
energies

Article

Assessing Economic Impacts of Thailand’s Fiscal Reallocation
between Biofuel Subsidy and Transportation Investment:
Application of Recursive Dynamic General Equilibrium Model

Korrakot Phomsoda 1 , Nattapong Puttanapong 2 and Mongkut Piantanakulchai 1,*

����������
�������

Citation: Phomsoda, K.;

Puttanapong, N.; Piantanakulchai, M.

Assessing Economic Impacts of

Thailand’s Fiscal Reallocation

between Biofuel Subsidy and

Transportation Investment:

Application of Recursive Dynamic

General Equilibrium Model. Energies

2021, 14, 4248. https://doi.org/

10.3390/en14144248

Academic Editor: Victor Manuel

Ferreira Moutinho

Received: 31 May 2021

Accepted: 9 July 2021

Published: 14 July 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Sirindhorn International Institute of Technology, School of Civil Engineering and Technology,
Thammasat University, Pathum Thani 12120, Thailand; d5222300286@g.siit.tu.ac.th

2 Faculty of Economics, Thammasat University, Bangkok 10200, Thailand; nattapong@econ.tu.ac.th
* Correspondence: mongkut@siit.tu.ac.th; Tel.: +66-2986-9009

Abstract: This study examined the economy-wide effects of reallocating the biofuel subsidy to
invest in transportation using a recursive dynamics computable general equilibrium model. The
constructed model consists of 35 sectors, 42 commodities, and 3 institutions (household, government,
and the rest of the world). Three scenarios were simulated. In the first scenario, the subsidy of
gasohol and biodiesel is completely removed, whereas, in the second and third scenarios, half of
the removed subsidy is reallocated to finance investment in road freight transportation and road
public transportation. The simulation results show that reallocating the biofuel subsidy to invest in
road public transportation can lead to the highest long-term economic growth and has the lowest
impact on the consumer price index (CPI). All findings suggest that policymakers should maintain
continuous investment in transportation and prioritize this investment policy over the fuel price
distortion scheme.

Keywords: computable general equilibrium; investment; transportation; logistics; subsidy

1. Introduction

Since the implementation of the first Social and Economic Development Plan in 1961,
transportation investment has continuously been one of the main targeted activities. Al-
though road transportation is the main mode of domestic transportation and shipment,
the coverage of the road network still lags behind the growing economic activities that
influence vehicle ownership and transportation volume [1]. A comparison between the
coverage of telecommunications and transportation facilities also indicated that the pene-
tration of mobile phones per capita in Thailand is close to that in Japan, but transportation
accessibility is roughly 10 times lower [2].

In addition to measurements of the road network (i.e., the total road length and its
density), the efficiency and economic contribution of transportation have been regularly
studied by the Office of the National Economic and Social Development Council (NESDC)
and published in the Thailand Logistics Report [3]. The latest report indicated that between
2015 and 2019, the logistics costs per GDP of Thailand slightly declined from 13.9% to
13.4%. This ratio was still higher than the global average (10.7%) and the value for the
Asia-Pacific region (12.7%). Similarly, the most recent Logistics Performance Index (LPI) of
Thailand is 3.41, which ranks 32nd of 167 countries [4] and is still far from the values of
OECD countries [5]. To resolve this shortcoming, the national strategic plan for logistics
development was formulated, aiming to enhance Thailand’s logistics performance and
expand facilities to enable multimodal transportation [6,7]. Specifically, this national
policy concentrates on financing infrastructure investment [1,7] because transportation
development can raise manufacturing productivity in the long run [2]. Moreover, the
construction of roads and transportation facilities directly increases employment, demand
for construction materials, and real estate investment [8,9].
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From an alternative perspective, economic expansion has been concurrently increasing
the volumes of domestic road transportation for many decades, which has subsequently
induced the continuous growth in demand for fuels. To stabilize the domestic prices
of fossil-based fuels amid the fluctuation of the global crude oil price, the oil fund was
established in 2003 to function as a cross-fuel price subsidizer. However, in response to
the rising concern regarding the economic efficiency and the sustainability of the fund, the
government recently revised the oil fund legislation. The goal of the new act is to terminate
the biofuel subsidy by the end of 2022.

By integrating the goals and the constraints of both the transportation investment
policy and the fuel price scheme, this study aimed to examine the impacts of removing
the biofuel subsidy and reallocating it to finance the investment in road transportation. A
recursive dynamics computable general equilibrium model was the main research method,
which enables the quantitative investigation of intertemporal economy-wide adjustments.
Furthermore, a sensitivity analysis was conducted by varying the substitution coefficients
to validate the stability of the main findings. Hence, these quantitative approaches enable
the thorough hypothesis testing of formulating the feasible policy for offsetting the negative
impacts of the fuel subsidy removal.

The paper is structured as follows: Section 1 introduces the background of this study,
and Section 2 discusses previous literature related to Computable General Equilibrium
(CGE) model and transportation investment simulations. Section 3 outlines the model’s
main structure. Section 4 presents the results and discussion. Section 5 reports the key
findings and suggests policy recommendations.

2. Materials and Methods

In Thailand, CGE studies have confirmed that the removal of biofuel subsidies will
lead to an increase in economic growth in the long term [10–12]. These results are in line
with previous studies in other countries [13,14]. In particular, the reallocation of the biofuel
subsidy will be more beneficial than removing it without re-investment [12]. In the aspect
of transportation, previous CGE studies have mainly emphasized the effects of investments
in transportation infrastructure.

Korea developed a framework to estimate economic growth resulting from highway
projects, and it was found that all projects were beneficial to GDP and export growth [15].
Furthermore, this model was extended to analyze the effect of the network of highway
projects on the regional economy of Korea. The simulation found that highway develop-
ment could reduce regional disparities [16]. In addition, the model was also applied to
study different financial strategies. The results indicated that earmarked tax positively
affected income growth and diminished regional income inequality more than the current
tax system [17]. The finding related to inequality is similar to the result of a study in Poland
that applied the regional dynamics CGE model to measure the impacts of transportation
investments. It highlighted a disparity in road investment between regions, resulting in a
decrease in real GDP and employment [18].

A study in the USA applied the CGE model to evaluate the public transportation
stock. It revealed that road stock had the highest impact on GDP growth and social
welfare. On the contrary, public transit and other ground passenger transportation had
relatively negligible impacts on the economy [19]. The results of this study differ from those
reported in an Iranian study, which used the CGE model to assess investment in transport
infrastructure. The authors found that investment in the railway had the greatest impact on
economic growth, while investment in roads could affect household welfare [20]. However,
road infrastructure investment was still confirmed to affect economic growth [8,9,21–23].

In addition, a CGE model was developed by combining it with an engineering model
called USAGE-Hwy to examine the economic impacts of highway investments. Simulations
showed that with an increase in petroleum tax to finance highway and bridge expenditures,
employment grew slightly in the short term, considerably increased in the middle term,
and decreased in the long term [24].
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Because our study is related to the transportation issue, several CGE studies are
reviewed as follows. In Malaysia, a study demonstrated the effects of energy subsidy
reform on the economy and the transportation sector. The results showed that real GDP
and real investment would increase, while exports and imports would decrease. Moreover,
the transportation sector was affected due to an increase in production costs, which affected
total output and exports [13].

In Indonesia, a study on transportation investment using path analysis found that
shifting the fuel subsidy led to GDP growth but decreased the transport multiplier, leading
to inequality. The authors recommended two options for subsidy policy management,
i.e., (1) cutting the fuel subsidy if the goal is income distribution or (2) cutting the fuel
subsidy to invest in transport infrastructure if the goal is economic growth [25]. The
financial CGE model was developed to analyze the effect of infrastructure investment
projects on the economic system of Indonesia, and its results showed that government
financing of transportation projects with tax revenue could have a greater impact on GDP
than other financing methods [26]. A further study used the CGE model to examine the
effect of reallocating the fuel subsidy to infrastructure investment. Its simulation outcomes
indicated that the reallocation had positive impacts on economic growth but adversely
affected income equality [27].

In our study, the main research question and method are similar to those of a South
African study, which constructed a CGE model to simulate the reallocation of the fuel
subsidy to support public transport services. The results indicated that unemployment
was reduced, and the household income and economy increased [28]. This benefit of
reallocation corresponds to the redistribution of a tax levy, proving that the government
can decrease personal income tax and increase other taxes to balance its revenue [29].
Therefore, the additional government revenue resulting from the termination of biofuel
subsidies should be distributed to invest in significant sectors to drive economic growth,
especially transportation sectors with construction activity and other management projects
that need capital to drive their productivities [19].

3. Methodologies

The standard CGE model used in this study was adopted from the Partnership for
Economic Policy (PEP) [30]. The features of the model consist of four parts, which are
described below. (The full details of equations, variables and coefficients of this model are
shown in Appendix B).

3.1. Production Structure

Figure 1 presents the structure of production sectors that consist of three levels. The
aggregate output combines a primary factor and intermediate commodity demand at the
top level with a fixed proportion, called the Leontief (LEO) function. At the second level, the
primary factor is the combination of labor and capital with the function of constant elasticity
of substitution (CES). At the same level, the non-transport-energy and transport-energy
commodities are integrated with LEO. Finally, there are four combinations mixed with CES
at the lowest level. Because this study focused on the removal of the biofuel subsidy, we
focused on two types of biofuel that can substitute each other, i.e., mixed biodiesel, which
comprises mandatory biodiesel and optional biodiesel, and mixed gasohol, which is the
combination of gasohol–gasoline (91/95/E10) and gasohol (E20/E85). Similarly, this study
concentrated on reallocating the subsidy to invest in transportation sectors. Hence, we
distinguished two types of transportation, i.e., freight transportation, which consists of
railway and road freight transportation, and mass transportation, which includes railway
passenger transportation and road public transportation.
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Figure 1. Nested production structure.

Besides production sectors, household consumption plays a crucial role in driving
the economy. The household consumption of goods and services follows the Stone–Geary
utility function to maximize utility subject to budget constraints. The commodity price
determines the investment demand. The commodity produced domestically has two
selling options, i.e., supplying the domestic consumption or exporting in the form of
international trade with constant elasticity of transformation (CET) (the values of elasticity
of transformation parameters are shown in Appendix A). Finally, the commodity sold
domestically is a combination between an import and the domestic commodity determined
by CES’s function.

3.2. Database

The CGE model replicates the economy-wide market-based relationship among eco-
nomic agents. The model is conventionally constructed based on the nationwide transac-
tion data shown in the Social Accounting Matrix (SAM). In this study, the SAM comprises
35 sectors and 42 commodities, as exhibited in Table A1 (see Appendix A).

3.3. Dynamics Assumption

This study applied the recursive dynamic modeling technique to examine impacts
over a 10-year period (2022–2031). Following the main structure suggested by the Part-
nership for Economic Policy (PEP) [30], the discrete intertemporal mechanism of capital
accumulation is embedded in the CGE model, enabling medium-term and long-term
simulations. (There is an alternative specification of dynamic simulation that allows for
intertemporally optimizing behaviors of the economic agent [12,31]. However, several
parameters for such specifications were unavailable for Thailand. Therefore, the recursive
dynamic technique was selected.)

In addition to the endogenous dynamic process of capital accumulation, the growth
rates of some dynamic variables were exogenously assigned, i.e., the depreciation rate, the
elasticity of investment demand, population, exports, total investment, public investment,
government expenditures, and productivity. The depreciation rate and the elasticity of
investment demand were based on the conventional values suggested by previous stud-
ies [12,32]. The growth rates of the population, exports, total investment, public investment,
and government expenditures were averaged from the official report published by the Of-
fice of the National Economic and Social Development Council [33]. The productivity was
based on the historical trend estimated by the Office of Industrial Economics (OIE) [34,35]
(the numerical details of these growth rates are shown in Appendix A).
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3.4. Closure and Solution

In general, the initial structure of the CGE model has more variables than equations.
To obtain a unique mathematical solution and satisfy the Walras law, the values of some
variables are assigned exogenously, leading to an equal number of endogenous variables
and equations in the model [36]. Thus, this study specified government expenditures,
public sector investment, total investment, capital stock, minimum consumption, labor
supply, stock change, and global prices of imports and exports as exogenous variables. To
satisfy the relative price mechanism, an exchange rate was a numeraire. Following the
conventional approach of the numerical computation process [37], the calibration technique
generated the values of scale, share, and exponential parameters. In this study, the solution
of the model was obtained by using the general algebraic modeling system (GAMS) with
the solver’s specification of the constrained nonlinear system (CNS). (Alternative specifica-
tions and related programming techniques of CGE modeling include GAMS/MPSGE and
GEMPACK/GTAP models [38,39]).

3.5. Scenarios

To study the effects of removing the biofuel subsidy and apply the saved costs to
investments, some production sectors need to be selected for examination. In a previous
study [12], we explored investment in energy crops, which are the feedstocks of biofuel pro-
duction. In this study, therefore, we focus on transportation sectors, which are consumers
of biofuel. Figure 2 maps the process of terminating the biofuel subsidy and reallocating
the budget to invest in road freight transportation and road public transportation. In the
I/O table (see Appendix A), road freight transportation is distinguished between heavy
truckload transportation (>1.5 ton) and light truckload transportation (≤1.5 ton). Road
public transportation covers the transport of passengers by taxicabs, buses, and other
vehicles such as bicycles.

Figure 2. A flowchart of biofuel subsidy reallocation for Scenarios A–C (SIMs A–C).

Table 1 summarizes the three case studies of interest. In Scenario A (SIM A), the total
biofuel subsidy is removed in 2022. Since the government has more income and savings, it
can use the budget for expenditures and investment purposes. Hence, in scenarios B and C
(SIM B and SIM C), 50% of government savings are reallocated to invest in road freight
and road public transportation.
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Table 1. The three scenarios used for simulations.

Scenarios Terminating Biofuel Subsidy
% Reallocation for Capital Investment

Road Freight Transportation Road Public Transportation

SIM A +100% - -
SIM B +100% +50% -
SIM C +100% - +50%

In addition, due to the investment in transportation sectors, the impact of logistics
costs on GDP was also calculated by summarizing the costs of intermediate consumption
of transportation and logistics sectors, i.e., railway freight transportation, railway mass
transportation, road public transportation, road freight transportation (heavy), road freight
transportation (light), land transportation services, ocean and coastal transportation, water
transportation services, air transportation, and other services and activities.

3.6. Sensitivity Analysis

The solution of the CGE model was conventionally obtained by using the numerical
technique to solve the system of nonlinear equations. Thus, variation in the parameters,
especially the coefficients of elasticity of substitution, can potentially affect the simulation
outcomes. Following the technique used in related studies [40–43], Monte Carlo simulations
were conducted to validate the robustness of simulation results. The main characteristic
of Monte Carlo simulation is a set of computations repeatedly conducted by using the
randomized coefficients. This technique generates a large set of computed outcomes,
enabling the examination of its statistical distribution. Thus, if the model is highly sensitive,
the obtained outcomes will be widely distributed. In this study, simulations were repeatedly
undertaken with randomized sets (with ±15% deviation) of substitution coefficients (i.e.,
the substitution between (1) gasohol (E10) and gasohol (E20/85), (2) biodiesel B5 and
biodiesel B7/B10, and (3) labor and capital). The statistical distribution was then calculated,
and the stability of variables was identified.

4. Results and Discussion

This section is divided into four subsections. First, we illustrate the model reliability
by comparing the model results and official data. In the second and third subsections, we
describe the impacts on transportation sectors and logistics costs, respectively. Finally, in
the fourth subsection, we summarize the macroeconomic impacts.

4.1. Model Reliability

To harmonize the CGE model with the actual economic situation, the parameters were
calibrated until the economic indices generated by the model corresponded to the actual
data. Table 2 shows the model reliability through the root mean square error (RMSE). The
RMSEs of macroeconomic indices between model results and official data are lower than
10 percent. In this model, import (IMP) has the maximum RMSE (7.22%), whereas the con-
sumer price index (CPI) has the minimum RMSE (1.33%). The other indices, including gross
domestic product (GDP), private consumption (PCON), government expenditures (GCON),
gross fixed capital formation (GFCF), and export (EXP), have RMSEs of 2.59%, 2.88%, 6.86%,
4.56%, and 3.79%, respectively. For this reason, the model was confirmed to be reliable for
studying the removal of the biofuel subsidy and re-investment in transportation sectors.

4.2. Change in Road Transportation Sectors

Generally, the removal of biofuel subsidies will increase biofuel prices. Then, the costs
of production will increase, particularly in road transportation sectors. Hence, reallocating
the budget to increase the capital supply of road transportation sectors could offset higher
production costs. This section illustrates the changes in domestic prices and demand for
road freight transportation and road public transportation.
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Table 2. The difference between model results and official data for the years 2015–2019.

Macroeconomic
Indices (Unit:
Million Baht)

Data 2015 2016 2017 2018 2019 %RMSE

GDP
Model results 13,916.25 14,481.36 15,073.66 15,696.82 16,354.22

2.59Official data 13,916.25 14,816.27 15,581.15 16,214.62 16,756.07

PCON
Model results 7256.41 7557.51 7872.46 8203.21 8551.57

2.88Official data 7056.81 7296.68 7579.74 8002.73 8448.32

GCON
Model results 2144.16 2251.36 2363.93 2482.13 2606.23

6.86Official data 2353.04 2460.82 2521.45 2643.38 2722.78

GFCF
Model results 3287.62 3478.01 3678.94 3890.97 4114.70

4.56Official data 3371.07 3459.90 3579.85 3726.89 3814.37

IMP
Model results 8221.10 8515.06 8832.76 9174.77 9541.91

7.22Official data 7861.68 7806.46 8397.74 9169.69 8543.41

EXP
Model results 9264.69 9524.48 9805.49 10,109.18 10,437.00

3.79Official data 9295.64 9785.87 10,326.73 10,616.16 10,086.59

CPI *
Model results 100.00 101.24 102.39 103.46 104.45

1.33Official data 100.00 100.19 100.85 101.93 102.65

Source: authors’ simulation. Note: * the CPI is a unitless index. RMSE can be calculated by RMSE =

√
∑
N
(Xactual−Xmodel )

2

N . The RMSE shown
in this table is the average value of 2015–2019.

4.2.1. SIM A: Terminating Biofuel Subsidy

Figure 3 shows the changes in road freight and road public transportation sectors after
terminating the biofuel subsidy. The results suggest that removing the biofuel subsidy
causes an increase in the prices of road freight and road public transportation sectors.
As a result of the higher prices, the demand decreases for both transportation sectors.
The domestic price and demand for road freight transportation change, on average, by
0.799% and 0.485%, respectively. Additionally, in the case of road public transportation,
the domestic price and demand change on average, by 0.372% and 0.602%, respectively.

Figure 3. The changes in road transportation sectors in SIM A.

4.2.2. SIM B: Reallocating Biofuel Subsidy to Invest in Road Freight Transportation Sector

In this case, 50% of the terminated biofuel subsidy is reallocated to invest in road
freight transportation. The changes in road transportation are shown in Figure 4. The re-
sults show no change in the price or demand for road public transportation. On the contrary,
reallocation leads to changes in the price and demand for road freight transportation.
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Figure 4. The changes in road freight transportation in SIM B.

4.2.3. SIM C: Reallocating Biofuel Subsidy to Invest in Road Public Transportation Sector

Figure 5 shows the change in prices and demand for road transportation sectors when
50% of the terminated biofuel subsidy is invested in road public transportation. The prices
of road public transportation decrease, but the demand increases. Moreover, investment
in the road public transportation sector results in a greater change compared to investing
in the road freight transport sector. This is because the costs associated with the road
public transportation sector are significantly higher than those of the road freight transport
sector. Therefore, it leads to a reduction in price and a rise in demand for the road freight
transport sector.

Figure 5. The changes in mass transportation in SIM C.

In sum, although eliminating biofuel subsidy can increase the higher saving and rising
government investment, the subsidy removal brings about the higher cost of productions
that result in increasing inflation. However, reallocating the budgets to invest in road
transportation can increase capital supply. Hence, the transportation facilities will be
expanded, subsequently lowering the transportation cost and the economy-wide price
level. With this change, the production costs of other sectors will continuously decrease
as well. Thus, the investment mechanisms mitigate the adverse effects caused by biofuel
subsidy removal.

4.3. Change in Logistics Costs

Figure 6 shows that eliminating the biofuel subsidy (SIM A) leads to a minor increase
in logistics costs per GDP (0.249%). In contrast, reallocating the biofuel subsidy to invest
in public road transportation (SIM C) and road freight transportation (SIM B) leads to a
decrease in logistics costs per GDP of 0.525% and 0.368%, respectively. It can be observed
that SIM B and SIM C tend to continuously reduce logistics costs per GDP because of the
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higher demand and lower prices of road transportation sectors, as discussed in Section 4.2.
Hence, the logistics costs per GDP and transportation costs both decrease.

Figure 6. Impacts on logistics costs per GDP for three scenarios (SIMs A–C) from 2022 to 2031.

4.4. Change in Macroeconomics
4.4.1. Consumer Price Index (CPI)

Figure 7 shows the effects of all scenarios on the CPI. The removal of the biofuel
subsidy (SIM A) increases the CPI slightly (by 0.100% on average). In addition, it is likely to
remain constant throughout the 10-year study period. Since investments play a role in road
transportation sectors, the CPI changes are evident. Reallocating the budget to road freight
transportation (SIM B) still increases the CPI by 0.062% on average. However, when the
budget is reallocated to road public transportation (SIM C), the CPI decreases by 0.041% on
average. The negative slope in SIM C is distinctly different from those in SIM A and SIM B.
This is because, in SIM C, the prices of road freight and road public transportation decrease,
as mentioned in Section 4.2.3, while in SIM B, only the price of road freight transportation
decreases, as mentioned in Section 4.2.2. Therefore, reducing transportation prices leads to
a decrease in production costs. This cost reduction is similar to that of a previous study [44],
indicating that a reduced transport margin eventually decreases the CPI. This results in a
greater decrease in the CPI in SIM C compared to SIM B.

Figure 7. Impacts on the consumer price index for three scenarios (SIMs A–C) from 2022 to 2031.

4.4.2. Real Gross Domestic Product (Real GDP)

Figure 8 displays the impacts of biofuel subsidy removal and budget reallocation on
real GDP. The results show that removing biofuel subsidies (SIM A) can reduce the average
change in real GDP by 0.106%, and the trend slightly increases over the 10-year period.
Conversely, reallocating the budget to invest in road freight transportation (SIM B) still
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decreases the average change in real GDP by 0.055%. In SIM C, in which the budget is
reallocated to invest in public road transportation, the average change in real GDP increases
by 0.049%.

Figure 8. Impacts on the real gross domestic product for three scenarios (SIMs A–C) from 2022
to 2031.

The removal of the biofuel subsidy (SIM A) is the cause of an economic recession. How-
ever, investments in both transportation sectors (road freight and road public transporta-
tion) lead to economic recovery. Investment in the road freight transport sector can lead to
a positive rebound of the real GDP after 2029, while investment in the road public trans-
portation sector can lead to a positive enhancement of real GDP after 2025. The reasons are
demonstrated by the price changes in the transportation sectors in Sections 4.2.2 and 4.2.3.
The reduction in prices of road freight and road public transportation leads to a decrease in
production costs, contributing to overall productivity. Furthermore, the lower CPI can in-
crease real GDP. Therefore, the investment measure in road transportation can compensate
for the effects of biofuel subsidy removal.

4.4.3. Real Private Consumption (Real PCON)

Figure 9 presents the results of canceling the biofuel subsidy and reallocating it to
invest in two types of road transportation. All scenarios result in a decrease in real PCON.
SIM A, SIM B, and SIM C decrease real PCON by 0.302%, 0.263%, and 0.177%, respectively.

Figure 9. Impacts on the real private consumption for three scenarios (SIMs A–C) from 2022 to 2031.

In SIM A, when the biofuel subsidy is eliminated, the prices of goods and services
increase. Then, the outputs also decrease. Consequently, the revenue of labor and capital
is reduced accordingly, which causes the household income to decrease as well. Due to
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the decrease in household incomes and the increase in commodity prices, eventually, real
PCON decreases. In this scenario, there is no measure to mitigate the impacts; therefore,
the change in real PCON is relatively constant for 10 years.

In SIM B, reallocation of the biofuel subsidy to invest in road freight transportation can
mitigate the adverse effects of subsidy cancellation on real PCON. Although the average
real PCON remains negative, the trend shows an upward change. This is because invest-
ment in the road freight transport sector directly decreases the prices of such transportation,
as mentioned in Section 4.2.2. When the prices of road freight transportation decrease, the
prices of all commodities are reduced as well. Thus, real PCON is higher in SIM B than in
SIM A. However, the reallocation in SIM B cannot compensate for all of the effects, so the
average real PCON remains negative.

In SIM C, reallocation of the biofuel subsidy to invest in road public transportation
raises real PCON. Additionally, it is likely to be positive in the future (the slope is different).
For the same reason as in SIM B, investment induces a price reduction in road public
transportation, as mentioned in Section 4.2.3. Due to the two impacts, real PCON is higher
in SIM C than in SIM B.

4.4.4. Real Gross Fixed Capital Formation (Real GFCF)

Figure 10 shows the impacts on real GFCF. All scenarios have positive average changes
in real GFCF. Real GFCF increases by 0.213%, 0.321%, and 0.311% in SIM A, SIM B, and
SIM C, respectively.

Figure 10. Impacts on the real gross fixed capital formation for three scenarios (SIMs A–C) from 2022
to 2031.

In SIM A, real GFCF initially increases because the biofuel subsidy is terminated, and
the government receives more income for expenditures. However, the trend of real GFCF
change decreases after 2025. This is because of the increase in the CPI, which increases the
price index of investments. SIM A is different from SIM B and SIM C, in which real GFCF
increases consecutively. Moreover, real GFCF is slightly higher in SIM B than in SIM C. This
is because investment in road freight transportation increases the outputs of production
sectors (i.e., agriculture-fishery and forestry, metal and non-metal, chemical production,
rubber, and plastic production, electrical machinery production, transport industry, other
manufacturing, construction, trading and services, road freight transportation (heavy), and
road freight transportation (light) produce commodities for investments). These sectors
have a high share of road freight transportation. Therefore, road freight transportation
investment (SIM B) increases real GFCF to a greater extent than road public transportation
investment (SIM C).
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4.4.5. Trade Balance (TRB)

Figure 11 shows the impacts on TRB. TRB increases by 1.448%, 1.638%, and 1.799% in
SIM A, SIM B, and SIM C, respectively. The removal of biofuel subsidy (SIM A) increases
the government saving, which results in higher total investments. Moreover, in the cases of
SIM B and C, an expansion of transportation investment can continuously lower the trans-
portation cost and subsequently enhance Thailand’s export price competitive advantage.
Therefore, the export will increase, leading to a continually higher trade surplus.

Figure 11. Impacts on the trade balance for three scenarios (SIMs A–C) from 2022 to 2031.

4.5. Sectoral Impacts

The recursive dynamic CGE model used in this study represents the main mechanism
of Thailand’s economy, allowing economy-wide price endogenous adjustment. Hence, in
addition to macroeconomic indicators, the model simulation results show the adjustment
of prices and quantities of all production sectors, enabling a thorough investigation of
positive and negative impacts. As exhibited in Table 3, in SIM A, the removal of the biofuel
subsidy can directly reduce the production of ethanol (cassava-based), coastal and water
transportation, and public road transportation. In addition, this contraction can indirectly
lower the outputs of petroleum refinery and biodiesel production. On the other hand, this
change can also cause the substitution of prices and factors of production, allowing the
outputs of manufacturing, construction, metal and non-metal, electrical machinery, and
railway freight transportation to increase.

In SIM B, the obtained sectoral impacts indicate that the expansion of road infras-
tructure can directly induce the production of construction raw materials and activities
related to construction. Furthermore, the impacts positively influence the spillovers on
road freight transportation (heavy), road freight transportation (light), construction, rubber
plastics and chemicals production, and manufacturing. Simultaneously, this expansion
leads to the substitution of factors of production, subsequently reducing the production of
ethanol (cassava-based), coastal and water transportation, petroleum refinery, biodiesel
production, and public road transportation.

In SIM C, the investment in public transportation can considerably expand both road
freight transportation (heavy) and public road transportation. Additionally, the other
sectors, i.e., land transportation services, road freight transportation (light), and transport
industries can also increase due to the subsidy reallocation. On the contrary, the negative
impacts on production and service activities are similar to those observed in SIM B, i.e.,
ethanol (cassava-based), coastal and water transportation, petroleum refinery, biodiesel
production, and water transportation services. Notably, an investment in road public
transportation can not only improve productivity itself but also enhance the output of road
freight transportation (heavy). The main reason is due to the price adjustment of the road
freight transportation sector described in Section 4.2.3.



Energies 2021, 14, 4248 13 of 32

Table 3. Sectoral impacts for SIMs A–C (average for 2022–2031).

Scenario Highest Positive Sectoral
Impact %Change Highest Negative Sectoral

Impact %Change

SIM A

Manufacturing 0.212 Ethanol (cassava-based) −1.636

Construction 0.203 Coastal and water
transportation −1.154

Metal and non-metal 0.200 Public road transportation −1.024
Industrial electrical machinery 0.188 Petroleum refinery −1.023
Railway freight transportation 0.186 Biodiesel production −0.649

SIM B

Road freight transportation
(heavy) 4.199 Ethanol (cassava-based) −1.643

Road freight transportation
(light) 0.951 Coastal and water

transportation −1.146

Construction 0.347 Petroleum refinery −0.794
Rubber plastics and chemicals

production 0.251 Biodiesel production −0.794

Manufacturing 0.243 Public road transportation −0.580

SIM C

Road freight transportation
(heavy) 4.216 Ethanol (cassava-based) −1.233

Public road transportation 3.889 Coastal and water
transportation −1.180

Land transportation services 0.988 Petroleum refinery −0.499
Road freight transportation

(light) 0.959 Biodiesel production −0.499

Transport industries 0.394 Water transportation
services −0.495

Source: authors’ simulations.

4.6. Sensitivity Analysis

Figure 12 illustrates the outcomes of the Monte Carlo simulation for SIM A, B, and C.
Similar to a previous study [45], the threshold of two standard deviations (2SD) identifies
the highly probable range of simulation outcomes (with 95% probability). For SIM A—SIM
C, the bands of 2SD of real GDP and real private consumption are stable, whereas those
of the CPI and real gross fixed capital formation are tapering. Nevertheless, all sensitivity
analysis outcomes show that the 95% probability range includes the opposite sign of
the result. Therefore, the stability of substitution coefficients is very crucial. In practical
implementation, the impact analysis should be constantly updated with the latest values of
substitution coefficients.
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Figure 12. Cont.
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Figure 12. Statistical distribution of macroeconomic indices.

4.7. Discussion

The main findings of simulation results can be classified into two categories.

(1) The adjustment mechanism of biofuel subsidy removal

Because the biofuel subsidy is a demand intervention policy, the results of SIM A
represent the outcomes of removing the price distortion scheme. Hence, this change shifted
the economy towards a new equilibrium with the market-based biofuel price. In accordance
with previous studies [10–12,46–48], the rising biofuel price imposed burdens on many
activities, subsequently inducing higher inflation and negative impacts on most activities.
In addition, this negative effect has dynamic impacts on investment, which dampens the
long-run capital accumulation (similar to the main findings of previous publications [12,49]).
Hence, the economy will experience both short-term and long-term downturns.

(2) The integrated responses of subsidy removal and transportation investment

SIM B and SIM C exemplify the implementation of alternative policies that offset the
negative impacts of biofuel subsidy removal. With the reallocated budget financing the
transportation investment, this government-led supply-side stimulus can counteract the
adverse effects and simultaneously induce gains in production and service activities. Simi-
lar to previous literature [15,19,25–28], the results of this study show that investment-led
expansion can directly influence activities related to construction and machinery purchases.
Thus, production outputs and employment in these sectors will benefit and subsequently
create economy-wide positive spillovers. Furthermore, the continuously increasing invest-
ment will yield cumulative long-term benefits from the higher rate of capital accumulation.
This change will permanently increase the capital stock in road transportation (i.e., facilities
and machinery), consequently extending the capacity and coverage of this mode of trans-
portation activity. Therefore, in accordance with many studies [8,9,21–23], the obtained
simulation outcomes suggest that the road transportation investment is the preferred
policy option.
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4.8. Limitations and Further Study

The limitations of this study can be categorized into three issues that require fur-
ther study. First, infrastructure investment should be extended to include other modes
of transportation in the simulation analysis. Second, the specification of intertemporal
relationships should be modified to embed the fully dynamic mechanism, enabling the
foresight-based optimization of the economic agent. Third, the model should be enhanced
to optimize the combination of sources of funds for financing the infrastructure investment,
which will suggest additional valuable recommendations for policy implications.

5. Conclusions

This study examined the economy-wide impacts of reallocating the biofuel subsidy to
finance road transportation investment. A recursive dynamic CGE model was constructed
based on the official input–output table, which was subsequently extended to SAM. The
model was validated with the actual 2015–2019 data and showed a low percentage of
discrepancies, ranging from 1.33 to 7.22%. The simulation result revealed that terminating
the biofuel subsidy can cause negative impacts on the economy, whereas reallocating this
amount to finance investment in road transportation can offset the impacts and eventually
lead to positive outcomes. In addition, the simulation result showed that investing in
road public transportation can generate greater impacts than investing in road freight
transportation. All findings suggest that an investment in transportation infrastructure
yields higher long-term gains than the short-term price distortion scheme. Therefore,
policymakers should maintain transportation investment as their top priority based on its
long-term economy-wide benefits. In addition, this policy suggestion would be a guideline
for other developing countries seeking the alternative scheme for offsetting the adverse
consequences of fuel subsidy removal.
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Appendix A

Table A1. Sectors and commodities in the CGE model.

Sector Number Industries IO Code Commodity Number Commodities

1 Agriculture forest and fishery 001–003, 005–008,
010, 012–029 1 Agriculture forest and fishery

2 Cassava plantation 004 2 Cassava
3 Sugarcane plantation 009 3 Sugarcane
4 Oil palm plantation 011 4 Oil palm
5 Food industry 042–054, 056–066 5 Food products
6 Crude palm oil production 047 6 Crude palm oil
7 Sugar refinery 055 7 Sugar products

8 Molasses
8 Coal and lignite mining 030 9 Coal and lignite
9 Crude oil and natural gas 031 10 Crude oil and natural gas
10 Other mining 032–041 11 Other mineral products
11 Petroleum refinery 093–094 12 Liquefied petroleum gas

13 Jet and kerosene
14 Fuel oil
15 Other petroleum products
16 Gasohol E10 and gasoline
17 Gasohol E20 and E85
18 Biodiesel B5/7 (mandatory)
19 Biodiesel B10/B20 (option)

12 Biodiesel production 093 20 Purified biodiesel (B100)
13 Ethanol (cassava-based) 093 21 Ethanol
14 Ethanol (molasses-based) 093
15 Electricity production 135 22 Electricity
16 Natural gas separation 136 23 Natural gas products
17 Metal and non-metal 110–111 24 Metal and non-metal
18 Chemical production 067–092 25 Chemical products
19 Rubber and plastic production 095–109 26 Rubber, plastics, and material
20 Electrical machinery production 112–122 27 Electrical machinery and equipment
21 Transport industry 123–128 28 Transport machinery and maintenance
22 Other manufacturing 129–134 29 Other industrial products
23 Construction 137–144 30 Construction
24 Trading and services 145–148, 160–164 31 Trading and services
25 Public administration 165–171 32 Public administration
26 Railway freight transportation 149 33 Railway freight transportation
27 Railway mass transportation 149 34 Railway mass transportation
28 Road public transportation 150 35 Road public transportation
29 Road freight transportation (heavy) 151 36 Road freight transportation (heavy)
30 Road freight transportation (light) 151 37 Road freight transportation (light)
31 Land transportation services 152 38 Land transportation services
32 Ocean and coastal transportation 153–154 39 Ocean and coastal transportation
33 Water transportation services 155 40 Water transportation services
34 Air transportation 156 41 Air transportation
35 Other services and activities 157–159, 172–180 42 Other services and activities

Table A2. Coefficients of elasticity of substitution.

Sector Number Industries
Coefficients of Elasticity of Substitution

[a] [b] [c] [d] [e]

1 Agriculture forest and fishery 1.15 0.5 0.5 0.5 0.5
2 Cassava plantation 1.15 0.5 0.5 0.5 0.5
3 Sugarcane plantation 1.15 0.5 0.5 0.5 0.5
4 Oil palm plantation 1.15 0.5 0.5 0.5 0.5
5 Food industry 0.86 0.5 0.5 0.5 0.5
6 Crude palm oil production 0.86 0.5 0.5 0.5 0.5
7 Sugar refinery 0.86 0.5 0.5 0.5 0.5
8 Coal and lignite mining 1.1 0.5 0.5 0.5 0.5
9 Crude oil and natural gas 1.1 0.5 0.5 0.5 0.5
10 Other mining 1.1 0.5 0.5 0.5 0.5
11 Petroleum refinery 1.1 0.5 0.5 0.5 0.5
12 Biodiesel production 1.1 0.5 0.5 0.5 0.5
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Table A2. Cont.

Sector Number Industries
Coefficients of Elasticity of Substitution

[a] [b] [c] [d] [e]

13 Ethanol (cassava based) 0.86 0.5 0.5 0.5 0.5
14 Ethanol (molasses based) 0.86 0.5 0.5 0.5 0.5
15 Electricity production 1.02 0.5 0.5 0.5 0.5
16 Natural gas separation 1.02 0.5 0.5 0.5 0.5
17 Metal and non-metal 0.86 0.5 0.5 0.5 0.5
18 Chemical production 0.86 0.5 0.5 0.5 0.5
19 Rubber and plastic production 0.86 0.5 0.5 0.5 0.5
20 Electrical machinery production 0.86 0.5 0.5 0.5 0.5
21 Transport industry 0.87 0.5 0.5 0.5 0.5
22 Other manufacturing 0.86 0.5 0.5 0.5 0.5
23 Construction 0.97 0.5 0.5 0.5 0.5
24 Trading and services 0.87 0.5 0.5 0.5 0.5
25 Public administration 1.04 0.5 0.5 0.5 0.5
26 Railway freight transportation 1.03 0.5 0.5 0.5 0.5
27 Railway mass transportation 1.03 0.5 0.5 0.5 0.5
28 Road public transportation 1.03 0.5 0.5 0.5 0.5
29 Road freight transportation (heavy) 1.03 0.5 0.5 0.5 0.5
30 Road freight transportation (light) 1.03 0.5 0.5 0.5 0.5
31 Land transportation services 1.03 0.5 0.5 0.5 0.5
32 Ocean and coastal transportation 1.03 0.5 0.5 0.5 0.5
33 Water transportation services 1.03 0.5 0.5 0.5 0.5
34 Air transportation 1.03 0.5 0.5 0.5 0.5
35 Other services and activities 1.03 0.5 0.5 0.5 0.5

Notes: [a] is elasticity of substitution between labor and capital based on [37]; [b] is elasticity of substitution between biodiesel (B5/B7
vs. B10); [c] is elasticity of substitution between gasoline/gasohol E10 vs. gasohol E20/E85; [d] is elasticity of substitution between road
freight transportation and railway freight transportation; [e] is elasticity of substitution between road public transportation and railway
passenger transportation; [b], [c], [d], and [e] are based on the assumption of the authors. The other types of elasticity, i.e., the elasticity of
transformation between products of industry j = 2, the elasticity of transformation between exports and local supplies of commodity i by
industry j = 2, and the elasticity of substitution between imported and domestically produced commodity i = 2 are based on [30].

Table A3. Dynamic parameters.

Year n eg ig itg etr ppg δ γ

2019–2031 0.01 0.05 0.05 0.055 0.05 0.01 0.07 2
Notes: n = population growth [50]; eg = government expenditures growth [33]; ig = public sector investment
growth [33]; itg = total investment growth [33]; etr = export growth [33]; ppg = total factor productivity growth
[34]; δ = depreciation rate [32,37]; γ = elasticity of investment demand [32,37].

Appendix B

Lists of sets, parameters, variables, and equations of CGE model.

Appendix B.1. Set

The subscripts in equations are a set of economic agents shown in Table A1 in
Appendix A.
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j All sectors
pub Public sectors (sector number 25–30)
pri Private industries (sector number 1–24 and 31–35)
j0 All sectors except sector number 7 and 11
j1 Sugar and petroleum refinery sector (sector number 7 and 11)
i All commodities
ij All commodities (alias commodities)
i1 All commodities except sector number 16–19 and 33–36
i2 Mixed gasohol (sector number 16, 17)
i3 Mixed biodiesel (sector number 18, 19)
i4 Mass transportation (sector number 34, 35)
i5 Freight transportation (sector number 33, 36)
l Labor
k Capital
ag All agents (firms, households, government, and the rest of the world)
agng Non-government agents (firms, households, and the rest of the world)
agd Domestic agents (firms, households, and government)
gvt Government
row The rest of the world
f Firms
h Households
t Time for simulation

Appendix B.2. Parameters

Appendix B.2.1. Input-Output Co-Efficient

aiji,j Input-output coefficient of intermediate commodity i for industry j
admj Input-output coefficient of mixed biodiesel for industry j
agmj Input-output coefficient of mixed gasohol for industry j
a f tj Input-output coefficient of freight transportation for industry j
amtj Input-output coefficient of mass transportation for industry j
ioj Input-output coefficient (total intermediate consumption) for industry j
vj Input-output coefficient (total value added) for industry j

Appendix B.2.2. Scale Share and Elasticity of Production Function

BVAT
j,t Scale parameter (CES—value added) for industry j

βVA
j Share parameter (CES—value added) for industry j

ρVA
j Elasticity parameter (CES—value added) for industry j; −1 < ρVA

j < ∞

σVA
j

Elasticity of substitution (CES—value added) for industry j; 0 < σVA
j < ∞

where ρVA
j =

1−σVA
j

σVA
j

BKD
j Scale parameter (CES—composite capital) for industry j

βKD
k,j Share parameter (CES—composite capital) for industry j

ρKD
j Elasticity parameter (CES—composite capital) for industry j; −1 < ρKD

j < ∞

σKD
j

Elasticity of substitution (CES—composite capital) for industry j; 0 < σKD
j < ∞

where ρKD
j =

1−σKD
j

σKD
j

BLD
j Scale parameter (CES—composite labor) for industry j

βLD
l,j Share parameter (CES—composite labor) for industry j
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ρLD
j Elasticity parameter (CES—composite labor) for industry j; −1 < ρLD

j < ∞

σLD
j

Elasticity of substitution (CES—composite labor) for industry j; 0 < σLD
j < ∞

where ρLD
j =

1−σLD
j

σLD
j

BGM
j Scale parameter (CES—composite mixed gasohol) for industry j

βGM
j Share parameter (CES—composite mixed gasohol) for industry j

ρGM
j Elasticity parameter (CES—mixed gasohol) for industry j; −1 < ρGM

j < ∞

σGM
j

Elasticity of substitution (CES—mixed gasohol) for industry j; 0 < σGM
j < ∞

where ρGM
j =

1−σGM
j

σGM
j

BDM
j Scale parameter (CES—composite mixed biodiesel) for industry j

βDM
j Share parameter (CES—composite mixed biodiesel) for industry j

ρDM
j Elasticity parameter (CES—mixed biodiesel) for industry j; −1 < ρDM

j < ∞

σDM
j

Elasticity of substitution (CES—mixed biodiesel) for industry j; 0 < σDM
j < ∞

where ρDM
j =

1−σDM
j

σDM
j

BMT
j Scale parameter (CES—mass transportation) for industry j

βMT
j Share parameter (CES—mass transportation) for industry j

ρMT
j Elasticity parameter (CES—mass transportation) for industry j; −1 < ρMT

j < ∞

σMT
j

Elasticity of substitution (CES—mass transportation) for industry j;
0 < σMT

j < ∞

where ρMT
j =

1−σMT
j

σMT
j

BFT
j Scale parameter (CES—freight transportation) for industry j

βFT
j Share parameter (CES—freight transportation) for industry j

ρFT
j Elasticity parameter (CES—freight transportation) for industry j; −1 < ρFT

j < ∞

σFT
j

Elasticity of substitution (CES—freight transportation) for industry j;
0 < σFT

j < ∞

where ρFT
j =

1−σFT
j

σFT
j

BM
i Scale parameter (CES—composite commodity)

βM
i Share parameter (CES—composite commodity)

ρM
i Elasticity parameter (CES—composite commodity);−1 < ρM

i < ∞

σM
i

Elasticity of substitution (CES—composite commodity);0 < σM
i < ∞

where ρM
i =

1−σM
i

σM
i

BX
j,i Scale parameter (CET—exports and local sales)

βX
j,i Share parameter (CET—exports and local sales)

ρX
j,i Elasticity parameter (CET—exports and local sales);1 < ρX

j,i < ∞

σX
j,i

Elasticity of transformation (CET—total output);0 < σXT
j < ∞

where ρX
j,i =

1+σX
j,i

σX
j,i

BXT
j Scale parameter (CET—total output) for industry j

βXT
j,i Share parameter (CET—total output) for industry j

ρXT
j Elasticity parameter (CET—total output) for industry j; 1 < ρXT

j < ∞

σXT
j

Elasticity of transformation (CET—total output) for industry j; 0 < σXT
j < ∞

where ρXT
j =

1+σXT
j

σXT
j

σXD
i Price-elasticity of the world demand for exports of product i

extri,t Export growth rate of product i
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Appendix B.2.3. Parameters for Income Saving and Investment of Institutes

λRK
ag,k Share of type k capital income received by agent ag

λWL
h,l Share of type l labor income received by type h households

sh0h,t Intercept (type h household savings)
sh1h,t Slope (type h household savings)
γLES

i,h Marginal share of commodity i in type h household consumption budget
γINVPRI

i Share of commodity i in total private investment expenditures
γINVPUB

i Share of commodity i in total public investment expenditures
γGVT

i Share of commodity i in total current public expenditures on goods and services
AK_PRI Scale parameter (price for new private capital)
AK_PUB Scale parameter (price for new public capital)
φk,pri Scale parameter (allocation of investment to industry)
δk,pub Deprecation rate of capital k used in public

Appendix B.2.4. Tax and Transfer

λTR
ag,ag Share parameter (transfer functions) between ag

η Price elasticity of indexed transfers and parameters
tmrgi,i Rate of transport margin applied to domestic commodity i
tmrgX

i,i Rate of transport margin applied to export commodity i
tr0gvt,h,t Intercept (transfers by type h households to government)
tr1gvt,h,t Marginal rate of transfers by type h households to government
ttici,t Tax rate on commodity i
ttd f 0 f ,t Intercept (income taxes of type f businesses)
ttd f 1 f ,t Marginal income tax rate of type f businesses
ttdh0h,t Intercept (income taxes of type h households)
ttdh1h,t Marginal income tax rate of type h households
ttikk,j,t Tax rate on type k capital used by industry j
ttimi,t Rate of taxes and duties on imports of commodity i
ttipj,t Tax rate on the production of industry j
ttiwl,j,t Tax rate on type l worker compensation in industry j
ttixi,t Export tax rate on exported commodity i

Appendix B.3. Variables

Appendix B.3.1. Prices and Wages

Pj,i,t Basic price of industry j’s production of commodity i
PCi,t Purchaser price of composite commodity i (including all taxes and margins)
PC0

i Purchaser price of composite commodity i (base year)
PCIj,t Intermediate consumption price index of industry j
PDi,t Price of local product i sold on the domestic market
PDMj,t Aggregate price of mixed biodiesel by industry j
PEi,t Price received for exported commodity i (excluding export taxes)
PEFOB

i,t FOB price of exported commodity i (in local currency)
PFTj,t Aggregate price of freight transportation by industry j
PGMj,t Aggregate price of mixed gasohol by industry j
PIXCONη

t Consumer price index
PIXGDPt GDP deflator
PIXGVTt Public expenditures price index
PIXINVPRI

t Private Investment price index
PIXINVPUB

t Public Investment price index
PKPRI

t Price of new private capital
PKPUB

t Price of new public capital
PLi,t Price of local product i (excluding all taxes on products)
PMi,t Price of imported product i (including all taxes and margins)
PMTj,t Aggregate price of mass transportation by industry j
PPj,t Industry j unit cost
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PTj,t Basic price of industry j output
PVAj,t Price of industry j value added
PWMi,t World price of imported product i (expressed in foreign currency)
PWXi,t World price of exported product i (expressed in foreign currency)
Rk,j,t Rental rate of type k capital in industry j
RCj,t Rental rate of industry j composite capital
RTIk,j,t Rental rate paid by industry j for type k capital, including capital taxes
Wl,t Wage rate of type l labor
WCj,t Wage rate of industry j composite labor
WTIl,j,t Wage rate paid by industry j for type l labor, including payroll taxes
Uk,pri,t User cost of type k capital in private industry
Uk,pub,t User cost of type k capital in public industry

Appendix B.3.2. Taxes

TDFf ,t Income taxes of type f businesses
TDFTt Total government revenue from business income taxes
TDHh,t Income taxes of type h households
TDHTt Total government revenue from household income taxes
TICi,t Government revenue from indirect taxes on product i
TICTt Total government receipts of indirect taxes on commodities
TIKk,j,t Government revenue from taxes on type k capital used by industry j
TIKTt Total government revenue from taxes on capital
TIMi,t Government revenue from import duties on product i
TIMTt Total government revenue from import duties

TIPj,t
Government revenue from taxes on industry j production (excluding taxes
directly related to the use of capital and labor)

TIPTt
Total government revenue from production taxes (excluding taxes directly
related to the use of capital and labor)

TIWl,j,t Government revenue from payroll taxes on type l labor in industry j
TIWTt Total government revenue from payroll taxes
TIXi,t Government revenue from export taxes on product i
TIXTt Total government revenue from export taxes

Appendix B.3.3. Quantity

Ci,h,t Consumption of commodity i by type h households
CMIN

i,h,t Minimum consumption of commodity i by type h households
CGi,t Public consumption of commodity i (volume)
CIj,t Total intermediate consumption of industry j
CTHh,t Consumption budget of type h households
CTHREAL

h,t Real consumption expenditure of households h
DDi,t Domestic demand for commodity i produced locally
DIi,j,t Intermediate consumption of commodity i by industry j
DIDMj,t Aggregate intermediate consumption of mixed biodiesel by industry j
DIFTj,t Aggregate intermediate consumption of freight transportation by industry j
DIGMj,t Aggregate intermediate consumption of mixed gasohol by industry j
DIMTj,t Aggregate intermediate consumption of mass transportation by industry j
DITi,t Total intermediate demand for commodity i
DSj,i,t Supply of commodity i by sector j to the domestic market
EXj,i,t Quantity of product i exported by sector j
EXDi,t World demand for exports of product i
EXDi World demand for exports of product i (base year)
IMi,t Quantity of product i imported
INDk,j,t Volume of new type k capital investment to sector j
INVi,t Final demand of commodity i for investment purposes
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INVPRI
i,t Final demand of commodity i for private investment purposes

INVPUB
i,t Final demand of commodity i for public investment purposes

KDk,j,t Demand for type k capital by industry j
KDCj,t Industry j demand for composite capital
KSk,t Supply of type k capital
LDl,j,t Demand for type l labor by industry j
LDCj,t Industry j demand for composite labor
LSl,t Supply of type l labor
MRGNi,t Demand for commodity i as a trade or transport margin
Qi,t Quantity demanded of composite commodity i
VAj,t Value added of industry j
VSTKi,t Inventory change of commodity i
XSj,i,t Industry j production of commodity i
XSTj,t Total aggregate output of industry j

Appendix B.3.4. Value

CABt Current account balance
Gt Current government expenditures on goods and services
GREAL

t Real government expenditures
GDPBP_REAL

t Real GDP at basic price
GDPMP_REAL

t Real GDP at market price
GFCFPRI_REAL

t Real private gross fixed capital formation
GFCFPUB_REAL

t Real public gross fixed capital formation
GFCFt Gross fixed capital formation
GDPBP GDP at basic prices
GDPFD GDP at purchasers’ prices from the perspective of final demand
GDPIB GDP at market prices (income-based)
GDPMP GDP at market prices
ITt Total investment expenditures
ITPRI

t Total private investment expenditures
ITPUB

t Total public investment expenditures
RINVk,j,t Reallocation budget k for industry j
SFf ,t Savings of type f businesses
SGt Government savings
SROWt Rest-of-the-world savings
SHh,t Savings of type h households
TRh,ag,t Transfers from agent ag to type h households
TPRCTSt Total government revenue from taxes on products and imports
TPRODNt Total government revenue from other taxes on production
YDFf ,t Disposable income of type f businesses
YDHh,t Disposable income of type h households
YFf ,t Total income of type f businesses
YFK f ,t Capital income of type f businesses
YFTR f ,t Transfer income of type f businesses
YGt Total government income
YGKt Government capital income
YGTRt Government transfer income
YHh,t Total income of type h households
YHKh,t Capital income of type h households
YHLh,t Labor income of type h households
YHTRh,t Transfer income of type h households
YROWt Rest-of-the-world income

Appendix B.3.5. Monetary

et Exchange rate; price of foreign currency in terms of local currency
IRt Interest rate
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Appendix B.4. Equation

VAj,t = vjXSTj,t (A1)

CIj,t = iojXSTj,t (A2)

VAj,t = BVA
j

[
βVA

j LDC
−ρVA

j
j,t +

(
1 − βVA

j

)
KDC

−ρVA
j

j,t

]− 1
ρVA

j (A3)

LDCj,t =

[
βVA

j

1 − βVA
j

RCj,t

WCj,t

]σVA
j

KDCj,t (A4)

LDCj,t = BLD
j

[
∑

l
βLD

l.j LD
−ρLD

j
l.j,t

]− 1
ρLD

j
(A5)

KDCj,t = BKD
j

[
∑
k

βKD
k.j KD

−ρKD
j

k.j,t

]− 1
ρKD

j
(A6)

LDl,j,t =

[
βLD

l.j WCj,t

WTIl,j,t

]σLD
j (

BLD
j

)σLD
j −1

LDCj,t (A7)

KDk,j,t =

[
βKD

k.j RCj,t

RTIk,j,t

]σKD
j (

BKD
j

)σKD
j −1

KDCj,t (A8)

DIi1,j,t = aiji1,jCIj,t (A9)

DIGMj,t = agmjCIj,t (A10)

DIDMj,t = admjCIj,t (A11)

DIMTj,t = amtjCIj,t (A12)

DIFTj,t = a f tjCIj,t (A13)

DIGMj,t = BGM
j

[
∑
i2

βGM
i2,j DI

−ρGM
j

i2.j,t

]− 1
ρGM

j
(A14)

DIi2,j,t =

[
βGM

i2.j PGMj,t

PCi2,t

]σGM
j1 (

BGM
j

)σGM
j −1

DIGMj,t (A15)

DIDMj,t = BDM
j

[
∑
i3

βDM
i3,j DI

−ρDM
j

i3,j,t

]− 1
ρDM

j
(A16)

DIi3,j,t =

[
βDM

i3.j PDMj,t

PCi3,t

]σGM
j (

BDM
j

)σDM
j −1

DIDMj,t (A17)



Energies 2021, 14, 4248 25 of 32

DIMTj,t = BMT
j

[
∑
i4

βMT
i4,j DI

−ρMT
j

i4,j,t

]− 1
ρMT

j
(A18)

DIi4,j,t =

[
βMT

i4.j PMTj,t

PCi4,t

]σMT
j (

BMT
j

)σMT
j −1

DIMTj,t (A19)

DIFTj,t = BFT
j

[
∑
i5

βFT
i5,jDI

−ρFT
j

i5,j,t

]− 1
ρFT

j
(A20)

DIi5,j,t =

[
βFT

i5.jPFTj,t

PCi5,t

]σFT
j (

BFT
j

)σFT
j −1

DIFTj,t (A21)

YHh,t = YHLh,t + YHKh,t + YHTRh,t (A22)

YHLh,t = ∑
l

λWL
h,l

(
Wl,t∑

j
LDl,j,t

)
(A23)

YHKh,t = ∑
k

λRK
h,k

(
∑

j
Rk,j,tKDk,j,t

)
(A24)

YHTRh,t = ∑
ag

TRh,ag,t (A25)

YDHh,t = YHh,t − TDHh,t − TRgvt,h,t (A26)

CTHh,t = YDHh,t − SHh,t − ∑
agng

TRagng,h,t (A27)

SHh,t = PIXCONt
ηsh0h,t + sh1h,tYDHh,t (A28)

YFf ,t = YFK f ,t + YFTR f ,t (A29)

YFK f ,t = ∑
k

λRK
f ,k

(
∑

j
Rk,j,tKDk,j,t

)
(A30)

YFTR f ,t = ∑
ag

TR f ,ag,t (A31)

SFf ,t = YDFf ,t − ∑
ag

TRag, f ,t (A32)

YDFf ,t = YFf ,t − TDFf ,t (A33)

YGt = YGKt + TDHTt + TDFTt + TPRODNt + TPRCTSt + YGTRt (A34)

YGKt = ∑
k

λRK
gvt,k

(
∑

j
Rk,j,tKDk,j,t

)
(A35)
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TDHTt = ∑
h

TDHh,t (A36)

TDFTt = ∑
f

TDFf ,t (A37)

TPRODNt = TIWTt + TIKTt + TIPTt (A38)

TIWTt = ∑
l,j

TIWl,j,t (A39)

TIKTt = ∑
k,j

TIKk,j,t (A40)

TIPTt = ∑
j

TIPj,t (A41)

TPRCTSt = TICTt + TIMTt + TIXTt (A42)

TICTt = ∑
i

TICi,t (A43)

TIMTt = ∑
i

TIMi,t (A44)

TIXTt = ∑
i

TIXi,t (A45)

YGTRt = ∑
agng

TRgvt,agng,t (A46)

TDHh,t = PIXCONt
ηttdh0h,t + ttdh1h,tYHh,t (A47)

TDFf ,t = PIXCONt
ηttd f 0 f ,t + ttd f 1 f ,tYFK f ,t (A48)

TIWl,j,t = ttiwl,j,tWl,tLDl,j,t (A49)

TIKk,j,t = ttikk,j,tRk,j,tKDk,j,t (A50)

TIPj,t = ttipj,tPPj,tXSTj,t (A51)

TICi,t = ttici,t

[(
PLi,t + ∑

ij
PCij,ttmrgij,i

)
DDi,t

+

(
(1 + ttimi,t)PWMi,tet + ∑

ij
PCij,ttmrgij,j

)
IMi,t

] (A52)

TIMi,t = ttimi,tPWMi,tet IMi,t (A53)

TIXi,t = ttixi,t

(
PEi,t + ∑

ij
PCij,ttmrgX

ij,i,t

)
EXDi,t (A54)

SGt = YGt − ∑
agng

TRagng,gvt,t − Gt (A55)
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YROWt = et∑
i

PWMi,t IMi,t + ∑
k

λRK
row,k

(
∑

j
Rk,j,tKDk,j,t

)
+ ∑

agd
TRrow,agd,t (A56)

SROWt = YROWt − ∑
i

PEFOB
i,t EXDi,t − ∑

agd
TRagd,row,t (A57)

SROWt = −CABt (A58)

TRagng,h,t = λTR
agng,hYDHh,t (A59)

TRag, f ,t = λTR
ag, f YDFf ,t (A60)

TRgvt,h,t = PIXCONt
ηtr0h,t + tr1h,tYHh,t (A61)

TRagng,gvt,t = PIXCONt
ηTR0

agng,gvt popt (A62)

TRagd,row,t = PIXCONt
ηTR0

agd,row popt (A63)

PCi,tCi,h,t = PCi,tCMIN
i,h,t + γLES

i,h

(
CTHh,t − ∑

ij
PCij,tCMIN

ij,h,t

)
(A64)

GFCFt = ITt − ∑
i

PCi,tVSTKi,t (A65)

PCi,t INVPRI
i,t = γINVPRI

i ITPRI
t (A66)

PCi,t INVPUB
i,t = γINVPUB

i ITPUB
t (A67)

INVi,t = INVPRI
i,t + INVPUB

i,t (A68)

PCi,tCGi,t = γGVT
i Gt (A69)

DITi,t = ∑
j

DIi,j,t (A70)

MRGNi,t = ∑
ij

tmrgi,ijDDij,t + ∑
ij

tmrgi,ij IMij,t + ∑
ij

tmrgX
i,ijEXDij,t (A71)

XSTj1,t = BXT
j1

[
∑

i
βXT

j1,i XS
ρXT

j
j1,i,t

] 1
ρXT

j1
(A72)

XSj1,i,t =
XSTj1,t(

BXT
j1

)1+σXT
j1

[
Pj1,i,t

βXT
j1,i PTj1,t

]σXT
j1

(A73)

XSj0,i,t = XSTj0,t (A74)
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XSj,i,t = BX
j,i

[
βX

j,iEX
ρX

j,i
j,i,t +

(
1 − βX

j,i

)
DS

ρX
j,i

j,i,t

] 1
ρX

j,i (A75)

EXj,i,t =

[
1 − βX

j,iPEi,t

βX
j,iPLi,t

]σX
j,i

DSj,i,t (A76)

EXDi,t = extri,tEXDO
i popt

(
etPWXi,t

PEFOB
i,t

)σXD
i

(A77)

Qi,t = BM
i

[
βM

i IM
−ρM

i
i,t +

(
1 − βM

i

)
DD

−ρM
i

i,t

] −1
ρM

i (A78)

IMi,t =

[
βM

i PDi,t

1 − βM
i PMi,t

]σM
i

DDi,t (A79)

PPj,t =
PVAj,tVAj,t + PCIj,tCIj,t

XSTj,t
(A80)

PTj,t =
(
1 + ttipj,t

)
PPj,t (A81)

PCIj,t =

∑
i

PCi,tDIi,j,t

CIj,t
(A82)

PVAj,t =
WCj,tLDCj,t + RCj,tKDCj,t

VAj,t
(A83)

WTIl,j,t = Wl,t

(
1 + ttiwl,j,t

)
(A84)

RTIk,j,t = Rk,j,t

(
1 + ttikk,j,t

)
(A85)

Pj0,i,t = PTj0,t (A86)

Pj,i,t =
PEi,tEXj,i,t + PLi,tDSj,i,t

XSj,i,t
(A87)

PEFOB
i,t =

(
PEi,t + ∑

ij
PCij,ttmrgX

ij,i

)
(1 + ttixi,t) (A88)

PDi,t = (1 + ttici,t)

(
PLi,t + ∑

ij
PCij,ttmrgij,it

)
(A89)

PMi,t = (1 + ttici,t)

(
(1 + ttimi,t)etPWMi,t + ∑

ij
PCij,ttmrgij,i

)
(A90)

PCi,t =
PMi,t IMi,t + PDi,tDDi,t

Qi,t
(A91)
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PIXGDPt =

√√√√√√√√
∑
j

(
PVAj,t +

TIPj,t
VAj,t

)
VAO

j ∑
j

(
PVAj,tVAj,t + TIPj,t

)
∑
j

(
PVAO

j VAO
j + TIPO

j

)
∑
j

(
PVAO

j +
TIPO

j

VAO
j

)
VAj,t

(A92)

PIXCONt =

∑
i

PCi,t∑
h

C0
i,h

∑
ij

PC0
ij∑

h
C0

ij,h
(A93)

PIXINVPRI
t = ∏

i

(
PCi,t

PC0
i

)γINVPRI
i

(A94)

PIXINVPUB
t = ∏

i

(
PCi,t

PC0
i

)γINVPUB
i

(A95)

PIXGVTt = ∏
i

(
PCi,t

PC0
i

)γGVT
i

(A96)

Qi0,t = ∑
h

Ci0,h,t + CGi0,t + INVi0,t + VSTKi0,t + DITi0,t + MRGNi0,t (A97)

∑
j

LDl,j,t = LSl,t (A98)

∑
j

KDk,j,t = KSk,t (A99)

ITt = ∑
h

SHh,t + ∑
f

SFf ,t + SGt + SROWt (A100)

ITPRI
t = ITt − ITPUB

t − ∑
i

PCi,tVSTKi,t (A101)

∑
j

DSj,i,t = DDi,t (A102)

∑
j

EXj,i,t = EXDi,t (A103)

GDPBP
t = ∑

j
PVAjVAj,t + TIPTt (A104)

GDPMP
t = GDPBP

t + TPRCTSt (A105)

GDPIB
t = ∑

l,j
Wl,tLDl,j,t + ∑

k,j
Rk,j,tKDk,j,t + TPRODNt + TPRCTSt (A106)

GDPFD
t = ∑

i
PCi,t

[
∑
h

Ci,h,t + CGi,t + INVi,t + VSTKi,t

]
+∑

i
PEFOB

i,t EXDi,t − ∑
i

etPWMi,t IMi,t
(A107)

CTHREAL
h,t =

CTHh,t

PIXCONt
(A108)
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GREAL
t =

Gt

PIXVTt
(A109)

GDPBP_REAL
t =

GDPBP
t

PIXGDPt
(A110)

GDPMP_REAL
t =

GDPMP
t

PIXCONt
(A111)

GFCFPRI_REAL
t =

ITPRI
t

PIXINVPRI
t

(A112)

GFCFPUB_REAL
t =

ITPUB
t

PIXINVPUB
t

(A113)

KDk,j,t+1 = KDk,j,t

(
1 − δk,j

)
+ INDk,j,t + RINVk,j,t (A114)

ITPUB
t = PKPUB

t ∑
k,pub

INDk,pub,t (A115)

ITPRI
t = PKPRI

t ∑
k,pri

INDk,pri,t (A116)

PKPRI
t =

1
AK_PRI ∏

i

[
PCi,t

γINVPRI
i

]γINVPRI
i

(A117)

PKPUB
t =

1
AK_PUB ∏

i

[
PCi,t

γINVPUB
i

]γINVPUB
i

(A118)

INDk,pri,t = φk,pri

[
Rk,pri,t

Uk,pri,t

]σINV
k,pri

KDk,pri,t (A119)

Uk,pri,t = PKPRI
t

(
δk,pri + IRt

)
Uk,pub,t = PKPUB

t

(
δk,pub + IRt

) (A120)

LEONt = Qi,t − ∑
h

Ci,h,t − CGi,t − INVi,t − VSTKi,t − DITi,t − MRGNi,t (A121)
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