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Abstract: When it comes to greenhouse gas (GHG) mitigation, both bottom-up and top-down policies
have limitations. Bottom-up policies are region-specific and cannot be applied at the national level.
Top-down policies may not balance the considerations of economic growth and the environment.
Therefore, a combined approach is necessary. This Vietnamese case study investigates optimal
GHG mitigation options for both economic development and emission reduction by simulating four
scenarios characterized by the different carbon tax and subsidy rates. Interventions, like replacing
old buses with low-carbon buses and conventional electricity generation with solar power, are
considered in a dynamic input–output framework. The objective function is Green GDP—industries’
total value added reflecting GHG emissions’ social cost. The simulation model comprises four
cases: business as usual, low subsidy rate (up to 10%), medium subsidy rate (up to 20%), and high
subsidy rate (up to 30%), which are analyzed on parameters, including economic development, GHG
emissions, and development of innovative sectors, like transportation and electricity. In three cases
with different subsidy rates, the optimal carbon tax is simulated at the rate of USD 1/tCO2 equivalent,
the lowest rate among the world’s current carbon prices. In addition, the medium subsidy (up to 20%)
option yields the most competent scheme, with the highest GHG emission reduction and economic
development effectiveness.

Keywords: carbon tax; green subsidy; greenhouse gas emissions; nonlinear programming; optimiza-
tion; Vietnam

1. Introduction

Vietnam was the ninth most affected country by climate change in the two decades
from 1998 to 2017 and ranked high on indexes such as expected climate change-related
deaths and total losses [1]. Annually, tropical storms, typhoons, and flooding destroy
thousands of houses, injure and kill people, destroy livelihoods, and damage infrastructure.

Vietnam’s climate change risk differs by region. The Northern Mountain and Central
areas have long confronted the risk of frequent and intense flash floods and landslides
because of varying rainfall. According to the Central Committee for Flood and Storm
Control, between 1990 and 2010, 74 floods led to severe consequences. For example, in
1997, there were 3000 people dead or missing, 100,000 collapsed houses, and more than
300,000 hectares of damaged crops after Typhoon Linda [2]. Concurrently, drought and
water scarcity have exacerbated desertification, especially in the Central and South-Central
Coast, Red River Delta, Midland, and Central Highlands regions [2]. Scorching, dry
weather puts forest areas at a higher risk; from 1992 to 2013, Vietnam lost approximately
6000 hectares of forest per year due to forest fires [3].

In addition to loss and damage from unprecedented disasters, sea-level rise, a con-
sequence of climate change, dramatically affects Vietnam’s coastal communities. Climate
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change affects coastal communities by shrinking the agricultural cultivation land, aqua-
culture area, and saline land area. Sea level rise has shrunk agricultural cultivation land,
aquaculture area, and residential land available to coastal residents. Suppose the sea level
rises by 100 cm without effective response solutions; in that case, about 17.8% of Ho Chi
Minh City and 38.9% of the Mekong River Delta will be at the risk of inundation, affecting a
population of 21.49 million, which is about 10% to 12% of the country’s population, erasing
nearly 10% of its GDP [3].

In 1986, Vietnam launched Doi Moi, a political and economic reform that ended the
centralized quota economy and initiated a market-based economy by intensifying private
sector engagement [4]. Since then, Vietnam’s economy has grown massively, transform-
ing it from one of the poorest countries in the world to a middle-income country [5].
Vietnam’s GNI per capita in 2016 surpassed the low-middle-income threshold at USD
2080 per capita [6]. A side effect of this rapid economic development was the dramatic
rise in greenhouse gas (GHG) emissions, exacerbating Vietnam’s vulnerability toward
climate change.

Vietnam has actively contributed to prompt action on climate change in interna-
tional forums. It signed the United Nations Framework Convention on Climate Change
(UNFCCC) in 1992 [7], the Kyoto Protocol in 2002, and the Paris Agreement (PA) in 2016.
This commitment is not only a challenge but also an opportunity for sustainable develop-
ment. The PA emphasizes the leading role of developed countries in mobilizing climate
change mitigation and adaptation in terms of financial support for developing countries [8].

The Third National Communication of Vietnam submitted to UNFCCC in 2019 out-
lines the obstacles to implementing its climate policies. As Vietnam is a developing country,
budget allocation for high-priority issues seems to be a problem. In aiming for economic
growth and climate response targets simultaneously, Vietnam needs more practical meth-
ods for decision makers to select optimal policy options. Each economic policy instruments
affect the whole economy because of the interconnection between sectors. Therefore, it is
necessary to project the impact of the proposed policy [9]. One such pragmatic approach is
policy effectiveness evaluation to apportion expenditure efficiently.

That said, climate policies are insufficient and unstable without international financial
support. Of the 45 mitigation options mentioned in Vietnam’s Nationally Determined
Contribution (NDC), which outlines the post-2020 climate actions countries intend to
take under the new international agreement, 45% need international financial help [7].
This problem makes mitigation scenarios for Vietnam unsustainable in the long term and
hinders internal advancement.

The solution could be introducing an additional carbon tax to supplement public
expenditure for environmental protection and climate change response. Along with these
tax policy changes, the government should prioritize tax administration reform [10]. This
study investigates the allocation of tax revenue as a subsidy for innovative GHG reduction
options. This self-sufficient tax and subsidy mechanism is considered in terms of impact
on economic growth. Aiming for a sustainable economy, Vietnam’s policymakers and
scientists have analyzed several climate change mitigation options [3]. Each has to meet
the requirements of extensive application capacity and inter-sectorial cover [11].

The good-practice mitigation policies for global replication are indicated in five major
sectors with the corresponding share in global GHG emissions: electricity generation (25%);
industry and fossil fuel production (29%); buildings (7%); transport (13%); fluorinated
gases (3%); land use, land use change, and forestry (7%); and agriculture and waste
(15%) [12]. The two most competent mitigation sectors after the industry and fossil fuel
production are electricity generation and transport. Moreover, another study for OECD
member countries declares that the majority, over 70%, of total GHG emissions come from
power generation and transport [13]. The prevalent mitigation measures for the energy
sector are superseding fuel to less carbon-intensive sources such as natural gas, promoting
renewable energy technologies, and enhancing energy efficiency [13]. With the assessment
of mitigation potential and investment cost, in the energy sector, Vietnam has set a priority
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for renewable energy generation and green transportation by promising a GHG reduction
of 86.8 and 24.1 million tons CO2 equivalent [14].

GHG emission mitigation may be done through both top-down and bottom-up ap-
proaches. Bottom-up GHG mitigation encourages stakeholder participation in climate
change response but cannot be applied nationally because of differing local conditions.
Thus, bottom-up mitigation approaches must be assessed for feasibility and adaptability
under varying local conditions. Climate-friendly agricultural cultivation designs are an
example of bottom-up mitigation [15,16]. Innovative agricultural production concepts are
analyzed to encourage local farmers’ participation in climate change mitigation. Another
bottom-up approach for GHG mitigation in the transportation sector is the decrement of
emissions from idling vehicles by considering expressway upgradation. The abatement of
traffic congestion has been found to reduce GHG emissions by decreasing travel time [17].

In contrast, a top-down approach can be applied widely to capture future macroscopic
changes on a national scale. It is useful for policymakers to determine appropriate and
feasible options for GHG mitigation. Top-down approaches can improve effectiveness
with limited resources but have difficulty balancing economic growth and environmental
protection. A top-down case study of Vietnam, in general, may not apply precisely for
all areas and conditions in the country. For example, in the forestry sector, the OpCost
model uses land-use changes’ opportunity cost to evaluate different incentive rates for
Reducing Emissions from Deforestation and forest Degradation (REDD+) activities [18].
The model’s utility in determining the distribution of forest protection benefits for more
sustainable forest reserves and local inhabitants’ livelihoods is claimed to be applicable
on a national scale to increase the policy’s outcome [18]. However, the model’s GHG
mitigation effectiveness is ambiguous. Another case study of the top-down approach is the
fuel tax to achieve GHG reduction goals in Bangladesh. The analysis utilizes the correlative
model to estimate emissions reduction from fuel tax [19]. However, this economic model
unintentionally ignores the self-correcting free market mechanism.

To summarize, each approach, whether bottom-up or top-down, has specific advan-
tages and drawbacks that need to be considered in the policymaking process. Bottom-up
approach proposes innovative schemes that can be applied on a more extensive scale [15],
while top-down approach analyses the effectiveness of new regulations or the enforcement
of technology transfer [19]. The best method for policymakers is combining the two to
analyze both economy-wide and price-based policies with innovative technological policy
options [20].

The utilization of innovative technologies is evaluated among the 45 mitigation options
in the Technical Report of Vietnam’s NDC. The report proposed innovative GHG mitigation
options for four primary sectors: energy, agriculture, land use, land-use change and forestry
(LULUCF), and waste. Among these, the energy sector’s mitigation options have the most
capacity and diverse options. Seventeen mitigation options have been proposed for the
energy sector, with the potential to eliminate 45.78 million tons of CO2 equivalent [14].
According to the current national electricity database, Vietnam’s electricity generation is
unsustainable due to dependency on fossil fuels. Total electricity generation in Vietnam
exceeded 130 TWh in 2013, with an average growth rate ranging from 5 to 15% per year [21].
The primary sources of electricity generation in Vietnam are hydro, gas, oil, and coal. At
the end of 2018, 58.5% of power production was fully generated from fossil fuels [22].

Furthermore, GHG emissions from transportation represent the equivalent of 30.6 mil-
lion tons CO2, or 10.8% of total GHG emissions in 2014 [3]. Therefore, Vietnam’s NDC aims
to promote public transport while fostering energy-efficient, low-carbon modes of trans-
portation. The existing public transport system relies on diesel buses with low ridership
levels and relatively high emissions. Typical buses even have slightly higher CO2 intensity
per passenger-kilometer than motorcycles, which are the dominant mode of transport
in Vietnam, accounting for 60% of total vehicle trips [23]. Under current circumstances,
fostering public transport and achieving a mode shift would, therefore, increase GHG
emissions. The NDC will reverse this situation by triggering a transformational shift from
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diesel-powered, high-emitting urban buses toward hybrid and electrified public trans-
port. Only by 2025 will Vietnam acquire low-carbon buses (LCBs), defined as hybrid or
electric buses for urban transit, in the Nationally Appropriate Mitigation Action (NAMA)
scenario [24]. Existing bus operations will be improved through operational efficiency
measures. Public transport planning and management will be enhanced by designing and
establishing a national urban mobility policy and promoting actions to increase public
transport’s attractiveness [25].

LCB is a proven technology that has been mass deployed in many developed coun-
tries [26]. Hybrid buses are a mature technology and can be used on any route with bus
availability rates comparable to diesel units, yielding proven fuel-savings of 25–35%. Plug-
in hybrid buses save up to 40% fuel, thereby enabling reduced fossil fuel dependence and
future electrification of the public transportation system through opportunity charging (en
route charging stations), currently established in various cities worldwide. Many cities’
experience, however, is that the successful deployment of hybrid buses requires a kick-start
with a sizable fleet (more than 50 buses) to avoid high maintenance costs and low bus
availability, which are problems typical of pilot-test fleets. The proposed investment scale
for LCB is compiled from the NAMA Support Project (NSP) Low Carbon Bus Vietnam.

This study’s primary purpose is to assess different environmental and technological
intervention scenarios for Vietnam’s NDC mitigation measures. The principal research
question is how the simulation method and findings may be applied to support decision-
makers to evaluate different schemes aimed at NDC targets in Vietnam. Three specific
objectives are set to address this question. The first is to assess the impact on economic
growth and the effectiveness in reducing GHG emissions of different policy options. The
proposed policy instrument is the environmental economic policy, including a carbon tax
and subsidy to promote less emission-intensive industries. According to Vietnam’s NDC
report, each policy option constructed for GHG emission reduction reduces 8% of GHG
emissions compared to the business as usual (BAU) scenario with domestic effort. The
second objective is to indicate the criteria for policymakers to prioritize mitigation inter-
ventions. These criteria will help harmonize both the economic development target and
the GHG emission reduction target. Vietnam is a developing country targeting ambitious
economic growth. Hence, it needs an approach to optimize the mobility of limited resources
for both economic and environmental targets. The third objective is to recommend an
optimal GHG reduction option for the government. The optimal choice should be the
option that meets the GHG reduction commitment while maximizing national economic
growth. The proposed GHG reduction option is assessed in the context of the current
legal framework.

This study focuses on simulation analysis to select the optimal GHG reduction op-
tions for Vietnam. In our simulation model, the options considered are converting from
conventional to renewable energy generation and replacing old buses with low-carbon
buses. Further, the novelty and significance of this study are emphasized as follows:

(1) Our input–output (IO) model is closer to a general equilibrium system than the
conventional Leontief-type model. The model constructs an economy in which a
commodity’s quantity and price are determined simultaneously through the inter-
dependent interaction of the commodity flow balance equation and the value flow
balance equation.

(2) In our model, the material balance equation and value balance equation act interdepen-
dently. Therefore, the final demand, which is given exogenously in the conventional
Leontief-type model, can instead be endogenously determined.

2. Materials and Methods

Policies have economy-wide effects that need to be quantified through modeling [27].
There are two main types of economic models: ex ante and ex post analysis. The ex ante
analysis is used to assess the impact of the proposed policies in the future, given a baseline
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scenario. Meanwhile, the ex post analysis is utilized to review past policies’ impact through
historical data.

The two most common quantitative methods are IO analysis and computable general
equilibrium (CGE) [28]. The characteristics of the two models are differentiated in Table 1.
The most fundamental difference is that CGE describes an entire economy where all income
earned is expended on different goods, whereas the conventional IO model is a partial
economic analysis that does not link to income or consumption [28]. However, our model
is structured such that income and consumption can be determined endogenously through
the interdependent interaction of the material balance equation and the value balance
equation. The CGE is more complicated, with nonlinear mathematics, but still has its weak-
nesses, which includes ignoring capital movement across nations and overestimating the
trade effect [27]. The constant elasticity of CGE is believed to undermine the productivity
function and proficiency in the international competitive market.

Table 1. Comparison of IO and CGE approaches to important modeling characteristics.

Characteristics IO CGE

Time horizon Short run Short, medium, and long run
Mathematical complexity Linear/simple Nonlinear/advanced

Model type Partial economic analysis General equilibrium
(system) effects

Sector interdependencies Accounted for via
technical coefficients

Accounted for via
(cross)-elasticities

Source: [28].

Therefore, IO analysis is chosen for this study because of the simplicity of the mathe-
matical approach.

Moreover, IO analysis has an advantage over CGE in that it can analyze in detail
changes in output and GHG emissions in each sector due to policy spillovers. IO analysis
is based on a technical coefficient matrix, which is politically neutral; that is, IO analysis is
applicable for capitalist, socialist, or traditional Third World economies [29]. Meanwhile,
CGE utilizes a fixed elasticity of substitution among exports in different industries, which
implies manipulating the trading system [27]. The IO analysis in this study uses a time
series for the proposed policies’ projected impact. The IO model’s environmental extension
can be applied to assess the relationship between economic growth and environmental
pollution [29]. The optimization IO model results are the best scenario(s) of policies that
could harmonize economic development and environmental protection targets.

IO analysis is first used to analyze the interdependence of one industry’s (sector’s)
sales with another sector [30]. This methodology has been applied to various economic
problems [31] and has been extended to set forth many new extensions that can be used
to integrate additional details of economic activities [32]. Since the late 1960s, studies
have extended IO analysis to environmental pollution formation [32] and environmental
pressures across the economy [33].

Economic policies are the most common subject of the extended IO analysis in envi-
ronmental economics. Here, we consider tax and subsidy mechanisms to adjust emission-
intensive industries’ production. IO analysis is used to assess the policy impact on both
economic and environmental aspects to evaluate productivity changes and abatement
activities [34]. The increasing environmental tax enhances the efficiency of environmental
exploitation and reduces emission-intensive activities [34].

2.1. Introduction of the Simulation Model

This study utilizes dynamic IO analysis with three main modules—the Socioeconomic
Model, GHG Emissions Flow Model, and Investment and Saving Model, as shown in
Figure 1. The baseline data are constructed from the 2012 IO table of Vietnam, reflecting
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the relationship between the production process and externalities [35]. The model assumes
three main stakeholders: government, households, and industries (as shown in Figure 2).

Figure 1. Model framework.

Figure 2. Interrelation in commodity flow.

The three innovative technologies considered in the model are low-carbon bus, wind,
and solar energy generation, as mentioned in the Introduction section. The model assesses
the effects of introducing low-carbon buses and renewable energy generation, partly substi-
tuted for the conventional transportation and energy sector. The promotion expenditure for
these innovative technologies includes installation cost, operation cost, and maintenance
cost. The investment matrix of each technology is described in Tables 2 and 3.
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Table 2. Investment matrix for wind and solar energy generation.

No. Investment Cost Installation Cost
(mil. USD/MWac *)

Fixed O&M ** Cost
(USD/MWac */year)

Variable O&M Cost
(USD/MWh/year)

1 Onshore
wind power 1.6 40.5 4.2

2
Solar power

(sufficient for
power line)

1.1 11 0

* MWac stands for mega Watt alternative current. It is a measure of the power output from a solar installation after
the output of the PV panels have been converted to AC via inverter devices. ** O&M cost stands for operation
and maintenance cost. Source: Adapted from [36].

Table 3. Investment cost of buses per unit.

(In USD) Diesel Hybrid Plug-in Hybrid Electric

Investment 120,000 162,000 192,000 928,571

Annual energy cost 20,800 15,600 13,323 6400

Annualized cost including
battery replacement 36,900 38,633 41,307 145,148

Net present value relative to diesel - −9723 −27,380 −703,624

Surplus cost annualized per km - 0.022 0.055 1353

Total annual investment 177,700 206,510 219,250 377,848
Source: Adapted from [24].

2.2. Design of the Model

Each equation describes two types of variables in the simulation model: exogenous
(ex) and endogenous (en). The exogenous variables take the base year as 2012, and the
endogenous variables are generated from the simulation model. The simulation model is
developed to cover a period of 18 years, from 2012 to 2030.

2.2.1. Data Source

The input–output table is the central database for this study. In Vietnam, the input–
output table is conducted from national scale surveys once every five years. At the moment,
Vietnam has published five input–output tables for 1989, 1996, 2000, 2007, and 2012. This
research uses the last input–output table in 2012. The second important database for this
research is GHG emissions matrix which is aggregated from 99 inventory sectors according
to the GHG inventory report 2014 of the Ministry of Natural Resources and Environment.
One hundred and sixty-four commodities in the IO table for Vietnam in 2012 are aggregated
into 22 industries (see Table 4) and synchronized with the 99 sectors of the GHG inventory
of Vietnam; this aggregation helps us conduct a comprehensive economic–environmental
analysis. In addition to the raw data, we used [14,24,25,36–39] to calculate the exogenous
variables that need to be input to the model.
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Table 4. Industry classification.

No. Industry

1 Agriculture

2 Mining

3 Food products

4 Textiles and clothing

5 Paper and wooden products

6 Chemical products

7 Coal and petroleum products

8 Non-metallic mineral products

9 Iron and steel

10 Non-ferrous metals

11 Fabricated metal products

12 Other manufactures

13 Building and construction

14 Gas

15 Transport except for the bus

16 Non-energy sectors

17 Services

18 Real estate services

19 Other public services

20 Others

21 Bus

22 Electricity
Source: Compiled by the author based on [35].

2.2.2. Objective Function

This model’s objective function is to maximize the discounted Green GDP from 2012 to
2030 with all GHG emissions and supply–demand relations constraints. The GHG reduction
options are introducing innovative sub-sectors, including low-carbon buses, solar energy
generation, and wind energy generation. Owing to Vietnam’s limited manufacturing ability
and import tax exemption for renewable energy equipment [40], materials for low-carbon
bus, solar, and wind energy generation are imported fully or partly from abroad. Therefore,
the new sub-sector’s investment is the sum of installation, operation, and maintenance costs.
The outputs for bus and electricity are the sum of the conventional bus sector production,
traditional electricity sector, and innovative sub-sectors.

Objective f unction = Max
18

∑
t=1

(
1

1 + ρ

)t−1
Green GDP(t) (1)

Green GDP(t) = GDP(t)− Depreciation o f products(t)− Total social cost(t)

= υXi(t)− ∑ depi × Xi(t)− ∑ Zi(t)× SCi (2)

where GDP(t) is the gross domestic product in term t (en), Xi(t) is the production of each
industry i in term t (en), and ρ is the social discount rate (ex). The subscript i is on the range
of 22 industries that are aggregated, as mentioned above.
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2.2.3. Commodity Flow Balance

The construction of the commodity flow balance is based on the principle, “All
expenditures from the demand side will be equal to or less than all expenditures from the
supply side.” [16,32]. The equation’s right-hand side demonstrates all expenditures from
the demand side, including intermediate consumption calculated by technical coefficient
matrix, final consumption from household and government, investment of usual industries
and bus, energy industries, and net export. The supply side, which is the output of
industries, needs to meet the demand each year.

20

∑
i=1

AijXi(t) + Ch
i (t) + Cg

i (t) + Ii(t) + Ie−conv(t) + Ie−solar(t) + Ie−wind(t) + Ibus−conv(t) + ILCB(t) + Ei(t)− Mi(t) ≤ Xi(t) (3)

where Aij is an input coefficient matrix from industry i to industry j among the usual
sectors except for the energy and bus industries (ex, matrix), Xi(t) is the commodities of all
sectors in industry i (usual industries) in term t (en, column vector), Ch

i (t) is the household
consumption amount of each sector in industry i in term t (en, column vector), Cg

i (t) is
the government consumption amount for each sector in industry i in term t (en, column
vector), and Ii(t) is the investment amount from each sector in industry i in term t (en,
column vector). Further, Ie−conv(t) is the investment demand for the conventional energy
sector in term t (en), Ie−solar(t) is the investment demand for the solar energy sector in term
t (en), Ie−wind(t) is the investment demand for the wind energy sector in term t (en), Ibus(t)
is the investment demand for the conventional bus sector in term t (en), ILCB(t) is the
investment demand for the low carbon bus sector in term t (en), Ei(t) is the export amount
of each sector in industry i in term t (en, column vector), and Mi(t) is the commodity
import amount of each sector in industry i in term t (en, column vector).

2.2.4. Value Flow Balance

The value flow balance is built based on the principle that “total output must be equal
to or more than total outlays.” In other words, each industry only maintains its production
if the total output generates enough revenues to exceed all expenditures. Price variation is
expected in the market; therefore, this balance reflects the price matrix.

Pi(t)AijXi(t) + τAPi
mXi(t) + υXi(t) + τ × AP f

m

[
Ch

i (t) + Cg
i (t)

]
≥ Pi(t)Xi(t) (4)

where Pi(t) is the price rate vector of each sector in industry i in term t (en, row vector), τ
is emissions tax of industries (en, row vector), υ is the value-added rate of industries (ex,
row vector), APi

m is the coefficient of GHG m emitted by industries (ex), and AP f
m is the

coefficient of GHG m emitted by final consumption (ex).

2.2.5. GHG Emissions Constraint

According to Vietnam’s NDC, the restriction of GHG emissions means meeting the
emissions target by 2030, which is reduced by 8% compared with BAU according to the
NDC of Vietnam, which is 474.1 million tons CO2 equivalent by 2020 and 787.4 million
tons CO2 equivalent by 2030 [7].

2.3. Scenario Design

The model analyzes four scenarios (Table 5) in the period from 2012 to 2020. Scenario
0 is the Baseline scenario with the optimization of Green GDP and no emissions constraint.
Scenario 0 is built based on the 2012 technical coefficient matrix and GDP growth rate of
6% per year, the average GDP growth rate from 2012 to 2018 [6].
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Table 5. Scenario design.

Scenario Emission Reduction Emission Tax Subsidy

0 - - -

1 8% + Low (5–10%)

2 8% + Medium (5–20%)

3 8% + High (5–30%)

Scenarios 1 to 3 simulate the optimal objective function with an emission reduction
target of 8% compared with Baseline (Scenario 0), with the endogenous emission tax rate
and subsidy rate for mitigation options. The emission tax rate varies between USD 1 and
USD 131 per ton of CO2 equivalent, which is limited within existing carbon tax levels in
the world [41]. The subsidy rate differs across three scenarios—low, medium, and high.
The low subsidy rate ranges from 5 to 10%; the medium varies from 5 to 20%; the high
varies from 5 to 30%. The subsidy rate is based on the Law of Assistance for small- and
medium-sized enterprises in 2017; government investment does not exceed 30% of the
total investment [42]. The subsidy rate is defined to ensure financial support and avoid
overdependence of industry entities simultaneously.

The simulation results can support the verification of the tax-subsidy policy. The cases
provide insight into its impacts on economic growth and the reduction in GHG emissions.
The quantitative assessment helps decision makers select optimal GHG reduction options
that balance economic growth targets and climate change response commitments.

According to Vietnam’s NDC report, the economic instrument is the most pow-
erful tool to regulate emissions by targeting GHG reduction. The introduction of the
self-sufficient tax/subsidy mechanism for Vietnam contributes to sustaining economic de-
velopment and ensuring the GHG emission commitment. In this model, the tax rate varies
from USD 1 to USD 131, which is the range of existing tax pricing across the world [41].

The three cases are built with three different levels of subsidies to promote innovative
technological sub-sectors. The main target of the model is to select the optimal tax/subsidy
in each scenario. The objective function is to maximize the sum of discounted Green GDP
from 2012 to 2030.

3. Results and Discussion
3.1. The Best Tax/Subsidy Scheme

As shown in Figure 3, the objective function, for the subsidy rate of 20% per option, is
the largest. Thus, the optimal tax and subsidy scheme is described in Case 3. The specific
optimal tax/subsidy rate in the three cases is demonstrated in Table 6.

In all three cases, the optimal carbon tax is simulated at the rate of USD 1/tCO2
equivalent, which is the lowest rate among the world’s current carbon prices, varying
between USD 1 and USD 131 [41]. The rate USD 1/tCO2 equivalent has been applied
in Pilot ETS in Guangdong, Shanghai, and Chongqing, China; Mexico; and Poland as
a carbon tax [41]. The rate of this carbon tax scheme for Vietnam is comparative with
upper-middle-income countries, including China and Mexico. This optimal carbon tax rate
is judicious because Vietnam is still trying to attain its economic ambitions and enhance
its prestige and position in the international arena. Moreover, compared with current
environmental economic instruments implemented in Vietnam, such as environmental
taxes and fees, the rate of USD 1/tCO2 equivalent is realistic. The current environmental
tax for fossil fuel is about USD 0.17 per liter of petrol, oil, and grease, converted to about
USD 0.063/tCO2 equivalent [43]. In addition, another study on tax for fossil fuels proposes
an increased 50% for coal and 33.3% for petroleum, which are about USD 2.5/ton CO2
equivalent and USD 0.084/ton CO2 equivalent [9,44,45]. On the other hand, the research
on phasing in the carbon tax and phasing out fossil fuel subsidies analyzes the simulation
effect on macroeconomics. The proposed carbon tax rate for USD 12/ton CO2 equivalent
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for intermediate and final consumption of coal, refined fuel, and natural gas from [46]. In
summary, among the proposed carbon tax scheme for Vietnam, the proposed carbon tax of
this study covers the whole emitted industries extensively with acceptable rate. Therefore,
the proposed combined-tax-and-subsidy scheme is superior compared to other comparable
studies for Vietnam.

Figure 3. The objective function of different scenarios.

Table 6. The best tax/subsidy scheme in three scenarios.

Scenario
Optimal Carbon Tax

(USD/tCO2
Equivalent)

Subsidy Rate for
Low-Carbon Bus (%)

Subsidy Rate for
Solar Energy (%)

Subsidy Rate for
wind Energy (%)

1 1 10 10 10

2 1 20 20 20

3 1 5 30 30

3.2. Economic Development Trend

Figure 4a shows the impact of the tax and subsidy scheme with different rates on
economic development. The GDP of two cases, with low and high subsidy rates, is less
than in the BAU scenario (Case 0). This deficit implies that the carbon tax plays a vital role
in controlling all industries’ production with the value balance relation. A tax scheme is
asserted to create a new position of equilibrium through adjusted prices [47]. The taxed
commodity’s price will increase as the outlay exceeds the production cost by the amount of
tax. Nevertheless, while all sectors’ emission coefficient matrices are unchanged, imposing
an additional tax hinders economic development. Therefore, the subsidy mechanism is
proposed in coordination with tax policy to foster cleaner production.
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Figure 4. Economic development in different scenarios. (a) Economic development trend in different
scenarios. (b) Cumulative GDP from 2012 to 2030 in different scenarios.

Figure 4b also illustrates the total GDP in 18 years for four cases, with the deviation
rate of cases compared with the BAU scenario (Case 0). Only with the medium-subsidy
scenario does the cumulative GDP exceed the BAU scenario at 24%. The cumulative GDP
of low- and high-subsidy scenarios differs between −48% and −7% compared with the
baseline. This negative development implies that the highest subsidy is not necessarily the
optimal scenario for economic growth, perhaps because it requires a higher government
budget expenditure and shrinks investment for all industries. The positive outcome of the
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medium-subsidy scenario may occur since appropriate subsidy promotes less emission-
intensive sectors while applying the GHG emissions constraint among other sectors.

The simulative economic development of the medium-subsidy scenario denotes the
positive effectiveness of the combine-tax-and-subsidy policy. This result is more competent
compared with the solely increased tax for coal and petroleum scheme. The rising tax
rate for coal and petroleum is forecasted to lessen the national GDP by 1.05% and 2.23%,
respectively, compared with baseline [9]. In addition, the forecasted expansion of GDP of
the phasing out subsidy for fossil fuels and phasing in the carbon tax is 0.16% per year,
which is a 2.24% aggregated increment compared with the base scenario [46]. Overall, the
result of this study on combined-tax-and-subsidy policy is more remarkable than similar
research on tax policy for Vietnam.

3.3. Development of Innovative Sectors

As discussed above, carbon tax plays a vital role in rectifying the development of
emission-intensive industries. It is proposed that the tax revenue be used to allocate
the subsidy for GHG reduction options, including replacing old buses with LCBs, solar
energy generation, and wind energy generation. Therefore, the bus and energy industry’s
development is a prerequisite to the policy.

As seen in Figure 5a, the total bus industry production is deficient compared to the
BAU scenario in low and high subsidy cases. In contrast, the most potential augmentation
occurs in Case 2, with the same tax rate and medium subsidy range for all GHG reduction
sub-sectors. The bus output in Case 2 exceeds 31% compared to Case 0, even without the
tax barrier.

The energy industry follows the same pattern, with the most competent development
in the medium-subsidy scenario at 125% compared with Case 0 (Figure 5a). The carbon
tax alone may curb the industry development because of the additional value added to
the product. The increment of the price of taxed commodities contributes to the abatement
in the intensive emission sectors. However, to optimize the competition of innovative
production, the subsidy is apportioned to reduce the price of cleaner production.

After introducing cleaner production, the production of innovative sub-sectors in
individual cases is allotted to the conventional sub-sector. The conventional bus sub-sector
ratios of Cases 1, 2, and 3 decrease with individual rates of 62%, 13%, and 71%, respectively
(Figure 5b). Similarly, the conventional energy ratio is shrinking, with respective 65%, 42%,
and 40% rates in cases 1, 2, and 3 (Figure 5c). The wind and solar power production rates
are expected to climb up to 2.7% by 2030 and 6% by 2030, respectively [48]. Therefore, the
simulation scenarios meet the government’s ambition for renewable energy generation.
The transition from an emission-intensive sector to a less discharge-heavy sector has a
constructive effect on economic development and environmental protection.

Figure 6 demonstrates GHG emissions from the bus and energy industries between
cases. For buses, emissions drop by 60% and 34% in Cases 1 and 3, respectively, and
increase by 23% in Case 2 compared with Case 0. The GHG emissions from the energy
industry plunges by 81%, 28%, and 43% in Cases 1, 2, and 3, respectively, compared with
Case 0. This mitigation from these two industries contributes to loosening GHG emissions
restrictions for the rest of the economy.
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Figure 5. The development of innovative sectors. (a) The production of the bus and energy industries
in different scenarios. (b) The development of the bus industry in different scenarios. (c) The
development of the energy industry in different scenarios.
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Figure 6. Comparison of GHG emission of the bus and energy industries between cases.

3.4. GHG Emission Reduction and Emission Intensity Trend

GHG emissions intensify along with economic development in the BAU scenario, up
to 617.1 million tons CO2 equivalent by 2030. Figure 7a shows that GHG emissions in 2030
increase to 222.6% compared with the baseline year 2012 without tax and subsidy policy.
GHG emissions, in 2030, with the proposed tax and subsidy policy, rise to 318.3, 724.4, and
574.6 million tons CO2 equivalent to a rate of 271%, 294%, and 228% in Cases 1, 2, and 3,
respectively.

GHG intensity describes the relationship between economic development and GHG
emissions, calculated by the emission amount per unit of the study area’s GDP [49]. It
validates the macro effect of the economic and environmental instruments, such as tax
and subsidy. Figure 7b shows that the combined carbon tax and subsidy contribute to
lessening GHG intensity in all the three cases. Among the three cases, the average GHG
intensity differs from 7 to 9% compared with the BAU scenario (Case 0). The average
GHG intensity is 1277, 1278, and 1300 kt CO2 equivalent/billion USD with an alteration
rate of 8.6%, 8.6%, and 7% in Cases 1, 2, and 3, respectively (Figure 7b). The downward
trend also signifies that global CO2 intensity has been firmly declining since 1990 [50].
Moreover, improvement in the GHG emission situation is likely to occur due to renewable
energy capacity innovation. Figure 7a shows that all three scenarios meet the targeted GHG
emissions mentioned in Vietnam’s NDC, which is 474.1 million tons CO2 equivalent by
2020 and 787.4 million tons CO2 equivalent by 2030 [7]. However, only a medium-subsidy
scenario exceeds the BAU’s cumulative GHG emissions, with a rate of 116.4% (shown
in Figures 7a and 8). Figure 9a–c shows that, without any restriction of emissions, air
pollution will rise steeply. In the baseline scenario, CO2, CH4, and N2O emissions will
increase by 1.97, 2.8, and 1.87 times, respectively, compared with the level for 2012. In
addition, the anticipation for GHG emissions and the government’s economic development
seem superior to the actual outcome. The projection for the total GHG emissions by 2030 is
787.4 million tons CO2 equivalent [7].
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Figure 7. Greenhouse gas emission trends and intensity in different scenarios. (a) Total GHG
emissions in different scenarios. (b) Average annual emission intensity in different scenarios.
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Figure 8. Cumulative GHG emissions in the period from 2012 to 2030 (million tons CO2 equivalent).

Figure 9. Cont.
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Figure 9. Comparison of air pollution mitigation in different scenarios. (a) Total CO2 emissions
during the period from 2012 to 2030. (b) Total CH4 emissions during the period from 2012 to 2030. (c)
Total N2O emissions during the period from 2012 to 2030.

However, GHG emissions cannot be the only factor to evaluate the carbon tax policy.
The emissions should be combined with economic development evaluators, as Vietnam is
an ambitious country with numerous development targets. Therefore, the effectiveness of
mitigating GHG emissions should be combined with the consideration of economic devel-
opment.

Finally, GHG emissions are significantly mitigated by the tax and subsidy mechanism’s
imposition and depend on policy implementation, as shown in different scenarios. For an
emission reduction target, Case 1 is the scenario with the largest decrease in GHG intensity.
However, optimal policymaking should consider both the effectiveness of GHG reduction
and economic development.

4. Conclusions

As the ninth-most affected country by climate change in the last 20 years [1], Vietnam
has recognized the need to commit to the climate change response. It has committed to
reducing 8% of GHG emissions compared with the BAU scenario with domestic effort and
up to 25% with international support. However, the dependence on international support
makes Vietnam’s mitigation efforts and internal advancement unsustainable in the long
term. Therefore, this study proposes a self-sufficient tax and subsidy scheme to foster
sustainable GHG reduction options through the assessment of economic impact and GHG
reduction effectiveness.

This study proposes a simulation model to analyze economic and environmental data.
The model is constructed with business-as-usual and low-, medium-, and high-subsidy
scenarios demonstrating the different regulations to introduce alternative technical options.
Each case is simulated according to three factors: GHG emissions, technology application,
and economic development. The scenario design is based on a government development
orientation and the ambition to introduce clean technology to mitigate GHG emissions in
the energy sector. This study proposes implementing carbon tax and allocating subsidies
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to promote cleaner production in emission-intensive industries. The results are visualized
as suggested policy options that will reduce air pollution and encourage economic devel-
opment (see Figure 4). The results show that independent financial support for reducing
GHG emissions is feasible for Vietnam, even alongside ambitious economic achievements.
The model shows that the medium subsidy (up to 20%) option will bring about the optimal
scheme, with GHG emission reduction and economic development effectiveness.

In policymaking, the estimation of economic feasibility is a crucial step. Enabling any
rigid policy instrument needs to consider possible impacts on the economy and environ-
ment. Therefore, the simulation model can contribute to a quantitative assessment of the
economy, and it shows outstanding performance in the current context. Simultaneously,
quantitative decision-making methods help make the investment appealing to stakeholders.
Support the campaign to appeal to stakeholders for compliance. The evidence-based report
provides informative communication compared to the ordinary ones, reinforcing higher
implementation efficiency among stakeholders.

Vietnam is restructuring public finance, especially revenue sources, toward sustainable
growth and development [51]. Accordingly, expanding the tax collection base instead of
increasing taxes is one of the key measures recommended by specialized experts [10]. There-
fore, carbon tax collection supports the expansion of tax collection facilities and strongly
impacts environmental protection standards and manufacturing enterprises’ awareness.

Currently, Vietnam has implemented environmental protection tax collection, no
carbon tax. However, the effectiveness of this tax on the protection and handling of
environmental issues is highly potential. If a series of environmental disasters were to
occur, the authorities will respond slowly. The drawback is not only extending the time
for disclosure, transparency of information, but also providing false information about
economic consequences and the possible impacts of environmental disasters or concealing
the compensation and environmental treatment from this tax revenue.

One of the weaknesses in public finance management in Vietnam is the transparency
and efficiency in tax collection and spending is low. Public disclosure, transparency, and
low accountability can infringe on the rights of the people, especially those who are taxed.
Since then, the environmental tax not only does not create a sound effect for environmental
protection, but it also raises conflicts, even creating inhibitory expressions in public opinion.

Therefore, with new taxes, such as carbon tax, before expanding the tax base, it is
necessary to improve transparency and publicity on accountability and the tax base. Other
processes, such as methods of tax collection, tax collection, and audit of expenditure sources,
allocation to the beneficiaries of this tax source, and collective monitoring institutions must
also be explicitly determined following the law.

Regarding the introduction of an economic instrument such as tax, the Vietnam
government needs to consider the inventory system carefully. The most radical challenge
is the underestimation or overestimation of GHG emissions. At the moment, the national
GHG inventory is constructed by the 2006 IPCC Guidelines with the default emission factor
for Tier 1, which is the primary method with less accurate data compared with Tier 2 and 3.

The second obstacle of introducing tax is the inventory of the synchronous categories
between the economic inventory and environmental inventory. As mentioned above, the
national GHG inventory is conducted with five main sectors by the 2006 IPCC Guidelines,
which is different compared with commodities categories in the input–output table. On the
other hand, all economic inventory is handled by the Ministry of Planning and Investment.
The incorporation between the Ministry of Natural resources and Environment and the
Ministry of Planning and Investment may lead to the disunion of sector categories. Never-
theless, the input–output table and investment matrix are both generated by the General
Statistics Office, but there is still a discrepancy in the sector categories. This inconsistency
of sector categories confuses the data preparation for the simulation analysis.

Nevertheless, some limitations of this study are worth noting. First, the simulated
scenarios may overestimate Vietnam’s ambition to develop renewable energy, as there
are legal barriers to the introduction of an alternative technology framework. Revenues
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from taxes, fees, charges, and other payments must be transferred to the state budget
balance without association with any obligatory expenditure [52]. Therefore, the allocation
of subsidies may strain the state budget balance. Hence, future research can expand the
analysis for a different consolidation of tax scheme and other subsidy forms. Further tax
and subsidy combinations can create better alignment of the proposed policy options with
existing regulation.

Second, some bias and confusion may have influenced the model estimates; the
NDC of Vietnam seems to overestimate GHG emissions and economic development in
the projection for 2030. The world has witnessed a tremendous crisis, COVID-19, which
has systematically affected global economies [53]. In the next decade, socioeconomic
development strategies in each nation must innovate to build resilience to such global
economic shocks. Thus, future studies can focus on the situation, given this new orientation
of socioeconomic development.

On the other hand, in recent years, the promotion of renewable energy in Vietnam
has led to new problems of governance. Despite the explosion of solar energy production,
renewable electricity still cannot be delivered to the consumer appropriately because of
the limitation of grid-connection [54]. The existing electricity grid cannot endure the
new massive loading capacity. The formidable barrier will involve a lengthy negotiation
regarding the responsibility of upgrading the electricity grid between stakeholders. As this
study did not account for the additional cost for the upgrade of electricity grids, this cost
should be considered in future analysis.
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