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Foreword 

This publication was prepared by three organizations. To 
power continued social and economic development, energy 
demand in ASEAN countries is set to increase during the 
coming decades. Meeting this demand, particularly for 

electricity, will remain a primary concern. Doing so sustainably, while 
ensuring the affordability and reliability of supply, should shape the 
ASEAN countries’ transition to more sustainable energy sources. As 
we look to the future, the priority must be to hardwire sustainability 
considerations into new infrastructure development, dramatically 
increase the share of clean energy in the energy mix and, ultimately, 
replace fossil fuel power plants with greener alternatives.

Innovative technologies should propel this transition forward, as they 
support cleaner energy generation, more efficient power transmission, 
growing regional energy interconnection and electric vehicles. 
All hold great promise for a more sustainable future. However, 
their deployment must be accompanied by greater stakeholder 
consultation to more effectively overcome technical, financial and 
regulatory barriers to transboundary power trade. 

The 2030 Agenda for Sustainable Development and the Paris 
Agreement on Climate Change provide the broader framework 
within which ASEAN countries’ energy challenges and climate action 
measures must be taken. The ASEAN Plan of Action for Energy 
Cooperation 2016-2025 does so by identifying opportunities to shape 
cleaner energy development within the region. Pursued intelligently, it 
should also support the ambition of Global Energy Interconnection, 
i.e., regional clean energy development and interconnection.

This joint research project on power grid interconnection has identified 
practical measures for substantially increasing the penetration of 
clean energy across the ASEAN countries. Its analysis provides a firm 
foundation for achieving regional energy interconnection, which also 
promotes sustainable transboundary power trade. It is the product of 
close collaboration between the ASEAN Centre for Energy, the Global 
Energy Interconnection Development and Cooperation Organisation, 
and the Economic and Social Commission for Asia and the Pacific – a 
partnership that is committed to strengthening sustainable energy 
interconnection across ASEAN and beyond. 
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ASEAN Centre for Energy

Established on 1 January 1999, the ASEAN Centre for Energy (ACE) is an independent 
intergovernmental organisation within the Association of Southeast Asian Nations’ 
(ASEAN) structure that represents the interest of the 10 ASEAN Member States 
(AMS) in the energy sector. The Centre accelerates the integration of energy strategies 
within ASEAN by providing relevant information and expertise to ensure the necessary 
energy policies and programmes are in harmony with the economic growth and 
the environmental sustainability of the region. It is guided by a Governing Council 
comprising Senior Officials on Energy from each AMS and a representative from the 
ASEAN Secretariat as an ex-officio member. Hosted by the Ministry of Energy and 
Mineral Resources of Indonesia, ACE’s office is located in Jakarta. 

Global Energy Interconnection Development and Cooperation Organization

The Global Energy Interconnection Development and Cooperation Organization 
(GEIDCO), with its headquarters based in Beijing, is an international organization of 
firms, associations, institutions and individuals who are dedicated to promoting the 
sustainable development of energy worldwide.

The purpose of GEIDCO is to promote the establishment of a Global Energy 
Interconnection system, to meet the global demand for electricity in a clean and green 
way as well as implement the United Nations “Sustainable Energy for All” and climate 
change initiatives, and serve the sustainable development of humanity.

GEIDCO will (a) promote the concept of Global Energy Interconnection, (b) formulate 
development plans, (c) promote the creation of a technical standard framework, (d) 
organize concerted and collaborative efforts in research and innovation, (e) carry out 
key studies, international communication and cooperation, (f) engineering project 
implementation, (g) provide consulting services and (h) lead the development of the 
global interconnection process.

United Nations Economic and Social Commission for Asia and the Pacific

The United Nations Economic and Social Commission for Asia and the Pacific (ESCAP) 
is the regional development arm of the United Nations for the Asia-Pacific region. 
ESCAP provides a forum for its members to promote regional cooperation in order to 
achieve inclusive and sustainable socio-economic development, including sustainable 
energy, and take collective action on energy access, energy efficiency, renewable energy 
and transboundary energy interconnection.

ESCAP conducts comprehensive research and analyses on regional progress of 
Sustainable Development Goal 7 (SDG7) and energy interconnection, which has 
resulted in several publications. It is continuously expanding the collection of data for 
public access to the Asia-Pacific Energy Portal (http://asiapacificenergy.org), thereby 
supporting the evidence-based policymaking in the region. This analytical work also 
helps to identify the best practices and recommend the policy in support of energy 
transition.
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Executive Summary 

As concerns intensify over global warming, extreme weather events that are becoming increasingly prevalent, and 
the continuing loss of land in coastal regions due to rising sea levels, it is clear now more than ever that addressing 
climate change is critical to avoiding global catastrophe. The transition to sustainable energy practices is an 
essential step to achieving that goal. The 2030 Agenda for Sustainable Development and the Paris Agreement 
on Climate Change provide global blueprints for improving sustainable development with regard to energy and 
climate change. At the regional level, many policymakers have set more specific goals and targets. The ASEAN 
Plan of Action for Energy Cooperation (APAEC) 2016-2025 is one such example. To improve global sustainability, 
and to contribute towards achievement of global and regional goals, this report indicates that building energy 
interconnection in ASEAN and beyond is the key to advancing clean energy development in order to improve 
the ASEAN region’s sustainable development.

Given the rapidly rising power demand, interconnectivity between ASEAN States and surrounding countries, 
particularly China and Bangladesh, has the potential to increase the share of clean energy in power generation 
by ASEAN in a sustainable manner. Interconnection can help to realize this goal by addressing geographic and 
temporal mismatches in energy demand and supply that currently limit the use of renewables. This would help 
to meet rising energy demands while reducing greenhouse gas emissions and other forms of pollution. This 
publication serves two purposes. First, it presents technically feasible pathways for energy interconnectivity 
that will help to achieve higher penetration of clean energy in ASEAN. Second, it aims to quantify the primary 
benefits of these pathways for sustainable development. 

Due to rapidly increasing demand and persistent clusters of energy poverty, the current energy supply trajectory in 
the region is not sustainable. Rising standards of living and changing demographic patterns, including population 
growth, are leading to continuously increasing demand, which will be difficult to meet with limited fossil fuel 
resources in the future. For example, while the ASEAN region is currently an exporter of natural gas, it is estimated 
that due to rising demand, the region will become an importer before 2030. Additionally, heavy dependence on 
fossil fuel leads to significant greenhouse gas (GHG) and pollutant emissions, with consequent environmental 
damage and climate change. At the same time, about 107 million people in ASEAN continue to live in energy 
poverty, without access to electricity. Supplying them with power is therefore a matter of high priority. 

To meet rising energy demand sustainably and change the current trajectory requires a transition towards clean 
energy, including renewables. However, several obstacles are impeding the uptake of renewables in the ASEAN 
region. First, while the AMS are rich in clean resources including hydro, geothermal and solar power generation, 
these resources are located far from demand centres, thus creating a geographic mismatch between supply 
and demand. Second, due to temporal variation, demand peaks do not always align with supply peaks, both in 
terms of daily and seasonal variations, resulting in a temporal mismatch. Interconnection is the key to addressing 
these mismatches.

By linking complementary systems, interconnection among the AMS as well as between ASEAN and surrounding 
countries can improve the utilization of clean energy resources, such as hydro, wind and solar power generation, 
and lower generation costs. Based on an analysis of current trends and future scenarios, this study finds that 
by 2050 it will be possible to increase the penetration of clean energy in the mix by up to 62 per cent of total 
generation through the improvement of regional interconnection. This requires a total energy trade between 
ASEAN and surrounding countries that is equivalent to 10 per cent of the total power generation in ASEAN in 
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2050. Strong interconnection is required to enable achieving this volume of power exchange, and accordingly, 
transmission technologies with a higher voltage level (in either alternating or direct current) is recommended. 
Positioning ASEAN as an interconnection hub can lead to many benefits; for example, it can help Bangladesh 
achieve lower emissions growth and can help to balance seasonal variations in power supply between China 
and ASEAN. 

Development of interconnection in ASEAN will generate valuable social, environmental and resource allocation 
benefits, in addition to stimulating economic growth. Benefits will include job creation, increased investment in 
research and development, and the reduction of GHG emissions. In addition, by increasing the proportion of 
clean energy in the mix, interconnection also increases the flexibility and diversity of the energy system, thereby 
reinforcing its resilience. 

To enable interconnection and pave the way for increased uptake of clean energy and its ensuing benefits, this 
study presents the following eight policy recommendations for ASEAN:

1. Develop energy plans focused on long-term outcomes of clean energy development and interconnection 
to avoid short-term solutions that ultimately result in very high social and environmental costs;

2. Accelerate energy transition by substituting fossil fuels with clean energy for generation and with 
electricity for consumption;

3. Ensure that energy projections and plans account for emerging technologies and their implications for 
lowering costs and increasing capabilities;

4. Position ASEAN as a hub for interconnectivity with a vision of optimizing the power sector and its resource 
allocation within the region and in cooperation with neighbouring countries;

5. Undertake pilot projects with plans for rigorous evaluation and organized feedback loops in order to 
verify technical and economic feasibility as well as social and environmental benefits of new projects 
before scaling up such projects;

6. Break down institutional silos to develop a collaborative approach to interconnectivity that integrates the 
socio-economic and environmental development agenda to enable the development of multi-sectoral 
solutions;

7. Ensure that energy resource allocation is optimized at the regional level as well as at the national level 
when developing plans for clean energy and the power sector;

8. Develop multilateral institutions to promote cross-border energy interconnection and associated clean 
energy development as well as to build, manage and operate interconnections. Three actions that the 
AMS can take to promote interconnection include (i) coordinating planning initiatives for cross-border 
cooperation, (ii) building capacity and sharing information, and (iii) operationalizing interconnection by 
mobilizing funding and initiating pilot projects.

vi
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1|  Introduction



1.1 Research background

ASEAN countries share the strategic goal of developing 
sustainable, reliable, affordable and clean energy 
supply systems. Considering the importance of 
energy as an indispensable enabler of socio-economic 
development, the challenge of rising energy demand, 
especially electricity demand, must be addressed 
urgently. Some important measures to sustainably 
meet this rise include: 

1. Increasing the share of clean energy1 in the power 
mix; 

2. Substituting fossil fuels with clean energy for 
generation;

3. Substituting fossil fuel end-uses with electricity; 
and

4. Addressing the contribution of the power sector’s 
infrastructure development to social development; 
and

5. Facilitating multilateral dialogue among the 
AMS and neighbouring countries in order to 
collaboratively address common challenges such 
as technical, financial and regulatory barriers to 
transboundary power trade and the mapping of 
potential transmission routes. 

The 2030 Agenda for Sustainable Development, 
particularly SDG 7, provides the framework for 
addressing the challenges identified by ASEAN. 
The ASEAN Plan of Action for Energy Cooperation 
(APAEC) 2016-2025 offers opportunities to shape 
future energy development within the region, while 
the concept of Global Energy Interconnection offers 
a new perspective for supporting regional clean energy 
development and interconnection.

This study explores the potential of electricity 
interconnection to help in addressing rising electricity 
demand, catalyse the uptake of clean energy, facilitate 
electricity access, promote economic development, 

1	 Clean	energy	as	defined	by	this	report	includes	hydro,	wind,	solar,	
tidal,	geothermal,	biomass	and	nuclear	energy	that,	with	the	
exception	of	nuclear	energy,	are	all	forms	of	renewable	energy.

and provide social and environmental benefits. 
Transboundary power trade at the regional level 
and beyond could help ASEAN countries overcome 
some of the obstacles to sustainably meeting rising 
energy demand. In particular, establishing a scenario 
of enhanced energy interconnection among ASEAN, 
China and Bangladesh at a scale of approximately 10 
per cent of total power exchange in ASEAN could lead 
to a 62 per cent share of clean energy in the power 
generation mix by 2050. This would represent a vast 
improvement over the 21 per cent recorded in 2015. 
This would also help countries to lower their carbon 
footprint, supporting the road to a sustainable and 
resilient society. 

1.2 Objectives of this study 

The purpose of this publication is to: (a) demonstrate 
technically feasible pathways for energy interconnection 
in order to help achieve higher levels penetration of 
clean energy in ASEAN; (b) point out the challenges of 
sustainable development and opportunities for energy 
transition in ASEAN as well as establish practical 
solutions and policy recommendations for tackling 
those stumbling blocks; and (c) quantify the primary 
benefits of these pathways to sustainable development. 

In this study, energy interconnection in the power 
sector refers to power grid interconnection. Such 
interconnection can be as modest as the one-way 
transfer of a small amount of electricity from one 
country to another, or as ambitious as an integrated 
grid connecting all the countries in a region. 
Whatever the scale, energy interconnection can 
contribute to sustainable development by increasing 
the supply of electricity, which in turn improves 
economic development. It can additionally lead to 
social, environmental and resource benefits. Energy 
interconnection can contribute to the formation of 
competitive markets for electricity on a regional scale, 
potentially helping to reduce the cost of electricity. 
Energy interconnection projects are, however, 
extremely complex, as they require cooperation 
on technical, economic, legal, political, social, and 
environmental matters.
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This study provides a vision for future power sector 
interconnection in ASEAN, based on existing and 
emerging technologies as well as current and historical 
energy trends. This analysis has been conducted under 
the assumption that all AMS are willing to participate 
in interconnection and clean energy development in 
order to accelerate energy transition for sustainable 
and resilient societies. The study also serves to deliver 
policy recommendations for sustainable energy 
development in ASEAN and beyond.

1.3 Research approach 

This publication contains the following five elements: 

1. An analysis of the current status and the future 
trajectory of electricity in the region; 

2. Identification of challenges; 

3. An in-depth analysis of feasible interconnection 
pathways for sustainable energy development; 

4. Assessment of interconnection benefits; and 

5. Recommendations on priority policies and actions 
to enable interconnection to act as a pathway for 
sustainable development. 

Compared with other studies of the energy and power 
sectors of ASEAN, this study provides several special 
features:

1. The time span is longer. The publication projects 
trajectories and provides recommendations with 
a long-term view up to 2050. This is not only 
aligned with the target year of the Paris Agreement, 
but also takes full account of the impact of 
technological progress in the development of the 
power grid, which may assist decision makers in 
determining macro-trends. In addition, the study 
examines potential milestones in 2035, which is an 
approximate midpoint between the current status 
and the 2050 target; 

2. The area covered is larger. Centred on the 
interconnection of various countries in the ASEAN 
region, the area of this study is further expanded to 
include surrounding countries such as Bangladesh 
and China. Inclusion of neighbouring countries 
allows for a more efficient allocation of clean energy, 
thus improving both supply and sustainability of 
energy for the countries involved;

3. Consideration of the impact of power generation, 
power grid and demand side technological progress 
in energy development is presented;

4. An evaluation of power sector development 
and interconnections. The study simultaneously 
considers development of a power generation 
mix to maximize the share of clean energy and 
interconnection plans;

5. A comprehensive benefit analysis. The study 
takes a comprehensive approach to examining 
social, environmental, resource and economic 
benefits. Furthermore, it quantifies key benefits 
and compares benefits under different scenarios.

In addition to this introductory chapter, which explains 
the purpose and framework of the study, the report 
comprises six other chapters. 

Chapter 2 reviews the status quo of regional electricity 
as well as projects future trajectories for demand 
and supply. In addition, it discusses primary energy 
challenges that obstruct the path to sustainable 
development.

Chapter 3 proposes interconnectivity among ASEAN 
Member States and several neighbouring countries as 
a solution to these challenges and explores potential 
pathways for energy transition. 

Chapter 4 examines specific feasible pathways for 
the region to undertake interconnection initiatives for 
accelerating energy transition, and then quantifies the 
energy outcomes. 

Chapter 5 discusses multisectoral benefits of 
interconnection, quantifying the social, environmental, 
resource and economic benefits of the proposed 
interconnection scenario.
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Chapter 6 presents policy recommendations that will 
enable energy interconnection and proposes possible 
actions that policymakers and decision makers may 
take to facilitate energy transition.

1.4 Research philosophy

1.4.1 Overall process
The overall process of research is illustrated in figure 1.1. 
Detailed information of research methodologies and 
data are illustrated in annex 1. 

In considering relevant factors of the energy and power 
sector, the study examines the following scenarios 
(figure 1.1): 

1. Step 1. The current status and outlook of the 
ASEAN energy sector is analysed based on the fifth 
ASEAN Energy Outlook (AEO5); 

2. Step 2. Research of resource potential and demand 
forecast in the power sector is conducted in parallel;

3. Step 3. Based on the results of step 2, an analysis 
of power supply and power exchange potential is 
carried out, in which the process of power supply 

and power exchange potential is iterative, and 
several scenarios are analysed; 

4. Step 4. Based on the outcome of step 3, the optional 
interconnection scheme is proposed in step 4; 

5. Step 5. The comprehensive benefit is investigated, 
based on step 4; and

6. Step 6. Policy recommendations and actions are 
put forward based on the outcome of the whole 
research programme.

For the power demand, this study examines one main 
scenario based on the ASEAN Progressive Scenario 
(APS) that is detailed in the fifth ASEAN Energy Outlook 
(AEO5), together with two additional scenarios that 
examine higher and lower demand growth rates for the 
sensitivity analysis. The relationship between power 
supply scenarios and power demand scenarios is shown 
in figure 1.2. There are three scenarios for power supply: 
(a) accelerated development scenario (ADS); (b) 
progressive development scenario (PDS); and (c) low 
development scenario (LDS). Using the ADS of power 
supply as a case study, the study strategizes methods 
for implementing the interconnection of ASEAN for 
energy transition and calculates the expected benefits.

Figure 1.1 Overall research process

Interconnection	scheme
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Resource	
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Demand	
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Comprehensive	
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priority	action
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1.4.2 Power demand forecast 
The power demand forecasts are processed by a top-
down approach, based on the AEO5 that accounts 
for the following factors: population growth, gross 
domestic product purchasing at power parity (GDP 
PPP), and the ratio of electricity replacement.2 The 
research also considers the convergence of per capita 
electricity consumption across the AMS due to regional 
economic integration. The power demand projection 
up to 2035 is calibrated and is consistent with that 
under the alternative policy scenario in the AEO5. 

The complete methodology, including data sources, 
is detailed in annex 1.1. The forecast was developed 
taking into consideration the effects of economic and 
social development, using the indices of GDP growth 
rate, population growth rate and other relevant factors. 
The energy efficiency rate and the energy development 
goal of APAEC also contributed to the estimates. 

2	 The	substitution	of	electricity	for	other	form	of	energy	in	end	uses,	
for	example	in	substituting	gas	for	heat	or	petroleum	fuels	for	
motor	vehicles.

1.4.3 Power supply forecast
Key inputs in making the forecast of power supply 
included intensity of clean energy development and 
power transboundary transaction.

Assumptions were also made with regard to reserve 
margin, peak load, available capacity of different clean 
energy sources, annual utilization hours of the cross-
border exchange channel, and curtailment constraints 
for wind and solar power.

According to the share of clean energy, the level of 
power trade and the ratio of regulated power supply, 
three scenarios of power supply development are 
formed. ADS assumes accelerated development of 
clean energy and the optimal allocation of electricity in 
a large area. PDS assumes steady development of clean 
energy. LDS assumes general development in which 
the share of thermal plants does not decrease. As 
shown in table 1.1, the qualitative level of high/medium/
low is defined in chapter 2, based on natural resources 
endowment and energy trade among countries. 

Figure 1.2 The relationship of power supply scenarios and power demand scenarios

Power	demand

Power	supply

Scenario	for	
higher	growth

ADS

Scenario	for	
lower	growth

LDS

Scenario	based	
on	APS

PDS

Table 1.1 Power supply development scenario design
Accelerated 

development scenario
Progressive development 

scenario Low development scenario

Intensity	of	clean	energy	
development High Medium Low

Transboundary	power	
transaction High Medium Low
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1.4.4 Interconnection philosophy
After examining a future where there is a greater level 
of cross-border power connectivity in ASEAN, the 
following observations are made: 

1. Cross-border coordination on the 
development of clean energy and of the 
power grid. The objective is to optimize power 
layout and promote clean energy generation access 
to power networks with sufficient transmission 
capacity;

2. Coordination of electric power exporting and 
importing ends. From the regional point of view, 
analysis for electric power exporters and importers 
is based on current status and forecasts of balance 
between supply and demand;

3. Coordination of interregional and 
intraregional interconnection. In the short term, 
the power shortage could be relieved rapidly through 
the purchase of electricity from outside the ASEAN 
region to meet the immediate electricity demand 
for economic and social development of ASEAN. In 
the medium term and long term, the construction 
and development of the power grids of ASEAN will 
be accelerated, to form a platform among China, 
Bangladesh and other neighbouring countries. 
The establishment of interconnections between 
countries will help to achieve complementarity 
among different climatic conditions, peak/valley 
load periods and the respective energy mix of 
different countries.

Energy interconnection in ASEAN for sustainable and resilient societies
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2| Current status and outlook 
of the ASEAN energy 

and power sector



2.1 Context

The current energy trajectory in the ASEAN region is 
not sustainable. ASEAN’s current energy mix is heavily 
dependent on fossil fuels. The total primary energy 
supply (TPES) of ASEAN is dominated by fossil fuels, 
which in 2015 had a share of more than 80 per cent in 
the total supply. Its electricity mix is also dominated by 
fossil fuels, with thermal energy supplying roughly 75 
per cent of the generation mix. Population growth and 
rising standards of living have led the energy demand to 
increase steadily. To meet this rising demand, installed 
capacity of electricity increased by an average of 
approximately 8 per cent per year from 2005 to 2015. 
By 2050, overall total energy consumption is expected 
to almost double over the 2015 baseline. Dependence 
on fossil fuels to meet this rapidly rising demand will 
inevitably lead to negative impacts on the environment 
and climate change. 

Based on the current status and projected future 
trajectory of energy supply and demand, the ASEAN 
region faces three main challenges:

1. Access challenges – 107 million people in the region 
live in energy poverty, without access to electricity. 
This presents social issues and drastically hinders 
economic development; 

2. Resource challenges – heavy dependence on fossil 
fuels is problematic as resources are limited and 
supplies are dwindling; 

3. Climate change challenges – heavy dependence 
on fossil fuels leads to environmental damage and 
climate change. 

2.2 Current status of the 
energy and power sector

The TPES of ASEAN stood at 627 million tonnes of oil 
equivalent (Mtoe) in 2015.3 The shares of coal, oil, gas, 
hydro and biomass were 19, 33, 24, 3 and 11 per cent, 
respectively (figure 2.1).

3	 In	this	chapter,	the	data	used	are	from	the	ASEAN	Database	
System	of	the	ASEAN	Centre	for	Energy,	available	at	http://aeds.
aseanenergy.org/.

Similarly, total final energy consumption (TFEC) is 
dominated by fossil fuel, which accounts for 56 per 
cent. Total energy consumption stood at 427 Mtoe in 
2015, while the shares of coal, oil, gas and biomass were 
7, 39, 10 and 15 per cent, respectively.

Among the ASEAN countries, Indonesia, Malaysia, 
Thailand and Viet Nam collectively account for a 
relatively high proportion of the total primary energy 
production for the region. Their proportions of the 
regional TPES are 35, 22, 14 and 11 per cent, respectively 
(figure. 2.2). These countries mainly consume oil and 
gas, and they represent a large portion of TPES in 
ASEAN. Compared to these countries, the energy 
infrastructure of Cambodia and Myanmar needs 
strengthening to meet the national energy demands 
of those two countries.

Currently, the ASEAN region exports a considerable 
amount of energy. The main exporting energy 
commodities are coal and gas according to the AEO5. 
However, there are considerable differences between 
countries, as there is a conspicuous imbalance in the 
distribution of resources within ASEAN. For example, 

Figure 2.1 ASEAN primary energy supply 
structure by Fuel (2015)
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gas and 16 GW was from oil in 2015 (figure. 2.5). Of 
the clean energy capacity, 86 per cent was hydro, 
which comprised 41.5 GW. Other clean energy sources 
such as solar and wind are still in the early stages of 

Figure 2.3 Trend of ASEAN installed capacity
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Figure 2.4 Trend of ASEAN total final energy 
consumption
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Indonesia is the main exporter of steam coal in ASEAN, 
and the majority of its coal production comes from the 
Sumatra and Kalimantan areas.4 In addition, Malaysia 
and Viet Nam export a considerable amount of gas. 
Thailand and the Philippines import energy, primarily 
oil and gas, from other countries. The Lao People’s 
Democratic Republic exports hydro power to other 
countries.

During the past decade, the installed generation 
capacity has increased significantly in ASEAN. The 
average annual increase in the decade to 2015 was 
about 8 per cent. In 2005, ASEAN possessed an 
installed capacity of 105 GW. By 2015, this surged to 
about 206 GW, almost twice the level of 2005 (figure 
2.3). Electricity occupied 12 per cent of the total final 
energy consumption in 2004 and this number increased 
to 16 per cent in 2015 (figure 2.4) (see footnote 3).

Of the total thermal power plant capacity (based on 
fossil fuel), 63 GW was from coal, 76.5 GW was from 

4	 The	British	Petroleum	Company	plc,	June	2018,	BP	Statistical	
Review	of	World	Energy	2018,	67th	edition.

Figure 2.2 ASEAN primary energy supply 
structure (by Country) 
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Based on the observed steady historical increase, 
there is significant potential for continued growth in 
per capita electricity consumption in ASEAN. In 2015, 
the installed capacity per capita in ASEAN was 0.33 
kW, which was below the world average of 0.83 kW. 
In addition, the electricity consumption per capita 
was 1,507 kWh, about half of the world average. figure 
2.6 shows that the discrepancies between countries 
in terms of electricity consumption per capita are 
immense. Myanmar and the Lao People’s Democratic 
Republic have a relatively low electricity consumption 

development. The statistics of installed capacity 
categorized by country are shown in table 2.1.5

5	 ASEAN	Centre	for	Energy,	“ASEAN	Energy	Database	System”,	
available	at:	http://aeds.aseanenergy.org/.

Figure 2.5 ASEAN installed capacity structure 
in 2015
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Table 2.1 ASEAN power sector statistics, 20155

Area Installed capacity (GW)
Total Thermal Nuclear Hydro Solar Wind Geothermal Biomass	and	others

ASEAN 206.1 153.9 - 41.5 1.9 0.7 3.4 4.9

Brunei	Darussalam 0.9 0.9 - - 0.0 - - -

Cambodia 1.6 0.7 - 0.9 0.0 - - 0.0

Indonesia 55.5 48.8 - 5.3 0.0 - 1.4 0.0

Lao	PDR 5.8 1.9 - 3.9 0.0 - - 0.0

Malaysia 30.5 23.5 - 5.7 0.2 - - 1.0

Myanmar 4.8 1.6 - 3.2 0.0 - - 0.0

Philippines 18.8 12.4 - 3.6 0.2 0.4 1.9 0.2

Singapore 13.4 13.1 - - 0.0 - - 0.3

Thailand 38.1 30.1 - 3.1 1.4 0.2 - 3.2

Viet	Nam 36.7 20.9 - 15.8 0.0 - - 0.1

Figure 2.6 ASEAN electricity consumption per 
capita in 2015 
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per capita, standing at about 250 kWh and 320 kWh, 
respectively.

In ASEAN about 107 million people are still without 
access to electricity, mainly in Cambodia, Indonesia, 
and Myanmar (table 2.2). Electricity access in this case 
is defined as access to a regular supply of electricity, 
involving more than initial connection of the household. 
The definition of access also indicates consumption of 
a specified minimum level of electricity, which varies 
based on whether the household is in a rural or an urban 
area. The threshold level of electricity consumption 
for access for rural households is assumed to be 250 
kWh per year and for urban households it is 500 kWh 
per year.6 Cross-border power trade could help to 
balance some of the discrepancies in terms of access 
and resource availability.

Currently, cross-border power trade is at a modest 
level. Transboundary power trade is reasonably well-
established between countries in ASEAN. In 2016, 
the power trade reached a total of 5.2 GW, which 
is equivalent to 2.5 per cent of the total installed 
capacity in 2015. In 2017, power trade increased to 
5.5 GW, equivalent to approximately 2.7 per cent of 
total installed capacity. However, the cross-border 
power trade in eastern Malaysia, Indonesia and the 
Philippines is relatively small due to the ocean barrier. 

6	 Definition	of	electricity	access	is	provided	by	ACE.

Interconnections between those islands have not yet 
been established. Regarding interconnection across 
regions, ASEAN had exchanged a cumulative 51.7 
TWh electricity with Yunnan and Guangxi provinces 
in China by the end of 2017.7 Currently, in terms of 
voltage level, only seven of the existing cross-border 
transmission lines (one between China and Myanmar, 
and six between the Lao People’s Democratic Republic 
and Thailand) are at the 500-kV level. The other 
transmission lines are 230 kV, 110 kV and below (figure. 
2.7). Before examining future transmission possibilities, 
the future outlook for power demand is first examined 
in the next section.

2.3 Energy and power demand 
outlook

In this outlook, a top-down methodology is used. The 
projections up to 2035 are consistent with those in the 
AEO5. However, the projection timeline is extended to 
2050 to capture more of the long-term possibilities. 
The two driving factors for projection of TPES are GDP 
and population growth. Electricity substitution is also 
considered when projecting electricity demand. Details 
of the method are presented in annex 1.1. 

7	 The	First	Consultative	Meeting	of	the	Joint	Study,	2017.	
8	 	China	Southern	Power	Grid,	Social	Responsibility	Report	2017	

(China	Southern	Power	Grid,	2017),	available	at http://eng.csg.cn/
Social_Responsibility/Social_Responsibility_Report/.

Figure 2.7 Existing cross-border 
interconnections in ASEAN8
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500 KV AC
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Table 2.2 Population without access to 
electricity

Country Population without access to 
electricity (million persons)

Indonesia 35
Myanmar 42
Cambodia 8
Philippines 18
Viet	Nam 1
Lao	People’s	
Democratic	Republic 1

Malaysia 1
Total 107
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In 2035, the population of ASEAN is projected to reach 
750 million, and in 2050 approximately 795 million 
(figure 2.9).12 Cambodia, the Lao People’s Democratic 
Republic and the Philippines will maintain a higher 
population growth.

12	 United	Nations,	“Population”,	World	Population	Prospects	2017.

2.3.1 Primary driving factors of demand

1. Economic development
ASEAN has become an important player in the world 
economy. The recent infrastructure development and 
industry reform in ASEAN has had a positive impact 
on economy growth. In 2015, the GDP of ASEAN 
exceeded $2.57 trillion, representing 3.3 per cent of 
global GDP. The average growth of ASEAN GDP is 
approximately 4.6 per cent (at constant price), almost 
twice the average growth of global GDP.9 In this study, 
GDP (PPP) is used as the key economic indicator 
of ASEAN. Because PPP considers the relative cost 
of local goods as well as services and inflation rates 
of a country rather than using international market 
exchange rates, which may distort the real differences 
in per capita income.

In recent years, countries in ASEAN have been very 
active in formulating long-term economic development 
strategies. Several economic reforms and measures to 
upgrade industry have been put forward. Indonesia, 
Malaysia, Singapore, Thailand and Viet Nam are seeking 
to pursue a high additional value, knowledge-based 
industry framework. Brunei Darussalam is seeking 
to improve its business environment. Cambodia, the 
Lao People’s Democratic Republic, Myanmar and the 
Philippines are trying to concentrate more on industry 
while preserving agricultural competitiveness. These 
strong economic growth patterns are projected to 
continue (table 2.3). 

2. Demographic status
ASEAN has the third-largest population in the world 
with demographic dividend. The population of ASEAN 
in 2015 was 630 million, which is equivalent to 8.8 per 
cent of global population. A demographic dividend is 
apparent as shown in figure 2.8.11

9	 ASEAN	Stats,	ASEAN	Statistics	Leaflet	–	Selected	Key	Indicators	
2015,	(ASEAN,	2015).

10	 PwC,	The	Long	View:	How	Will	the	Global	Economic	Order	Change	
by	2050?	(PwC,	2017),	available	at	https://www.pwc.com/gx/en/
issues/economy/	the-world-in-2050.html.

11	 World	Bank,	World	Bank	Open	Data,	available	at	https://data.
worldbank.org.

Table 2.3 Key economic indicators of 
ASEAN and projections10

Country 2015 GDP PPP 
(Constant 2005)

2035 
GDP PPP

2050  
GDP PPP

GDP PPP
Projection(%)

GDP PPP 
Projection(%)

2016-2035 2035-2050

Brunei	Darussalam 26 31 36 1 1
Cambodia 45 176 321 7 4.1
Indonesia 2,382 6,087 10,113 4.8 3.4
Lao	PDR 32 125 201 7 3.2
Malaysia 684 1,300 1,819 3.3 2.3
Myanmar 495 1,929 4,624 7 6
Philippines 621 2,231 4,375 6.6 4.6
Singapore 392 589 754 2 1.7
Thailand 931 1,917 2,882 3.7 2.8
Viet	Nam 463 1,490 2,374 6 3.2

Figure 2.8 Age distribution of ASEAN in 2015
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3. Electricity substitution
Electricity substitution13 (ES) refers to the substitution 
of electric power for fossil fuel energies for direct 
consumption in order to increase the share of electric 
energy in energy end-uses. ES is expected to play a 
major role in the transition to a clean energy system; it 
can assist the transportation industry to help mitigate 
oil-induced pollution and reduce dependence on oil. 

13	 Liu,	Zhenya,	Global	Energy	Interconnection	(Elsevier,	2015.)

In ASEAN, the transportation sector is the top oil 
consumer.14 With strong economic development 
and rapid advancement in electricity-powered 
transportation, the proportion of electricity used in 
total final energy consumption is likely to increase. 
In this regard, electric vehicles (EVs) offer a strong 
pathway towards sustainable transportation. This 
report undertakes a sensitivity analysis of power 
demand potential brought by the popularization of 
EVs in the following way.

Recent advances in technology have led to swift growth 
of EV production. The International Energy Agency 
has forecast that EVs will be economical even without 
subsidies on the total cost of ownership basis among 
mass market vehicles in 2025-2030.15 Since 2008, 
battery costs have fallen by 80 per cent, and battery 
energy density has decreased by fivefold. Governments 
around the world have introduced regulations and 
set goals for EV development. The electric vehicle 
alliance “20 by 20”,16 which is supported by the IEA, 
aims to achieve 20 million EVs worldwide by 2020. In 
the Paris Agreement, the deployment of 100 million 
EVs is proposed in order to mitigate climate change by 
2030; 400 million EVs, comprising both two-wheeled 
and three-wheeled vehicles, are suggested.

ASEAN, the sixth-largest economy in the world and 
third-largest in Asia, will be a promising market for EVs. 
The region has shown interest in EV transportation, 
as reflected in efforts in this direction that have been 
carried out in recent years. Singapore has stated its 
ambition to encourage the widespread use of EVs. For 
example, Singapore will have an EV charging network, 
consisting of 500 charging points island-wide, available 
in public areas such as malls, residential areas and 
business parks by 2020.17 Meanwhile, Singapore grants 
a maximum tax rebate of $30,000 for electric cars.18 
The Philippines Department of Energy is implementing 
the “Market Transformation through Introduction of 
Energy Efficient Electric Vehicles Project” (E-Trike 

14	 Deutsche	Gesellschaft	für	Internationale	Zusammenarbeit	(GIZ),	
“Sustainable	Transport	Indicators	for	ASEAN”,	2016.	

15	 International	Energy	Agency,	Global	EV	Outlook,	2017.
16	 The	aim	is	to	achieve	a	20	per	cent	market	share	for	EVs	by	2020.
17	 Channel	NewsAsia,	19	June	2018,	“Singapore’s	largest	electric	

vehicle	charging	network	to	have	500	charging	points	island-wide	
by	2020”.	

18	 The	Straits	Times,	3	December	2016,	“Early	adopters	of	electric	
cars	unfazed	by	obstacles”. 

Table 2.3 Key economic indicators of 
ASEAN and projections10

Country 2015 GDP PPP 
(Constant 2005)

2035 
GDP PPP

2050  
GDP PPP

GDP PPP
Projection(%)

GDP PPP 
Projection(%)

2016-2035 2035-2050

Brunei	Darussalam 26 31 36 1 1
Cambodia 45 176 321 7 4.1
Indonesia 2,382 6,087 10,113 4.8 3.4
Lao	PDR 32 125 201 7 3.2
Malaysia 684 1,300 1,819 3.3 2.3
Myanmar 495 1,929 4,624 7 6
Philippines 621 2,231 4,375 6.6 4.6
Singapore 392 589 754 2 1.7
Thailand 931 1,917 2,882 3.7 2.8
Viet	Nam 463 1,490 2,374 6 3.2

Figure 2.9 Population growth trend in ASEAN
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Project) to promote energy efficiency and clean 
technologies in the transport sector. It aims to avoid an 
estimated emission of 259,008 tonnes of CO2 annually 
by shifting to 100,000 electric tricycles (e-trikes).19 
Thailand has made known its intentions to become 
an electric vehicle hub in the region. The number of 
EVs in Thailand is projected to reach 43,000 by 2040.20

In 2012, there were 35 million cars in ASEAN, an increase 
from 25 million cars in 2007.21 Thus, it is reasonable 
to assume ASEAN will sustain high demand for cars. 
In this study’s scenario, a steady annual growth rate 

19	 Philippines	Department	of	Energy	Taguig	City,	Philippines	1632,	
“Electricity	Tricycles”,	available	at	https://www.doe.gov.ph/
alternative-fuels/electric-tricycles-0	(accessed	in	September	
2018).

20	 Bangkok	Post,	20	March	2018,	“Sharich	Keen	on	Thai	BEV	
Platform”.

21	 ASEAN,	2013,	ASEAN-Japan	Transport	Statistics	Book	2013.

of 6 per cent is assumed, with EVs (passenger cars) 
comprising between 10 and 20 per cent of the total 
number of private vehicles in 2050. Therefore, under 
this scenario, the electricity consumption generated 
by the development of EVs is no larger than 180 TWh, 
which is about 5.6 per cent of the total electricity 
consumption. Thus, while the increase of EVs is 
one of the driving factors in forecasting electricity 
consumption, it is not a dominant factor influencing 
this scenario.

2.3.2 Demand forecasting and analysis
In 2050, the total primary energy supply will reach 1,301 
Mtoe (figure 2.10). At the same time, total final energy 
consumption will reach 869 Mtoe.22

22	 The	project	of	energy	demand	2015-2040	is	APS	from	ASEAN	
Energy	Outlook	2015-2040.	The	data	of	2040-2050	use	trend	
equation	method	based	on	the	APS	assumptions.

Photovoltaic car charging stations

Electric	 transportation	 offers	 an	 opportunity	 for	 convergence	 of	 electricity	 substitution	 and	 clean	 energy	
development.	A	demonstration	project	could	be	undertaken	to	select	a	highway	in	ASEAN	to	build	recharging	
stations	every	50	kilometers.	Each	station	will	be	equipped	with	a	solar	PV	roof.	The	DC	recharging	equipment	
is	designed	to	be	120	kW	with	20-minutes	quick	recharge	capability.	Based	on	the	statistic	of	200	km	maximum	
mileage	of	EV	every	recharging	cycle,	these	recharging	sites	will	eliminate	the	barrier	to	EV	travelling	and	resolve	
the	limitation	of	travelling	distance	of	EV.

Energy interconnection in ASEAN for sustainable and resilient societies
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Based on the energy development projection, this 
study forecasts that power consumption will reach 
3,200 TWh in 2050,23 accounting for 32 per cent of 
final energy consumption. The forecast methods and 
source data can be found in annex 1.1 of this report; the 
detailed prediction results of power consumption are 
shown in figure 2.11. The projection of the electricity 
assumption in 2040 is at the same level projected by 
the AEO5.24 In addition, a sensitivity analysis exploring 
variation in the driving factors and how that has an 
impact on the scenario is shown in annex 1.1.

The growth rate of electricity demand will be faster 
than that of overall energy demand. In 2050, the total 
power consumption in ASEAN will reach 3,200 TWh, 
with an annual growth rate of 4 per cent, surpassing 
the energy growth rate by 2 per cent. 

23	 This	study	also	considers	different	percentages	of	electrification,	
i.e.,	different	progress	in	EV	development

24	 ASEAN,	2017,	ASEAN	Energy	Outlook	2017.

2.4 Challenges facing 
sustainable development

With continued economic development and 
population growth, energy consumption will remain a 
pressing concern in ASEAN. The current dependency 
on fossil fuel will restrain future development and 
may have implications such as a shortage of natural 
resources, environmental pollution, climate change 
and populations without access to electricity. This 
dependency will be a barrier to the implementation of 
APAEC 2016-2025 and SDG7. Consequently, it must 
be addressed in order to achieve the current regional 
goals.

2.4.1 Challenge of population without 
access to electricity and traditional energy 
uses
Recent progress in reducing the population in ASEAN 
without access to electricity has been swift. However, 
in 2015, 107 million people were still without access to 
electricity in ASEAN. In some developing areas, many 
people still depend on burning fossil fuels and biomass 
for cooking and heating, which is a health hazard. In 
ASEAN, the Lao People’s Democratic Republic and 
Myanmar are the largest consumers of biomass for 
cooking and heating. The share of biomass in the TFEC 
of those two countries is 41 per cent and 44 per cent, 
respectively. 

2.4.2 Challenge of resources utilization
According to the current development status, the 
proven ASEAN reserves of coal, oil and gas can last 
for another 62, 10 and 17 years,25 respectively (figure 
2.12). These figures are far below the world standards 
of 153, 51 and 53 years,26 respectively. Overall, ASEAN 
energy consumption is projected to increase by 2.1 
times by 2050 based on this report, by 1.8 to 2.4 times 
in 2040 according to AEO5, and by 2 to 4 times in 
2050 according to IEA and the Economic Research 
Institute for ASEAN and East Asia (ERIA).27 Compared 
with current consumption. Cambodia, Malaysia and 
Thailand, will face the problem of a dearth in fossil fuel 

25	 ACE,	2017,	the	Fifth	ASEAN	Energy	Outlook	2015-2040.
26	 The	British	Petroleum	Company	plc,	June	2017,	BP	Statistical	

Review	of	World	Energy	2017.
27	 Forecast	based	on:	IEA,	Southeast	Asia	Energy	Outlook,2017;	and	

ERIA,	Energy	Outlook	and	Energy	Saving	Potential	in	East	Asia,	
2016.

Figure 2.10 ASEAN total primary energy supply 
(TPES)
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Figure 2.11 Electricity consumption forecast in 
different years 
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resources in the future. If this is not solved in the near 
future, volatility in the global energy market will ensue, 
with the negative social and economic consequences 
this may entail.

Based on resource endowments and energy use status 
in ASEAN, oil consumption has exceeded production 
since 2000, with the gap consistently growing (figure 
2.13). As a consequence, ASEAN will need to import 
more oil in the future. Based on this study’s projections, 
the natural gas requirement will also exceed production 
in ASEAN before 2030 (figure 2.14), compelling ASEAN 
to become a net importer rather than an exporter of 
natural gas. These import needs would continue to 
increase rapidly after 2030. 

2.4.3 Challenge of pollution and climate 
change
The production, transportation, storage and use of 
fossil fuel tend to generate enormous environmental 
pollution. Consequently, acid rain, air pollution, water 
pollution and stratigraphic change become more likely, 
posing major hazards to human well-being. The NOx, 
SO2 and PM generated by fossil fuel usage are the key 
pollutants. 

The Paris Agreement has set the long-term goal for 
climate change mitigation – a limitation of the increase 
in global average temperature to 2 degrees Celsius 
compared to the temperature before industrialization. 
Global carbon emissions must be confined to 40 
gigatonnes in 2030 and be eliminated by 2080. In 2014, 

CO2 emissions caused by burning fossil fuel was 32.2 
gigatonnes.28

According to International Renewable Energy Agency 
projections, the share of renewable energy in 2050 has 
to be two-thirds of the total global energy supply in 
order to restrain global warming within safe limits, while 
the carbon footprint has to decrease by 470 gigatonnes 

28	 IEA,	2016,	World	Energy	Outlook	2016.

Figure 2.12 Reserves to production ratio in 
ASEAN
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Figure 2.13 Production and predicted 
requirement of oil in AEO5
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Figure 2.14 Production and predicted 
requirement on natural gas in AEO5
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compared with the current trajectory.29 Only if these 
metrics are met, can the agreement be implemented.

Considering its important share in global energy 
consumption, ASEAN could contribute much to 
solving the challenge of climate change if it can 
decouple its carbon emissions from its economic 
growth.

Increasing use of fossil fuels, particularly coal, will lead 
to a considerable increase in GHG emissions, assuming 
that today’s technologies will be used.30 According 
to the AEO5, total CO2 emissions will increase from 
1,446 Mt CO2 equivalent in 2015 to reach 3,460 Mt CO2 
equivalent in the Business as Usual Scenario by 2040. 
APS is expected to limit the growth to 2,168 Mt CO2 
equivalent in 2040. Per capita emissions will increase 
by a factor of 1.9 under the Business as Usual Scenario, 
while they could be limited to a factor of 1.2 in APS. 
This decomposition analysis shows that emissions will 
be driven by the increasing wealth (per capita GDP) 
and population growth. Such growth in regional CO2 
emissions, if not offset by reductions in the rest of the 
world, would create long-term threats to the region’s 
living standards and economic vitality, particularly as 
South-East Asia is deemed to be highly vulnerable to 
the effects of climate change.

29	 International	Renewable	Energy	Agency,	April	2018,	Global	energy	
transition	roadmap	2050.

30	 Shi,	Xunpeng,	2016,	“The	future	of	ASEAN	energy	mix:	A	SWOT	
analysis,	Renewable	&	Sustainable	Energy	Reviews,	53:	pp.	672-
680.

To address the challenges of climate change, with the 
decrease in the cost of clean energy, Governments 
may promote the usage of clean energy and reduce 
the usage of fossil energy. In fact, one study has shown 
that nearly 140 countries could be supplied by 100 per 
cent by solar, wind, hydropower and geothermal energy 
by 2050.31 

In ASEAN, according to the parameters set in AEO5, 
the annual growth rate of clean energy will be 6.3 per 
cent, from 2005 to 2040. The amount of clean energy 
will be 667 Mtoe in 2050, which will comprise 51 per 
cent of the TPES of ASEAN (figure 2.15).

As an important part of the energy system, 
electricity can play an important role in promoting 
the development of clean energy in ASEAN. Some 
countries have already demonstrated rapid clean 
energy development. For example, power in Portugal 
was supplied entirely by clean energy from 7 to 11 May 
2016.32 The renewable energy installed generation 
capacity in Qinghai province, western China, accounts 
for 83 per cent of total installed capacity. The power in 
Qinghai was continually supplied by hydro, wind and 
solar power from 17 to 23 June 2017.33 

31	 Institute	of	Electrical	and	Electronics	Engineers,	23	August	2017,	
“A	Road	Map	to	100	Percent	Renewable	Energy	in	139	Countries	
by	2050”.

32	 The	Guardian,	18	May	2016,	“Portugal	runs	for	four	days	straight	
on	renewable	energy	alone”.

33	 Business	Insider,	27	June	2017“An	entire	region	of	China	just	ran	
on	100	per	cent	renewable	energy	for	7	days”.	

Figure 2.15 Amount of clean energy supply of ASEAN
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3| Energy transition 
in ASEAN and the 

role of energy interconnection



3.1 Context

To meet rising demand sustainably and to change the 
status quo requires a transition away from fossil fuels 
towards clean energy sources. Achieving this transition 
is supported by the falling cost of clean energy . Based 
on projections, it is expected that by 2025 clean 
energy will be cost-competitive with all fossil fuels. 
Despite this, several obstacles impede the uptake of 
renewables in the ASEAN region. First, while some 
ASEAN countries are rich in clean resources, including 
hydro, geothermal and solar, these resources are often 
located far from demand centres, creating a geographic 
mismatch between supply and demand. Second, due 
to temporal variation, demand peaks do not align 
with supply peaks, both in terms of daily timing and 
seasonal variation. This creates a temporal mismatch. 
Interconnection between the ASEAN region and its 
neighbouring countries could help to address these 
obstacles and increase the ratio of clean energy in the 
mix. With good infrastructure and strong institutions, 
ASEAN has the potential to lead the way in promoting 
connectivity to support the energy transition. 

The energy transition includes three pillars. The first 
is to accelerate the transition away from fossil fuels 
that cause pollution and high emissions, and to replace 
them with clean energy from sources such as hydro 
power, wind power and solar power. Consequently, 
fossil fuel will need to play a more auxiliary role in such 
development, while clean energy will need to play a 
more dominant role. Second, the transition will require 
electricity substitution, i.e., the replacement of coal, 
oil and natural gas with electricity in TFEC, further 
improving the use of clean energy.34 Third, new energy 
systems for meeting rising demand require a robust 
power grid and flexible power generation. This can 
enable the coordination between different energy 
resources, and thus transform energy supply and 
consumption. 

34	 Liu,	Zhenya,	2015,	Global	Energy	Interconnection.

3.2 Opportunities for energy 
transition in ASEAN

To meet rising energy demand, ASEAN will need to 
increase its energy supply, ideally from clean resources 
in order to reduce emissions. Fortunately, meeting 
future regional demand with clean energy is both 
technically and economically feasible. On the technical 
side, ASEAN has abundant clean energy resources. On 
the economic side, clean energy technologies such as 
wind and solar, have become increasingly affordable. 
However, geographic and temporal mismatches 
obstruct the path towards greater use of clean energy. 
These mismatches must be resolved in order to achieve 
high penetration of clean energy. 

1. Abundant renewable energy resources
ASEAN is rich in clean energy resources, such as hydro, 
geothermal and solar energy (table 3.1), which provides 
strong foundation for the pre-set APAEC goal that the 
share of clean energy in TPES should reach 23 per cent 
in 2025.

However, as most of these resources are far from 
electricity consumption centres, the energy needs to 
be converted into electricity for transmission to be 
transmitted over long distances in order to enlarge 
the allocation area. Because of the intermittency in 
both wind power generation and solar photovoltaic 
generation, these resources also need to be integrated 
into large interconnected power grids in order to 
develop to their full potential and efficient use. 

a. Solar power
ASEAN is located in a tropical region with abundant 
solar radiation. The average radiation level is 200-
250W/m2. The distribution of solar radiation resources 
is shown in figure 3.1.

To analyse the possibility of developing solar energy 
bases and avoid land acquirement barriers, the research 
team selected four locations on (or near) large lakes, 

35	 Provided	by	the	China	Electric	Power	Research	Institute	to	GEIDCO	
in	November	2017.

36	 ACE,2017,	ASEAN	Power	Cooperation	Report.
37	 Data	provided	by	the	China	Electric	Power	Research	Institute	to	

GEIDCO	in	November	2017.

Energy interconnection in ASEAN for sustainable and resilient societies
20 ACCELERATING ENERGY TRANSITION



Table 3.1 ASEAN renewable energy statistics35

Region/ 
country

Biomass Geothermal Hydro Solar Tidal Wind
(GW) (GW) (GW) (kWh/m2/day) (GW) (GW)

ASEAN 37.7 33.29 240.97 3.15-5.55 219.2 > 87
Brunei
Darussalam - - 0.07 400-500	W/m2 0.000335 5	m/s

Cambodia - - 10 5 - >	5	m/s
Indonesia 32.6 28.9 75 4.8 49 3-6	m/s
Lao	PDR 1.2 0.05 26 3.6-5.3 - 3-6	m/s
Malaysia 0.6 - 29 4.5 0.5-4.6	kW/m 1.2-4.1	m/s
Myanmar 4.2	Mton/year - 40.4 5 - 4
Philippines 0.24 4 10.5 5 170 76
Singapore - - - 3.15 300-600	GWh/year -
Thailand 2.5 - 15 5-5.55 - 5.3-6.4
Viet	Nam 0.56 0.34 35 4-5 0.2 7

Figure 3.1 ASEAN installed capacity structure in 201536

Table 3.2 Technical utilization amount of a typical solar energy base in ASEAN37

Name Country Area (104 km2) Average radiation (W/m2) Feasible generation (GWh/y)
Solar	power	base	1 Indonesia 0.035 213 2,800
Solar	power	base	2 Thailand 0.01 231  800

Solar	power	base	3 Cambodia 0.02 219 1,600
Solar	power	base	4 Myanmar 0.1 224 8,000
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including Indonesia Kalimantan Danau Sembuluh 
Lake, Thailand Pasak Chonlasit Lake, Cambodia Tonle 
and the Myanmar Nga Moe Yeik Reservoir Lake Group. 
Their average radiation degrees are 210-240 W/m2. The 
results of the technically feasible utilization amount 
and installed capacity for each base are listed in table 

3.2. With the exception of base 2, the installed capacity 
of the other three bases can exceed 1 GW.

b.  Wind power
ASEAN is in a tropical area, surrounded by sea. The 
level of wind resources is generally moderate on land. 
Wind speed data in Southeast Asia are shown in figure 
3.2. According to the resource conditions, the average 
wind speed of Myanmar, Thailand, Viet Nam, and the 
Philippines can reach 8 to 11 m/s in off-shore areas, 
which are suitable for the development of large-scale 
wind power bases.

To analyse the possibility of developing wind energy 
bases in ASEAN, six wind power bases were selected 
in Indonesia, Myanmar, the Philippines, Thailand (two 
bases) and Viet Nam, for technical development 
analysis (table 3.3).

38	 Ibid
39	 Ibid

Figure 3.2 Statistics of ASEAN wind speed38

Table 3.3 Technical utilization amount of typical wind energy base in ASEAN39

Name Country Area (104 km2) Average wind speed at 70m 
height (m/s) Feasible generation (GWh/y)

Wind	power	base	1 	Viet	Nam 0.24 9-11 15,500
Wind	power	base	2 Thailand 0.5 8-10 37,500
Wind	power	base	3 Thailand 	0.4 8-10 32,700
Wind	power	base	4 Myanmar 0.52 8-10 42,300
Wind	power	base	5 Philippines 0.6 8-10 39,700
Wind	power	base	6 Indonesia 0.5 8-10 38,200

Typical output of a solar power base with diurnal 
variation

The	typical	output	of	a	solar	power	base	with	diurnal	
variation	is	illustrated	below.	A	solar	power	bundled	
with	river	hydropower	could	support	the	integration	
of	solar	power	to	the	grid,	by	using	the	fast	ramping	
characteristic	 of	 hydro	 turbines	 to	 smooth	 the	
fluctuation	of	solar	power.	The	power	outputs	of	
solar	 and	 hydro	 power	 can	 be	 coordinated	with	
each	other	to	meet	the	dispatch	plan	of	the	operator.	
When	solar	power	is	not	available,	the	hydro	power	
will	 take	 its	place;	on	the	other	hand,	when	solar	
power	has	a	large	output,	the	dispatch	plan	has	to	be	
met	by	reducing	the	hydro	power	output.	Conducting	
pilot	projects	in	ASEAN	(e.g.,	Kalimantan	Island)	is	
recommended.

Hydropower	and	solar	power	complementary	output	
curve.
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In Myanmar, Thailand and Viet Nam, wind power 
bases 2, 3 and 4, the monthly outputs have certain 
daily complementary characteristics in December 
to April, making the typical day of the overall output 
curve smoother. In December, for example, base 2 
has a higher output at 01:00-08:00 Greenwich Mean 
Time, with relatively low output during the rest of the 
period, while base 3 had a higher output at 09:00-
16:00 Greenwich Mean Time, with relatively low 
output during the rest of the period. The overall output 
characteristics of each wind power base are relatively 
smooth during the period of 01:00 – 15:00, as shown 
in figure 3.3.

c. Hydropower
Cambodia, the Lao People’s Democratic Republic, 
Myanmar and Viet Nam are rich in hydro resources 
and have great utilization potential, located mainly 
on the Irrawaddy, Salween and Mekong rivers (figure 
3.4). Affected by climatic conditions, the seasonal 
difference of water availability in the monsoon and 
dry seasons is apparent.

d. Others
The geothermal-rich region of ASEAN is part of 
the tropical Pacific Rim. Indonesia has the richest 
geothermal energy resources in the world, and the 
Philippines is also rich in this resource. In terms of the 
absolute reserves, Indonesia’s geothermal resources 
account for 40 per cent40 of the world’s total, and 
the proven power capacity potential is about 28.9 
GW. Given the natural environment and extensive 
coastlines of ASEAN, biomass energy and tidal energy 
are also abundant in the region.

40	 Nasruddin	and	others,	2016,	Potential	of	geothermal	energy	for	
electricity	generation	in	Indonesia:	A	review.

Figure 3.4 Main drainage basin map

Source:  http://www.enews.tech/where-is-mekong-river-located-on-a-
map.html Map is adapted by GEIDCO and ESCAP.

Figure 3.3 Analysis on the daily output 
complementary characteristics of typical wind 
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In order to capture the benefits of abundant clean 
energy resources in ASEAN, it will be necessary to 
optimize wind and solar power generator deployment 
by developing a coordinated mechanism that combines 
centralized and distributed systems. In areas with land 
constraints, countries could develop distributed energy 
systems according to their own conditions. 

2. Declining power generation cost
The costs of clean energy generation, especially 
for wind and solar, are expected to become more 
competitive than the costs of fossil fuel generation, 
making it economically feasible to generate more 
electricity from clean energy. 

The record lab cell efficiency is 26.7 per cent for mono-
crystalline and 22.3 per cent for multi-crystalline silicon 
wafer-based technology. In the past 10 years, the 
efficiency of average commercial wafer-based silicon 
modules increased from about 12 per cent to 17 percent 
(with super-mono reaching 21 per cent).41 In 2016, ACE 
conducted a study of the levelized costs of electricity 
(LCOE) in the region which shows that the average 
LCOE of established solar PV projects at that time was 
22 cents per kWh, biomass projects were 9.2 cents per 
kWh and hydropower projects were 4.4 cents per kWh. 

In recent years, the cost declines of renewables, 
particularly wind and solar have gathered pace. For 
example, the PV projects in the United Arab Emirates 
and Chile that will begin generation in 2019 and 2021, 
respectively, won their bids with the prices of 2.4 
and 2.9 cents per kWh respectively. In China, the 
cost of photovoltaic power generation dropped to 7 
to 10 cents per kWh in 2016. From 2017 to 2020, the 
expected drop in system costs will be 20 per cent.42 In 
Germany, 27 bids with a total capacity of 163 MW won 
contracts in the tender, with the lowest bid as low as 
€0.0626 per kWh.43 In the United States, residential 
and commercial PV systems declined by 5 to 7 per 

41	 Fraunhofer	Institute	for	Solar	Energy	Systems,	Photovoltaics	
Report,	available	at	https://www.ise.fraunhofer.de/content/dam/
ise/de/documents/publications/studies/Photovoltaics-Report.pdf.

42	 China	Industrial	Industry,	31	May	2018,	“Analysis	of	the	trends	in	
China’s	photovoltaic	industry	in	2018”,	available	at:	http://www.
chyxx.com/industry/201805/645758.html.

43	 PV	Magazine,	9	December	2016,	“German	PV	tender:	Prices	fall	
below	EUR	0.07	per	kWh”.

cent per year, on average, from 1998 to 2011, and by 
11 per cent to 14 per cent from 2010 to 2011.44 Large-
capacity wind power generation technology continues 
to advance. New low-wind-speed turbines can reach 
2,000 or more equivalent utilization hours per year 
in areas with an average wind speed of only 5 m/s or 
greater. These turbines can also reach 3,000 or more 
equivalent utilization hours per year in areas with an 
average wind speed of 6 m/s or greater. The cost of 
wind power and PV has fallen by 30 per cent and 75 per 
cent, respectively, in the past five years. It is predicted 

44	 United	States	Department	of	Energy,	2012,	Photovoltaic	(PV)	
Pricing	Trends:	Historical,	Recent,	and	Near-Term	Projections.	

Figure 3.5 The LCOE of solar, biomass, 
hydropower in 2016
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Figure 3.6 The trend of LCOE of solar power, 
wind power, fossil fuels

$/
M
W
h

160
140
120
100

80
60
40
20

0

20
17

20
19

20
21

20
23

20
25

20
27

20
29

20
31

20
33

20
35

20
37

20
39

Coal Gas PV Wind

0.850

0.2200.190
0.130 0.1250.092

0.057 0.088 0.0450.019 0.0220.085

Energy interconnection in ASEAN for sustainable and resilient societies
24 ACCELERATING ENERGY TRANSITION



that the new energy competitiveness will begin to 
surpass fossil energy resources by 2025. The trend of 
the LCOE of solar, wind and fossil fuels is shown in 
figure 3.6.45

3.3 Key role of interconnection 
in the ASEAN energy 
strategy 

Energy transition implies a transition from a fossil 
fuel-dominated system to a one with a higher 
proportion of clean energy. Clean substitution and 
electricity substitution are effective measures for 
enabling this transition. In primary energy supply, 
clean substitution means greater use of clean energies 
such as hydropower, wind power and solar power in 
the generation mix. Clean energy will form the core 
of energy consumption. Electricity substitution 
requires using more electric power in total final energy 
consumption. This substitution needs to be bolstered 
by a more complementary and revolutionized power 
supply. The growth of renewables could provide 
considerable help for getting ASEAN on track to reach 
APAEC and SDG7.

However, within a given geographic region, renewable 
energy generation output profiles from wind, solar 
and hydropower do not always closely match energy 
demand across minutes, days and especially seasons. In 
particular, when hydropower is drawn from mainly from 
run-of-the-river and small hydropower generation, it 
is constrained in the dry season. However, in the wet 
season, extra power will be produced.

 One option for solving the problem would be to 
expand power transmission geographically. Wind, 
solar and hydropower tend to reinforce each other by 
working best in different weather patterns and times, 
especially when interconnected over larger geographic 
areas.

Thus, as renewable energy becomes a larger part of 
the energy mix, power interconnections are becoming 
an important tool in managing the variable power 

45	 GEIDCO	calculation	based	on	database	of	GEIDCO	simulation	
platform	and	IEA,	World	Energy	Outlook	Costs	Database,	2016.

flows associated with these sources in connecting 
areas of abundance to areas of scarcity; this will avoid 
unnecessary curtailment of clean and sustainable 
energy. Significant reinforcement of long-distance 
transmission capacity within systems as well as 
enhanced interconnection between systems will 
allow surplus clean energy resources to be developed 
as a substitute for fossil fuels, providing electricity for 
consumption. For example, the first multilateral Energy 
Purchase and Wheeling Agreement (EPWA) was 
signed on September 2017 between the Lao People’s 
Democratic Republic, Malaysia and Thailand; the first 
energy transfer took place on January 2018 to help 
deliver clean power from the Lao People’s Democratic 
Republic to Malaysia. With interconnection, countries 
with more limited options for exploiting renewable 
energy domestically will provide additional market 
demand for renewables from resource-rich countries 
without necessarily requiring investment in additional 
capacity. 

Interconnection can also reduce vulnerability to 
variability of renewables, since in a large geographical 
area, peak demand and production of various 
renewable sources may have different cycles. Thus, 
these resources can complement one another. Higher 
potential penetration by renewable energy such as 
hydro, wind and solar power in interconnection can 
provide a clean overall mix, and can address energy 
demand growth while mitigating CO2 emissions.

Generally, the direct and indirect benefits of grid 
interconnection for clean development are:46

1. Improving reliability and pooling reserves. The 
amount of reserve capacity that must be built by 
individual networks to ensure reliable operation 
when supplies are short can be reduced by sharing 
reserves within an interconnected network;

2. Improved load factor and increased load diversity. 
Systems operate most economically when the level 
of power demand is steady over time, as opposed 
to having high peaks. Low load factors (the ratio of 
average to peak power demand) mean that utilities 

46	 United	Nations,	Division	for	Sustainable	Development,	New	York,	
2006,	Multi-Dimensional	Issues	in	International	Electric	Power	Grid	
Interconnections.
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must construct generation capacity to meet peak 
requirements; however, this capacity sits idle for 
much of the time. Systems can improve low load 
factors by interconnecting with other systems that 
have different types of loads, or loads with different 
daily or seasonal patterns that complement their 
own;

3. Economies of scale in new construction. Unit 
costs of new generation and transmission capacity 
generally decline with increasing scale, up to a point. 
Sharing resources in an interconnected system can 
allow the construction of larger facilities with lower 
unit costs;

4. Diversity of generation mix and supply security. 
Interconnections between systems that use 
different technologies and/or fuels to generate 
electricity provide greater security in the event 
that one type of generation becomes limited 
(e.g., hydroelectricity in a year with little rainfall). 
Historically, this complementarity has been a 
strong incentive for interconnection between 
hydro-dominated systems and thermal-dominated 
systems. A larger and more diverse generation mix 
also enables managing diverse types of forced 
outages that occur, improving reliability;

5. Economic exchange. Interconnection allows the 
dispatch of the least costly generating units within 
the interconnected area, providing overall cost 
savings that can be divided among the component 
systems. Alternatively, it allows inexpensive power 
from one system to be sold to systems that provide 
more expensive power;

6. Environmental dispatch and sites of new plants. 
Interconnection can allow generating units with 
lower environmental impacts to be used more 
widely, and units with higher impacts to be used 
less. In areas where environmental and land-use 
constraints limit the potential sites of power plants, 
interconnections can allow new plant construction 
in less sensitive areas; and

7. Coordination of maintenance schedules. 
Interconnection permits planned outages 
of generating and transmission facilities for 

maintenance to be coordinated, so that overall 
cost and reliability for the interconnected network 
is optimized.

Thus, the important step to enabling clean development 
in ASEAN is building a regional energy interconnection 
based on power grids and sources of clean energy. 
This is the key to regional energy transformation. 
Introducing the concept of cooperation between 
different power grids and supplying electric power 
in a larger region is required in order to build regional 
energy interconnection and achieve a clean energy-
dominated, electricity-centred, interconnected and 
shared modern energy supply. 

The interconnection with neighbouring countries, 
particularly China, will further increase benefits. 
China has a high level of supply and demand, and 
possesses flexible, resilient power systems with a high 
proportion of clean energy.47 It would also be useful 
to connect ASEAN with neighbouring countries such 
as Bangladesh, India and Australia. Australia has 
large clean energy capacity and is actively studying 
the possibility of exporting electricity to ASEAN.48 
Bangladesh and India, which are both experiencing 
power shortages, can provide markets for excess 
generation from ASEAN in periods such as the 
wet season. The large proportion of gas generation 
in Bangladesh offers additional flexibility to the 
interconnected power pool. 

3.4 Feasibility of energy 
interconnections 

Regional-wide interconnection within ASEAN, and 
between ASEAN and its neighbours, is technically 
possible due to the availability of mature power 
transmission technologies. It is politically feasible due 
to willingness of Governments and related utilities. 
Currently, there are a number of interconnection 

47	 Guanrong	(Ron)	Chen,	“The	China	power	grid:	a	network	
science	perspective”,	National	Science	Review,	vol.	1,	No.	3,	
September	2014,	available	at	https://academic.oup.com/nsr/
article/1/3/368/2460809.

48	 E.	Halawa	and	others,	2018,	The	Prospect	for	an	Australia	–	Asian	
Power	Grid:	A	Critical	Appraisal.	MDPI,	Basel,	Switzerland.	
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initiatives that are either being implemented or are 
under discussion. 

3.4.1 Technological feasibility 
With the rapid growth of variable renewables, new 
technologies for transmitting power over long-distance 
networks are expected to advance far beyond their 
current levels of deployment. 

Advanced transmission technology has been 
improving, achieving land savings, experiencing less 
transmission losses, and providing larger capacity. 1,000 
kV Ultra High Voltage AC (UHVAC), and ± 800 kV, 
and ± 1,100 kV Ultra High Voltage DC (UHVDC) can 
handle transmission distances of 1,500 km, 2,500 km 
and 6,000 km, respectively. Their transmission capacity 
has reached 5 GW, 10 GW and 15 GW, respectively. The 
construction and operation of UHV in China, Brazil and 
other countries has validated the safety, cost efficiency 
and environmental friendliness of UHV technology. 
The comparison between technical statistics of Extra 
High Voltage (EHV) with 500kV, and Ultra High 
Voltage (UHV) technologies is shown in figure 3.7.

The needs of future power grids will determine what 
role interconnection and large-scale transmission 
technology will play as well as how various technologies 
can perform these roles.

AC transmission has proven advantages, such as low 
transmission loss, and flexible and relatively simple 
operation. AC transmission, however, has some 
limitations, starting with transmission capacity and 
distance constraints, and the impossibility of directly 
connecting two AC power networks of different 
frequencies.

As DC is asynchronous it can adapt to any rated voltage 
and frequency it receives. DC is used to connect large 
AC systems in many parts of the world, although the 
fixed costs of terminals at both ends of DC links are 
more expensive than AC. Flexible DC technology 
is a new DC technology that utilizes insulated gate 
bipolar transistors (IGBT) and other fully controlled 
devices. The UHVDC transmission network, based on 
flexible DC technology, is more flexible and reliable 
as it can quickly respond to power grid operation 
changes such as removing and isolating faults, quickly 
controlling active and reactive power etc. However, 
this technology is still under development due to its 
high voltage level, large transmission capacity and high 
reliability requirements. It is expected to become one 
of the mainstream technologies for large-capacity 
transmissions.

Smart grid technology is also widely used. Intelligent 
control, information network and large-scale storage 
technology continue to advance and have wide 

Figure 3.7 Comparison of technical statistics for EHV and UHV transmission technology
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application. They will make the grid more secure, 
economic and flexible, accommodate large-scale 
integration of intermittent power supply, such as wind 
and solar power, and allow the use of various types of 
intelligent power equipment.

3.4.2 Willingness and initiatives
Policies for interconnection are constantly increasing 
and developing. Leaders of ASEAN adopted the 
“Master Plan on ASEAN Connectivity”49 during the 
seventeenth session of the South-East Asia Summit. 
It contains more than 700 engineering projects that 
aimed at achieving for full-scale cooperation in 
ASEAN, especially on power interconnection. ASEAN 
has emphasized cooperation within the region, and it 
has been proven that the benefits are mutually shared 
with members who take part. In the surrounding region, 
China has put forward “The Thirteenth Five-Year Plan 
of Renewable Energy Development” to promote clean 
energy development. In South Asia, countries are also 
seeking to enhance economic integration in order to 
increase free trade and form a unified market. 

49	 ASEAN,	Master	Plan	on	ASEAN	connectivity,	2010.

In addition to regional willingness, there are also 
bilateral/multilateral initiatives under way, including:

1. A benefits sharing agreement among the Lao 
People’s Democratic Republic, Thailand and 
Viet Nam signed on sending up to 9 GW and 
5 GW from the Lao People’s Democratic Republic 
to Thailand and Viet Nam, respectively, before 
2035.50 Power interconnections between the Lao 
People’s Democratic Republic and Myanmar are 
also under study;

2. The intention of Indonesia and Malaysia to 
establish interconnection between Sumatra and 
Malacca States;

3. Willingness of China and its neighbouring countries 
such as the Lao People’s Democratic Republic, 
Myanmar and Viet Nam, to exchange electrical 
power. 

4. Discussion on an agreement by China, Bangladesh 
and Myanmar on electric power trade are 
underway.51 

50	 Mekong	River	Commission,	Regional	Stakeholder	Forum	on	the	
Council	Study	and	the	Pak	Beng	Hydropower	Project,	available	
at	http://www.mrcmekong.org/news-and-events/news/official-
annoucement-regional-stakeholder-forum-on-the-council-study-
and-the-pak-beng-hydropower-project/.

51	 South	Asian	Monitor,	10	March	2018,	“Myanmar,	China,	
Bangladesh	agree	on	electric	power	trading”.
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4.1 Context

Interconnection is the key to addressing resource 
mismatches based on geographic location and 
temporal variation, as it would enable sharing of clean 
energy among the AMS and neighbouring countries. 
Based on the analysis of current trends and future 
scenarios detailed in this report, it can be seen that 
enhanced regional interconnection could lead to a 
greater penetration of clean energy, amounting to as 
high as 62 per cent of the generation mix. This would 
require a total energy trade between ASEAN and 
surrounding countries that is equivalent to 10 per cent 
of the total power generation in ASEAN.

While other studies have examined the potential 
of interconnection within ASEAN, there has been 
little analysis of interconnection with neighbouring 
countries. Yet, this study has found that the addition of 
interconnection leads to greater benefit. For example, 
positioning ASEAN as an interconnection hub could 
help Bangladesh to achieve lower emission growth. It 
could also help to balance seasonal variations in energy 
supply between China and ASEAN. Furthermore, 
interconnection would generate economic and 
environmental benefits and increase the resilience 
of the energy system in ASEAN. To achieve the 
power exchange required for strong interconnection, 
transmission technologies with a higher level of 
voltage (either AC or DC) are recommended. This 
study presents two potential options to attain strong 
interconnection.

This study assesses the critical role of energy 
interconnection in developing an alternative power 
sector development plan that decreases fossil fuel 
dependence and establishes the dominance of clean 
energy in the power sector. This chapter examines 
three pathways for promoting energy interconnection. 
The model used optimizes the development of clean 
energy and energy interconnections simultaneously, 
by considering clean energy development potential 
and demand centres in ASEAN. The most ambitious 
pathway among the three is used to further analyse the 
interconnection possibilities and associated potential 
connections. 

4.2 Generation mix scenarios

As mentioned in chapter 3, the development of clean 
energy requires energy interconnection in order 
to manage mismatches in terms of the geographic 
locations and temporal variations of clean energy 
supply. In this section, three scenarios are proposed 
for discussing the possible development patterns of 
clean energy, by considering different shares of clean 
energy in power generation.52 

The accelerated development scenario (ADS) seeks 
to fully utilize the clean energy potential and maximize 
the share of clean energy in the power supply. 

The progressive development scenario (PDS) is based 
on a medium share of clean energy generation. Since 
hydropower development and the future cost of 
installing clean energy are uncertain, the development 
of hydro, wind, solar, tidal, nuclear and biomass power 
would be moderate in PDS. 

The low development scenario (LDS) represents the 
lowest share of clean energy generation, and assumes a 
traditional pattern of development, which relies heavily 
on fossil fuels. The assumptions and methodologies are 
illustrated in annex 1.2.

4.2.1 Accelerated development scenario
Under ADS, which aims at achieving a high share of 
clean energy in power supply, the simulation results 
in total clean energy generation of 1,100 TWh in 
2035, which comprises 55 per cent of the total power 
generation. Total clean energy generation increases to 
1,900 TWh in 2050, and the proportion of clean energy 
generation in total energy generation increases to 62 
per cent. The amounts of the different types of energy 
in power generation are shown in table 4.1.

4.2.2 Progressive development scenario
Under this scenario, total clean energy generation 
is projected to be 760 TWh in 2035, which is 40 per 
cent of total power generation. Total clean energy 
generation increases to 1,300 TWh in 2050, and the 
proportion of clean energy generation in total power 

52	 The	detailed	amount	of	the	ASEAN	Member	States	clean	energy	is	
given	in	annex	2.
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generation increases to 42 per cent. The amounts of 
the different types of energy in power generation are 
shown in table 4.2.

4.2.3 Low development scenario
Under this scenario, the share of clean energy 
generation in power supply is not expected to increase 
significantly. In 2035, total clean energy generation 
is 400 TWh, which is 22 per cent of total power 
generation. Total clean energy generation increases to 
780 TWh in 2050, and the proportion of clean energy 
generation in total power generation increases to 25 per 
cent. The amounts of different types of energy in power 
generation under this scenario are shown in table 4.3.

4.2.4 Contrast between the different 
scenarios
ADS provides the largest total clean energy generation 
among these three scenarios. The potentials of 
hydropower, solar power and wind power in this 
scenario are fully developed. In contrast to ADS, LDS 
is much more dependent on thermal power generation, 
thus clean energy generation develops very slowly. 
Detailed information about power generation mixes 
in different scenarios by source is shown in figure 4.1.

As discussed in chapter 3, the higher the share of clean 
energy, the higher the need for energy interconnection. 
The analysis shows that by 2050, clean energy 
generation under ADS could be as high as 62 per cent 
of total power generation. The other two scenarios 
could deliver 42 per cent and 25 per cent clean energy 
generation, respectively (table 4.4). The corresponding 
transboundary power transaction through energy 

Table 4.1 Power generation mix in ADS, by source

Year Power generation (TWh)
Total Thermal Hydro Solar Wind Geothermal Nuclear Biomass	and	others

2035 1,928  859 411 200 173 85 50 151
2050 3,138 1,205 790 359 320 147 86 232

Table 4.2 Power generation mix in PDS, by source

Year Power generation (TWh)
Total Thermal Hydro Solar Wind Geothermal Nuclear Biomass	and	others

2035 1,889 1,126 340 105 111 78 47 82

2050 3,173 1,832 586 261 199 88 76 130

Table 4.3 Power generation mix in LDS, by source

Year Power generation (TWh)
Total Thermal Hydro Solar Wind Geothermal Nuclear Biomass	and	others

2035 1,904 1,481 211 42 43 54 10 63
2050 3,098 2,326 335 120 104 58 37 117

Figure 4.1 Power generation mix in different 
scenarios by source
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interconnection will reach 10 per cent, 7 per cent and 
3 per cent,53 respectively, under each scenario. 

Table 4.4 Clean energy share and power 
transboundary transaction in 2050

ADS (%) PDS (%) LDS (%)
Clean	energy	share	in	
total	generation 62 42 25

Transboundary	power	
transaction 10 7 3

Because it has the highest potential for clean energy 
development and transboundary power transaction, 
the current study focuses on ADS in the subsequent 
analyses of power grid interconnection and 
development benefits. This provides a vision of what 
is possible in the ASEAN region. In addition, it includes 
some analysis of PDS and LDS to demonstrate what is 
possible under less ambitious scenarios.

4.3 Analysis of interconnection 
potential: A case of ADS

4.3.1 Interconnection potential by 2035

1. Power supply and demand balance 
analysis

In 2035, ASEAN will reach a state in which power 
supply and demand are balanced at the regional level. 
There is enormous cross-border power trade potential 
among Cambodia, the Lao People’s Democratic 
Republic, Myanmar, Thailand and Viet Nam (CLMTV), 
which basically correspond to the upper west system 
of the ASEAN Power Grid (APG). Myanmar and the 
Lao People’s Democratic Republic are exporters of 
electricity, while Thailand and Viet Nam are importers 
of electricity. The power supply of Brunei Darussalam, 
Indonesia, Malaysia, the Philippines and Singapore 
(BIMPS), which basically corresponds to the lower 
west system and east system of APG will have limited 
power exchange in our current outlook (2015 and 2050) 
due to their characteristics of archipelago. The outlook 

53	 The	detailed	methodology	is	given	in	annex	1.

of limited power exchange, however, could differ if 
there is a breakthrough in submarine transmission 
technologies. See figure 4.2.

2. International power exchange
The results of the power exchange analysis in ASEAN 
in 2035 are given in figure 4.3. The direction of CLMTV’s 
power exchange is from north to south. Kalimantan 
Island will gradually begin to act as an energy supply 
centre, providing Malaysia with 3 GW and the 
Philippines with 3 GW per annum. 54

The scale and direction of power exchange varies 
between the wet and dry seasons. In the wet season, 
Malaysia and Thailand have an electricity exchange 
of 500 MW. During the dry season, this increases to 1 
GW. The results also show that ASEAN as a hub can 
exchange power at a magnitude of 6.5 GW in the wet 
season and 11 GW in the dry season from Yunnan, 
China. Furthermore, ASEAN can deliver 3 GW to 
Bangladesh.

54	 Blue	bars	represent	total	electricity	consumption	by	country	(left	
Y-axis).	Yellow	bars	represent	the	range	of	electricity	trade	(right	
Y	axis).	The	upper	boundary	of	the	yellow	bars	is	the	maximum	of	
the	unbalanced	generation	in	the	wet	or	dry	season,	and	the	lower	
boundary	is	the	minimum	of	the	unbalanced	generation	in	the	wet	
or	dry	season.	Positive	values	are	exports	and	negative	values	are	
imports,	while	the	vertical	black	line	in	the	middle	is	the	margin	of	
the	trade.	See	details	in	annex	1.

Figure 4.2 ASEAN power trade and 
consumption in 2035, in dry and rainy seasons54
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benefits. The Lao People’s Democratic Republic and 
Myanmar could earn wheeling charges by transmitting 
power from China to other countries. In the long term, 
these countries could also deliver power to China and 
countries in South Asia. 

To improve the utilization rate of cross-border 
transmission lines among CLMTV. China could deliver 
power to the Lao People’s Democratic Republic and 
Myanmar during the CLMTV dry season It could also 
strengthen the capacity of Lao People’s Democratic 
Republic and Myanmar to send stable power exports 
to neighbouring countries, whether in the wet or dry 
season. Thus, cross-border transmission line utilization 
could be enhanced.

In addition to the active power exchanges of 38.9 
GW projected among the AMS in 2035, there are 
some benefits from creating power interconnections 
between ASEAN and neighbouring countries. These 
interconnections could improve the reliability of the 
system. For example, additional interconnections with 
China could provide extra system reserve for the Lao 
People’s Democratic Republic, Myanmar and Viet 
Nam to improve the grid operation reliability of these 
countries.

Interconnection between ASEAN, China, Bangladesh 
and other neighbouring countries makes it possible for 
ASEAN to become an interconnection hub. This will 
bring additional benefits to the AMS such as economic 

Figure 4.3 ASEAN 2035 power exchange potential (Unit: GW)
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4.3.2 Interconnection potential of 2050

1. Power supply and demand analysis
In 2050, the power supply of CLMTV is projected to 
have a surplus in wet season but a shortage in the dry 
season, suggesting a need to balance the mismatch 
through enhanced interconnections. Myanmar and the 
Lao People’s Democratic Republic will have a surplus 
power supply, while there will be a power deficiency 
in Thailand, Viet Nam, the Philippines and Singapore 
(figure 4.4).

2. International power exchange
The international power exchange for 2050 is 
presented in figure 4.5. The direction of CLMTV’s 
power exchange is from north to south. CLMTV will 

Figure 4.4 ASEAN power trade and 
consumption in 2050 (see footnote 54)
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Figure 4.5 Power exchange potential of ASEAN and its neighbouring countries in 2050 (unit: GW)

3	(My B)
Bangladesh

India

-4/6	(CN My)
8	(My I)

8/2 
(My L)

16/14	(My T) 16	(L T) 0/3	(L C)

0.4	(Ma B)

1.2	(In S)

1.5	(Su PM)

6	(Sab P)

3	(NK Sab)

3	(NK P)

3	(PM S)

1/6	(V C)

16/11 
(L V)

2/7	(T C)

4/3	(T Ma)

-4.5/10	(CN L) -2/10	(CN V)

Note:
typical	power	flow	in	wet	season	 
/	typical	power	flow	in	dry	season

A B:
if the number is positive, A delivers power to B
if the number is negative, A receives power from B

A B:	A,B	exchange	power,	no	dominated	direction
Ja:	 Java	 	 	 	 	 Sab:	Sabah
NK:	 North	Kalimantan		 	 Sar:	Sarawak
PM:	Peninsular	Malaysia	 	 Su:	 Sumatra

Example:
1/-0.5	(T	 Ma):
In wet season, Thailand delivers 1GW to Malaysia.
In dry season, Thailand receives 0.5GW from Malaysia.

Myanmar

Thailand

Philippines

Lao	PDR

Cambodia

Brunei	
Darussalam

Singapore

Malaysia

Indonesia
15(Su->Ja) 5(K->Ja)

3	(Sar PM)

Viet	Nam

China

Energy interconnection in ASEAN for sustainable and resilient societies
34 ACCELERATING ENERGY TRANSITION



receive 26 GW from China, and deliver 3 GW and 8 
GW to Bangladesh and India, respectively, during the 
dry season. In the wet season, 11 GW will be sent to 
China Bangladesh and India from ASEAN. This will 
enable ASEAN and China to complement each other 
during the different seasons. In CLMTV, 4 GW will be 
delivered to Malaysia through Thailand. The BIMPS 
regional power exchanges will be enhanced further. 
Electricity imports by the Philippines will increase to 
9 GW and the net electricity exports by Indonesia will 
be 7.5 GW.

4.4 Prospects of an 
interconnection scheme

4.4.1 General blueprint
Based on previous analyses on the magnitude and 
directions of the anticipated power exchange and clean 
energy resources distribution, this section proposes a 
grid interconnection vision for 2035 and 2050 aimed 
at guiding the future grid interconnection system in 
ASEAN. It should be noted that this study is a research 
report, not a planning report; it therefore only considers 
technical aspects. Grid interconnection planning needs 
to consider and integrate the economic, organizational, 
legal and political aspects of the planning process of a 
potential project from the outset.

In order to capitalize on the potential benefits to the 
AMS, as mentioned in the previous section, the ASEAN 
power grid system could connect China’s power grid 
and South Asia’s regional power grid through bilateral, 
multilateral and regional arrangements. 

Within ASEAN, a synchronous power interconnection 
can be established in the CLMTV, connecting large 
clean energy bases and load centres. By 2035, the 
power grids in different countries will need to be 
reinforced. A 500 kV AC synchronous interconnection 
covering Myanmar, the Lao People’s Democratic 
Republic, Thailand and Viet Nam is recommended. In 
2050, the cross-border power exchange will reach 16 
GW between Thailand and Lao People’s Democratic 
Republic; thus, further updating of the voltage will 
be required. If 500kV AC technology is used (1,000 
MW-2,000 MW or less per line), it will take more 
than 8-16 lines, which will take too much land and 

increase the complexity of the cross-border power 
grid structure. UHV interconnection technology 
has the advantages of occupying less land for the 
infrastructure, and optimizing the structure of power 
grid system compared with 500 kV AC technology, and 
it could be built based on the well-established 500 kV 
AC synchronization grids.

The power grids of BIMPS consist of three synchronous 
grids given the geographical condition. In 2035, the 
three synchronous grids will be (a) the Western 
Malaysia-Singapore-Indonesia, Sumatra-Java; (b) 
Eastern Malaysia-Brunei Darussalam-Indonesia 
Kalimantan; and (c) the Philippines grid. DC technology 
is recommended for supporting these grids. By 2050, 
the use of 500/400 kV transmission lines as backbone 
grids in each of the afore-mentioned countries is 
recommended. In Indonesian Sumatra and Java Island, 
the voltage level of the existing grid could be upgraded 
to 1,000 kV, given the land-saving and capacity issues.

4.4.2 Prospect of an interconnection 
scheme in 2035
The ASEAN grids will be classified into two 
interconnected blocks, i.e., the CLMTV and BIMPS 
blocks. In the CLMTV, multiple international 500 kV 
transmission channels will be formed to establish a 
synchronous AC grid. It will be transmitted by two 
cross-border DC projects to enable power transmission 
from hydropower of the Salween and the Mekong 
drainage basin to Thailand and Viet Nam. BIMPS will 
form three synchronous power grids, covering the 
Malay Peninsula, Singapore and Sumatra in Indonesia, 
Java, Kalimantan, and the Philippines. The three 
synchronous power grids are connected by an East 
Malaysia- Philippines DC submarine cable, and an East 
Malaysia-West Malaysia DC submarine cable. CLMTV 
and BIMPS are connected by the 500/400 kV double 
circuit between Thailand and Malaysia.

With regard to neighbouring countries, ASEAN 
connects with Yunnan, China with three back-to-back 
DC projects. In addition, it connects with South Asia 
in the west via a DC transmission project (figure 4.6).

 Within ASEAN, two regional backbone interconnection 
channels are suggested:

15(Su->Ja)
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1. For CLMTV: (1) The Salween-Yangon -Bangkok 
±660 kV multi-terminal DC project (identified 
as ① in figure 4.6) is proposed with a capacity of 
4 GW. Yangon and Bangkok converter stations 
would receive 2 GW separately; (2) considering the 
progress of hydropower development in Yunnan, 
China, Yunnan-Ho Chi Minh ±660 kV DC project 
(identified as ② in figure 4.6) would deliver a 
capacity of 4 GW.

2. For BIMPS: (1) The Sarawak, Malaysia hydropower 
base and Kalimantan, Indonesia clean energy 
base would transmit power to a 500 kV power 
grid and send 3 GW power to the Philippines 
through the Sabah, Malaysia-Palawan, Philippines-
Mindoro, Philippines. ±500 kV three-terminal DC 
transmission system, which will export the clean 
energy base of the northern part of Kalimantan 

(identified as ③ in figure 4.6). In this case, 
Palawan Island would receive 1 GW and Mindoro 
would receive 2 GW. (2) Interconnection would 
be achieved by constructing a ±500kV DC 
project across the sea between East Malaysia 
and West Malaysia (identified as ④ in figure 4.6). 
A Kalimantan to Surabaya (or Bali) ±500 kV DC 
project could be considered as an alternative for 
export power to northern Kalimantan.

Two corridors connecting ASEAN and neighbouring 
countries are suggested:

1. An ASEAN-China corridor. Construction of three 
DC back-to-back projects to address power 
deficiencies among CLMTV countries. The 
capacity should be designed as 2 GW with an initial 
phase of 1 GW.

Figure 4.6 Regional interconnection in 2035
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2. An ASEAN-South Asia corridor. Construction 
of a ±660 kV multi-terminal China-Myanmar-
Bangladesh DC transmission system (identified as 
⑤ in figure 4.6) with a capacity of 4 GW.

4.4.3 Prospect of regional interconnection 
in 2050
In 2050, with further development of clean energy 
and technology, greater transmission capacity is 
recommended to enable power exchange of clean 
energy among the CLMTV countries. Therefore, the 
CLMTV could build UHV power grids connecting major 
clean energy bases and load centres to take advantage 
of geographic and temporal variations. BIMPS should 
maintain three major synchronous power grids. In 
Indonesia, a UHV power grid could be constructed in 

Java. The number of transmission corridors between 
Kalimantan, Indonesia and the Philippines should 
be increased to three. These corridors will increase 
transmission capacity to 3 GW.

With neighbouring countries, the ASEAN power grid 
could connect with China with UHVDC technology 
in an asynchronous manner. In the case of ADS, 
which pursues progressive development of clean 
energy, the exchange of power with northern China 
could be enhanced to realize the complementarity of 
resources with China in different seasons. Thus, two 
UHVDC transmission lines could be built to enhance 
the capability of power exchange and to expand the 
exchange capacity to 26 GW. Details of the major 
channels are given below.

Figure 4.7 Regional interconnection 1, 2050
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1. Option 1 (UHVAC)
The CLMTV could construct a UHV backbone grid 
with three horizontal and three vertical corridors. The 
six corridors would generally intersect and connect 
with each other. The vertical corridor on the west side 
and the horizontal corridor on the north side would 
be responsible for connecting Myanmar and the Lao 
People’s Democratic Republic’s hydropower plants 
to the grid system and delivering power to the east 
and south. The two corridors, which would intersect 
in the middle would be designed for interregional 
power exchange. The last two corridors, which are the 
vertical corridor on the east side and the horizontal 
corridor on the south side, would be responsible for 
distributing and balancing power within the grid. 
Sumatra and Java would need to construct a 1,000 
kV UHV interconnection. Kalimantan, Indonesia 
and the Philippines would need to have up to three 
transmission corridors to accommodate the projected 
power exchange. By strengthening the transmission 

corridor between CLMTV and BIMPS, the transmission 
capacity would increase to 3 GW (figure 4.7).

2. Option 2 (flexible DC)
The CLMTV could form a grid structure consisting 
of a combination of an ±800, ±500 kV flexible DC 
grid and 500 kV AC grid. First, a ±800 kV flexible DC 
backbone with a two-loop power grid would be formed 
in Myanmar, the Lao People’s Democratic Republic 
and Thailand. A radial structure connected to the 
two loops would transmit the power from Yangon, 
Myanmar and Phongsali, Barai, the Lao People’s 
Democratic Republic to Cambodia, Thailand and Viet 
Nam. In addition, a ±500 kV flexible DC radial structure 
would transmit energy from Myanmar and the Lao 
People’s Democratic Republic to other countries. 
Indonesia could introduce a new ±800 kV flexible 
DC transmission. In Kalimantan, six transmission 
projects would be planned for transmitting power from 

Figure 4.8 Regional interconnection 2, 2050
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Indonesia to the Philippines. For Indonesia, two 
additional DC transmission corridors are proposed – 
a Kalimantan Surabaya (or Bali) ±500 kV DC project 
and a Kalimantan to Java Island (eastern part) ±500 
kV DC project.

 As in the case of 2050, two corridors between ASEAN 
and its neighbouring countries are expected but with 
higher voltage. 

For the ASEAN-China corridors, the synchronous 
CLMTV power grid would serve as the platform for 
building the Liupanshui, China-Hanoi ±660 kV HVDC 
transmission line with a capacity of 4 GW and a length 
of 840 km. In addition, a ±800 kV HVDC transmission 

Kalimantan to the load centres in Malaysia, Indonesia 
and the Philippines (figure 4.8). 

The above two options would enable further 
development of clean energy power in Sarawak, 
Malaysia and Kalimantan in Indonesia, bundling 
hydro, solar and thermal power in the central area. A 
±500 kV transmission from Kalimantan, Indonesia to 
Mindanao, the Philippines is proposed. In addition, 
power would be transmitted from Kalimantan, 
Indonesia, and Sarawak, Malaysia to the load centre in 
the northern Philippines by constructing a ±500 kV DC 
transmission line from Sabah, Malaysia to Sabrayan, 
the Philippines. In this case, three DC transmission 
corridors would be completed from Kalimantan, 

Recommendation of three additional projects

Based	on	this	study,	the	following	three	projects	are	also	recommended	in	view	of	their	feasibility	and	potential	
benefits.

1. China-Myanmar-Bangladesh 
Interconnection Project

2. China-Viet Nam Interconnection 
Project

3. Kalimantan-Java 
Island Submarine Cable 
Interconnection Project

The	 project	 would	 be	 ±660	 kV	
three-terminal	DC	with	a	capacity	
of	 4	 GW,	 with	 a	 total	 length	 of	
1,200	 km.	The	 converter	 station	
at	 the	 sending	 end	 in	 Baoshan,	
Yunnan,	would	 use	 conventional	
DC	 technology,	 and	 converter	
stations	 at	 the	 receiving	 ends	
in	 Mandalay,	 Myanmar	 and	
Chittagong,	 Bangladesh	 would	
use	 flexible	 HVDC	 technology.	
Myanmar	would	receive	1	GW	of	
electricity	and	Bangladesh	would	
receive	3	GW	of	electricity.	

The	project	would	provide	±	660	kV	
HVDC	transmission	with	a	capacity	of	
4	GW	and	a	total	length	of	1,600	km.	
The	sending	end	would	be	located	in	
Yunnan,	China	and	the	receiving	end	
would	be	located	in	Ho	Chi	Minh	City,	
Viet	 Nam.	 The	 project	 would	meet	
electricity	demand	in	the	Ho	Chi	Minh	
City	and	its	surrounding	areas.

The	project	would	use	submarine	
DC	 transmission	with	a	capacity	
of	3	GW	and	a	total	length	of	500	
km	of	undersea	cable.	The	sending	
end	converter	would	be	located	in	
Kalimantan	 for	 exporting	 clean	
power,	 especially	 hydropower	
combined	with	local	solar	power,	
and	 would	 be	 located	 in	 north	
Kalimantan.	 The	 receiving	 end	
converter	 stations	 would	 be	 in	
Java,	Indonesia.
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line would be built from China to the Lao People’s 
Democratic Republic with a capacity of 8 GW and a 
length of 1,700 km. In the dry season, power from China 
can be sent to the CLMTV, with a capacity of 26 GW. 
In the wet season, the CLMTV can deliver 10.5 GW of 
power to China. In this case, the CLMTV and China 
power supply would be complementary, which could 
resolve the problem of electricity shortages during the 
dry season and power surpluses during the wet season.

For the ASEAN-South Asia corridor, construction of a 
±800 kV HVDC transmission line is proposed between 
Myanmar and India, with a capacity of 8 GW and a 
length of 2,800 km. This project would transmit clean 
energy from northern Myanmar to load centres in 
central and eastern India.

40
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5|  Benefits of regional 
energy interconnection



5.1. Context

The development of interconnection in ASEAN will 
stimulate economic growth and generate valuable 
social, environmental and resource allocation benefits. 
In terms of the economy, interconnection can help 
to reduce the average cost of power generation. 
Furthermore, it encourages research and development 
(R&D) investment of up to $ 2 billion per annum by 
2050 based on the projections of this study; this will 
stimulate sustainable economic growth. Regarding 
social benefits, development of energy interconnection 
creates new employment opportunities and encourages 
investment in research and development. 

Regarding the environment, energy interconnection 
helps to increase clean energy capacity, thus reducing 
greenhouse gas emissions. This lowers local air 
pollution and alleviates climate change and other 
environmental damage caused by a more fossil fuel-
dependent trajectory. By increasing the proportion 
of renewables in the mix, energy interconnection 
increases the flexibility and diversity of the energy 
system, which reinforces its resilience. 

5.2 Comprehensive benefits 
of regional energy 
interconnection 

The construction of energy interconnection in ASEAN 
can contribute to the economic and social development 
of the whole region, thereby providing sustainable 
development pathways for countries in ASEAN. It 
plays an important role in the achievement of SDGs, 
especially SDG7, the dedicated goal of affordable, 
reliable, sustainable and modern energy for all. As the 
ASEAN population is the third-largest in the world,55 
and has multiple development challenges, global 
SDG success is linked to success in ASEAN. In this 
report, the framework provided by the 2030 Agenda 
for Sustainable Development, the SDGs in particular 
SDG 7 and the Paris Agreement on Climate Change 
are used as a framework to analyse the comprehensive 
benefits of energy interconnection in ASEAN. 

55	 ASEAN	Up,	“4	ASEAN	infographics:	population,	market,	economy”,	
26	March	2018.

There are other benefits that advanced transmission 
technologies, such as UHV and floating solar PV, 
provide as well as clean energy development. Those 
could include reduction in land occupation and 
improved water quality. However, though they are not 
quantified in this study.

The system dynamics method56 is used to quantify 
some of the comprehensive benefits of energy 
interconnections in ASEAN, which illustrates how 
power interconnection promotes the consumption 
of clean energy, thus helping ASEAN to become 
a sustainable and resilient society. Based on the 
characteristics of regional energy interconnection, the 
evaluation system and model are constructed from the 
four subsystems of economy, resources, environment 
and society (see annex 1.3). The detailed benefits drawn 
by energy interconnection include social, economic, 
resource and environmental benefits (figure. 5.1).

56	 J.W.Forrester,	Industry	Dynamics	(London,	Palgrave	Macmillan,	
1997).

Figure 5.1 Analytical framework for analysis of 
interconnection benefits
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5.3 Social benefits

Significant social benefits are derived from an 
enhanced supply of electricity. Regional energy 
interconnection may help to realize energy transition, 
provide better power quality, more reliable power and 
more widespread availability of electricity supplies to 
communities. By building and upgrading power sector 
interconnections in ASEAN, affordable electricity 
can provide more opportunities for education, 
improvements in health care, further development 
of employment opportunities and the enhancement 
of science and technology; these changes will 
contribute significantly to sustainable development. 
In this section, the report analyses how social benefits 
could be derived from energy interconnections, and 
focuses on two issues: (a) upgrading the level of R&D 
and promoting employment opportunities; and (2) 
ensuring universal access to electricity and raising the 
standards of living.

5.3.1. Upgrading the level of R&D and 
promoting employment opportunities 
Different scenarios will require the adoption of different 
technologies. For example, UHV/EHV or flexible 
DC transmission and submarine cable transmission 
technologies will need to be used in ADS to meet large-
scale and long-distance clean power transmission. 
Advancing technologies for clean energy and electricity 
interconnection will require greater investment in 
research and development. It is expected that by 2050, 
ASEAN’s research and development investment will 
reach $ 2.1 billion in ADS, compared with $ 1.5 billion 
and $ 900 million in PDS and LDS, respectively (figure 
5.2). As noted in chapter 4, PDS and LDS account 
for moderate and low shares of clean energy power 
supply, respectively. The development of UHV/EHV 
transmission, flexible DC transmission and submarine 
cable transmission technologies will, however, enhance 
the competitiveness of related power transmission and 
transformation equipment manufacturing enterprises. 
Building the regional power grid is an opportunity to 
cultivate scientific and technological advancement 
and innovation in order to promote power industry 
technology upgrade. It is also an opportunity to achieve 
the intensive development of power grids and to 
promote the development of related industries; this 
will significantly improve the innovation capability of 

the power transmission equipment manufacturing 
industry in ASEAN.

Regional energy interconnection is expected 
to increase job creation in ASEAN through the 
employment on construction of facilities related to 
clean energy and energy interconnections, operation 
and maintenance of such facilities as well as the labour 
needed for manufacturing equipment for clean energy 
development and energy interconnections. With 
the development of clean energy, the larger scale of 
development brings more employment opportunities 
Figure. 5.3 shows that in 2020 all three scenarios will 
generate a similar number of job opportunities, as the 
clean energy development progress is similar for all 
three scenarios. After 2025, however, the number of 
new employment opportunities in ADS will be higher 
than in the other scenarios. By 2050, ADS will offer 
about one million more jobs than PDS. Total new 
employment in LDS is lower than that in PDS.

Figure 5.2 R&D investment development trend 
(million $)
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Figure 5.3 Cumulative development of new 
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5.3.2.  Ensuring universal access to electricity 
and raised standard of living 
There were still 107 million people in ASEAN without 
electricity in 2015.57 In this report, one proposal is 
to create an electricity public welfare fund with the 
revenue generated from electricity sales and use these 
funds to provide access to the 107 million people 
currently living in energy poverty. This would serve to 
reallocate the benefits of interconnection in order to 
reduce inequality. It is assumed that the average cost 
to provide electricity is in the range of $ 300-600 per 
person.58 The proposed mechanism could meet this 
requirement. Assuming that this is the only mechanism 
to address universal access in the ASEAN region, 
the ASEAN region would be able to reach universal 
access to electricity by 2030 under ADS. If the subsidy 
is lowered to 5-10 per cent, universal access will be 
achieved by 2040 (PDS) and 2045 (LDS), respectively 
(figure 5.4).

5.4 Economic benefits

The economic benefits of energy interconnection 
potentially include the stimulation of economic growth 
through improved power supplies, development of 
local industries, optimized use of resources in the 
region, improved revenue from exporting power and 
reduced power generation cost.

57	 ASEAN,	ASEAN	Statistics	Leaflet	–	Selected	Key	Indicators	2017.
58	 GEIDCO	investigated	by	ASEAN.

5.4.1. Stimulate sustainable growth
Vigorously developing clean energy will create a supply 
chain consisting of materials, high-end equipment and 
smart manufacturing. It will also strengthen information 
and communication systems for supporting emerging 
industries through industry parks located throughout 
ASEAN. By 2050, accumulated investment of power 
supply will reach about $ 1.4 trillion for ADS, making 
clean energy a new engine for ASEAN economic 
growth. By 2050, the cumulative investment of power 
supply in PDS and LDS will reach $ 1.1 trillion and $ 800 
billion, respectively (figure 5.5). Unit cost parameters 
for power plants by fuel used in this study are listed 
in annex 1.

ASEAN countries rich in clean energy resources, 
such as Cambodia and the Lao People’s Democratic 
Republic, can act as power exporting countries. Income 
from power sales will be a key economic advantage 
of power grid interconnection. Income from power 
sales is most useful for improving national accounts, 
in situations where a significant portion of investments 
in generation can be made in local currencies and/or 
if investments are financed by a third party, such as a 
private company, rather than by Governments.

5.4.2. Reduce generation costs 
Energy interconnections, particularly regional 
interconnections among countries with varied 
resources, offer opportunities to reduce generation 
fuel costs per unit of electricity delivered by allowing 

Figure 5.4 Development trend of people 
without access to electricity
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Figure 5.5 Development trend of total 
investment of power supply (trillion $)
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generating plants with lower generating fuel costs to 
be connected to loads. In addition to the reduced fuel 
costs, a major incentive to pursue the interconnection 
of power systems is to avoid costs for additional power 
generation. By utilizing clean energy with low marginal 
costs in ASEAN, the power price level of the whole 
region could be effectively reduced, thereby lowering 
the economic development cost of society as a whole. 
By 2050, the average electricity cost will be less than 
that in 2015 in ADS (figure 5.6).

5.5 Resource benefits

The resource benefits of energy interconnection 
potentially include the increase of energy supply 
elasticity and energy security. In addition, energy 
interconnection facilitates clean energy development 
and improves the energy conversion rate of the power 
sector.

5.5.1. Increase energy supply flexibility and 
diversity
The fuel consumption study results for the three 
scenarios are shown in figures 5.7 and 5.8. It should be 
noted that the analysis in figure 5.7 assumes that all 
thermal power plants use natural gas, while the analysis 
in figure 5.8 assumes all thermal power plants are coal-
fired. Under these assumptions, the consumption 
of natural gas and coal will continue to rise with 
the continuous development of thermal power in 

ASEAN. It is expected that by 2050, the natural gas 
consumption of the three scenarios in the ASEAN 
region will reach 459 billion cubic metres, 662 billion 
cubic metres and 853 billion cubic metres, respectively. 
Coal consumption will reach 0.493 billion tonnes, 0.712 
billion tonnes and 0.916 billion tonnes, respectively.

Power sector interconnection can have positive 
impacts on diversifying energy supply sources and fuel 
imports, increasing the level of power supply and its 
reliability. With the rapid development of clean energy 
generation through power grid interconnection, it is 
expected that coal consumption will be reduced by 

Figure 5.6 Development trend of average 
generation cost
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Figure 5.7 Trends of gas consumption
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Figure 5.8 Trends of coal consumption by coal-
fired power plant 
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hundreds of millions of tonnes while consumption of 
natural gas will be reduced by hundreds of billions of 
cubic metres under ADS compared with LDS.

5.5.2. Improve the efficiency of resource 
utilization
With the increasing share of clean energy generation, 
ASEAN will be able to attain a higher energy conversion 
rate. It is expected that, by 2050, the energy conversion 
rate of the power sector will reach 73 per cent in ADS, 
while PDS and LDS will reach only 63 per cent and 51 
per cent, respectively (figure 5.9). 

5.6 Environmental benefits

Energy interconnection can offer a wide range 
of environmental benefits including reduced or 
circumvented emissions of air pollutants as well as 
the reduction of solid and hazardous wastes, land-use 
impact, and adverse impacts on human health. In this 
section, the benefit analysis focuses on the reduction 
of carbon dioxide emissions and pollution, which will 
protect and improve the ecological environment.

5.6.1. Reduction of carbon dioxide emissions 
The key to mitigating climate change is energy 
production. The combustion of all carbon-based fuels, 
including coal, oil, natural gas and biomass, release 
carbon dioxide (CO2) and other “greenhouse gases” 
into the atmosphere. Carbon dioxide is also typically 

a component of emissions from power generation 
facilities that burn fossil fuels. Vigorous development 
of clean energy and substitution of fossil energy can 
effectively reduce greenhouse gas emissions, thereby 
mitigating climate change. By 2050, carbon dioxide 
emission reductions will reach 1.7 billion tonnes in ADS. 
The other two scenarios will reach 1.2 billion tonnes and 
0.7 billion tonnes, respectively (figure 5.10).

5.6.2. Reducing pollution, and protecting 
and improving the ecological environment
The emission of air pollutants from burning fossil 
fuels will be greatly reduced. By 2050, clean energy 
in ASEAN can help to reduce sulphur dioxide (SO2) 
emissions by 18 million tonnes in ADS. The other two 
scenarios will reach 12 million tonnes and 7 million 
tonnes, respectively (figure 5.11).

As figure 5.12 shows, the reduction of nitrogen oxide 
(NOx) emissions of ADS is higher than those of PDS 
and LDS. It is estimated that by 2050, the reduction 
in ADS will reach 6 million tonnes. The other two 
scenarios will reach 4 million tonnes and 2 million 
tonnes, respectively.

Figure 5.10 Trends of carbon dioxide emission 
reduction 
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Figure 5.9 Trends of energy conversion/
efficiency
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Clean energy development will enable societies to 
control the utilization scale of fossil fuels to alleviate 
groundwater pollution and minimize geological, land, 
marine and ecological damage caused by mining, 
processing, transportation, storage and combustion 
of fossil fuels. Regional energy interconnection in 
ASEAN can contribute to the achievement of the 
Paris Agreement and support its central goal of keeping 
global temperature rise this century well below 2 
degrees Celsius above pre-industrial levels.

Figure 5.11 Trends of sulfur dioxide emission 
reduction
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Figure 5.12 Trend of reduction in nitric oxide 
emission 
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Example case of multi-benefits

Floating	solar	PV	can	bring	additional	PV	power	as	
well	as	generate	benefits	in	aquaculture.	PV	power	
generation	 can	be	used	 for	 powering	 fish	ponds	
aerators,	 pumps	 and	 other	 equipment.	 Excess	
electricity	can	also	be	shared	with	the	surrounding	
area.	Furthermore,	floating	solar	PV	can	reduce	the	
photosynthesis	of	surface	plants,	 thus	 improving	
water	quality.	The	solar	panels	above	the	pond	block	
some	of	the	sunlight,	reducing	the	photosynthesis	of	
algae	on	the	surface,	thus	inhibiting	its	propagation.	
This	 improves	water	quality	and	provides	a	good	
environment	for	the	fish.

In	addition,	it	can	reduce	water	surface	temperature,	
leading	to	less	moisture	evaporation.	The	shading	
provided	by	solar	panels	decreases	fish	mortality	
in	 summer	 and	 prolongs	 the	 breeding	 season,	
thus	creating	social,	economic	and	environmental	
benefits	if	the	initial	area	of	the	pool	is	2	km2 (e.g.,	
as	in	Cambodia).	The	development	period	can	be	
divided	into	several	stages	and	the	total	 installed	
capacity	set	at	100	MW.	If	the	equivalent	maximum	
output	hours	are	1,600,	the	project	will	produce	0.16	
TWh	annually	when	fully	installed.

Fishing	and	solar	integration.
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6|  Policy recommendations 
and actions 



6.1 Key findings

1.  In the face of rapidly rising power demand, 
interconnectivity between ASEAN Member States 
and surrounding countries, particularly China 
and Bangladesh, has the potential to sustainably 
increase the share of clean energy in ASEAN power 
generation. It can do so by addressing geographic 
and temporal mismatches in energy demand and 
supply that currently limit the use of renewables. 
This would help to meet rising energy demands 
while reducing harmful greenhouse gas emissions 
that damage the environment and result in climate 
change. 

2.  The current energy supply trajectory in the ASEAN 
region is not sustainable. Rising standards of living 
and demographic patterns, including population 
growth, lead to continuously increasing demand, 
which is difficult to meet with limited fossil fuel 
resources. While the ASEAN region is currently an 
exporter of natural gas, it is estimated that due to 
rising demand, the region will become an importer 
of natural gas before 2030. Approximately 107 
million people in ASEAN were still living in energy 
poverty in 2015 due to lack of access to electricity. 
Addressing energy poverty in a sustainable manner 
is a matter of high priority. The current heavy 
dependence on fossil fuel also leads to significant 
emissions and consequent environmental damage 
and climate change. 

3.  To meet the rising energy demand sustainably and 
change the current trajectory of energy generation 
requires a transition towards clean energy sources, 
including renewables. While ASEAN Member 
States are rich in clean resources including hydro, 

geothermal and solar power, these resources are 
located far away from demand centres, creating a 
geographic mismatch between supply and demand. 
Second, due to temporal variation, demand peaks 
do not align with supply peaks, both in terms of 
daily timing and seasonal variation. This creates a 
temporal mismatch. 

4.  Interconnection within ASEAN and with 
neighbouring countries is one pathway to addressing 
the resource mismatches based on geographic and 
temporal variation, as it would enable sharing of 
clean energy among ASEAN Member States and 
neighbouring countries. Based on an analysis of 
current trends and future scenarios, it is possible 
to increase the penetration of clean energy in the 
mix by up to 62 per cent of total generation by 
improving regional interconnection. This would 
require a total energy trade between ASEAN and 
neighbouring countries that is equivalent to 10 
per cent of the total power generation in ASEAN. 
This would help participating countries lower their 
respective carbon emissions. 

5.  Development of interconnection in ASEAN will 
further generate valuable social, environmental 
and resource allocation benefits, in addition 
to stimulating economic growth. By increasing 
the proportion of clean energy in the mix, 
interconnection also increases the flexibility and 
diversity of the energy system, and thus reinforces 
its resilience. 

Based on these findings, and to help fully realize the 
benefits of interconnectivity, this study presents the 
following policy recommendations and actions.
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6.2 Policy recommendations

1. Develop energy plans focused on long-term 
outcomes of clean energy development and 
interconnection in order to avoid short-term 
solutions that ultimately result in very high 
social and environmental costs. Because many of 
the benefits of interconnection and clean energy 
accrue in the long term, policymakers should 
prioritize long-term sustainable development while 
balancing short-terms costs. Short-terms solutions, 
such as meeting electricity demand with fossil 
fuels may be cheaper in the short term, but in the 
long term the costs, in terms of emissions, climate 
change and other environmental damage, are very 
high. Taking into consideration these long-term 
costs will lead to the benefits of more sustainable 
decisions and greater use of clean energy.

2. Accelerate energy transition by substituting fossil 
fuels with clean energy for power generation and 
with electricity for consumption. Clean energy 
substitution and electricity substitution are two 
measures that help to overcome the obstacles of 
resource limitations and environmental damage 
including climate change. These measures will 
help to accelerate the transition away from fossil 
fuel-dependent development. To achieve clean 
substitution, policymakers could consider using 
more clean energy sources, such as hydropower, 
wind power and solar power, in the generation 
mix for primary energy supply, while decreasing 
the share of fossil fuels. To achieve electricity 
substitution, they should take measures to increase 
electricity use in place of fossil fuels for final energy 
consumption.

3. Ensure that energy projections and plans account 
for emerging technologies and their implications 
for lowering costs and increasing capabilities. 
Long-term vision is particularly important when 
it comes to advanced technology. ASEAN would 
benefit by learning from prior experience in the 
region and beyond, and by building capacity in 
terms of technologies for promoting clean energy 
development and interconnection. Decision-
makers may consider emerging technology 
solutions such as submarine cables, flexible DC 
transmission technology and UHV. While some 
of these technologies are not currently cost-
competitive, they are likely to become viable 
options in future. Breaking down silos to ensure 
that planning is undertaken in collaboration with 
technology experts will help to improve long-term 
planning. In developing long-term coordinated 
plans, policymakers should consider the value of 
investment in these technologies and their likely 
future potential.

4. Position ASEAN as a hub for interconnectivity 
with a vision of optimizing the power sector and 
its resource allocation, both within the region 
and in cooperation with neighbouring countries. 
ASEAN will benefit from establishing itself as a 
hub for interconnection, with the potential to 
connect with surrounding countries such as China 
and Bangladesh, and potentially with India and 
Australia. These interconnections would serve 
ASEAN’s interests by taking advantage of both 
absolute and comparative advantages in terms 
of resource endowment and complementary 
temporal patterns in supply and demand. Beyond 
the immediate benefits within ASEAN, developing 
this hub could also help to achieve lower GHG 
emissions growth in ASEAN and beyond.
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5. (e) Undertake pilot projects with plans for rigorous 
evaluation and organized feedback loops to verify 
technical and economic feasibility as well as social 
and environmental benefits before scaling these 
projects up. Regional energy interconnections, 
although technically feasible and economically 
promising, need to be established gradually. In the 
process of building interconnections, pilot projects 
can test the technical, institutional and financial 
arrangements to ensure that they are efficient, 
effective and sustainable. Pilot projects allow time 
for policymakers to assess efficacy and make any 
necessary adjustments to maximize potential 
benefits before projects are scaled up. ASEAN 
Member States would do well to examine the case 
study of the Lao People’s Democratic Republic, 
Thailand, Malaysia and Singapore (LTMS) pilot 
project and apply lessons learnt to future projects. 
This will improve future energy interconnections. 
Study of potential pilot projects, such as the China-
Myanmar-Bangladesh power exchange, can provide 
insight into how best to develop interconnections 
among ASEAN Member States and neighbouring 
countries. 

6. Break down institutional silos to develop a 
collaborative approach to interconnectivity that 
integrates the socio-economic and environmental 
development agenda to create multi-sectoral 
solutions. Because interconnectivity has many 
benefits in terms of social and environmental 
issues, resource allocation and economic issues, 
energy policymakers would do well to cooperate 
with the institutions and agencies governing 
these matters at the national level and beyond. 
Formulating comprehensive and integrated 
plans can help to maximize benefits such as rural 

electrification, job creation and pollution reduction. 
Such integration would also help in garnering the 
buy-in of stakeholders in other sectors, making 
interconnection more politically feasible. 

7. Ensure that energy resource allocation is 
optimized at the regional level, in addition to 
the national level, when developing plans for 
clean energy and the power sector. In making 
decisions about the generation mix and clean 
energy, policymakers and stakeholders will benefit 
from developing these plans in order to maximize 
the use of interconnection. This includes taking into 
consideration the available clean energy resources 
and demand among other ASEAN Member States 
and neighbouring countries. Close coordination will 
be fundamental to developing the infrastructure 
and mechanisms needed to build, operate and 
manage these interconnections. To forge closer 
cooperation across borders, countries must 
coordinate energy development plans for a larger, 
long-term vision.

8. Develop multilateral institutions to promote 
cross-border energy interconnection and 
associated clean energy development as well as 
to build, manage and operate interconnections. 
Multilateral institutions are needed for promoting 
interconnectivity plans as well as managing the 
ensuing cross-border transmission lines that 
would be built if countries decide to pursue energy 
interconnection. Countries should strategize how 
best to set up these institutions, with a vision 
for harmonizing with other relevant multilateral 
institutions as needed. Policymakers could 
investigate case studies and best practices based 
on examples of other such institutions.
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6.3 Recommendations for 
action

6.3.1 Coordinate planning initiatives for 
cross-border cooperation
1. Investigate the possibility of setting a more 

ambitious target for clean energy development and 
power exchange in the region. Based on the findings 
of this publication, the research team recommends 
a goal of 10 per cent power exchange, which will 
likely help ASEAN achieve 62 per cent clean energy 
in power generation.

2. Consolidate and harmonize national power 
development plans with a regional perspective. 
Engage neighboring countries in regional 
policy development on power generation and 
transmission. Conduct studies to identify the needs 
for new interconnections and determine possible 
routes to build these interconnections.

3. Integrate energy interconnection into national 
electrification planning, and set goals or guidelines 
to promote the pursuit of additional social and 
environmental benefits. For example, governments 
may prioritize using interconnection for improving 
access in poor rural areas.

6.3.2 Build capacity and share information
Establish research networks to coordinate and develop 
long-term plans for ASEAN energy interconnections. 
Achieving regional interconnections requires 

capacity in terms of institutions, technical abilities 
and infrastructure at the national and regional levels. 
ASEAN Member States would benefit by working 
closely with various agencies, such as IEA, IRENA 
and GEIDCO, in preparing for interconnected power 
systems. ASEAN Member States could create study 
groups to advise regional clean energy targets with 
consideration of interconnection among ASEAN and 
neighbouring countries. These groups may additionally 
investigate comprehensive benefits and mechanisms 
for sharing the benefits for social development, poverty 
eradication, and research and development. 

6.3.3 Operationalize interconnection 
by mobilizing funding and initiating pilot 
projects
1. Initiate more pilot projects and studies such as 

those listed in page 39,59 and evaluate their impacts 
and comprehensive benefits, including social, 
environmental, resource and economic benefits, 
before scaling up those projects. Lessons could be 
learnt from LTMS in this regard.

2. Study supporting policies, institutional 
arrangements and financial models in order to 
encourage interconnections. Channel lower-
interest financing to development projects, and 
study financial models for pilot interconnection 
projects. Initiate feasibility studies on multilateral 
institutional arrangements and strategize to 
develop arrangements for harmonizing technical 
aspects of pilot projects.

59	 They	are	listed	in	Boxes.
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 ANNEXES

Annex 1 Methodology60

1.1 Load forecast 

 A. Introduction 
The overall concept of power demand forecast is to 
identify objectives, collect relevant information, and 
apply scientific and effective forecasting methods. The 
results are derived after correction. The basic process 
is shown in figure A1.1. 

60	 GEIDCO	“simulation	platform	and	it	branch	software”	(accessed	
2018).

Figure A1.1 Basic flow chart of power demand forecast

Load	forecasting	objectives	
setting Data	collection	 Method	selection

Conduct	multi-scenario,	
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Load	forecast	results
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First, the objectives of load forecast need to be 
determined, including the determination of the time 
span and the scope of prediction and the targeted 
objects of forecast.

Second, collect the information relevant to the research 
subject, including economic and social development 
progress and future planning, electricity demand and 
load characteristics etc.

Third, the scientific and effective prediction method is 
applied. In general, the appropriate algorithms, such as 
the power elasticity coefficient algorithm, the electricity 

54
Energy interconnection in ASEAN for sustainable and resilient societies

ACCELERATING ENERGY TRANSITION



consumption per capita algorithm and sector analysis 
method, are chosen preferentially. A comprehensive 
prediction scheme is put forward through the combing 
of several methods.

Finally, the result of load forecast is obtained through 
comprehensive analysis.

B. Source data
1. (i) Historical Energy and Power Sector Data: 

ASEAN Energy Database System61 IEA database.62

2. (ii) National (Regional) Power Development Plan:

a. P. Nimol, Cambodia- Effective country strategies, 
(2016).

b. Directorate (Various New Energy and 
Renewable Energy), Policy of new renewable 
energy development in Indonesia (2017).

c.  P. Phouthonesy, Energy Policy of Lao PDR (2015).
d. K. Kouphokham, Overview of the Lao Power 

Development Program (2012).
e.  Energy Commission, Peninsular Malaysia 

Electricity Supply Outlook 2017 (2017).
f.  Energy Commission, Malaysia energy statistics 

2015 (2015).
g. U Thoung Win, Opportunities and barriers of 

power development in Myanmar (2015).
h.  EMA, Singapore energy statistics (2017).
i.  Energy Policy and Planning Office, Thailand 

Power Development Plan 2015-2036 (PDP2015) 
(2015).

j. ACE, “The 5th ASEAN energy outlook 2015-
2040,” 2017.

k. ADB, Greater Mekong Sub-region Energy Sector 
Assessment, Strategy, and Road Map (2016).

l. IRENA and ACE, Renewable Energy Outlook for 
ASEAN (2016).

m. ERIA, Energy Outlook and Energy Saving Potential 
in East Asia (2016).

n. IEA, Southeast Asia Energy Outlook (2017).

61	 http://aeds.aseanenergy.org/
62	 IEA,	“Statistics”.	Available	at	https://www.iea.org/statistics/	

(accessed	2018))

3. National (Regional) Economic Development Plan:

a. ASEAN Secretariat, MASTER PLAN ON ASEAN 
CONNECTIVITY (2025).

b. Royal Thai Embassy, Washington D.C., 
Thailand 4.0, available at http://thaiembdc.org/
thailand-4-0-2/.

c. Muangsiri Chayada, CanCham Thailand, “EEC 
Thailand: How it works and the benefits it 
offers”, 16 August 2017, Available at https://
canchamthailand.org/19603-2/.

d. Economic Planning Unit, “Eleventh Malaysia 
Plan, 2016-2020”, Available at http://www.
epu.gov.my/en/rmk/eleventh-malaysia-
plan-2016-2020.

e. East Coast Economic Region, available at 
http://www.ecerdc.com.my/en/aboutecer/
introduction/.

4. National economic history, and structure:

Figure A1.2 Value-add shares of three sectors 
in 2015
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Economic historical data is from World Bank online 
database.63 The forecast data of GDP PPP is from ACE 
in chapter 3, based on PwC.64

5. Population data (table A1.1) are from United 
Nations World Population Prospects.65

Table A1.1 Population and the mid-variant 
forecast (‘000 people)

Country 2015 2035 2050

Brunei	Darussalam 418 507 537

Cambodia 15,518 19,724 22,019

Indonesia 258,162 304,759 321,551

Lao	PDR 6,664 8,416 9,163

Malaysia 30,723 38,381 41,729

Myanmar 52,404 60,431 62,359

Singapore 5,535 6,480 6,575

Philippines 101,716 132,668 151,293

Thailand 68,	658 69,200 65,372

Viet	Nam 93,572 108,988  630

C. Key parameters
In order to fully reflect the possible paths of economic 
and social development of ASEAN Member States 
in the next few decades, the energy development 
programme and three power demand scenarios are 
designed based on the energy development goal of 
APAEC, i.e., accelerated development, progressive 
development and low-speed development. Each 
scenario mainly considers the following factors 
influencing middle- and long-term power demand 
(figure A1.2 and table A1.2):66

1.  Population growth refers to high, mid and low 
variation of the United Nations World Population 
Prospects.;

63	 The	World	Bank,	“DataBank”,	2018,	available	at	http://databank.
worldbank.org/data/home.aspx.

64	 PricewaterhouseCoopers,	February	2017,	The	World	in	2050,	
available	at	https://www.pwc.com/gx/en/issues/economy/the-
world-in-2050.html.

65	 ASEAN	Center	for	Energy.	http://aeds.aseanenergy.org/	(accessed	
September	2018).

66	 Energy	efficiency	refers	to	AEO5.

2.  GDP growth (PPP) is derived from ACE projections 
based on the PwC report;

3.  The ratio of electricity replacement is the ratio of 
electricity to final energy consumption;

4.  The indicator of regional integration is the ratio 
of Mean Square Error of power consumption 
per capita of each country to ASEAN power 
consumption per capita. 

Table A1.2 Detailed parameters of the 
method

Accelerated Progressive Low
Ratio	of	
electricity	
replacement

30-45%
(2050	target)

30-45%
(2050	target)

<30%
(2050	target)

Indicator	of	
regional	
integration

0.5-0.8
(2050	target)

0.8-1.1
(2050	target)

Current	
status

Annual	GDP	
growth	
(PPP)

4.44% 4.4% 4.36%

Population	
growth

High	
variation Mid	variation Low	

variation

D. Key algorithms
This considers the influence of the economic 
development level, industrial structure adjustment and 
other factors on the power demand level. Generally, 
it is advisable to use a comprehensive framework to 
combine several algorithms. The predicted results 
should be generated for several scenarios.

The algorithms mainly include the electricity elasticity 
coefficient (factor) method, power consumption 
method, per capita electricity consumption method, 
sector analysis method, regression analysis method etc.

In this study, the electricity elasticity coefficient 
(factor) algorithm, electricity consumption per capita 
algorithm and regression analysis method are used for 
top-down analysis. The sector analysis method is used 
as a robustness check.
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1. Electricity elasticity coefficient (factor) algorithm

The electricity elasticity coefficient η the ratio of the 
average annual growth rate of electricity consumption 
to the average annual average growth rate of GDP in 
a certain period. The electricity elasticity coefficient 
is a macroscopic index reflecting the development of 
power sector and national economy.

  Wη = W0 ( 1 + ηV )η     (1-1-1)

where W0 is the power consumption in the base year,  
Wη is the power consumption in the target year of the 
forecast, V is the annual growth of the GDP, and n is 
the forecasted period.

2. Electricity consumption per capita algorithm

Electricity consumption per capita refers to the ratio of 
electricity consumption to the population:

  W = E x L     (1-1-2)

where W is the total electricity consumption, E is the 
electricity consumption per capita, L is the population.

3.  Regression analysis method

Based on the historical data of a certain time period, 
the average growth rate is obtained by curve fitting 
and regression analysis, and then the forecast value of 
the following years is obtained using such an average 
growth rate.

   αt = ( Yt / Y1 )
1

t -1 -1  (1-1-3)

where αt is average growth rate, Yt is the electricity 
consumption of the last year of the statistical period, 
Y1 is the electricity consumption of the first year of the 
statistical period, t is the time span of the statistical 
period.

  yn = y0 x ( 1 + αt )n   (1-1-4)

where y0 is the electricity consumption of the base year, 
yn is the electricity consumption of the target year, n 
is the time span.

4. Sector analysis method

Through value-added of sectors, the method predicts 
demand. Power consumption of various divisions 
multiplied by the corresponding added value, the 
formula is:

  W = ∑
n
  ki x Gi   (1-1-5)

where ki is the power consumption per unit value, Gi is 
the value-add of certain division, W is the total power 
consumption of certain sector.

E. Limitations
It is crucial to understand that uncertainty is inherent 
in the nature of energy outlook. Readers should keep 
in mind that the insights presented are not a precise 
forecast of upcoming developments but projections 
of e possible future paths, based on a consistent 
set of assumptions. Many of these assumptions are 
subject to considerable uncertainty in coming years. 
By comparing results of different scenarios based 
on different assumptions, the load forecast aims to 
provide understandings on how changing parameters, 
such as GDP, population, the power interconnection 
etc., would affect the evolution of load demand of 
ASEAN.

Figure A1.3 Comparing with different scenario 
in AEO5
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F. Benchmarking
Similar values can be seen from previous studies, which 
shows that despite different scenario assumptions 
there are certain consistencies in terms of power 
demand (basically equal to power generation) 
evolution seen by AEO5 and the scenario development 
from the research carried out this study.

1.2 Generation mix and power exchange

A. Introduction
The generation planning method based on 
optimization principle is used to assist planning 
research, according to the development potential 
and development conditions of energy bases such as 
coal power, hydropower, wind power and so on. The 
optimization problem is formulated with the objective 
of minimizing the total costs, subject to the constraints 
of energy supply capacity, power balance, system 
operation and environmental protection. By solving 
this problem, the commission plan, the target market 
and the installed capacities of various types of power 
supplies are obtained. 

B. Source data
1.  Historical Energy and Power Sector Data: ASEAN 

Energy Database System (AEDS),67 IEA database.68

2.  National (Regional) Power Development Plan:

a. P. Nimol, 2016, Cambodia- Effective country 
strategies.

b. Directorate (Various New Energy and 
Renewable Energy), 2017, Policy of new renewable 
energy development in Indonesia.

c. P. Phouthonesy, 2015, Energy Policy of Lao PDR.
d. K. Kouphokham, 2012, Overview of the Lao Power 

Development Program.
e. Energy Commission, 2017, Peninsular Malaysia 

Electricity Supply Outlook 2017.
f. Energy Commission, 2015, Malaysia energy 

statistics 2015.
g. U Thoung Win, 2015, Opportunities and barriers 

of power development in Myanmar.
h. EMA, 2017, Singapore energy statistics.
i. Energy Policy and Planning Office, 2015, 

Thailand Power Development Plan 2015-2036 
(PDP2015).

j. ACE, 2017, The 5th ASEAN energy outlook 2015-
2040.

k. ADB, 2016, Greater Mekong Subregion Energy 
Sector Assessment, Strategy, and Road Map.

l. IRENA and ACE, 2016, Renewable Energy 
Outlook for ASEAN.

m. ERIA, 2016, Energy Outlook and Energy Saving 
Potential in East Asia.

n. IEA, 2017, Southeast Asia Energy Outlook.

3. ASEAN Technology Cost Assumptions Commodity

a. IRENA and ACE, 2016, Renewable Energy 
Outlook for ASEAN.

b. R. Adiprasetya, A. Hasibi, S. P. Hadi and A. N. 
Widiastuti, 2013, Optimizing Geothermal Energy 
and Hydro Power in Capacity Expansion at the 
Electrical System of Java-Madura-Bali, Int. J. Eng. 
Comput. Sci., vol. 13, No. 1.

c. B. D. Leibowicz, 2018, The cost of policy 
uncertainty in electric sector capacity planning: 

67	 http://aeds.aseanenergy.org/.
68	 IEA,	“Statistics”,	available	at	https://www.iea.org/statistics/	

(accessed	2018).

Figure A1.4 Power consumption per capita in 
2014 compared with PDS 2050
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Implications for instrument choice, Electr. J., vol. 
31, No. 1, pp. 33-41.

d. B. Lyseng, A. Rowe, P. Wild, J. English, T. Niet, 
and L. Pitt, 2016, Decarbonising the Alberta power 
system with carbon pricing, Energy Strategy. Rev., 
vol. 10, pp. 40-52.

4. Load profile: ASEAN experts’ presentation of the 
first consultative meeting.

5. A sample of working curve of river hydropower in 
capacity factor form69 is shown in figure A1.5.

C. Key parameters
The intensity of clean energy development is the 
ratio of the power generation of certain types of clean 
energy to the potential of this type of clean energy. 

69	 The	branch	office	of	three	Gorges	Group	in	ASEAN	provided	to	
GEIDCO	in	Sep.	2017

The exploitable amount of wind and solar energy70 in 
this study was provided by the China Electrical Power 
Research Institute.

The power transboundary transaction (for the whole 
region) is the ratio of the power generation to the total 
power consumption (Unit: GWh). A power importing 
country that is located in a central position will have 
more power trade than others, but the ratio is less than 
20 per cent±5 per cent in 2050.

The reserve margin is set at 10-20 per cent of peak load.

The available capacity of river hydropower in the wet 
season is set at 80-90 per cent of the installed capacity, 
and in the dry season is set at 40-50 per cent of the 
installed capacity.

The available capacity of nuclear and biomass power 
plants is set at 90-100 per cent.

The available capacity of thermal power plants is set 
at 70-90 per cent of the installed capacity.

The available capacity of wind power and solar power is 
set at 5-30 per cent and 20-30 per cent of the installed 
capacity, respectively, considering fluctuation of wind 
and PV, solar thermal technology development as well 
as the refinement of output prediction,

The annual utilization hours of the cross-border 
exchange channel are 5,000-5,500 hours.

The constrains of curtailed wind and solar power is 5 
per cent-10 per cent.

70	 The	calculated	exploitable	potential	amount	is	2,619	TWh	for	solar	
power,	420	TWh	for	on-shore	wind	power	and	1260TWh	for	off-
shore	wind	power.

Figure A1.5 A sample of hydro power curve of 
CLMTV
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Table A1.3 The 2050 target parameters
Scenario A 

(High share of 
clean energy)

Scenario B 
(Medium share of 

clean energy)

Scenario C 
(Low share of 
clean energy)

Intensity	of	clean	energy	
development

Solar:	15%	-	20%
Wind:	15%	-	20%
River	hydro:	>50%

Solar:	15%	-	20%
Wind:	15%	-	20%
River	hydro:	≈50%

Solar:	15%	-	20%
Wind:	15%	-	20%
River	hydro:<50%

Power	transboundary	
transaction	in	the	region ≈10% ≈5% Current	statues
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D. Key algorithms
The corresponding software operation modules are 
mainly composed of three parts. The first part is the 
regional optimal power planning module, which is used 
to optimize and determine the development scale of 
clean power and other types of power supplies. The 
second part is determination of power exchange based 
on the power plant planning. The third part is the power 
system production simulation module. According to 
the derived plan, power production is simulated by 
hours, including the optimization of power system 
operation, and the level of solar and wind curtailment 
(figure A1.6).

E. Limitations
For power sector, as power development plans for 
most AMS do not contain the most recently issued 
official RE targets,71 the reader should keep in mind 
that the insights presented are projections of possible 
future paths based on a consistent set of framework 
assumptions, even though many of these will be 

71	 ACE,	the	5th	ASEAN	Energy	Outlook	2015-2040,	(Jakarta,	2017.

subject to considerable uncertainty in the coming 
years. By comparing the scenario results based on 
different assumptions, this report is aimed at providing 
an understanding on how changing parameters, such 
as power interconnection, affect the clean energy 
development in ASEAN.

F. Benchmarking
Similar values can be seen from previous studies, 
showing that despite different scenario assumptions 
there are certain consistencies in terms of clean energy 
shares evolution as seen by AEO5 and the scenario 
development from this research.

1.3 Comprehensive benefits

A. Introduction 
The construction of energy interconnection in ASEAN 
will contribute to the economic and social development 
of the whole region.  The evaluation system and model 
are constructed from the four subsystems of economy, 
resources, environment and society, based on the 
characteristics of the regional energy interconnection 
in order to quantify the comprehensive benefits of 
the regional energy interconnection in ASEAN (figure 
A1.8).

Figure A1.6 Flow chart of non-fossil energy and 
power system optimization operation module
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Power	system	generation	simulation
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Figure A1.7 Generation mix share in Scenario A 
comparing with different scenarios in AEO5
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In the following analysis, scenarios A, B and C 
correspond to the three scenarios of high, medium and 
low shares of installed clean energy capacity. According 
to the comprehensive adjustment coefficient, 
investment in the power grid will not exceed 40 per 
cent of the total investment in the power infrastructure.

B. Social subsystem
1.  New employment opportunities

New employment consists of jobs in construction, 
manufacturing, construction and O&M provided by 
the new power plants, mainly determined by the annual 
growth of all types of installed capacity (table A1.4). 
The specific calculation formula is:72

  Js = Jman + Jcon + Jo&m  (1-3-1)

72	 The	Climate	Institute,	Clean	energy	jobs	in	regional	Australia,	
Sydney,	2011.

Figure A1.8 Regional Interconnection comprehensive benefit model structure diagram
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Table A1.4 The number of people needed for manufacturing, construction and O&M of all 
types of installed capacity

Type Construction period 
(years)

Construction 
(people/MW)

Manufacturing 
(people/MW)

O&M 
(people/MW)

Coal 5 6.2 1.5 0.2
Gas 5 1.4 0.1 0.1
Hydropower 5 3.0 3.5 0.2
Geothermal 5 3.1 3.3 0.7
Solar 5 12.0 7.0 		0.38
Wind 2 2.5 10.0 0.2
Biomass 2 2.0 0.1 0.1
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2. R&D investment

The scientific research investment, REs, depends on 
the total revenue of power supply, PROelec, and the 
proportion of scientific research investment, Pre:

  REs = PROelec × Pre   (1-3-2)

where the proportion of scientific research investment   
Pre =0.02*Pcle

73,Pcle  is the proportion of clean energy 
generation.  PROelec is the total revenue of the power 
supply.

3. Population without access to electricity

The revenue of electricity sales and government 
subsidy coefficient work together on the electricity 
public welfare fund, which affects the annual reduction 
of population without electricity. Its integral over time 
determines the population without electricity NEs, as 
follows:

  NEs = NEn - ∫  NEr  (1-3-3)

where NEn (unit: 10,000) is the population without 
electricity in 2015, and NEr is the annual reduction of 
population without electricity in the following formula:

 NEr=10700-(Electricity public welfare fund/FE 
        (1-3-4)

 Electricity public welfare fund= 
 PROelec*Clevy*Csubsidy  (1-3-5)

where Csubsidy is the government subsidy coefficient, 
which means that Governments use public finance to 
support the population without electricity, considering 
the power sector has limited profitability. The range 
of  Csubsidy is from 0.02 to 0.03 before 2020. After 2020, 
its value is 1. Clevy is the Government levy coefficient, 
which means that that the power sector will provide 
funding for assisting the population without electricity. 
The range of Clevy is from 0.0001 to 0.03 after 2020. 
Before that time, its value is 1.

73	 GEIDCO	calculation	based	on	key	countries	scientific	investment	
database.

FE is the fee for solving the electricity access. According 
to the global data of GEIDCO, it is in the range of $ 
300-600 per capita. 

C. Economic (cost) subsystem
1. LCOE 

LCOE of the power supply, UCe, is determined by 
the proportion of production from each clean energy 
source, Pi, and the LCOE of each clean energy source, 
UCi, as follows:

  UCe=∫ (Pi × UCi).  (1-3-6)

where UCi is LCOE of ith of clean energy source (table 
A1.5).74

Table A1.5 The LCOE of power plants74

Power source 2015 2050
Hydropower 4.6 4.0
Wind	(on-shore) 6.0 4.0
Wind	(off-shore) 16.0 6.0
Solar 13.0 3.0
CSP 25.0 7.0
Biomass 5.5 5.0
Geothermal 8.0 4.0
Thermal 6.9 6.85

As a result of the development of clean energy 
generation technology, the unit cost of installed 
capacity of the clean energy source will continue to 
fall, and the LCOE of each clean energy source will 
simultaneously decrease. 

2. Total revenue

  PROelec = SPelec*Conelec  (1-3-7)

74	 GEIDCO,2018,	Global	Energy	Interconnection	Backbone	Grid;	IEA,	
2016,	“Forecasting	wind	energy	costs	and	cost	drivers”;	EIA,	2017,	
“Levelized	cost	and	levelized	avoided	cost	of	new	generation	
resources”,	Annual	Energy	Outlook	2017;	and	LAZARD,	2017,	
“Levelized	cost	of	energy”.
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where SPelec is the electricity sale price, which is equal 
to US cents/kWh 12.5/10 (according to the weighted 
average of sale price of each country in ASEAN75), and  
Conelec is total electricity consumption. PROelec is the 
total revenue. 

3. Total investment in power supply

The total investment in power supply is determined 
by the installed capacity increase of each type of 
generator and their unit investment costs.

  Ips = ∫ ( Infuel × Cfuel )   (1-3-8)

where Infuel is the installed capacity by fuel and  Cfuel is 
the corresponding unit cost (table A1.6).

Table A1.6 Unit cost parameters of power 
plants, by fuel ($ per kW)

Thermal 1,000
Hydropower 2,000
Geothermal 4,000
Nuclear 3,600
Solar 1,250
Wind 1,000
Biomass 2,000

4. Total investment in clean energy

Total investment in clean energy Iclne is:

  Iclne = ∫ ( Incln × Ccln )  (1-3-9)

where Incln is the installed capacity of clean energy 
sources, and Ccln is the corresponding unit cost.

D. Resources subsystem
1.  Energy conversion efficiency

Energy conversion efficiency, Tr, is determined by the 
proportions of electricity production from clean energy 
and from fossil fuels. The formula is:

75	 J.P.	Morgan,	2017,	Clean	Energy	Investments	in	ASEAN	region.

  Tr = Tcln × Pcln + Tth × Pth  (1-3-10)

where Pcln is the proportion of electricity production 
from clean energy and Pth the proportion of electricity 
production from fossil fuel. The energy conversion 
efficiency of clean energy, Tcln, is 100 per cent (except 
geothermal, 10 per cent and nuclear, 33 per cent). The 
energy conversion efficiency of coal is 30 per cent and 
gas is 55 per cent.76

2. Fossil fuel consumption

The gas consumption, Nr and the coal consumption,  
Cr are determined by electricity generation from gas 
and coal. The formula is:

  Nr = Ggas × ngas   (1-3-11)

  Cr = Gcoal × ncoal   (1-3-12)

where Ggas and Gcoal are the electricity generation 
from gas and coal, while ngas and ncoal are gas and coal 
consumption for the production of 1 kWh electricity, 
which are 0.2978 m3/kWh and 0.000315 tonne/kWh,77 
respectively.

E. Environmental subsystem
1.  CO2 emission reduction

CO2 emission reduction is the amount of carbon 
dioxide emission reduction by electricity generation 
from clean energy as a substitute for coal:

  COe = Gcln × cocoal   (1-3-13)

where Gcln is the electricity generation (kWh) from 
clean energy, and cocoal is the CO2 emission of 1 kWh 
electricity production from coal, which is 0.00087 
tonne/kWh.78

76	 ACE	and	IRENA,	2016,	Renewable	Energy	Outlook	for	ASEAN.
77	 Intergovernmental	Panel	on	Climate	Change	(IPCC),	Tier	1	

Calculation	Methodology,	https://www.ipcc.ch/meetings/
session25/doc4a4b/vol1.pdf	(accessed	in	September	2018).

78	 Schlömer	S.,	T.	Bruckner	and	others,	2014,	Annex	III:	Technology-
specific	cost	and	performance	parameters”,	in	Climate	Change	
2014:	Mitigation	of	Climate	Change,	Cambridge	University	Press,	
Cambridge,	United	Kingdom	and	New	York,	United	States.
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2. SO2 emission reduction

SO2 emission reduction is the amount of reduction by 
electricity generation from clean energy as a substitute 
for coal:

  SOe = Gcln × socoal   (1-3-14)

where is the SO2 emission for 1 kWh electricity 
generation from coal, which is 8.9610-6 tonne/kWh,79 
and Gcln is the electricity generation (kWh) from clean 
energy.

3. NOx emission reduction

NOx emission reduction is the amount of reduction by 
electricity generation from clean energy as a substitute 
for coal. The formula is:

  NOe = Gcln × nocoal   (1-3-15)

where nocoal is the NOx emission of 1 kWh electricity 
production from coal, which is 2.8210-6 tonne/kWh,80 
and  Gcln is the electricity generation from clean energy.

1.3. Planning of corridor for 
interconnection 

A. Introduction
The process of planning is to design a reference corridor 
from the power exchange map. The voltage level and 
transmission mode are the main outputs of planning 
a reference corridor, while the distance and capacity 
are the key inputs. All the parameters used in this study 
are derived from actual projects and their operation.

79	 Intergovernmental	Panel	on	Climate	Change	(IPCC)	Tier	1	
calculation	methodology.	https://www.ipcc.ch/meetings/
session25/doc4a4b/vol1.pdf.

80	 Intergovernmental	Panel	on	Climate	Change	(IPCC)	Tier	1	
calculation	methodology.	https://www.ipcc.ch/meetings/
session25/doc4a4b/vol1.pdf.

B. Key parameters and source data
The AC and DC parameters based on actual projects 
and operation are given in annex tables A1.7 to A1.10 
below.

1.  AC parameters

Table A1.7 Voltage Level series (kV)

China United 
States

European 
Union Japan

AC 1,000/500 765/345 380/220 500/275

Table A1.8 EHV AC and corresponding 
transmission capacity in the United States81

Voltage	(kV) 345    500    765
Capacity	(MW) 600 1,200 2,500

Table A1.9 Range of transmission capacity 
for EHV & UHV AC in China82

Voltage	(kV) 500 1,000
Capacity	(MW) <4,000 >4,000

2.  DC parameters

Table A1.10 EHV and UHV DC and 
corresponding transmission capacity in 

China83

Voltage	
(kV) ±500 ±660 ±800 ±1,100

Capacity	
(MW)

3,000-
3,500

4,000-
4,600

5,000,	
8,000	and	
10,000

12,000

81	 Power	System	Design	Manual,	Power	Planning	and	Design	
Institute	of	the	Ministry	of	Power	Industry,	China	electric	power	
press,	2016.

82	 Ibid.
83	 Power	Grid	Planning	and	Design	Manual,	Beijing	Institute	of	

Economics	and	Technology	of	State	Grid,	China	electric	power	
press,	2015.
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D. Key steps
1. Determine the sending and receiving country, 

based on the power exchange map;

2. Determine the location of the sending area, based 
on the resources analysis;

3. Determine the location of the receiving area based 
on the population density and economic outlook; 
The density population of ASEAN is available at 
http://www.itu.int/itu-d/tnd-map-public/.

4. Estimate the distance of the channel. The real 
distance is the airline distance multiplied by a 
coefficient regarding the geomorphology; 

5. Determine the capacity and voltage level of 
channel. The capacity should satisfy the two 

conditions of: (i) less than the power exchange 
number; and (ii) equal to the largest transmission 
capacity of available technology, according to the 
distance.

E. Limitation
The planning of an interconnection corridor should 
not be considered as feasibility research on a power 
project. It is only a reference source that is conducted 
based on the power exchange map, primary analysis 
of sending and receiving ends, and the parameters of 
technologies of transmission.

F. Benchmarking
The corridors proposed in this report refer to the 
projects listed in table A1.11.

Table A1.11  Benchmark projects
Country No. Project Length Voltage/capacity Year
China UHV DC JinSu 2,059	km ±800	kV/7,200	MW 2012

UHV DC ZhunWan 3,324	km ±1,100	kV/12,000	MW 2018
UHV DC NingDong 1,335	km ±660	kV/4,000	MW 2011
DC	Grid ZhangBei - ±500	kV/3,000	MW Under	construction
UHV AC Jindongnan–Nanyang–Jingmen 640	km 1,000	kV/5,000MW 2009

India UHV DC Raigarh-Pugalur 1,800	km ±800k	V/6000	MW Under	construction
Brazil UHV DC Belo	Monte	project	I 2,076	km ±800	kV/4000	MW 2017
European	
Union Submarine	cable Norway-Netherlands 580	km 450	kV/70	0MW 2012

Submarine	cable Israel,	Cyprus,	Greece 1,000	km -/2,000	MW Planning

Annex | 65



Annex 2 Country overview table

2.1 ADS

Table A2.1 ASEAN country overview in 2035 for ADS
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Total	generation	(TWh) 4 29 81 721 161 62 119 198 233 321 
Clean	energy	generation	(TWh) 0.12	 25 71 365 86 3 101 72 100 247 
Of	which:	 Hydropower 0 11 41 71 53 0 72 30 15 117 
	 	 	 Wind	and	solar 0.12	 14 29 167 8 0.47	 24 21 56 53 
	 	 	 Others 0 0 0.06	 127 25 3 5 5 22 48 

Table A2.2 ASEAN cross-border power trade 2035 (TWh)

Country Trade margin Power trade 
in wet season

Power trade 
in dry season

Highest trade 
amount 

Lowest trade 
amount

Cambodia 0.52	 2.03	 -0.76	 2.55	 -1.28	
Lao	PDR 0.50	 35.82	 19.95	 36.33	 19.44	
Myanmar 1.96	 21.60	 -1.03	 23.56	 -2.98	
Thailand 6.19	 -45.73	 -30.72	 -24.53	 -51.92	
Viet	Nam 7.20	 -14.73	 -24.42	 -7.53	 -31.62	
Brunei	Darussalam 16.38	 -1.02	 -192.53	 15.36	 -208.91	
Indonesia 0.09	 -0.41	 -0.41	 -0.32	 -0.49	
Philippines 14.05	 9.25	 9.25	 23.31	 -4.80	
Malaysia 3.65	 -10.57	 -10.57	 -6.92	 -14.22	
Singapore 3.91	 1.01	 1.01	 4.93	 -2.90	

Note: The highest trade amount = max (power trade in wet season, Power trade in dry season) + trade margin. 
The lowest trade amount = min (power trade in wet season, Power trade in dry season) - trade margin. 
Trade margin = 2%84* the total power consumption of the country.

84	 It	is	a	common	factor	of	load	reserve	margin.	It	is	converted	to	trade	margin.
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Table A2.3 ASEAN country overview in 2050 for ADS
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Total	generation	(TWh) 4 53 156 1,158	 243 70 339 267 361 487 
Clean	energy	generation	(TWh) 0.21	 50 134 601 167 7 304 99 183 388 
Of	which:	 Hydro 0 26 86 113 114 0 224 32 30 166 
	 	 	 Wind	and	solar 0.21	 21 48 268 20 1 70 32 116 102 

Table A2.4 ASEAN cross-border power trade 2050 (TWh)

Country Trade margin Power trade 
in wet season

Power trade 
in dry season

Highest trade 
amount 

Lowest trade 
amount

Cambodia 1 -5 -10 3 0
Lao	PDR 1 72 42 73 41
Myanmar 4 131 32 134 29
Thailand 10 -66 -61 -51 -76
Viet	Nam 12 -57 -48 -36 -69
Brunei
Darussalam 0 -1 -1 -1 -1

Indonesia 23 11 11 33 -12
Philippines 6 -23 -23 -17 -29
Malaysia 5 7 7 12 2
Singapore 2 -8 -8 -7 -10

2.2 PDS

Table A2.5 ASEAN country overview in 2035 for PDS
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Total	generation	(TWh) 4 20 65 685 157 62 94 193 282 326 
Clean	energy	generation	(TWh) 0.05	 13 50 218 82 3 63 61 72 201 
Of	which:	 Hydropower 0 5 39 26 63 0 44 27 16 119 
	 	 	 Wind	and	solar 0.05	 8 11 98 1 0.26	 14 17 43 25 
	 	 	 Others 0 0 0.06	 94 18 3 4 5 6 30 
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Table A2.6 ASEAN country overview in 2050 for PDS
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Total	generation	(TWh) 4 65 125 1,171	 281 79 269 253 404 521 
Clean	energy	generation	(TWh) 0.17	 51 98 347 82 8 198 78 176 303 
Of	which:	 Hydropower 0 38 72 49 36 0 143 32 59 157 
	 	 	 Wind	and	solar 0.17	 13 26 181 19 2 47 19 97 55 
	 	 	 Others 0 0 0.09	 117 27 6 8 5 10 47

2.3 LDS 

Table A2.7 ASEAN country overview in 2035 for LDS
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Total	generation	(TWh) 5 27 38 710 171 71 80 197 262 344 
Clean	energy	generation	(TWh) 0.08	 11 25 121 60 3 31 42 33 97 
Of	which:	 Hydropower 0 6 19 22 40 0 18 21 15 69 
	 	 	 Wind	and	solar 0.08	 5 6 33 1 0.36	 5 13 12 9 
	 	 	 Others 0 0 0.06	 65 18 3 8 4 2 18 

Table A2.8 ASEAN country overview in 2050 for LDS
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Total	generation	(TWh) 5 52 61 1,134	 293 91 189 256 423 594 
Clean	energy	generation	(TWh) 0.15	 23 36 257 93 7 100 49 67 139 
Of	which:	 Hydropower 0 12 21 41 67 0 66 25 23 80 
	 	 	 Wind	and	solar 0.15	 11 16 128 2 0.65	 18 6 23 20 
	 	 	 Others 0 0 0.09	 89 24 6 16 3 9 28 
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