

Apply DSR consistently across all scenarios and sensitivities to evaluate its contribution to system
flexibility and adequacy.

Ensure alignment with regulatory and market frameworks, including compensation mechanisms
and participation rules.
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Thermal generation inputs:

e Provide a detailed plan for new-built generators, including expected commissioning timelines and
potential delays due to site selection, permitting, local opposition, interconnection queues, and
supply chain constraints.

e Use realistic cost projections based on technology maturity curves (e.g., IEA data) or actual market
data from developers, rather than relying on simplified assumptions.

e Model generator outages stochastically reflect random failure events. If historical data indicates
correlated outages among units, this should be incorporated to assess grid resiliency.

e Select the appropriate modeling complexity. More complex models require detailed inputs like heat
rates, ramp rates, and minimum up/down times. For example the availability and forced outages
assumptions should be based on historical data and not typical numbers used for the
technology/asset type.

Renewable energy inputs:

e Use hourly/half-hourly resolution profiles for solar, wind, and hydropower to accurately capture
variability and support resource adequacy assessments.

Consider coarser time resolutions model settings for solution optimization (daily/weekly) only for
long-term strategic planning where fine-grained detail is less critical, recognizing the trade-off with
computational efficiency. Production cost optimization should anyways consider high time
resolutions model settings.

Generation

Wind profiles should reflect site-specific characteristics. Candidate sites should be selected based
on high renewable potential, and capacity constraints should align with available land and resource
quality. For example, an upcoming site identified for next round of auctions should be modelled with
site-specific profile rather than using the wind profile of the nearby site.

Benchmark renewable profiles against actual production data from regional resources where
available to improve accuracy. Some external sources include Solcast, Renewables Ninja, NREL
etc.

e Incorporate correlations between renewable generation and load, using multi-year meteorological
(5-10 years) data to identify patterns and improve scenario realism.

Select profiles from multiple weather years to capture seasonal variability and extreme events,
avoiding reliance on average conditions that may misrepresent system stress.

Run-of-river hydro should be modeled using hydro years, especially in systems with significant
hydro contributions. These should be treated independently from other weather time series due to
longer hydrological cycles.

e Analyze national PDPs and related policy documents to understand historical and projected fuel
price trends.

Forecast fuel prices for each AMS using a combination of global commaodity price trends and
country-specific differential adders, which reflect local factors such as subsidies, transport costs,
and regulatory frameworks. For example in case detailed information on breakdown of subsidies
and transport costs are not available, a premium/discount must be applied to reflect the
national/local commodity prices.

Commodity
prices

¢ Inthe absence of national data, use international benchmarks (e.g., Brent Crude, Henry Hub,
Newcastle coal index) as proxies, with appropriate adjustments for regional delivery costs and
market conditions.

Incorporate fuel price volatility as a sensitivity. This is especially important for assessing the
competitiveness of fossil fuel technologies under different market conditions and for understanding
the resilience of the generation mix.

e Note: The World Bank no longer provides long-term commodity price forecasts, which were
previously used in AIMS IlI.
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e Avoid modeling utilities as isolated systems when they are known to engage in cross-border
electricity trade, as this misrepresents their operational context and resource options.

Market e Recognize the potential value of market-based imports and exports, which can reduce portfolio

interactions costs and influence resource selection.

¢ Include formalized bi-lateral or sub-regional trading arrangements. For example, create a separate
market element in the model to capture the bi-lateral or sub-regional contract. Constraints on
prices and volume (daily/monthly/annual) can be applied to reflect the contract terms.

e Where available, incorporate existing national transmission plans as inputs. Further, deep-dive and
understanding is required to identify and differentiate between technical and commercial availability
and use the appropriate one aligned with the objective of the modelling.

LLERERIESICLIN o Acknowledge the limited availability of published transmission plans across AMS, which restricts the
ability to reflect future grid developments in the model.

e Treattransmission as an unconstrained elementin all scenarios to allow the model to identify optimal
power flows and explore the benefits of expanded interconnection or alternative grid configurations

3.1.3 Model development

The IRRP model brings together three core planning components to support the development of a reliable, cost-
effective, and resilient power system:

e Capacity expansion planning: Focuses on identifying the least-cost mix of generation resources to
meet projected demand. This is typically done using a simplified optimization model that assumes
normal operating conditions.

e Resource adequacy planning: Goes beyond installed capacity to assess whether the system can
reliably meet demand under typical stress conditions (e.g., generator outages, peak load events). This
is modelled using probabilistic simulations to capture uncertainty. For more on reliability standards and
the role of interconnectors, see Appendix 8.2.

e Resiliency planning: Evaluates the system’s ability to withstand rare but high-impact events, such as
extreme weather or simultaneous generator failures. Like resource adequacy, resiliency is assessed

through probabilistic simulations, but with a focus on more severe contingencies.
Table 3-4 provides a side-by-side comparison of these three planning components.

Table 3-4. Comparison of planning components

I IEIReIoJ[SadEY Least cost planning Meet reliability targets Meet reliability targets

Simulations of rare, extreme
events (e.g. simultaneous
generator outages)

Simulations of typical stress

(OETIUICAVEN Normal case (supply = demand) events

Model
characteristics

Simplified, coarse optimization Probabilistic, simulation-based  Probabilistic, simulation-based

While capacity expansion identifies the optimal generation mix under normal conditions, resource adequacy
and resiliency planning test the system’s performance under stress. Both rely on detailed simulations to capture
uncertainty and ensure the system can withstand a range of operational challenges. Together, these three layers
form the foundation of a robust IRRP model. IRRP must balance capacity expansion and resource adequacy
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while remaining computationally manageable. It involves trade-offs between model simplicity and accuracy. For
more on modelling complexity in the power system planning, see Appendix 8.6.

The model

The IRRP model generally falls into two categories: the all-in-one model and the two-stage model. For a detailed
comparison of their respective strengths and limitations, refer to Appendix 8.7.

For the ASEAN-wide IRRP initiative, the two-stage model is recommended. This approach separates capacity
expansion and production cost modelling, enabling a more comprehensive assessment of resource adequacy
and system resilience:

1. Stage 1: Capacity expansion model
This stage identifies the optimal mix of generation and transmission resources over a 20-year (or longer)
horizon. It uses a simplified, high-level model to determine capacity portfolios, economic dispatch, and
cross-border power flows.

2. Stage 2: Production cost model
It uses the outputs from Stage 1 to simulate operational costs and system performance on an hourly
basis. It provides detailed insights into the cost-effective and reliable operation of the power system,
considering the integration of key assets and interconnections

3. Ilterative refinement

If the system fails to meet reliability criteria, insights from the production cost model are used to adjust
the capacity expansion plan. This iterative loop continues until system adequacy is achieved.

Table 3-5 to Table 3-7 present a set of recommendations for the regional IRRP modeling, aimed at strengthening
and expanding upon the foundations laid by AIMS lll phase 1 - 2. These recommendations are designed to guide
the next phase of regional energy planning under the ASEAN Interconnection Masterplan Study IV (AIMS 1V), with
a focus on improving model accuracy, and operational realism. Where applicable, comparisons are made to
AIMS Il phase 1 - 2 practices to highlight areas of continuity and improvement.

One point to highlight is that while certain elements of AIMS Ill phase 1-2 align with the proposed regional IRRP
vision, it’s important to recognize that AIMS Ill phase 1-2 is a one-time regional planning effort undertaken using
an IRP approach. Its methodology was shaped primarily by the ASEAN Power Grid (APG) vision and the specific
Terms of Reference for that project. As such, it does not represent a fully developed regional planning framework.

Table 3-5. Capacity expansion model

Capacity expansion AIMS Ill phase 1 - 2 practices AIMS IV (Regional IRRP model)
model

Four scenarios were analyzed: Base Scenario, Scenarios should be designed for
ClJEGOVAUENIS Optimum RE Scenario, ASEAN RE Target comparability to quantify the benefits of
Scenario, High RE Target Scenario interconnectors effectively.

20-year horizon (2020-2040), analyzed in 5-year Retain the 20-year or longer planning horizon to
Optimization horizon [ETeTEYaVA ensure long-term system development is
captured.
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Capacity expansion
model

AIMS lll phase 1 - 2 practices

Modeled purely on economic merit (with no
preference for specific thermal technologies).

Thermal generation/
dispatch

Identified 60 high-potential wind and solar sites
across ASEAN to guide RE development.

Renewable profile

Used 144 time slices per year (12 months x 12
load duration curves per month).

Load data

Relied on AMS-provided fuel price forecasts;
used World Bank commodity forecasts when

. unavailable.
Fuel price

Optimized generation and cross-border
transmission; assumed no intra-country
transmission constraints.

Transmission model

Not included in the model.

Storage model

AIMS IV (Regional IRRP model)

e For thermal generation, gas supply
limitations should be input as constraints.

e The data for thermal generation performance
parameters (e.g. ramp rates of coal plants)
should be validated against available actual
plant data as this can potentially limit the
amount of renewable integration

o Reassess the 60 RE-rich sites previously
identified and increase the number of sites
to align with new potential sites and higher
resolution data

e Use multi-year weather data to reflect long-
term variability (instead of replicating the
same 1-year data over 20 years)

e For hydro-dependent AMS, include multiple
hydrological years to capture seasonal and
inter-annual variability.

e Recommend using hourly load data.

e Apply a bottom-up approach using historical
hourly data and sectoral demand insights.

e Cross-validate with a top-down approach
using macro indicators like population and
GDP growth.

e Analyze national PDPs to understand fuel
price drivers (e.g., subsidies, domestic
obligations). Forecast AMS-specific prices
using global trends and differential adders.

e Note: World Bank no longer provides long-
term forecasts.

Maintain the 14-node structure and continue
assuming no intra-country constraints for
regional planning purposes.

Model storage power (MW) and energy capacity
(MWh) as independent variables to determine
storage needs across different durations.

The capacity expansion model of AIMS Ill achieves a good balance between model fidelity (accuracy) and model

tractability. The AIM lll model has its strengths in robust data gathering for renewables profile, load and fuel price.

The mainimprovement would be to model energy storage technologies, which was previously absent. Additional
considerations on the gas supply constraints for thermal generation and fine-tuning the number of weather years

according to renewables type can further enhance the model.
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Table 3-6. Production cost model

Produc

Objective / scenarios

Optimization horizon

Thermal generation/
dispatch

Renewable profile

Load data

Transmission model

AIMS lll phase 1 -2 practices

Capacity expansion outputs were used as
inputs for the production cost model.

Modeled from 2018 to 2040 at hourly
resolution.

Modeled using unit commitment, but without
accounting for system resiliency.

No stochastic modeling of renewable
generation.

Hourly load data was used.

Interconnection capacity was optimized for
economic import/export only, without
considering reserve sharing between
interconnected nodes.

Storage model Not included in the model.

AIMS IV (Regional IRRP model)

Conduct production cost modeling for each
scenario using capacities determined in the
capacity expansion phase.

Use a 1-year horizon at hourly resolution,
performed at every 5-year intervals. The aim
of the 5-year intervals is to capture main
capacity additions/ retirement (it does not
necessarily have to be 5-year intervals; this
is just an example).

Continue using unit commitment modeling.
Incorporate stochastic Monte Carlo
simulations to reflect random outages.
Assess the likelihood of simultaneous

outages during extreme weather events and
include them if relevant.

Use Monte Carlo simulations to model
renewable generation under contingency
weather events.

Maintain hourly load profiles.

Model demand uncertainty (e.g., low and
high demand cases) through sensitivity
analysis across all scenarios.

Assess correlation between load and
renewable generation profiles.

Retain zonal-level modeling.

Review transmission capacities from the
capacity expansion model to assess
adequacy for reserve sharing.

Avoid nodal modeling due to limited access
to accurate grid data and lack of nodal
markets in ASEAN

Same as capacity expansion model.

The main difference proposed for the IRRP production cost model compared to AIMS lll is to build a model that
is suited for running multiple simulations for reliability and resiliency runs. All generators, including thermal
generation and renewable profiles should now incorporate a certain level of uncertainty via probabilistic
methods.
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Table 3-7. Grid network model

]
Grid network model AIMS lll phase 1 -2 practices AIMS IV (Regional IRRP model)

Hourly dispatch results from the production e Grid modeling should be excluded from the
cost model were used to identify worst-case IRRP phase and deferred to the feasibility
operating conditions. These were then analyzed stage.

using power flow, contingency, and stability

e Itrequires access to detailed grid data,
which has proven challenging—most AMS
were reluctant to share such data during
AIMS Il Phase 1-2.

e Without reliable data, meaningful grid
modelling is not feasible at this stage.

General assessments.

Model calibration

To ensure the credibility and practical relevance of IRRP outputs, model calibration is a critical step. Key
outputs—such as capacity factors, dispatch schedules, and interconnector flows—should be validated against
actual operational data from existing power plants. This comparison helps identify discrepancies and refine
model assumptions for greater accuracy.

Beyond technical validation, it is equally important to align model results with real-world constraints that may
not be fully captured in the modeling process. These include policy mandates, technology-specific targets, and
phase-out timelines. Capacity expansion outcomes should also be cross-checked against national and regional
energy targets to ensure consistency with broader planning goals.

In the case of the production cost model, the outputs provide valuable insights into operational constraints and
preliminary interconnection sizing. These results should be shared with ASEAN Member States (AMS) to support
more detailed, country-specific grid or nodal modeling efforts—ensuring that regional planning is grounded in
both technical rigor and national realities.

Software selection

Choosing the right software requires careful consideration of both the technical capabilities of the tool and the
institutional context in which it will be applied. With several established platforms available™ the selection
process should align with the region’s planning needs, data availability, and capacity for implementation.Table
3-8 outlines the key criteria for evaluating IRRP modeling tools, while Table 3-9 provides a comparative overview
of some of the most commonly used platforms in regional power system planning.

Table 3-8. Key criteria to consider for selecting IRRP modelling software

HIGIAIEINVASE o Can the software handle generation expansion, production cost modeling, and scenario analysis?
Scope

e Does it support multi-region or cross-border modeling, which is essential for regional IRRP?

Data Handling &
Transparency

Does it allow for transparent input assumptions and customizable data structures?
e Can itintegrate with existing databases (e.g., AEDS in ASEAN)?

User o |s the software user-friendly for planners with varying levels of modeling expertise?

Accessibility e Does it offer graphical interfaces, documentation, and training support?

™ such as ANTARES (used by ENTSO-E), SDDP (used in SIEPAC), PLEXOS (used in AIMS Ill), and EnCompass (used by Xcel Energy)—
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Flexibility &
Customization

Cost & Licensing

Institutional Fit

mechanisms?

Key questions

Can it be adapted to reflect regional planning standards, policy constraints, and market

Does it support open-source customization or is it proprietary?

Is the software commercial or open-source?

What are the licensing costs, and are they sustainable for long-term use?

Is the tool already in use by any AMS or regional institutions (e.g., ACE, HAPUA)?

Can it be integrated into the regional planning workflow and supported by existing technical teams?

Table 3-9. Comparison of IRRP modeling tools

PLEXOS .

0SeMOSYS .

TIMES/MARKAL

GE MAPS

ANTARES

EnCompass

DIgSILENT
PowerFactory

Industry-standard for capacity expansion and
production cost modeling

Supports detailed market simulations and
multi-region modeling

Strong vendor support

Open-source and free
Transparent and customizable
Good for long-term energy planning

Strong for long-term energy system
optimization

Used by IEA and governments

High-resolution production cost modeling
Strong operational detail

Open-source and designed for multi-area,
long-term planning

Strong for probabilistic simulations and
flexibility analysis

Excellent for hydrothermal systems and
stochastic optimization

Widely used in Latin America

Integrated platform for capacity expansion,
production cost, and transmission modeling

User-friendly interface

Strong scenario management

Excellent for power flow and stability studies
Widely used in transmission planning

Advanced for dynamic and steady-state
transmission analysis

Good for detailed grid simulations
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High licensing costs
Requires significant training and expertise

Limited transmission modeling

Requires technical setup and coding skills

Complex to configure

Less suited for operational or transmission
modeling

Proprietary and expensive
Not ideal for long-term planning alone

Less intuitive interface

Requires technical expertise to configure

Proprietary and expensive

Complex to use and interpret for non-
specialists

Commercial licensing

May require customization for regional IRRP
needs

Not designed for generation expansion or
economic modeling

High cost
Not suitable for integrated resource planning



m“

e Open source e Less intuitive interface
e Can manage electricity and district heating e No dedicated support for troubleshooting
Balmorel networks issues

e Has good track record within scientific
community

In-House development vs. Outsourcing modelling

Institutions planning long-term energy strategies must carefully weigh the trade-offs between in-house and
outsourced power system modelling.

In-house modelling enables organizations to build internal technical expertise and retain institutional
knowledge. This approach fosters a deeper understanding of local power systems, regulatory environments, and
policy contexts—critical for interpreting model outputs and making informed decisions. It also ensures that
sensitive data remains confidential. Over time, in-house modelling can be more cost-effective for institutions
with recurring modelling needs. However, it requires substantial upfront investment in software licenses, high-
performance computing infrastructure, and skilled personnel such as power system engineers, energy
economists, and data analysts. Training and capacity development are essential to sustain this model.

Outsourcing modelling to consultants offers a faster, more efficient solution, especially for time-sensitive
projects or institutions with limited internal capacity. Consultants bring specialized expertise, familiarity with
global best practices, and access to advanced simulation tools. Their service packages often include software
and infrastructure costs, reducing the need for capital investment. It also provides access to international
insights on scenario development, stakeholder engagement, and emerging trends. However, this approach may
limit knowledge transfer, making institutions reliant on external support for future updates. There is also a risk
that standardized modelling approaches may overlook local system nuances unless closely managed. Data
confidentiality can be a concern when sensitive information is shared externally.

From a cost perspective, outsourcing is more suitable for one-off studies, while in-house modelling is more
cost-effective for ongoing needs. A hybrid approach—starting with consultants and transitioning to internal
teams—is considered best practice, combining external expertise with long-term capacity building. Globally,
best practices emphasize stakeholder collaboration, transparency in assumptions, and donor-supported
training.

In ASEAN, initiatives like the APG highlight the growing need for robust modelling of interconnected systems. The
choice between in-house and outsourced modelling should align with institutional goals, resources, and long-
term strategy.

Table 3-10. Comparison of in-house vs outsourcing electricity market modelling.

In-House modelling Consultant-Led modelling
Initial High - includes simulation software license, Low — consultants typically include software and
R i Clalall computing infrastructure, and staff recruitment infrastructure in their fees

REIA sl f-3 Moderate — annual license renewal, staff salaries, High — each new study incurs fresh consultancy
costs and maintenance fees
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Software
licensing

Direct purchase required (USD 50,000-200,000+
annually depending on modules)

(\ElaloJo\\-T@l Requires full-time technical team (engineers,
ICCBIEINERIEN economists, analysts)

Training
needs

High - staff must be trained in software and
modelling methodologies

Time to
deploy

Longer — due to setup, training, and model
development

Data

. B High — all data remains internal
confidentiality

High —full control over assumptions, scenarios, and
customization [§[eleEI{=H]

Knowledge

. Strong - institutional memory is built over time
retention

FHEYAJIUENN High — internal teams can iterate and adapt models
control as needed

Included in consultancy package

Minimal internal staffing needed

Low —only for internal review or knowledge transfer
sessions

Faster — consultants have ready-to-use models and
experience

Moderate - sensitive data must be shared
externally

Moderate — customization depends on consultant
engagement scope

Weak - knowledge may not be retained post-
project

Limited — changes require new contracts or scope
revisions

Access to
global best
practices

Moderate — depends on internal exposure and
training

High — consultants bring international experience
and benchmarks

High — once established, can support multiple

Scalability studies and updates

Moderate - scaling requires additional contracts

Long-term
cost
efficiency

Best use case Long-term plann_lng, institutional capacity building,
frequent modelling needs

3.1.4

High - cost-effective over multiple projects and years Low —repeated outsourcing becomes expensive

One-off studies, urgent timelines, or when internal
capacity is limited

Results interpretation

While the IRRP modeling process provides a strong technical foundation for scenario analysis, its true value lies
in how the results are interpreted and applied to inform real-world decisions. Although the IRRP is not binding, it
offers strategic insights by identifying regional trends, shared risks, and cross-border opportunities that can
support national planning efforts. For ASEAN Member States—each with distinct energy priorities and planning
frameworks—translating regional findings into actionable national strategies can be challenging. The following
considerations illustrate how ASEAN Member States can leverage regional IRRP outcomes to strengthen
domestic energy strategies, improve system reliability, and foster regional collaboration.

e Integrating IRRP outcomes into national planning

Although the regional IRRP serves primarily as an indicative planning tool—producing technical reports and
voluntary recommendations—ASEAN Member States stand to gain significantly by aligning its outcomes with
their national strategic objectives. This may involve updating regulations to incorporate new insights on resource
adequacy, reliability metrics, and optimal generation mixes. Additionally, regional IRRP results can inform long-
term energy strategies, guide investment decisions, and support infrastructure development planning. By doing
so, AMS can ensure that IRRP findings are not only relevant but also actionable within their specific national
contexts.
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For example, a country could use IRRP findings to revise its PDP by incorporating recommendations on solar and
wind integration, adjusting reserve margins, and aligning its planning timeline with regional forecasts to improve
system reliability

e Leveraging regional insights for national benefit

The ASEAN-wide IRRP generates a wealth of valuable data that spans the entire power system. These results
offer a detailed view of regional resource adequacy, system reliability, and resilience—providing critical inputs
for national-level planning. AMS can use this information to enhance their own resource planning, optimize
energy resource allocation, strengthen system reliability, and advance national energy goals.

For example, a country might use regional IRRP data to identify potential shortfalls in peak demand periods and
plan for battery storage or flexible generation capacity to enhance grid stability.

e Fostering regional collaboration and transparency

Sharing IRRP findings across AMS promotes regional cooperation and encourages coordinated responses to
shared energy challenges. It also opens the door for joint initiatives and cross-border projects. Transparent
communication of IRRP results—through accessible data formats, clear documentation, and active stakeholder
engagement—further strengthens national planning processes and supports a more resilient, efficient, and
integrated regional power system.

For example, country A and country B could use IRRP outputs to jointly assess the feasibility of expanding their
interconnection capacity, supported by shared data on load forecast and transmission constraints.

3.1.5 Stakeholder engagement

An effective IRRP process depends on inclusive, transparent, and continuous stakeholder engagement
throughout all phases—from input development and scenario design to modelling, results review, and action
planning. The following summarizes best practices and recommendations for stakeholder engagement in the
ASEAN IRRP context:

Core principles of effective engagement:

e Governance and coordination: A regional regulatory institution would be tasked with overseeing the
development and approval of the regional IRRP process and functions (aka AMSRB). ACE—currently
serving as the APGCC Secretariat—could take the role as coordinator of a dedicated Working Group on
Coordinated Planning (WG Coordinated Planning), and act as the custodian of the regional IRRP model
and planning database. The WG Coordinated Planning will be composed of technical experts seconded
from AMS power utilities through the HAPUA network. For more on governance please refer to Section
6.

e Transparency and accessibility: Share agendas, data, and modelling assumptions in advance. Use
NDAs and anonymization techniques to protect sensitive information while ensuring relevant
stakeholders have access to necessary inputs.

e Inclusive participation: Ensure broad access through remote participation, accommodate language and
scheduling needs, and provide technical education sessions to build stakeholder capacity.

e Structured feedback mechanisms: Collect feedback through meetings and formal comment processes.
Document and respond to input, and report back on how feedback has been incorporated.

Engagement across the IRRP lifecycle:

e Pre-modelling: Engage stakeholders to co-develop scenarios, define modelling assumptions, and
identify policy priorities.
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e During modelling: Allow stakeholders to review interim results and provide input on assumptions,
constraints, and outputs.

e Post-draft: Facilitate discussions on how IRRP results inform national action plans and regional
coordination.

Technical stakeholder involvement:

e WG Coordinated Planning: It will be composed of technical experts seconded from AMS power utilities
through the HAPUA network.

e Interregional planning sessions: Organize information sessions, data collection sessions, workshops
and training sessions involving relevant stakeholders.

e Datasharingforreplication: Provide modelling files and relevant data to national planners and modelers
to enable replication and development of country-specific pathways.

Continuous improvement:

e |terative process: Regularly evaluate the engagement process, incorporate feedback, and refine
approaches to improve inclusivity and effectiveness.

Figure 3-4 illustrates the anticipated outcomes of implementing these stakeholder engagement practices
throughout the IRRP process

Figure 3-4. Expected outcomes from stakeholder engagement

Reflect diverse Improve the quality Strengthen national Foster trust and

stakeholder and credibility of and regional collaboration across
perspectives modelling outcomes planning alignment ASEAN

3.2 Regional IRRP adoption

The rollout of the ASEAN IRRP methodology and set of guidelines marks a pivotal step in advancing the next
phase of regional energy planning under the ASEAN Interconnection Masterplan Study IV (AIMS V). This
methodology builds on the foundations laid by AIMS Il phase 1-2 and introduces a more structured, inclusive,
and forward-looking approach to regional power sector development.

Recognizing the complexity and diversity of national planning frameworks, the operationalization of the IRRP
methodology (outlined in Section 3.1) is envisioned as a long-term process that may unfold over several years or
decades. To support this transition, a three-phase implementation pathway is proposed. This pathway guides
ASEAN Member States from independently developed national energy plans toward a more coordinated and
integrated regional planning process. Each phase builds on the previous one, enabling gradual alighment and
capacity building (see Figure 3-5).

In line with the collaborative spirit of previous AIMS initiatives, the regional IRRP process is intended to include
active participation from all AMS from the outset. This inclusive approach ensures that the regional planning
process reflects the diverse priorities, planning capacities, and energy contexts of each Member State.

Thisregional IRRP initiative will serve as an indicative planning exercise, generating technical reports that outline
recommended actions. These outputs are intended for voluntary use by AMS and can provide valuable inputinto
national, bilateral, or sub-regional planning processes. In addition, the IRRP results will help identify Projects of
Common Interest (PCl)—initiatives with regional significance that can enhance cross-border energy cooperation.
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For more details on PCI, refer to Section 5.1. Once identified, these projects can move forward to the next stage
of development, including feasibility studies and investment planning.

Figure 3-5. Three-phase ASEAN IRRP implementation pathway.

O Regional IRRP

v03 (2040)
O Regional IRRP

v02 (2035)

O Regional IRRP
v01 (2030)

Enhancement of national PDP

oAIMS Il (starting point)

The transition from AIMS Il to an enhanced AIMS IV process—integrating the IRRP methodology

o Phase 1 - Regional IRRP v01: Strengthening national planning. Focuses on enhancing the quality,
consistency, and transparency of national planning practices across ASEAN Member States.

o Phase 2 - Regional IRRP v02: Enhancing regional coordination. Emphasizes greater alignment and
coordination among national plans. This phase supports the development of shared planning
assumptions, improved data exchange, and early-stage regional integration.

e Phase 3-Regional IRRP v03: Advancing a shared regional planning vision. Envisions the creation of
an independent, regionally coordinated IRRP. This stage builds on harmonized national inputs and

supports integrated planning through shared data, unified objectives, and collaborative scenario
development.

It’s important to emphasize that while enhancing national planning practices—particularly in terms of data
quality, granularity, and timelines—is not a formal requirement for progressing regional IRRP efforts, it does
strengthen the foundation for effective regional transmission planning. The closer national plans are aligned with
regional methodologies, the more accurate, representative, and actionable the regional IRRP becomes. This
alignment not only improves the quality of regional insights but also facilitates their integration into national
planning processes, enabling AMS to better anticipate cross-border opportunities, shared risks, and system-
wide efficiencies. In essence, national and regional planning form a mutually reinforcing relationship: each can
operate independently, but theirimpact is amplified when developed in parallel (see Figure 3-6).

ASEAN-wide Integrated Resource and Resilience Planning (IRRP) | 47



Figure 3-6. Interplay between national energy planning and regional IRRP development

‘ .. A fragmented approach to national and regional energy planning has
resulted in inefficiencies, missed opportunities for collaboration, and limited
scope for optimizing regional outcomes.

Diverse domestic PDPs Independent regional IRP

particularly regarding data quality, granularity, and timelines—doing so
provides a strong foundation for regional transmission planning efforts.
Improved practices also makes it easier to incorporate regional insights into

O mmmmmmmmmmm—mmmmmm———————————— >
. - . While it's not compulsory to enhance national planning practices—

Enhanced PDPs national planning processes. Enhanced regional IRRP
The more coordinated the national plans are with regional efforts—
particularly in terms of data quality, granularity, and timelines—the more

accurate and representative the regional IRRP becomes. This alignment
Coordinated domestic PDPs also facilitates the integration of regional insights into national planning. Integrated regional IRRP

As data quality and planning practices continue to improve, the IRRP methodology aims to support a fully
integrated regional planning framework—characterized by coordinated data sharing, unified planning objectives
and collaborative decision-making. Table 3-11 provides a comparative overview of the three implementation
phases and their key characteristics.

Table 3-11. Evolution of the ASEAN IRRP adoption

m Regional IRRP v01 Regional IRRP v02 Regional IRRP v03
]

Based on national PDP data or Improved data quality or Enhanced and validated data
standard assumptions for standardized assumptions for ~ sets for all generation assets.
generation assets generation assets.

Techno-economic
data of assets'?

e Hourly demand data e Hourly demand data Comprehensive hourly profiles

i+v13
Data granularity' for for all relevant data categories.

production cost e Hourly solar and wind data e Hourly solar and wind data

model e Weekly or monthly hydro e Weekly or monthly hydro
constraints constraints
Reliability metrics based on Probabilistic reliability Probabilistic reliability
RENE] QARSI cach AMS’s established assessments developed assessments coordinated
methodologies. independently by each AMS. across AMS.
VT [V (ol a1 0l 20 years outlook 20 years outlook Extended to a 30-year planning
plan horizon™ horizon.

12 | situations where techno-economic data for a generation asset is unavailable, the planning working group should be authorized to apply standard assumptions
based on typical generator characteristics.

13 1 cases where data granularity is limited, the planning working group should be authorized to refine coarse data using appropriate estimation techniques and
informed expert judgment.

14 |t a national plan’s time horizon falls short of the 20-year outlook, the planning working group should be empowered to extend projections using suitable estimation
methods and expert insights to bridge the gap.
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Data sharing

Stakeholder
engagements

m Regional IRRP v01 Regional IRRP v02 Regional IRRP v03

Data sharing guided by the ACE acts as data custodian; ASEAN Energy Database
upcoming APG MoU; interim data sharing is governed by the System (AEDS)
approach follows AIMS Il formalized data-sharing

phase 1-2, where HAPUA framework from enhanced APG

members provided technical MoU.

and market data to ACE.

Involvement of key national Broader engagement including Inclusive participation of all
planning experts. additional technical and policy relevant ministries and
stakeholders. departments, with
mechanisms consultation and
inputin place.

3.3 Summary of key recommendations

These recommendations are grounded in the previously described framework and methodology and are
designed to guide AMS in adopting a consistent, collaborative, and forward-looking approach to regional energy
planning. Each item reflects a critical step in the IRRP process and offers practical guidance to support
coordination, resilience, and integration across the ASEAN power sector.

1. IRRP in practice: guidelines for implementation:

e Frame the problem:

o

Conduct initial screening to identify key regional drivers and risks. Use it to define planning
goals and metrics based on shared regional values.

e Design scenario:

o

o

o

Use a structured approach: Set the context and constraints, identify objectives, set
performance metrics, identify critical uncertainties and risks, select set of climate futures,
develop “practice” scenarios, and fine-tune scenario & develop sensitivities.

Include high-impact, low-probability resiliency events

Ensure comparability across scenarios to assess interconnection benefits.
Perform sensitivities and resiliency simulations across all scenarios.
Prioritize high-quality, relevant, and consistent input data.

On how to prepare input parameters refer Table 3-3.

e Model development:

o

o

Adopt a two-stage modelling approach (capacity expansion + production cost)

Transition gradually to a common probabilistic reliability criterion, starting with national
approaches and converging over time.

Refer to Table 3-5 and Table 3-6 for modelling guidance.
Exclude grid modelling at this stage; defer to feasibility phase.

Choose between in-house and outsourced modelling based on institutional capacity and
long-term needs.
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Results interpretation:

o Regional IRRP serves primarily as an indicative planning tool—producing technical reports
and voluntary recommendations.

o Leverage regional insights for national benefit. IRRP results can provide critical inputs for
national-level planning and modelling efforts.

o Share IRRP findings across AMS to promote regional cooperation and encourage
coordinated responses to shared energy challenges.

Stakeholder engagement:

o There is the need for three core institutional roles: A Regional Regulatory, a Regional
Planning Coordinator, and a Working Group on Coordinating Planning roles to ensure the
continuous, coordinated, and adaptive development of the regional IRRP framework. Refer
to Section 6 for governance guidance.

o Ensureinclusive, transparent, and continuous engagement throughout the IRRP process.
o Engage stakeholders in scenario design, modelling, and action planning.

o Facilitate technical collaboration and feedback loops to improve model quality and
stakeholder buy-in.

2. Regional IRRP adoption:

This regional IRRP initiative is intended to function as an indicative planning exercise, producing
technicalreports that outline recommended actions for voluntary adoption by AMS. From the outset,
the process is designed to include active participation from all AMS—building on the inclusive
approach used in AIMS Il and AIMS |ll Phase 1-2. This broad engagement is essential to ensure that
the regional planning process reflects the diverse priorities, planning capacities, and energy
contexts of each AMS, thereby enhancing the relevance and credibility of the IRRP outcomes.

The implementation of the regional IRRP vision is a three-phase implementation pathway:
o Phase 1 (IRRPv01, 2030), improve quality and consistency of national plans.
o Phase 2 (IRRPv02, 2035), enhance coordination and alignment.
o Phase 3 (IRRPv03, 2040), advancing a shared regional planning vision.

It’s important to emphasize that while enhancing national planning practices—particularly in terms
of data quality, granularity, and timelines—is not a formal requirement for progressing regional IRRP
efforts, it does strengthen the foundation for effective regional transmission planning. The closer
national plans are aligned with regional methodologies, the more accurate, representative, and
actionable the regional IRRP becomes. In essence, national and regional planning form a mutually
reinforcing relationship: each can operate independently, but their impact is amplified when
developed in parallel

Use IRRP to identify ASEAN Projects of Common Interest (APCIs) for further feasibility studies.
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To ensure that the ASEAN-wide IRRP process is both robust and resilient, it is essential to test a diverse set of
planning scenarios. Scenario analysis lies at the heart of the IRRP methodology, enabling planners to explore a
range of plausible futures and assess how different strategies perform under varying conditions. This approach
supports informed decision-making by highlighting trade-offs, identifying vulnerabilities, and revealing

opportunities for regional cooperation.

This chapter begins by recommending a set of scenarios designed to demonstrate the value of interconnectors.
It then outlines the types of sensitivity analyses required to test the robustness of these scenarios. Finally, it
highlights the data input needed to support the development and evaluation of the proposed scenarios.

4.1 Recommended scenarios

The AIMS 1l phase 1 - 2 study laid important groundwork for regional power planning in ASEAN, exploring four
scenarios focused on renewable energy integration and grid development. However, some limitations were
identified:

e Lack of detailed analysis on climate impacts and socio-economic drivers.
e Energy storage and demand-side flexibility were not considered.
o Noregional reliability assessment was conducted—only national-level metrics were used.

To address these gaps and reflect recent developments in national and regional energy landscapes, a new set
of five progressively developed scenarios is introduced. These scenarios are designed to demonstrate the
strategic value of interconnectors in enhancing system performance, resilience, and sustainability across
ASEAN (see Figure 4-1). Each scenario builds upon the previous one, offering a step-by-step exploration of

increasing regional integration.
Figure 4-1. Recommended scenarios

Scenario 0 Scenario 1 Scenario 2 Scenario 3 Scenario 4

BAU with
uncapped High-RE incl.
interconnection storage &
capacity demand
flexibility

Business-As-Usual
(BAU)
PDPs without

interconnections %ﬁ\ﬁ ﬂﬂﬂ
e &
Ty

_ unlocking the full potential of regional interconnection »

Scenario 0 - PDPs without interconnections: This baseline scenario envisions a fragmented ASEAN power
system where each country operates independently, without any cross-border electricity interconnections. It
represents a hypothetical "what if" situation—illustrating what the region might look like if interconnectors were
entirely absent, despite the existence of national power development plans. The primary purpose of this
scenario is to underscore the inefficiencies, elevated costs, and lost opportunities that result from a lack of
regional collaboration. By simulating isolated national grids, it provides a clear contrast to more integrated
scenarios, helping to demonstrate the tangible benefits of interconnection in terms of system performance,
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resilience, and cost-effectiveness. Ultimately, this scenario serves to highlight the value of existing and future
interconnections by showing how much more effective the regional power system can be when countries work
together.

Scenario 1 - Business-As-Usual (BAU): This scenario builds upon the updated national Power Development
Plans (PDPs) and includes both existing and planned cross-border interconnectors. It reflects ASEAN’s current
trajectory in the power sector, grounded in real-world progress, policies, and commitments. As a realistic
baseline, Scenario 1 is essential for evaluating the impact of future regional strategies. It highlights the benefits
already achieved through interconnection—such as enhanced reliability, cost efficiency, and optimized
resource use—while also exposing the limitations of current plans in advancing deeper regional integration or
significantly increasing renewable energy adoption. Based on the “Updated PDP Scenario” from AIMS Ill phase
1-2, this scenario incorporates the latest data and adjustments to better represent actual conditions and
developments across AMS. It serves as a benchmark for assessing the added value of more ambitious,
cooperative approaches to regional power planning.

Scenario 2 - BAU with uncapped interconnection capacity: This scenario explores the transformative
potential of a fully interconnected ASEAN power grid by removing limitations on interconnection capacity. By
lifting these constraints, the model can optimize cross-border electricity flows without being restricted by
infrastructure bottlenecks. Scenario 2 illustrates how enhanced regional connectivity can drive significant
system-wide efficiencies, facilitate greater integration of renewable energy, and lower overall costs. It presents
a forward-looking vision of what ASEAN could achieve through a more ambitious and coordinated approach to
transmission planning. Serving as a bridge between the current state and a more integrated future, this scenario
highlights the benefits of deeper regional cooperation and infrastructure investment in building a resilient,
flexible, and sustainable power system

Scenario 3 - High renewable energy (High-RE): This scenario introduces ambitious renewable energy targets
aligned with national goals, for instance the projected renewables required to meet the country's net zero target.
It explores how a highly interconnected ASEAN power grid can facilitate the integration of large-scale renewable
energy by balancing variability across borders and enhancing system flexibility. In Southeast Asia, the renewable
energy potential exhibits considerable variation depending on geographical location. Only solar potential is high
across many countries. Hydropower potential is high in Indonesia, Lao PDR, Malaysia and Vietham while only
the Philippines and Indonesia offer extensive geothermal resources. Offshore wind is largely concentrated in
Vietham and the Philippines. This scenario highlights the critical role of regional cooperation in achieving clean
energy transitions. It demonstrates that interconnection is not only a tool for cost optimization but also a key
enabler of decarbonization and sustainability. By leveraging shared resources and complementary generation
profiles, countries can meet their renewable energy ambitions more efficiently and reliably. This scenario
underscores the synergy between interconnection and climate action, offering a compelling vision of a greener,
more resilient ASEAN power system.

Scenario 4 - High-RE incl. storage and demand flexibility: This scenario builds upon the high-renewable, fully
interconnected Scenario 3 by incorporating energy storage systems and demand-side flexibility. It envisions a
future where ASEAN not only achieves high levels of renewable energy integration but also leverages cutting-
edge technologies to enhance grid stability, responsiveness, and efficiency. This scenario illustrates a highly
optimized, resilient, and decarbonized regional power system. It emphasizes the critical role of flexibility
solutions—such as battery storage and smart demand management—in addressing renewable variability,
unlocking additional demand potential, and maximizing the benefits of regional interconnection.
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Table 4-1. Key parameters and features included in each scenario

Existing/planned
interconnections

Interconnection
capacity limit

RES targets

Cross-border
power flow
optimization

Existing/planned
energy storage

Additional
energy storage

Demand-side
flexibility

Curtailment
management

System
resilience &
flexibility

Decarbonization
support

Strategic
purpose

v

No
interconnection

National only

(limited)

No applicable

Low

Minimal

Baseline for
comparison

v Updated

v Based on
current plans

National only
(moderate)

v Limited by
infrastructure

Limited

Moderate

Limited

Realistic current
trajectory

v Updated

v Uncapped

National only
(moderate)

v Fully optimized

vImproved

v Improved

Moderate

Explore full
interconnection
potential

4.2 Sensitivity and resilience analysis

v Updated

v Uncapped

v High targets

v Fully optimized

v Optimized

v High

v Strong

Test high-RES
integration

National PDPs

v Updated

v Uncapped

v High targets

v Fully optimized

v Minimized via
flexibility

v Very high

v Strong + flexible

Flagship vision for
future planning

To ensure ASEAN'’s regional power planning remains robust under uncertainty, IRRP integrates targeted

sensitivity analyses and resiliency simulations across all scenarios. These tools help stress-test the system

against a range of plausible futures—economic shifts, climate extremes, and demand fluctuations—ensuring
that planning outcomes are both flexible and future-proof.
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Demand sensitivities: Planning for uncertainty

Each scenario is tested under high and low demand growth trajectories, reflecting optimistic and pessimistic
economic and demographic trends. These variations help assess how resilient the system is to demand shocks
and guide adjustments in generation and transmission planning to maintain reliability and cost-effectiveness
under different consumption patterns.

Resiliency simulations: Weathering the extremes

To evaluate the system’s ability to withstand climate-related disruptions, IRRP includes resiliency simulations
using multi-year weather data and Monte Carlo methods. These simulations model the impacts of extreme
events—like droughts and cyclones—on power supply and infrastructure. The insights help identify
vulnerabilities and inform strategies to enhance system resilience across all scenarios. An example of how the
outputs of the resiliency simulations will be utilized is illustrated in Appendix 8.3.1.

Table 4-2. Sensitivity and resiliency layers

Demand sensitivity Resiliency simulations

High and low demand trajectories to reflect = Modeling of extreme weather events using

All . economic and demographic uncertainty, multi-year weather data and Monte Carlo
scenarios
guiding adjustments in generation and simulations to identify vulnerabilities and
transmission planning. strengthen system resilience.

4.3 Scenario data requirements

Accurate scenario modeling depends on a robust and consistent set of input data across all scenarios. To ensure
meaningful and comparable results, a standardized data foundation is essential.

Table 4-3 outlines the minimum data requirements needed to simulate the proposed scenarios. These inputs
cover a wide range of planning dimensions, including demand projections, generation portfolios, transmission
infrastructure, renewable energy integration, and system flexibility measures.

Table 4-3. Data Requirements for Scenario Modelling

e Annual and hourly demand forecasts by zone/region

e Peak demand projections (MW) for base and future years

Load profiles (8760 hourly values per year)
Demand

Sectoral demand breakdown (residential, commercial, industrial, transport)

Demand growth assumptions and elasticity

Demand-side management assumptions (if applicable)

e Reserve margin requirements and load shedding cost assumptions
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e Existing and planned generation units by technology (thermal, hydro, solar, wind,
biomass, pumped hydro, BESS)

e Unit-level technical parameters: capacity (MW), minimum stable level, ramp rates,
min up/down time, heat rate, start-up cost, variable O&M

e Commissioning and decommissioning years

Supply /

Generation e New build candidates: technology options, capital costs, operational parameters
e Renewable generation profiles (solar and wind hourly profiles)
e Hydro inflow profiles (monthly/daily)

e Storage parameters: energy capacity (MWh), power capacity (MW), round-trip
efficiency, min/max state of charge

o Availability factors, forced outage rates, and maintenance schedules

e Fuel types and mapping to generation units
e Fuel prices (by type and year)
e Fuel availability constraints (e.g., import limits, domestic production)

e Emission factors and environmental constraints

e Existing and planned interconnectors (cross-border and internal)

e Transmission capacities (MW) and directionality

Transmission e Transmission losses and wheeling charges (if applicable)

e Network topology (zonal or nodal representation)

e Interconnection commissioning years and expansion plans

e Grid constraints and congestion assumptions

e Pumped hydro and BESS operational parameters — capacity, charge/discharge
efficiency, duration, round-trip efficiency

Flexibility e Demand response programs and load shifting assumptions

e Reserve provision capabilities by generator type

e Ancillary services requirements (primary, secondary, tertiary reserves)

e Capital costs (USD/kW) by technology and year
e Fixed and variable O&M costs (USD/kW-year, USD/MWh)

e Start-up and shut-down costs

e Cost of unserved energy (Value of Lost Load - VOLL)
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A comprehensive and robust IRRP framework at the national level provides a critical foundation for effective
regional transmission planning. Regional planning aims to identify priority investments—such as Projects of
Common Interest (PCIs) or “common-use assets”—and to enhance grid security, resource diversification,
system flexibility across borders and and lower overall costs. To identify PCI (see discussion in next subsection),
the methodologies implemented should require a high proportion of regional benefit versus local or bilateral
benefit.

Investments in enabling infrastructure will also be crucial, as planning process and construction take time. The
question of how to finance projects, including PCl requires attention due to major challenges it brings. While this
is not a focus of this study, the topic is highly relevant to IRRP. A few issues are highlighted below, as some of
them need to be taken into account when developing the IRRP:

e High costs and financing complexity: Cross-border grid-to-grid projects are expensive and difficult to
finance, for several reasons, including that the costs of such projects usually are not clearly covered
under the regulated transmission tariff (or bundled tariff, as the case may be) because the projects are
notforthe domestic grid; projects involve multiple utilities and entities; Multilateral Development Banks
(MDBs) and commercial lenders find it difficult to lend to such projects (more below); and utility balance
sheets borrowing capacity may be limited. Additionally, as the transmission business varies among
ASEAN member states, ownership structure, and remuneration mechanisms which might require new
investment models™.

e Green taxonomy constraints: Many cross-border projects are not classified as “green” under
prevailing climate finance taxonomies. Their eligibility depends on factors such as grid carbon intensity
and alignment with national climate commitments. This makes early-stage climate impact
assessments critical.

e Planning horizon limitations: Green taxonomies often assess grid carbon intensity five years before
and after a project’s commissioning. For long-lead projects—such as large subsea HVDC
interconnectors—this means that if the IRRP planning horizon is less than 15 years, these projects may
fall outside the assessable window. Since IRRPs are typically updated every few years, a longer-term
outlook or supplementary modelling is necessary to support early-stage screening and prioritization.

e Scenario alignment with climate goals: As noted above, one of the relevant factors is alignment with
national climate commitments and policies. Also, it would be helpful if the regional IRRP documents
show how high renewables scenarios require additional cross-border interconnectors.

51 ASEAN Project of Common Interest

The successful implementation and expansion of Multilateral Power Trade (MPT) in ASEAN will depend heavily
on the development of new cross-border grid-to-grid transmission infrastructure. These projects, often requiring
debtfinancingin the hundreds of millions to billions of USD, are essential to physically enable regional electricity
exchange. While most upcoming cross-border transmission projects in ASEAN are expected to be bilateral in
nature, with MPT benefits as a secondary outcome, a subset of these projects—referred to as Projects of
Common Interest (PCls)—are distinguished by their primarily regional benefits. These projects are designed to
facilitate multilateral trade among multiple ASEAN Member States (AMS), rather than just bilateral exchanges.

To understand PCls, it is important to distinguish between different types of cross-border infrastructure:

15 More information on the financial challenges to implementing regional integration can be found in DNV’s report “ASEAN interconnectors study: Taking a regional
approach to decarbonization” ASEAN Interconnector Study: Taking a regional approach to decarbonization
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e PCl are grid-to-grid interconnections that enable power trading across multiple countries. These differ
from IPP-to-foreign grid projects, which involve a single generator selling to a foreign utility without
interconnecting national grids, of which there are many examples in ASEAN. The latter do not support
broader MPT development

e |PP-to-foreign grid projects typically bundle generation and transmission in a single power purchase
agreement (PPA), involve only two parties, and feature unidirectional power flows, making them
relatively straightforward to finance and implement.

e |ncontrast, common-use transmission assets involve multilateral coordination, multidirectional power
flows, and unpredictable usage patterns, making them more complex to plan, finance, and operate.

Figure 5-1 illustrates the difference between common-use transmission assets and other cross-border grid-to-
grid transmission projects. Consider a scenario where existing transmission lines connect Country A to B and
Country C to D, enabling bilateral trade. However, MPT is not possible across the region. A new interconnection
between Country B and C could create a four-country trading block, enabling multiple trading pairs and
facilitating MPT. This new line would qualify as a PCl due to its regional impact. Conversely, if the benefits of the
new line accrue mainly to B and E, it would not be considered a PCI.

Figure 5-1. Example of Common-use Transmission Project

>
Common-use transmission line,
Not Common-use Country allows multiple countries to benefit
transmission line, primary E
benefits Country B and E Note:
Existing transmission line
New transmission line = =====

In mature MPT markets, the designation of PCls is governed by established market rules. In emerging MPT
markets like ASEAN, such designations must be negotiated as part of broader regional integration efforts.

AMS should prioritize infrastructure projects that deliver the greatest value for regional energy integration and
the clean energy transition. This strategic focus has already begun through the identification of key
interconnection projects under AIMS lll. To build on this momentum, ASEAN should establish formal ASEAN
Projects of Common Interest (APCI) categorization (not part of this study). This framework would help identify
and prioritize critical regional interconnections that can serve as the backbone of the ASEAN Power Grid,
enabling multilateral power trade and enhancing system resilience. The development of the APCI should begin
with consultations among energy stakeholders to define clear and transparent criteria for project inclusion. This
collaborative process should be followed by technical and economic assessments to evaluate the regional
benefits and costs of candidate interconnections.

Importantly, IRRP process can play a key role in this effort by helping to identify potential APCI projects during
the strategic planning phase. These projects can then be advanced to the next stage of feasibility studies, where
detailed analysis and investment planning can be conducted.
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5.2 Additional interconnections

Following the completion of the AIMS lll study, several new cross-border interconnection projects have been
proposed or are under development, primarily through bilateral agreements between ASEAN Member States
(AMS). These projects aim to enhance regional energy security, diversify supply sources, and support the growing
demand for renewable energy integration.

e Cambodia-Singapore: Singapore is planning to import up to 1 GW of electricity from Cambodia via a
new 1,000 km subsea cable, with future expansion to include renewable energy from Lao PDR. The
project will tap into Cambodia’s hydropower, solar, and potentially wind resources.

e Indonesia-Singapore: A proposed interconnection would enable the transfer of approximately 3 GW of
solar power from Indonesia to Singapore. While still in early development, the project envisions a direct
connection between the Indonesian generation site and Singapore’s grid.

e Vietnam-Singapore: This collaboration involves the construction of a 1.2 GW offshore wind farm in
Vietnam, with electricity transmitted to Singapore via a 1,000 km submarine cable.

e Australia-Singapore (Power Link): This ambitious project aims to deliver 6 GW of electricity annually,
with 2 GW transmitted to Singapore through a 4,300 km subsea HVDC interconnection. It represents
one of the longest and most advanced renewable energy transmission projects globally.

e Vietnam-China: Electricity trade between Vietnam and China has been ongoing since 2004. Vietham
planstoincrease imports from Chinato 2.4 billion units (BU) by 2026 (730 MW capacity), with a potential
rise to 19 BU (4,100 MW) by 2028. An additional 3 GW of imports is also under consideration, expected
to be operational by 2026.

e Laos—China: Laos currently trades electricity with China via 115 kV lines. A new 500 kV interconnection,
jointly developed by Electricité du Laos (EDL) and China Southern Power Grid (CSG), is scheduled for
completion in 2027-2028.

e  BIMP-PIP: Brunei Darussalam-Indonesia—Malaysia—Philippines Power Integration Project (BIMP-PIP) is
a pilot subregional initiative under the broader ASEAN Power Grid that aims to facilitate cross-border
power trade and grid connectivity among the four countries to promote clean energy and enhance
energy security. This project aims to create a sub-regional power grid with interconnections between
Malaysia's Borneo states (Sabah), Brunei, Indonesia (Kalimantan), and the Philippines.

e Other Interconnections: Several existing links—such as Cambodia-Vietnam, Cambodia-Laos, and
Cambodia-Thailand—may require reinforcement in light of recent high-level agreements to expand
cross-border electricity trade.

Looking ahead, once the ASEAN regional grid is fully established, there is strong potential to expand
interconnections beyond Southeast Asia. One promising avenue is through the Bay of Bengal Initiative for Multi-
Sectoral Technicaland Economic Cooperation (BIMSTEC), which includes Bangladesh, Bhutan, India, Myanmar,
Nepal, Sri Lanka, and Thailand. Discussions are ongoing regarding a BIMSTEC grid connection, which could
significantly enhance VRE integration by leveraging diverse load patterns across a broader regional pool.

In parallel, South Asia is exploring interconnections with the Middle East, with countries like India, Saudi Arabia,
the UAE, and Oman investigating the feasibility of subsea electricity links. These developments could eventually
form part of a larger transcontinental energy network, offering ASEAN new opportunities for energy trade and
resilience.
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To ensure the successful implementation and long-term sustainability of the ASEAN-wide IRRP vision under
AIMS 1V, a clear and coordinated governance structure is essential. As the IRRP process evolves through its
phased implementation, effective institutional arrangements will be critical to support collaboration, maintain
consistency, and manage the technical and administrative functions of regional planning. This chapter outlines
the proposed governance framework, including key institutional roles and responsibilities, as well as
considerations for funding and operational support.

6.1 Proposed institutional arrangements for system planning

Below are listed the three core institutional roles required:

1. A dedicated regional regulatory institution would oversee the IRRP process, ensuring alignment with
regional energy policies. It would provide high-level guidance on policy direction and planning priorities,
formally approving the regional IRRP and its associated activities. It would facilitate coordination with
national regulatory agencies to ensure coherence between regional and national plans.

2. Supporting this oversight function, a regional coordinator institution would be responsible for
managing the day-to-day activities involved in developing the regional IRRP. This includes maintaining
and updating planning models and datasets, facilitating collaboration among AMS, and ensuring that
the planning process remains responsive to evolving energy trends and policy shifts. As the technical
and administrative hub, this body would play a key role in ensuring transparency, data integrity, and
timely updates to the IRRP.

3. Finally, a working group on coordinated planning composed of technical experts from AMS and
relevant institutions would carry out detailed analytical work. This group would be tasked with scenario
development, system modeling, and performance assessments. Their work would translate strategic
priorities into actionable plans, identify investment needs and risks, and support the formulation of
regionally coherent yet nationally tailored planning outputs.

6.1.1 Regional regulatory board

As highlighted in the parallel work under WP1'¢, the absence of a regional regulatory institution has led to the
recommendation of forming the ASEAN Member States Regulatory Board (AMSRB). This board would be tasked
to provide overarching regulatory guidance and support for the development and approval of the regional IRRP

During stakeholder consultations held in Bangkok in February 2025, there was a clear preference for leveraging
existing institutions where possible. This suggests that the ASEAN Energy Regulatory Network (AERN) could be
expanded or restructured to fulfill the functions of the AMSRB. While initial frameworks may depict AERN and
AMSRB as coexisting entities, it is more likely that these roles will be consolidated into a single body (ref. Figure
6-1).

In the area of system planning, the AMSRB is expected to facilitate greater coordination among AMS and provide
regulatory guidance on policy direction and planning priorities. AMSRB will also support the establishing of
regular update cycle for regional IRRP, ensuring that regional transmission planning remains robust and
responsive to evolving needs. The detailed functions, governance structure, and funding mechanisms for the
AMSRB are elaborated in the complementary study under WP1 on the minimum requirements for a multilateral
power market in ASEAN.

16 Studies on the minimum requirements for multilateral power market and a strategy to establish a multilateral power trade in ASEAN
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Figure 6-1. APG defining structure
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6.1.2 Regional planning coordinator

AMS POWER UTILTIES

Under the institutional framework proposed in the ERIA 2024 study'” shown in Figure 6-2, the ASEAN Power Grid
Consultative Committee (APGCC) is envisioned to play a central coordinating role across the three core
functional areas: Market Operations, System Planning, and System Operations. Within this structure, the
function would be supported by dedicated working groups, with coordination provided by APGCC-appointed

leads.

Figure 6-2. Potential structure of APG Working Groups
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A “Study on an Enabling Agreement amongst ASEAN Member States for Establishing Multilateral Power Trade and ASEAN Power Grid Institutions”, published by ERIA in

2024 (hereafter referred to as “the ERIA 2024 study”). Enabling Agreement amongst AMS for Establishing Multilateral Power Trade and ASEAN Power Grid

Institutions
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Source: Adapted from “Study on an Enabling Agreement amongst the ASEAN Member States for Establishing
Multilateral Power Trade and ASEAN Power Grid Institutions”, ERIA Research Project Report FY2024, No. 23

In the area of system planning, it is proposed that the ASEAN Centre for Energy (ACE)—currently serving as the
APGCC Secretariat—take on an expanded role. ACE would coordinate the System Planning Working Groups
(where the working group for IRRP planning will be part of) and act as the custodian of the regional IRRP model
and planning database, ensuring data accuracy and consistency in collaboration with AMS. Within the ACE
structure (see Figure 6-3), the Modelling, Policy and Planning (MPP) Department is best positioned to support
these functions, given that it is also currently responsible for the ASEAN Energy Database System (AEDS). The
AEDS, a key component of ACE’s Data Sharing Framework and guidelines, is expected to serve as the central
platform for managing regional planning data and models. For recommendations on data collection and
preparation refer to Section 3.1.2.

Figure 6-3. ACE’s APAEC Department and its Modeling and Policy Planning (MPP) Department
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To effectively support the added functions, ACE may need to scale up its internal capacity. While the MPP
department could initially coordinate the System Planning function subject to sufficient resources being
available within ACE, to provide a Coordinator for, and support to, the System Operations and Market Operations
functions, additional recruitment would be required and potentially the creation of one or two additional
departments specializing in these areas.

The proposed structure (illustrated in Figure 6-4) outlines ACE’s dual role: first, as the Secretariat to the APGCC,
and second, as the provider of Coordinators for each of the three core functions.

18 a5 described in the report “Data Sharing Framework and Guidelines to Accelerate the Expansion of Multilateral Power Trading in ASEAN”, published in 2024 Data

Sharing Framework and Guidelines to Accelerating the Expansion of Multilateral Power Trading in ASEAN - ASEAN Centre for Energy
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Figure 6-4. Proposed structure of Working Groups supported by ACE and the HAPUA members
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6.1.3 Working group on coordinated planning

To support the development and technical execution of the regional IRRP, it is recommended that a dedicated
Working Group on Coordinated Planning (WG Coordinated Planning) be established under the broader System
Planning Working Group. This group would be composed of technical experts seconded from ASEAN Member
States power utilities through the Heads of ASEAN Power Utilities/Authorities (HAPUA) network (as illustrated in
Figure 6-4). These experts bring valuable system-level knowledge and practical experience, making them well-
equipped to carry out the complex modeling, scenario development, and planning analyses required for the IRRP.

The WG Coordinated Planning would be responsible for producing technical reports and planning outputs that
caninform national and regional decision-making. While these outputs may initially serve as voluntary guidance,
the long-term objective is to evolve toward a more formalized coordination process, where participating AMS
align their national planning efforts with regionally agreed planning documents and standards. This would
enhance the consistency, transparency, and effectiveness of regional transmission planning and investment.

A key element of this coordinated planning process is the use of high-quality, standardized data and
assumptions. To support this, the working group should develop a Data Manual—a technical reference
document that outlines the best available data inputs for generation, load, and transmission systems. These
inputs should be accurate, consistent, timely, and aligned with agreed planning principles. The Data Manual
would serve as a shared foundation for all IRRP modeling activities and would be developed in consultation with
relevant stakeholders to ensure broad acceptance and applicability across the region. ACE will be the custodian
of the dataset and model.

6.2 Funding of the system planning function and process

An important discussion for the establishment of the regional IRRP is the funding for its process and functions.
While the IRRP builds upon existing planning activities already undertaken by national utilities—typically funded
through regulated tariff mechanisms— the regional dimension introduces new collaborative efforts that may
require incremental resources.
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It is essential, however, to approach these additional costs not as financial burdens, but as strategic
investments that can unlock substantial long-term value. By enhancing regional coordination and planning, the
ASEAN IRRP has the potential to deliver system-wide efficiencies and cost reductions that far outweigh the initial
expenditures. These benefits include:

e Avoidance of redundant infrastructure investments
e  Optimized utilization of regional energy resources

e Reductioninreserve margin requirements

e Improved reliability and resilience of power systems
e Lower long-term electricity costs for consumers

As the IRRP framework matures, its funding mechanisms must evolve accordingly. The scale and nature of
additional costs will vary across AMS, depending on their existing planning capabilities, institutional readiness,
and technical infrastructure. To guide the development of a fair and transparent funding model, it is useful to
outline the key cost categories associated with regional IRRP implementation:

e Central coordination and secretariat support
o Staffing and operational expenses for ACE/APGCC to manage IRRP activities.
o Organization of regional workshops, consultations, and technical meetings.
e Model development and maintenance
o Procurement or in-house customization of regional planning tools.
o Preparation and integration of data into regional models.
e Datainfrastructure

o Establishing a regional database covering generation, transmission, demand, and resource
data.

o Ensuring data security, accessibility, and interoperability across AMS.
e Capacity building and technical assistance

o Delivery of regional training programs for AMS planners.

o Development of guidance materials, toolkits, and scenario templates.
e Stakeholder engagement and communication

o Outreach to regulators, utilities, and policymakers.

o Preparation of reports, visualizations, and policy briefs to support informed decision-making.
e Regional working group participation

o Travel and logistical support for AMS representatives.

o Time allocation for technical contributions and peer reviews.

To ensure equitable and effective cost-sharing, a phased funding strategy is proposed (Figure 6-5):
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Figure 6-5. Evolution of funding mechanisms
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1. Establishment phase:

In the short to medium term, it is recommended that the initial setup costs of the regional IRRP process
be supported by external funding, like the World Bank, Asian Development Bank, UNOPS etc, until the
working arrangements of the regional System Planning function are fully embedded as “business as
usual”. This would cover one-time expenses like model development, data infrastructure, and the
recruitment of additional staff at ACE.

2. Initial stage of operation:

During the early stages after setting up the cost of the regional IRRP process, a combination of external
funding and contributions from AMS should be utilized. To ensure fairness, a cost-sharing mechanism
should be established to allocate these central expenses among AMS. This could be based on objective
metrics such as peak demand, energy consumption, or other indicators reflecting the size and
complexity of each national power system. These contributions, like national planning costs, should be
recoverable through national tariffs.

3. Advance stage of operation:

As the IRRP process becomes institutionalized and integrated into routine operations, the goal is for it
to be fully funded by AMS utilities and income from own activities on a continuous basis. Activities may
be able to derive fees from running training courses, regional conferences, or other activities in future.
This approach addresses the problem identified in SAPP (ref. Section 1.2), which noted that
overdependence on donor funding can lead to infrequent IRRP updates, undermining the effectiveness
of regional planning.

ACE’s central role—as both the APGCC Secretariat and coordinator of the IRRP process—positions it well to
manage donor funding to progress activities that are in the interests of the ASEAN electricity sector as a whole.
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Japan International Cooperation Agency, Tokyo Electric Power Holdings Company, Inc., TEPCO Power
Grid, Inc., NIPPON KOEI Co. Ltd., Tokyo Electric Power Services Co., Ltd., 2020. JICA PDF

(JICA Report PDF)

Transition Development Plan Philippines 2023 - 2040. TDP 2023-2040 Consultation Report-2023-06-
15-07-54-06.pdf

Update on Vietnam National Power Development Plan #8 (PDP8), BakerMcKenzie, May 2023.
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8. APPENDIX

8.1 Resource adequacy definition

Resource adequacy is a crucial aspect of power system planning to ensure system reliability and is hence a
critical aspect of IRRP™. It refers to the system's ability to meet all levels of demand under normal operating
conditions, while accounting for potential unexpected events such as generator outages or fluctuating loads.
Resource adequacy serves as a key indicator for identifying and understanding potential future reliability risks in
the power system, with assessments based on established reliability standards. These assessments can range
from short-term to long-term evaluations.

Two main aspects are considered:

e Metrics: These are quantitative measures used to assess resource adequacy. Metrics provide a
numerical basis for evaluating whether the power system can meet demand under various conditions.

e Criteria: This involves setting acceptable values for these metrics to ensure reliability. Criteria specify
the target reliability levels that the system should achieve. They guide the interpretation of metrics and
help determine if the system meets the desired reliability standards.

The metrics used for adequacy assessments can be categorized into deterministic and probabilistic (risks)
approach, as shown Table 8-1. Utilities may determine the acceptable values of these reliability indices using
different methods. For example, some utilities use engineering judgement to select criteria that balance system
cost and reliability performance, validated by historical experience. Others use probabilistic indices that have
reasonable relationships to the actual reliability performance of the system. In such cases, more pragmatic
methods may be employed to determine the appropriate values of the criteria.

Table 8-1. Features and metrics used for each category of resource adequacy assessment

Easy comparisons with
other systems

contingency
(generators,
transmission lines)

contingency (MW)

Category Features Metrics/indices Parameters of the metrics
Dimensions Type of
probability
Deterministic |- Reflect average behaviors |Reserve margin Available capacity None
of the supply continuity (Available generation | margin (% of peak
- Simple; intuitive; requires |~ Peak demand) demand)
limited data Loss of largest Size of the None

Probabilistic
(Risk)

Consider stochastic of
system operation:
uncertainty in supply and
demand e.g. unit failure,
hydro inflows

Describes how not all load
may be supplied

Loss of Load
Probability (LOLP)

Frequency of
energy not served
(hr/year)

Probability of a
specified ENS
level

Loss of Load
Expectation (LOLE)

Frequency of
energy not served
(hr/year)

Average value

Expected Energy not
Served (EENS)

Magnitude of
energy not served
(MWh)

Average value

19 The IRRP framework integrates resilience into traditional integrated resource planning (IRP) to develop a low-cost, least-regret plan that addresses potential future

risks.
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- More sophisticated to P95 (95" percentile) |Frequency of Tail risk (high
energy not served impact, low
(hr/year) probability event)

calculate as more
information is required

Due to its simplicity, the reserve margin is the traditional approach for planning and determining resource
adequacy. Itrefers to the capacity margin that can be relied upon above the expected peak demand to account
for contingencies such as outages and generation unavailability.

Resource adequacy pertains to the system's ability to supply demand. Therefore, most probabilistic metrics use
unserved energy, focusing on two main parameters:

Dimension of load not served: It focuses on either the magnitude (amount of energy not supplied) or
frequency (how often periods with unserved load occur)

The likelihood of unserved load: It focuses on an “average” case or explicitly evaluating “tail risks” (high
impact, less probability of occurrences).

Two major metrics commonly used by grid operators globally to measure grid reliability are the Loss of Load
Probability (LOLP) and the Expected Energy Not Served (EENS), or their combination:

LOLP: This is the probability that demand exceeds the load expected to be served. It is computed using
the Capacity Outage Probability Table (COPT), where a convolution is performed with the probability of
serving a load with several generators. LOLP is represented as a percentage.

EENS: This indicates the amount of energy not served in the system. The EENS is computed for the
convolved load duration curve.

A combination of LOLP and EENS best defines the system's reliability, as it better quantifies the frequency and
magnitude of outages. These metrics provide information on the risk level in the system, indicating the likelihood
of lost load, and whether the system has sufficient capacity. It isimportant to recognize that the analyses based
on these metrics do not predict the frequency of load shedding or full blackouts.

Box: Differences between reserve margin and operating reserves

There is often confusion between reserve margin and operating reserves. Both are essential for maintaining
the reliability of supply, but they operate on different timescale and serve different purposes.

Reserve margin - This is a long-term metric/standard used for long-term generation planning to ensure
there is sufficient generation capacity to meet projected peak demand with some margin. There is no single

international standard for reserve margin criteria, but many countries that use this metric set the standards
around 10-15% depending on circumstances.

Operating reserves - this refers to the amount of capacity that can be called upon by the system/ market
operator to assist with balancing supply and demand within a short timeframe to maintain system stability.
Spinning reserve is a subset of operating reserve, which generally consists of all reserve categories (i.e.
primary, secondary, tertiary reserve). Reserves are kept handling contingency events, such as the loss of

generating units, or for normal operation, such as demand variation and demand forecast error.

The sizing of reserve requirements can be approached in two main ways: deterministic and probabilistic.

The deterministic approach sets reserve levels based on specific potential events, such as the largest
single contingency (N-1) or a percentage of peak load, and these levels typically remain static over time.

In contrast, the probabilistic approach considers a wider range of events and their correlations to
determine the necessary reserve levels to meet a specified reliability standard. These levels can either
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be static or dynamically adjust over time based on system conditions to optimize costs. Generally,
increasing reserve sizing requirements enhances reliability but at the cost of economic efficiency

The reserve definition, categories and procurement do vary across different countries/regions. Depending on the
market, the reserve requirementis generally procured across multiple timescales, ranging from several seconds
(activated automatically) to hours (can also be activated manually) when required.
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8.2 Resource adequacy target

ASEAN currently lacks a unified standard for resource adequacy assessment. While some Member States still
rely on traditional reserve margin approaches, others have adopted probabilistic metrics such as Loss of Load
Expectation (LOLE) (see Appendix 8.1 and Table 8-2).

However, most countries using probabilistic methods tend to rely on a single metric, which may not fully capture
all dimensions of reliability—such as frequency, magnitude, and tail risks. These metrics are not always directly
comparable across countries due to differences in economic conditions, regulatory frameworks, and
technological maturity.

It should be noted that there was no reliability assessment performed at the regional level for AIMS lll. The LOLE/
LOLP values of each country were used to obtain reserve margins only.

Table 8-2. Reliability metrics and standards for each ASEAN Member States

Reserve Margin 35% for Java-Bali, others 40%?2!
Lao PDR Reserve Margin 15%2°
]
LOLP and EENS 1 day/year, 0.1% per day of yearly energy
Reserve Margin-Peninsular 25% existing, reduced to 20% by 2037
Malaysia
Reserve Margin-Sabah 35%2°
Reserve Margin-Sarawak 30%2°
Reserve Margin 15% (until 2026), 20% (beyond 2027)2°
The Philippines Reserve Margin 25%
LOLP 3 hours / year?!
Singapore
Reserve Margin 27%%
Reserve margin 15% (until 2035), 20% (beyond 2035)?!
Thailand
Planning to shift to LOLE 0.7 day/year?'
LOLE/LOLP 12 hour/year®
Viet Nam
Reserve Margin 15%2°

Toward a common reliability standard

In the IRRP framework, two approaches can be taken for resource adequacy assessment:

20 Source: AIMS Il
2 Source: National PDP

ASEAN-wide Integrated Resource and Resilience Planning (IRRP) | 75



1.

Use individual AMS reliability metrics, or

2. Adopt a single regional probabilistic criterion.

The choice depends partly on the modeling platform, as some tools require a unified regional metric.

Option 1: Country-specific metrics

If each AMS retains its own reliability standard, a shift from deterministic reserve margins to
probabilistic metrics is strongly recommended. Deterministic methods often fall short in systems with
high shares of variable renewable energy (VRES), as they assume fixed capacity and availability. This can
underestimate the need for flexible resources like storage and responsive generation.

Probabilistic metrics—such as LOLE or LOLP—offer a more comprehensive view by accounting for
uncertainty in demand, generation, and vRES variability. They also allow for better economic evaluation
of unserved energy and system risk, capturing both average and extreme conditions.

Option 2: A Single regional metric

Adopting a unified regional reliability criterion would require consensus among AMS. This collaborative
process ensures the metric reflects shared reliability needs and system diversity. Probabilistic metrics
is strongly recommended. While this is the long-term goal, transitioning will take time.

The recommended path forward follows the three-stage IRRP adoption approach mentioned in Section 3.2:

Short term: AMS continue using their own metrics based on existing practices.
Medium term: Gradual adoption of probabilistic approaches across AMS.

Long term: Convergence toward a common regional probabilistic standard to support integrated
planning and system adequacy.

Interconnectors and their role in resource adequacy

From a national planning perspective, interconnectors are typically assigned high availability (often >95%), but
their contribution to reserve margins is treated conservatively. This is because, during critical periods, exporting
countries may face their own shortages—due to poor planning or extreme weather—and prioritize domestic

demand over exports.

As aresult, planners often derate interconnector capacity in reserve adequacy calculations. While this derating

is prudent for planning, it should not be applied operationally, as it would undervalue the real-time benefits

interconnectors provide.

Why interconnectors matter

Interconnectors play a vital role in systems with high shares of variable renewable energy (VRE) by:

Balancing variability across borders
Reducing curtailment through surplus exports
Enhancing flexibility by accessing diverse generation sources

Supporting ancillary services and improving economic efficiency through cross-border trade

These benefits make it financially and technically feasible to maintain higher reserve margins and integrate more
renewables.

Planning recommendation
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For national reserve margin calculations, a derated interconnector contribution is recommended—typically in
the range of 10-15% of rated capacity. For example, if Country A requires a 20% reserve margin, its available
capacity could be calculated as: Installed Capacity + Derated Interconnector Capacity

However, interconnector capacity should not be capped based on reserve margin requirements alone, as this
approach is overly conservative. Instead, risks such as outages should be addressed through grid-level reliability
measures (e.g., N-1 contingency planning) during detailed system modeling.
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8.3 Resiliency planning

Grid resilience is distinct from concepts of reliability and resource adequacy. Reliability and resource adequacy
are concerned with minimizing loss of load, while grid resilience involves preparing for and recovering from
unexpected events that nonetheless could occur. Grid resilience is associated with extreme events of high
impact and low probability of occurring.

Grid reliability and resource adequacy are familiar concepts that already form part of current grid planning and
operations. As shown in the previous section 1.3, all ASEAN member states incorporate some considerations of
resource adequacy in their power development plan. The same cannot be said of grid resilience planning. In fact,
the development of grid planning rules and guidance to enable the proactive and quantitative evaluation of
system resilience and potential resilience investments within grid planning processes is relatively nascent in
generation planning?. In some countries itis more commonly factored into transmission and distribution system
planning. Table 8-3 shows the levels at which resilience has been integrated into traditional grid planning
paradigms based on a robustness assessment conducted in the US%2.

Table 8-3. Current integration of resiliency into traditional grid planning?®

Planning Traditional Objectives Emerging Objectives
paradigms

Safety Reliability | Efficiency | Affordability | Decarboni | Resilience Equity

zation

Integrated Partial Limited Limited
resource
Transmission
system
Distribution

system

Partial: the planning paradigm partially integrates the objective, but in the absence of institutionalized implementation guidance/practices,

Partial Limited Partial

Partial Limited Partial Limited

evaluation is largely qualitative and only indirectly informs investment decisions.

Robust: the planning paradigm systematically integrates the objective, with institutionalized implementation guidance/practices that guide

quantitative evaluation (e.g., via performance-based metrics) and directly inform investment decisions

Limited: the planning paradigm integrates ad hoc references the objective, but the objective is neither discussed in detail nor

quantitatively/qualitatively evaluated and thus does not inform investment decisions

The building of resilient power systems has been, however, an emerging priority. In Asia Pacific, the Energy
Working Group (EWG) and Energy Resilience Task Force (ERTF) have been set up to facilitate discussions on
energy resiliency among Asia-Pacific Economic Cooperation (APEC) countries since 2015%. In Southeast Asia,
the need for a resilient power system is more vital with energy infrastructure becoming increasingly vulnerable
to extreme weather events. Climate change affects hydropower generation, reduces cooling efficiency for
thermal plants, and lowers electricity grid efficiency. Additionally, storms and typhoons frequently cause
blackouts. Figure 8-1 and Figure 8-2 illustrates AMS climate hazard exposure.

22 Resilient Electric Grid
23 Adapted from Resilient Electric Grid

24223 ewg_apec-energy-resiliency-guidelines.pdf
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https://www.pnnl.gov/sites/default/files/media/file/MOD-Plan%20Resilience%20Paper%20Final.pdf
https://www.pnnl.gov/sites/default/files/media/file/MOD-Plan%20Resilience%20Paper%20Final.pdf
https://www.apec.org/docs/default-source/publications/2023/apec-regional-trends-analysis-february-2023-update/apec-energy-resiliency-guidelines/223_ewg_apec-energy-resiliency-guidelines.pdf?sfvrsn=45ea38f3_4

Figure 8-1. Level of climate hazard and exposure by country

Warming River flood Coastal flood Drought Tropical cyclone

Country

Brunei Darussalam 4.9
Cambodia
Indonesia

Lao PDR
Malaysia
Myanmar
Philippines
Singapore
Thailand

Viet Nam
World average

Medium

EA.CC BY 4.0

Notes: Each cell colour indicates the level of climate hazard and exposure. For warming, the numbers indicate the slope of a linear regression line of average
temperatures from 2000-2023. |f warming exceeds 0.048 °C per year (+0.011 “C from the global average of 0.037 °C per year), the climate hazard level is
considered High; if it is below 0.026 °C per year (-0.011 °C from the global average), it is considered Low. The levels of climate hazard and exposure for river flood,
coastal flood, drought, and tropical cyclone, are assessed based on the indicators of the INFORM Risk Index 2024. In this report, the risk is defined as Low (0-2.99),
Medium (3-6.99) and High (7-10)

Source: IEA (2024), Climate Resilience for Energy Security in Southeast Asia.

Figure 8-2. Share of power plant and electricity grid capacity exposed to tropical cyclones in Southeast Asia and
globally

Hydro Solar Wind Grid
50%
40% l . i
30%

20% | J SRR E— et - ........
-

Power plants and grids (% of total capacity)

10% oo P B — [ . e e
: . . =
Southeast World Southeast World Southeast World Southeast World
Asia Asia Asia Asia
m Category 1 (119-153 km/h) Category 2 (154-177 km/h) m Category 3 (178-208 km/h)
Category 4 (209-251 km/h) m Category 5 (>251 km/h)

EA.CCBY 4.0

Notes: A tropical cyclone is called a hurricane, typhoon, or cyclone, depending on geographic location. In this graph, tropical cyclones were categorised according to
the Saffir-Simpsen Hurricane Wind Scale, a 1 to 5 rating based on a hurricane’s maximum sustained wind speed. In general, hurricanes at Category 3 and higher
(= 177 km/h) are known as major hurricanes.

Sources: |[EA (2024), Climate Resilience for Energy Security in Southeast Asia.

As Figure 8-1 indicates, the majority of AMS are exposed to warming and flood risks. These risks can be better
understood and mitigated with investment into climate impact modeling and development of resilient grids. To
address these gaps, the forthcoming phase of AIMS should consider how to incorporate extreme weather events.
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8.3.1 Utilizing the results of the resiliency simulations

Reliability and resiliency
(—————— assessment results in higher
4 LOLE at same capacity

| Target LOLE

Loss of load expectation

Generation capacity (GW)
Figure 8-3 LOLE vs generation capacity

In this section, we explain an example of how the output of the resiliency simulations can be utilized. The
resiliency assessment (Monte Carlo simulations) performed at the production cost modelling stage will likely
result in a higher LOLE due to extreme weather events leading to more severe system shocks and larger scale
outages than traditionalreliability assessments with higher probability of occurrence. Thisis shown in Figure 8-3.
To directly reduce the LOLE would mean investing in more plants or more transmission lines for redundancy,
which is often costly. We therefore recommend the affected AMS to conduct a (social) cost benefit analysis to
evaluate if these investments are worthwhile.

From an operational perspective, utilities can resort to risk mitigation measures to handle certain extreme
weather events. Grid operators can strategize beforehand to prepare a course of action during the onset of an
extreme weather event to mitigate the potential impact. For example, in case of an incoming storm or cyclone
operational measures can be taken such as dispatching additional generators to ensure sufficient reserves are
available to mitigate outages. These operational measures are potential alternatives or mitigating supplements
to the costly investment in redundancy and are recommended to be considered as part of the cost benefit
analysis to consider the best path forward to enhance resiliency.
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8.4 Global case studies

Table 8-4. International examples - Introduction

Metric EU SAPP SIEPAC
Region and 36 countries in Europe 9 countries in Southern Africa 6 countries in Central America
participants
Initiation and Started in 1990s to liberalize Established in 1995 to foster Launched in early 1990s to create
objective electricity markets and improve regional power cooperation and aregional market and interconnect
cross-border trade security system.
Market Specific and detailed Multilateral trading framework that ~ Multilateral trading framework that
Summary requirements, regulation, and is agnostic as to national market is agnostic as to national market
coordination of pan-regional design. National markets are design. National markets include
electricity trade under EU law nearly all un-restructured, with several fully restructured markets
(EU Electricity Directives), vertically integrated utilities. with their own national
regulator (ACER), and regional SAPP coordinates regional competitive wholesale power
entities (ENTSO-E). Fully system operation, though national = markets, and several un-
liberalized internal electricity utilities are responsible for restructured markets. SIEPAC
market comprising multiple national system control and coordinates regional system
national power markets and dispatch. SAPP is responsible for  operation, though national entities
sub-regional power exchanges regional planning. (utilities / national dispatch
(Nord Pool, EPEX, OMIE, etc.). centers) are responsible for
EU regulations require national system control. SIEPAC
unbundled utilities, “third party is responsible for regional
access” (meaning retail access planning.
+ transmission access), and
competitive markets that do not
discriminate across borders.
Transmission companies
operate their own systems, in
tight coordination with markets.
ENTSO-E is the highest-level
regional planning entity.

Table 8-5. International examples - Legal framework

Metric EU SAPP SIEPAC

Legal basis Treaties, EU Directives, EU Inter-Governmental MoU Framework Treaty
Regulations, EU Decisions and
other Acts

Membership The EU electricity market is an National Power Utility Member, National System Operator,
umbrella concept covering the Operating Member, Market Transmission, Generation,
following: regional entities, Participant member, and Distribution, Large Customer,
multiple distinct power markets, Conditional Members and Marketer

unbundled utilities, marketers,
generators and load customers.
ENTSO-E’s members are
Transmission System Operators

(TSOs).

Governance The Council of the European The SADC Secretariat provides CDMER acts as the policy

Structure Union and the European general direction to SAPP with little  leader coordinating national
Paljliament serve as co- active involvement. SAPP has a and regional market policies
Ieg!SIat_ors, prow_dlng binding hierarchical structure, with the and approving RMER changes.
legislative direction through Executive Committee (composed CRIE acts as the formal
Electricity Directives. The of chief executives of member regional regulator. EOR acts as
Eu;ﬂpeﬁnhCOltth C;LJu_ft'?e acts utilities) acting as the Board. The the regional power system
as the highest authority for Management Committee operations coordinator and
interpreting and enforcing EU .

o (composed of officials from market operator. EPR acts as

electricity law. ACER and ber utilities) directs 5 sub th d devel f
ENTSO-E monitor member utilities) directs 5 sub- e owner and developer o

implementation and report on committees — Operating, Planning,  transmission infrastructure.

compliance and effectiveness to Markets, and Environmental Sub-
the European Commission. Committees; and the Coordination

Centre Board.
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ENTSO-E has a hierarchical
structure with Assembly

(composed of representatives at
CEO level of all member) as the

highest body, together with
various Committees.

authorities. Their decisions can
be referred to ACER, then to the
Board of Appeal, then to Court of
Justice of the EU for further
examination.

forum, butitis currently
suspended, and the members
settle disputes informally through
bilateral discussions.

Financing Costs for market operations are Costs for market operations and Costs for market operations
Arrangement covered through fees charged by ~ regional system coordination are are covered through SIEPAC’s
the separate markets (e.g., Nord covered through an administration  fees on access and
Pool, EPEX, OMIE). Costs for fee. Costs for national system transactions. Costs for system
system operation are recovered ~ Operation are recovered by operation are recovered by
by TSOs through their tariffs. national utilities through their national utilities through their
Costs for regional planning tariffs. Costs for regional planning tariffs. Costs for regional
activities carried out by ENTSO-E are funded through grants_ . planning are covered through
. . sourced on an ad hoc basis. Until )
are paid by its member TSOs, . - SIEPAC fees. Costs for projects
) recently, with the formation of the ) ) e
accord.mg to the numberqf Regional Transmission of common |nt§rest |dent|f|ed
countries ar\d the population Infrastructure Financing Facility through the reg|onal planmng
§erved. PrOJeC.tS. of common (RTIFF), there was no financing proces§ er.1ter into the regional
interest are eligible for EU approach for projects of common transmission ratebase, to be
support and streamlined interest. recovered through SIEPAC’s
regulatory approval. fees; financing is arranged by
winners of the competitive
tender to provide the new
infrastructure.
Regulation Council of European Union and There is no regional regulator. CRIE is the regional market
European Parliament act as Regulation is contractual, through regulator.
decision makers and provide the Intergovernmental
legislative/ regulatory guidance. Memorandum of Understanding, Regulations are codified in the
Regulations are codified in EU Inter-utility Memorandum of RMER.
Directives, Regulations, Understanding, Agreement
Decisions and other Acts. Between Operating Members,
Operating Guidelines and
Procedures, and Market Rules.
Dispute National Regulatory Authorities The Southern African Development  CRIE, the regional regulator, has
Resolution are the dispute settlement Community Tribunal is the official dispute resolution powers.

Table 8-6. International examples — Governance process for regional planning

Metric EU SAPP SIEPAC
Planning Goals are guided by EU’'s 2030  Goals are guided by vision to Goals are guided by shared
goals and energy and climate targets and enhance regional integration and benefits from regional integration.
strategies 2050 climate neutrality power trade.
objectives. . Strategy is to adopt a least regrets
) SAPP Pool PIang, encompassing approach for regional planning.
Str_a?egy is to_ e_\llo_c_ate resources separa_te generatlo_n and There is a formal approach to
efficiently, minimizing overall transmission planning elements, . e .
identifying projects of common
system costs. are supposed to every two years, . A . .
but only two have been produced interest, involving a test of the ratio
There is a formal approach to from 1995 — 2025. of economic benefits to .S.IEPAC as
identifying projects of common ) S awhole versus the specific
interest, through the Ten-Year Thereis no e>.<pl|C|jc o.bjectlv.e or countrlgs !nvolveq ina .
Network Development Plan approach to identifying projects of transmission project (national or
common interest. bilateral).
(TYNDP).
Generation Planning, through the annual Least-cost planning is over a 20- Guided by least regrets/IRRP-type
Planning ERAA process, covers a 10- year horizon based on inputs from analysis with inputs from the

year horizon. Guided by
resource adequacy criteria

national power development plans
prepared by member utilities
annually. Planning is guided by two
criteria: (i) Operating Reserves

Regional Database and planning
policy direction from the CDMER
(reflecting national inputs) to
identify potential regional projects.

82 | APPENDIX




should be 10.6% of peak demand
for each Operating Member utility
when the generating plant is
thermal and 7.6% when the
generating plantis hydro, with a
weighted average applied for mixed
systems, and (ii) Security Criteria
requiring Operating Members to
maintain operating capacity
greater than 100% of demand. Itis
noted that the first criterion is very
low planning purposes and that
there are questions about the
meaning of the second criterion.

Transmission
Planning

Planning is over a 10-20-year
horizon, under the “Ten-Year
Network Development Plan”
(TYNDP), with reliability
established under high-level
probabilistic assessments of
resource adequacy using
scenarios.

While the planning horizon for
the TYNDP has been extended
from the original 10-years, the
name remains unchanged. The
TYNDP is prepared every 2
years to identify gaps in the
energy network from a
continent-wide perspective and
evaluates potential projects to
address these needs, as well as
identifying projects of common
interest.

Approach is set forth in the “SAPP
Transmission Planning Criteria”.
(January 2012). Periodicity of
planning is not mentioned.
Planning is guided by reliability
and stability criteria.Planning
inputs are provided in 5-year
national power development plans
prepared by member utilities
annually. Modeling is over a 20—
30-year horizon based.

Itis notable that the SAPP
Transmission Planning Criteria
mentions nothing about
identification of project of common
interest or in any way seeking to
jointly optimize generation
planning and transmission
planning at the regional level. A 20-
year Pool Plan was prepared by
external consultants in 2017,
funded by the World Bank Group,
with the aim of identifying a core
set of generation and transmission
investments of regional
significance. However, again, the
guiding documents do not address
this aim.

Guided by least regrets/IRRP-
type analysis with inputs from the
Regional Database and planning
policy direction from the CDMER
(reflecting national inputs) to
identify regional projects.

Long-term: Regional Generation
and Transmission Development
Plan is prepared every one-to-two
years with at least a 15-year
outlook.

Medium-term: Medium-term
Diagnostic Report is prepared
every year with a three-year
outlook.

Short-term: Operative Planning
Report is prepared every year
with a one-to-two-year outlook.

Table 8-7. International examples - Assessment for ASEAN

Metric
Relevance

EU
It would be difficult to emulate
the overall EU approach to
planning in multilateral settings
outside Europe. The overall EU
electricity market concept
requires a strong regional
regulatory body or law, tightly
coordinated grid operations,
strong system control, utility
unbundling, and competitive
markets that do not discriminate
across borders. Unbundling and
competitive markets are
important features of the EU’s
approach to regional planning
as they reduce a common
objection by integrated utilities
to data sharing: that it could

SAPP

Involves a mix of national power
market structures.

National markets responsible for
national system control and
dispatch decisions, which AMS do
not want to cede to external
entities.

Regional short-term market
facilitating optimization using
excesses, as envisioned for
ASEAN.

Has recently implemented an
approach to common-use
infrastructure financing that is

SIEPAC
Involves a mix of national power
market structures, including
several advanced restructured
markets.

National markets responsible for
national system control and
dispatch decisions, which AMS do
not want to cede to external
entities.

Regional short-term market
facilitating optimization using
excesses, as envisioned for
ASEAN.

The planning methodology
includes a formal approach to
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undermine their own
competitive position. In any
case, EU law and regulations
included detailed data sharing
requirements. Also, planning
methodologies and approaches
would appear to involves costs
and capabilities that are far
beyond what is envisioned to be
available in ASEAN.

However, some aspects of the
history of development of the
planning process in the EU,
organizational elements (such as
with respect to ENTSO-E), and
some technical aspects of the
planning itself, are relevant.

relevant to a development market
context.

The overall approach to planning,
in this context, for better and for
worse, offers lessons highly
relevant for ASEAN.

identifying, procuring, and
financing projects of common
interest. Aspects of this approach,
especially with respect to the
methodology, appear relevant for
ASEAN.

Learnings

If the periodicity of power system
planning is not clearly specified,
and particularly if there is no
dedicated funding source for
regional planning, such planning
will tend not to get done as
frequently as might be desired.

Identification of projects of
common interest should be stated
as an objective of regional
expansion planning. While
SAPP’s founding documents and
guidelines do not clearly state this
objective, SAPP’s two published
Pool Plans have done so.

If a financing mechanism is not
created to prepare and finance
projects of common interest, such
projects are unlikely to advance. In
SAPP, for instance, while several
regional projects of common
interest had been identified as
early as 2001, work on these
projects did not advance until
concerted World Bank support of
regional transmission integration
began with its support of the
Project Advisory Unit, beginning in
2016. The 2024 formation of the
RTIFF represents a realistic
approach to financing this type of
project.

Deep involvement of a major
development bank (IDB),
supported by other development
banks and development partners,
can be helpful to drive early
power market implementation and
related transmission infrastructure
financing. The multilateral
financing structure of the SIEPAC
transmission project also appears
especially appropriate for the
ASEAN setting.

The approach the identifying and
financing projects of common
interest deserves further analysis
for ASEAN.

Available transmission capacity
remains far below planned
operating capacity on some
paths, due to national grid
weakness and inability of SIEPAC
to require a remedy.

The dispute resolution mechanism
seems generally inadequate,
notwithstanding that the regional
regulator (CRIE) possesses binding
dispute resolution and
enforcement powers. Another way
to look at the issue is that
important matters that require
resolution - especially related to
the long-running failure of a few
countries to remedy national grid
weakness that reduce transfer
capacity in SIEPAC —do not even
get brought to the CRIE because it
is recognized that those countries
are unable to or unwilling to
resolve the matters. The
fundamental issue appears to be
that dispute resolution
mechanisms may not be sufficient
to resolve fundamental structural
flaws.
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8.5

8.5.1

IRRP framework assessment for ASEAN Member States

Brunei Darussalam

Table 8-8. Brunei Darussalam IRRP assessment

IRRP
framework

Planning goals
and strategies

Approach and
methodology

Resource
adequacy
criteria

Risk and
resilience
planning

Planning
horizon and
iterative
process

Stakeholder
engagement
and
governance

Observations Traffic light
Brunei’s energy mix is dominated by gas-fired generation, with minimal

renewable capacity (only one 1.2 MW solar PV plant as of 2019). The country

targets 10% renewable energy in installed capacity by 2035, primarily through

phased solar installations (100 MW every 5 years). While energy efficiency is

prioritized to support gas exports, a comprehensive regulatory framework for

renewables is still under development.

Brunei includes both existing and planned supply-side resources in its planning.
Load profiles from Department of Electrical Services (DES) and Berakas Power
Management Company (BPMC) cover 2018-2040, including hourly data and
peak demand. The base scenario also considers a future 100 MW
interconnection with Sarawak by 2035. However, demand-side resources and
regional coordination are limited.

The country applies a 45% reserve margin and follows N-1 reliability standards.
However, there is no evidence of probabilistic metrics (e.g., LOLP, LOLE) being
used in resource adequacy assessments.

While Brunei’s National Climate Change Policy (2020) emphasizes a low-carbon,
climate-resilient economy, there is no indication that scenario or sensitivity
analyses are incorporated into the PDP. Risk and resilience considerations
appear limited to external studies.

The current PDP spans 2018-2040 and was developed for AIMS Ill phase 1-2
modeling. However, there is no formalized or consistent framework for PDP
updates or long-term planning beyond this period.

The planning process is led by the Ministry of Energy, DES and Sustainable
Energy Division (SED), with input from utilities. There is no structured
engagement with non-governmental stakeholders or the public, limiting
transparency and inclusivity.

Table 8-9. Brunei Darussalam institutions relevant to the power sector planning

Key institutions Functions

Department of Electrical

Service (DES)

Autoriti Elektrik Negara
Brunei Darussalam

(AENBD)

Department of Energy

A state-owned utility under the Ministry of Energy, DES is responsible for the
generation, transmission, and distribution of electricity across Brunei. It oversees
the operational and developmental aspects of the national electricity sector.

Established in 2017 under the Department of Energy, AENBD is the national
electricity regulator. It enforces the Electricity Act (Chapter 223) and oversees
regulatory compliance and governance within the electricity industry.

This government body leads the strategic development of Brunei’s energy sector,
including oil and gas, power generation, and renewable energy initiatives. It plays a
centralrole in policy formulation and sectoral planning.
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Berakas Power
Management Company
(BPMC)

Energy Policy and
Strategy Division (EPSD)

Sustainable Energy

Division (SED)

Ministry of Energy

8.5.2

A privately operated utility that supplies approximately 40% of Brunei’s electricity
demand. BPMC complements DES in electricity provision and contributes to
national energy reliability.

A division under the Department of Energy, EPSD is responsible for formulating
national energy policies and strategies, ensuring alignment with Brunei’s long-term
energy and sustainability goals.

Focuses on the development of renewable energy and energy efficiency programs.
SED supports the integration of sustainable practices into national energy
planning.

Provides overarching policy direction and governance for the entire energy sector,
including power, oil and gas, and renewables. It ensures coordination among
departments and alignment with national development objectives.

Cambodia

Table 8-10. Cambodia IRRP assessment

IRRP
framework

Planning goals
and strategies

Approach and
methodology

Resource
adequacy
criteria

Risk and
resilience
planning

Planning
horizon and
iterative
process

Stakeholder
engagement
and
governance
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Observations

Traffic light

Cambodia’s Power Development Master Plan (2022-2040), developed in
collaboration with the Ministry of Mines and Energy and ADB, outlines three core
objectives: ensuring reliable and affordable electricity supply, enhancing energy
security by reducing import dependence, and increasing the share of renewables
in line with environmental and global climate goals.

The plan uses a top-down demand forecasting approach, referencing regional
benchmarks (e.g., Thailand, Vietnam) and regression analysis. It includes three
demand growth scenarios—low, medium, and high—but lacks a bottom-up or
demand-side resource integration.

A uniform reserve margin of 20% is applied across all scenarios to ensure
system reliability. However, the plan does not incorporate probabilistic metrics
(e.g., LOLP, LOLE), limiting the depth of adequacy assessment.

Five supply-side scenarios were developed, including variations in
commissioning and decommissioning of assets. While climate risks are not
explicitly addressed in the PDP, they are expected to be covered under
Cambodia’s updated NDC and long-term carbon neutrality strategy.

The PDP spans 2022-2040 and aligns with Cambodia’s five-year National
Strategic Development Plan. Other long-term strategies, such as the carbon
neutrality roadmap (to 2050), are intended to be updated every five years in line
with Nationally Determined Contributions (NDCs) cycles.

The PDP was developed through a multi-phase, inclusive process involving inter-
ministerial coordination, public consultations (e.g., Cambodia Energy Forum),
and collaboration with Asian Development Bank (ADB). Stakeholder engagement
was structured and iterative, involving government, multilateral institutions and
numerous domestic stakeholders.




Table 8-11. Cambodia institutions relevant to the power sector planning

Key institutions Functions

Ministry of Mines and
Energy (MME)

MME is the lead government body responsible for setting national energy policies,
strategies, and long-term planning. It oversees multiple departments involved in
IRRP development and implementation, including Department of hydroelectricity,
Energy Development, Renewable Energy, Operations Supervision and Energy
Security, Legal Affairs, and department of Cooperation and ASEAN Affairs.

An autonomous regulatory agency that oversees the electric power sector. EAC is

Electricity Authority of responsible for licensing, tariff setting, performance monitoring, and dispute

Cambodia (EAC)

resolution between consumers and licensees. It ensures fair pricing and reliable
service delivery across the sector.

A state-owned utility co-managed by MME and the Ministry of Economy and

ST dglef 1Yo (VO Tnalelele[:-W Finance (MEF). EDC handles power generation, transmission, and distribution. It

(EDC)

Independent Power

Producers (IPPs)

Ministry of Economy and

Finance (MEF)

also procures electricity from Independent Power Producers (IPPs) and manages
cross-border electricity trade.

Private sector entities that own and operate power generation facilities. Many IPPs
also hold distribution licenses and play a significant role in expanding Cambodia’s
electricity supply and infrastructure.

Co-owner of EDC and a key player in financing and approving large-scale
infrastructure investments, including those in the power sector. MEF ensures
alignment of energy investments with national economic priorities.

National Council for Oversees Cambodia’s climate change strategies and coordinates cross-sectoral

Sustainable

sustainability efforts. It plays a role in integrating climate resilience and low-

Development (NCSD) carbon development into energy planning

National Committee on
Energy Efficiency (NCEE)

Involved in promoting energy efficiency measures and policies. It contributes to
demand-side planning and supports the implementation of Cambodia’s National
Energy Efficiency Policy (NEEP)

8.5.3 Indonesia

Table 8-12. Indonesia IRRP assessment

IRRP

framework

Observations Traffic light

Planning goals
and strategies

Approach and
methodology

The current Electricity Supply Business Plan (RUPTL) (2021-2030) is built on
three pillars: least-cost development, reliability, and environmental
sustainability. It targets a 23% renewable energy share by 2025. However, the
upcoming RUPTL (2024-2033), aligned with RUKN 2024-2060, introduces a
major shift through the Accelerated Renewable Energy Development (ARED)
scenario—targeting 75% renewables (61 GW) and 25% gas (20 GW), a significant
leap from the previous 31% by 2050 target.

Demand forecasting is conducted annually using regression models based on
economic and demographic indicators. Planning incorporates government
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policies, reserve margins, and electrification targets. Interconnection planning is
strategic, aiming to enhance efficiency, reliability, and regional integration, with
several cross-border and domestic HVDC projects considered.

National utility, Perusahaan Listrik Negara (PT PLN) applies a probabilistic
reliability standard (LOLP 0 0.274%) and uses a bottom-up approach to
determine optimal reserve margins (35% for Java-Bali, 40% for other regions).
These are benchmarked against international standards, reflecting a robust and
data-driven adequacy framework.

Resource
adequacy
criteria

The RUPTL includes moderate and optimistic economic recovery scenarios post-
COVID-19. It identifies long-term risks such as policy shifts, funding limitations,
and project delays. A formalrisk profile is developed, including environmental
and disaster risks, with mitigation strategies like improved coordination and
regular demand reviews.

Risk and
resilience
planning

Planning
horizon and
iterative
process

Stakeholder

The RUPTL is typically updated annually. The current version (2021-2030) will be
superseded by the 2024-2033 version, expected in 2025. Planning is aligned with
the long-term RUKN (2024-2060), ensuring consistency with national energy and
climate goals.

RUPTL preparation is based on the General National Electricity Plan 2024-2060

(RUKN), which is developed by the Directorate General of Electricity in

engagement
and

consultation with local governments and the House of Representatives.

Stakeholders’ consultation is practiced among government bodies, with no

governance

public consultation.

Table 8-13. Indonesia institutions relevant to the power sector planning

Key institutions

Functions

Ministry of Energy and
Mineral Resources
(MEMR)

Directorate General of
Electricity (DJK)

Perusahaan Listrik
Negara (PLN)

PLN Sub-Holdings (e.g.,
PLN Nusantara Power,
PLN Indonesia Power)

Independent Power
Producers (IPPs)

National Energy Council
(DEN)
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The central authority overseeing national energy policy, regulation, and planning.
MEMR approves the RUPTL (Electricity Supply Business Plan) and regulates
procurement policies, ensuring alignment with the National Energy Policy (KEN)
and National Electricity General Plan (RUKN).

A division under MEMR responsible for preparing and overseeing the RUKN. DJK
sets technical standards, monitors electricity sector performance, and ensures
regulatory compliance.

Indonesia’s vertically integrated state-owned utility. PLN is responsible for
electricity generation, transmission, distribution, and retail. It prepares the RUPTL,
conducts demand forecasting, and manages system operations and procurement.

These subsidiaries handle generation operations and are separated from PLN’s
system operator functions to ensure transparency and competitive procurement.

Private entities that generate electricity under Power Purchase Agreements (PPAs)
with PLN. IPPs play a growing role in renewable energy development and
infrastructure expansion.

Advises the government on energy policy and monitors the implementation of the
National Energy Policy (KEN). It ensures long-term energy planning aligns with
national development goals.



State Audit Board (BPK) &

Anti-Corruption
Commission (KPK)

Provincial Governments

Bappenas (National
Development Planning
Agency)

8.5.4

These institutions audit and monitor procurement processes in the electricity
sector to prevent corruption and ensure transparency, especially in PLN’s dealings
with IPPs.

Participate in the development of Regional Electricity Plans (RUED) and contribute
to local implementation of national energy strategies.

Provides demographic and economic projections used in electricity demand
forecasting. It ensures energy planning aligns with Indonesia’s broader
development goals.

Lao PDR

Table 8-14. Lao PDR IRRP assessment

IRRP
framework

Planning goals
and strategies

Approach and
methodology

Resource
adequacy
criteria

Risk and
resilience
planning

Planning
horizon and
iterative
process

Stakeholder
engagement
and
governance

Observations Traffic light
Lao PDR’s power planning is heavily influenced by its reliance on hydropower,

which creates seasonal imbalances—excess supply during the rainy season and

shortages during the dry season. To address this, the country plans to build new

coal-fired plants. While planning remains primarily least-cost focused, there are

renewable energy targets: 20% of electricity from non-large hydro renewables by

2025 and 957 MW of solar by 2030.

Demand forecasting is conducted using a bottom-up approach, drawing from
sector-specific data (e.g., residential, industrial, agricultural, commercial etc.),
but data granularity varies. Supply-side planning includes projects through 2030.
Regional interconnectivity with Thailand, Vietnam, Cambodia, and China is
considered in a limited fashion in the planning. Demand-supply optimization is
performed at basic level.

A reserve margin of 15% is applied, with a Value of Lost Load (VoLL) set at
$10,000/MWh. However, the methodology for determining the reserve margin is
unclear. Seasonal imbalances persist, with dry-season shortages met by
thermal generation and imports, prompting plans for new domestic thermal
capacity.

Lao PDR’s NDC outlines three GHG reduction scenarios and targets for
hydropower, solar, and wind. It emphasizes climate resilience in the hydropower
sector, including dam safety and improved technical capacity. The National
Power Development Strategy (NPDS or NPDP) also explores interconnection
scenarios to enhance system flexibility.

Planning horizons vary across studies. While some (e.g., Japan International
Cooperation Agency, JICA) span over 10 years, the NPDP emphasizes a 5-year
outlook based on Provincial Power Development Plans (PPDPs). There is no
standardized or consistent national framework for long-term planning updates.

The Ministry of Energy and Mines (MEM) drafts the NPDP in coordination with
other ministries and local authorities, with final approval by the National
Assembly. However, there is no evidence of structured public or non-
governmental stakeholder consultation. International partners like ADB, World
Bank, and JICA are involved.
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Table 8-15. Lao PDR institutions relevant to the power sector planning

Key institutions Functions

The central authority overseeing all energy-related activities in Lao PDR. MEM is
Ministry of Energy and responsible for policy development, strategic planning, regulatory oversight, and
Mines (MEM) coordination with other ministries and state-owned enterprises. It plays a leading
role in national power development planning and implementation.

The state-owned utility responsible for electricity generation, transmission,
distribution, and cross-border electricity trade. In 2020, EDL formed a joint venture
STl Yo (VU RIEN(SIBIRM with China Southern Power Grid Company (CSPGC) to create Electricité du Laos
Transmission Company (EDLT), which manages and expands the national
transmission network and facilitates regional grid integration.

Department of Energy A division under MEM tasked with formulating national energy policies and long-
Policy and Planning term planning strategies. DEPP plays a key role in drafting the National Power
(DEPP) Development Plan (NPDP).

Oversees private sector participation in the power sector. DEB is responsible for
negotiating project development agreements, concession agreements, and power
purchase agreements (PPAs) with Independent Power Producers (IPPs).

Department of Energy
Business (DEB)

Develops and enforces energy laws, safety standards, and technical regulations.
DEM monitors compliance across government agencies, private companies, and
state-owned enterprises.

Department of Energy

Management (DEM)

Promotes renewable energy and energy efficiency. IREP supports project
development, public awareness, and technical guidance on renewable energy
technologies and conservation practices.

Institute of Renewable
Energy Promotion (IREP)

A state-owned enterprise under MEM that holds government equity in large-scale
energy projects, particularly hydropower. LHSE acts as a financial and strategic
partner in public-private energy ventures.

Lao Holding State
Enterprise (LHSE)

Provides financial oversight and support for energy infrastructure investments,

Ministry of Fi MoF) B . . . . . . .
inistry of Finance (MoF) including public-private partnerships and concessional financing.

Ministry of Natural Ensures environmental compliance in energy projects, particularly hydropower.
Resources and MoNRE is involved in environmental impact assessments and climate resilience
Environment (MoNRE) planning.

Contribute to the development of Provincial Power Development Plans (PPDPs),
MOV [EINEEIRIGERE which feed into the national NPDP. They also support local implementation of
energy projects and policies.

8.5.5 Malaysia®

Table 8-16. Malaysia IRRP assessment

25 As sabah only recently transitioned to its own independent utility and electricity regulator, any changes to its approach and targets when developing the PDP is yet
to be known. Where information is not available, DNV has assumed that Sabah continues to adopt the same the approach and targets similar to that
established prior to the devolution of power to the Sabah State Government.
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IRRP Observations Traffic
framework light?®
Peninsular Malaysia’s generation planning prioritizes energy security,
affordability, and sustainability. While the plan is primarily least-cost focused, it
incorporates national renewable energy (RE) targets—31% by 2025 and 40% by
2035—and a commitment to reduce emissions intensity by 45% by 2030 (from
2005 levels). The plan outlines annual RE buildouts and supporting thermal
capacity to maintain grid stability, though integration of non-cost factors
remains limited.
Planning goals

s Sabah’s Energy Roadmap and Masterplan® incorporates energy security, equal

accessibility and affordability, and environmental sustainability aspects. It has a
target to achieve renewable energy share of 30% by 2035. However, its
integration of non-cost factors remains limited.

Sarawak, which already has a large share of hydropower in its energy generation
mix, aims to maintain at least 60% renewables as it expands its capacity from
5.7GW to 10GW by 20302%. Its integration of non-cost factors also remains
limited.

Demand forecasting is conducted annually by the Load Forecast Working Group
using transmission-level data. Hourly demand profiles are available for
Peninsular Malaysia. The methodology acknowledges the growing impact of
distributed energy resources (e.g., rooftop solar, energy efficiency) in reducing
grid-level demand.

Approachand Sabah’s utility (SESB) performs the load forecast from the bottoms-up, via

methodology breakdown of electricity demand by sector (e.g., residential, industrial,
agricultural, commercial etc.) for peak demand and overall consumption. Hourly
demand profiles are available.

Details of the methodology for Sarawak utility’s load forecasting are not publicly
disclosed. In the AIMS Il exercise, demand data for Sarawak lacks the same
hourly granularity as Peninsular and Sabah.

The planning framework targets a Loss of Load Expectation (LOLE) of 1 day/year.
Reserve margin targets are set by the regulator (Suruhanjaya Tenaga),
decreasing progressively from 28% (2020-2024) to 20% (2035-2037). Grid
System Operator (GSO) is tasked with managing variable renewable energy (VRE)
integration and its impact on system stability.

Resource

adequacy Sabah aims to increase its reserve margin from the tight level of 17.6% (2021) to

criteria the industry standard of 30 — 35%7’. It has yet to develop a methodology for
calculating the reserve margin it requires; this has been set as a target for its
PDP.
The reserve margin applied for Sarawak in AIMS IIl was similar to that of Sabah at
30 - 35%; the actual methodology deployed is not publicly disclosed.

. The plan includes sensitivity analyses for fuel prices and demand, including the

Risk and . . . A e

resilience projected impact of data center growth. While some risk mitigation measures

Sl (e.g., network reinforcement) are mentioned, they are not comprehensively

detailed.

26 Each category is split into three parts (top to bottom): Peninsular Malaysia, Sabah, Sarawak

27 sabah Energy RAMP 2040
28 Bahagian 1: Mendorong Pertumbuhan Mampan di Sarawak Melalui Tenaga Bersih | CIDB HQ
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Sabah’s Energy Roadmap and Masterplan accounts for some level of risk via fuel
diversification by setting a target Herfindhal-Hirschman Index (HHI) of below 0.5
by 2035.

Sarawak’s 2030 Sustainability Blueprint also mentions the importance of fuel
diversification due to its heavy reliance on hydropower (~60%), but how this is
reflected (e.g. via scenarios) is not detailed.

The generation development plan spans nearly 20 years. Although demand
forecasts are reviewed annually, updates to the broader plan and their
implications are not publicly disclosed, limiting transparency and iterative

Planning refinement.

hori . . .

. orlzgn and Sabah’s PDP has yet to be published since the devolution of power to the Sabah

iterative
State Government.

process
Sarawak’s Sustainability Blueprint 20302 outlines the energy transition targets to
2050, but there is no standardized or consistent national framework for long-
term planning updates.
The Jawatankuasa Perancangan dan Pelaksanaan Pembekalan Elektrik dan Tarif
(JPPPET) committee, chaired by the Minister of Energy and Natural Resources,
oversees electricity supply planning. It includes representatives from key
ministries, agencies, and utilities, ensuring cross-sectoral coordination. There is
no public consultation.

Stakeholder R . .

S — The development of Sabah’s PDP is to be led by the Energy Commission of

ani g Sabah (ECoS) and Single Buyer, with the relevant stakeholders being the Sabah
State Government, Sabah Electricity Sdn Bhd and Sabah Energy Corporation.?

governance

The approval of Sarawak’s PDP or its equivalent is done by the Ministry of Utility
and Telecommunication Sarawak (MUT), while the planning is carried out by
Sarawak Energy Berhad (SEB). There are private and international consultations
for cross-border interconnectors planning, but there is no evidence of a
structured form of engagement.

Table 8-17. Malaysia institutions relevant to the power sector planning

Key institutions Functions

Formerly known as the Ministry of Energy Transition and Public Utilities, PETRA is
Ministry of Energy the lead policymaker for Malaysia’s electricity sector. It formulates national energy
Transition and Water strategies, oversees the Electricity Generation Development Plan, and manages
HERB I EWRE(ZNVAVI international energy cooperation and interconnection initiatives. It also reviews
and certifies electricity tariffs, factoring in fuel costs and sustainability goals.

The national energy regulator for Peninsular Malaysia and Labuan. ST oversees
SIOLERWEVERGUEEEISIIN licensing, tariff setting, performance standards, and compliance in the electricity
— Energy Commission and piped gas sectors. It ensures reliability, safety, and fair pricing in the energy
market.

Established in 2023, ECoS regulates the electricity and onshore gas sectors in
Energy Commission of Sabah. It operates under the Chief Minister’s portfolio and is responsible for
Sabah (ECoS) ensuring secure, sustainable, and affordable energy in the state, including
oversight of renewable energy development.

29 (Final Version) Sarawak 2030 Sustainability Blueprint
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Electricity Supply

Advises on electricity policy and planning in Sarawak. ESD monitors technical
performance, ensures regulatory compliance, and supports investment and

Division (ESD), Ministry efficiency improvements. It operates under the Ministry of Utility and
of Utilities Sarawak Telecommunication (MUT) and the Ministry of Energy and Environmental

Sustainability (MEESty) Sarawak.

The state-owned utility for Peninsular Malaysia. TNB owns and operates

ICHEEENNESRENEIGEM generation, transmission, and distribution infrastructure. It also houses the Grid

(TNB)

Sabah Electricity

Bhd (SESB)

Sarawak Energy Berhad

(SEB)

Jawatankuasa
Perancangan dan
EEICEREE]D

System Operator (GSO) and Single Buyer (SB) functions, responsible for grid
operations and centralized power procurement.

The vertically integrated utility for Sabah and Labuan. SESB manages generation,
transmission, and distribution, and also performs GSO and SB roles within the
state.

Sdn

The state-owned utility for Sarawak. SEB is a vertically integrated energy company
responsible for generation, transmission, distribution, and retail. It operates under
the regulatory oversight of Sarawak’s state ministries.

A high-level inter-agency committee chaired by the Minister of Energy. JPPPET
meets annually to coordinate electricity supply planning and tariff policy for
Peninsular Malaysia. It includes representatives from key ministries, agencies, and

Pembekalan Elektrik dan JRUIIIIEER

Tarif (JPPPET)

8.5.6 Myanmar

Table 8-18. Myanmar IRRP assessment

IRRP

framework

Observations Traffic light

Planning goals
and strategies

Approach and
methodology

Resource
adequacy
criteria

Risk and
resilience
planning

Myanmar lacks a regularly updated Power Development Plan (PDP), relying
instead on the Energy Outlook 2040 to guide long-term planning. The primary
goal is to meet future electricity demand at least cost, with a focus on supply-
side development. The plan targets 12% of electricity from non-large hydro
renewables by 2030, including 1,770 MW of solar and 700 MW of wind. It also
limits new large hydro development post-2030 and considers regional
interconnections with Lao PDR and Thailand.

A top-down approach is used, projecting demand based on macroeconomic
indicators (GDP, population) using Ordinary Least Squares (OLS) regression. The
methodology includes multiple scenarios, such as a Business-As-Usual (BAU)
case, to assess future energy needs.

Resource adequacy is defined as total capacity required to meet peak demand
plus a reserve margin. However, the methodology for determining the reserve
margin is not clearly documented.

The planning process includes scenario analysis to assess uncertainties such as
GDP growth, oil price fluctuations, energy efficiency promotion, and renewable
energy development. However, detailed risk mitigation strategies are not fully
elaborated.
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Planning The current planning document extends to 2040, but there is no formalized or

horizon and iterative PDP process. The Energy Outlook serves more as a strategic vision than
iterative a dynamic planning tool.

process

Stakeholder The planning process involves collaboration between the Ministry of Electric
engagement Power (MOEP), Ministry of Energy (MOE), and various national and international
and partners (e.g., ADB, ERIA, Intelligent Energy Systems). However, there is limited
governance evidence of structured public or non-governmental stakeholder engagement.

Table 8-19. Myanmar institutions relevant to the power sector planning

Key institutions Functions

Formerly part of the Ministry of Electricity and Energy (MOEE), MOEP is the lead
I TS A R CTaG(eWETd  sovernment body responsible for electricity sector governance, including
(MOEP) generation, transmission, and distribution. It oversees national energy planning,
including the Energy Outlook and Power Development strategies.

Oversees the development and management of Myanmar’s oil and gas resources.
IR AI R CIEA([OI3 MOE plays a key role in planning and securing fuel supply for power generation,
particularly for thermal plants.

A technical department under MOEP responsible for drafting generation plans,
setting capacity targets, and evaluating system expansion needs. It submitted the
updated generation plan in 2022.

Department of Electric
Power Planning (DEPP)

Electric Power A state-owned enterprise under MOEP responsible for operating and maintaining
Generation Enterprise government-owned power plants. It also engages in power purchase agreements
(EPGE) with Independent Power Producers (IPPs).

INVERINEIRSCTAAWEIE Historically responsible for transmission and distribution, MEPE has been involved
Enterprise (MEPE) in grid operations and infrastructure development.

Economic Research Provides technical and policy support for Myanmar’s energy planning, including
Institute for ASEAN and the Energy Outlook 2040. ERIA contributes research, modeling, and capacity-
East Asia (ERIA) building.

Intelligent Energy Technical consultants supporting the development of Myanmar’s Energy Master
SYSICINEUESIRIERINEN Plan. They provide modeling, scenario analysis, and planning tools.
International

Consultants

National Energy A high-level inter-ministerial body that coordinates national energy policy and
MEREECINEIISnInlnGEY  planning across ministries. It ensures alignment between electricity, oil and gas,
(NEMC) and renewable energy strategies.

Private sector entities that contribute to electricity generation under government-
approved agreements. They are increasingly important in expanding Myanmar’s
generation capacity.

Independent Power

Producers (IPPs)
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8.5.7

Philippines

Table 8-20. Philippines IRRP assessment

IRRP
framework

Planning goals
and strategies

Approach and
methodology

Resource
adequacy
criteria

Risk and
resilience
planning

Planning
horizon and
iterative
process

Stakeholder
engagement
and
governance

Observations

Traffic light

The Philippines’ energy planning is guided by the Philippine Energy Plan (PEP)
and the Transmission Development Plan (TDP). The PEP focuses on three core
objectives: energy security, affordability, and sustainability. It includes
ambitious renewable energy (RE) targets—35% RE share by 2030 and 50% by
2040—and aligns with the country’s NDC commitments to reduce GHG
emissions by 55-66% compared to the PEP 2028-2040 baseline. The strategy
also supports Smart and Green Grid development. While the plan emphasizes
long-term least-cost development, it remains largely supply-side focused.

The PEP 2023-2050 uses a top-down, sectoral econometric approach for
demand forecasting, incorporating socioeconomic indicators. Power demand
and supply projections are generated using market simulation software, with
assumptions on new generation builds and supply constraints.

The plan uses deterministic metrics, maintaining a minimum 25% reserve
margin relative to net capacity to ensure system reliability. While effective, it
lacks probabilistic adequacy measures.

The PEP includes scenario-based planning to address uncertainties such as fuel
price volatility, climate change, and energy transition risks. It features a
Reference (BAU) scenario and two Clean Energy Scenarios, differentiated by
assumptions on offshore wind capacity, EV penetration, and biofuel blending.
Resilience planning is guided by the Energy Resilience Policy (ERP) and the Task
Force on Energy Resiliency (TFER).

Under the Electric Power Industry Reform Act (EPIRA), the PEP is mandated to be
updated annually. In practice, updates occur approximately every three years,
with each plan covering a 20-year horizon. This provides a long-term view but
lacks consistent iteration.

The PEP 2023-2050 was developed through a collaborative process led by the
Department of Energy (DOE), involving key agencies such as the Energy
Regulatory Commission (ERC), National Grid Corporation of the Philippines
(NGCP), and National Electrification Administration (NEA). Public consultations
were conducted, and regional/international partners (e.g., ASEAN, APEC, BIMP-
EAGA, UNFCCC) were engaged to ensure alignment with broader energy and
climate goals.

Table 8-21. Philippines institutions relevant to the power sector planning

Functions

Key institutions

Department of Energy

(DOE)

Energy Regulatory
Commission (ERC)

The lead government agency responsible for formulating and implementing
national energy policies, plans, and programs. DOE oversees the Philippine Energy
Plan (PEP), coordinates with stakeholders, and ensures alignment with national
development and climate goals.

The independent regulatory body that ensures fair competition, consumer
protection, and reliability in the electricity sector. It sets tariffs, enforces
performance standards, and regulates market participants.
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National Grid A private concessionaire responsible for operating, maintaining, and expanding the
Corporation of the country’s transmission network. NGCP ensures grid reliability, resilience, and
Philippines (NGCP) integration of renewable energy sources.

Philippine Electricity Manages the Wholesale Electricity Spot Market (WESM), ensuring transparent,
Market Corporation efficient, and competitive electricity trading. PEMC plays a key role in market
(PEMC) operations and reforms.

Operates generation and transmission systems in off-grid and missionary areas.
NPC supports rural electrification and energy access, particularly in remote and
underserved communities.

National Power
Corporation (NPC)

Facilitates the development of energy infrastructure through public-private
partnerships. It supports project structuring, investment promotion, and regulatory
coordination for energy and resilience projects.

Public-Private
Partnership (PPP) Center

Implement local energy plans, renewable energy programs, and energy efficiency
initiatives. LGUs are critical in deploying distributed energy resources and
enhancing local energy resilience.

Local Government Units
(LGUs)

Supports rural electrification through technical and financial assistance to electric
cooperatives. NEA plays a key role in expanding electricity access and improving
service delivery in rural areas.

National Electrification
Administration (NEA)

Coordinates climate policy and ensures integration of climate resilience and
mitigation strategies into energy planning. CCC supports alignment of energy
sector goals with the Philippines’ NDC commitments.

Climate Change
Commission (CCC)

National Economic and Provides macroeconomic planning and policy guidance. NEDA ensures that energy
Development Authority sector plans align with national development priorities and long-term
(NEDA) socioeconomic goals.

8.5.8 Singapore

Table 8-22. Singapore IRRP assessment

IRRP

Observations Traffic light
framework

Singapore’s energy planning is guided by a balanced focus on cost-efficiency,
emissions reduction, system reliability, and risk management. Key targets
include achieving 2 GWp of installed solar capacity by 2030 and importing 6 GW
of low-carbon electricity by 2035 (up from the previous 4 GW target). The strategy
integrates renewable energy, grid modernization, and regional interconnectivity,
aligning with national climate goals, but there are no details on how the different
weightages are considered.

Planning goals
and strategies

Demand forecasting is based on half-hourly historical data published by the
Energy Market Authority (EMA). The Electricity Market Outlook includes
projections for system demand (GWh) and peak demand (GW), though the latest
available edition dates to 2021. While Singapore does not publicly disclose
future interconnection plans, its planning is data-driven and scenario-based.

Approach and
methodology
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planning

Planning
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process

Stakeholder
engagement
and
governance

In 2020, Singapore transitioned from a Loss of Load Probability (LOLP) of 3
days/year to a Loss of Load Hours (LOLH) of 3 hours/year to better reflect the
impact of intermittent renewables. A minimum reserve margin of 27% is
maintained, derived using Monte Carlo simulations that account for outages,
solar PV variability, and peak demand forecasts.

Singapore’s underground grid infrastructure enhances resilience to climate and
weather-related risks. Given its heavy reliance on natural gas, the country
prioritizes energy diversification through solar, regional imports, and low-carbon
alternatives. The scenarios are primarily based on different pathways to achieve
carbon neutrality.

Iterative Process The Electricity Market Outlook is intended to be published
annually with a 10-year forecast horizon. However, the most recent edition was
released in 2021, indicating a gap in iterative updates.

The Ministry of Trade and Industry (MTI) sets national energy policy, while the
Energy Market Authority (EMA) oversees planning and regulation. EMA engages
stakeholders from industry, academia, and civil society through public
consultations, with feedback and responses published transparently.

Table 8-23. Singapore institutions relevant to the power sector planning

Key institutions Functions

Sets Singapore’s overarching economic and energy policies. MTl coordinates

Ministry of Trade and national energy strategy, including energy security, market liberalization, and

Industry (MTI)

decarbonization, ensuring alignment with industrial and economic development
goals.

The central regulatory body for electricity and gas. EMA oversees market

CIFVAVEINGCioTiGfo]fis/All operations, ensures energy reliability and security, and leads the transition to a

(EMA)

Energy Market Company

(EMC)

Singapore Power Group
(SP Group)

National Environment

Agency (NEA)

Public Utilities Board

(PUB)

sustainable energy future. It also manages energy policy development, licensing,
and long-term planning.

Operates the National Electricity Market of Singapore (NEMS). EMC facilitates
transparent, competitive, and efficient electricity trading among market
participants, ensuring market integrity and operational efficiency.

Owns and operates the national electricity and gas transmission and distribution
networks. SP Group ensures grid reliability, resilience, and supports smart grid and
digital infrastructure development.

Oversees environmental sustainability, including emissions management, climate
change mitigation, and energy efficiency. NEA collaborates with EMA on policies
that align energy development with Singapore’s environmental goals.

While primarily responsible for water management, PUB plays a role in energy
resilience through integrated water-energy infrastructure, including desalination
and energy-efficient water systems.

Sustainable Energy A non-governmental organization that promotes clean energy innovation, industry
AT oIl i o la Rel ST [at=z]olo](sM Collaboration, and capacity building. SEAS supports policy advocacy and public-

(SEAS)

private partnerships in the energy transition.
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Building and
Construction Authority
(BCA)

Research Institutions
(e.g., NUS, NTU, SERIS)

8.5.9

Oversees energy efficiency in the built environment. BCA contributes to demand-
side planning through green building standards and energy performance
regulations.

Provide technical expertise, modeling, and innovation support for energy planning,
solar integration, and grid technologies. These institutions often collaborate with
EMA and MTI on pilot projects and long-term studies.

Thailand

Table 8-24. Thailand IRRP assessment

IRRP
framework

Planning goals
and strategies

Approach and
methodology

Resource
adequacy
criteria

Risk and
resilience
planning

Planning
horizon and
iterative
process

Stakeholder
engagement
and
governance
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Observations

Traffic light

Thailand’s energy planning is predominantly driven by least-cost principles, with
secondary attention to system reliability and environmental sustainability. While
the PDP outlines progressive targets—such as achieving 50% renewable
electricity generation by 2037, reducing peak demand by 1 GW, capping
emissions at 84.2 MtCOFby 2030 and 41.5 MtCOFby 2050, and introducing 5%
hydrogen blending in power generation—these goals are not fully embedded in
the planning framework. The overarching focus remains on minimizing costs,
with limited integration of broader policy objectives.

The PDP uses macroeconomic indicators and survey data to forecast demand. It
combines end-use and econometric models, with some consideration of
disruptive technologies. However, the analysis is narrowly focused on the
transport sector, with limited attention to industrial electrification. Demand
profiles are based on load duration curves, which fail to capture temporal
variations such as daily or seasonal peaks. Moreover, the absence of regional
and cross-border planning undermines opportunities for integrated energy
development.

Thailand has modernized its approach to resource adequacy by shifting from a
deterministic reserve margin to a probabilistic reliability standard. Since 2024,
the system has been guided by a LOLE threshold of 0.7 days per year, reflecting a
more nuanced understanding of generation uncertainty and demand variability.

The PDP includes two planning scenarios—BAU and BASE—with the latter
incorporating demand from major infrastructure and policy initiatives. However,
the framework lacks a comprehensive risk assessment. It does not account for
external shocks such as climate change, extreme weather, or geopolitical
disruptions, limiting its capacity to ensure long-term system resilience.

The PDP suffers from inconsistencies in both its planning horizon and update
frequency. Although the horizon typically spans 10 to 20 years, updates occur
irregularly every three to five years, with no standardized schedule. Historical
PDPs reveal delays between draft and final versions, often resulting in outdated
data and the need for immediate revisions, which undermines the plan’s
relevance and responsiveness.

While public hearings are conducted during the PDP drafting process, there is no
formal mechanism to incorporate or respond to stakeholder feedback. This
limits the transparency and inclusiveness of the planning process, reducing the
influence of public and expert input on final decisions.



Table 8-25. Thailand institutions relevant to the power sector planning

Key institutions Functions

Electricity Generating
Authority of Thailand
(EGAT)

Energy Regulatory
Commission (ERC)

Ministry of Energy

National Energy Policy
Council (NEPC)

Office of Energy Policy
and Planning (EPPO)

8.5.10 Vietnam

EGAT is a state-owned enterprise operating under the supervision of both the
Ministry of Energy and the Ministry of Finance. It plays a central role in Thailand’s
electricity sector, overseeing the generation, transmission, and, to a limited extent,
distribution of electricity. EGAT is also a key technical contributor to the Power
Development Plan (PDP), providing system modeling, demand forecasting, and
infrastructure planning inputs.

The ERC is an independent regulatory body composed of a Chairman and six
Commissioners appointed by the King. It is responsible for overseeing the
operations of the electricity, natural gas, and energy network industries. The ERC
ensures compliance with national energy laws and policies, regulates tariffs and
service standards, and promotes transparency and competition in the energy
market. It also plays a role in reviewing and approving regulatory aspects of the
PDP.

As the primary policymaker for the energy sector, the Ministry of Energy is
responsible for strategic oversight, licensing, and regulatory development. It
coordinates the formulation of national energy plans, including the PDP, and
ensures alignment with broader economic and environmental goals. The Ministry
also issues energy pricing regulations and supervises state-owned enterprises like
EGAT.

Chaired by the Prime Minister and composed of key ministers and energy experts,
the NEPC is the highest-level body responsible for setting national energy policy. It
reviews and approves the PDP in coordination with the Cabinet and the Ministry of
Energy. The NEPC ensures that energy planning aligns with national development
priorities, economic strategies, and international commitments.

EPPO operates under the Ministry of Energy and serves as the technical secretariat
for energy policy formulation. It coordinates data collection, conducts policy
analysis, and supports the development of strategic plans such as the PDP, Energy
Efficiency Plan (EEP), and Alternative Energy Development Plan (AEDP). EPPO also
facilitates stakeholder engagement and inter-agency coordination.

Table 8-26. Vietham IRRP assessment

IRRP
framework

Observations

Vietnam’s energy planning is primarily guided by the National Power
Development Plan (PDP) for the period 2021-2030, with a vision to 2050 and the
National Power Transmission Development Plan. The overarching strategy aims

Planning goals
and strategies

to ensure energy adequacy to support sustained economic growth—targeting
approximately 10% GDP growth from 2026 to 2030 and about 7.5% from 2031 to

2050. Key objectives include achieving a power supply reliability, increasing
renewable energy penetration (excluding hydro) to 28%-36% by 2030 and 74%-
75% by 2050, and capping greenhouse gas emissions at 197-199 million tons by
2030 with a goal of about 27 million tons by 2050. Despite these ambitious
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targets, the planning approach remains largely focused on long-term least-cost
supply-side optimization.

The methodology underpinning PDP8 is based on top-down demand forecasting,
using historical consumption patterns and load factors to project future peak
demand. The plan incorporates integrated power market modeling tools (TIMES,
Balmorel, LEAP, PDPAT, PSS/E) to simulate optimal supply-demand balances,
including assumptions about cross-border interconnections with Laos and
Cambodia. While technically robust, the approach is primarily supply-centric
and may underrepresent demand-side dynamics and distributed energy
resources.

Vietnam’s PDP incorporates probabilistic reliability metrics, notably a Loss of
Load Probability (LOLP) threshold of 12 hours per year, corresponding to a power
supply reliability. This reflects a growing emphasis on system adequacy and
reliability in the face of rising demand and renewable integration.

Risk and resilience considerations in the PDP are addressed through scenario-
based planning. Two primary demand scenarios—baseload and high-load—are
used to evaluate system performance under varying growth trajectories. As per
feedback provided MOIT, Vietnam setup TIMES model considering extreme
condition by making combination analysis of seasonal conditions (dry, wet), fuel
price increased due to territorial conflicts, demand forecast for low/high GDP
development scenarios, diversification is also a criterion.

The Ministry of Industry and Trade (MOIT) leads the development of the PDP,
which currently covers the 2021-2030 period with a long-term vision extending to
2045-2050. The National Power Sources Development Plan outlines the
generation mix for 2030 and 2050, while the Transmission Plan provides
infrastructure development guidance for 2021-2030 and 2031-2050. In addition,
PDP can be adjusted irregularly if there are unusual factors. Power Plan VIl was
adjusted in Decision 768/QD-TTg dated April 15, 2025, only 2 years after the
initial approval (Decision 500/QD-TTg dated May 15, 2023), due to high electricity
demand and slow progress of some projects. The National Power Sources
Development Plan has planned power mix for 2030 and 2050. Similarly, the
National Power Transmission Plan has construction volume guidance for 2021-
2030 and 2031-2050 periods.

The development of the Power Development Plan (PDP) is led by the Ministry of
Industry and Trade, in coordination with consulting entities (such as the Institute
of Energy), provincial and municipal authorities, and major energy corporations
including EVN, PVN, and TKV, with the final report submitted to the Prime
Minister. The Prime Minister or the Ministry of Industry and Trade establishes a
Planning Appraisal Council including representatives of Ministries, branches,
Provinces and related organizations. After being approved by the Appraisal
Council, the Ministry of Industry and Trade completes the planning dossier and
submits it to the Prime Minister for approval.




Table 8-27. Vietnam institutions relevant to the power sector planning

Key institutions Functions

Ministry of Industry and
Trade (MOIT)

Electricity of Vietnam
(K]

Electricity Authority of
Vietnam (EAV)

Vietham Energy Institute
(VEI)

Prime Minister’s Office

General Statistics Office

(GSO)

MOIT is the central government body responsible for overseeing Vietnam’s energy
sector, including electricity, oil and gas, and renewables. It leads the development
of the National Power Development Plan (PDP), sets strategic energy policies, and
supervises regulatory and operational entities. MOIT also coordinates with other
ministries and the Prime Minister’s Office to align energy planning with national
economic and environmental goals.

EVN is a vertically integrated, state-owned utility operating under MOIT’s oversight.
Itis responsible for electricity generation, transmission, distribution, and retail
across the country. EVN plays a pivotal role in implementing the PDP, managing
infrastructure development, and ensuring system reliability. It also contributes
technical data and forecasts to support national planning.

EAV is an organization under the Ministry of Industry and Trade, performing the
function of advising and assisting the Minister of Industry and Trade in state
management and law enforcement in the field of electricity, regulating electricity
including: electricity development planning, investment in construction of
electricity projects; development of renewable energy and new energy electricity;
competitive electricity market, electricity prices and electricity trading activities;
dispatching and operating the national power system; granting electricity
operation licenses

VEl is a research and advisory body under MOIT that provides technical and policy
analysis to support energy planning. It contributes to the modeling and scenario
development for the PDP and conducts studies on energy efficiency, renewable
integration, and long-term energy strategies.

The Office of the Prime Minister provides final approval for the PDP and other major
energy strategies. It ensures that energy planning aligns with national development
priorities, climate commitments, and cross-sectoral policies.

GSO provides critical economic and demographic data used in energy demand
forecasting and scenario modeling. Its datasets underpin the macroeconomic
assumptions used in the PDP.
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8.6 Modelling complexity in power system planning

Power system models vary in complexity depending on the planning objectives, available data, and
computational resources. The table below outlines key modelling dimensions, and the trade-offs involved at
different levels of complexity.

Table 8-28 Levels of complexity for various aspects of the model®®

Increasing level of complexity

»

| o

Optimization Simple economic Unit commitment Market bidding

modes dispatch

Optimization 1-year Multi-years (5 years) Multi-decadal (>20 years)

horizon

Temporal Average hours Sampled hours Hourly (8,760 Sub-hourly

granularity hours/year)

Space Zonal pipeline Nodal (DC flow) Nodal (AC flow)

representation

Modelling Simplified using Pre-define storage durations, i.e. mixture Model power discharge

storage representative days/ of 2 hour, 4 hour and 10 hour storage and energy capacity
weeks independently

Optimization mode

Simple economic dispatch: Minimizes cost by dispatching generation to meet demand, assuming
continuous variables and no operational constraints.

Unit commitment: Adds operational realism by modeling generator constraints (e.g., startup/shutdown
times, ramp rates, minimum up/down times). Requires integer variables, increasing model complexity.

Market bidding: Simulates market behavior, including bidding strategies and market clearing. Relevant
for systems with competitive electricity markets (less applicable in ASEAN currently).

Optimization horizon

An optimization horizon that stretches over several years significantly increases the problem size, since
the time-dependentvariables also scale accordingly. While this cannot be avoided in capacity expansion
models, the optimization horizon needs to be carefully selected so that uncertain information, especially
at the latter years do not drive near-term decisions. Breaking down a 35-year horizon into 5-year blocks
during the optimization for instance, can help reduce the model run time, space out new builds, and can
exclude uncertain drivers from near-term consideration.

It should be noted that for resources with declining costs over time, the optimization algorithm of a least-
cost model might delay capital-intensive decisions in ways that would not reflect appropriate decision-
making. Most models today solve the problem by annualizing investments, applying useful lifetimes, and
internalizing these annuities in the objective function.

Temporal granularity

Hourly granularity offers chronological representation of the system. This is especially important for
energy storage, renewables and demand-side resources.

Hourly representation is also consistent with the resource adequacy assessment, which is typically
required to identify periods at which the grid is under stress. A 1-year horizon, however, already
translates to 8,760 hours, and the scale is significantly increased when extended over several years.

30 Adapted from: Introduction to EPRI's REGEN Model
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Furthermore, although the use of sub-hourly resolution allows for proper modelling of ancillary services,
there are important tradeoffs to consider.

Simplifications to full hourly chronology include the use of load duration curves, using representative
days/ weeks and sequential modelling. These simplifications exchange chronological details and co-
optimization of operational decisions and long-term planning for higher computational efficiency.

Figure 8-4 demonstrates how analyzing hourly chronological data across multiple weather years can
provide a high-level view of regional resource availability. By synchronizing wind, solar, load, and
weather-dependent outages, the hourly energy margin method calculates reserve margins over time.
This approach—using both historical and synthetic data—offers a deterministic view of surplus and
deficit conditions across regions, even without running a full economic dispatch. It provides valuable
insights into the potential benefits of enhanced interregional transmission for system resilience.

Figure 8-4. Formula for calculating the regional hourly energy margin®!

)
S
EII

o A

Available + Seasonal + Available + Storage Net (Load + Required __ Regional Hourly
Wind & Solar Hydro Capacity Thermal Generation "~ Reserves) == Energy Margin
Capacity
— Weather-Dependent — Expected L Recallable
Outages Maintenance Maintenance

Spatial representation

Modelers use capacity expansion models to select transmission buildout in cost-based tranches to
expand regional connections, optimizing utility resource portfolios and costs. This approach allows
better preparation for future regional transmission planning and buildout, and valuable information for
regional planners on cost-effective transmission options.

Nodal models use actual transmission substations and the transmission grid topology to locate load
within the model, while zonal models aggregate substations and associated transmission lines and
connected load into contiguous zones. This is illustrated in Figure 8-5. The best practice would be to
study historical load and variable renewable energy generation patterns and then establish a minimum
set of zones that are explicitly reflected in the model to capture diversity in these patterns®2.

31 ESIG-Interregional-Transmission-Resilience-methodology-report-2024.pdf

32 Best Practices in Integrated Resource Planning : A guide for planners developing the electricity resource mix of the future
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Figure 8-5. Difference between zonal and nodal representation of transmission lines
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e Inpractice, most planners do not fully integrate generation and transmission planning due to data gaps
and computational limits. Instead, transmission needs are typically assessed after generation portfolios
are developed. Therefore, a zonal approach is recommended for IRRP modeling at this stage, balancing
simplicity with sufficient spatial detail.

Modelling storage

Energy storage plays a crucialrole in shifting energy across hours, days, or even weeks (for long-duration storage)
through charging and discharging. Capturing this value requires an hourly chronological model—especially in
systems with high renewable penetration—to reflect how storage shifts energy from peak generation periods.
Ideally, storage power and energy capacities should be modeled independently to assess needs across durations,
though this adds complexity and is often avoided.

Grid modelling

A grid model allows for detailed analysis of the power flow, load flow and system stability especially during
periods of grid congestion such as peak load and maximum renewable energy generation as these can cause
voltage and thermalviolations of the system. The modelis mainly applied to a snapshot of grid congestion period
alone rather than over an entire year due to the complexity involved. In addition, this analysis requires a certain
level of detail of the grid model to provide any meaningful analysis. For regional IRRP purposes, grid modelling is
not recommended because::

o |RRPfocusesonresource adequacy, while grid impact studies are better suited for later feasibility stages
when specific projects of common interest have been identified.

e (Crid data is often confidential, and past experience (e.g., AIMS lll) shows reluctance in sharing it.
IRRP modelling considerations

IRRP must balance capacity expansion and resource adequacy while remaining computationally manageable. It
involves trade-offs between model simplicity and accuracy. A fully detailed, long-term, sub-hourly model is
neither practical nor necessary. Table 4-6 outlines the differing priorities of capacity expansion and resource
adequacy in this context. Table 8-29 outlines the differing priorities of capacity expansion and resource adequacy
in this context.
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Table 8-29. Differing priorities of capacity expansion and resource adequacy

Item

Objective

Model approach

Optimization horizon

Typical outputs

Temporal details

Spatial details

Capacity expansion

Plan long-term investments in generation and
transmission capacity.

Simplified due to long time horizon; uses
economic dispatch instead of detailed unit
commitment.

Long-term (typically >20 years).

Annual generation, capacity
additions/retirements, emissions, fuel use.

Uses representative days/weeks; power flows
are stylized to reduce complexity.

Zonal level; focuses on identifying beneficial
cross-border energy flows.
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Resource adequacy and resiliency

Assess system reliability under various stress
scenarios.

Focuses on extensive simulations to evaluate
system performance during reliability and
resiliency events.

Short-term (typically 1 year); uses a fixed
resource set to enable detailed grid operational
analysis.

Hourly/sub-hourly generation, power flows,
emissions, fuel use, loss of load, curtailments.

Hourly resolution captures grid stress periods
and outages.

Ranges from zonal to nodal, depending on
required detail.



8.7 Comparison of IRRP modelling approaches: advantages and limitations

The IRRP model can generally be classified into two types: the all-in-one model and the two-stage model. The all-
in-one model integrates a simplified capacity expansion approach with multiple simulations to assess system
reliability within a single framework. In contrast, the two-stage model separates these processes. It begins with
a simplified capacity expansion model, whose outputs are then used as inputs for a more detailed, high-
resolution production cost model. This model is run through multiple simulations to evaluate system reliability.
If the system does not meet reliability standards, the capacity expansion model is adjusted based on insights
from the production cost analysis. This iterative process continues until the system satisfies the required
reliability criteria. Table 8-30 shows a comparison of their advantages and limitations.

Table 8-30. Advantages and limitations of all-in-one and the two-stage models.

Parameters All-in-one IRRP model Two-stage IRRP model

Simplify approach that Integrates capacity Separates capacity expansion and reliability
expansion and reliability assessment, enabling analysis, allowing for deeper assessment of
direct selection and sizing of technologies while  system adequacy.

maintaining reliability.
g ¥ Enables detailed analysis of transmission

Advantages . . . . . . ..
g Requires less detailed chronological data for congestion and locational marginal pricing
load and renewables. through a downstream production cost model.
Generator and hydro operations can be Captures realistic generator operations

simplified using load duration curves.

Limited visibility into granular load sheddingand Requires iterative coordination between capacity
transmission congestion. expansion and production cost models, which

. . becomes more demanding with more scenarios.
Incorporating hourly chronological data can

Disadvantages make the model overly complex. Computationally intensive.

Needs detailed hourly input data and technical
generator parameters, which may be hard to
obtain.

Used in tools like Antares in Europe. Common among U.S. utilities; applied in AIMS 11|
Example use cases (though without full reliability assessment in the
production cost model).

None At the production cost modeling stage, there is
Points to note often a trade-off between model fidelity and the
number of simulations.
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8.8 AIMS Ill phase 1-2: Scenario assumptions

No. l Categories l Base Scenario l Optimum RE | ASEAN RE Target High RE Target
Thermal
1 Existing Plants and Fixed Fixed Fixed Fixed
Retirement Schedule
Committed Plants . . . X
2 under PDP Fixed Fixed Fixed Fixed
3 Non-committed Plants
under PDP
(i) Coal Re-optimized Re-optimized Re-optimized Re-optimized
(ii) Gas Re-optimized Re-optimized Re-optimized Re-optimized
4 Plants beyond PDP
(i) Coal Re-optimized Re-optimized Re-optimized Re-optimized
(ii) Gas Re-optimized Re-optimized Re-optimized Re-optimized
VRE
1 Existing Fixed Fixed Fixed Fixed
Lo . Achieving higher RE
2 Under PDP Fixed Re-optimized gﬁh;i\al:i;Z%lonr::XRE target in energy mix
g gy (compared to Case-3)
1) historical VRE Achieving regional RE Achieving higher RE
capacity growth 2) target in energy mix as target in energy mix
3 Beyond PDP historical demand Optimized per AEO5 (10-12% of (10-12% of VRE on
growth, 3) Maintaining VRE by 2025 and 15% energy basis by 2025
VRE in energy mix by 2040) and 25-30% by 2040)
Geothermal
1 Existing Fixed Fixed Fixed Fixed
2 Under PDP Fixed Fixed Fixed Fixed
3 Beyond PDP No optlmlzatlon.(not No optimization No optimization No optimization
treated as candidates)
Hydro
1 Existing Fixed Fixed Fixed Fixed
2 Under PDP
(i) Committed Fixed Fixed Fixed Fixed
(i) Non-committed No optimization (not No optimization No optimization No optimization
treated as candidates) P P P
3 Beyond PDP Not considered (not Not considered Not considered Not considered

treated as candidates)

Interconnection Capacity

1 Existing Fixed Fixed Fixed Fixed
2 Under PDP Fixed Re-Optimized Re-Optimized Re-Optimized
3 Beyond PDP Fixed (at end of PDP Optimized Optimized Optimized

period)

Common assumptions

1

Demand Projection under PDP

As per inputs provided (or BAU/Medium/High Demand Projection)

2

Demand Projection beyond PDP

Similar growth rate to historical trend considered
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Benchmarked to int tional prices (World Bank Projecti h t availabl
3 Fuel Prices Projection (Coal, Gas, Oil) enc m.ar ed to international prices (World Bank Projections) where not available
as AMS input
4 RE Capex Projection Benchmarked to international prices (from current regional prices)
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8.9 AIMS Ill phase 1-2: Interconnection projects

APG Updated PDP ASEAN RE Target High RE Target
No Connection Status (in MW) (in MW) (in MW)
2022 2025 2040 2025 2040 2025 2040
1 P. Malaysia - Singapore |525 1,050 1,050 1,050 1,050 1,705 3,154
2 Thailand - P. Malaysia 300 300 350 300 1,043 9,937 10,300
3 P. Malaysia - Sarawak - - - 64 695 - 3,152
4 P. Malaysia - Sumatra - - 2000 1,067 2,130 10,000 10,000
5 Batam - Singapore - - - - - - -
6 Sarawak - Kalimantan 230 230 830 230 777 230 769
7 Philippines - Sabah - - 200 147 196 639 6,086
8 Sarawak-Sabah- Brunei
Sarawak - Brunei - 100 100 62 100 540 643
Sabah - Sarawak 50 100 150 156 177 978 2,819
700
9 Thailand - Lao PDR* (gen-tie:  [900 1,300 700 700 5,298 5,630
5,427)
570
10 Lao PDR - Vietnam (gen-tie: 570 620 307 625 1,342 10,200
538)
11 Thailand - Myanmar - - 1,250 919 1,262 949 1,310
12 Vietnam - Cambodia 200 200 250 328 1353 7,867 10,200
13 Lao PDR - Cambodia 200 300 500 306 625 300 820
14 Thailand - Cambodia 230 200 1000 351 1,315 7,953 10,120
15 Sabah - Kalimantan - - 200 158 174 1,126 4,319
16 Sumatra - Singapore - - 1,200 843 1,133 8,599 10,000
17 Lao PDR - Myanmar - 300 350 306 624 758 4,606
18 Internal Indonesia
Java - Kalimantan - - - 9 435 477 477
Java - Sumatra - - 6,200 7,943 10,000 7,961 10,000
3,005
Total 4,250 17,550 15,246 24,585 66,659 104,605
(7,700)
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8.10 AIMS Il phase 1-2 plan and status of various interconnection projects

m2022 m2022-25 W2026-30 m20301-35 m2036-40

ﬁ
8
g
g
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P15
Pr-50L
WKL
PH-5E
SWW-BM
SB-5WW
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Wi-KH
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TH-KH
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SLFSG
LA&- MM
JV-KL
SLHV
Note: The colour codes indicate the additions post 2022 (i.e., 2022 capacity is in ‘yellow’, additions between

2023-25 are in ‘dark green’, between 2026-30 is ‘dark blue’, between 2031-35 is ‘purple’, and between 2036-40
isin ‘crimson’).
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8.11 AIMS II: Reliability criteria applied for PDP optimizations

Minimum Reserve

Maximum LOLP

Maximum Energy

Systems Margin (Hours/Year) Not Served (%) Spinning Reserve

System A
Cambodia 15% - - N-1
Lao PDR 15% - - N-1
Myanmar 30% 24 0.1 N-1
Thailand 15% 24 - 5%
Vietnam 15% 24 0.1 N-1
System B
Peninsular Malaysia -

24 - N-1
Singapore 30%

24 - N-1
Sumatra 30%

24 - N-1
System C
Brunei 30% - 0.1 N-2
Philippines 23% 24 0.1 10%
Sabah N-2 - - N-1
Sarawak 15% 24 0.1 N-1
West Kalimantan 30% - - N
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8.12 AIMS IlI: Interconnection projects

Interconnected Projects Type Total(:':ls\zacity Year
1 Cambodia - Thailand HVAC, EE 300 2015
2 Lao PDR - Thailand HVAC, EE 600 2015
3 Peninsular Malaysia - Sumatra HVDC, EE 600 2015
4 Batam - Singapore HVAC, PP 600 2015-2017
5 Sarawak - Peninsular Malaysia HVDC, PP 3,200 2015/ 2021
6 Myanmar - Thailand HVAC, PP 3,829 2016 - 2025
7 Thailand - Peninsular Malaysia, Additional HVDC, EE 300 2016
8 Cambodia - Thailand HVAC, PP 100 2017
9 Cambodia - Vietham HVAC, PP 222 2017
10 Lao PDR - Thailand HVAC, PP 3,521 2017 -2023
11 Peninsular Malaysia - Singapore HVDC, PP 600 2018
12 Sumatra - Singapore HVDC, PP 600 2020
13 Sarawak - Sabah HVAC, PP 100 2020
14 Sabah - Philippines HVDC, EE 500 2020
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