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Sustainability transition is an essential movement to mitigate climate change and guide
humanity toward a sustainable development scene. The core of transition revolves around
energy production, where energy sources are considered and assessed in a complex set of
criteria that varies among multilevel perspectives. Vietnam is experiencing a major
transition and is expected to dominate the renewable fields under the driving forces of the
COP 26 and its own strategic sustainable development. Renewable energy is the trend for
global sustainability transition, but does not confirm the sustainability. The sustainability
is achieved by two essential components, a long-term strategy and the satisfactory of
sustainable criteria. The mutual benefits or conflicts among environmental, social and
economic criteria act as the push and pull factors respectively. The ethical decision in
weighing benefits and risks existed within a solution ultimately defining how sustainable a
strategy practically led to.
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𝑒𝑞

COP26 2021 United Nations Climate Change Conference

ESE Environmental Social Economic
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1 Introduction

The sustainability transition in Vietnam is influenced by the global trends to reconstruct its

energy system structure. In this session, the global trends and drivers will be introduced to

be the foundation for the transition orientation of the system in Vietnam, thus forming the

overall context for the focus of this study.

1.1 Global trends and drivers

Net zero carbon emission by 2050 has become a key phrase in the global strategies with

agreement and commitment from different countries around the world. COP 26 in Glasgow

has become a remarkable milestone of human action attempting to solve climate change

issues with the participation of around 200 sovereign states around the world. The

conference concluded with the main objective of limiting global temperature increase to

1.5 °C, urgent energy transition away from fossil fuel, reducing emission and damage

mitigation (UN, 2023). Vietnam is a member of the COP 26 agreement and has formed and

deployed the commitment through many actions listed according to the National Strategy

on climate change - Decision 896/QD-TTg (Vanban.chinhphu.vn, 2022). It stated the

responsibility across all departments to attempt to reach the following objectives: address

and adapt to climate change proactively, continuously reduce carbon emission and achieve

net zero carbon by 2050, identify and mitigate vulnerability and risks from climate change

effect (Climate action tracker, no date). The core of the transition revolves around the

energy transition, which is the heart of the sustainability transition theory. The goal is to

achieve clean, sustainable energy and replace it with unsustainable energy sources

(Huttunen et al, 2022). The main drivers of the transition indeed focus on reducing the

impacts of the current energy system, which are commonly weighted as the carbon dioxide

emission, measure in amount of . This reframes and structures the focus or targets of𝐶𝑂
2
𝑒𝑞

actions revolving around reducing the amount of , leading to the indications of superior𝐶𝑂
2

characteristics of sustainability all present in emissions, thus enabling a conclusion of “the

sustainable approach” for the transition. However, Michael Child (Child et al, 2018)

mentions that sustainability is not just simply the reduction of greenhouse gasses (GHG)

emission, carbon emission is the major issue that needs to be addressed, yet not the final
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goals for the solution. The suggested approach requires a bigger picture where all the

sustainable criteria need to be on the table during the discussion to justify the attempt of

solving the problem that doesn't create any issues in other criteria.

Emission from the energy sector is responsible for 73% of the total emission, thus the

reconstruction of this sector is necessary to mitigate the impacts (Ourworldindata, 2020).

New fuel sources rapidly become the ideas and shifting the global power structure.

Renewable energy in general has become the trend for energy transition across all scales of

energy models and its potential in the economic and environmental field attracts gradual

investment globally. According to the report of Climatescope 2023 of BloombergNEF, the

global investment committed in the renewable field reached 560 billion dollars, with the

majority dominated by solar photovoltaic (PV) and wind projects (BloombergNEF, 2023).

Renewable energy project installation is undoubtedly the path toward sustainability due to

its environmental characteristics, certainly its establishment would bring much more

significant value than just a fossil fuel replacement strategy. Despite the sustainable benefit

in terms of energy production, there remain uncertainties that, from a different perspective,

might be considered as unsustainable. For instance, hydropower is undoubtedly a credible

energy source due to its low emission, and it is currently the largest renewable energy

production method (Randell, 2022), theoretically it would benefit the sustainable goals

once it is installed, at least the environmental aspects. However, practically there are many

more “unsustainable” issues to be considered in this sustainable replacement. In the scope

of environmental solution, energy production reduces significant pressure of emission

while fulfilling the demand of energy security, but spontaneously changes the ecosystem of

downstream and surroundings of dams or reservoirs (BloombergNEF, 2023). In terms of

planetary boundaries, it solves the climate change pressure, yet creates a problem for

biodiversity. In addition, land use issues also arise as an issue due to the scale of a

hydropower plant unit itself in terms of environmental effects. On the other hand, the

displacement, sometimes involuntarily, from civilians in the surrounding area is the social

effects that hydro energy creates, which not yet to mention the social issue arise along with

the allocation that is not socially sustainable. Economically, it adds up the cost of

construction and management much more significantly related to this displacement,

whereas the Three Gorges Dam in China is a solid example (VanCleef, 2016). In an

attempt to solve a problem regarding emission of energy production, within the field of
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environment, it is to fulfill the objective, yet create another problem, and in the social and

economic fields it possibly establishes more stress. This illustration doesn’t aim to devalue

or discredit the significant benefit of hydropower, in fact, the massive outcome of capacity

and revenue might eventually outweigh the disadvantage to some extents, however, it is an

assessment approach to conclude a wider range of perspective of sustainability when we

consciously look beyond the initial goals. The solution does objectively accomplish what it

meant in terms of sustainable solution for the category of energy production, yet other

managerial problems arise along with the goals being achieved. The same theory applies

for all other sustainable solutions to eventually answer a question “Is it still sustainable if it

violates other sustainability’s categories?”

1.2 Situation in Vietnam

In the trend of reducing non-renewable energy dependence, the Vietnamese government

deployed many projects of renewable energy-based power plants with different scales in an

attempt to replace the coal power plant, which is the highest non-renewable source of

energy in Vietnamese energy production. The expansion of the wind and solar energy

sector has been raising significantly, many major wind and solar power plants have been

constructed and in operation across the middle and southern Vietnam and are directly

connected to the national grid. However, surprisingly the dependence on coal is still

maintaining a high level, accounting for 45% of the total national energy production in

2021 (IEA, 2022). On the other hand, Vietnam is also severely suffering from the impact of

climate changes and it is projected to be much more severe on social and economic aspects

(Woillez et al, 2021), thus urging the action of transition as a mitigation and adaptation

procedure.

According to the data announced in October 2023 by the Vietnam Electricity Group (EVN)

(EVN, 2023), the energy system in Vietnam is distributed in figure 1. Coal is still playing a

major role in the energy production scene in Vietnam despite the growth of the renewable

energy sector, compared to the data submitted to IEA in 2021 (IEA, 2022). The amount of

coal energy production has significantly dropped with the commitment of energy

transition, roughly 6% capacity decrease, however still accounting for nearly 50% of the

energy system. On the other hand, wind power generation has progressively expanded
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150% within 2 years and now accounts for 3,7% compared to 1,3%. The hydropower

sector still maintains a high total share in the system, however, there are fluctuations

occurring as a result of the climate change, drought seasons have become more severe,

leading to the insufficient water supply and stored in reservoirs for the production

(Nangluong Vietnam Online, 2023), this is an expected pattern, however, the results could

become a major issue for the whole energy structure once hydropower become deficient,

especially when the impact of climate changes is becoming more unpredictable.

Figure 1. Energy system in Vietnam (Source: adapted form EVN, 2023)

In order to achieve the sustainable development goals and integrate the global

commitment, Vietnam introduced 2 major strategies to direct the national power structure

and energy system. Both strategies provide the guideline and the objectives for the

transition with the vision of action to 2050, the National Power Development Plan (PDP8)

(Vanban.chinhphu.vn, 2023) orientates the power generation structure of Vietnam and the

National Energy Master Program (NEMP) (Vanban.chinhphu.vn, 2023) discusses energy

system management.
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1.2.1 Power Development Plan - 8 (PDP8)

On May 15, 2023, decision 500/QD-TTg has been approved, allowing Vietnam to launch a

new National Power Development Plan (PDP8) for 2021 - 2030, with a vision to 2050, the

plan involve revisions and considerations from different department and aspects in order to

come to the final guideline after 4 years (Vanban.chinhphu.vn, 2023) The plan revolves

around the national electrical system of Vietnam, which includes electricity generation,

management of sources used for production process and social - economic connection with

the system. The PDP8 in this section plays a demonstration role, whereas its orientation is

a national development scenario for the electrical production sector. In addition, the

transition also aims to attract investment with the expectation to cover up to 134,7 billion

US dollars during 2021-2030 period, and around 400 to 523 billion US dollars during 2030

- 2050 periods.

In the first place, the structure is the basic guideline for the transition in this scenario,

appendix 1 is the summary of the targets of the power source structure. The structure

apparently demonstrates the common trend of renewable shifting and the phasing out

process of coal power plants; this is a prerequisite action in the combating climate change

scheme. In the vision by 2050 of the Vietnamese power structure, the gigantic growth of

renewable shares from around 13% in 2021 to approximately 71% in 2050, with additional

transition of coal and gas power also contribute enormously to the net zero emission

achievement. The coal sector specifically, still plays an important role in the energy system

until 2030 to fuel the economy of Vietnam, and during the 2030-2050 period. The phasing

out process of coal will go alternatively with the introduction of thermal biomass and

ammonia. This new introduced sector will be expected to be the suitable replacement to the

whole coal sector by 2050, deleting completely the coal sector out of the structure. On the

other hand, the gas power sector will experience a major transition toward LNG and most

importantly hydrogen power. This transition will undergo the process of converting natural

gas to LNG by 2030 and slowly converting and hybriding LNG with hydrogen, and some

power plants are programmed to eventually be fueled completely by hydrogen. This

introduction of a new power source in the national energy system is oriented to make

hydrogen become the ace of the gas power sector in order to maintain the share of the
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sector, utilize the existing resources (infrastructures, technologies and human resources)

and ultimately reduce the emission from the generation process.

1.2.2 1.2.2 National Energy Master plan (NEMP)

One month after the approval of PDP8, on June 26th, 2023, the National Energy Master

Plan 2021-2030, with vision to 2050 has been approved (summary in appendix 2). The

strategy focuses on developing the energy industry to ensure energy security as well as

economic development besides constructing a low carbon emission energy system. Unlike

the target of reducing coal power dependence in PDP 8 in the electrical system, the energy

security scenario of Vietnam surprisingly maintains the coal mining industry, along with

crude oil extraction to maintain the industrial and foreign trading. According to World

bank data, in 2021 the total natural resource rents of Vietnam account for 2.5% of the total

GDP, with 0.7% from oil and 0.4% from coal (World Bank, no date). The share of mineral

extraction, even though it doesn't scale up and take a high stand in Vietnam economy

structure, remains an intimate connection with the industrial flows and foreign investment.

The NEMP states the objectives to fulfill the domestic demand across coal, oil and

petroleum, natural gas, and renewable sectors to accomplish not only the power generation,

but also fueling the industrial activity and transition. The sectoral objectives for the energy

sectors cover the big picture of the energy flows within the nation, from extraction,

process, production to consumption and export, with the consideration of relative

infrastructure and technologies such as transportation and harbor terminal, the strategies

for the energy sectors are summarized in Appendix 2 (Vanban.chinhphu.vn, 2023). A

simplified explanation for the vision of NEMP and its interaction with PDP 8 is that

NEMP establishes the framework and developing orientation for each energy sector, which

will be used for economic and social purposes such as industrial, transportation, economic

services, electricity production, and residential applications, within the target capacity of

each sector there is a proportion that is responsible for electricity production stated in PDP

8, and the mission of NEMP is to guarantee in input of the energy in the power system,

which including expanding reservice, mines operation management, processing,

transportation, and terminal infrastructure for storage, import and export.
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1.3 Aim of the study

These national strategies mentioned above are the commitment of Vietnam to meet the

global agreement and to perform the transition toward sustainability, however, the

approaches contain multiple aspects that remain controversial when classified in

sustainable criteria. When combined with the argument of the sustainability transition

approach mentioned earlier with hydro, this raises a question regarding the definition of

sustainability and the ways to approach this goal. In this study, the national strategies of

Vietnam will undergo an assessment and justification to answer the definition of

sustainability in the way they approach under the scope of sustainable criteria. The

conclusion for the sustainability through this study is based on the answers of the following

research questions:

1. What are the possibilities that the solutions suggested in PDP8 and NEMP

simultaneously create?

2. How important/major these possibilities are as a side effect on the

assessment grid of sustainable criteria?

3. Do the benefits of the solutions outweigh the downside of these possibilities

across sustainable criteria?

The evaluation will be carried out as the expected outcomes and unexpected outcomes

(unaccounted possibilities or unsustainable possibilities) are weighted or displayed in some

ways that provide fair comparison in order to understand the sustainability behind the

vision of the strategy to answer question 1 and 2. The unexpected or unconsidered

outcomes of a suggested solution might be beneficial, irrelevant or risky compared to its

designated objectives, it will be strongly evaluated to answer question 3. Planetary

boundaries and the Environment - Social - Economic model (ESE) are utilized as

sustainable criteria for the assessment in this study. Eventually, the study desires to assess

the overall sustainability of Vietnam's energy system if it follows the PDP and NEMP

plans.
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2 Methods

In this section, the focused area will be introduced along with the weighting procedure.

The method applied in this study is the traffic light system, which will be utilized to

evaluate the sustainability of the arguments pointing across the assessment grid. The

assessment grid consists of the focused area of this study, which are the planetary

boundaries and environmental - social - economic (ESE) model.

2.1 Traffic light system

The method used in this study follows the 3 research questions above. To answer the first

question, an assessment grid is utilized, this assessment grid is the combination of 3

selected boundaries that fits the discussing topic, and the ESE model. In this assessment

grid, each criterion identifies the potential benefits or risks from the initial solution. These

potential possibilities are then graded using a traffic light system to indicate the

significance, thus answering the second question. The results in green represent that the

solution resolves the initial without any side effects, yellow represent that solution might

create a small side effect or not fully solve the issue, while red represent the solution

creates significant problem(s) or violates other criteria while attempting to solve the stated

issue. The last question is addressed through considering each mark in sustainable criteria,

comparing the significance between possibilities to come to the conclusion if the solution

is sustainable or not. The number of marks doesn’t affect the final judgment of

sustainability as the scale isn’t fully identified.
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2.2 Focus area

The focus area of this study as mentioned earlier, revolves around planetary boundaries

and ESE model. There will be some assumptions applied throughout this study to ensure

consistency.

2.2.1 Planetary boundaries

Within the assessment grid, 3 out of 9 planetary boundaries will be used in order to keep

the investigation focused and more in depth. Land use, freshwater change and ocean

acidification are the most relevant boundaries to the transition contexts of Vietnam. For the

transition procedure, establishment of infrastructures and relevant facilities such as sites,

transportation, storages and factories are crucial, in addition, this establishment also

changes the value of land where it’s located as well as the surrounding. Additionally, with

the growth of the wind and solar power sector, the land use change can be much more

significant and take the dominance in the land budget. Water consumption is essential in

power generation, especially for the steam engine-based power plant. In addition, it also

contributes to the production of the fuel. The impact of the water consumption on the

energy sector can directly and indirectly change the freshwater availability for other

purposes, and overall violate national water security. Lastly, Vietnam has a 3,260 km

coastline running Northern to the tip of Southern, with the rich marine biodiversity system

(Socialist Republic of Viet Nam, no date), the effect of ocean acidification from the current

energy system can be severe and eventually change the local ecosystem, thus leading to a

domino effect on social and economic aspects. Ocean acidification is mainly caused by the

emission of carbon dioxide and nitrogen oxide, which are abundant from combusting fossil

fuel, of which the current energy system of Vietnam is one of the biggest contributors.

Other planetary boundaries are also necessary and relevant. For instance, the argument of

carbon dioxide and nitrogen oxide can also be applied for stratospheric ozone depletion or

atmospheric aerosol loading. Biosphere integrity, biochemical flows and novel entities can

also be integrated in the introduction of new technology and energy sources into the energy

system, as there will be pros and cons regarding an upcoming unknown application. These
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boundaries are also potential fields of discussion within the context of the study. The

reason for the selection of the 3 boundaries mentioned above are the scale of effects that

the boundaries assessed. Land use, fresh water change and ocean acidification directly

address the national resource security on a national scale, rather than local effects. Climate

change is an exception, whereas it is the targeted field for the solutions to tackle, thus the

outcomes will be assessed whether they benefit other boundaries simultaneously.

2.2.2 ESE Model

Another layer needs to be considered in order to define the success of reaching

sustainability, the structure of environmental - social - economic (ESE) will be included

and assessed individually among the planetary in terms of the strategies’ effect on these 3

aspects. The hierarchy suggests an environmental focus as the foundation due to the

ultimate vision of the strategies is to solve initially the environmental related problems,

hence, subsequently and simultaneously adjust and manage social problems, and in any

society, social adjustment links with economic shifts and adaptation. It happens that the

economy is beneficial most of the time throughout industrial activities regardless of the

potential environmental impacts. Therefore, during the evaluation, the economic benefits

need to be justified based on an environmental argument for how much the benefits

balance the impacts, and if it is worthy to sacrifice long term environment for a sectoral

development in the economy.

2.2.3 Assumption

There certainly will be a lot of unpredictable changes throughout the transition that are not

part of the plans, therefore increasing the uncertainties of the evaluation. Therefore,

throughout this study, the final scenarios in the discussion grid will be assumed to happen

according to how the strategies sketch, and only the effects are evaluated. Another

assumption is the load of the electricity production is sufficient for social usage, in other

words, the provision is a requisite rather than a benefit, thus it would not be taken into

discussion.
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3 Results and discussion

In this section, the results will be presented corresponding to the sector, and the big picture

is concluded from each sector’s result. Each subsection includes the result of the

corresponding section followed by the discussion.

3.1 Coal sector

The overall future scenario for the coal sector in the energy system seems optimistic as one

of the highest GHG factors will eventually be decommissioned. However, the transition

still contains several points that fail the sustainable criteria. Coal industry transformation

requires a long-term management and adaptation from previous, during and post

decommission. Phasing out coal power in Vietnam experiences contradicted driving and

resisting forces. While the drivers originate from the environmental alarms and the global

renewable energy transition, on the other hand, the obstacles are reinforced by social,

technical and economic perspectives (The Royal Society, 2020). Therefore, undergoing the

transition process in this sector requires enormous compensation between sustainable

criteria. The emission from the coal industry, including extraction, process, transportation

and energy production, creates a gigantic net impact on the environment. According to Our

world in data, in 2022, power generation (electricity and heat) is responsible for the highest

emission sector, in which coal stays at the top (Ourworldindata, 2020). Therefore,

removing coal while benefiting the combat against climate change, simultaneously solving

ocean acidification in the anthropogenic scenes, as ocean acidification is accelerated by the

concentration in the atmosphere (Natural History Museum, no date).𝐶𝑂
2

In addition, risk of water contamination from toxic compounds, heavy metals and used

water from coal industry could be reduced significantly once it is decommissioned (Spath,

Mann, and Kerr, 1999). However, that is the ideal destination of 2050, the approach of the

NEMP from now to 2050 is still maintaining the coal industry and slowly replacing it

between 2035 to 2050. These remain environmental and social threats, especially for

Quang Ninh Province, which contains 90% of Vietnam's coal reserves. In the Synthesis
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Report on Socio-environmental Impacts of Coal and Coal-fired Power Plants in Vietnam in

2016 (Minh et al, 2016), the water quality in the local areas around coal mines and coal

power plants was reported with heavy contaminated records and acidification, while soil

quality also experienced contamination and erosion, which resulted in a significant land

use change in the area, especially forestry and cultivation land (Minh et al, 2016; Tran,

2017). This alarms the environmentalists that the expansion of the coal mining sector in the

NEMP will continue to damage not only the environment, but also the local habitats. Fresh

water system will experience a bigger pressure from mine expansion, coal extraction and

processing. However, a positive aspect for the coal sector during this transition period is

that energy production from coal is no longer intimately bound with the coal industry

according to the vision of the PDP 8 (Stockbiz, no date).

Table 1. Effects of PDP 8 and NEMP during 2021 - 2030 period

COAL TRANSITION BY 2030

PDP 8 NEMP

Planetary boundaries

Land use change Power plants’ facilities
establishment and upgrade

Local forestry and cultivation land
loss

Transportation facilities upgrade

Fresh water change Thermal and chemical pollution Water contamination from coal
mine and processing factory

Ocean acidification Net emission𝐶𝑂
2

Increase net emission from𝐶𝑂
2

coal extraction and transportation

ESE Model

Environmental Air - Water quality degradation Air - Water - Soil quality
degradation

Social Respiratory diseases Health and habitable issues in local
areas

Economic Fuel economy Expand domestic coal market and
export rate
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Economically, phasing out coal power plants would not severely affect the economy, even

though 80% of domestic production is used for electricity production (30-32 million

tonnes), yet, still less than the amount of imported coal for the same purpose (40 - 50

million tonnes) (Stockbiz, no date; Statista, 2023). In fact, more investment in green power

to replace coal will be the incentive to accelerate the transition. import rate will be reduced

and export rate will be exponentially expanded as that 80% consumption is no longer

needed for power generation, thus benefiting the environmental, social and economic

perspectives simultaneously. Table 1 presents the possibilities during the transition phase,

whereas the impacts of coal industry expansion within these periods are extremely

concerning. In the planetary boundary model, the fresh water system and ocean

acidification is inevitably violated as the impacts of coal during its life cycle are the main

causes of these planetary issues, though the effects from PDP 8 are less severe than NEMP

as coal power plants later would go on transition phase or finish their operation, therefore

reduce the net carbon emission as well as water consumption.

On the land use system, there are contradicting arguments, whereas the development of an

industrial sector definitely promotes the facilities and infrastructures, which is a positive

result for the local land use. However, a positive result in facilities would not be enough to

compensate for the severe effects of coal mines on other aspects of land uses, regardless of

the attempt in reducing coal output capacity, from 53 million tonnes in 2030 to 36 million

tonnes by 2050 before closing coal mines. The effects of soil contamination and

degradation would take a long time to recover after a long-time experiencing pressure,

which will continue to violate the land use change criteria after the transition period in

2050. The anticipation of a post coal industry is not yet clear in the national strategy,

however, there will certainly be pros and cons regarding shutting down an industrial sector.

In table 2 the coal power transition seems to bring a positive effect across all the

sustainable criteria for its transition. The facilities are expected to be utilized for the green

ammonia sector, which conserves the national resources, as well as promoting related

social and economic aspects. The effect of ammonia on the environment and how it is the

future energy will be discussed later in its section, however, inarguably the transition from

coal to green ammonia significantly reduces the carbon emission, thus releasing the carbon

stress.
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Table 2. Effects of PDP 8 and NEMP by 2050

COAL BY 2050

PDP 8 NEMP

Planetary boundaries

Land use change Fuel conversion in coal power
plant

Vacant land from coal mine and soil
degradation

Fresh water change Reduce risk of water
contamination

Significant reduction in
consumption

Ocean acidification Zero carbon emission Zero carbon emission

ESE Model

Environmental Zero carbon emission Reduce air - water - soil
degradation

Social Reduce health issues Reduce health issues

Promoting research institute and
programs in green ammonia

Local job disruption lead to
potential social issues

Economic Promoting ammonia industry Shut down coal companies and
enterprises

Technical adoption requirement Investment in ammonia transition

For the coal industry post phasing out, it is a major question mark for the experts,

especially regarding jobs and the economy. A long-term connection between the local

economic structure and coal industry requests a more specific transition guideline. Quang

Ninh province will experience these uncertainties the most due to its long history

connection with the coal industry (Baoquangninh, 2023). Though the foundation of

infrastructure and facilities are specialized for the industrial sector, the transition result

doesn’t necessarily neglect the foundation. There will certainly be job disruption issues

once the industry is shut down, however, the replacing option also comes as a result of

substitution for the demand of the new energy sector. Moreover, the damaged

environmental background after a long term of exploitation surely reduces the attraction

from investors, yet the existing facilities are still repurposable to utilize the national

resources and avoid wasting.
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3.2 Gas and oil sector

In the PDP8 scenarios, the gas sector is also planned to experience major transition, in

contrast to the coal sector, where the source experience is expected to be replaced during

transition, the gas sector experiences a slower and diverse adjustment along with the

internal expansion. LNG is expected to be the fuel of Gas sector growth in the vision of

PDP 8, as well as strategically develop the gas and oil reserve of the NEMP. LNG is still

fossil fuel, which theoretically translates to unsustainable power generation alternatives,

even though it is claimed to be the cleanest burning hydrocarbon energy and superior due

to its flexibility (GIIGNL, 2023). In the context of the Vietnam energy transition, the major

expansion of the LNG sector during the 2021-2035 period hides uncertainties that shifts

the targeted achievements of sustainability further away. The expansion indeed promotes

infrastructures regarding power generation, transportation and storage facilities, especially

when Vietnam LNG reserve is dominated by imports and is expected to be increased with

foreign partnership and project alliances (Vietnam Briefing News, 2023). This is a positive

result in the land use system not only for the development, but also for the optimization of

energy production land used as LNG power plants will be converted to Hydrogen energy

after the 2050 period (Vanban.chinhphu.vn, 2023).

A major issue raised within the LNG cooperation in the future scenario included in both

PDP8 and NEMP is a hidden consequence of LNG reliance. A huge acceleration in LNG

demand goes along with a heavy LNG import flow, which creates an enormous import rate

and transport frequency over a short period. The benefits of promoting LNG trade,

expansion of gas and oil expansion in the economy would have to be compensated by a

major environmental pressure. Firstly, the studies of The Greenhouse Gas Footprint of

Liquefied Natural Gas (Howarth, 2023) and Methane slip emissions from LNG vessels

(Kuittinen et al. 2023) suggest that the application of LNG increases the Methane emission

into the environment, it is a concern as the LNG sector in Vietnam relies heavily on import.

This directly poses a threat to ocean acidification boundaries in the assessing criteria for

both strategies. Especially when the NEMP promotes gas and oil extraction for the

domestic consumption and national reserve, there will be a major pollution risk from these

activities to water security and marine biodiversity (EIA, no date). Simultaneously, the

health issues are also consequences from the promotion of petroleum and gas consumption.
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This explains the pattern in table 3, where uncertainties and even negativity remain in

social and environmental criteria.

Table 3. Gas transition by 2030

GAS TRANSITION BY 2030

PDP 8 NEMP

Gas power plant Gas + Oil reserve

Planetary boundaries

Land use change Power plants construction Transportation and storage
facilities development

Fresh water change Increase net consumption and
contamination potential

Increase net consumption and
contamination potential in refinery

Ocean acidification Risks from shipping Acidification from shipping and
oil/gas extraction

ESE Model

Environmental GHG (methane) emission
increase and air pollution

Threats from oil rig and shipping
to marine ecosystem

Air pollution

Social Health issues Sufficient petroleum reserve for
domestic consumption

Health issues

Economic Reliance on LNG import Expand Gas and Oil market

The impacts on the environment remain negative following health issues due to the

dependence on fossil fuel on energy reserves by 2050 according to the NEMP. The direct

influence from petroleum and diesel consumption can be seen in 2 major cities of Vietnam,

Ho Chi Minh city and Ha Noi. The concentration of PM10 and PM2.5 during rush hours is

significantly high, which leads to a higher exposure rate and potentially leads to major

respiratory issues such as asthma or Chronic Obstructive Pulmonary Disease (COPD)

(VNexpress, 2023).
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Table 4. Gas transition by 2050

GAS TRANSITION BY 2050

PDP 8 NEMP

Gas power plant Gas + Oil reserve

Planetary boundaries

Land use change Power plant fuel conversion Transportation and storage
facilities conversion

Fresh water change Net consumption unchanged Increase net consumption and
contamination potential in refinery

Reduce risk of contamination

Ocean acidification Zero carbon emission Acidification from shipping and
oil/gas extraction

ESE Model

Environmental Zero carbon emission Air pollution risk

Threats from oil rig and shipping
to marine ecosystem

Social Reduce health issues Sufficient petroleum reserve for
domestic consumption

Promoting research institute and
programs in green ammonia

Health issues

Economic Technical adoption requirement Maintain Gas and Oil market

Reduce LNG import reliance Reduce LNG investment

Table 4 shows red marks on environmental criteria as a result of natural gas and

petroleum’s demand extension, from 22 million tonnes of oil equivalent per year in 2030 to

27 million tonnes of oil equivalent per year in 2050. However, positive results on the

national power structure is a pressure relief across sustainable criteria. The transition of

heavy LNG dependence will be converted to hydrogen energy, certainly leading to a

significant GHG emission reduction and following global trend investment. The

implementation of hydrogen and its effects will be discussed later in a separate section.

The expected scenario for the gas sector in the energy system reveals an attempt to

self-sufficiently fuel the national economy while maintaining the balance between
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environmental, social and economic values. The power structure is designated to be green

and sustainable in order to separate itself away from the fossil fuel reliance in the energy

reserve.

3.3 Hydrogen and ammonia

Ammonia is designated to replace coal in thermal electricity production, more specifically,

green ammonia is the ultimate target. In the scenario by 2050 of the PDP 8, the total

capacity of ammonia is approximately 32,000 MW, sufficient to replace the peak capacity

of 30,000 MW of coal in 2030. This transition occurs within coal sector facilities, whereas

the coal power plant is then fully fueled by green ammonia. Similarly, hydrogen is

expected to dominantly replace LNG by 2050, either fully or partially blending with

Natural gas. Hydrogen power plant capacity is expected to cover approximately 37,000

MW over 49,000 MW of the total gas sector.

Green ammonia and hydrogen production are intimately bound together, as green hydrogen

is produced using water electrolysis to generate hydrogen and oxygen (The Royal Society,

2020). Therefore, these carbon-free future fuels are perfectly suitable to establish a new

sustainable energy sector. Undoubtedly the effects of carbon are significantly reduced in

this scenario due to hydrogen and green ammonia life cycle characteristics, yet, not all

other criteria outside of carbon are sustainable. The combustion of ammonia certainly

produces nitrogen oxides ( as air is heated to high temperatures, relatively similar to𝑁𝑂
𝑥
)

the amount of nitrogen oxides emission from fossil fuel combustion (Rievaj, Gaňa. and

Synák, 2019; CRU, 2022), where ’s greenhouse warming potential is enormously𝑁
2
𝑂

greater than (Green House Gas Protocol, no date) .However, under the scope of𝐶𝑂
2

climate change mitigation, they significantly remove carbon dioxide and solid particles

emission potential. This is why the ocean acidification factor was marked as green in table

5 due to the factor reduction regardless of nitrogen oxides emissions. Even though there

hasn’t been a fully green ammonia fuel-based power plant to collect the precise impacts of

, it is an alarm to indicate the potential downside and suggest suitable abatement. This𝑁
2
𝑂

explains why environmental and ocean acidification criteria of ammonia is marked as
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yellow and even red due to its potential of causing air pollutants, acid rain and soil

contamination from nitrogen exposure (EPA, 2023). Which also directly involves social

issues related to health and food security. On the other hand, even though downstream

hydrogen utilization is zero, upstream emissions contribute to global warming indirectly.

Global warming potential over 100 year of hydrogen (GWP) is recently claimed to be

11.6 ± 2.8 (Sand et al, 2023) if generated in the conventional way, also known as gray

hydrogen. It reacts with other GHG such as methane, ozone, and stratospheric, water vapor

and aerosol, thus prolongs their lifetime. These uncertainties raise the concerns to force the

green hydrogen production to be fully implemented in order to keep the sustainability

transition’s ultimate goals on track.

The scale of these impacts will be large according to the sectoral expansion of ammonia

and hydrogen energy in PDP8 [14] and hydrogen production rate in NEMP, estimated to be

100 - 200 thousand tonnes a year by 2030 and expand to 10 - 20 million tonnes a year [15].

This would lead to a huge water consumption rate, approximately 9 liters of water is used

to produce 1 kg of hydrogen (Hydrogen Europe, 2020), which equivalent to nearly 90

million tons of water is consumed a year in Vietnam for hydrogen production only.

Additionally for the ammonia sector, besides water consumption rate for power generation

and fuel production, the risk of water contamination from ammonia exposure is also of

concern In order to solve the fresh water consumption issue, the first green hydrogen

factory of Vietnam is placed at the coast to utilize seawater for electrolysis to produce

hydrogen and oxygen, a suitable resource from the long coastal line (Moit, 2023). The

implementation of desalination in mass production is proved to be feasible when there are

already desalination plants in Vietnam as well as more investment (Moit, 2023; Nangluong

Vietnam Online, 2021).The growth of demand also leads to a potential expansion in land

funds which are designated for the energy sector, which resulted in more expenses on

facilities. Especially when the cost of green ammonia technology implementation is

extremely higher than gray or blue ammonia (BloombergNEF, 2022), which increases the

pressure on national finance in adopting this sector with the scale of 100 percent green

ammonia operation.
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Table 5. Ammonia and Hydrogen future plan

AMMONIA AND HYDROGEN FUTURE PLAN

PDP 8 PDP 8 NEMP

Ammonia to electricity Hydrogen to electricity Hydrogen production

Planetary boundaries

Land use
change

Power plant conversion Power plant conversion Hydrogen + Ammonia
production facilities
expansion demand

Fresh water
change

Water consumption in
engines in power plant

Water consumption in
engines in power plant

Water consumption in
hydrogen & ammonia
production

Ocean
acidification

Nitrogen pollutants Nitrogen oxides
emission but lower risk

Nitrogen oxides
emission lower risk

ESE Model

Environmental
Carbon free fuel Carbon free fuel Utilize renewable energy

in production

Potential nitrogen leaks
from storage,
production and
combustion

Indirect Global
Warming Potential of
hydrogen

Potential hydrogen leaks
from storage, production
and combustion

Nitrogen oxides
emission ( and𝑁

2
𝑂

𝑁𝑂
𝑥
)

Nitrogen oxides
emission

Nitrogen oxides
emission

Social Promoting research
institute and programs
in ammonia

Promoting research
institute and programs
in hydrogen

Promoting research
institute and programs in
hydrogen

Health issue related to
nitrogen exposure or
air pollution

Social services
applications

Economic Extremely high cost of transition (technology) High cost to transition to
mass production

Attract foreign investment and long-term
partnership

Introducing a new
industrial sector
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Despite the negative or uncertain possibilities, the vision of this new energy sector could

transform into a new industrial and technological field, which is socially and economically

beneficial. Many educational and job-related fields are expected to be adopted and directly

contribute to the socio-economic system. Additionally, the development of the ammonia

and hydrogen sector resonates with the renewables sector, mainly solar and wind power, as

the production programme is oriented to be fueled by renewable energy, which directly

encourages and attracts more investment in renewable energy projects [14, 15, 32]. Under

the scope of carbon reduction, this sector shows significant performance and ambition.

3.4 Hydropower

Hydropower is a special case in the national strategies by 2050, there isn’t any major

transition that is expected to happen except for the extension in capacity in the power

structure mentioned in PDP 8. The contribution of hydropower across environmental,

social, economic aspects is unarguable, it is classified as a green and renewable energy

source, yet, goes along with many controversies regarding sustainability. The extension of

the hydropower sector by 2050 to maximize the hydropower potential of Vietnam (up to

40,000 MW) will face a variety of issues, mainly environmental and social issues that have

been addressed for a long time. Table 6 below shows the result from reviewing different

researches of hydropower impacts and benefits in Vietnam ever since it became a major

energy sector in the power structure. Within the scope of planetary boundaries, the

hydropower expansion brings more uncertainties toward the environment than

sustainability. A positive result is that ocean acidification can be significantly mitigated

due to the zero carbon and nitrogen emission during electricity production, which is a

major perspective in other dominant energy sectors within the current power structure of

Vietnam. On the other hand, fresh water and land use change remain controversial. The

establishment of hydropower dams and reservoirs leads to water quality degradation within

the system, including water in reservoirs, upstream and downstream, affecting not only

water usability, but also biodiversity and habitability. Eutrophication and oxygen

stratification in reservoirs cause the degradation in quality and majorly affect the aquatic

biodiversity and surroundings ecosystem (Moitruongxaydungvn, 2022; Energy Education,

no date). While storing rate in dams lead to a major loss in river sediments and debris and

sedimentation in reservoirs, which translates to a vital threat of dams’ safety and
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downstream habitability, which includes agricultural and fishing potentials, water supply,

landslides and river erosion (moitruongxaydungvn, 2022; Hydro review, 2017; Adamo et

al. 2020; Le et al, 2020; Nhi, 2023). In addition, the construction of hydropower facilities

directly leads to forest destruction, it is estimated that 10 - 30 ha of forest is lost to generate

1 MW of hydroelectricity (moitruongxaydungvn, 2022) This is the direct cause of the

increase in flooding and landslides possibilities.

Table 6. Future of hydropower

HYDROPOWER

PDP 8

Planetary boundaries

Land use change Land lost (forest, agricultural, habitat)

Local transportation infrastructure
development

Fresh water change Water quality degradation

Increase storing rate

Ocean acidification Does not emit ocean acidification factors

ESE Model

Environmental Methane emissions

Low carbon emission

Sedimentation and landslides

Cause salt intrusion

Social Water storage and conditioning device,
prevent flooding

Reallocation and habitable issues

Lack of water supply

Economic Significantly contribute to local economy

Relatively cheap to construct and operate
over long term

Compensation for long term impacts
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The damage on land use is emphasized simultaneously in the environmental aspects in the

ESE modal. Where the unbalanced flow between upstream and downstream partially

contributes to the sea water intrusion inland (Park et al 2021; Xiao et al, 2021). The

positive feedback loop of sediment degradation in rivers leads to a huge reduction in living

conditions in downstream areas. Especially for agriculture, a common economic sector

present in downstream and basin areas in Vietnam, the loss of organic and inorganic supply

from sediments transportation in rivers directly decrease the crop yield due to drought

season extension, soil exhaustion and degradation (Moitruongxaydungvn, 2022; Xiao et al,

2021). The expansion in capacity from 22,000 MW in 2021 to 36,000 MW in 2050, which

is nearly double the current size, potentially causes more problems than being an

environmental solution. Reallocation will be inevitable regardless of indirect or direct

driving forces; the systematic change in downstream conditions eventually makes the

habitability in the area become more extreme (Park et al 2021; Tienphong, 2024). An

example of an indirect driver is the flooding situation in the middle part of Vietnam

whenever the rainy season comes. There would be temporary reallocation at the

downstream of the dams as water level rose significantly over a short period of time.

Recently, flooding occurred in Hue due to the synchronization of the rainy season and

reservoir release, causing significant water level rise at the local river. (Nguoi Lao Dong,

2023)

A positive aspect of hydropower is obviously its superiority in net emission compared to

the current energy shares, which crucially tackles the carbon emission problem. In

addition, it is considered economically beneficial due to the low construction and operation

cause over its lifetime, which is expected to last over 100 years for a hydropower project.

In Hoa Binh and Son La province, Vietnam, where the largest hydropower dams in South

East Asia are located, these projects directly contribute annually up to 50% of the total

provincial revenue (Moitruongxaydungvn). However, these positive results will soon be

outdated in the development scene. Firstly, the economic benefits as mentioned only occur

in the minority, which on a bigger scale of compensation for the long-term damage, is

completely incomparable. Secondly, the superiority of low net emission will be replaced by

solar and wind energy, which is more reasonable in terms of long-term investment and

environmental effects. Thirdly, the storing water and anti-flooding device eventually

become questionable, which become more like a paradox in Vietnam, as the long term



32

damage simultaneously create more drought and flooding potential than its capability of

countering The red and yellow marks in the result table 6 is an explanation for the

potential long term threats if the hydropower is still considered as a long term strategic

sector, which the green marks of benefits might not be enough to compensate.

3.5 Wind and solar

Wind and solar energy carry the ambition and purpose of energy transition in Vietnam’s

energy system. The expansion of just wind and solar energy encounter the majority of the

renewable energy scenarios, approximately to cover up to 68% of the electricity production

by 2050. The growth of renewable energy is the core of the transition and development as

it is expected to grow 3000%, from just a small proportion of 18% (13,300 MW) in 2021

to gigantic dominance of 68% (396,000 MW). Wind and solar projects are projected to

encounter 43% and 47% respectively, which adds up to 90% of the renewable sectors of

the PDP 8’s vision (Vanban.chinhphu.vn, 2023). In table 7, there is a green dominance

follow up with some yellow indicators, compared to other sectors’ results, this sector

shows a much higher potential and feasibility, as well as uncertainties are interpretable.

The exceptional growth in project scale eventually led to a necessary land use management

as solar and wind farms are significantly large in terms of total area compared to other

forms of electricity production. According to Our world in data (Ourworldindata, 2022),

the mean land use of energy sources per unit of electricity of solar and onshore wind is the

largest, along with hydropower plants, however, this only applies for the singular

installation. The strategic value of wind and solar farms alongside its renewable traits is its

superior flexibility in land footprint offering dual applications such as rooftop or

agriculture. Especially agriculture can be simultaneously developed with the

implementation of solar and onshore wind farms, which has already become a strategic

movement in Vietnam (Nangluong Vietnam Online, 2022; Bao Dan Tri, 2021). Agrivoltaic

model has been implemented with the cooperation of transition partners in Da Lat,

Vietnam (Nangluong Vietnam Online, 2022), improving self-supply electricity and food

production in a circular model. The symbiotic relationship can be applied also for onshore

wind models, where farm farming lands are available between wind turbines. In addition,

the installation of solar and wind, especially onshore wind farms, effectively forces the
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development of the local transportation system in order to bear mega transportation

projects. However, this potentially leads to deforestation for transportation upgrade and

turbine installation, especially when the scale of projects is enlarged along with time as

well as the size of turbines are getting bigger to maximize wind capture efficiency (Energy

gov, 2023). Land value improvement is also a concern for solar and wind project

investment, as the value of local area eventually increases proportionally to the

development of infrastructure, however, it is contradicted in the situation in Vietnam

regarding compensation for local people due to the price difference before and after the

implementation of the power plant (Baochinhphu.vn, 2023). Additionally, the fishing area

reduction is also a major issue due to the effects occurring during construction, operation

and deconstruction of offshore wind projects (Wind energy the facts, no date), especially

this field is also a strategic target in the future power structure of Vietnam, covering

approximately 23% of the renewables sectors by 2050.

The Overview of Water Use in Renewable Electricity Generation (Jia, Klemeš. and Tan,

2021), the water consumption in electricity production is nearly negligible as there isn’t

water involvement, mainly consumption is for human usages. This significantly ensures

water security for the long term. However, the rapid installation of solar increases the

demand of PV production, which is equivalent to expanding nickel and lithium mining,

thus posing a major water contamination threat with exposure of heavy metal through ore

treatment and refinery (Ngkoimani,and Chaerul, 2017; Luoto, Leppänen and Weckström,

2019). Due to the superiority of low life cycle emission and starting to expand and

replacing fossil fuels (IEA, 2023), wind and solar power are the solution to tackle ocean

acidification as the causing factors are significantly reduced. A concern for Vietnam in this

criterion is shipping is the primary way to import wind technologies, which its frequency is

expected to rapidly increase overtime, resulting in a higher acidification potential

(Hassellöv et al, 2013).
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Table 7. Future of wind and solar power - Planetary boundaries Assessment

WIND AND SOLAR

PDP 8 PDP 8 PDP 8

Wind onshore Wind offshore Solar

Planetary boundaries

Land use
change

Dual application
(agriculture)

Fishing area reduction Dual application
(agriculture, rooftop)

Land value
improvement

Do not affect inland
land use

Land value
improvement

Deforestation

Transportation development

Compensation for farmers (agricultural, living areas)

Fresh water
change

Negligible water consumption

Contamination risk from
nickel and lithium
mining

Ocean
acidification

Low GHG emission (carbon and nitrogen)

Importing equipments through shipping

In contrast to the sustainability potential in planetary boundaries model, the ESE model

shows a different perspective presented in table 8. Unarguably the environmental footprint

of wind and solar are proven to be the future solution, especially based on its significantly

low GHG footprint and low contamination factors compared to other energy sources (IEA,

2023), however, there are some potential threats that need to be addressed once this sector

undergoes expansion. Deforestation and biodiversity loss are inevitable during the land use

transition due to the massive occupied area (OECDilibrary, no date), especially for onshore

wind projects as turbines are scattered further away from each other. Marine biodiversity

will also face the similar threat, interestingly, in the Reviewing the ecological impacts of

offshore wind farms (Galparsoro et al, 2022), there are two opposite poles of effects of

offshore wind farms. Fish, mammals and birds are interrupted, even facing vital threat, by

the installation and operation, while the installation of wind turbine foundations at the

same time provide habitat for invertebrates and protect the coastal ecosystem.
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Table 8. Future of wind and solar power - ESE model Assessment

WIND AND SOLAR

PDP 8 PDP 8 PDP 8

Wind onshore Wind offshore Solar

ESE Model

Environmental
Low GHG emission

Reduce risk of water and soil contamination

Deforestation Threat for fishes,
mammals, and sea birds

Deforestation

Biodiversity loss Invertebrates ecosystem
diversity

Biodiversity loss

End of life disposal issues

Social Jobs and services creation

Infrastructures and facilities development

Health improvement

Reallocation (house or fish farm) Self - provision service

Economic Long term investment potential

High cost of transportation Domestic production
capability

Extremely high cost of transition in total

The long term development of this sector promises a long term jobs and services creation

(Cobenefitstudy, 2019), construction, operation and deconstruction significantly benefit

the local job pool, while long term international cooperation consistently provides

innovation and improvement in local infrastructures as well as widening researching and

educational programmes. Another short-term effect that has been recognized is the tourism

promotion from wind farms, the natural advantages of landscape combined with the fresh

vibe from wind turbines has generated many attractive tourist locations along with new

local services. To some extent, the installation of wind and solar projects both directly and

indirectly contribute to the local economy. Solar power is even more flexible in dual
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applications, rooftop installation in cities are extremely crucial and valuable, providing

self-sufficient. power and services and reducing the load on the grid.

Other environmental and economic possibilities that need to be considered are the end of

life treatment of solar and wind power, namely the solar panels and turbine blades. The

dilemma states that the economic potential from recycling end of life solar panels and

turbines blades could form a separate industrial sector, as mentioned in the projection of

end of life management of PV panels from IRENA (IRENA, 2016), though if not handling

carefully, the enormous amount of waste resulted from a rapid growth rate in demand

would pressure the environmental boundaries severely. According to End-of-life solutions

for solar photovoltaics and wind power systems in Viet Nam (UNDP, 2021), there will be

approximately 19.3 thousand tons of end of life wind turbine materials by 2030 and it is

projected to increase up to 5000 thousand tons by 2050. Adapting and implementing

recycling procedures and technologies also adds up to the net expenses of the transition. As

this side effects from major sectoral transition, the possible benefits and threats remain

indistinguishable.

In terms of economics, there remains a lot of uncertainty regarding expenses, as the scale

of the implementation is projected to be the dominance, the requirement for investment is

also rising exponentially. Especially for wind power implementation, investment and

partnership are essential for the transition speed, as Vietnam wind turbines are imported on

the basis of foreign partnership. This dependence on a multi sources of budget can reduce

the sustainability of the scenarios if the expected percentage from this sector is not met,

which might result in pressures for other sectors, thus generating more domino effects.

3.6 Conclusive result

The conclusion for the sustainability of the transition by 2050 is drawn from table

1,2,3,4,5,6,7,8 and the final evaluation is formed in table 9. The transition of Coal to

Ammonia undoubtedly makes a huge release in coal dependence and impacts on the

environmental and social health in general. Green ammonia promises superior

environmental friendliness, however, some threats from nitrogen products is of concern

when it comes into practical industry and consumption. On the other hand, the transition
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from gas to hydrogen through an LNG median, the final outcome of Hydrogen dominance

meets the sustainable criteria closely, yet, the implementation remains debatable

environmental consequences that reduce the sustainability in terms of long-time investment

and transition, even possibly creating more environmental issues.

Table 9. Sustainability discussion

Coal to
Ammonia

LNG and
Hydrogen

Hydro Solar + Wind

Planetary boundaries

Land use Benefit Benefit Debatable Partially
benefit

Fresh water
change

Debatable Debatable Debatable Benefit

Ocean
acidification

Debatable Debatable Benefit Benefit

ESE Model

Environmental Partially
benefit

Debatable Partially
violated

Benefit

Social Benefit Partially
benefit

Debatable Benefit

Economic Benefit Benefit Partially
benefit

Partially
benefit

Hydropower for a long time has been a controversial energy source, it is considered a

renewable energy source, yet not sustainable due to its indirect and direct environmental

damage, which have a larger impact radius toward the environment and society. The result

of hydropower is mostly debatable due to the already existing problems regarding utilizing

dams in Vietnam, and the future investment in this sector seems to be not beneficial and

sustainable, not only environmental, but also for the social effects caused by the loss of

environmental foundation. The wind and solar sector unarguably hold the promising

scenario for future development, where its sustainable criteria are mostly satisfied to lead

to the conclusion of sustainability. Especially for environmental aspects when their

footprint accounts the least among all the sources. A clear pattern of the transition
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scenarios is the priority of social benefits along with the primary goals of tackling

environmental issues. Meanwhile the economy mostly benefits in different ways due to the

formation of the industrial sector and investment to fuel the transition. This shows the

commitment of the strategies to meet sustainability by simultaneously satisfying

environmental, social and economic sustainable development agendas.

4 Conclusions

The sustainability of the scenarios through this evaluation is achievable, mainly through

the implementation of wind and solar projects. The coal transition is the correct path, the

transitioning fuel is ideally the suitable substitution, yet the practical results are uncertain

to be implemented due to its advanced technology, which goes along with high cost.

Similarly, the hydrogen transition is also the sustainable destination, however, the middle

transition of LNG holds a bigger uncertainty across all the criteria than its actual benefits.

Solar and wind power as discussed are the most suitable path and will become the core of

the transition. Additionally, the solar and wind power is also designated to fuel the

hydrogen production, which simultaneously benefits the coal and gas transition. These

mutual benefits strengthen the sustainability foundation in the transition scenario.

Conversely, the growth of hydropower in this scenario shows more long-term effects than

its benefits, but it’s also debatable to completely decommission this sector due to its special

accountability in the current power structure. In conclusion, the transition scenario shows

the connection between sectors to contribute to the big picture. There are certainly doubts

and inevitable side effects, however the expansion of the wind and solar sector is designed

to support and compensate for gas and coal transition. However, the lack of connection of

hydropower in the future movement suggests a different way for this particular sector in

the transition scene.

In the approach to evaluate, the combination of planetary boundaries and ESE model into

the evaluation grid gives a wider point of view and more room for discussion as the effect

is examined in depth. The planetary boundaries provide a detailed environmental impact

assessment from human activities, and the ESE model supports the description of how
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social and economic criteria are violated from the effects of environmental damages. The

final result doesn’t conclude the perfect sustainable scenarios, though it practically fits the

initial hypothesis and some sectors are proven to be capable of achieving sustainability.

There are uncertainties presented in the adaptation of new technology in transition phases,

which will need a much deeper weighting procedure with the reinforcement from practical

data. The result of this study will act as a guideline for further assessment of each sector,

each of the assessed sustainable criteria can be an investigation topic in which deeper

mathematical and scientific methods are utilized to present statistics in order to reinforce

the weighting system.
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Appendix

Appendix 1. Power source structure (*)

Group Capacity (MW) 2021 2030 2050 (min) 2050 (max)

Renewable

Wind onshore 4100 21880 60050 77050

Wind offshore 6000 70000 91500

Solar 8900 12836 168594 189294

Biomass from
waste 300 2270 6015 6015

Thermal
biomass and
ammonia 25632 32432

Sector total 13300 42986 330291 396291

Hydro

Hydropower 22100 29346 36016 36016

Pumped-storage
hydropower 2400

Sector total 22100 31746 36016 36016

Coal thermal
Coal 25400 30127 0 0

Sector total 25400 30127 0 0

Gas

Domestic gas 7400 14930 7900 7900

LNG 22400 0 0

Gas - hydrogen
combustion 7030 7030

Hydrogen fuel -
LNG 4500 9000

Hydrogen
powerplant LNG
Converted 16400 20900

Sector total 7400 37330 35830 44830
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Group
Capacity
(MW) 2021 2030 2050 (min) 2050 (max)

Other

Storage 2700 300 30650 45550

Cogeneration
electricity,
residual heat,
blast furnace
gas, industrial
byproducts 300 2700 4500 4500

Flexible
power source
(ICE) 300 300 30900 46200

Import 600 5000 11042 11042

Sector total 3900 8300 77092 107292

Notes (*): blank data represents the sector is not yet introduced in that period, while “0”

data represents the sector being removed or transitioned to another source of energy)
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Appendix 2 . NEMP summary

Sector Category Period Objective Unit Notes

Coal Coal mine
drilling

2021 - 2030 1071 - 1328 thousand
meter

the Northeast
Coal Basin

102 - 131 inland and local
coal mines

2031-2050 773 - 943 the Northeast
Coal Basin

7-10 inland and local
coal mines

Raw coal
production

by 2030 46 - 53 million tonnes annual production
(excluding peat)

By 2050 36 annual production
(excluding peat)

Commercial
mining output

by 2030 41 - 47 million tonnes

by 2050 33

Screening and
processing
facilities

2021-2030 4 -5 million tons
per year

location: Uong Bi,
Quang Ninh
Province

Sieving 1.5 location: Uong Bi,
Quang Ninh
Province

Screening 5 location: Hon Gai,
Quang Ninh
Province

Concentrated
screening and
processing

2021-2030 60 - 65 percentage

2031 - 2050 above 65

Import 2021-2030 73 million tonnes 44 million tones
for power plants

2035 85 (peak) 64 million tones
for power plants

2045 50 34 million tones
for power plants
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2050 0 no longer
importing coal

Export 2021 - 2035 2 -3 million tons
per year

exceeded amount
of domestic
consumption

2035 - 2050 export high
quality processed

coal

Transportation 2021 - 2030 125 km roadway -
maintenance

112 roadway -
upgrade

46 conveyor system -
maintenance

45 conveyor system -
new construction

2031 - 2050 4,5 conveyor system -
new construction

Domestic
harbor
terminal

2021 - 2030 16 - 20 million tons
per year

import capacity

45 - 50 export capacity

2031 - 2050 1 - 2 million tons
per year

flow capacity in
Northeast Basin

1 - 2 flow capacity in
Red River Basin

Transit
terminal

2021 - 2030 20 - 30 million tons
per year

flow capacity in
Northern region

25 - 35 flow capacity in
Southern region

Phasing out
coal mines

by 2050 phase out
designated or out
of operational
period mines

Oil
and
Petro

Reserve 2021 - 2030 16 - 22 million tonnes
of oil

equivalent per2031 - 2050 16 - 27
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year

Crude oil
production

2021 - 2030 6 - 9,5 million tons
per year

2031 - 2050 7 - 9

Gas market by 2030 30,7- 33,2 billion cubic
meter per year

by 2050 20 - 22

Petroleum
production

2021 - 2050 70 percentage domestic
consumption

Petroleum
reserve

by 2030 75 - 80 days of net
imports

+) industrial
reserve:

20 - 25 days
+) national

reserve: 15- 20
days

+) Economic
reserve: 30 -35

days

2031- 2050 90

Gas Natural gas 2021 - 2030 5,5 - 15 billion cubic
meter per year

2031 - 2050 10 - 15

LNG Terminal by 2030 15,7 - 18, 2 cubic meter import capacity

by 2050 10,6 - 12,2

Renew
able
energy

Electrical
production

by 2030 30,9 - 39,2 percentage up to 47% if
financially
support from
international
partners

by 2050 67,5 - 71,5 percentage

Heat
production

by 2030 8 - 9 million tonnes
of oil

equivalentby 2050 17- 19

Solar by 2030 3,1 million tonnes
of oil

equivalent

economic and
social applications

by 2050 6

Biofuel by 2030 0,28 million tonnes



6

of oil
equivalent

by 2050 13

Biogas by 2030 60 million cubic
meter

by 2050 100

Hydrogen
production

by 2030 100 - 200 thousand tons electrolysis and
carbon capture

by 2050 10 - 20 million tonnes

E-fuel by 2050 2 - 3 million tonnes

Carbon
capture and
storage (CCS)

by 2050 3 - 6 million tonnes


