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ABSTRACT 

Southeast Asia stands at a pivotal juncture, experiencing a profound digital transformation that is 
simultaneously a driving force for economic growth and a significant amplifier of energy demand. This 
rapid expansion in cloud computing, Artificial Intelligence (AI), fintech, and biotech necessitates 
substantial hyperscale infrastructure development, which in turn projects the region's energy demand to 
double by 2040.1 This surge is juxtaposed against a backdrop of persistent energy challenges, including 
unreliable, fragile grids heavily reliant on fossil fuels, a substantial clean energy access gap affecting 
over 800 million people in Asia, and increasing vulnerability to climate and geopolitical disruptions [1]. 
The current energy infrastructure is proving insufficient and unsustainable for the region's ambitious 
growth trajectory. To address these multifaceted challenges, a pioneering, vertically integrated clean 
digital infrastructure model is proposed. This comprehensive framework centers on the strategic 
deployment of decentralized advanced nuclear technologies, specifically Small Modular Reactors (SMRs) 
and microreactors, tailored to the diverse energy needs of ASEAN countries. Complementing this 
generation capacity, the model establishes a centralized regional energy trading hub, facilitating cross-
border power flows and resource sharing. Crucially, it integrates seamlessly with hyperscale data centers, 
providing them with climate-aligned, reliable baseload energy, while also extending clean power access 
to rural electrification zones. The entire ecosystem is envisioned to leverage blockchain technology for 
transparent power provenance, ensuring accountability and fostering trust in energy transactions [1]. 
This integrated approach offers transformative potential for both digital growth and climate alignment. 
By directly confronting issues of grid unreliability, soaring data demands, and high carbon emissions, 
the strategy aims to provide clean, resilient, and affordable energy for every community, from remote 
villages to advanced smart cities. This not only builds energy sovereignty and security but also lays a 
clean foundation for Southeast Asia's digital future, positioning the region as a leader in sustainable 
development [1]. 

 

ABSTRAK 

Asia Tenggara berada di persimpangan yang penting, mengalami transformasi digital yang mendalam 
yang pada masa yang sama menjadi daya penggerak untuk pertumbuhan ekonomi dan penguat ketara 
permintaan tenaga. Pengembangan pesat dalam pengkomputeran awan, Kecerdasan Buatan (AI), 
fintech dan bioteknologi memerlukan pembangunan infrastruktur hiperskala yang besar, yang seterusnya 
mengunjurkan permintaan tenaga rantau ini meningkat dua kali ganda menjelang 2040.1 Lonjakan ini 
disandingkan dengan latar belakang cabaran tenaga yang berterusan, termasuk grid rapuh yang tidak 
boleh dipercayai yang sangat bergantung kepada bahan api bersih8 yang sangat bergantung kepada akses 
kepada fosil80. juta orang di Asia, dan meningkatkan kerentanan terhadap iklim dan gangguan geopolitik 



JOURNAL of NUCLEAR and Related TECHNOLOGIES, Vol. 23, No.1, January-June 2026 

17 

 

[1]. Infrastruktur tenaga semasa terbukti tidak mencukupi dan tidak mampan untuk trajektori 
pertumbuhan yang bercita-cita tinggi di rantau ini. Untuk menangani pelbagai cabaran ini, model 
infrastruktur digital bersih yang perintis dan bersepadu secara menegak dicadangkan. Rangka kerja 
komprehensif ini tertumpu pada penggunaan strategik teknologi nuklear terdesentralisasi termaju, 
khususnya Reaktor Modular Kecil (SMR) dan mikroreaktor, yang disesuaikan dengan keperluan tenaga 
yang pelbagai negara ASEAN. Melengkapkan kapasiti penjanaan ini, model itu mewujudkan hab 
perdagangan tenaga serantau berpusat, memudahkan aliran kuasa merentas sempadan dan perkongsian 
sumber. Yang penting, ia berintegrasi dengan lancar dengan pusat data hiperskala, memberikan mereka 
tenaga beban asas yang sejajar iklim dan boleh dipercayai, di samping memperluaskan akses kuasa bersih 
ke zon elektrifikasi luar bandar. Keseluruhan ekosistem dibayangkan untuk memanfaatkan teknologi 
blockchain untuk sumber kuasa yang telus, memastikan akauntabiliti dan memupuk kepercayaan dalam 
urus niaga tenaga [1]. Pendekatan bersepadu ini menawarkan potensi transformatif untuk kedua-dua 
pertumbuhan digital dan penjajaran iklim. Dengan secara langsung berhadapan dengan isu 
ketidakpercayaan grid, permintaan data yang melambung tinggi, dan pelepasan karbon yang tinggi, 
strategi ini bertujuan untuk menyediakan tenaga yang bersih, berdaya tahan dan mampu milik untuk 
setiap komuniti, daripada kampung terpencil ke bandar pintar maju. Ini bukan sahaja membina 
kedaulatan tenaga dan keselamatan tetapi juga meletakkan asas yang bersih untuk masa depan digital 
Asia Tenggara, meletakkan rantau ini sebagai peneraju dalam pembangunan mampan [1]. 
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1. INTRODUCTION: ASEAN'S ENERGY CROSSROADS IN THE 
DIGITAL ERA 

Southeast Asia is currently navigating a complex energy landscape, shaped by the twin forces of rapid digital 
transformation and escalating energy demand. The region is experiencing explosive growth in digital technologies, 
including cloud computing, Artificial Intelligence (AI), fintech, and biotech, which collectively necessitate the 
development of extensive hyperscale infrastructure[1]. This digital boom is not merely a technological shift; it is 
a fundamental driver of energy consumption, with projections indicating that ASEAN's overall energy demand 
is set to double by 2040[1]. 

The energy requirements of this digital expansion are substantial. Hyperscale data centers, which house tens of 
thousands of servers, consume between 20-100 megawatts (MW) of power, an amount equivalent to powering a 
small city[1]. AI workloads are particularly energy-intensive; for instance, the training of GPT-4 alone consumed 
approximately 62.3 gigawatt-hours (GWh) of electricity over 100 days, a figure comparable to the annual energy 
usage of about 5,800 average U.S. homes [1]. Furthermore, AI servers draw significantly more power per rack 
(over 50 kW) compared to traditional enterprise workloads (around 1 kW) [1]. The demand for data center 
electricity in Southeast Asia is projected to surge dramatically, from 9 terawatt-hours (TWh) in 2024 to an 
estimated 68 TWh by 2030 [1]. Malaysia, for example, is expected to see its data center power demand account 
for 30% of its national consumption by 2030, surpassing Singapore's total power use in 2023.1 The International 
Energy Agency (IEA) forecasts that Southeast Asia's data center electricity use will nearly double by 2030 
compared to 2024 levels[3]. Singapore, already a leading data center hub, had 1 GW of operational capacity as 
of February 2025[2]. 

This burgeoning digital demand is set against a backdrop of persistent vulnerabilities within ASEAN's existing 
energy infrastructure. Many nations in the region contend with unreliable and fragile electricity grids that are 
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heavily dependent on fossil fuels [1]. Over 80% of the total primary energy supply and 70% of electricity generation 
in Southeast Asia originate from these conventional sources [1]. Five ASEAN countries rely on coal for more than 
40% of their power production, a reliance that has contributed to a 60% rise in electricity-related CO2 emissions 
since 2015 [1]. The relatively young age of the region's coal plant fleet, averaging under 15 years old, further 
complicates efforts towards early retirement and decarbonization [1]. While investments in renewable energy 
sources like solar and wind are growing, their intermittent nature, coupled with geographically limited hydropower 
resources and expensive long-duration storage solutions, highlights a significant clean energy gap [1]. This 
situation is compounded by a profound energy access challenge: despite the digital advancements, over 800 million 
people in Asia still lack access to stable, reliable power, underscoring a critical issue of energy equity [1]. Power 
outages are a common occurrence across the region, with some countries experiencing numerous and lengthy 
disruptions each month[1]. 

The current fossil fuel-dependent grids are increasingly recognized as insufficient, unsustainable, and vulnerable 
to both climate change impacts and geopolitical disruptions [1]. Tech giants expanding their data centers across 
ASEAN, and governments seeking sovereign data hosting solutions, face significant constraints in securing green 
energy options for these projects [1]. This necessitates a comprehensive and integrated approach to energy 
solutions that can provide reliable, clean, and secure power, thereby supporting both the region's digital growth 
ambitions and its critical decarbonization goals[1]. 

The rapid digitalization of ASEAN, while a powerful engine for economic growth, presents a complex challenge 
for the region's energy transition. The escalating energy demands from hyperscale data centers and AI workloads, 
if met by the prevailing fossil fuel-dependent grids, will inevitably lead to a substantial increase in carbon 
emissions and further entrench existing fossil fuel infrastructure [1]. This scenario directly conflicts with global 
climate objectives. However, this dynamic also presents a unique opportunity. The strong market pull from 
technology companies and governments for green energy options for their expanding digital infrastructure signals 
a readiness to invest in clean power solutions [1]. This means that by strategically aligning digital growth with 
the deployment of clean energy infrastructure, the digital sector can transform from an environmental burden 
into a powerful catalyst for the energy transition, potentially setting a global precedent for how emerging 
economies can achieve sustainable development. 

Furthermore, the continuous, high-quality, and increasingly zero-carbon electricity demands of data centers and 
AI workloads underscore the urgent need for reliable baseload power. Traditional grids, often reliant on 
intermittent renewable sources like solar and wind, struggle to provide the 24/7 continuous power required by 
these critical digital infrastructures without expensive and scalable energy storage systems [1]. This mismatch 
between supply characteristics and demand requirements creates a significant constraint on the expansion of tech 
giants and sovereign data hosting capabilities within the region [1]. Consequently, securing a reliable, baseload 
source of clean power, such as advanced nuclear technologies, is not merely an environmental objective; it becomes 
a fundamental economic imperative for ASEAN's digital growth and its ability to compete globally in the rapidly 
expanding AI and cloud computing sectors. Countries that successfully deploy such reliable, clean baseload power 
sources will gain a considerable competitive advantage in attracting and retaining high-value digital infrastructure 
investments, thereby accelerating their economic development and technological leadership. 

The following Table 1 summarizes the key energy challenges facing ASEAN and the integrated solutions proposed 
to address them. 

 

2. ADVANCED NUCLEAR TECHNOLOGIES: A CORNERSTONE FOR 
BASELOAD POWER 

2.1. Small modular reactors (SMRs): Technological evolution and global adoption 
The global energy landscape is witnessing a significant evolution in nuclear technology with the emergence of 
Small Modular Reactors (SMRs). These reactors are generally defined as nuclear reactors producing 300 MWe 
(megawatts electric) equivalent or less. Their defining characteristics include modular technology, factory 
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fabrication, and shorter construction times, which collectively aim to achieve economies of series production [1]. 
This approach contrasts sharply with traditional, large-scale nuclear power plants, offering greater flexibility and 
reduced on-site construction complexity. 

 

 

Table 1. ASEAN's key energy challenges and corresponding integrated solutions. 

Energy Challenge Description Proposed Integrated Solution 

Rapidly increasing energy 
demand from digital 
transformation 

Projected to double by 2040, driven 
by hyperscale data centers, AI, 
fintech, and biotech. 

Strategic deployment of 
advanced nuclear technologies 
(SMRs, microreactors) to 
provide reliable, clean baseload 
power. 

Unreliable and fragile grids Over-reliance on fossil fuels, leading 
to frequent power outages and 
vulnerability to climate and 
geopolitical disruptions. 

Deployment of decentralized 
advanced nuclear technologies 
to enhance grid resilience and 
reliability, while also providing 
power to hyperscale data 
centers. 

Clean energy access gap Over 800 million people in Asia lack 
reliable access to power; grids are 
heavily dependent on fossil fuels, 
with five ASEAN countries relying 
on coal for over 40% of their power. 

Extend clean power access to 
rural electrification zones by 
integrating with the same clean 
energy source powering digital 
infrastructure. 

Inefficient energy resource 
management 

Lack of regional coordination and 
cross-border power sharing. 

Establishment of a centralized 
regional energy trading hub to 
facilitate power flows and 
resource sharing across borders. 

Lack of transparency and 
accountability 

Energy transactions and provenance 
are often opaque. 

Leverage blockchain technology 
for transparent power 
provenance, ensuring 
accountability and fostering 
trust in energy transactions. 

 

Globally, over 80 modular reactor designs are currently under development across 19 countries [1]. As of 2024, 
China and Russia have successfully brought operational SMRs online, demonstrating the viability of this 
advanced nuclear technology. Russia has been operating a floating nuclear power plant commercially since 2020 
[1]. China’s HTR-PM, a high-temperature gas-cooled reactor (HTGR), began commercial operation in December 
2023, showcasing the practical application of HTGR technology [1]. Historically, HTGR development has spanned 
over 25 years, proving technical feasibility for both electricity and process-heat applications, though large-scale 
commercial deployment has been limited [1]. Molten Salt Reactors (MSRs), which use molten salt as a coolant 
and potentially as a fuel solvent, were first conceived and tested decades ago but are now approaching deployment 
readiness, with some projects in China and the US making progress towards potential deployment as early as the 
mid-2030s [1]. China’s TMSR-LF1, a thorium-fueled molten salt reactor, achieved criticality and full power 
operation in October 2023 [1]. 

A key advantage of SMRs, including HTGRs and MSRs, is their enhanced safety profile compared to earlier 
nuclear designs [1]. HTGRs are noted for inherent safety characteristics due to their helium-cooled, graphite-
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moderated core. Graphite provides large thermal inertia and structural stability at high temperatures, while the 
inert helium coolant has no reactivity effects [1]. The TRISO fuel particles used in HTGRs are specifically 
designed to retain fission products even at high burn-up rates. Pebble-bed reactors, a type of HTGR, offer 
appealing features for decay heat removal in emergencies through natural phenomena like thermal radiation and 
free convection, provided an intermediate heat sink is maintained [1]. MSRs, on the other hand, are characterized 
by inherent safety features such as low operating pressures, which significantly reduce the risk of large breaks 
and loss of coolant accidents [1]. Their fluid fuel allows for on-line continuous processing and external cooling, 
leading to simpler, safer designs with low excess reactivity and reduced fission product inventory. Molten salts 
are stable, non-reactive, and efficient heat transfer media that operate at high temperatures at low pressures, 
compatible with selected structural materials, which collectively reduce accident scenarios. Freeze valves, designed 
to melt and open passively if temperatures rise, provide an ultimate shutdown mechanism by draining fuel to 
subcritical configurations [1]. 

The term "modular" for SMRs signifies the ability to fabricate major components in a factory setting and ship 
them to the site for assembly [1]. This approach significantly reduces on-site construction time and costs, while 
improving quality control and efficiency [1]. The compact size and modularity of SMRs allow for greater siting 
flexibility, making them suitable for locations unable to accommodate larger traditional reactors, such as smaller 
electrical markets, isolated areas, or sites with limited water and acreage [1]. This also enables incremental 
capacity additions as energy demand grows. Many SMR designs are envisioned to be built below grade, enhancing 
safety and security against natural and man-made hazards [1]. 

2.2. Strategic fit for ASEAN's energy landscape 
SMRs are particularly well-suited for the diverse geography and energy needs of ASEAN nations, especially 
archipelagic countries like Indonesia and the Philippines.1 Their compact size and modularity make them ideal 
for dispersed island communities and regions with limited infrastructure, as they can be manufactured in factories, 
transported easily, and sited flexibly in space-constrained locations [1]. This modularity also allows power output 
to be matched to demand by adding or subtracting units [1]. 

Beyond electricity generation, SMRs offer a timely solution for replacing retiring coal plants in these countries, 
with the potential for repurposing existing infrastructure like cooling systems and switchyards, leading to 
significant cost savings [1]. The high operating temperatures achievable with HTGRs also enable applications 
beyond electricity, such as providing process heat for industrial operations or for hydrogen production, further 
diversifying their utility in a decarbonizing economy [1]. 

Several Southeast Asian nations are actively exploring or reintroducing nuclear energy, with a specific focus on 
SMRs. Singapore, despite its small land area and high reliance on natural gas (95%), is considered an ideal model 
for SMR deployment due to their compact size, safety, and adaptability to urban environments [1]. Malaysia is 
re-evaluating nuclear power, initially focusing on SMRs for remote locations [1]. Indonesia, with significant 
uranium and nuclear material reserves, plans for its first nuclear power plant by 2032-2033, with SMRs under 
consideration [1]. The Philippines aims for 1,200 MW of nuclear capacity by 2032, scaling up to 4,800 MW by 
2050, with NuScale and ThorCon SMRs in discussion.1 Vietnam's revised Power Development Plan 8 (PDP8) 
targets nuclear power operation between 2030-2035, with an additional 8,000 MW by 2050, and explicitly focuses 
on new-generation nuclear power and SMRs [1]. Thailand also envisions nuclear contributing to its energy mix 
by 2037 with two 300 MW SMR units [1]. 

The following Table 2 provides a snapshot of the global and ASEAN SMR development and deployment status. 

 

Table 2. Global and ASEAN SMR Development and Deployment Status (2024-2025). 

Region / Country SMR Status & Activities 

Global Over 80 SMR designs are under development across 19 countries. China and 
Russia have operational SMRs. Molten Salt Reactors (MSRs) are nearing 
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deployment readiness, with projects aiming for the mid-2030s. 

Russia Operates a commercial floating nuclear power plant since 2020. 

China HTR-PM, a high-temperature gas-cooled reactor (HTGR), began commercial 
operation in December 2023. TMSR-LF1, a thorium-fueled molten salt reactor, 
achieved full power operation in October 2023. 

Singapore Ideal model for SMR deployment due to small land area, high reliance on 
natural gas, and the reactors' compact size and safety. 

Malaysia Re-evaluating nuclear power, initially focusing on SMRs for remote locations. 

Indonesia Plans for its first nuclear power plant by 2032-2033, with SMRs under 
consideration. 

Philippines Aims for 1,200 MW of nuclear capacity by 2032, scaling to 4,800 MW by 2050, 
with NuScale and ThorCon SMRs in discussion. 

Vietnam Revised Power Development Plan 8 (PDP8) targets nuclear power operation 
between 2030-2035 and an additional 8,000 MW by 2050, specifically focusing 
on new-generation nuclear power and SMRs. 

Thailand Envisions nuclear contributing to its energy mix by 2037 with two 300 MW 
SMR units. 

 

2.3. Addressing deployment hurdles 
Despite their significant advantages, SMR deployment faces several challenges that require careful navigation. 
Regulatory hurdles are prominent, as each new SMR design necessitates rigorous testing and validation to prove 
safety and performance [1]. Licensing processes are complex and lengthy, often requiring new frameworks for 
novel designs and multi-module configurations.1 Regulators worldwide are still in the process of developing clear 
pathways for SMR licensing, including standardization of factory-built modules and adaptation of emergency 
planning for smaller, distributed reactors [1]. Predictability in licensing timelines is crucial for project economics 
[1]. The IAEA's Nuclear Harmonization and Standardization Initiative (NHSI) is actively working to accelerate 
the deployment of advanced reactors, including MSRs, through harmonized regulatory approaches and industrial 
standardization [1]. Some nations, like Thailand, are even exploring single-step nuclear licensing to accelerate 
SMR adoption [1]. 

Public acceptance remains a critical barrier. While surveys suggest low awareness of SMRs, there is generally 
high acceptability among those familiar with nuclear power, particularly among people living near existing nuclear 
plants [1]. However, public perception can be influenced by concerns over safety risks, waste management, and 
security, often leading to "Not In My Backyard" (NIMBY) opposition [1]. Historical anxieties surrounding nuclear 
energy, such as the renaming of Nuclear Magnetic Resonance Imaging (NMRI) to MRI, illustrate the sensitivity 
of public opinion [1]. Overcoming this requires transparent engagement, addressing concerns about waste storage, 
and ensuring equitable distribution of benefits and risks [1]. 

Establishing a specialized and qualified supply chain at scale is another significant challenge [1]. The economic 
viability of SMRs depends on factory fabrication of critical components, necessitating new or repurposed 
manufacturing facilities that meet stringent nuclear quality standards [1]. Ensuring quality control and 
standardization across multiple factories and assembly sites adds complexity [1]. Additionally, some SMRs utilize 
novel fuels, presenting challenges in management experience and waste disposal, particularly as most Asian 
nations cannot consider nuclear waste recycling due to non-proliferation concerns [1]. 

The inherent design of SMRs, emphasizing factory fabrication and economies of series production, suggests a 
significant opportunity for industrial revitalization and economic diversification. Unlike traditional, bespoke large-
scale nuclear plants, the modular nature of SMRs implies a shift towards advanced manufacturing processes for 
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their components [1]. This transition necessitates the development of new, high-tech manufacturing facilities and 
a skilled workforce to operate them, fostering growth in the new industrial sector. Furthermore, the potential to 
repurpose existing infrastructure from retiring coal plants, such as cooling systems and switchyards, offers a 
pathway for economic transition in communities historically reliant on fossil fuel industries [1]. This approach 
can mitigate job losses and leverage existing assets, providing a just transition. The ability of certain SMR 
designs, like HTGRs, to provide process heat for industrial operations or hydrogen production extends their 
utility beyond mere electricity generation, opening new avenues for industrial applications and fostering broader 
economic development [1]. This positions SMR deployment not just as an energy solution, but as a strategic tool 
for industrial policy and regional economic transformation. 

The successful and widespread deployment of SMRs in ASEAN is critically dependent on a concerted regional 
effort to harmonize regulatory frameworks and licensing processes. With multiple ASEAN countries actively 
exploring or committing to SMRs, fragmented and non-standardized national regulations will inevitably increase 
costs and complexity for SMR vendors.1 Requiring unique licensing and adaptation for each country would negate 
the inherent "economies of series production" advantage that SMRs are designed to achieve [1]. Therefore, a 
unified, predictable, and larger market, facilitated by regulatory harmonization efforts such as those championed 
by the IAEA's NHSI, is essential to accelerate regional adoption and make SMRs a truly cost-effective solution 
across Southeast Asia [1]. This implies that national energy policies must increasingly align with regional 
standards to unlock the full economic and environmental benefits of SMR technology. This also presents a unique 
opportunity for Singapore, given its role as a financial and regulatory gateway, to lead in developing these 
harmonized frameworks, thereby facilitating broader regional energy security and integration. 

Overcoming public acceptance challenges for SMRs in ASEAN requires a strategic narrative that highlights their 
direct contribution to energy equity and local socio-economic development. While abstract fears regarding nuclear 
safety and waste management often fuel opposition, familiarity and direct experience with the tangible benefits 
of energy access can significantly improve public perception.1 If SMR deployment is explicitly linked to 
improvements in quality of life, creation of economic opportunities, and enhanced dignity in underserved rural 
areas, it can fundamentally shift public sentiment. Framing SMRs as a solution to energy poverty and a tool for 
equitable development, rather than solely as a large-scale industrial project, has the potential to transform "Not 
In My Backyard" opposition into community support, fostering a "Now In My Backyard" mentality through 
demonstrated, equitable development. 

 

3. DIGITAL INFRASTRUCTURE INTEGRATION: FUELING THE AI 
REVOLUTION 

3.1. The surging energy demands of hyperscale data centers and AI workloads 
The rapid expansion of digital infrastructure, particularly hyperscale data centers and Artificial Intelligence (AI) 
workloads, is a primary driver of increasing energy demand across Southeast Asia. Hyperscale data centers, which 
house tens of thousands of servers, consume substantial power, typically ranging from 20 to 100 megawatts 
(MW)—an amount sufficient to power a small city.1 AI workloads are exceptionally energy-intensive; for example, 
the training of GPT-4 consumed approximately 62.3 GWh of electricity over 100 days, comparable to the annual 
energy usage of about 5,800 average U.S. homes [1]. Furthermore, AI servers draw significantly more power per 
rack (over 50 kW) compared to traditional enterprise workloads (around 1 kW) [1]. 

Projections indicate a dramatic surge in data center electricity demand in Southeast Asia. Ember projects an 
increase from 9 TWh in 2024 to 68 TWh by 2030 [1]. Bain & Company and Temasek project data center energy 
demand to grow by 19% annually, from 2.6 GW in 2025 to 6.5 GW by 2030 [1]. Malaysia is expected to become 
ASEAN's fastest-growing data center hub, with power demand reaching 68 TWh by 2030, accounting for 30% of 
its national power consumption [1]. This growth in Malaysia alone is projected to surpass Singapore's total power 
use in 2023 [2]. The IEA forecasts that Southeast Asia's data center electricity use will nearly double by 2030 
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compared to 2024 levels [3]. As of February 2025, Singapore already ranks as the world's fifth-largest data center 
market and the leading hub in Southeast Asia, with 1 GW of operational data center capacity [2]. 

The environmental implications of this unchecked digital growth on fossil-fuel-heavy grids are significant. This 
rapid expansion risks increasing emissions and locking in fossil-fuel infrastructure, making it more challenging for 
countries to meet climate targets [].1 For instance, Malaysia's rapid data center growth could drive a sevenfold 
increase in emissions, from 5.9 MtCO2e in 2024 to 40 MtCO2e in 2030, representing the highest projected increase 
among ASEAN countries [1]. Indonesia's data center power sector emissions are expected to quadruple (an 
increase of 13 MtCO2e), while the Philippines' emission growth is projected to rise by 14 times, from 0.8 MtCO2e 
in 2024 to 10.5 MtCO2e by 2030.3 The slower pace of decarbonization in the power sector raises concerns about 
the surging electricity demand and associated emissions [3]. 

The following Table 3 provides a detailed look at the projected data center energy demand in key ASEAN 
economies. 

Table 3. Projected data center energy demand in key ASEAN economies (2024-2030). 

Economy Data Center Energy 
Demand 2024 (TWh) 

Data Center Energy 
Demand 2030 (TWh) 

Projected Increase in 
Emissions (2024-2030) 

Malaysia 9 68 7x increase (from 5.9 
MtCO2e to 40 MtCO2e) 

Indonesia 6.7 26 Quadruple (+13 MtCO2e) 

Philippines 1.1 20 14x increase (from 0.8 
MtCO2e to 10.5 MtCO2e) 

Singapore 5 8.4 Relatively stable 

Thailand 2.4 6 Relatively stable 

Vietnam 0.7 1.2 Minimal growth 
 

3.2. Synergistic integration with clean energy sources 
Meeting the continuous, high-quality, and increasingly zero-carbon electricity demands of data centers is a critical 
challenge, especially given the slow pace of grid decarbonization in many emerging economies.1 Traditional grids 
often struggle with the intermittent nature of renewables like solar and wind, which are insufficient for the 24/7 
continuous power required by data centers without scalable and cost-effective energy storage systems [1]. 

There is, however, a transformative opportunity for data centers to drive the clean energy transition by 
demanding clean power and investing in innovative energy solutions [1]. Some companies are exploring co-location 
of data centers with renewable energy generators [1]. Microgrids are emerging as a flexible and cost-effective 
solution for powering data centers, allowing for phased approaches and integration of diverse energy resources, 
including SMRs and batteries [1]. For example, a multi-year scenario modeled by Xendee showed significant 
operating savings and emissions reductions by integrating a 38-MW SMR into a grid-connected microgrid for 
data centers by 2035 [1]. Direct connection of data centers to nuclear power plants represents another model for 
securing reliable, carbon-free baseload power, as seen with AWS and Talen's Susquehanna plant [1]. Microsoft 
has also partnered with microgrid providers to power its data centers during grid outages and is purchasing 
energy from a restarted nuclear unit.1 Google and Kairos Power have publicized a collaboration to deploy 500 
MW of advanced nuclear power by 2035, with the first deployment by 2030, specifically to supply 24/7 clean 
electricity to Google data centers [11]. SMRs, with capacities up to 300 MW, can power larger data center 
campuses without extensive supporting infrastructure [10]. 

AI itself can play a crucial role in optimizing energy management for smart grids, improving efficiency, and 
integrating renewables.1 AI-driven predictive analytics can forecast energy demand and optimize grid 
performance, guiding investment decisions for renewable energy projects.1 The integration of SMRs with AI-



JOURNAL of NUCLEAR and Related TECHNOLOGIES, Vol. 23, No.1, January-June 2026 

24 

 

ready data centers provides a reliable, carbon-neutral baseload power source that can support the region's digital 
growth without exacerbating carbon emissions.1 

Hyperscale data centers, particularly those supporting AI workloads, require an immense and continuous power 
supply, a demand that is projected to grow dramatically in the coming years [1]. This consistent, high-volume, 
24/7 power requirement makes data centers ideal "anchor loads" for new, large-scale clean energy infrastructure. 
Such predictable demand significantly reduces the financial risk for developers of new baseload power plants, 
ensuring a stable revenue stream and justifying the substantial capital investment required for projects like SMRs 
[1]. This contrasts sharply with intermittent renewable sources, which necessitate expensive and complex energy 
storage systems to meet continuous demand [1]. The models of direct connection and co-location of data centers 
with nuclear power plants exemplify this symbiotic relationship, where the digital sector's energy needs directly 
enable the deployment of reliable, carbon-free generation[1].  This transforms data centers from mere energy 
consumers into a primary economic driver for accelerating the decarbonization of the grid. 

The escalating energy demands of AI and hyperscale computing are compelling a re-evaluation of what constitutes 
"green" energy for the digital sector. While tech giants are rapidly expanding data centers and governments seek 
sovereign data hosting, the availability of truly green energy options remains constrained, often relying on fossil 
fuel-heavy grids that contribute to significant emissions increases [1]. The demand is shifting towards continuous, 
high-quality, and increasingly zero-carbon electricity [1]. This implies that simply purchasing Renewable Energy 
Certificates (RECs) or relying on intermittent renewables that may still be backed up by fossil fuels is becoming 
insufficient for the robust "green" claims of major digital players. The need for uninterrupted, reliable power, 
which intermittent sources alone cannot provide without costly and energy-intensive storage solutions, creates a 
strong market pull for baseload, carbon-free sources like advanced nuclear [1]. This market dynamic is pushing 
the digital infrastructure industry towards more robust and continuous clean energy solutions that go beyond 
simple carbon offsetting, driving a deeper commitment to genuine decarbonization. 

 

4. REGIONAL ENERGY INTERCONNECTION: FORGING A UNIFIED 
ASEAN GRID 

4.1. The role of centralized energy trading hubs 
The vision for a clean and resilient energy future in ASEAN heavily relies on robust regional energy 
interconnection, facilitated by centralized energy trading hubs. Singapore, a land-scarce city-state with over 93% 
reliance on natural gas imports for electricity generation, exemplifies a strategic approach to enhancing energy 
resilience through regional collaboration [1]. Singapore aims to reduce its gas dependence and significantly increase 
clean energy imports, with plans to boost solar capacity to 2 GW and build up to 4 GW of interconnections to 
import clean electricity from neighboring countries like Indonesia, Vietnam, and Cambodia by 2030, targeting 
40% renewable generation by 2035 [1]. Singapore's financial strength and strategic positioning make it well-suited 
to lead and fund renewable projects in the region, facilitating multilateral power trade and resource sharing across 
ASEAN [1]. 

The Energy Market Authority (EMA) in Singapore is actively formalizing initiatives to enhance cross-border 
electricity trade and cooperation based on renewable sources [1]. This includes issuing Requests for Proposals 
(RFPs) for electricity imports, granting conditional approvals for importing 1 GW from Cambodia and 2 GW 
from Indonesia, and conducting pilot projects for hydropower imports from Lao PDR via Thailand and Malaysia 
[1]. Singapore is also developing a framework to recognize Renewable Energy Certificates (RECs) from cross-
border electricity trading, aiming to increase the viability of costly cross-border projects and serve as a model for 
other regions [1]. Bilateral agreements are deepening, such as the MOUs between Indonesia and Singapore to 
export 3.4 GW of low-carbon power by 2035, sourced from solar power plants in Indonesia's Riau Islands [1]. 
Similarly, Singapore and Vietnam have signed agreements to facilitate cross-border electricity trade, including 
import of low-carbon energy via subsea cables, with a target of approximately 2 GW by 2035.1 Malaysia has also 
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approved cross-border sales of renewable energy to neighboring countries through a renewable energy exchange 
mechanism (CBES RE Scheme), with a pilot scheme to auction 100MW to Singapore [1]. 

The ASEAN Power Grid (APG) is a long-standing regional initiative to link electricity systems across all ten 
ASEAN member states, aiming to enhance energy security, support renewable energy use, and strengthen 
economic integration [1]. While progress has been slow, with trade largely limited to bilateral arrangements, 
projects like the Lao-Thailand-Malaysia-Singapore Power Integration Project (LTMS-PIP) demonstrate the 
potential for multilateral trade [1]. The APG envisions 27 cross-border interconnections, with 13 already 
completed, totaling 5.2 GW capacity [1]. Key priority links include Laos-Vietnam, Sarawak-West Kalimantan, 
and Singapore-Indonesia [1]. The full realization of the APG is projected to require a minimum of USD 100 billion 
by 2045 for transmission infrastructure alone [1]. 

 

The following Table 4 details some of the major cross-border electricity trade initiatives in ASEAN: 

Table 4. Major Cross-Border Electricity Trade Initiatives in ASEAN. 

Initiative / Project Description Target / Status (as of 2024-2025) 

ASEAN Power Grid 
(APG) 

A long-term initiative to link 
electricity systems across all ten 
ASEAN member states to enhance 
energy security and integration. 

13 of 27 priority interconnections are 
completed, with a total capacity of 
5.2 GW. Full realization is projected 
to require over USD 100 billion by 
2045. 

Lao-Thailand-
Malaysia-Singapore 
Power Integration 
Project (LTMS-PIP) 

A "pathfinder" project for 
multilateral power trade, 
demonstrating the feasibility of 
cross-border electricity flows 
involving multiple countries. 

Began in 2022, with Singapore 
importing up to 100 MW of renewable 
hydropower from Laos via Thailand 
and Malaysia. The second phase, 
commencing in 2024, is set to double 
the capacity to 200 MW. 

Singapore-Indonesia 
Interconnection 

Bilateral agreements to facilitate the 
export of low-carbon electricity from 
Indonesia to Singapore. 

Agreements have been signed to 
export 3.4 GW of low-carbon power, 
primarily from solar plants in 
Indonesia's Riau Islands, by 2035. 

Singapore-Vietnam 
Interconnection 

Bilateral agreements for cross-border 
electricity trade, primarily for low-
carbon energy. 

Agreements are in place to facilitate 
the import of approximately 2 GW of 
low-carbon electricity from Vietnam 
by 2035 via subsea cables. 

Initiative / Project Description Target / Status (as of 2024-2025) 

 

Singapore's unique energy vulnerability, stemming from its land scarcity and high reliance on natural gas imports, 
serves as a powerful impetus for its proactive engagement in cross-border clean energy initiatives[1]. This strategic 
necessity positions Singapore not merely as a consumer of imported energy but as a pivotal "green energy gateway" 
for the entire ASEAN region. By setting ambitious targets for clean electricity imports and actively formalizing 
bilateral agreements with neighboring countries, Singapore acts as a significant demand center and a crucial 
financial facilitator for large-scale renewable energy projects across Southeast Asia [1]. This dynamic creates a 
powerful economic incentive for its neighbors to develop their renewable energy potential, knowing there is a 
reliable market and financial backing. However, this also means that Singapore's own energy security and 
decarbonization goals become increasingly interdependent on the successful energy development and political 
stability of its regional partners. This fosters a stronger incentive for mutual cooperation and shared prosperity, 
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as Singapore's resilience is directly tied to the success of its partners in building out their clean energy 
infrastructure. 

4.2. Leveraging blockchain for transparent energy provenance and trading 
The integration of a pan-ASEAN clean energy trading platform, unified and balanced with blockchain for power 
provenance, is a critical component of the integrated solution. Blockchain, as a decentralized digital ledger, offers 
inherent transparency, immutability, and security for recording transactions.1 This technology can significantly 
enhance the efficiency, transparency, and integration of renewable energy in peer-to-peer (P2P) trading systems.1 
By providing accurate, tamper-proof records, blockchain mitigates transmission and distribution losses by 
enhancing accountability and auditability.1 Its distributed nature reduces reliance on single points of failure and 
central authorities, fostering energy democracy and trust.1 

Blockchain's applications in the energy sector are diverse and impactful. It can certify the origin of renewable 
energy through verifiable certificates, allowing consumers and companies to confirm sustainable sourcing and 
increasing the credibility of green claims [1]. This is particularly relevant for Power Purchase Agreements (PPAs) 
based on renewable assets, which often require certification of 100% green sources [1]. Examples include 
Iberdrola's pilot project guaranteeing 100% renewable energy supply using blockchain to trace energy from plants 
to consumption points.1 Blockchain also facilitates P2P energy trading, enabling households with rooftop solar 
to sell surplus electricity directly to neighbors, reducing dependence on centralized utilities.1 Projects like the 
Brooklyn Microgrid and ME SOLShare in Bangladesh demonstrate how blockchain empowers communities to 
produce, trade, and consume energy domestically[1]. For wholesale energy trading, platforms like Enerchain offer 
services to energy traders, streamlining data communication and potentially creating new decentralized 
markets[1]. 

Furthermore, blockchain-based platforms can track carbon footprints and offset emissions using tokenized carbon 
credits, providing immutable records that reduce double-counting and improve carbon market credibility.1 
Integration with AI and smart contracts can enhance operational efficiency, as demonstrated by Microsoft and 
Flexidao's project matching offshore wind output with data center consumption, preventing double-counting and 
maximizing synchronicity scores.1 Blockchain also aids in integrating distributed energy resources (DERs) like 
home batteries and EV chargers into smart grids, supporting efficient load balancing and demand response.1 

The following Table 5 outlines the key benefits of blockchain technology in enhancing energy provenance and 
trading: 

 

Table 5. Benefits of blockchain technology in energy provenance and trading. 

Benefit Category Description 

Transparency & Immutability Creates a tamper-proof, verifiable digital ledger of all energy 
transactions, preventing fraud and increasing trust among 
stakeholders. It also certifies the origin of renewable energy with 
verifiable certificates. 

Efficiency Reduces transaction costs and streamlines processes by 
eliminating the need for intermediaries through automated smart 
contracts. It also aids in preventing double-counting of carbon 
credits. 

Decentralization Empowers a peer-to-peer (P2P) trading model, allowing 
individuals to buy and sell surplus energy directly. This reduces 
reliance on single central authorities and fosters energy 
democracy. 

Carbon Market Credibility Provides an immutable record for tracking carbon footprints and 
tokenized carbon credits, ensuring that carbon offset claims are 
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accurate and verifiable. 

Grid Integration & 
Management 

Facilitates the integration of Distributed Energy Resources 
(DERs), such as home batteries and EV chargers, into smart grids 
to support efficient load balancing and demand response. 

 

Blockchain technology can serve as a critical "trust layer" that bridges the institutional and technical gaps within 
ASEAN's diverse energy landscape. The region's energy market is characterized by significant political, technical, 
and financial hurdles, including differing grid codes, power market structures, and governance frameworks across 
countries [1]. This fragmentation inherently leads to a lack of trust and standardization, complicating cross-
border energy flows. By providing a common, verifiable, and tamper-proof ledger for energy transactions, origin 
(through RECs), and carbon attributes, blockchain directly addresses these challenges. It can significantly reduce 
transaction costs, prevent issues like double-counting of renewable energy credits, and build confidence among 
diverse stakeholders, including governments, utilities, and private companies.1 This capability allows blockchain 
to effectively standardize and streamline complex multi-jurisdictional energy flows, accelerating the transition 
towards a truly unified and transparent regional energy market. 

4.3. Pathways to enhanced regional integration 
Despite the clear benefits of regional energy integration, several challenges persist. These include political, 
technical, and particularly financial hurdles [1]. The region's grid infrastructure remains underdeveloped for 
effectively integrating variable renewable sources like solar and wind [1]. Technical and institutional barriers arise 
from differing grid codes, power market structures, and governance frameworks across countries, complicating 
seamless cross-border energy trade [1]. 

To address financial constraints and catalyze investment, the ASEAN Power Grid Financing Facility (APGF) 
was launched in 2025 by ASEAN, the Asian Development Bank (ADB), and the World Bank [1] This dedicated 
platform supports cross-border transmission projects from early feasibility to construction, aiming to unlock 
regional grid integration through more coordinated, predictable, and accessible financing [1]. Standardized legal 
frameworks, such as model power purchase agreements and wheeling charge protocols, are crucial to reduce 
transaction costs and attract private sector participation [1]. Opportunities lie in developing harmonized bilateral 
trade models, introducing secondary and primary trading models, and fostering a "regional co-ordinator" 
institution [1]. Studies suggest that the economic potential of regional power integration is substantial, with 
potential savings for ASEAN of up to US$800 billion by allowing cleaner, cheaper power to flow across borders 
[1]. 

The realization of a robust, interconnected ASEAN Power Grid, vital for regional energy security and 
decarbonization, is fundamentally constrained by financing. The APG's immense capital requirement, projected 
at a minimum of USD 100 billion by 2045 for transmission infrastructure alone, combined with existing significant 
financing gaps in ASEAN countries (e.g., Indonesia and Vietnam facing 70-90% gaps for their energy transition 
targets), necessitates a departure from traditional funding models [1]. The launch of the APGF and the proposed 
hybrid capital strategy, blending private equity, sovereign green funds, and philanthropic seed capital, represent 
a strategic shift [1]. Public and philanthropic funds are crucial not just for direct investment but, more 
importantly, for strategically de-risking projects, thereby making them attractive to larger pools of private 
commercial capital that are often risk-averse in emerging markets [1]. This blended finance approach is emerging 
as the critical enabler to unlock the scale of investment required for these large-scale, complex, and high-impact 
regional energy infrastructure projects, setting a precedent for how energy transitions in developing regions can 
be funded. 
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5. ENERGY EQUITY: BRIDGING THE URBAN-RURAL DIVIDE 
5.1. The transformative impact of decentralized energy systems 
The pursuit of energy equity is a foundational principle for a sustainable ASEAN future, rooted in the belief that 
"Energy is not just infrastructure. It's dignity" [1]. Decentralized energy systems, particularly in developing 
regions, offer a powerful means to provide first-time access to electricity, fundamentally transforming lives and 
enabling robust economic development [1]. This approach directly addresses the pervasive urban-rural geographic 
inequity in energy access, where remote and underserved communities often lack reliable power [1]. Access to 
stable, reliable power leads to significant improvements in quality of life, including enhanced health outcomes 
due to refrigeration of medicines, improved educational opportunities as children can study at night, and 
expanded economic opportunities through the establishment of local businesses and improved agricultural 
productivity [1]. 

Rural energy poverty is often characterized by a complete lack of access to modern energy solutions, or by 
unaffordable, unreliable, and intermittent supply where connections do exist [33]. Decentralized solutions, such 
as solar home systems, microgrids, and biomass energy, are uniquely suited to these contexts, as they can be 
tailored to local resources and needs, bypassing the limitations and high costs of extending centralized grid 
infrastructure to remote areas [33]. The focus on tangible solutions requires a deep appreciation of these 
disparities, acknowledging the distinct contexts, needs, and constraints of both urban and rural energy landscapes 
[33]. Effective solutions must be tailored, context-specific, and prioritize equitable energy access for all, ensuring 
that energy is available, affordable, reliable, and sustainable [33]. 

5.2. Scalable solutions for rural electrification 
Successful mini-grid and off-grid projects in developing regions provide compelling evidence of the transformative 
power of decentralized energy. In India, a 10 KW biomass plant in Kasai village, managed by the local community, 
demonstrably stemmed rural migration and tripled agricultural production due to the availability of irrigation. 
It also enabled milk to become marketable and facilitated the setup of a flour mill, leading to a household water 
piping system [1]. Similarly, on Gosaba island, a biomass plant provided electricity that allowed students to study 
at night, improving exam results, and enabled the establishment of small-scale factories for boat repairs, welding, 
and spice-grinding. The availability of electricity also allowed for the use of electric pumps for irrigation, access 
to cable television, and the opening of computer training centers [1]. In Nigeria, a solar mini-grid project provided 
reliable electricity for over 200 households and businesses in Gbamu Gbamu, replacing hazardous kerosene lamps 
and diesel generators [34]. These examples illustrate how even small-scale decentralized energy solutions can 
significantly improve livelihoods, create local jobs, enhance educational opportunities, and foster new economic 
activities in underserved areas [1]. 

The modular nature and lower cooling water requirements of SMRs make them suitable for siting in remote areas, 
including those with limited water resources, thus extending the reach of reliable power to communities 
traditionally underserved by large-scale grid infrastructure [1]. While national plans for SMR development often 
focus on technical aspects and large-scale grid integration, there is a growing recognition of their potential for 
addressing urban-rural energy equity [1]. 

Decentralized energy systems, including mini-grids and advanced modular nuclear technologies, are powerful 
drivers of social inclusion and economic empowerment in remote and underserved communities. By providing 
direct, reliable access to electricity, these systems enable a range of socio-economic improvements that extend far 
beyond mere power provision. For instance, increased productivity in agriculture and small businesses, improved 
health outcomes due to refrigeration of medicines, enhanced safety from replacing hazardous lighting sources, and 
expanded educational opportunities are all direct consequences of stable energy access [1].  Furthermore, the 
ability of local communities to manage and even own these decentralized systems fosters a sense of empowerment 
and can stem rural-to-urban migration by creating viable economic opportunities locally [1]. This approach 
fundamentally transforms the relationship between energy infrastructure and community well-being, 
demonstrating how energy access is directly linked to human dignity and sustainable development. 
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Effective policy frameworks for energy equity must extend beyond simply increasing megawatts of generation 
capacity to encompass a holistic approach to development. While traditional energy planning often focuses on 
large-scale grid extensions, the unique challenges of rural and remote areas necessitate tailored solutions [33]. 
Policies need to recognize and support the multi-dimensional impacts of decentralized energy, considering 
improvements in gender equality, education, health, and local employment as key metrics of success, not just 
energy consumption figures [31]. This requires innovative financing instruments, particularly concessional funding 
and grants, to de-risk projects in areas with low electricity access and limited existing infrastructure, where 
traditional capital returns are low [39]. Moreover, policy frameworks should actively encourage community 
participation in energy planning and management, fostering local ownership and ensuring that solutions are 
culturally appropriate and sustainable in the long term [33]. By adopting a more comprehensive understanding 
of the socio-economic benefits and tailoring financial and regulatory support accordingly, policymakers can 
accelerate universal energy access and foster inclusive, sustainable development across ASEAN. 

 

6. STRATEGIC APPROACHES FOR INTEGRATED SOLUTIONS 
The integrated solutions framework for powering ASEAN's clean future is underpinned by several strategic 
approaches designed to maximize efficiency, attract diverse capital, and ensure broad regional impact. 

6.1. Vertically integrated clean power + digital infrastructure model 
The proposed model involves building the first vertically integrated clean power and digital infrastructure 
company in Southeast Asia. This approach entails controlling multiple stages of the energy supply chain, from 
generation (SMRs) to transmission and distribution, and integrating it directly with digital infrastructure such 
as data centers and energy trading platforms [1]. 

The theoretical benefits of vertical integration in the energy industry are substantial. It allows companies to 
synchronize supply and demand more effectively, reduce transaction costs, and lower uncertainty across the value 
chain, potentially leading to higher investment [1]. For this integrated model, this translates to direct control 
over energy generation from SMRs and its direct application to high-demand digital infrastructure like hyperscale 
data centers, minimizing transmission losses and maximizing operational control [1]. This approach treats energy 
and digital infrastructure as unified projects rather than separate developments, which can significantly reduce 
interconnection timelines and streamline project execution [1]. 

However, vertical integration can also present challenges. It may inhibit interoperability between different 
technologies and discourage competition, or require a high degree of competition or regulation to ensure 
competitive product development [1]. Despite these potential drawbacks, the model offers significant benefits in 
ensuring continuous, high-quality, and increasingly zero-carbon power supply for critical digital infrastructure. 

The direct control over both energy generation and its application to high-demand digital infrastructure, such as 
hyperscale data centers, allows for a unique synergy that can accelerate deployment. By treating energy and 
digital infrastructure as unified projects rather than separate developments, the integrated model can significantly 
minimize transmission losses and maximize operational control [1]. This streamlined approach can also 
substantially reduce interconnection timelines, as the complexities typically associated with coordinating between 
distinct energy producers and digital consumers are internalized. This allows for a more agile and efficient 
deployment of critical infrastructure, ensuring that the rapidly growing energy needs of the digital economy are 
met with a reliable and clean power supply. 

6.2. Hybrid capital strategy 
The integrated solutions framework plans to blend private equity, sovereign green funds, and philanthropic seed 
capital for its funding [1]. This hybrid approach acknowledges the significant financial requirements and inherent 
risks associated with large-scale clean energy projects, particularly in developing regions. 

Southeast Asia requires substantial investment to meet its energy transition goals. Annual clean energy financing 
across the region must increase fivefold, reaching $190 billion by 2035, to support transmission, interconnection, 
and systems infrastructure.1 The region currently faces a significant financing gap; for instance, Indonesia's Just 
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Energy Transition Partnership (JETP) has $20 billion committed but still faces a 70% gap to achieve its targets, 
needing $67 billion for over 400 priority power sector projects by 2030 [1]. Vietnam faces a nearly 90% financing 
gap for its $135 billion energy transition needs by 2030 [1]. 

Private equity firms are increasingly active in Southeast Asia's infrastructure sector, particularly in digital 
infrastructure and renewable energy [1]. Sovereign green funds, such as those leveraged by the Asian Development 
Bank (ADB) and the ASEAN Catalytic Green Finance Facility (ACGF), play a crucial role in mobilizing public 
and private finance for climate commitments and strengthening project pipelines [1]. Philanthropic capital, while 
not a large asset class itself, serves as a powerful catalytic tool to unlock critical investments by addressing market 
failures and paving the way for institutional investors [1]. Initiatives like the World Economic Forum's GAEA 
(Giving to Amplify Earth Action) aggregate significant philanthropic and impact capital to pivot into climate 
and nature solutions [1]. This blended finance approach is crucial for de-risking investments and mobilizing 
commercial capital, especially in developing countries where clean energy projects often face higher capital costs 
[1]. 

Philanthropic and public capital play a crucial catalytic role in mobilizing the vast sums of commercial capital 
required for large-scale clean energy projects in developing countries. These projects often face higher perceived 
risks and lower rates of return, making them less attractive to traditional private investors [1]. Philanthropic seed 
capital and sovereign green funds can strategically de-risk these investments by providing initial funding, 
absorbing early-stage development costs, and demonstrating project viability [1]. This de-risking function, coupled 
with the long-term vision and patient capital typically associated with public and philanthropic funds, creates a 
more favorable environment for private equity and other commercial investors to enter the market [1]. By bridging 
the financing gap and addressing market failures, this blended finance approach is essential for unlocking and 
scaling clean energy solutions in regions like ASEAN that are critical for global decarbonization. 
 

6.3. Pan-ASEAN footprint and regional partnerships 
The integrated solutions framework is designed for scalability across all ten ASEAN member nations, relying on 
strong regional partnerships [1]. This pan-ASEAN footprint is essential for addressing the diverse energy needs 
and geographical complexities of the region, from land-scarce city-states to archipelagic nations and remote rural 
communities.1 

Effective regional power integration requires collaborative governance, particularly in harmonizing regulations 
and fostering shared expertise. Despite efforts, progress in regional power integration is often hindered by a lack 
of harmonized regulations, interoperable technical standards, and trusted mechanisms for data sharing [1]. 
Overcoming these barriers requires strong political will, innovative financing, and aligned regulations to catalyze 
energy transition and economic competitiveness [1]. Singapore, for instance, is actively building its expertise in 
nuclear energy safety and research, signaling its readiness to engage in international nuclear dialogues and 
collaborations [1]. The IAEA's Nuclear Harmonization and Standardization Initiative (NHSI) is actively looking 
at how to speed up the deployment of advanced reactors through harmonized regulatory approaches and 
industrial standardization [1]. Collaborative governance, through shared policy frameworks and technical 
standards, is crucial for unlocking the full potential of cross-border energy projects and ensuring a cohesive, 
secure, and resilient regional energy bloc. 

 

7. CONCLUSIONS AND FUTURE OUTLOOK 
Southeast Asia stands at a critical energy crossroads, where the imperative of rapid digital transformation collides 
with the challenges of unreliable, fossil fuel-dependent grids and a persistent energy access gap. The analysis 
presented herein demonstrates that a fragmented, business-as-usual approach to energy development is 
insufficient to meet the region's escalating demands and ambitious decarbonization targets. Instead, a 
comprehensive, integrated framework is essential to forge a clean, resilient, and equitable energy future for 
ASEAN. 
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The core of this integrated solution lies in the strategic deployment of advanced nuclear technologies, particularly 
Small Modular Reactors (SMRs). SMRs, with their inherent safety features, modularity, and flexible siting 
capabilities, are uniquely positioned to provide the stable, carbon-free baseload power required by hyperscale 
data centers and the broader digital economy. Their potential to replace retiring coal plants and provide process 
heat for industrial applications further underscores their versatility. While regulatory harmonization, public 
acceptance, and supply chain development remain critical hurdles, the increasing national commitments to 
nuclear power across ASEAN signal a growing recognition of SMRs as a vital component of the energy mix. 

The symbiotic relationship between digital infrastructure and clean energy emerges as a powerful accelerator for 
this transition. Hyperscale data centers, far from being mere energy burdens, can serve as anchor loads for new 
baseload clean energy projects, providing the stable demand necessary to de-risk significant capital investments. 
This dynamic is also reshaping the definition of "green" energy for the digital sector, driving demand for 
continuous, truly carbon-free power solutions beyond intermittent renewables alone. 

Regional energy interconnection, facilitated by centralized trading hubs and enabled by blockchain technology, 
is crucial for unifying ASEAN's diverse energy landscape. Singapore's proactive role as a "green energy gateway" 
exemplifies how strategic imports can drive regional clean energy development, fostering interdependence and 
shared prosperity. Blockchain, by providing a transparent and immutable ledger for energy provenance and 
carbon credits, can overcome the fragmentation and trust deficits inherent in a multi-jurisdictional market, 
streamlining cross-border energy trade and enhancing accountability. 

Crucially, this integrated approach extends beyond industrial and digital hubs to address energy equity. 
Decentralized energy systems, including microreactors, offer transformative potential for rural electrification, 
bridging the urban-rural divide and fostering socio-economic development in underserved communities. This 
holistic view recognizes that energy access is fundamental to dignity, creating local jobs, improving health, and 
expanding educational opportunities. 

The realization of this ambitious vision necessitates innovative financing mechanisms. The significant capital 
requirements and existing financing gaps in ASEAN underscore the critical role of a hybrid capital strategy. 
Blended finance, leveraging philanthropic and public capital to de-risk and catalyze private investment, is 
paramount for mobilizing the scale of funding required for these complex, high-impact regional projects. 

In conclusion, powering ASEAN's clean future demands a paradigm shift from siloed energy planning to a truly 
integrated approach. By strategically combining advanced nuclear technologies, digital infrastructure integration, 
regional energy interconnection, and a commitment to energy equity, ASEAN can achieve energy sovereignty, 
enhance economic competitiveness in the digital era, and lead the global transition towards a sustainable, low-
carbon future. This comprehensive framework offers a robust pathway for the region to meet its escalating energy 
demands while simultaneously achieving its climate goals and ensuring equitable access to clean, reliable power 
for all its communities. 
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