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Energy security has been a major concern in developing countries because of rapid economic development and
population growth, low power generation capacity, and unwell-developed transmission infrastructure. Vietnam
in this context has been under energy security threats for more than a decade and is currently having a new
power policy to strongly develop power generation and distribution networks. It is expected that the country’s
economy is able to develop substantially due to massively additional energy supply once completing the plants
and distribution networks but the likely impacts are still undefined. This paper extends an economic electricity-
detailed model to examine the potential impacts of such a new power policy in Vietnam. We find that the policy
will decrease the prices of both fossil-based and renewable-based electricity significantly by 40%-78% under a
2030 target scenario, benefiting all sectors in the economy to substitute for fossil fuels. Households are partic-
ularly benefited as evidenced by 5.64%-19.19% increases in per-capita utility. Overall, the Vietnamese economy
is significantly advantaged with real GDP increasing by 5.44%-24.83% over different scenarios, which are much
higher than the findings in other countries. More importantly, the policy moves the country to a low-carbon

energy structure in the near future.

1. Introduction

Global warming and the sea level rise have become worldwide
concern for decades, as increasingly frequent natural disasters are
occurring in many regions around the world (Alexander, 2017). In this
context, many countries have sought to implement climate change
policies to mitigate greenhouse gas (GHG) emissions released into the
atmosphere (Simshauser and Tiernan, 2018). New technologies have
also facilitated the use of cleaner energy resources in electricity gener-
ation, production and transportation to lower the emissions levels
(Kusumo et al., 2017; Silitonga et al., 2018). Many countries also
regulate to strengthen power generation from renewable resources
(Nelson et al., 2019; Simshauser, 2018). However, it is more challenging
for developing countries, as having nationwide cleaner technology or
renewable power plants is costly and beyond their financial capacity.

Therefore, some countries, in the short term, have to facilitate both
fossil-based and renewable-based power development to ensure national
electricity security, while development of fossil-based power can be
reduced and ultimately eliminated in the long term.

Vietnam has developed coal-fired and renewable power plants in the
short term to sufficiently supply electricity for economic development,
as well as the growth of its population. Only in the middle and long term
will renewable energy be more focused for development as dependence
on coal-fired power is mitigated. Specifically, Vietnam signed the United
Nations Framework Convention on Climate Change and the Kyoto Pro-
tocol to contribute to the international effort in tackling climate change.
The country has implemented energy policies to lower GHG emissions
(Nong, 2018), as well as considered powerful climate change policies,
such as an emissions trading scheme (Nong et al., 2020). However,
Vietnam has experienced electricity shortages for years due to highly
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increasing demand of 8% per year (Danish Energy Agency, 2017). As a
result, the Vietnamese Government has recently issued a Power Devel-
opment Plan, aiming to increase electricity generation in the coming
decade. The Plan has different milestones for capacity installation in-
creases until completion in 2030 (Table 1).

In the short term, although the target is to considerably develop
renewable energy, coal-fired power generation is also focused and tar-
geted for development due to relatively low installation and operation
costs compared to other technologies. However, massive development of
renewables, excluding hydropower, will be pursued in the long run.
Hydropower was developed strongly in the past decades due to the
natural environment of the country (Nguyen-Tien et al., 2018). How-
ever, due to environmental issues, hydropower development has been
declining. Nguyen (2007) estimated that Vietnam has a land area of 31,
000 km? for wind development of which 865 km? can generate a power
of 3,572 MW at relatively low costs (i.e., less than $6 cents/kWh).
Currently, wind power is only intensively developed in the south of
Vietnam and only a few wind power plants are residentially constructed
in the highly mountainous areas of the country (Nong et al., 2019).
Offshore wind power technology (Hoseinzadeh et al., 2018) has also
been applied to develop a farm with a capacity of 99MW in Bac Lieu, in
the south of Vietnam (Tran and Chen, 2013).

Solar power development is also mainly feasible in the south due to
the prevalence of hot temperatures and sunny conditions (Polo et al.,
2015). Recently, a solar power plant in Tay Ninh with a capacity of
420MW has started generating electricity and joining the national
electricity supply network.! Biomass-coal co-firing has also been used to
generate electricity in some plants though the scale is not large (Truong
etal., 2019). In addition, similar to the development of the production of
cleaner energy sources, such as biodiesel in many countries (Silitonga
et al., 2013), such a production is also being facilitated in Vietnam but
the output level is currently relatively small (Hong et al., 2013). How-
ever, given the recent development of biodiesel production based on
new technologies (Ong et al., 2019; Mahlia et al., 2020; Silitonga et al.,
2020), Vietnam also has potential to foster the development of biodiesel
production, which would be used for electricity generation. In this
context, the multi-agent system in smart distribution network (Amini
et al., 2013) has also been facilitated for additional electricity supply.” It
is noted that all energy markets in Vietnam are regulated. Most energy
companies related to crude oil, natural gas, and coal exploitation and
electricity generation belong to the Government. Recently, they
welcome private sector to invest into renewable power, such as solar,
and distribution networks through Build-Operate-Transfer (BOT) pro-
jects to have certain periods of operation before transferring to the
Government. The Government of Vietnam also controls the supply prices
and quotas to stabilize the energy markets and ensure national energy
security.

The additional electricity supplies shown in Table 1 would signifi-
cantly affect both the economy and electricity market. The implications
for the electricity price, as well as welfare would be substantial and
complex, which are highly desirable in the public domain. In this regard,
many studies have been conducted to examine the economic impact of
renewable energy development in many regions around the world (for
example, see De Arce et al. (2012) and Dai et al. (2016)). There are four
common approaches to analyze the electricity market. The first method
is a partial equilibrium modeling approach using electricity models. This
approach encompasses a large number of studies, including those of
Contreras et al. (2003), Nelson et al. (2012), Vithayasrichareon and
MacGill (2012), Nelson and Simshauser (2013), Behrangrad (2015), and
Nelson et al. (2018). While this method has the advantage of providing

! https://e.vnexpress.net/news/news/southeast-asia-s-largest-solar-farm-be
gins-operations-in-southern-vietnam-3979068.html.

2 https://www.adb.org/sites/default/files/project-document/189544,/49175
-003-cp.pdf.
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detailed impacts on the electricity market, it still has limitations not
providing analyses of economy-wide impacts. The second method is to
use the input-output models, such as in Machado et al. (2001), Martinez
et al. (2013), da Silva Freitas et al. (2016), and Wang et al. (2020). This
approach helps to address certain research questions; however, it pre-
sents major limitations in capturing price changes and interactions
within economies (Meng and Siriwardana, 2016). The third group in-
cludes numerous studies using the electricity-detailed computable gen-
eral equilibrium (CGE) models to examine the impact of a policy on
different electricity sectors; for example, see Meng et al. (2013), Cai and
Arora (2015), Peters (2016a), Nong et al. (2017), Tran et al. (2019); and
Nong (2019). The fourth group consists of several studies using an in-
tegrated CGE and electricity modeling approach to obtain detailed im-
pacts on various electricity sectors (Adams, 2007; Adams and
Parmenter, 2013; Meng et al., 2018). This approach requires substantial
resources and modeling inputs to study the impacts on the electricity
market and the overall economy.

During the review of relevant literature, we have found the following
research gaps. First, the models employed in the existing studies in this
field do not consider different technology that would supply electricity
differently subject to variable demands in different timelines.

Second, the impacts of such a policy have been well studied in other
countries, mainly in major and/or developed countries (e.g., China and
European countries), but there is still no empirical study on this issue in
a small developing country, such as Vietnam. Hence, it is worth con-
ducting a study to compare the impacts on a small developing country
with the impacts found in other major and developed countries. In
addition, the studies in most countries only account for renewable en-
ergy development, while the impacts of a policy that also includes fossil-
based power development has not been considered.

Third, studies on energy/electricity market and policies in an
emerging country like Vietnam are also highly scarce, as are the impacts
of such a policy on the country’s economy. In particular, in the last
decade Nguyen (2008) employed the input-output model to examine the
impact of increasing an electricity tariff on the prices of other com-
modities. Although this method contains numerous advantages, there
are some major limitations. For example, the input-output method is not
able to allow agents to respond to a price-induced shock in the economy
(Meng and Siriwardana, 2016). Toan et al. (2011) reviewed energy
supply, demand and policy in Vietnam, as well as projected electricity
demand and supply in the country. It was estimated that electricity
demand would considerably increase over the years until 2030. The
studies that use the CGE modeling approach to assess the economy-wide
impact of an environmental/energy policy in Vietnam are also scarce. In
addition, these studies are dated, which do not reflect the current con-
dition of the economy. For example, El Obeid et al. (2002) and Coxhead
et al. (2013) used the CGE modeling approach to examine the impact of
an environmental tax in Vietnam. There are only two recent studies
conducted by Nong (2018) and Nong et al. (2019) that have attempted
to examine the economy-wide impact of an environmental/energy pol-
icy in Vietnam.

Our objectives are therefore to fill the gaps in the modeling litera-
ture, as well as in empirical findings with comparisons of the impacts
across countries. Specifically, this study has developed/extended an
electricity-detailed CGE model to assess the potential impacts of the
Vietnamese Power Development Plan on the whole economy with a
focus on the electricity market and welfare. The model includes the base-
load and peak-load technologies for supply of electricity for different
demands during peak and normal time and seasons. The model was also
extended in its database to include non-CO, emissions levels in order to
enrich the capacity and accuracy for environmental policy studies. In the
case of Vietnam, the CO, emission level in the GTAP-Power data in 2011
was only 127.25 Mt (Nong, 2020), while the country’s non-CO5 emission
level in the same year was 148.6 Mt (Irfanoglu and van der Mens-
brugghe, 2015). We also seek to address how the policy affects the
country’s economy: what are the costs or benefits compared to the plan


https://e.vnexpress.net/news/news/southeast-asia-s-largest-solar-farm-begins-operations-in-southern-vietnam-3979068.html
https://e.vnexpress.net/news/news/southeast-asia-s-largest-solar-farm-begins-operations-in-southern-vietnam-3979068.html
https://www.adb.org/sites/default/files/project-document/189544/49175-003-cp.pdf
https://www.adb.org/sites/default/files/project-document/189544/49175-003-cp.pdf

D. Nong et al.

Table 1
Electricity output growth in 2017-2030.
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Electricity Output capacity Output capacity Targeted output Targeted output Growth rate in Growth rate in Growth rate in
generation in 2017 (MW) in 2020 (MW) capacity in 2025 capacity in 2030 2017-2020 (% 2017-2025 (% 2017-2030 (%
sector (€8] 2) (MW) (MW) change) change) change)
3) @ 5) 6) )

Hydro 18,004 21,600 22,201 31,315 20% 23% 74%
Coal-fired 14,595 26,000 47,600 55,300 78% 226% 279%
Oil-fired 1,242 1,287 2,144 2,716 3.6% 73% 119%
Gas-fired 7,446 7,713 12,856 16,284 3.6% 73% 119%
Other 135 2,400 7,824 25,881 1678% 5696% 19071%

renewables

Source: The Vietnamese Ministry of Industry and Trade (2017).

developed in other countries, how the country transforms to a cleaner
and low-carbon energy structure, and what are the policy implications
for more sustainable development.

The rest of the paper is organized as follows: Section 2 highlights the
modeling approach and simulations, while Section 3 provides the
analysis of the impact of the Power Development Plan on electricity and
other energy sectors, as well as the whole Vietnamese economy, and
Section 4 includes some concluding remarks and policy implications.

2. Modeling approach
2.1. Model and database

The CGE modeling approach has been considered a powerful toolkit
and widely used by policymakers and researchers to examine the
economy-wide impact of a policy or economic activities (Adams and
Parmenter, 2013; Garnaut, 2008; Siriwardana et al., 2013; Stern et al.,
2006). A CGE model can be written in a static or dynamic framework
(Dixon and Jorgenson, 2013). A dynamic model can include capital
accumulation, financial asset/liability accumulation, lagged adjustment
processes in the labor market, or land use change module depending on
specific purposes of the study (Dixon and Rimmer, 2001; Wang et al.,
2019). Nowadays, a dynamic model is preferable, as this modeling
approach can generate the long-term impacts which deviate from the
baseline in particular years. However, a dynamic modeling simulation
would produce high uncertainty due to projections of certain variables
in each yearly period, which are based on various other sources of
projections. There are also multi-regional or multi-national CGE models
(Dixon and Jorgenson, 2013). In any form, a CGE model includes most

Country X:
Household
Government

agents in an economy with their proper interactions in the commodity
and income markets (Fig. 1). In particular, industries utilize capital,
labor, intermediate inputs, and other resources in their production
processes. Industries then pay households for their labor utilization and
pay the central government production and consumption taxes. The
central government also collects income and consumption taxes from
households. In this structure, households and governments act as final
users in each region, while industries are producers, which supply in-
termediate inputs for other industries and commodities for final users.
Industries also use international transportation services, such as road
and non-road transport to sell their commodities to households, gov-
ernments, and industries in other countries.

In this study, we particularly employ a global static electricity-
detailed CGE model, the GTAP-E-Power model developed by Peters
(2016a). In general, the GTAP-E-Power model is the global economic
GTAP-based model, which was constructed following the Walrasian
general equilibrium theory/framework. The model assumes producers
supplying commodities based on cost-minimizing behavior under con-
stant returns to scale in competitive markets, while final consumers
maximize their utility subject to given budget constraints. In each re-
gion, there is only a single representative household, supplying labor for
industrial production, receiving factor returns, and paying taxes, such as
income tax and consumption tax. The private demand for different
commodities is based on the Constant Difference of Elasticities function,
containing income and price changes. However, the public demand is
modeled using the Constant Elasticity of Substitution function. In the
model, trade flows are a key component and hence traded good and
services are modeled via usual bilateral trade mechanisms.

While retaining the structures of the model, we add non-CO,
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Fig. 1. The cycle of income and commodity flows in GTAP-E-Power.
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emission variables in this model to capture most emission levels in
countries/regions so that the model can increase its assessment capacity
related to energy and/or environmental policy study. The GTAP-E-
Power model was developed, based on the framework of the GTAP-E
model (McDougall and Golub, 2007), which has been used in many
policy studies, including Beckman et al. (2011); Cai and Arora (2015);
Nong et al. (2018); Siriwardana and Nong (2018). The GTAP-E-Power
model also includes an advanced technology component, which di-
vides electricity generation into various sources based on the base-load
and peak-load technologies. The peak-load technology is used to meet
electricity demand during peak hours or high-demand seasons, whereas
the base-load electricity generation is for regular uses. This structure of
the model is particularly suitable to study an energy policy in Vietnam
because demands for electricity in the country vary considerably
depending on the time of days, weeks and seasons.

Details of the production structure in the GTAP-E-Power model are
provided in Fig. 2. At the top level, industries use the endowment-energy
composite and non-energy commodities via the Leontief function. At
this level, these inputs are not substitutable. However, at lower levels,
commodities are selected via various CES functions in order to minimize
their costs. For example, the endowment-energy compositeis formed by
selecting land, labor and the capital-energy composite. When one of
these three commodities increases its price, industries will switch to use
the other two commodities, which now become relatively cheaper.
Other CES functions at lower tiers also act in the same way. It is noted
that although there are 11 sources of electricity generation commodities
in the GTAP-E-Power model, nuclear and oil-fired electricity generation
using the base-load technology are not in practice in Vietnam. In addi-
tion, hydro and solar electricity generations using the peak-load tech-
nology are also not used in the Vietnamese electricity market.

In the GTAP-E-Power model, the CO, emission variables are inher-
ently tied with fossil fuel consumption levels used by industrial sectors,
government, and households. These CO2 emissions are released from the
combustion of coal, oil, natural gas, and petroleum products of which
they correlatively fluctuate with changes in quantity of fossil fuel con-
sumption. As a key improvement, this study extends the GTAP-E-Power
model by incorporating non-CO, emission levels, according to data
provided by the GTAP group (Irfanoglu and van der Mensbrugghe,
2015). For example, non-CO5 emissions released from fossil fuel com-
bustion by industrial and private sectors are incorporated into the model

Endowment-energy

Peak-load Gas
«---CES, =139 ---- CES, =0.47
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so that such emission levels also change according to the changes in the
consumption levels of corresponding fossil fuels (eq. (1) for industrial
sectors and eq. (2) for the private sector). Non-CO, emissions released
from using land and livestock capital (Nong and Siriwardana, 2018) are
tied with real quantity consumption of these endowment factors. That is,
these emission levels vary according to the utilization levels of these
factors (eq. (3)). In addition, non-CO, emissions released from produc-
tion processes are tied with the real output level (eq. (4)).

I.C_NCO2.;,=qfccjr 1)
H_C_NCO2,,,=qhc,, 2)
I_.E_NCO02,;, =qfe.;, 3)
I_.O_NCO2,;, = qfo;, (C))
where.

e gfc is the percentage change in real demands for fossil fuel ¢ by in-
dustry j in region r from source s (domestic or import);

e ghc is the percentage change in real demands for fossil fuel ¢ by the
private sector in region r from source s (domestic or import);

e gfeis the percentage change in real demands for endowment factor e
by industry j in region r;

e gfo is the percentage change in real production level of industry j in
region r;

e [ C_NCO2 is the percentage change in the non-CO5 emissions released
from corresponding consumption of fossil fuel ¢ by industry j in re-
gion r from source s;

e HCNCO2 is the percentage change in the non-CO, emissions
released from corresponding consumption of fossil fuel ¢ by the
private sector in region r from source s;

e [ E NCO2 is the percentage change in the non-CO, emissions released
from corresponding consumption of endowment factor e by industry
j in region r; and

e JONCO2 is the percentage change in the non-CO; emissions
released from production processes performed by industry j in region

__________ Leontief, = 0

Non-energy inputs
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Fig. 2. The production structure in the GTAP-E-Power model.
Note: Words in bold indicate the electricity technologies in Vietnam.
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We employed the GTAP-Power database (Peters, 2016b) and
non-CO; emissions (Irfanoglu and van der Mensbrugghe, 2015) for this
extended model. These databases have a base year of 2011 with 140
regions and 68 sectors. These regions and sectors have been aggregated
into six regions and 33 industrial sectors, which have details of energy
and electricity generation sectors in Vietnam. Since the database rep-
resents the world economy in 2011, such data has been updated to 2018
by using macroeconomic updates as shown in Fig. 3. The update in-
cludes investment, labor supply, capital stocks, and population provided
by Diffenbaugh et al. (2012), while the real GDP growth rate updates are
collected from the International Monetary Fund (2018). In addition to
these updates, particular energy updates for Vietnam were also carried
out to update the database to 2018 as shown in Fig. 4. The process for
updating the database is to shock the corresponding exogenous variables
with targeted values as aforementioned, then changes in endogenous
variables will be determined following the simulation. The new database
is also generated during this process, corresponding to changes in
endogenous and exogenous variables.

2.2. Simulation design

This study examines the impacts of the Power Development Plan on
the Vietnamese economy over three different scenarios.

In Scenario 1, the impacts on the economy are examined by
considering the electricity targets in 2020. It is simulated in the short run
framework, following the macroeconomic assumptions provided by
Adams (2005), which established fundamentals for short run analysis.
For example, real wage rate is fixed (exogenous), while labor supply is
flexible in this framework. In addition, aggregate capital stock is con-
stant, whereas the rate of return on capital can change.

Scenarios 2 and 3 take into account the electricity targets in 2025
and 2030, respectively. These two scenarios are set in a long run
framework, following Nong et al. (2018). The closure settings for the
two long run simulations are converted from those in the short run
simulation provided in Scenario 1. For example, capital stock can
change endogenously depending on the price of capital determined
through the supply-demand mechanism, while the rate of return on
capital is fixed (exogenous).

The target shocks in these three scenarios were implemented via the
output-augmenting technical change variables with the values provided
in columns (5), (6), and (7) in Table 1 for corresponding sectors. The
methodology related to shocking this technical change variable has been
adopted in various studies, including Diffenbaugh et al. (2012), and
Bekkers et al. (2016). In particular, in Scenario 1, the output technical
change variables of the corresponding electricity generation sectors
were shocked with the percentage change values shown in column (5) of
Table 1. This method was also applied in Scenario 2 and Scenario 3, by
using the percentage change values shown in columns (6) and (7),
respectively.

3. Impact of the Power Development Plan in Vietnam

This section provides an analysis of the results on the Vietnamese
economy over different scenarios. The impact on the electricity and
other energy sectors is provided first, followed by the results of the
macroeconomic impacts.

3.1. Potential impacts on the electricity and energy market

The results show that the Power Development Plan adds a substantial
energy supply to the country’s economy (Table 2), which considerably
alters the energy market. In particular, the wind and other renewable
electricity generation sectors will expand strongly (e.g., an increase in
wind power output by 747.5%-1014.9%, and by 444.7%-517.5% for
other renewable energy output). These two sectors, however, account
only for a small fraction in the Vietnamese energy market, the changes in
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dollar values are therefore not relatively high, ranging from $83.9
million to $251.1 million. However, their growth still indicates that they
are considerably enhancing their role in the country’s energy market of
which low-carbon energy structure can be achieved. Since hydroelec-
tricity is not highly targeted for development, it only grows at lower
rates over the three scenarios (i.e., an increase in the output level by
2.31%-50.95%). However, this sector is a main electricity sector in the
country with high output values in the baseline; hence, its output value
increases substantially by $592-$5566 million corresponding to the
percentage changes.

The gas-fired base-load electricity generation sector also increases its
production level under the Power Development Plan policy. For
example, its output increases by 11.39% (or $531.6 million) in Scenario
1, by 56.78% (or $2649.9 million) in Scenario 2, and by 111.4% (or
$5198.9 million) in Scenario 3. The production levels of the gas- and oil-
fired peak-load electricity generation sectors will also grow at similar
rates due to similar installation capacity development. In this context,
the highest value increase in electricity generation, however, belongs to
the coal-fired electricity generation sector. A strong growth of this sector
is targeted by the Vietnamese Government to ensure the national energy
security and to lower the price of electricity. In particular, the output
value of coal-fired electricity increases by $3621.6 million in Scenario 1,
by $10327.2 million in Scenario 2, and by $12197.1 million in Scenario
3. With such strong growth rates of power generation sectors, the output
level of the electricity distribution sector also increases greatly to sup-
port additional electricity supply. For instance, the electricity services
increase its output by 162.05%-539.77% or by $10572.2-$35214.7
million.

Substantial growth rates in the electricity sectors have enabled in-
dustrial, private and public sectors to have abundant electricity to sub-
stitute for fossil fuels. Such substitution activities eventually have
negative effects on demand for fossil fuels. However, the coal-, gas- and
oil-fired power sectors still increase their demands for fossil fuels due to
their expansions in production levels as aforementioned. This activity
reduces unfavorable impacts on the fossil fuel sectors. Consequently, the
net adverse impacts on the coal-mining, oil and gas extraction, and
petroleum products manufacturing sectors are moderated. Their output
levels only decline by below 5.5% (or below $500 million). It is also
predicted that the energy-intensive industries will benefit from
massively additional energy supply in the country. This is because the
prices of energy, particularly electricity, will decrease, which eventually
reduce production costs of utilization industries (i.e., the energy-
intensive industries), resulting in strong growth rates of these sectors
by 6.6%-21.99% or by $4100-$13694 million. These expansions are
highly important for the country’s development, as they are funda-
mental industries, which provide vast inputs for other industries and
final users.

Large increases in the electricity supply also considerably affects the
overall energy prices. In this context, such an additional supply signif-
icantly reduces the prices of most electricity-based technologies over the
three scenarios. In other words, the decreasing rates of electricity prices
are highly correlated with the increases of electricity supply (Table 3). In
particular, considerable increases in the supply of coal-fired electricity
and renewable electricity tend to accelerate the price decrease of elec-
tricity generated from these sources. For instance, the price of coal-fired
electricity decreases by 39.68% in Scenario 1, by 62.91% in Scenario 2,
and by 65.55% in Scenario 3. Similarly, the prices of electricity gener-
ated from using wind and other renewable resources will decline by
64.34%-78.13% over the three scenarios. These results for the elec-
tricity prices reveal that the elasticities of the supply and demand curves
for electricity generated from wind and other renewable resources are
much higher than those for electricity generated from combusting coal.
This is because supplies of wind and other renewable electricity sources
increase at much higher rates compared to the supply of coal-fired
electricity in these three scenarios (Table 2).

The price of hydroelectricity decreases at relatively high rates from
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Fig. 3. Projections of selected variables in 2011-2018 (percentage change).
Source: Diffenbaugh et al. (2012) and the International Monetary Fund (2018).
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Source: The CEIC (2018).
Table 2
Impact of the Power Development Plan on energy outputs in Vietnam.
Sector Scenario 1 Scenario 2 Scenario 3
% change Value change ($ million) % change Value change ($ million) % change Value change ($ million)
Coal mining —-2.99 -131.3 -3.39 —148.9 —5.11 —224.4
Oil extraction —3.05 —297.7 -3.15 —307.4 —-2.37 —231.3
Gas extraction —2.65 —65.1 -3.39 —83.3 —4.96 —121.8
Petroleum products —1.64 —138.7 —4.82 —407.6 —5.49 —464.3
Electricity service 162.05 10572.2 313.47 20450.8 539.77 35214.7
BL Coal-fired electricity 75.73 3621.6 215.95 10327.2 255.05 12197.1
BL Gas-fired electricity 11.39 531.6 56.78 2649.9 111.4 5198.9
BL Wind electricity 747.52 184.9 901.7 223.1 1014.94 251.1
BL Hydro electricity 5.42 592.1 12.31 1344.9 50.95 5566.3
BL Other renewable electricity 444.69 83.9 481.82 90.9 517.48 97.7
PL Gas-fired electricity 18.64 505.6 61.5 1668.1 112.47 3050.6
PL Oil-fired electricity 18.53 73.1 60.94 240.4 111.25 438.9
Energy-intensive industries 6.6 4110.0 20.34 12666.3 21.99 13693.8

Note: Scenarios 1, 2, and 3 provide the impact of the Power Development Plan in 2020, 2025, and 2030, respectively.

14.69% to 40.11% over the three scenarios, which are relatively small
compared to the decrease in prices of electricity generated from coal-
fired, wind and other renewable resources. This is because hydroelec-
tricity is only targeted to boost generation at smaller rates under the
Power Development Plan. The prices of gas- and oil-fired electricity will
decrease at relatively high rates in Scenario 2 (by around 41%) and
Scenario 3 (by 52%) due to substantial decreases in the supplies, while
the price only decreases by 3.4% in Scenario 1 because of a low pro-
jection target in 2020. The price of electricity services also declines
considerably due to highly increased supply of this commodity in the

market. For instance, its price decreases by 28.41% in Scenario 1, by
36.49% in Scenario 2, and by 61.51% in Scenario 3.

Major reductions in the prices of electricity commodities are
particularly benefical to the Vietnamese economy which consequently
boost development because the current price of electricity is relatively
high.® Electricity is also consumed largely by industrial sectors and
households, accounting for 5% of their consumption budgets (Aguiar

3 https://en.evn.com.vn/c3/gioi-thieu-l/Electricity-Price-9-28.aspx.
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Table 3

Impact of the Power Development Plan on energy prices in Vietnam (% change).
Commodities Scenario 1 Scenario 2 Scenario 3
Coal 2.05 3.38 7.87
Oil 1.5 2.67 4.6
Natural gas 1.01 3.01 7.02
Petroleum products 0.92 2.7 5.2
Electricity service —28.41 —36.49 —61.51
BL coal-fired electricity —39.68 -62.91 —65.55
BL gas-fired electricity -3.37 —41.98 —-52.95
BL wind electricity —74.17 -77.15 —78.13
BL hydro electricity —14.69 —18.56 —40.11
BL other renewable electricity —64.34 —66.97 —67.77
PL gas-fired electricity -3.41 —41.35 —52.11
PL oil-fired electricity —3.36 —41.27 —51.93
Commodities of energy-intensive -0.76 -2.33 —4.46

industries

et al., 2016). As a result, industrial and private sectors are particularly
benefited by such price reductions. The contraction of coal-mining, oil
and gas extraction and petroleum products manufacturing sectors
slightly boosts the prices of these commodities. However, the impacts on
the production levels are relatively small (Table 2), leading to small
effects on the prices of their outputs. For example, prices of these
commodities only increase by 0.92%-7.87% over the three scenarios.
The impacts of such increases on consumers are relatively small because
industrial, private and public sectors are highly benefitted from lower
prices of electricity, which substitutes for fossil fuels. The country also
experiences lower prices for commodities produced by the
energy-intensive industries because this sector faces lower input costs
due to lower prices of electricity commodities, which eventually boosts
their production level. However, the effects on the prices of these
commodities are relatively small though the production level increases
considerably due to price inelasticity. For instance, the prices of com-
modities produced by the energy-intensive industries decline by 0.76%—
4.46% over the three scenarios.

Major reductions in the prices of electricity commodities have sig-
nificant implications for the economy, particularly the private sector.
Table 4 shows that the private demands for different electricity com-
modities will increase intensively over the three scenarios, with mag-
nitudes depending on the price changes shown in Table 3. For example,
Table 4 shows that the private demand for electricity services strongly
increases by 20% in Scenario 1, by 51% in Scenario 2, and by 100% in
Scenario 3, which are correlated with the decreasing rates of price of this
commodity provided in Table 3. The private demand for coal-fired

Table 4
Private demands for energy commodities in Vietnam (% change).
Scenario 1 Scenario 2 Scenario 3
Coal -1.65 —-8.63 -9.2
oil -1.12 -7.99 —6.36
Natural gas —0.63 -8.3 —8.49
Petroleum products —0.84 —8.57 -8.71
Electricity service 19.54 50.99 100.13
BL Coal-fired electricity 74.16 184.26 219.61
BL Gas-fired electricity 9.96 51.94 106.59
BL Wind electricity 456.46 463.39 497.78
BL Hydro electricity 5.47 7.2 47.35
BL other renewable electricity 232.64 248.35 260.27
PL Gas-fired electricity 19.6 52 101.9
PL Oil-fired electricity 19.57 51.89 101.53
Commodities of energy-intensive 5.65 8.86 19.72
industries

electricity also rises strongly by 74%-220% over the three scenarios
because of intensive expansion in production of this sector, leading to
lower prices of this electricity commodity. The private demand for
electricity generated from other sources will also rise substantially over
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the three scenarios. In addition, this is a good signal for the country as
the private demand for electricity generated from wind and other
renewable sources will increase at relatively higher rates than the de-
mand increases for electricity generated from other sources. For
example, the private demand for wind electricity increases by 456%—
498% in these three scenarios, while the demand for other renewable
electricity enhances by 232%-260%. This is a really good basement for a
strong development of renewable energy in Vietnam, which would move
the country towards a low carbon and sustainable economy, following
the pathways of developed countries.

Since the electricity prices decrease materially, the private sector
uses it as a substitute for fossil fuels. As a result, the private demand for
coal, oil, natural gas, and petroleum products will decrease sharply,
particularly in Scenario 2 and Scenario 3 because the private demand for
electricity increases at relatively high rates in these two scenarios. It is
worth noting that not all equipment or machines are flexible and there
may be some conversion costs. These features are not explicitly
accounted for in the model. They are only reflected through the assumed
elasticities of substitution between energy commodities. In the database,
the private sector in Vietnam already uses coal, oil, gas, petroleum
products, and electricity at different levels. Hence, depending on the
magnitude of the elasticities of substitution and price changes of com-
modities, the private sector will switch to use other energy commodities
at appropriate levels. In other words, the conversion costs and/or
inflexibility of equipment or machine to use substitutable energy com-
modities are accounted for in the constrained elasticities of substitution
assumed in the model. The impact on the private demands for fossil fuels
is also influenced by the increased prices of these commodities. For
example, the prices of these fossil fuels will increase at relatively low
rates; hence, the impact on the private demand for these commodities is
small. In Scenario 1, the private demand for these fossil fuels will decline
only by 0.63%-1.65%, while these reduction rates are between 6.36%
and 9.2% in Scenarios 2 and 3 respectively. It is also evident from the
results that the private demand for commodities produced by the
energy-intensive sectors are highly elastic. For instance, although the
prices of these commodities decline by below 4.5% (Table 3), the private
sector enhances its demand for these commodities by 5.65%-19.72%.

The results related to the energy sectors and commodities indicate
that higher targets boost the development of electricity generation
sectors, resulting in higher favorable impacts on the economy. For
example, higher electricity development targets result in lower prices
for electricity, which substantially foster increasing demand for elec-
tricity to substitute for fossil fuels. The private sector also intensively
increases its demand for renewable electricity.

3.2. Impact on the overall economy

The impact of the Power Development Plan on industrial, private and
public sectors is also reflected in the impact on the overall economy of
Vietnam. In this context, vastly reduced prices of electricity lower prices
for other commodities (e.g., commodities produced by the energy-
intensive industries shown in Table 3), consequently leading to lower
overall price levels in the domestic market. This leads to lower export
prices. As a result, the terms of trade” decline. It is noted that the export
prices in this instance are considered from the side of Vietnam. That is,
the export prices from the Vietnamese market to the world economy
through bilateral trade mechanisms. Lower overall prices in the do-
mestic market in Vietnham make their commodities to become cheaper;
hence, it would improve the competitiveness of Vietnamese commod-
ities in the international market. Such export prices considering from the
Vietnam’s side are endogenously determined. The import prices that

4 The terms of trade is measured by the ratio of the export price to the import
price. The import price is fixed because Vietnam is a price taker in the inter-
national economy.
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Vietnam faces for its imported commodities from other countries are
also not exogenous in this global model, but these import price indexes
considering from the Vietnam’s perspective would not change due to the
policy implemented in Vietnam. It is because Vietnam is a very small
economy to affect the international prices.

Fig. 5 shows that the terms of trade decrease by 0.81% in Scenario 1,
by 1.91% in Scenario 2, and by 6.12% in Scenario 3. There are
decreasing rates in the terms of trade from Scenario 1 to Scenario 3
because the price levels of commodities decrease at relatively higher
rates in Scenario 3 compared to the deceases in Scenarios 1 and 2. The
decreases in the terms of trade have significant implications on the
country’s exports and imports. For example, lower price levels in the
country encourage exports, while reducing imports, which eventually
improves the trade balance.

Table 5 provides results related to the impact on real GDP, its com-
ponents and the emission level. As the terms of trade decrease, real
exports of Vietnam improve substantially because commodities from the
Vietnamese markets become relatively cheaper in the international
market. For example, real exports increase by 3.75% in Scenario 1, by
9.61% in Scenario 2, and by 20.54% in Scenario 3. Those high increases
are governed by the Armington elasticity of substitution assumed in the
model. Meanwhile, real imports also rise but at smaller rates of 2.55%—
11.53% over the three scenarios. The increased rates of imports are
smaller than those for exports for the following reason. Lower terms of
trade discourage imports; however, massive expansion of domestic
production increases demand for inputs, including those from the in-
ternational market. As a result, real imports increase but at smaller rates
than exports, leading to an improvement in the trade balance.

Lower prices of commodities also enhance real consumption in the
private and public sectors. For example, real private consumption raises
by 5.48%-19% over the three scenarios, while real public consumption
improves by 5.44%-16.88%. Such lower increasing rates of real public
consumption are due to the nature of consumption baskets of the sector.
Electricity commodities, which experience high decreasing rates of
prices, are consumed mostly by the private sector, while the public
sector mainly uses service commodities, which experience lower re-
ductions in their prices. High targets to develop electricity power under
the Power Development Plan will also reduce the price of investment,
which eventually fosters overall investment. Of these, the real invest-
ment increases by 0.18% in Scenario 1, by 7.19% in Scenario 2, and by
13.42% in Scenario 3. The impacts on real consumption, investment and
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Fig. 5. Percentage change in the terms of trade in Vietnam.

trade consequently result in changes in real GDP. For example, real GDP
raises by 5.44% in Scenario 1, by 10.51% in Scenario 2, and by 24.83%
in Scenario 3. In particular, the impact on the real GDP is determined by
following equation (5).
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Table 5
Impact of the Power Development Plan on the Vietnamese real GDP, its com-
ponents and the emission levels (% change).

Scenario 1 Scenario 2 Scenario 3

Real exports 3.75 9.61 20.54

Real imports 2.55 6.59 11.53

Real private consumption 5.48 8.44 19

Real public consumption 5.44 7.82 16.88

Real investment 0.18 7.19 13.42

Real GDP 5.44 10.51 24.83

Total emission levels 0.52 1.67 4.3

GDP*gdp = PRI*pri + GOV*gov + INV*inv
+ EXP*exp - IMP*imp 5)

where upper-case letters indicate coefficients and lower-case letters
show the percentage change of variables. GDP, PRI, GOV, INV, EXP, and
IMP refer to real GDP, private consumption, public consumption, in-
vestment, export, and import, respectively. Of these, GDP = $219,916.2
million; PRI = $143,384.3 million; GOV = $42,087 million; INV =
$47,152.6 million; EXP = $170,979.5 million; and IMP = $183,687.2
million.

Such results indicate that the Power Development Plan significantly
boosts the overall development of the Vietnamese economy that makes
the country wealthier, by ensuring the energy supply for Vietnam’s
future development. However, the emission level will slightly increase
because of the expansions of the fossil-fired electricity generation sec-
tors. Output of technical progress will help to boost their production
levels, but these sectors also require additional inputs, including pri-
mary fossil fuels, for their production processes. As a result, Vietnam is
likely to increase their emission levels, for example, by 0.52%, 1.67%
and 4.3% in the three scenarios, respectively.

Fig. 6 shows that per capita utility in Vietnam will significantly be
improved under the Plan. This is because households experience lower
price levels, particularly electricity prices, which will improve the
consumer purchasing power. Such per capita utility critically relates to
changes in real private consumption since population growth is exoge-
nous in the simulations.

Welfare in Vietnam will also improve significantly due to lower
prices (Fig. 7). Results show that welfare increases by $8269 million to
$28334 million over the three scenarios. In terms of percentage change,
welfare rises by 5.5%-18.9% compared with the income level. Such
results again confirm that the Power Development Plan in Vietnam
really benefits the country and households. The entire economy will
experience a surplus in energy supply, lower prices for commodities and
higher levels of economic growth. The Plan also encourages significant
development of renewable energy, as well as demand for renewable
energy. This signals a sustainable development of the country towards
cleaner production, as well as a low carbon energy structure.

25%
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Fig. 6. Impact on per capita utility in Vietnam (% change).
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3.3. Comparison with other studies

The results of this study are consistent with another study conducted
by Dai et al. (2016), which studied the renewable energy development
policy in China. They also found that massive renewable power would
be generated in the Chinese market under the proposed policy, which
would eventually intensively change the Chinese energy market, as well
as the whole economy. The coal mining, oil and gas extraction sectors
would also contract. In addition, the price of electricity would decline.
However, the impacts on the Chinese economy and different sectors are
relatively small compared to the impacts of the policy in Vietnam
because the targets for energy development in Vietnam are much higher.
In addition, the policy in China was targeted to develop renewable en-
ergy power, as well as to decrease coal-fired electricity generation. The
Vietnamese Government however fosters all fossil-based and
renewable-based energy in the coming years until 2030, consequently
there are negative impacts on the Chinese economy found by Dai et al.
(2016), while there is significant improvement in the overall Vietnamese
economy.

De Arce et al. (2012) also found that there are favorable impacts on
the economy of Morocco when studying a renewable energy develop-
ment policy. However, the favorable impacts of the policy in Vietnam
are also much higher, as there are significantly higher installed capac-
ities in Power Plan of Vietnam. In addition, only renewable energy was
promoted for development in Morocco, while both fossil-based and
renewable-based electricity are fostered under the policy in Vietnam.

4. Conclusion and policy implications

Following the international pathways to tackle climate change out-
comes, Vietnam has issued a Power Development Plan, which fosters
electricity generation from renewable resources. However, such a
technology is relatively costly in short and medium terms for a small
developing country like Vietnam in order to have renewable power as a
main energy source in the country. As a result, the Plan also fosters
fossil-based power, especially coal-fired power, until 2030. While
renewable energy development is well studied in major or developed
countries, such a study in a small developing country is still quite
limited. In addition, existing studies tend to only consider renewable
energy development, while Vietnam targets to develop all fossil-based
and renewable-based power due to financial and technology con-
straints. Furthermore, the modeling approach for studying such a policy
still remains incomplete, as the models employed have not considered
advance technology that enable producers to supply electricity to vari-
able demands at different times and seasons that employ peak and
normal demand. This study applies and extends the GTAP-E-Power
model to fill this modeling gap to study the Power Development Plan
in Vietnam. Since this policy includes development of both fossil-based
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Fig. 7. Impact on the Vietnamese welfare.
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and renewable-based power, it is worth seeking the potential impacts by
comparison with the case of only renewable energy development in
other countries. Hence, new empirical findings can be leveraged, which
are also important for such countries due to limited studies related to
energy/electricity market and policies.

There are some key findings with relevant implications. First, a
massive electricity supply is likely to considerably decrease the elec-
tricity prices in the country (e.g., by 40%-78% under the 2030 target
scenario), leading to lower production costs in production sectors, which
will consequently reduce their supply prices. Such spillover effects
eventually benefit the entire economy because customers experience
much lower prices for most commodities.

Second, due to lower prices of electricity, sectors use more electricity
to substitute for fossil fuels, such as coal, oil, natural gas, and petroleum
products. This substitution will lead to contraction in the production
levels of these sectors (e.g., by 2.4%-5.5% under the 2030 target sce-
nario), resulting in less fossil fuel extraction rates. In addition, since
fossil fuels are substituted by electricity, including renewable-based
electricity, this would help Vietnam gradually lower its dependence
on fossil fuels, while increasing the use of renewable energy.

Third, households will be highly benefitted because of lower price
levels, particularly the decreases of electricity prices. For instance, per
capita utility will increase by 5.64%-19.19%, while welfare, relative to
the income level, also increases at similar rates. In addition, households
tend to increase their demand for renewable-based electricity (e.g., by
260%-498% for wind and other renewable-based electricity) rather
than the increased demand for fossil-based power (e.g., by 107%-220%
for gas- and coal-fired electricity), giving a strong attraction for the
development of the renewable energy sectors in Vietnam. This result
also signals that Vietnam is able to move to a cleaner production and
sustainable economy in the future if it follows renewable energy policy
development consistently.

Fourth, expansion of the electricity sectors, as well as lower prices of
this commodity, particularly benefits the overall country’s economy. For
example, real GDP increases by 5.44% under the 2020 target scenario,
by 10.51% under the 2025 target, and by 24.83% under the 2030 target
scenario. Welfare also significantly rises by $8,269-$28,334 million
over the three scenarios.

Although the overall impacts on the country’s economy are consid-
erable, there are still adverse impacts on some sectors, such as the coal-
mining, oil and gas extraction, and petroleum product manufacturing
sectors. Since their production levels contract, they will decline in their
demand for primary factors, such as labor and capital. People employed
in these sectors include numerous un-skilled labor; hence, it would be
challenging for these workers to move to other industries. In addition, if
such a labor workforce is the main income for their families, it will cause
unexpected and unpredictable social outcomes. Hence, the Vietnamese
Government should consider transition policies for those workers while
implementing the Power Development Plan policy. The Government, for
example, could organize training courses for labor in these adversely
impacted sectors so that displaced workers can move to other industries.
In addition, the Government can open supporting agencies to help un-
employed people find new jobs. The Government might have in-kind or
cash transfers to support their families in the transitional stages, as such
workers are seeking new jobs especially if unemployed people are the
main bread winners in their families.

Although the present study has its merits, it can still be extended.
Future studies can additionally consider other environmental and social
impacts. For example, how labor would move between industrial sectors
and regions. Expansion of electricity power plants also requires land for
construction; hence, how new constructions will affect the nearby
environment, as well as land use change. There would be deforestation
due to expansion of hydropower plants, as well as land conversion from
agricultural land. These activities would eventually affect water irriga-
tion, agricultural production, and food supply. Hence, studying these
issues would be highly desirable as future works proceed. In addition,
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the Government may revise the policy due to numerous issues as has
happened several times in the past.” Such revisions for example, may
take place because the installed power capacity targets are not highly
feasible due to financial constraints or changes of economic conditions
or environmental constraints in constructing hydropower plants. In
addition, the climate change international commitment would also in-
fluence the Vietnamese Government in pursuing the Plan to foster the
development of coal-fired power. These issues if occurring would alter
the findings in this study, which are also valuable to study in future
work. It is also noted that the life cycle costs of plants are not accounted
in this modeling approach, if components of the costs were included in
the model, there would have been some distortions in the results.
However, since we assume the installation capacity is maintained during
the study period, it would not significantly affect the results.
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