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Summary
Reference Target

2022 2060 % Change 2022 2060 % Change

Macroeconomic

Population (million) 97.8 106.2 9% 97.8 106.2 9%

GDP (billion 2017 USD, PPP) 1,105 6,208 462% 1,105 6,208 462%

Energy Demand

Agriculture & fisheries (PJ) 151 256 70% 151 169 12%

Buildings (PJ) 543 1,486 174% 543 1,305 140%

Industry (PJ) 1,542 4,267 177% 1,542 3,835 149%

Non-energy (PJ) 141 463 229% 141 422 200%

Transport (PJ) 627 1,150 84% 627 826 32%

Modern renewables share of TFEC (%) 23 42 83% 23 81 252%

Energy intensity of TFEC (PJ/GDP, billion USD) 2.59 1.15 -56% 2.59 0.99 -62%

Electricity

Generation (TWh) 268 967 261% 268 1,042 289%

Renewables share of generation (%) 50 83 66% 50 100 100%

Generation capacity (GW) 79 556 603% 79 653 726%

Total Primary Energy Supply (TPES)

Coal & coal products (PJ) 1,808 1,979 9% 1,808 361 -80%

Natural gas (PJ) 287 1,840 540% 287 471 64%

Petroleum liquids (PJ) 1,162 2,138 84% 1,162 706 -39%

Low-carbon & waste energy (PJ) 873 3,441 294% 873 7,214 726%

CO2 intensity of energy supply (MtCO2/PJ) 0.061 0.042 -31% 0.061 0.009 -86%

Net CO2 Emissions (million tonnes) 253 402 58% 253 71 -72%

Note: In this publication, the term “modern renewables” refers to all renewable energy sources excluding solid biomass in the buildings sector. The term “low-carbon & waste energy” includes all bioenergy, 
waste-derived energy, renewables, nuclear, and hydrogen-based fuels. Total primary energy supply (TPES) numbers include international bunkers. Net emissions are calculated as gross energy sector combustion 
CO2 minus CO2 captured and stored through carbon capture and storage (CCS).



556 | APEC Energy Demand and Supply Outlook 9th Edition, Vol. 2

21. Viet Nam   

Key Takeaways 
Emissions
•	Viet Nam’s CO2 emissions are projected to continue rising and peak in the mid-2040s 

in the Reference scenario (REF); however, in the Target scenario (TGT), this peak is 
expected to occur ten years earlier due to the likely adoption of more aspirational 
energy policies and measures.

•	 In REF, CO2 emissions are projected to peak at 446 Mt by 2044 before declining 
steadily through the end of the projection period. By 2060, emissions will still remain 
at around 400 Mt. Despite planned reductions in the coal-power sector, coal will 
continue to be extensively used in industrial applications due to challenges in substi-
tuting it with alternative fuels.

•	 In TGT, CO2 emissions are expected to drop 72% over the 2022-2060 period. With 
a clear commitment to achieve net zero by 2050, Viet Nam’s government has issued 
backbone policies such as the Power Development Plan (PDP8) and the National 
Energy Master Plan, which aim to boost renewable energy deployment and phase 
out coal in the power sector.

Energy Import Dependence
•	Viet Nam has been a net energy importer since 2015, with import dependency 

projected to increase in the coming decades. The economy currently imports coal, 
crude oil, petroleum products, and LNG, making energy security a top priority for the 
Vietnamese Government.

•	 In the REF scenario, net import dependency is forecast to rise significantly from 
approximately 35% in 2022 to about 51% by 2060, primarily driven by coal and crude 
& petroleum products imports. This dependency is expected to stabilise at this level 
throughout the remainder of the projection period.

•	The TGT scenario presents a different trajectory, with net import share peaking at 
around 42% by 2030 before declining substantially to 8.3% by 2060. This reduction 
in the net import share will largely result from increased renewable energy adoption. 

Figure 21-1. Net CO2 emissions (million tonnes)

Figure 21-2. Net imports share of TPES in REF & TGT (%)

Note: In Figure 21-2, net imports refer to total imports minus exports and international bunkers.
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Key Takeaways  
Grid Reliability
•	Electric grid reliability requires a near-instantaneous balance between power supply 

and demand at all times.  Maintaining this balance requires adequate dispatchable 
power sources, which can include batteries.

•	Figure 21-3 shows the dispatchable power that is necessary in the periods of maximum 
and minimum dependence across all power grids. In 2022, the gap between the 
minimum and maximum was relatively small, allowing dispatchable generators to 
produce at a fairly consistent rate.

•	Viet Nam will require an increased amount of dispatchable power capacity over the 
coming decades for periods when variable renewable energy (VRE) sources are not 
producing at their maximum level. In addition, the increasing share of VRE will cause 
the gap between the minimum and maximum requirements for dispatchable power 
to increase, which will increase capital, maintenance, and operating costs of the 
system.

Cost
•	There are significant estimated costs for Viet Nam’s power and hydrogen sectors 

through to 2060. In TGT, total costs are an estimated USD 3.6 trillion, USD 1.8 trillion 
higher than in the REF case. Total costs consider total capital, fixed, and variable 
costs in the power sector, costs for green hydrogen production, transmission for VRE, 
electricity imports, and EV chargers. 

•	The added expenses in TGT are driven primarily by Viet Nam’s ambitions to expand 
its wind, solar, and dispatchable storage. Costs for additional transmission needed to 
accommodate more VRE capacity further increase costs in TGT relative to REF. 

•	 In line with ambitions to accelerate its green hydrogen sector, green hydrogen 
production costs are considered. This further drives costs in TGT, as hydrogen 
production and use in REF is assumed to be minimal. 

Figure 21-3. Peak load and maximum and minimum dependence on 
dispatched power (GW)

Figure 21-4. Costs in the power and hydrogen sectors, 2025 to 2060 (billion 
USD, undiscounted) 

*Actual costs will differ from estimated costs in the Outlook for a variety of reasons including changing 
commodity prices, manufacturing costs, and unforeseen technical advances. All costs are in 2023 real 
terms.
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About Viet Nam 
Overview

Geographical and Economic Landscape

Viet Nam is a geographically long and narrow economy, located in Southeast Asia. It 
boasts diverse terrain, including mountainous regions in the north and central highlands, 
fertile deltas in the Red River and Mekong River regions, and a coastline that extends 
over 3,200 km. 

As a rapidly developing economy, Viet Nam has transitioned from agriculture to indus-
trialisation and services.

Energy Supply and Consumption

Energy supply rose an average of 9% per year from 2000 to 2022, reaching 4,139 PJ 
in 2022. Viet Nam has coal resources in the northern provinces, producing around 50 
million tonnes of coal annually. Crude oil and natural gas are mainly extracted offshore 
in the south. 

The total final consumption grew 8.5% annually from 2000 to 2022 due to significant 
growth in GDP and population. The total final consumption in 2022 was 3,003 PJ, an 
increase of 8.3% compared to the previous year. 

Energy Security Challenges and Strategies

Viet Nam has been a net energy importer since 2015, and its dependence on energy 
imports is projected to rise significantly over the next decade, potentially reaching 43% 
of total primary energy supply by 2030. 

Currently, Viet Nam imports coal, crude oil, petroleum products, and liquefied natural 
gas (LNG). Therefore, energy security has become one of the top priorities for the 
Vietnamese government.

Key Energy Initiatives

Paris Agreement (The second updated NDC in November 2022)

Viet Nam is committed to reducing greenhouse gas emissions by 15.8% below 2005 
levels by 2030 with domestic resources and 43.5% with financial support from interna-
tional organisations. 

The Politburo’s Resolution No. 70-NQ/TW dated 20 August 2025

The new resolution defines energy security as a core pillar of domestic security that 
is directly linked to political stability, economic growth, domestic defence and global 
integration.

The National Energy Master Plan (Decision No. 893/QD-TTg dated 26 July  2023)

To ensure domestic energy security, reduce carbon emissions to meet Viet Nam’s net 
zero target by 2050, and ensure the energy industry is independent and self-sufficient.

National Energy Development Strategy (Decision No. 215/QD-TTg dated 1 March 
2024)

To ensure domestic energy security for socio-economic growth, prioritize sustainable 
energy development, adapt to climate change, meet the net-zero emissions target by 
2050, and promote efficient, eco-friendly energy use. 

The Power Development Plan (Decision No. 768/QD-TTg dated 15 April 2025

The adjusted Power Development Plan aims to ensure energy security for the govern-
ment’s economic growth target.

National Strategy on Climate Change by 2050 (Decision No. 896/QD-TTg dated 
26 July 2022)

Total GHG emissions will reach net zero by 2050, with the peak emission year set at 
2035. 

Hydrogen Energy Development Strategy (Decision No. 165/QD-TTg dated 7 
February 2024)

The share of hydrogen energy and hydrogen-based fuels is expected to reach about 
10% of the final energy consumption demand.

Coal Industry Development Strategy until 2030, with a vision to 2045 (Decision 
No. 55/QD-TTg dated 17 January 2024)

Coal output is expected to be between 45 and 50 million tonnes by 2030, and between 
38 and 40 million tonnes in 2031-2045.
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Energy Flow (2022)
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Energy Flow (2060, Target Scenario)
Production + Imports End-use energy demand by fuel End-use energy demand by sector
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Scenarios and Assumptions
In The Outlook, APERC analyses energy demand, transformation, and supply, as well as emissions. The Reference Scenario (REF)  offers a projection based on historical trends, 
recent developments, and APERC’s assumptions about the continuation of those trends in each APEC economy, while acknowledging technical restraints. The REF Scenario offers 
a baseline to compare with the Target Scenario (TGT) projections, which explores a hypothetical pathway where each economy achieves energy-related policy targets, assuming 
implementation regardless of cost-effectiveness. When implementation details are lacking, assumptions are inferred from the targets themselves or emissions-related goals.

Reference Target

General
•	Population: Use medium projection from the United Nations Department of Economic and Social Affairs (UN DESA).
•	GDP projections are from the International Monetary Fund (IMF) to 2027. 
•	Beyond 2027, the APERC macroeconomic model is used.

Buildings •	Energy-saving measures are guided by the National Energy Efficiency 
Program during the 2019-2030 period.

•	Data centre and AI energy use projections are assumed to be the same 
in both scenarios.

•	Additional 20% for energy saving measures by 2050.
•	More switching from traditional biomass to LPG and electricity.

Industry •	 Industrial activity increases significantly, driven by GDP and population 
growth.

•	Mining expands due to the global demand for low-carbon technology. 
•	Electrification advances moderately across subsectors.
•	Gradual energy efficiency improvements.

•	 Industrial growth is moderated by energy and material efficiency 
improvements, including increased recycling.

•	Mining expands further, but growth slows after 2040. CCS and 
low-emission hydrogen will be adopted from the 2030s in hard-to-abate 
subsectors.

•	Stronger electrification of industrial processes across all subsectors.
•	Biomass plays a role in decarbonising the cement, pulp, and paper 

sectors.

Transport •	Viet Nam reaches an average ~33% sales share for BEVs in passenger 
vehicles and light commercial vehicles (LCVs) by 2035 and ~66% by 
2060.

•	BEV sales share for heavy trucks is 20%, and FCEV is 7% by 2060.
•	Biodiesel, biojet, and biogasoline (or ethanol) mixing increases to 5% of 

the original fuel by 2040 and remains constant after.

•	Viet Nam reaches an average ~60% sales share for BEVs in passenger 
vehicles and LCVs by 2035 and ~100% by 2060.

•	BEV sales share for heavy trucks is 60%, and FCEV is 20% by 2060.
•	Biodiesel mixing slowly grows to 5% in 2030 and then rapidly grows to 

replace 100% of the original fuel use by 2050.
•	Electric ships and rail grow to replace most diesel ships/rail and fuel oil 

ships by 2050. Remaining fuel oil ships have 100% of their fuel oil use 
replaced with e-fuels by 2050.

Power •	No new coal-fired power plants after 2030.
•	The PDP8 and the implementation plan for PDP8 are used as guidelines 

through 2030.
•	Coal and gas-fired units are used as baseload generation.

•	No new coal-fired power plants after 2030.
•	More adoption of solar and wind projects than in REF.
•	The PDP8 is used as a guideline through 2050.
•	Use ammonia and hydrogen in thermal power plants.
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Reference Target

Supply •	Crude oil production is to reach 6 to 9.5 Mtpa by 2030, and 7 to 9 Mtpa 
from 2031 to 2050.

•	Natural gas production is expected to reach 5.5 to 15 bcm/year by 2030. 
From 2031 to 2050 that number is expected to reach 10 to 15 bcm/year.

•	Coal production is to reach about 41 to 47 Mtpa by 2030, decrease to 
about 39 Mtpa by 2045, and about 33 Mtpa by 2050.

•	Fossil fuels production is expected to be lower than in REF.

Emissions •	Reduce greenhouse gas (GHG) emissions by 15.8% below 2005 levels by 
2030 with domestic resources and by 43.5%, with the financial support 
from international organisations.

•	Net-zero emissions by 2050.

Note: The base year is 2022. Macro-economic assumptions are constant across scenarios. Historical energy balances are from EGEDA submissions for 2022.
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Demographic and Macroeconomic Assumptions

•	Population projections provide critical information for planning and budgeting within 
Viet Nam’s socioeconomic development strategy.

•	 In 2022, Viet Nam’s population reached approximately 98 million people with an 
urban population share of 38.1%. According to the United Nations Population Fund 
in Viet Nam, urban residents are projected to constitute 50% of the total population 
by 2030.

•	The APERC model incorporates the UN DESA medium projection scenario, indicating 
that Viet Nam’s population will peak at approximately 107 million by 2050 before 
experiencing a gradual decline throughout the remainder of the projection period.

 

•	GDP projections through 2027 are derived from IMF data. Beyond 2027, the APERC 
Solow-Swan macroeconomic model employs population as a labor input proxy while 
incorporating assumptions regarding labor productivity, depreciation, and savings 
rates—all converging toward a steady state aligned with global economic devel-
opment patterns.

•	With projected population and economic growth, Viet Nam’s real GDP is expected to 
reach USD 6.2 trillion by 2060 on a purchasing power parity (PPP) basis (2017 USD). 
GDP per capita will correspondingly increase to USD 58,000 (2017 USD PPP) by 2060. 

•	Annual GDP growth rates are projected at 6.5% during 2021-2030 and 4.6% for 
2031-2050, falling below the Vietnamese government’s more optimistic projections 
(7% for 2021-2030 and 6.5%-7.5% for 2031-2050) for the economy.

Figure 21-5. Population projections (thousands) Figure 21-6. Real GDP (billions 2017 USD, PPP)
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End-use Energy Demand

•	Viet Nam’s energy demand is projected to increase significantly in the coming 
decades, driven by industrialisation and urbanisation strategies. Industry accounts for 
nearly 50% of this demand, largely due to industrialisation over the past two decades. 
This share of demand will remain steady until 2060, comprising of 56% in REF and 
57% in TGT.

•	The energy demand in buildings is projected to increase significantly as more modern 
electric appliances will be used in households, accounting for 20% in both scenarios 
by 2060.

•	Transport energy use increases by 1.8 times in the REF scenario and by 1.3 times in 
the TGT scenario between 2022 and 2060, accounting for 15% and 12.6% of total 
end-use demand, respectively. The reduced growth in energy consumption in TGT 
results from the increased adoption of EVs in the coming decades.

 

•	 In REF, demand for fossil fuels continues to rise, with their share expected to be 
approximately 47% by 2060. Electricity will account for 43% of the total energy 
demand by 2060, reflecting a significant shift in the energy mix. Alternatives such as 
biomass, gas, and hydrogen-based fuels are expected to expand.

•	 In TGT, demand for hydrogen-based fuel is expected to rise in industrial processes 
involving steel-making, chemicals, and cement plants, as well as in heavy transport 
vehicles. Electricity demand is projected to increase continuously, while demand for 
coal and oil is anticipated to decline to meet the 2050 net-zero target.

•	The 14% reduction in energy demand in TGT reflects the accelerated adoption of 
low-carbon fuels and more effective energy-saving solutions.

Figure 21-7. Energy demand by sector in REF & TGT (PJ) Figure 21-8. Energy demand by fuel in REF & TGT (PJ)
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•	By fuel, energy demand in buildings sector has increased rapidly over the past 
decades and continues to rise in the coming years, in line with rising household 
incomes and urbanisation. Despite modest population growth, rising quality of life is 
expected to drive higher energy demand in both scenarios through factors like the 
popularisation of home electric appliances. 

•	Significant buildout of electricity capacity and associated infrastructure would likely 
be needed to meet the growing electricity demand in either scenario. 

•	 In REF, energy demand in buildings rises 2.7 times from the 2022 base year to above 
1,486 PJ in 2060. Most of this increase comes from electricity, which grows over 
threefold. Energy consumption for space cooling increases alongside the growth 
in commercial space. Gas is projected to increase significantly over the projection 
period due to its advantage as a clean cooking fuel.

 

•	 In TGT, energy demand is projected to decline by 13% relative to the REF scenario 
due to the use of more highly efficient appliances and advanced energy management 
systems in buildings. Electricity is expected to be the most prominent energy source, 
followed by biomass and gas by 2060.

•	By sector, residential buildings dominate energy demand, with the residential 
subsector projected to account for around 70% of total buildings demand by 2060. 
Energy demand in the service subsector is projected to represent approximately 29% 
of total demand by 2060, with data centres and AI comprising the remaining share 
in both scenarios.

•	The National Energy Efficiency Program (VNEEP) phase 3 aims to reduce overall 
energy demand. VNEEP also seeks to decrease overall energy demand by 8-10% 
from 2019 to 2030. As such, energy efficiency in TGT is assumed to be higher than 
in REF.

Buildings Energy Demand 
Figure 21-9. Buildings energy demand by fuel in REF & TGT (PJ) Figure 21-10. Buildings energy demand by sector in REF & TGT (PJ)
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Industry Energy and Non-energy Demand

•	Electricity is projected to be the largest source of final energy consumption in 2060 
under both scenarios.

•	Coal’s share is expected to decline dramatically in the TGT due to Viet Nam’s aspiration 
to achieve net-zero emissions by 2050. However, coal still remains at around 8% by 
2060, as it is hard to replace in the iron & steel industry.

•	Hydrogen will be gradually introduced in TGT, starting in 2030, to partially substitute 
fossil fuel-based processes. 

•	Additionally, CCS technology is expected to be adopted after 2030 to decarbonise 
heat processes in industrial subsectors such as iron & steel, cement, and chemicals. 
This technology will require the readiness of CCS full-chain components, including 
CO2 capture, transportation, and storage.

 

•	By sector, non-metallic minerals dominate energy demand because of Viet Nam’s 
significant potential in non-metallic minerals, including coal, cement raw materials, 
apatite, limestone, and clay. These minerals are being mined to support economic 
growth in both scenarios. The energy demand for non-metallic minerals is projected 
to increase 1.47-fold in REF and 1.24-fold in TGT from 2022 to 2060.

•	The energy demand for iron and steel will grow dramatically from 2022 to 2060. As 
an energy-intensive and hard-to-abate sector, exporting steel will be challenging due 
to the carbon tax mechanisms, such as CBAM in the EU.

•	Energy demand for mining is expected to rise between 2022 and 2060. The Minerals 
Development Plan sets specific figures for each mineral in the exploration and mining 
stages, indicating the significance of key minerals for the energy transition.  

Figure 21-11. Industry & non-energy demand by fuel in REF & TGT (PJ) Figure 21-12. Industry & non-energy demand by sector in REF & TGT (PJ)
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•	 In the REF scenario, total non-energy demand increases significantly over the 
projection period, from about 140 PJ in 2022 to 463 PJ by 2060. Most fuels for 
the non-energy sector come from fossil fuels, while a minor share of hydrogen is 
expected to be used after 2040. 

•	 In Viet Nam, oil, specifically petroleum products, is used for non-energy purposes 
in various sectors, including the production of plastics, lubricants, and solvents. Oil 
is a significant fuel and is projected to constitute the largest share of non-energy 
demand, accounting for approximately 62% by 2060.

•	Gas demand demonstrates a substantial increase throughout the projection period, 
indicating a growth factor of 3.2 from 2022 to 2060. Natural gas is mainly used as a 
feedstock for fertiliser production, where demand is increasing for both domestic and 
export markets. Viet Nam has 841 fertiliser plants with a total capacity of 30 Mtpa, 
which are expected to consume more gas in the coming decades.

 

•	Under the TGT scenario, total non-energy demand is expected to increase contin-
uously until the end of the projection period. However, total demand is projected 
to be slightly lower (-9%) than that in the REF. This decline reflects the improvement 
of energy efficiency, energy savings, and the penetration of low-carbon emissions 
technologies in industrial processes.

•	Oil and gas demand are expected to grow significantly over 2022-2060, while coal 
demand shows a slight increase to the early 2040s before plateauing to the end of 
projection period.

•	The use of hydrogen starts earlier than in REF, beginning from 2030 with only 0.9 PJ in 
2030, then increasing to 50.3 PJ by 2060. Assuming that hydrogen will be produced 
from renewable energy sources, the incorporation of hydrogen in this sector will 
contribute to reducing CO2 emissions.

Non-energy Demand  
Figure 21-13. Non-energy demand in REF (PJ) Figure 21-14. Non-energy demand in TGT (PJ)
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Transport Energy Demand

•	 In REF, diesel and gasoline are the dominant fuels in Viet Nam’s transport sector. 
Gasoline is expected to peak in the mid-2030s and then gradually decline toward 
2060 due to electrification, adoption of alternative fuels, and slowing activity growth. 
In contrast, diesel demand is projected to continue rising, as it remains essential for 
trucks and ships, which are difficult to electrify and for which substituting diesel with 
alternative fuels is highly challenging.

•	 In both scenarios, passenger activity in Viet Nam is projected to grow until around 
2040, when vehicle ownership reaches saturation. Thereafter, passenger activity 
growth stagnates in line with population trends, leading to energy use stabilising 
around 2040 instead of continuing to increase. 

•	Freight activity, on the other hand, is projected to grow steadily, nearly tripling by 
2060 in line with the expansion of the industry sector.

•	 In TGT, the potential of utilising 100% green energy in the transport sector was 
examined, in line with Viet Nam’s target stated in Decision No. 876/QD-TTg dated 
July 2022.

•	Based on these assumptions, by 2050, all road vehicles are anticipated to utilise 
electricity or low-carbon fuels. This necessitates balancing the growth of electric 
vehicles (EVs) with the use of liquid biofuels and hydrogen-based fuels. However, 
low-carbon fuels are not currently produced at scale, and expanding production 
would be costly. Meanwhile, battery electric vehicles (BEVs) are expected to be price 
competitive with internal combustion engine (ICE) vehicles and benefit from lower fuel 
costs. As such, modelling assumptions prioritised maximising EV deployment, with 
residual emissions addressed through the use of these more expensive low-carbon 
fuels.

•	Vinfast, a Vietnamese EV manufacturer, announced a plan in December 2024 to build 
its second domestic production plant, which will double its annual output capacity to 
600,000 units.  

Figure 21-15. Domestic transport energy demand in REF (PJ) Figure 21-16. Domestic transport energy demand in TGT (PJ)
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Other Transport Data 

•	Figure 21-17 highlights the technological shifts in the transport sector from ICE 
vehicles to BEVs. The transition is faster under TGT, where strong policy support leads 
BEVs to surpass ICE vehicles by 2040. In contrast, ICE vehicles remain dominant in 
REF, with only a gradual uptake of low-emission vehicles.

•	 In TGT, an aggressive adoption of BEVs was assumed to reduce reliance on higher-cost 
low-carbon fuels. The assumed targets include 95% BEV sales for motorcycles by 
2030, 90% for cars by 2040, and 80% for light commercial vehicles by 2040. Trucks 
are anticipated to transition more slowly.

•	Figures 21-18 and 21-19 show that transportation activity significantly contributes 
to energy consumption growth in both scenarios. In contrast, engine type plays the 
largest role in reducing energy use in TGT, driven by the substantial adoption of BEVs 
in Viet Nam over the coming decades.

Figure 21-17. Transport vehicle stocks in REF & TGT (millions) Figure 21-18. Components of the change in road energy use in REF (PJ) 

Figure 21-19. Components of the change in road energy use in TGT (PJ)

Note: Information on the different drivers in the transport energy decomposition can be found in the 
Outlook’s annex.
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•	 In REF, electricity generated from coal is projected to decline after 2043, while 
natural gas grows substantially to compensate for this reduction in coal-generated 
electricity and maintain the baseload power supply. This shift though creates a need 
for expanded LNG import infrastructure, as Viet Nam is expected to require around 
15 Mtpa of imported LNG by 2030, compared with only 1 Mtpa currently available.

•	Electricity production from hydropower is only expected to rise slightly as large-scale 
dams have already approached their maximum technical capacity.

•	The future electricity generation mix in Viet Nam is expected to shift from a reliance 
on coal and hydropower to a more diversified mix dominated by solar, wind, and gas. 
Nuclear power was not considered in this projection as modelling work was finalised 
prior to the issuance of the revised PDP8. 

•	 In TGT, electricity generated from coal is expected to decline more rapidly than in 
REF, reaching its peak in 2030 and decreasing thereafter. This trend aligns with Viet 
Nam’s net-zero commitment at COP26.

•	Coal and gas will be substituted by ammonia and hydrogen, respectively. Despite the 
addition of these new fuels, existing coal and gas-fired power plants will continue to 
be in use.

•	Renewables, including solar and wind, are expected to increase by 21-fold between 
2022 and 2060. 

•	As the share of variable renewable energy continues to grow, maintaining the power 
system’s grid stability becomes increasingly important. Enhancing system flexibility 
will be essential, including a significant expansion of the transmission network, 
particularly High-Voltage Direct Current (HVDC) connections, to integrate renewable 
energy sources located far from demand centres. 

Electricity Generation
Figure 21-20. Electricity generation by fuel in REF (TWh) Figure 21-21. Electricity generation by fuel in TGT (TWh)
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Generation Capacity

•	Total generation capacity is projected to increase dramatically from approximately 
79 GW in 2022 to 556 GW by 2060, representing a sevenfold increase over four 
decades.

•	Solar and wind power experience the most dramatic growth, becoming the dominant 
generation technologies by 2040 and continuing to expand through 2060.

•	Coal power is gradually declining, while gas power is on the rise due to its lower CO2 
emissions and reliability as a base-load generation source.

•	Battery capacity begins to appear in the later decades, reflecting the growing need 
for energy storage as variable renewable sources increase. 

•	The REF scenario demonstrates a major shift toward renewable energy in generation 
capacity, particularly solar and wind, while conventional sources remain present but 
do not expand substantially over the four-decade projection period.

 

•	 In the TGT scenario, the total generation capacity is projected to increase dramat-
ically from 79 GW in 2022 to 653 GW in 2060, representing a more than eightfold 
increase over the 2022-2060 period. 

•	Solar experiences the most dramatic growth of any energy source, skyrocketing from 
16.7 GW in 2022 to 317.7 GW by 2060. Wind capacity shows remarkable growth, 
increasing from just 5 GW in 2022 to 177.4 GW by 2060. 

•	 In the PDP8, the installed capacity is projected to reach 150 GW by 2030 and 
490-573 GW by 2050, with a renewable energy generation share of 31-39% in 2030 
and 67.5-71.5% in 2050. This TGT projection is to a certain degree in line with Viet 
Nam’s aspirational target.

Figure 21-22. Generation capacity by fuel in REF (GW) Figure 21-23. Generation capacity by fuel in TGT (GW)

Note: Figures 21-22 and 21-23 do not include electricity capacity for hydrogen production.
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•	 In REF and TGT, the peak electricity load grows substantially to 130 GW and 140 GW 
by 2060, respectively, from around 33 GW in 2022.  

•	 In REF, wind plus solar capacity grows to 418 GW by 2060, or 19 times its value in 
2022. 

•	 In TGT, wind plus solar capacity will grow even higher by 2060, reaching approxi-
mately 23 times its value in 2022.  

•	To maintain grid reliability, dispatchable generation capacity (including batteries) will 
need to grow to at least 77 GW in REF and 74 GW in TGT by 2060.

•	 Increased reliance on wind and solar generation will increase the variability of gener-
ation required from dispatchable power sources.

•	 In Viet Nam, the variability of this net load curve increases substantially, especially 
in TGT. Actual variability on the power system will be larger than what is shown in 
Figure 21-25, as the APERC model only captures seasonal averages. Even so, these 
averages indicate that dispatchable power sources will need to increase by 64 GW 
from the early afternoon to the evening.

•	This variability could be a challenge for system operators and will likely increase the 
capital, maintenance, and operating costs of the electrical grid.

Grid Reliability 
Figure 21-24. Total generation capacity and peak load (GW)  Figure 21-25. Power from dispatchable sources in TGT (GW)
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Coal

•	 In both scenarios, power generation is the largest consumer of coal from 2022 to 
2040. There is a continued heavy reliance on coal for power until 2040 in REF, while 
TGT demonstrates a rapid coal phase-down after 2030.

•	The industry sector’s use of coal demonstrates greater persistence in both scenarios 
compared to other sectors. Even in TGT, industry remains the predominant consumer 
of coal by 2060, indicating that certain processes are harder to abate. 

•	The substantial difference between the REF and TGT scenarios highlights the signif-
icant policy and technology choices required to reduce coal dependence. The TGT 
scenario represents a pathway aligned with climate goals, requiring rapid deployment 
of low-emission energy alternatives, particularly in the power sector. 

 

•	Coal production rises slightly until 2030 and then declines throughout the remainder 
of the projection period in both scenarios. This reduction in domestic coal production 
results from geological constraints in mining as coal mines need to be deeper, as well 
as rising production costs.  

•	 In REF, coal imports begin increasing significantly around 2022, peaking around 2040. 
The high levels of imports persist through 2050 and 2060, remaining above 1,500 PJ, 
which raises concerns about energy security.    

•	 In TGT, imports peak at 1,260 PJ by 2030 before declining significantly through the 
end of the projection period. By 2050-2060, imports stabilise at around 100 PJ, which 
is roughly 90% lower than in the REF scenario, as Viet Nam will not use coal in the 
power sector after 2050. This suggests that implementing decarbonisation policies 
would require significantly deploying alternative energy sources.  

Figure 21-26. Coal consumption by sector in REF & TGT (PJ) Figure 21-27. Coal production, imports, and exports in REF & TGT (PJ)
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•	 In REF, there is a significant increase in total natural gas consumption from 2022 to 
2060, reaching over 1,800 PJ by 2060. The power sector demonstrates exponential 
growth, becoming the primary consumer, while the industrial sector shows steady 
growth. 

•	 In the coming decades, most of the gas supply will come from imported LNG, 
requiring significant investments in in-land LNG infrastructure and Floating Storage 
Regasification Units. This indicates that the cost of gas within Viet Nam will be 
impacted by the international LNG market.

•	 In TGT, gas surges sharply and peaks at 1,600 PJ by 2040 before declining to about 
400 PJ by 2060, driven by the power sector. A sharp decrease in gas consumption for 
power after peaking is due to fuel switching from gas to H2, bringing a new challenge 
of stranded assets of LNG-related infrastructure.

•	 In both scenarios, production is projected to steadily increase, reaching 587 PJ in REF 
and 439 PJ in TGT by 2060. However, growth in domestic natural gas production is 
outpaced by the high growth in demand in the coming years. As a result, any extra 
supply will need to come from imported LNG. This represents a significant increase 
in import dependency. 

•	 In TGT, LNG imports are projected to start very high at 574.9 PJ in 2030, and are 
expected to surge dramatically, more than doubling to a peak of 1179.4 PJ in 2040. 
However, after this peak, imports are projected to decrease sharply to 351.6 PJ in 
2050 and fall significantly further to only 31.2 PJ by 2060. The decline in LNG imports 
is due to fuel switching from gas to hydrogen in the power sector by 2050.

Natural Gas
Figure 21-28. Natural gas consumption by sector in REF and TGT (PJ) Figure 21-29. Natural gas production, imports, and exports in REF and TGT (PJ)
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Petroleum Liquids 

•	 In REF, the supply of crude oil and other hydrocarbons is dominated by imports, 
accounting for around 46% of the total crude oil and oil products supply. The Dung 
Quat oil expansion project is under construction to raise its capacity to 171,000 
barrels per day, up from 148,000 barrels, which will require more crude oil imports 
in the coming decades. Crude oil production remains plateaued over the projection 
period due to the limited development of oil reserves and technological limitations 
in deepwater exploration.

•	 In TGT, crude production and imports will be lower than in REF. Higher EV adoption 
in TGT compared to REF contributes to this lower demand. By 2060, total supply of 
crude oil and other hydrocarbons is projected to decrease by 43% in TGT relative 
to REF, driven by the shift from fossil-based fuels to low-carbon alternatives in the 
transport sector.

 

•	 In REF, product imports are driven by diesel, gasoline, and LPG. Diesel imports 
continue to rise over the projection period due to high demand in the transport 
sector.

•	 In TGT, diesel imports decline after peaking around 2040, followed by a sharp decline 
until 2050. This substantial drop is projected due to the Vietnamese government’s 
aspiration to use low-carbon fuels in the transport sector.

•	Exports of gasoline are anticipated to rise in the longer term in both scenarios as 
consumption declines sharply.  

Figure 21-30. Crude oil, NGLs, and other hydrocarbon production, imports, 
and exports in REF & TGT (PJ)

Figure 21-31. Net imports of refined products and low-carbon fuels in REF & 
TGT (PJ)

Note: In Figure 21-31, net imports are presented without deducting bunkers.
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•	 In REF, gasoline and diesel are the major outputs from refineries, growing significantly 
between 2022 and 2030, and then plateauing at a high level and remaining stable 
through 2060. LPG, aviation fuels, and other refining products peak by 2030 and 
maintain a plateau over the projection period.

•	 In TGT, total refinery capacity is assumed to peak at 367 kb/d to align with a more 
rapid consumption decline than in the REF scenario. Gasoline and diesel output is 
projected to decline after peaking but will remain stable for the remainder of the 
projection period. The amount of exported gasoline is based on this output minus 
demand. 

•	The utilisation rate is assumed to improve to meet the 70% self-sufficiency target in 
the medium term, from 85% to 90% in REF and to 100% in TGT due to no additional 
capacity by 2030.  

 

•	 In REF, the demand for refined products and biofuels continues to grow, reaching 
about 2,000 PJ by 2060. Diesel consumption continues to rise over the projection 
period, while gasoline consumption peaks around 2040, then declines gradually. 
Alternative fuels (particularly liquid biofuels) increase in the future mix. 

•	 In TGT, total refined products and biofuels demand are projected to peak around 
2040, and then gradually decline until the end of the projection period. Gasoline 
will peak around 2025, while diesel will peak in 2030. The share of liquid biofuels is 
expected to rise dramatically due to an aspirational target to use low-carbon energy 
in the transport sector, in line with the target stated in Decision No 876/QD-TTG 
dated July 2022.

Refining
Figure 21-32. Refining outputs in REF & TGT (PJ) Figure 21-33. Refined products and low-carbon fuels demand in REF & TGT (PJ)
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Bioenergy and Waste

•	 In REF, bioenergy and waste demand increases steadily from approximately 350 PJ 
in 2022 to around 800 PJ by 2060, representing roughly a 2.3-fold increase over 
the projection period. Industry dominates the total bioenergy and waste demand, 
followed by buildings and power. The transport sector shows notable growth, partic-
ularly between 2030 and 2060.

•	 In TGT, bioenergy and waste demand increases significantly from approximately 350 
PJ in 2022 to about 1,400 PJ by 2050, and then slightly declines to around 1,340 PJ 
in 2060. Bioenergy and waste demand for transport experiences substantial growth 
from 2030 to 2050, becoming the sector with the fastest growth. The industrial 
sector shows steady growth throughout the period, making it the largest consumer 
of bioenergy.  

 

•	 In REF, bioenergy and waste production steadily increase from around 400 PJ in 2022 
to roughly 930 PJ by 2060, more than doubling bioenergy production capacity.

•	 In TGT, bioenergy and waste supply are projected to increase 3.5-fold over the 
2022-2060 period.

•	The supply of bioenergy is sourced from domestic production in both scenarios, 
leveraging abundant feedstock resources, with reserves estimated at around 200 
million tonnes of oil equivalent (515 million tonnes).

•	By 2060, it is estimated that between 54 to 66 million tonnes of solid biomass will 
need to be produced domestically. For biofuels, in REF and TGT, approximately 
1,500 million litres and 8,400 million litres respectively are needed by 2060.

Figure 21-34. Bioenergy and waste demand by sector in REF & TGT (PJ) Figure 21-35. Bioenergy and waste production in REF & TGT (PJ)
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•	 In TGT, hydrogen-based fuel production begins in 2040, peaking at 2,050 PJ before 
dropping to 1,900 PJ by 2060. This increase results from switching fuel sources from 
gas to hydrogen and coal to ammonia in the power sector.

•	According to the Hydrogen Energy Development Strategy to 2030 and Vision to 
2050, Viet Nam has ambitious plans for green hydrogen production, targeting annual 
production of 100,000 to 500,000 tonnes (12 to 60 PJ) by 2030 and 10 to 20 million 
tonnes (1,200 to 2,400 PJ) by 2050. These production goals are aligned with TGT.

•	Hydrogen-based fuel demand is assumed to be greater in TGT than in REF. In the 
PDP8, Viet Nam plans to introduce hydrogen co-firing with natural gas starting in the 
2040s with the goal of transitioning to 100% hydrogen-fuelled turbines in the power 
sector by the 2050s.

 

•	With significant potential in renewable energy, Viet Nam aims to utilise electrolysis 
to produce green hydrogen from domestic sources. This will satisfy all demand 
requirements without having to rely on imports. This approach though will require 
a significant increase in electricity demand for electrolysis by 2050, representing 
roughly half of the total.

•	 In TGT, most hydrogen-based fuels are projected to be used in the power sector, 
co-firing hydrogen in gas-fired plants and ammonia in coal-fired plants. This is partic-
ularly relevant given that Viet Nam is expected to rely on electrolysis-based hydrogen 
production, which will require significant additional renewable electricity capacity to 
support hydrogen generation. Additionally, hydrogen is anticipated to be utilised in 
industry, transportation, and the non-energy subsector in the TGT scenario.

Hydrogen-based Fuels in the Target Scenario 
Figure 21-36. Hydrogen-based fuels production methods and supply [left]; 
Inputs for hydrogen production [right] (PJ)

Figure 21-37. Electricity for electrolysis vs other sectors [left]; Hydrogen-
based fuels demand by sector [right] (PJ)
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Costs

•	Viet Nam’s power and hydrogen sectors will demand significant new investment and 
expenditures in the coming years, with total costs rising markedly in both scenarios 
from 2025 to 2060. The total capital, fixed, and variable costs in the power sector are 
considered, as well as costs for green hydrogen production, transmission for variable 
renewable electricity, electricity imports, and electric vehicle chargers. 

•	 In REF, total costs reach an estimated USD 1,757 billion, primarily driven by renew-
ables (solar, wind, and hydro), followed by investments and maintenance of thermal 
generation, especially coal and LNG.

•	 In TGT, total costs rise to an estimated USD 3,577 billion. A significant portion of 
the budget is allocated for investing in low-emission energy technologies, including 
green hydrogen production, renewables, and energy storage.

•	Total costs of hydrogen (renewables for H2 and H2 infrastructure) represents a major 
component, accounting for 79% of additional expenses under TGT. Most of this 
hydrogen is used in the power sector to co-fire with coal and gas, with some being 
used directly. According to the revised PDP8, at least 43 GW of generation capacity 
will be allocated for co-firing, and 15 GW will be used in dedicated ammonia/hydro-
gen-fuelled power plants by 2050. 

•	A reduction in coal use results in cost savings of USD 101 billion, reflecting the 
transition away from fossil fuels.

•	The total capital investment is projected to be USD 1,225 billion in TGT, compared 
to roughly USD 911 billion in REF. The largest CAPEX investment under TGT is antic-
ipated to be wind (both onshore and offshore), followed by solar PV, transmission for 
additional VRE, and storage.

Figure 21-38. Costs in the power and hydrogen sectors, 2025 to 2060 (billion 
USD, undiscounted)

Note: Tx for VRE is only transmission infrastructure to connect variable renewable capacity to the grid. 
EV chargers do not cover the cost of associated infrastructure or EV vehicles.

Figure 21-39. Total capital investment (CAPEX) from 2025 to 2060 in the 
power sector (billion USD, undiscounted) 

Note: Figure 21-39 only covers power and VRE transmission sector investments. Hydrogen and EV 
capital investments are not included.
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•	The total operating costs for the Viet Nam power sector are projected to be an 
estimated USD 1,912 billion in TGT, compared to USD 821 billion in REF. In REF, the 
largest cost component will be the continued operation of coal and gas plants and 
the fuel costs involved. 

•	 In TGT, additional operating costs arise from expansion into low-emission technol-
ogies such as using hydrogen and ammonia in power generation. However, reduced 
coal use, due to the transition away from fossil fuels, leads to cost savings of USD 101 
billion. 

•	Overall, these projections highlight the sustained financial burden of system opera-
tions on a decarbonised pathway and the trade-offs policy makers will face when 
balancing sustainability, security/reliability, and affordability.

•	Viet Nam’s electricity generation costs, indexed to 2025, increase steadily in REF but 
rises much faster in TGT. The cost gap between the two scenarios reflects deeper 
decarbonisation efforts in TGT, driven primarily by green ammonia and hydrogen 
blending in the power sector.

•	Hydrogen-based fuel costs dominate the total cost of electricity generation in the 
last two decades. Carbon-free fuels will lead to an almost threefold increase in 
electricity costs in 2050 relative to 2025, bringing into focus the challenge of the 
energy trilemma.

•	Amortised CAPEX rises steadily in both scenarios due to ongoing investment in 
renewable generation, with a marginally higher increase in TGT. However, fossil fuel costs 
as a share of total costs decline in both scenarios as a greater share of renewable and 
other carbon-free fuels are used in the coming decades in the energy mix.

Costs
Figure 21-40. Total operating costs from 2025 to 2060 in the power sector 
(billion USD, undiscounted) 

Figure 21-41. Cost of generating electricity relative to 2025 (2025 cost = 1.0) 
in the power sector

Note: Based on our assumptions about future capital and operating costs, Figure 21-41 shows cost 
compositions over time relative to 2025. It should not be considered an estimate of electricity tariffs 
and excludes market mechanisms that are too difficult to estimate.

Note: Figure 21-40 only covers power, electricity imports, and VRE transmission sector costs. It does 
not include operating costs associated with hydrogen production and EV charger costs, but does 
include the cost of H2/ammonia blending in power generation.
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CO2 Emissions

•	 In REF, CO2 emissions are expected to grow significantly, peaking in 2044 before 
gradually declining until the end of the projection period. Power and industry are 
major contributors, accounting for approximately 75% of total CO2 emissions by 
2060. CO2 emissions from transport are projected to increase slightly, comprising of 
17% by 2060.

•	 In TGT, robust policies aim to achieve the net-zero target, with CO2 emissions 
expected to peak around the mid-2030s. Significant reductions in CO2 emissions are 
anticipated in the power and transport sectors, where carbon-free and low-carbon 
fuels, such as hydrogen/ammonia and biofuels, can replace fossil fuels.

•	The change in CO2 emissions from 2022 to 2060 is primarily driven by enhance-
ments in energy intensity and emissions intensity. TGT projections indicates that CO2 
emissions will decrease by 72% by 2060.

Figure 21-42. CO2 emissions in REF (million tonnes) Figure 21-43. CO2 emissions in TGT (million tonnes) 

Figure 21-44. CO2 emissions components (million tonnes) 

Note: All values represent energy sector combustion CO2 emissions. Biogenic CO2 is treated as zero 
at the point of combustion.
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APEC Expert Group on Energy Data and Analysis (EGEDA) – https://www.egeda.ewg.apec.org/

APEC Energy Statistics 2022 – https://www.egeda.ewg.apec.org/egeda/general/info/pdf/APEC_Energy_Statistics_2022.pdf

APEC Energy Overview – https://aperc.or.jp/reports/energy_overview.php

Government of Viet Nam – http://chinhphu.vn/portal/page/portal/chinhphu/trangchu

Ministry of Industry and Trade – www.moit.gov.vn/

National Energy Efficiency Program (VNEEP) – http://vneec.gov.vn/

Viet Nam Electricity (EVN) – www.evn.com.vn

Energy Savings – https://tietkiemnangluong.evn.com.vn/

Viet Nam Energy – http://nangluongvietnam.vn

Viet Nam Oil and Gas Group (PVN) – www.pvn.com.vn

Viet Nam National Petroleum Group (Petrolimex) – https://petrolimex.com.vn/

Viet Nam National Coal and Mineral Industries Holding Corporation Ltd (Vinacomin) – www.vinacomin.vn/

Viet Nam Economic Times – https://vneconomy.vn/

Viet Nam News Agency – https://vietnamnews.vn/

General Statistics Office – https://www.gso.gov.vn/

Useful Links

https://www.egeda.ewg.apec.org/
https://www.egeda.ewg.apec.org/egeda/general/info/pdf/APEC_Energy_Statistics_2022.pdf
https://aperc.or.jp/reports/energy_overview.php
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Conversion Factors

From Petajoule (PJ) to Multiply by:

Trillion British thermal units TBTU 0.948

Million tonnes of oil equivalent MTOE 0.024

Million barrels of oil equivalent MMBOE 0.164

Million tonnes of coal equivalent MTCE 0.017

Million tonnes per annum of LNG Mtpa 0.020

Billion cubic meters of natural gas bcm 0.028

Billion cubic feet of natural gas bcf 0.981

Terawatt-hour TWh 0.028

Million gigacalorie Million GCal 0.239

Million tonnes of hydrogen MM tonne H2 0.008

Regional Groupings
China

Northeast Asia	 Hong Kong, China; Japan; Korea; Chinese Taipei

Oceania Australia; New Zealand; Papua New Guinea

Other Americas Canada; Chile; Mexico; Peru

Russia

Southeast Asia Brunei Darussalam; Indonesia; Malaysia; the Philippines; Singapore; 
Thailand; Viet Nam

United States
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Commonly Used Abbreviations
AI Artificial intelligence IPCC Intergovernmental Panel on Climate Change

AFOLU Agriculture, forestry, and other land use IPPU Industrial processes and product use

APEC Asia-Pacific Economic Cooperation kV Kilovolt

APERC Asia Pacific Energy Research Centre LNG Liquefied natural gas

ASEAN Association of Southeast Asian Nations LPG Liquefied petroleum gas

bcm Billion cubic metres Mtpa Million tonnes per annum

B20/B30 Diesel fuel with 20%/30% biodiesel blending MW Megawatt

BEV Battery electric vehicle MTOE Million tonnes of oil equivalent

CAPEX Capital expenditure MEPS Minimum energy performance standards

CC Carbon capture NDC Nationally determined contribution

CAGR Compound annual growth rate NGL Natural gas liquids

CCS Carbon capture and storage OECD Organisation for Economic Co-operation and Development

CCUS Carbon capture, utilisation, and storage OPEC+ Organisation of the Petroleum Exporting Countries Plus

CHP Combine heat and power PHEV Plug-in hybrid electric vehicle

CNG Compressed natural gas PJ Petajoule

CO2 Carbon dioxide PPP Purchasing power parity

COP Conference of the Parties PV Photovoltaic

COVID-19 Coronavirus disease 2019 REF The Reference scenario

EE Energy efficiency SAF Sustainable aviation fuel

EGEDA Expert Group on Energy Data and Analysis SMR Small modular reactor (nuclear)

EV Electric vehicle SMR Steam methane reforming (blue hydrogen production)

EWG APEC Energy Working Group TGT The Target scenario

FCEV Fuel cell electric vehicle TFEC Total final energy consumption

FIT Feed in tariff TPES Total primary energy supply

GDP Gross domestic product TWh Terawatt-hour

GHG Greenhouse gas Tx for VRE Transmission for variable renewable energy

GW Gigawatt VPP Virtual power plant

HVDC High voltage direct current VRE Variable renewable energy

ICE Internal combustion engine UNFCCC United Nations Framework Convention on Climate Change

IEA International Energy Agency ZEB Zero energy building

IMF International Monetary Fund
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Commonly Used Terms
Ammonia/hydrogen co-firing Combusting ammonia and hydrogen with another fuel (e.g., coal or gas) in the same boiler/turbine to displace part of the fossil fuel and reduce overall 

emissions.

Amortised capex The upfront capital expenditure (CAPEX) for constructing an energy asset, expressed as an equivalent annual cost over the asset’s expected lifetime (using a 
discount rate). This annualised figure enables direct comparison with other yearly costs, such as fixed O&M, variable O&M, and fuel costs.

Biofuels Fuels (liquid, gas, or solid) derived from biological materials instead of fossil fuels.

Biodiesel In this publication, this is diesel-range fuel derived from biogenic oils and fats (e.g., used cooking oil, animal fats, palm-derived by-products). For modelling 
purposes, use is represented based on the projected share in total diesel: either as a drop-in blendstock or as a fully drop-in fuel that can be used neat or 
blended when the projected share exceeds blend limits.

Biogasoline In this publication, this is gasoline-range fuel derived from biomass (e.g., ethanol and other oxygenates, and renewable hydrocarbon gasoline from upgraded 
bio-oils or co-processing). For modelling purposes, use is represented based on the projected share in total gasoline: either as a drop-in blendstock or as a 
fully drop-in fuel that can be used neat or blended when the projected share exceeds blend limits.

Biojet-kerosene In this publication, this is aviation turbine fuel derived from renewable or waste feedstocks. For modelling purposes, use is represented based on the 
projected share in total aviation fuel: either as a drop-in blendstock or as a fully drop-in fuel that can be used neat or blended when the projected share 
exceeds blend limits.

Biomass Organic material from plants, animals, or microbes (including residues and waste) used for energy or materials.

Bunkers Fuels supplied to international aviation and maritime navigation. These are reported separately from domestic consumption in energy statistics.

Capital expenditure (CAPEX) Investment outlays to build new capacity or replace existing long-lived energy assets that have been retired. CAPEX is presented as overnight costs (total 
upfront build cost, excluding financing) or amortised costs (annualised over the asset’s lifetime).

Capacity factor Actual generation over a period divided by generation at continuous rated output for the same period (%).

Carbon intensity Greenhouse-gas emissions per unit of energy supply, demand, or economic activity (e.g., gCO2/kWh, gCO2/PJ, MtCO2/USD GDP), as the context specifies.

Carbon neutrality Residual greenhouse-gas emissions balanced by removals over a stated period.

Carbon capture Separation of CO2 from point sources or air. 

Dispatchable capacity/
generators/power

Generation that can be scheduled and adjusted on request to meet demand.

E-fuels (synthetic fuels) Fuels made with renewable electricity, water and captured CO2—including e-diesel, e-gasoline and e-kerosene—treated in this publication   as drop-in and 
blendable with their conventional equivalents.

Electrification Substituting electricity for direct fuel combustion in end-uses (e.g., heat pumps, electric vehicles, electric arc furnaces).

Energy intensity Final (or primary) energy use (or supply) per unit of economic output (e.g., PJ/USD, GDP).

Fuel switching Process of replacing one fuel with another. Often used in the context of replacing a carbon-intensive fuel with a lower-carbon or zero-carbon alternative fuel.



Annex

APEC Energy Demand and Supply Outlook 9th Edition, Vol. 2 | 587

Fixed costs Expenses that remain constant in the use of an energy asset and do not vary based on electricity generation. Common examples include staff salaries, 
insurance, and routine inspections.

Low-carbon & waste energy Low-carbon & waste energy includes all bioenergy, waste-derived energy, renewables, nuclear, and hydrogen-based fuels.

Low-emission technologies Technologies that significantly reduce emissions relative to incumbent options (especially greenhouse gases).

Hydrogen-based fuels In this publication, this includes hydrogen, ammonia, and e-fuels, used as energy carriers.

Clean hydrogen Hydrogen produced through processes that generate minimal direct carbon emissions during production. This primarily refers to hydrogen produced via 
electrolysis using electricity from renewable energy sources (solar, wind, hydroelectric, etc.), commonly known as green or renewable hydrogen. Clean 
hydrogen may also include hydrogen produced using nuclear-powered electrolysis (pink hydrogen) and other carbon-free production methods. For 
classification purposes clean hydrogen is a subset of low-carbon hydrogen.

Low-carbon hydrogen In the context of the Outlook, low-carbon hydrogen is used as a catch-all term for clean hydrogen that was exported and blue hydrogen that was produced or 
imported. Low-carbon hydrogen refers to clean hydrogen produced and exported to hydrogen importing economies as emissions would be incurred during 
transportation and distribution. It was assumed that most hydrogen traded amongst APEC economies would be of this form (specifically green hydrogen) 
with a small proportion being blue hydrogen. Additionally, in the context of hydrogen-producing economies, low-carbon hydrogen specifically refers to 
hydrogen being produced using fossil fuels with technologies such as CCS or methane pyrolysis that cut lifecycle emissions by at least 90% compared to 
unabated production. A key example is blue hydrogen made from natural gas via SMR or ATR with CCS.

Unabated hydrogen This includes hydrogen produced from natural gas via steam methane reforming (SMR) or auto thermal reforming (ATR) without CCS, also known as grey 
hydrogen, hydrogen from coal gasification without CCS, also known as black or brown hydrogen, and hydrogen produced via electrolysis using electricity 
from fossil fuel-dominated power grids, also known as yellow hydrogen.

Grid modernisation Upgrades that enhance electricity networks' efficiency, resilience, and flexibility (e.g., digitalisation, advanced controls, storage integration).

Modern renewables In this publication, "modern renewables" includes all renewable energy sources except solid biomass in the buildings sector.

Modal share Also called modal split, it is the percentage distribution of travel or trips made using different modes of transportation (e.g., bus, car, boat, plane) within an 
economy or area.

Non-energy demand Refers to the use of energy resources, primarily fossil fuels, as raw materials or feedstocks for producing goods, rather than for combustion or power 
generation (e.g., oil used in petrochemicals).

Net-zero emissions Economy-wide balance between anthropogenic emissions and removals of greenhouse gases by a target date.

Sustainable aviation fuels (SAF) Alternative aviation fuel derived from liquid biofuels or e-fuels , instead of fossil petroleum.

System flexibility Refers to the ability of an energy system, such as an electrical grid, to dynamically adjust both power generation and consumption to maintain a stable and 
balanced supply-demand relationship under varying conditions.

Petroleum liquids All fuels within the categories of refined petroleum products, crude oil, natural gas liquids, and other hydrocarbons.

Variable cost Costs that fluctuate in direct proportion to the electricity produced by the asset. Common examples include fuel costs, maintenance, and cleaning that 
scale with operation. 
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Guidance on Figures

This report follows a standard layout to support comparison between scenarios. All charts are arranged so that, when two appear side by side, the left chart always represents REF, and the 
right chart always represents TGT.

Drivers in the transport energy decomposition chart:

This chart is a log mean divisia index (LMDI) decomposition showing the drivers of changes in energy use in the road sector.

	T Activity: The change in energy use caused by growth in passenger-km and freight tonne-km, with all other effects held constant.

	T Vehicle size/type: The change in energy use caused by changes in the type of vehicle used (such as from car to bus, car to SUV, etc.).

	T Engine Type: The change in energy use caused by changes in the type of engine used in vehicles. Most of this effect is caused by shifts from ICE (internal combustion engines) to BEVs 
(battery electric vehicles).

	T Other Factors: The change in energy use caused by all other modelled factors, which include the degradation of pre-existing vehicle efficiency due to age and improvements in overall ICE 
vehicle efficiency, which is not captured by the engine type effect since that captures changes in the engine type distribution compared to the base year.

CO2 emissions components:

This chart also uses the LMDI decomposition method to represent the Kaya identity, which employs the following formula:

CO2 emissions = Population ×  
GDP

Population
 ×  

Energy supply
GDP

 ×  
CO2 emissions
Energy supply

 

	T Population: The change in emissions caused by population growth or decline.

	T GDP per capita: The change in emissions caused by an increase or decrease in GDP per capita 
GDP

Population  .

	T Intensity REF: The change in emissions caused by improvements or decreases in energy and carbon intensity ×  Energy supply
GDP

CO2  emissions
Energy supply)  in REF.

	T Intensity TGT: The change in emissions caused by further change in intensity in TGT compared to REF.

      




