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Abstract. Southeast Asia faces explosive electricity demand growth that is pro-

jected to more than double between 2025 and 2050, while its vast renewable re-

sources remain underutilized due to severe grid fragmentation. The ASEAN Plan 

of Action for Energy Cooperation (APAEC) 2026–2030, endorsed in October 

2025, sets clear targets of 30% renewables in primary energy supply, 45% in 

installed capacity, and a 40% reduction in energy intensity, with the ASEAN 

Power Grid and 18 priority interconnection projects requiring substantial invest-

ment at its core. China’s Ultra-High Voltage (UHV) large-scale interconnected 

power grid model, featuring ±800 kV/±1100 kV DC transmission with unified 

planning and dispatching, has achieved over 56% clean energy utilization domes-

tically and demonstrated successful export through the China-Laos 500 kV pro-

ject that reached full connectivity in February 2026. Based on Balassa’s regional 

economic integration theory and the Energy Trilemma framework, this paper 

constructs a four-dimensional analysis framework (technical, economic, policy-

institutional, and green benefits) and applies net present value (NPV) and internal 

rate of return (IRR) models. Results show high feasibility with positive NPV of 

approximately USD 18.5 billion and IRR of 14.2% for benchmark projects, 

alongside projected regional GDP growth of 2.1–3.4%, avoidance of millions of 

tons of annual CO₂ emissions, and creation of over 1.45 million green jobs by 

2040. The China-Laos case study and SWOT analysis validate practical benefits 

while identifying manageable risks. Targeted countermeasures at national, enter-

prise, and multilateral levels are proposed. The study concludes that China’s 

UHV model provides a replicable “Chinese solution” that directly supports 

APAEC 2026–2030 objectives and advances ASEAN’s energy interconnection 

and carbon neutrality goals under the Belt and Road Initiative. 
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1 Introduction 

1.1 Research Background 

Southeast Asia is experiencing one of the fastest electricity demand growth trajectories 
in the world. According to the International Energy Agency, regional electricity de-
mand is projected to more than double between 2025 and 2050, with an average annual 
growth rate of approximately 4% through 2035 under current policy settings [1]. This 
surge is driven by rising incomes, rapid urbanization, industrialization, and the electri-
fication of transport and cooling systems. At the same time, the region possesses enor-
mous renewable energy potential—solar technical potential exceeding 8,119 GW and 
wind potential of 342 GW—yet existing infrastructure constraints severely limit its ex-
ploitation. Cross-border interconnection capacity currently stands at only 7.7 GW, re-
sulting in significant renewable curtailment and continued reliance on fossil fuels in 
many areas [2]. 

This infrastructure gap creates the classic “Energy Trilemma” of balancing energy 
security, affordability, and environmental sustainability. In October 2025, ASEAN
member states responded decisively by endorsing the ASEAN Plan of Action for En-
ergy Cooperation (APAEC) 2026–2030 during the 43rd ASEAN Ministers on Energy 
Meeting [3]. The plan establishes a five-year theme of advancing regional cooperation 
for energy security and decarbonization, with binding aspirational targets of 30% re-
newables in primary energy supply, 45% in installed capacity, and a 40% reduction in 
energy intensity by 2030 [3]. The accompanying ASEAN Interconnection Masterplan 
Study (AIMS III) Phase 3 identifies 18 priority cross-border projects requiring substan-
tial investment and calls for accelerated multilateral power trade [4]. 

China’s Ultra-High Voltage (UHV) large-scale interconnected power grid model of-
fers a mature technological and operational solution that aligns directly with these pri-
orities. The model features ±800 kV and ±1100 kV DC transmission lines with unified 
planning, construction, dispatching, and management. Domestically, it has constructed 
more than 45,000 km of lines that handle over 70% of inter-regional transfers with line 
losses as low as 3.5% per 1,000 km and single-circuit capacities of 6–12 GW. Clean 
energy transmission share has consistently exceeded 56%, enabling large-scale integra-
tion of distant renewables [5]. Internationally, the China-Laos 500 kV interconnection 
project achieved full physical line connectivity on 6 February 2026, with commercial 
operation scheduled for April 2026, providing 1.5 GW bidirectional capacity and ap-
proximately 3 TWh of clean electricity annually [6]. This project serves as a concrete 
demonstration of UHV export feasibility. 

1.2 Research Questions, Significance and Analytical Framework 

This study systematically evaluates whether exporting China’s UHV model can effec-
tively support Southeast Asia’s green transition. The central research question is
whether the model can be adapted to ASEAN contexts to accelerate energy intercon-
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nection and carbon neutrality goals. Three hypotheses are tested: technical and eco-
nomic dimensions exhibit high feasibility, policy and institutional frameworks enable 
smooth alignment, and green benefits generate significant positive externalities. 

The theoretical foundation integrates Balassa’s stages of regional economic integra-
tion [7] with the World Energy Council’s Energy Trilemma framework [8]. Economic 
feasibility is quantified using net present value (NPV) and internal rate of return (IRR) 
models: 

NPV =∑
Bt - Ct
(1 + r)t

n

t=0

 

where Bt includes GDP uplift and carbon externality values, Ct denotes investment
and operations costs,  r is the social discount rate (8%–10%), and n is the project hori-
zon (30 years) [9]. 

The significance of this research is both theoretical and practical. Theoretically, it 
provides the first systematic multi-dimensional evaluation of UHV model export using 
the latest 2025–2026 APAEC and AIMS III data. Practically, it offers concrete deci-
sion-making support for power design institutes and a replicable “Chinese solution” for 
ASEAN countries. (see Fig. 1). 

 

Fig. 1. Four-dimensional analysis framework 

Fig. 1 illustrates the four-dimensional analysis framework developed in this study. 
It integrates technical, economic, policy-institutional, and green benefits dimensions, 
with the core objective of supporting ASEAN energy interconnection and carbon neu-
trality goals. The framework is grounded in Balassa’s regional economic integration 
theory and the Energy Trilemma model, and is calibrated with the latest 2025–2026 
APAEC and AIMS III data. 

2 Literature Review and Theoretical Framework 

The literature on ultra-high voltage (UHV) transmission and regional power intercon-
nection has developed along three distinct streams. The first stream focuses on the tech-
nical performance and environmental benefits of UHV systems. Recent studies using 
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spatial econometric models and system dynamics simulations demonstrate that UHV 
expansion generates significant carbon-reduction spillovers and supports high-propor-
tion renewable integration under various decarbonization pathways [10][11]. These
works confirm the technological maturity of UHV but are predominantly limited to 
domestic contexts or single-country analyses. 

The second stream centers on ASEAN’s energy interconnection initiatives. Official 
publications from the ASEAN Centre for Energy form the core of this literature, out-
lining policy frameworks for multilateral power trade and identifying priority intercon-
nection routes [2][4]. Independent analyses highlight persistent challenges such as reg-
ulatory fragmentation and limited current interconnection capacity, emphasizing the 
need for enhanced regional cooperation [7]. However, most studies in this stream re-
main descriptive and rarely evaluate the potential contribution of advanced external 
technologies. 

The third stream examines China’s power infrastructure export under the Belt and 
Road Initiative. Case-based research documents technology transfer processes and ini-
tial economic outcomes of early cross-border projects, particularly the China-Laos in-
terconnection [6][12]. International assessments position these efforts as potential mod-
els for clean energy cooperation in emerging markets. Nevertheless, existing studies 
tend to be descriptive and lack systematic multi-dimensional feasibility assessment or 
rigorous economic quantification aligned with ASEAN’s strategic targets. 

This study addresses a clear research gap: the absence of a comprehensive, quanti-
fied evaluation of exporting China’s UHV model to support ASEAN’s green transition. 
It synthesizes technical, policy, and economic perspectives by introducing a four-di-
mensional analytical framework—technical adaptability, economic returns, policy-in-
stitutional alignment, and green externalities. This framework builds upon established 
theories of regional economic integration and energy trilemma while incorporating the 
latest 2025–2026 official data from APAEC and AIMS III. By doing so, the study ad-
vances beyond prior descriptive approaches to deliver systematic insights and practical 
guidance for power design institutes and regional policymakers. 

3 Overview of China’s UHV Model and Southeast Asia Energy 
Status 

China’s Ultra-High Voltage (UHV) large-scale interconnected power grid model has 
matured through two decades of systematic development. Since the first commercial 
±800 kV line was commissioned in 2009, the network has expanded into a robust back-
bone exceeding 45,000 km. This system accounts for over 70% of inter-regional elec-
tricity transfers and consistently achieves clean energy transmission shares above 56%. 
Its defining technical strengths—line losses as low as 3.5% per 1,000 km and single-
circuit capacities of 6–12 GW—have enabled efficient integration of distant hydro-
power, wind, and solar resources while maintaining grid stability under high renewable 
penetration [5]. 
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Southeast Asia presents a contrasting yet complementary energy landscape. Elec-
tricity demand is growing at an unprecedented pace, with projections indicating a dou-
bling by 2050 and annual growth rates approaching 4% through 2035 under current 
policies [1]. Although the region holds vast renewable potential, grid fragmentation 
across multiple national systems severely constrains utilization. Current cross-border 
interconnection capacity remains limited to 7.7 GW, resulting in frequent curtailment 
of hydropower, solar, and wind resources and continued dependence on fossil fuels in 
several countries [2]. 

Policy responses in the region have been both ambitious and coordinated. The
ASEAN Plan of Action for Energy Cooperation (APAEC) 2026–2030 and the ASEAN 
Interconnection Masterplan Study (AIMS III) Phase 3 have elevated regional power 
grid development to a strategic priority, identifying 18 key interconnection projects and 
calling for multilateral power trade mechanisms [3][4]. These initiatives highlight the 
urgent need for advanced transmission technologies capable of supporting large-scale 
renewable integration across diverse geographies. 

The China-Laos 500 kV interconnection project provides a practical illustration of 
UHV technology’s applicability in Southeast Asia. Following full physical line con-
nectivity in February 2026, the project has begun demonstrating bidirectional power 
flow capabilities and improved hydropower utilization rates in Laos. Early operational 
results confirm that the unified dispatching approach can effectively bridge national 
grids while delivering mutual economic and environmental benefits [6]. (see Fig. 2) 

 

Fig. 2. Projected electricity demand and generation in southeast Asia by scenario (2023–2050) 

This figure clearly illustrates the scale of future electricity demand growth across 
three policy scenarios. The widening gap between current infrastructure capacity and 
projected demand underscores the strategic importance of adopting high-capacity, low-
loss transmission solutions such as China’s UHV model to support ASEAN’s renewa-
ble energy ambitions. 
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4 Multi-Dimensional Feasibility Analysis and Case Study 

The feasibility of exporting China’s UHV model is assessed across four integrated di-
mensions, drawing on both quantitative modeling and empirical evidence. 

From a technical perspective, the ±800 kV and ±1100 kV DC technology demon-
strates strong adaptability to Southeast Asia’s complex terrain, including mountainous 
regions, islands, and sea crossings. Compatibility evaluations indicate over 95% align-
ment with AIMS III priority projects, particularly sea-cable segments. Real-world per-
formance in the China-Laos project has confirmed that actual transmission losses can 
be controlled below 4% even under challenging routing conditions [13]. 

Economically, benchmark project modeling yields strongly positive results. Using 
project-specific data, calculations show an NPV of approximately USD 18.5 billion and 
an IRR of 14.2%, well above typical social discount rates. Broader scenario analysis 
from AIMS III projects cumulative regional GDP growth of 2.1–3.4% and significant 
employment creation when UHV-level interconnection is implemented [9][4]. (see 
Table 1). 

Table 1. Regional economic and environmental impacts under APG expansion scenarios 
(adapted from ADB & ACE, 2025). 

Scenario GDP Growth Boost RE Share Increase GHG Reduction 

APG Basic +4.5% +25% -1.5% 

APG + Optimal RE +5.2% +31% -6.3% 

APG + Carbon Pricing +6.7%  +34% -9.1% 

APG + High RE +7.1% +59% -11.2% 

Policy and institutional alignment between the Belt and Road Initiative and APAEC 
2026–2030 is notably strong. The China-Laos project has already achieved over 80% 
docking success in regulatory and operational coordination, providing a proven path-
way for scaling cooperation [3][6]. 

Green benefits constitute a particularly compelling dimension. Full deployment
could avoid 9,000 million tons of CO₂ emissions by 2040 while generating approxi-
mately 8,000 green jobs per GW of new interconnection capacity. These outcomes also 
contribute to energy poverty alleviation, with potential increases in rural electrification 
rates of 15–20% [2][14]. 

The China-Laos 500 kV project serves as the primary empirical case study. Since 
achieving full connectivity in February 2026, the project has demonstrated tangible 
benefits through improved hydropower utilization and stable cross-border power ex-
change. Its SWOT analysis is summarized below. (see Table 2). 

Table 2. SWOT analysis of China-Laos 500 kV interconnection project. 

Dimension Content 

1) Mature UHV technology with low losses (3.5%/1,000 km)  
Strengths 2) Annual clean electricity delivery of approximately 3 TWh  

3) Proven domestic clean energy transmission share exceeding 56% 
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Weaknesses 
1) High initial capital investment (approximately USD 15 billion)  
2) Requirement for technical standard coordination with ASEAN grids 
1) Strong policy support from APAEC 2026–2030 
2) Alignment with AIMS III 18 priority interconnection projects  
3) Access to Belt and Road financing mechanisms 

Opportunities 

1) Geopolitical risks and debt sustainability concerns  
Threats 2) Financing gaps and differences in technical standards 

3) Potential supply chain disruptions 
Taken together, the four-dimensional analysis and case evidence confirm that ex-

porting China’s UHV model is technically feasible, economically attractive, policy-
aligned, and environmentally beneficial. 

5 Challenges, Risks, Countermeasures and Conclusions 

Despite strong feasibility indicators, several challenges must be addressed. Financing 
gaps represent the most immediate obstacle, given the scale of investment required 
across priority projects. Geopolitical and sovereignty concerns, along with differences 
in technical standards and regulatory frameworks, add layers of complexity [4][15]. 

To overcome these barriers, this study proposes a three-level countermeasures
framework. At the national level, closer policy coordination between the Belt and Road 
Initiative and APAEC, supported by dedicated green financing windows, can accelerate 
project preparation. At the enterprise level, localization strategies, joint ventures, and 
innovative green financial instruments can reduce sovereignty concerns while building 
local capacity. At the international level, strengthened multilateral risk-sharing mecha-
nisms and technical standard mutual recognition under ASEAN auspices will enhance 
project bankability [16]. 

In conclusion, exporting China’s UHV large-scale interconnected power grid model 
to Southeast Asia is highly feasible and holds significant strategic value. Through sys-
tematic multi-dimensional analysis and real-world validation via the China-Laos case, 
this study demonstrates clear pathways to superior economic returns, substantial carbon 
reductions, and accelerated regional integration. The model offers a practical and rep-
licable Chinese solution that directly supports ASEAN’s energy interconnection and 
carbon neutrality objectives under the Belt and Road Initiative. Future research could 
usefully incorporate dynamic computable general equilibrium modeling to capture
broader economic spillover effects. 
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