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This research aims to estimate the economic loss from the Feed-in Tariff (FiT)

policy and also proposes an appropriate purchase price for each energy source in power
generation. The study employs data from IRENA, IEA, IPCC, EIA, EGAT, EPPO,
ERC, CEIC, the World Bank, and the Bureau of Trade and Economic Indices from the
first quarter of 1993 through the first quarter of 2019.
Before determining an appropriate purchase price, a demand and supply curve is
created by using the Seemingly Unrelated Regression (SUR) method and investigating
the Marginal Environmental Cost (MEC) to assess the economic loss under the FiT
policy. Findings from the SUR estimate shows that the supply of each energy source
does not respond to the purchase price, except in the case of natural gas. Increases in the
purchase price of natural gas increase the quantity used to produce electricity using
natural gas at a significance level of 1 percent. The FiT policy is found to create
economic losses that come from (1) the expenditure loss, (2) the externalities loss, and
(3) the quantity constraint loss, amounting to a total economic loss of THB2,608.39
billion per year.
Thus, three different electricity purchase price policy models are proposed: (1) a
revenue generation electricity FiT scheme, (2) a balanced budget FiT scheme, and (3) a
deficit financing FiT scheme. All of these follow the law of one price and take
externalities into account. Results show that this can save government expenditure up to
THB926.41 billion per year and generate government revenue equal to THB352.98
billion per year.
Therefore, the government should set the electricity purchase price by following
the law of one price, which also reflects the full-cost pricing of power generation, and in
the long term, the government should let the price and quantity follow market
mechanisms.
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INTRODUCTION

Background and Statement of Problem
In the past, Thailand had only one power producer, namely, the Electricity
Generating Authority of Thailand (EGAT). But in 1989 the Thai government
implemented a policy giving the private sector a role in power generation in order to
spur competition in production against the monopolized distribution of electricity by
EGAT. This policy is called the “Enhanced Single Buyer Model”. EGAT began to
purchase electricity from Small Power Producers (SPPs), which are small power
plants with an installed capacity of 10–90 MW and which use natural gas, coal, and
renewable energy to produce electricity. Next, EGAT announced the purchase of
electricity from Independent Power Producers (IPPs), which produce electricity using
natural gas and coal with an installed capacity of more than 90 MW. In 2006 EGAT
announced the purchase of electricity from Very Small Power Producers (VSPPs).
VSPPs have a capacity of less than 10 MW and use renewable energy such as
biomass, biogas, municipal solid waste (MSW), wind, hydropower, and solar, to
produce electricity. Moreover, the Thai government also announced the Adder policy
to generate incentives for producing electricity via renewable energy. This was to
offset the fact that most of the fuel used in Thailand's power generation comes from
fossil fuels (coal/lignite, oil, and natural gas), which are non-renewable resources and
which are a major cause of climate change that may affect humans, plants, and
animals (Tunpaiboon, 2016; Energy Research Institute, 2014).
2014)

(Tunpaiboon, 2016) & (Energy Research Institute,
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Figure 1.1 CO2 Emission by Sector 1993–2017
Source: Energy Policy and Planning Office, 2017.

Figure 1.1 illustrates that the power generation sector, which released more
than 2.50 million tons of carbon dioxide (CO2) in 2017, released more CO2 by far than
other sectors. However, it not only fossil fuels but also renewable energy sources that
release CO2. Table 1.1 shows just how much CO2 is emitted from each electricity
supply technology, indicating that coal and natural gas emit the most CO2 while
renewable energy emits the least.
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Table 1.1 CO2 Equivalent from Electricity Supply Technologies
Technology

CO2 (gCO2eq/KWh)

Coal

820

Natural Gas

490

Biomass

230

Solar PV

45

Geothermal

38

Concentrated Solar Power

27

Hydropower

24

Offshore Wind

12

Onshore Wind

11

Source: International Panel on Climate Change, 2014.

So, in 2007 the Thai government adopted the Adder policy to generate
incentives for producing electricity through renewable sources. The Adder structure
can be represented as

Electricity Purchase Rate = Electricity cost (peak/off-peak) + Fuel Adjustment charge
(Ft) + Adder

(1)

Later, in 2010, the Thai government changed its policy from using Adder to
using feed-in tariff (FiT) to promote using renewable energy to produce electricity.
This changed the electricity purchase rate to

Electricity Purchase Rate = FiTF + FiTv,t-1 (1+ core inflationt-1) + FiT Premium(2)

Where FiTF is the amount of FiT fixed cost calculated from the cost of
construction, operation, and maintenance (O & M), which is fixed throughout the
project life. Used for all types of renewable energy, FiTv is a FiT variable calculated
from the cost of raw materials used in the production of electricity in time and is
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adjusted for average core inflation of the previous year. t is the year that the power
supply is added into a system and FiT Premium is the buying rate for certain
technologies to generate investment incentives, such as biomass and biogas, including
projects in the southern border provinces. The difference between the Adder and FiT
policies is the electricity purchase rate. Under FiT the rate is fixed, but under Adder
the electricity purchase rate will change over time, depending on the cost of electricity
and Ft.

Figure 1.2 Power Generation by Fuel Type
Source: Energy Policy and Planning Office, 2017.

Although the government put in place the FiT policy to stimulate renewable
energy use in power generation, nowadays the proportion of renewable energy
sources that are used in power generation is very low, and the main fuel for power
generation is still natural gas. Figure 1.2 shows that electricity generated from natural
gas is 60 percent, from coal and lignite 18 percent, from imports 12 percent, from
renewable energy 8 percent, from hydropower 2 percent, and from oil 0.2 percent.
Because the FiT policy is shaped by the concept of marginal cost pricing in
which the government provides financial support according to the production cost of
each firm, this strategy can be termed the “cost-plus approach.” But marginal cost
pricing is not appropriate in this case because the electricity market is not the same in
all its various aspects. Rather, electricity quantity is fixed by power purchase
agreements (PPAs). As a result, the marginal cost (MC) of each type of energy will be
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different. Furthermore, since electricity is a homogeneous good, its price must be the
same no matter how it is generated.
Since the FiT policy is based on different set purchase prices, it violates the
Law of One Price—leading to an economic loss. Thus, neither the Adder nor FiT
policies provide correct price signals for the economy to produce electricity at
minimum cost. The solution is to support renewable energy by using Adder and FiT
as a cause of excess government expenditure (Israngkura, 2014).

P

P

Sj = MCj

Si = MCi

Pj

P*
Pi

Q

Q
Qi Qi*

Qj Qj*

Figure 1.3 The Electricity Purchase Price by the FiT Policy
Source: Author

Figure 1.3 indicates the results of electricity purchase price policies that set
different purchase prices depending on the production cost of each firm. If firm j has a
higher MC than firm I, then firm j will get a higher price at Pi while firm i will get a
lower price at Pi. So, if the government switches to purchase electricity from firm j to
firm I, it can save an amount equal to Pj - Pi. And if the government continues to do
so, the price will adjust until Pi = Pj, and firm j will reduce electricity output to Qj*
while firm i increases electricity output to Qi*.
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Figure 1.4 Externality Cost
Source: Pindyck, 2013.

Moreover, the Adder and FiT policy as implemented in Thailand ignores the
full-cost pricing principle, which does not consider the externality cost of electricity
production. This creates an economic loss in the power generation sector in Thailand
(Figure 1.4). The Adder and FiT policy also determine the purchase quota, which
generates even more economic loss. Therefore, the objective of this study is to
determine how much of an economic loss results from the FiT policy and also
proposes an appropriate purchase price by using the principle of marginal full cost
pricing.

Research Questions
This study asks two research questions. First, how great of an economic loss
results from the FiT policy? Second, how should the government set a purchase price
for each energy source to minimize social loss?
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Research Objectives
The purpose of this study is to determine how much of an economic loss
results from the FiT policy and to determine an appropriate purchase price for each
type of energy source used for power generation by examining the FiT policy, the
Levelized Cost of Energy (LCOE), and the externalities cost of all energy sources in
order to minimize social loss. The aim is to verify the extent of the economic loss
from current policy and whether such a loss is optimal. (Partial analysis; it does not
consider the opportunity of another sector)

The Scope of Research
Thailand currently produces electricity using 11 technologies, namely, natural
gas, coal/lignite, oil, solar photovoltaic, concentrated solar power, onshore wind,
hydropower, geothermal, biomass, biogas, and municipal solid waste. Given the data
available, this research will focus on only 7 technologies: natural gas, coal/lignite, oil,
solar (both solar photovoltaic and concentrated solar power), onshore wind,
hydropower, and bioenergy (including both biomass and biogas). Data were gathered
from the International Renewable Energy Agency (IRENA), the International Energy
Agency (IEA), the Intergovernmental Panel on Climate Change (IPCC), the U.S.
Energy Information Administration (EIA), the Thai Meteorological Department, the
Electricity Generating Authority of Thailand (EGAT), the Thai Energy Policy and
Planning Office (EPPO), the Thai Energy Regulatory Commission (ERC), the Thai
Bureau of Trade and Economic Indices, the World Bank, and the CEIC from the first
quarter of 1993 through the first quarter of 2019.

The Contribution of Research
The outcome of this study can be used as evidence showing how the
government should set the purchase price for electricity. Setting such an appropriate
purchase price for electricity would reduce economic loss and could be used to
promote renewable energy in power generation.
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Definitions
Non-renewable energy refers to fossil fuels such as natural gas, coal/lignite,
and oil, which are used to create energy and electricity.
Renewable energy means sunlight, wind, rain, tides, waves, and geothermal
heat. For this study, renewable energy refers in particular to solar, wind, hydropower,
biomass, and biogas.
The Adder policy promotes renewable energy by raising the purchase price
for the private sector that uses renewable energy to generate electricity.
FiT is a policy to promote renewable energy. It is like the Adder policy, but
it uses a fixed rate and does not change according to electricity cost and Ft values.
The electricity purchase rate is the price of electricity that EGAT sets up to
buy electricity from the private sector.
Economic loss refers to financial loss and the damage suffered by
individuals. For this case, financial loss means expenditure loss from subsidies
granted to the Adder and FiT policies and the harm people experience as a result, for
example, from CO2 released from power generation and the resultant effect on the
climate.
The Law of One Price is an economic concept stating that a commodity is
bought and sold at the same price.

LITERATURE REVIEW
The study of determining appropriate power purchase pricing relies on
concepts and theories such as the Levelized Cost of Energy, Externality, Full Cost
Pricing, and Price Elasticity of Supply. A literature review of these areas is divided
into two parts here. The first part focuses on the concepts and theories, and the second
part concerns a review of the literature itself.

The Concepts and Theories
The Concept of Levelized Cost of Energy
The Levelized Cost of Energy (LCOE) or Levelized Energy Cost (LEC)
measures the present value of the sum cost over a lifetime, which consists of
investment expenditure in year t, (It) operations and maintenance expenditures in year
t (Mt), and fuel expenditures in year t (Ft) divided by the present value of the sum of
energy production, which is electrical energy generated in year t (Et). It can be
calculated as

LCOE =

the sum of cost over a lifetime
the sum of energy produced over a lifetime

=

I +Mt +Ft
(1+r)t
E
∑nt=1 t t
(1+r)

∑nt=1 t

(3)

Where r is discount rate and n is the expected lifetime of a system or power
station. The LCOE is a first-order economic assessment of the cost competitiveness of
an electricity generating system that can compare different methods of electricity
generation on a consistent basis and can be used to proxy the average price that an
electricity supplier must receive per unit of electricity (KWh) to recoup the lifetime
costs of the system.
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The Concept of Externality
Externality is a kind of market failure. When the activity of one entity,
whether a consumer or a firm, directly affects the welfare of another in a way that is
outside the market mechanism, that effect is called an “externality.” This refers to the
effect such an activity has on the third party. There are four characteristics of
externality: (1) externalities can be created by consumers as well as firms, (2)
externalities are reciprocal in nature, (3) externalities can be either costs (negative
externalities) or benefits (positive externalities), and (4) public goods can be viewed
as a special kind of externality.
Normally, in a competitive market at equilibrium where demand meets supply,
price equals marginal cost, comprising both marginal private cost (MPC) and
marginal social cost (MSC), and equal marginal benefit (MB).

P = MC (MPC = MSC) = MB

(4)

MPC ≠ MSC

(5)

MPB ≠ MSB

(6)

With externalities

And

Where MPB is marginal private benefit and MSB is marginal social benefit.
Externalities create either a marginal external cost (MEC), which is the extra cost
passed on to third parties from the consumption or production of an additional unit of
goods, or a marginal external benefit (MEB), which is the extra benefit gained by
third parties from such production or consumption. MSC and MSB can be written as
equations (7) and (8)

MSC = MPC + MEC

(7)

MSB = MPB + MEB

(8)

And
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For the case of the negative externality, Figure 2.1 shows that a firm will
decide to produce by looking at the benefits of production by assessing the demand. It
looks at the MPB and MPC and decides to produce at Q*. But Q* may not be the best,
most efficient choice for society because at Q* MSB may be less than MSC. Then the
firm needs to reduce production until MSB equals MSC at Qe. This will benefit
society and can avoid creating a welfare loss equal to triangle a (as illustrated in
Figure 2.1). Whenever MPB is not equal to MSB or MPC is not equal to MSC, the
government can intervene.

P

MSC = MPC + MEC (or tax)
S = MPC

Pe

a

P*
b
MEC
D = MPB = MSB
Q
Qe

Q*

Figure 2.1 Negative Production Externality
Source: Rosen, 2010.

Government can intervene by imposing taxes or granting subsidies by
including the MEC or MEB into account. Therefore, in the case of negative
externalities, the government can levy a tax on each unit of output in an amount equal
to the MEC at the efficient level of output. Imposing tax will shift supply from S =
MPC to an MSC that includes MPC and MEC (or tax), reducing the output from Q* to
Qe. The amount of tax that the government can collect is shown in square b (Figure
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2.1), and the net social gain is shown in triangle a (Figure 2.1). This imposition of tax
is call a “Pigouvian Tax."
The Concept of Full Cost Pricing
Full cost pricing or average cost pricing includes both fixed cost and variables
cost. Full cost pricing is determined by calculating the equal average total cost (ATC),
which is the average variable costs (AVC) plus the average fixed costs (AFC).
Moreover, it includes a normal margin for profit (M). Thus, price equals

P = AVC + AFC + profit margin (%)

(9)

Full cost pricing is one way the government controls a monopoly market. It is
commonly used as the basis for a regulatory policy for public utilities (especially
those that are natural monopolies) in which the price received by a firm is set equal to
the ATC of production (P = ATC). So, a public utility is guaranteed a normal profit,
usually termed a fair rate of return.

The Concept of Price Elasticity of Supply
In economics, elasticity is an important concept for measuring the proportional
change from one variable to another variable. The variation in supply in response to a
variation in price is called “price elasticity of supply (PES or ES).” Under the law of
supply, an increase in the price of goods and services causes an increase in the supply
of goods and services. It can be calculated as shown in equation (10)

Es =

%change in supplied quantity
%change in price

=

ΔQ s
Qs
ΔP
P

(10)

Where Qs is the quantity of supply, and Es is a positive value (ranging from
zero to infinity). When Es is equal to zero, supply is perfectly inelastic; if Es is less
than one, supply is inelastic. If Es is greater than one, supply is elastic, and if Es is
infinity then supply is perfectly elastic.
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Empirical Review
The Levelized Cost of Energy (LCOE)
The LCOE method is the cost of lifetime generated energy that is used to
assess the cost-effectiveness of different energy generation technologies. However,
Branker, Pathak, and Pearce (2011), reviewing the methodology of calculating LCOE
for solar PV in Canada, found that failure to clarify assumptions and justifications in
some LCOE could lead to incorrect outcomes and policies. They concluded that the
most important assumptions are cost, financing, lifetime and loan terms.
Ouyang and Lin (2014) adopted the EGC Spreadsheet model to estimate the
LCOE of renewable energy in China using data from 17 power plants. They suggest
that the Chinese government uses the FiT system to grant subsidies in the short term
because of the higher cost of renewable energy. Although renewable energy
generation costs are higher than those for fossil fuels, renewable energy has a lower
environmental impact. Thus, they recommend that in the mid- and long term
competition in the market FiT should also reflect environmental impacts to effectively
support the development of renewables. Along these lines, Bruck, Sandborn, and
Goudarzi (2018) developed a model to evaluate the LCOE from wind power under
power purchase agreements (PPAs). They proposed a new LCOE model by including
the cost of penalties within PPAs, which the seller could then use for setting the most
appropriate PPA.

The External Cost of Electricity Generation
Previous research on the external cost of electricity has approached the issue
from a different perspective. Streimikiene an Alisauskaite-Seskiene (2014) discovered
an option for power generation in Lithuania that had the lowest external costs. They
separated external costs into three types: greenhouse gas (GHG) emission, external
human cost, and external environmental cost. Results showed that the electricity
generation technologies with the lowest external costs were hydropower and wind
while all fossil fuel technologies had the highest external costs in all three categories
of external costs. However, renewable energy technologies had a higher external cost
in terms of human health than did the external cost of climate change. Moreover, they
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suggest that Lithuania has to increase pollution taxes and increase the FiT for
renewable energy because pollution taxes were lower than the external cost. This
corresponds with Georgakellos (2012), who argues that in the case of Greece
estimating the carbon footprint of the electricity sector can provide an indicator of
Global Warming Potential (GWP) that represents the greenhouse gas (GHG).
Applying the EcoSenseLE tool together with the Life Cycle Assessment (LCA)
approach, Georgakellos used the carbon footprint to calculate the external cost of CO2
emitted from electricity generation from lignite, oil, natural gas, hydropower, wind,
solar (photovoltaic), and biomass. The result shows that the average external cost of
CO2 emission equals €18.38 per MWh. In addition, he found that hydropower and
wind power plants have very low external costs while oil and lignite have very high
external costs. Similarly, Rentizelas and Georgakellos (2014) considered the external
cost of different fuel sources (lignite, coal, natural gas, oil, biomass, hydropower,
solar (photovoltaic), wind, and geothermal) in the whole life cycle to investigate the
future electricity generation mix in Greece. They used a linear programming model to
discover which electricity generation source should be used to minimize the cost of
electricity generation and used life cycle assessment to calculate the external cost.
They concluded that most of the new generating capacity until the year 2020 should
be renewable, especially wind and biomass.
In addition, Turconi, Tonini, Nielsen, Simonsen, and Astrup (2014) studied the
environmental impact of the future low-carbon electricity system in Denmark by
comparing the situation in 2010 with the alternative situation in 2030. The result
showed that Denmark could reduce global warming impacts by reducing coalgenerated electricity and substituting residual biomass and wind generation instead.
The role of natural gas, which also plays an important role in power
generation, has also been studied. Yang, Li, Wallin, Yu, and Wang (2017) examined
the impacts of emission reduction and the external costs of natural gas distribution to
optimize natural gas distribution in China. They found that optimized natural gas
distribution could reduce the external cost by around 7, 5, and 9 percent for Beijing,
Tianjin, and Shanghai, respectively, and that it could reduce the overall external cost
by 4 percent in China overall.
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The Full Cost Electricity Pricing
Going beyond LCOE, Benes and Augustin (2016) present a framework for
moving to a “full cost of electricity” model that incorporates various economic and
environmental externalities. This could help shape effective policies by combining
results from systematic mapping and expert-opinion surveys. However, different
academic studies quantify various factors differently as they calculate the full costs of
electricity. One study that takes a comprehensive look and compares the full costs of
different sources of electricity generation is Keske, Evans, and Iverson (2012). The
authors use the total cost electricity pricing model to take into account increasingly
rigorous environmental standards. The model reflects the full social costs of
electricity generation, which could in turn be used to set policy in the electricity
market. They use secondary data to proxy the external costs of electricity generation
in a marginal damage function that is applicable to Colorado. The result shows that
the total cost pricing mechanism could create incentives to continually improve upon
the environmental and performance characteristics of electricity generation,
integration, and even conservation technologies. Roth and Ambs (2004), on the other
hand, develop a model of electricity generation pricing that reflects long-term
economic feasibility and sustainability and encourages optimal resource selection.
Their model compares the ability of different technologies to generate power. They
investigate the cost of emissions and other social impacts of power generation in all
stages of the fuel cycle including calculating the LCOE for 14 different electricity
generation technologies (Conventional Coal Boilers, Advanced Fluidized Bed
Combustion (AFBC), Integrated Gasification Combined Cycle (IGCC), Conventional
Oil Boilers, Simple Cycle Gas Turbines, Advanced Gas Turbines, Advanced
Combined Cycle, Mass-Burn Municipal Solid Waste (MSW), Landfill Gas (LFG)
Recovery, Solid Oxide Fuel Cells (SOFCs), Utility Scale Wind Turbines, Utility Scale
Flat Plate Photovoltaics (PV), Hybrid Solar Thermal Parabolic Troughs, and Biomass
Combustion. They concluded that clean and efficient power generation technologies
are the best option.
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The Supply of Electricity
Ericson and Rafatnia (2011) estimated the price elasticity of electricity for
both supply and demand from 1996 to 2009 in Sweden through a simultaneous
equations model that used temperature instruments for the price. The result shows
positive elasticity for the supply which is in line with the profit-maximizing behavior
of electricity producers. Johnson (2011), as well, used an instrumental variable
approach to estimate the long-run price elasticity of the supply of renewable
electricity generation. But he used phased-in implementation of renewable portfolio
standards (RPSs) as an instrument price and found that the supply elasticity was also
positive, at 2.7.
Furthermore, Thompson (2013) estimated elasticity for US aggregate capital,
labor, and energy input by comparing a Linear Almost Ideal Supply System (LAISS)
model with a translog cost function to address whether the deflator is more
appropriate if the output is measured in monetary terms. Results indicated that in both
models inputs were substitutes and all price elasticities were negative, and the LAISS
was less elastic than the translog cost function.
In the case of Thailand, Israngkura (2014) argues that the Adder cost policy
violates the Law of One Price and creates economic inefficiency in the renewable
energy sector. He indicates that the Adder cost policy creates an economic loss from
USD 2,359.45 to USD 4,075.00, depending on assumptions made. Moreover, he
suggests that Thai energy authorities set one price for buying electricity from private
companies. But he studies only the expenditure loss aspect, so the present study will
consider both expenditure loss and damage suffered by a person from CO2 that is
released from power generation and will present appropriate power purchase pricing.
As presented above, previous research reflects the many methods that have been used
various objectives. The present research employs some of the methodologies used in
previous research to find an appropriate power purchase pricing policy for Thailand.

RESEARCH METHODOLOGY
This chapter consists of three sections. The first section explains the
conceptual framework of the research, the second section, methodology, explains how
the research objective will be achieved, and the last section discusses the data that is
used.

Conceptual Framework
Thailand has a policy of promoting renewable energy use in power generation
and has adopted the Adder and FiT policies, as shown in equations (1) and (2),
respectively. But this violates the Law of One Price because both the Adder and FiT
policies set an electricity purchase price differently, depending on the production cost.

P

P
Si = MCi

Sj = MCj
Pj

Pi

Qi

Q

Qj

Figure 3.1 The Electricity Purchase Price by the Adder and FiT Policies
Source: Author
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Figure 3.1 indicates that the government will buy electricity from each
producer at a different purchase price depending on the production cost of each firm.
But electricity is a homogenous good, so this leads to an economic loss in the power
generation sector because the electricity purchase price violates the Law of One Price.
Thus, the aim here is to propose a new, more appropriate purchase price that relies on
the Law of One Price, under which all energy resources, both non-renewable and
renewable, must be bought and sold at the same price.

P

P
Si = MCi

Sj = MCj

P*

P*

Qi

Q

Qj

Q

Figure 3.2 The Electricity Purchase Price under the Law of One Price
Source: Author

When the electricity purchase price is adjusted to align with the Law of One
Price, the quantity of electricity provided by each firm changes. The difference
between Figures 3.1 and 3.2 is that in Figure 3.1 the electricity purchase price is
different, and the quantity of electricity produced by firm i is less than that of firm j.
But in Figure 3.2, when the electricity purchase price is equal, then the quantity of
electricity produced by firm i will be higher than that of firm j.
Moreover, this research will apply the concept of marginal full cost pricing by
incorporating externalities. This will determine the appropriate purchase quantity.
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MSCj = MPCj + MECj
P
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MSCi = MPCi + MECi

Sj = MCj
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P*j

P*

P*

Qi

Q

Qj

Q

Figure 3.3 The Electricity Purchase Price under the Law of One Price and Marginal
Full Cost Pricing
Source: Author

The difference between Figures 3.2 and 3.3 is that the price is adjusted by
externalities that arise from each type of energy. Therefore, the new purchase price
will, first of all, satisfy the Law of One Price but also satisfy the marginal full cost
price by incorporating externalities. As a result, each energy source will be assigned a
different purchase price, depending on the number of externalities generated from
their electricity production.
To answer the research question, first, this research will create a demand curve
of electricity (demand from EGAT) and a supply curve for each type of energy fuel
by using a seemingly unrelated regressions model (SUR) with quarterly data. Second,
the MEC, that is, the damage cost, will be determined by investigating the external
costs caused by the generation of power. Once the demand, supply, and MEC factors
are known, the economic loss from the FiT policy can be calculated. The economic
loss will be identified by considering both expenditure loss, externality loss, and the
quantity constraint loss. Lastly, a new purchase price will be proposed by using the
principle of marginal full cost pricing (Figure 3.4).
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Create demand and supply curve
by using Seemingly Unrelated
Regressions Model (SUR)

Obtain MEC

Appropriate purchase prices
Calculate Economics loss

Calculate new electricity purchase
price by using principle of
marginal full cost pricing

(marginal full cost pricing =
marginal benefit pricing)

Figure 3.4 Conceptual Framework
Source: Author

Methodology
Demand and Supply of Electricity Model
The estimation of demand and supply may be estimated in several ways. Lin
(2011), for example, estimates supply and demand equation in the world oil market
separately by using ordinary least square (OLS), estimates them jointly in a seemingly
unrelated regression model (SUR), and creates a simultaneous equation model (SEM)
by using two stage least square (2SLS) and three stage least square (3SLS) equations.
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Since the demand and supply equations are structural equations, estimating
separately equations by OLS is neither efficient nor consistent. Thus, a joint
estimation of equations would be preferred. The difference between SEM and SUR is
that SEM contains both endogenous and exogenous regressors, but SUR contains only
exogenous regressors. However, the SUR model can be further generalized into the
simultaneous equations model, where the right-hand side regressors can be
endogenous variables as well. This research will use an SUR model to estimate the
demand and supply of electricity in Thailand.
The SUR is a linear system of equations that includes multiple equations
instead of just one equation. The equations are correlated though an error term across
equations (Katchova, 2013). In general, the SUR model can be written as
Yi = xi βi + ui

(11)

Where i is number of equations that exist in the system. If, for example, the
model consists of equation m, then the SUR model is
y1
x1
y2
[ ⋮ ] = [⋮
0
ym

β1
u1
⋯ 0
u
β
⋱
⋮ ] 2 + [ ⋮2 ]
⋯ xm ⋮
um
[βm ]

(12)

An SUR is applied to estimate the demand and supply of electricity in
Thailand. In this research, the markets are assumed to be clear, meaning that the price
acts to equate demand and supply. And both demand and supply functions are in
linear form.

Market clearing
qd (pt ,x) = qs (pt ,x) = Q

(13)
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Where
qd is the quantity of electricity that EGAT purchases from supplier
qs is the quantity of electricity that each supplier generates
pt is the price of electricity that EGAT maker to supplier
x is exogenous variables
Q is total quantity

In this research, the supplier in power generation will produce electricity by
using different fuels to produce energy, namely, natural gas, coal/lignite, oil, solar
(both solar photovoltaic and concentrated solar power), onshore wind, hydropower,
and bioenergy (combinations of biomass and biogas). So, equation (13) can be
rewritten as
Qd (pt ,x) = qsgas (pt ,x) + qscoal (pt ,x) + qsoil (pt ,x) + qssolar (pt ,x) + qswind (pt ,x) +
qshydropower (pt ,x) + qsbioenergy (pt ,x) = Q

(14)

The demand and supply functions are in linear form
Demand: qd (pt ,x) = βdp pt + βdx x+ud

(15)

Supply: qs (pt ,x) = βsp pt + βsx x+us

(16)

Demand: qd = βdp pt + βdx x + ud

(17)

Supply: qs = βsp pt + βsx x + us

(18)

To simplify

Substituting x into the demand and supply equation
Demand: qd = βdp pt + βdx 𝑥 𝑑 + βdx 𝑥 𝑛 + βdx 𝑥 𝑐 + ud

(19)

Supply: qs = βsp pt + βsx 𝑥 𝑠 + βsx 𝑥 𝑛 + βsx 𝑥 𝑐 + us

(20)
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Where
xd is a demand shifter that is an exogenous variable that shifts the demand
curve but not the supply curve
xn is endogenous variables that affect both demand and supply
xc is exogenous variables that may affect both demand and supply. It can
vary from equation to equation dependung on the model
xs is a supply shifter that is an exogenous variable that shifts the supply curve
but not the demand curve

Theoretically, the demand shifters are variables that affect demand shift to
the right or to the left, such as buyer, income, consumer preferences, expectations, and
related goods. Similarly, the supply shifters are variables that affect supply shift to the
right or to the left such as technology, other goods, number of sellers, expectations,
resource cost, subsidies, and taxes. Other exogenous variables may affect both
demand and supply at the same time, such as a macroeconomics variable, which
would be relevant to both consuming and producing. Based on data available,
electricity peak demand (EPD) and temperature (TEM) are used to explain changes in
demand. And the cost of each energy source, export volume, and lending rate are used
to explain changes in supply. In addition, gross domestic product (GDP) is used to
reflect income that affects both demand and supply. Consumer price index (CPI) is
also included to reflect inflation. When the CPI increases the price will increase after
which the demand will decrease. From the producer’s perspective, the CPI also
reflects inflation, so it also increases the price of raw materials. Thus the supply will
decrease.
Furthermore, the purchase price of electricity in Thailand from each energy
source is not the same because the government will subsidize the purchase of
electricity that uses renewable energy and pay a higher rate than it does for fossil
energy. So, this research will consider separate two cases. First is the case in which
every energy source receives the same purchase price and each renewable energy
source has a government subsidies variable. The second case involves each energy
source receiving a different purchase price. Therefore, the demand and supply model
for electricity in Thailand is
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Demand:
qd = βdp P + βdEDP EPD + βdTEM TEM + βdGDP GDP + βdCPI CPI + ud

(21)

Total Supply without Government Subsidies:
qst = βsp P + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar + βsEXPORT EXPORT +
βsLENDING LENDINGRATE + βsGDP GDP + βsCPI CPI + usw/o (22)
Total Supply with Government Subsidies:
qst = βsp P + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar + βsEXPORT EXPORT +
βsLENDING LENDINGRATE + βsGDP GDP + βsCPI CPI +
s

βsgh gh + βsgw gw + βsgb gb + βsgs Ps u

w

(23)

Supply of Natural Gas:
qsgas = βsp P + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar +
βsEXPORT EXPORT + βsLENDING LENDINGRATE +
βsGDP GDP + βsCPI CPI + usgas

(24)

Supply of Coal/Lignite:
qsc = βsp P + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar + βsEXPORT EXPORT +
βsLENDING LENDINGRATE + βsGDP GDP + βsCPI CPI + uscoal

(25)

Supply of Oil:
qsoil = βsp P + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar +
βsEXPORT EXPORT + βsLENDING LENDINGRATE +
βsGDP GDP + βsCPI CPI + usoil

(26)
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Supply of Hydropower with Government Subsidies:
qsh = βsp P + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar + βsgh g h +
βsEXPORT EXPORT + βsLENDING LENDINGRATE +
βsGDP GDP + βsCPI CPI + ushydropower

(27)

Supply of Hydropower without Government Subsidies:
qsh = βsp Ph + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar +
βsEXPORT EXPORT + βsLENDING LENDINGRATE +
βsGDP GDP + βsCPI CPI + usw/o hydropower

(28)

Supply of Solar with Government Subsidies:
qss = βsp P + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar + βsgs g s +
βsEXPORT EXPORT + βsLENDING LENDINGRATE +
βsGDP GDP + βsCPI CPI + ussolar

(29)

Supply of Solar without Government Subsidies:
qss = βsp Ps + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar +
βsEXPORT EXPORT + βsLENDING LENDINGRATE +
βsGDP GDP + βsCPI CPI + usw/o solar

(30)

Supply of Wind with Government Subsidies:
qsw = βsp P + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar + βsgw g w +
βsEXPORT EXPORT + βsLENDING LENDINGRATE +
βsGDP GDP + βsCPI CPI + uswind

(31)
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Supply of Wind without Government Subsidies:
qsw = βsp Pw + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar +
βsEXPORT EXPORT + βsLENDING LENDINGRATE +
βsGDP GDP + βsCPI CPI + usw/o wind

(32)

Supply of Bioenergy with Government Subsidies:
qsbio = βsp P + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar + βsgb g b +
βsEXPORT EXPORT + βsLENDING LENDINGRATE +
βsGDP GDP + βsCPI CPI + usbio

(33)

Supply of Bioenergy without Government Subsidies:
qsbio = βsp Pb + βscoal Pcoal + βsgas Pgas + βsoil Poil + βsLCOEh LCOEh +
βsLCOEw LCOEw + βsbio Pbio + βssolar Psolar +
βsEXPORT EXPORT + βsLENDING LENDINGRATE +
βsGDP GDP + βsCPI CPI + usw/o bio

(34)

Where
qd

is the total quantity of electricity generation (GWh)

qscoal is the quantity of electricity generation by coal/lignite (GWh)
qsgas

is the quantity of electricity generation by natural gas (GWh)

qsoil

is the quantity of electricity generation by oil (GWh)

qsh

is the quantity of electricity generation by hydropower (GWh)

qss

is the quantity of electricity generation by solar (GWh)

qswind is the quantity of electricity generation by wind (GWh)
qsbio

is the quantity of electricity generation by bioenergy (GWh)

P

is the purchase price, which is an endogenous variable that affects both
demand and supply (THB per KWh)

EDP is the electricity peak demand, which is a demand shifter (MW)
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TEM is the temperature, which is demand shifter (°C)
GDP is the gross domestic product, which is an exogenous variable that may
affect both demand and supply (million THB)
CPI is the consumer price index, which is an exogenous variable that may
affect both demand and supply (2015=100)
Pcoal is the cost of coal, which is a supply shifter (THB per KWh)
Pgas is the cost of natural gas, which is a supply shifter (THB per KWh)
Poil

is the cost of oil, which is a supply shifter (THB per KWh)

LCOEh is the levelized cost of hydropower power, which is a supply shifter
(THB per KWh)
LCOEw is the levelized cost of wind, which is a supply shifter (THB per
KWh)
Pbio

is the wood and waste price in the electric power sector, which is a
supply shifter (THB per KWh)

Psolar is the solar price, which is supply shifter (THB per KWh)
EXPORT is the export volume of electricity, which is an exogenous variable
that may affect both demand and supply (million THB)
LEANDRATE is the lending rate, which is an exogenous variable that may
affect both demand and supply (percent)
gh

is government subsidies to hydropower, which is a supply shifter (THB
per KWh)

gs

is government subsidies to solar, which is a supply shifter (THB per
KWh)

gw

is government subsidies to wind, which is a supply shifter (THB per
KWh)

gb

is government subsidies to bioenergy which is a supply shifter (THB
per KWh)

The hypotheses of the model are:
(1) Purchase price (P) should have a negative effect on the quantity of
electricity (qd) on the demand side, but it should have a positive effect on
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the quantity of electricity that is produced from each fuel (qs), which is
the supply side.
(2) The electricity peak demand and temperature demand shifter should have
a positive effect on the quantity of electricity (qd) on the demand side.
(3) The exogenous variable that affects both demand and supply consists of
the gross domestic product (GDP) and the consumer price index (CPI).
GDP should have a positive effect on the quantity of electricity both on
the demand and supply sides. While CPI should have a negative effect
on the quantity of electricity both on the demand and supply sides.
(4) Cost of each fuel (Pcoal, Pgas, Poil, LCOEh, LCOEw, Pbio, Psolar) should have
a negative effect on the quantity of electricity that is produced from its
own fuel and a positive effect on the quantity of electricity that is
produced from other fuel.
(5) Government subsidies, which is one type of supply shifter, should have a
positive effect on the quantity of electricity.
(6) The exogenous variable that affects only supply consists of export
volume and lending rate. Export volume should have a positive effect on
the quantity of electricity while the lending rate should have a negative
effect on the quantity of electricity.
Calculation of Marginal Externality Cost
In the power generation sector, every fuel that is used to produce electricity
releases CO2 (Table 1.1). Wattnakuljarus and Wongsa (2011) calculate the cost of
CO2 from the social cost of carbon (SCC) and adjust the SCC to the price at 2009 with
a growth rate 2.4 percent per year (IPCC, 2006). The SCC values per ton of CO2 in
2009 were THB 432 (IPCC,2006), THB 275 (Nordhaus, 2007), THB 3,133, THB
1,032 (Stern, 2006), and THB 192 (Tol, 2008). A CO2 tax at THB 200 per ton, which
is close to the lower SCC of THB 192 per ton, was used. The CO2 tax rate was
calculated as
Tax rate per KWh = 192 × coefficient of release CO2

(35)

29

Furthermore, the externality from the electricity supply technologies is not
only CO2. There are other externalities, such as impacts from GHG and impacts on
health (e.g., noise and radiation), agriculture, the terrain, biodiversity, etc. The present
study will consider the MEC of each supply technology (per KWh) based on (Samadi,
2017), which determined the social costs of electricity generation in Europe and the
USA for each supply technology (Table 3.1).

Table 3.1 The Externality of Each Supply Technology (THB per KWh)

Supply
Technology
Lignite
Coal
Natural Gas
Coal CCS (post
combustion)
Coal CCS
(Oxy-fuel)
Natural Gas
CCS
Biomass
Hydropower
Solar PV
Wind (onshore)
Wind (offshore)
CSP
Geothermal
Ocean
Nuclear (LWR)

GHG
Emission
Cost
3.59
3.17
1.58

Health
Impact

Crop Yield
Losses

Material
Damage

Total1

0.32
0.46
0.14

0.01
0.01
0.003

0.003
0.01
0.003

3.92
3.65
1.73

1.06

0.51

0.00

0.01

1.58

0.70

0.37

0.01

0.01

1.09

0.53

0.12

0.003

0.003

0.66

0.14
0.04
0.11
0.04
0.04
0.07
0.18
0.04
0.04

0.67
0.00
0.21
0.00
0.02
0.05
0.00
0.05
0.02

0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.01
0.00
0.003
0.00
0.00
0.00
0.00
0.00
0.00

0.84
0.04
0.32
0.04
0.06
0.12
0.18
0.09
0.06

Source: Samadi, 2017.
Note: 11 EUR = THB 35.17 Exchange on 23 March 2020

However, this research focusses on only 7 technologies: natural gas,
coal/lignite, oil, solar, onshore wind, hydropower, and bioenergy. So, the externality
cost of each energy source used in Thai power generation can be recalculated.
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Table 3.2 The External Cost of Each Supply Technology
Supply Technology
Natural Gas
Coal/Lignite
Oil
Hydropower
Solar
Wind
Bioenergy

Total Externality Cost (THB per KWh)
1.20
2.57
1.89
0.04
0.22
0.04
0.84

Source: Samadi, 2017.

Table 3.2 shows the recalculations of the external cost of each energy supply
technology in Thai power generation. The total external cost of natural gas is
recalculated from the average external cost of natural gas and the natural gas CCS
presented in Table 3.1. Similarly, the total external cost of coal/lignite is recalculated
from the average of lignite, coal, coal CCS (post combustion), and coal CCS (Oxyfuel). And the total external cost of solar is also averaged from solar PV and CSP. In
addition, since the external cost of oil does not appear in Samadi’s analysis (2017),
the present study research will proxy it by using the average external cost of natural
gas and coal/lignite. Doing so will provide values for demand, supply, and MEC, thus
allowing for the economic loss to be determined.

Calculation of Economic Loss
An economic loss is referred to as a financial loss, which is an expenditure
loss of subsidies in the FiT policy. Damages suffered by a person is the external cost
resulting from each electricity generation technology, and quantity constrain loss
arises from setting quantity purchase targets that may result in over/under production.
1) Expenditure Loss
Expenditure loss is calculated from the current electricity purchase rate, which
is based on the 2015 FiT policy and which sets electricity purchase prices at different
rates. As indicated in Figure 3.1, a firm’s electricity purchase price depends on its
production cost. So if the government switches one KWh to be purchased from firm j
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to firm I, it can save an amount equal to (Pj − Pi) x Qj. This means that nowadays the
government loss from setting electricity purchase prices at different rates equals (Pj −
Pi) x Qj.
2) Externality Loss
The externality loss in Thai power generation is used to recalculate the
external cost of each energy supply technology based on (Samadi, 2017) (Table 3.2)
to examine the extent of economic loss that does not take externality into account.
3) Quantity Constraint Loss
Besides setting the purchase price under the FiT policy, the government also
determines the quantity to purchase. But since producers produce electricity in fixed
quantities that are usually not equal to market quantities, they can experience an
economic loss.

Table 3.3 The Power Purchase Agreement
Energy Source
Hydropower

Power Purchase Agreement (GWh)
432.53

Solar

6,242.98

Wind

1,880.12

Bioenergy

25,991.71

Source: Energy Regulatory Commission

Table 3.3 shows the quantity purchase quota under the power purchase
agreement for each renewable energy that the Ministry of Energy has determined,
based on the potential of each particular renewable energy. Since these quotas may be
more or less than the actual market quantities, an economic loss may result. The
present study will calculate the quantity constraint loss for two cases.
First is case in which the quantity purchase quota is less than the market
quantity. That is, the government commits to buying less than it should at equilibrium,
which causes the producer to produce less. Second is the case in which the quantity
purchase quota is more than market equilibrium, which means that the government
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commits to buying more than it should at equilibrium, causing the producer to
produce more. Both of these cases generate an economic loss because of resource
misallocation and both lead to inefficient production.
P

MSCi = MPCi + MECi

P*

D = MPB = MSB
Q
Q1* Q*

Figure 3.5 Economic Loss in the Case of Under Production
Source: Author

In the case of the quantity purchase quota being less than the market quantity,
the producer will produce less. This is called “under production,” so the quantity
constraint loss can be calculated from the difference between the equilibrium quantity
and the quantity purchase quota, as shown in the shadowed triangle area (Figure 3.5).

33

P

MSCi = MPCi + MECi
Si = MPCi

P*

D = MPB = MSB
Q
Q*

Q1

Figure 3.6 Economic Loss in the Case Over Production
Source: Author

Figure 3.6 represents the case in which the quantity purchase quota is more
than the market quantity, causing the producer to produce more. This is called “over
production.” Here, the quantity constraint loss can also be calculated from the
difference between the equilibrium quantity and the quantity purchase quota, as
indicated the shadowed triangle area.

The New Purchase Price of Electricity
This research aims to propose a new purchase price for electricity by
considering the LCOE of each type of fuel, according to the Law of One Price (also
termed “the base price”). Moreover, when the base price is determined, externalities
will be incorporated into account pass marginal full cost pricing approach, allowing
the new purchase price of electricity to be calculated by combined the base price with
damage costs. As a result, producers will be offered different electricity purchase
prices depending on the amount of externalities released from their production of
electricity. Hence, an appropriate purchase price for each type of energy used in
electricity generation will be proposed.
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Data Description
Data Source
The data used for analysis in this research were collected from IRENA, IEA,
IPCC, EIA, EGAT, EPPO, ERC, the Thai Meteorological Department, the Bureau of
Trade and Economic Indices, the World Bank, and CEIC covering the first quarter
1993 through the first quarter 2019. Data used in this research consist of electricity
generation values for each fuel type, purchase prices, levelized cost of each fuel
(LCOE), electricity peak demand, gross domestic product (GDP), temperature, export
volume, cost of coal, cost of natural gas, cost of oil, wood and waste price, solar price,
and consumer price index (Table 3.3).

Table 3.4 The Summary of Dependent and Independent Variables
Variable

Description

Source

Dependent Variable
Total Quantity of
electricity generation
(GWh)

Total electricity
generation

EPPO

Quantity of
electricity generation

Electricity generation

by coal and lignite

by coal and lignite

EPPO

(GWh)
Quantity of
electricity generation
by natural gas (GWh)
Quantity of
electricity generation
by oil (GWh)

Electricity generation
by natural gas

Electricity generation
by oil

Quantity of

Electricity generation

electricity generation

by hydropower

EPPO

EPPO

EPPO

Expected Sign
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Variable

Description

Source

Expected Sign

by hydropower
power (GWh)
Quantity of
electricity generation
by solar (GWh)
Quantity of
electricity generation
by wind (GWh)
Quantity of
electricity generation
by bioenergy (GWh)

Electricity generation

EPPO

by solar

Electricity generation

EPPO

by wind
Electricity generation
by bioenergy. It is a

EPPO

combine of biofuels and
biogas.
Independent Variable

Purchase Price
(THB per KWh)

Gross Domestic
Product
(million THB)
Temperature (°C)

Consumer Price
Index
(2015 = 100)

Price that EGAT sets;
producers are just price
taker

Used to represent
income

Average temperature

(+)
EGAT

demand side

EPPO

(−)
supply side

CEIC

Meteorological
Department

(+)

(+)
(−)

Used to represent
inflation

CEIC

demand side
(−)
supply side
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Variable

Description

Source

Expected Sign
(−)

Cost of coal/lignite
(THB per KWh)

coal/lignite

United States data used
to proxy the cost of coal

EIA

and lignite

supplier
(+)
another
supplier
(−)

Cost of natural gas
(THB per KWh)

natural gas

United States data used
to proxy the cost of

EIA

natural gas

supplier
(+)
another
supplier
(−)

Cost of oil

United States data used

(THB per KWh)

to proxy the cost of oil

oil supplier
EIA

(+)
another
supplier
(−)

Wood and waste price
Cost of bioenergy
(THB per KWh)

bioenergy

in the electric power
sector in United States

EIA

used to proxy the cost

supplier
(+)
; in another

of bioenergy

supplier
(−)

Cost of solar
(THB per KWh)

Solar price in United
States used to proxy
cost of solar

http://ourworld
indata.org/

solar supplier
(+)
another
supplier
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Variable

Description

Source

Expected Sign
(−)
; in

Levelized cost of

hydropower

energy of

IRENA

hydropower

supplier
(+)

(THB per KWh)

another
supplier
(−)

Levelized cost of

wind supplier

energy of wind

IRENA

(THB per KWh)

(+)
another
supplier

Export Volume
(million THB)

Total export volume

Lending Rate
(percent)
Government

Subsidies policy, Adder

subsidies to

and FiT; government

hydropower power

adds money to purchase

(THB per KWh)

price

Government
subsidies to solar
(THB per KWh)

Government
subsidies to wind
(THB per KWh)

EPPO

(+)

CEIC

(−)

EPPO

(+)

EPPO

(+)

EPPO

(+)

Subsidies policy, Adder
and FiT; government
adds money to purchase
price
Subsidies policy, Adder
and FiT; government
adds money to purchase
price
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Variable

Description

Government

Subsidies policy, Adder

subsidies to

and FiT; government

bioenergy

adds money to purchase

(THB per KWh)

price

Source

Expected Sign

EPPO

(+)

Data Restriction
1) In this research, biomass and biogas data cannot be separated.
Therefore, “bioenergy” is used to refer to the combination of these two types.
2) Lack of data prevented municipal solid waste from being considered
here.
3) The budget for expenditure on electricity generation was not
available. So this value was calculated from the amount the Thai government spent on
subsidies per KWh multiplied by the quantity purchased.
4) The real purchase price was not available, so a proxy was used:
Purchase Price= Base Electricity + Fuel Adjustment charge (F t )

(36)

5) The cost of each energy source was represented by proxy from US
data and LCOE from IRENA.
6) The power purchase agreement was not officially available. Thus, a
proxy was created from separate contract selling quantities for each energy fuel,
combining both selling quantities from Adder and FiT as announce by the Thai
Energy Regulatory Commission (date unspecified).
(Benes & Augu stin , 2016 ; Bethel Afework, 2018 ; Branker, Pathak, & Pearce, 2011; Bruck, Sandborn, & Go udarzi, 2018; C. -Y. Cyn thia Lin , 2011 ; Deaton & Muellbauer, 1980; E nergy policy and plann ing office, 2018 ; Energy Regulatory Commis sion, 2019 ; Ene rgy Research Institute, 20 14; Erics on & Rafatnia, 2011; García-Alvarez & Mariz-Pérez, 2012; Georgakellos, 2 012;

2017)

IPCC

, 20 06, 201 4; Israngkura, 201 4; Jo hnson, 2011 ; Katchova, 2013 ; Keske, Evans, & Iverson, 2012; Kwat; M inistry of Energy, 2 015; N ordhaus, 20 07; Ou yang & L in, 2 014; Pindyck & Rubinfeld, 1988, 2013; Rentizelas & Georgakello s, 2014 ; Rosen, 201 0; Roth & A mbs, 20 04; Samadi, 2018; Stern, 2006; Streimik iene & Alisauskaite-Ses kiene, 2014 ; The International Renewable Energy Agency, 20 18; T homp son, 20 13; T ol, 20 08; T sai & T sai, 201 8; Tun paiboon, 2016; Turconi, Tonini, Nielsen, Simon sen, & A strup, 2014; Wattnakuljarus & Won gsa, 2011 ; Yang, Li, Wallin, Yu, & Wang,

RESULTS
This chapter consists of two sections. The first section presents the demand
and supply of electricity in the Thailand model from the SUR estimation. The second,
calculates the economic losses, comprising expenditure loss, environmental loss, and
quantity constraints in power generation.

Demand and Supply of Electricity in the Thai Model
As explained above (Chapter 3, Section 3.2.1), estimating demand and supply
by OLS is hampered by both an identification problem and an efficiency problem.
Thus, this research estimates demand and supply separately by OLS (Table A2) to
compare results with SUR. Moreover, it also estimates demand and supply by using
3SLS (Table A4).
The results from OLS, SUR, and 3SLS indicate that equation (21), demand
model for electricity in Thailand, gives a purchase price that is strongly negatively
significant at a 1 percent significance level. This implies that an increase in the
purchase price and in the actual price consumers paid decreases the amount of
electricity consumed (Tables A2–A4).
In contrast, the model for electricity supply in Thailand shows a purchase
price that is positively significant. The total supply in both the OLS and 3SLS models,
with and without government subsidies, indicates that when the purchase price
increases, the producer will increase production. The SUR model, on the other hand,
indicates that the purchase price is not significant, in equation (23); total supply with
government subsidies (Table A3).
When the supply of electricity in Thailand is considered as a separate source
of energy, the purchase price is strongly positively significant, at significance level of
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1 percent with the supply models for natural gas (the OLS, SUR, and 3SLS models).
This indicates that when the increase in purchase price effect on increasing electricity
generation from natural gas (Tables A2–A4). As for electricity that is generated from
oil, the OLS model (Table A2) produces a negative significance at 10 percent. But in
the 3SLS model, the positive significance level is 5 percent (illustrated in Table A4,
which shows the total demand and the supply for each energy source at the same
purchase price, along with government subsidies). The SUR model (Table A3),
however, shows no significance. In fact, oil that is used to produce electricity is
imported from Malaysia. Therefore, the amount of quantity from oil does not depend
on the purchase price of electricity. For electricity that is generated by coal/lignite, the
purchase price is not significant in every model, and increasing the purchase price
does not affect electricity generation by coal/lignite (Tables A2–A4).
In addition, when combining the supply of electricity produced from natural
gas, oil, and coal/lignite into one model (the supply of fossil fuel model), the purchase
price is strongly positively significant at 1 percent in both the OLS and SUR models
(Tables A2 –A3). For the 3SLS model, combining natural gas, coal/lignite, and oil as
“fossil fuels,” including government subsidies, total demand and supply results in a
purchase price that is strongly positively significant at 1 percent. But the total demand
and the supply from each energy source without government subsidies gives a
purchase price that is positive significant at the 5 percent significance level (Table
A4).
Next, examining only renewable energy sources (hydropower, solar, wind, and
bioenergy) indicates that for the supplies of hydropower and wind, either with or
without government subsidies, the purchase price is not significant. This means that
an increase in the purchase price does not affect the quantity of electricity produced
by hydropower and wind (Tables A2–A4).
Whereas for the supply of solar in the government subsidies model the
purchase price is strongly positively significant at 1 percent, in the OLS and SUR
models, including government subsidies, and in the SUR model with government
subsidies that combines natural gas, coal/lignite, and oil into fossil fuels (Tables A2–
A4). And the models for the supply of bioenergy give a purchase price that is
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positively significant at 5 percent in the OLS model (with government subsidies) and
at 10 percent in the 3SLS model (with government subsidies) (Tables A2 and A4).
Since the demand and supply models are structural equations, a separate
estimation equation by OLS is not efficient and due to pricing is an endogenous
variable, so an OLS estimation would not be consistent. Thus, this research chooses
joint estimation methods, namely, 3SLS and SUR, to estimate the demand and supply
model. 3SLS and SUR are simultaneous equations but 3SLS contains both
endogenous and exogenous regressors while SUR contains only an exogenous
regressor. Since the price variable of demand and each source of supply in this
research are not equal, it was decided to use SUR to estimate the demand and supply
of electricity in Thailand.
To pursue the objective of this research, the SUR model without government
subsidies is used to create a graph of demand and supply of electricity in the Thailand
model. (The statement “without government subsidies” refers to a purchase price that
includes the subsidies policy, so the purchase price of each energy source is not
equal.)
Table 4.1 shows that the purchase price is strongly significant at 1 percent in
the natural gas demand and the supply model. For the demand model, an increase in
the purchase price decreases the quantity consumed. At the same time, an increase in
the purchase price increases the quantity electricity produced by natural gas. In other
words, when the purchase price increase 1 THB per KWh the quantity that is
consumed decreases by 2,749.61 GWh, and the quantity of electricity produced by
natural gas increases by 1,372.34 GWh.
On the other hand, the purchase price is insignificant in the supply of
coal/lignite, oil, and each type of renewable energy (hydropower, solar, wind, and
bioenergy). This means that an increase in the purchase price does not affect the
quantity of electricity produced by coal/lignite, oil, and renewable energy. The reason
for the insignificance in the purchase price of renewable energy corresponds with the
current situation because in practice the government determines the quotas for each
supply source of renewable energy. So it is no wonder that the purchase price does not
affect the quantity produced.
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Besides the purchase price, the SUR model shows that there is another
demand and supply shifter effect on the quantity consumed and the quantity produced.
First, there is an exogenous variable that may affect both demand and supply. The
result shows that GDP is strongly positively significant at 1 percent in the supply of
hydropower, wind, and bioenergy. It means that an increase in GDP will increase the
quantity of electricity produced by hydropower, wind and bioenergy. The CPI is
negatively significant at 5 percent in the demand and the supply of hydropower. This
magnifies how much the CPI decreases the quantity consumed and the quantity of
electricity produced by hydropower. As for the supply of natural gas and solar, the
CPI is positively significant at 5 percent significant. And it is also strongly positively
significant at 1 percent for the supply of coal/lignite. Therefore, an increase in the CPI
will increase the quantity of electricity produced by natural gas, solar, and
coal/lignite.
For an exogenous variable that shifts the demand curve but does not shift the
supply curve is a demand shifter, which consists of temperature and electricity peak
demand. It was found that temperature is strongly positively significant at 1 percent
and that electricity peak demand is positively significant at 5 percent. Thus, it can be
said that an increase in temperature and electricity peak demand will increase the
quantity of electricity consumed.
The last exogenous variable is one that shifts the supply curve but not the
demand curve; it is a supply shifter and consists of nine variables.
(1) The cost of natural gas was found to be negatively significant at 1 percent
in the supply of oil model, which means when the cost of natural gas increases THB 1
per KWh, the electricity produced by oil will decrease by 247.06 GWh. As for
hydropower and solar, they are positively significant at 5 percent and 1 percent,
respectively. This means that when the cost of natural gas increases THB 1 per KWh
the electricity produced by hydropower and solar will increase by 85.18 GWh and
47.34 GWh, respectively. Therefore, it can be implied that hydropower and solar can
be used to substitute for natural gas.
(2) The cost of coal/lignite was found to be strongly positively significant at 1
percent in the supply of natural gas model. When the cost of coal/lignite increases
THB 1 per KWh, the electricity produced by natural gas will increase 6378.85 GWh.
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Similarly, an increase in the cost of coal/lignite increases the quantity of electricity
produced by oil at a 5 percent significance level. As a result, it can be implied that
natural gas and oil can be used to substitute for coal/lignite. On the other hand, the
cost of coal/lignite is negatively significant at 5 percent significance level in the
supply of hydropower, solar, and wind. So, an increase in the cost of coal/lignite will
decrease in the quantity of electricity produced by hydropower, solar and wind.
(3) The cost of oil was not found to be significant in every model, so that an
increase in the cost of oil has no effect on the quantity of electricity produced.
(4) The levelized cost of hydropower was found to be strongly negatively
significant at 1 percent in the supply of hydropower model; however, it is strongly
positively significant at a 1 percent significant level in the supply of solar, wind, and
bioenergy. This result suggests that when the levelized cost of hydropower increases
THB 1 per KWh, the electricity produced by hydropower will decrease 284.38 GWh
but that the quantities of electricity produced by solar, wind, and bioenergy will
increase by 674.43, 87.66, and 1,309.85 GWh, respectively. This means that solar,
wind, and bioenergy can be used to substitute for hydropower.

(107.88)
8.87
(7.27)

(208.19)

45.30
(14.02)***

31.71
(6.67)***

(99.08)

Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.

Cost of solar

Levelized cost
of hydropower
power

Cost of oil

Electricity Peak
Demand
Consumer price
index
Cost of natural
gas
Cost of
coal/lignite

Temperature

Gross Domestic
Product

Purchase Price

Variable

18.43
(9.09)**

(63.76)***

Total demand and the supply of each energy without government subsidies
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation: Generation: Generation:
Total demand Natural Gas
Coal/Lignite Oil
Hydropower
-2749.91
1372.34
62.16
-137.30
(590.43)***
(358.05)***
(198.36)
(183.65)
0.02
0.00
0.00
0.00
0.00
(0.00)
(0.00)
(0.00)
(0.00)
(0.00)***
1028.97
(263.60)***
0.28
(0.12)**
-205.30
219.23
140.02
-54.37
-73.87
(105.45)**
(100.27)**
(51.88)***
(47.65)
(31.00)**
-158.85
20.33
-247.06
85.18
(132.09)
(68.56)
(62.90)***
(43.71)**
6378.85
1072.10
2191.59
-1345.59
(2035.41)***
(1055.53)
(968.06)**
(621.37)**
-85.61
-11.86
72.14
-19.41
(100.84)
(52.47)
(48.12)
(30.19)
-121.75
23.78
119.11
-284.38

Table 4.1 Demand and Supply Model Estimated by SUR Model

7.26
(0.93)***

(13.65)***

14.51
(6.68)**
47.34
(8.94)***
-280.00
(133.16)**
-7.98
(6.47)
674.43

0.00
(0.00)

Electricity
Generation:
Solar

0.13
(0.70)

(10.29)***

7.20
(514.17)
8.28
(6.90)
-246.31
(101.07)**
-7.48
(4.91)
87.66

0.00
(0.00)***

Electricity
Generation:
Wind

4.03
(18.85)

(285.63)***

-18.95
(13738.35)
104.89
(192.28)
2668.30
(2711.15)
-19.42
(130.69)
1309.85

0.01
(0.02)***

Electricity
Generation:
Bioenergy
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Electricity
Generation:
Total demand

Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.

Adder/FiT:
Bioenergy
Purchase Price
with
Adder/FiT:
Hydropower
Purchase Price
with
Adder/FiT:
Solar

Adder/FiT:
Wind

Adder/FiT:
Solar

Adder/FiT:
Hydropower

Lending rate

Export
volume

Cost of
bioenergy

Levelized cost
of wind

Variable

(39.90)

-7.52

(3.09)

1.77

Total Demand and the supply of each energy without government subsidies
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation:
Generation:
Generation:
Natural Gas Coal/Lignite
Oil
Hydropower
Solar
Wind
-2834.77
-260.82
-3160.75
2752.42
-5978.98
-649.51
(2583.25)
(1338.37)
(1227.66)***
(794.54)***
(170.01)***
(128.40)***
-52.67
4.75
-30.98
18.43
-14.14
-4.78
(31.60)*
(16.56)
(15.20)**
(9.09)**
(1.92)***
(1.46)***
1.35
-0.80
-0.46
-0.82
-0.09
-0.06
(0.83)*
(0.43)*
(0.39)
(0.25)***
(0.05)*
(0.04)
-1512.01
200.32
487.47
487.00
-154.73
-32.90
(284.15)***
(147.56)
(135.25)***
(86.16)***
(18.50)***
(14.00)**

Electricity
Generation:
Bioenergy
-10276.91
(3471.86)***
-156.45
(40.14)***
-1.29
(1.08)
-364.64
(370.26)
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Electricity
Generation:
Total demand

Constant

-28690.21
3826.59
-7476.65
(7965.78)***
(10209.15)
(5288.26)
R-squared
0.97
0.98
0.92
Observation
97
97
97
Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.

Purchase Price with
Adder/FiT: Wind
Purchase Price with
Adder/FiT:
Bioenergy

Variable

11831.90
(4848.37)**
0.92
97

-1196.69
(3175.32)
0.44
97

14554.85
(681.03)***
0.99
97

1268.66
(514.17)***
0.96
97

Total Demand and the supply of each energy without government subsidies
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation:
Generation:
Generation:
Natural
Coal/Lignite
Oil
Hydropower
Solar
Wind
Gas
0.74
(4.45)

13902.26
(13738.35)
0.96
97

(211.42)

-288.13

Electricity
Generation:
Bioenergy
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(5) The cost of solar is positively significant in the supply of natural gas, oil,
hydropower, and solar. It is strongly positively significant in the supply of natural gas
and oil at 1 percent and positively significant in the supply of hydropower at 5
percent. It can be said that an increase in the cost of solar will increase the quantity of
electricity produced by natural gas, oil, and hydropower. This implies that natural gas,
oil, and hydropower can be used to substitute for solar. However, it is uncertain why
an increase in the cost of solar also affects an increase in the quantity of electricity
produced by solar. The reason may lie with the subsidies policy, which grants
subsidies according to production costs.
(6) As for the levelized cost of wind, it is strongly negatively significant in the
supply of oil, solar, wind, and bioenergy and strongly positively significant in the
supply of hydropower. So, an increase in the levelized cost of wind will decrease the
quantity of electricity produced by oil, solar, wind, and bioenergy. But, in contrast, an
increase in the levelized cost of wind will increase the quantity of electricity produced
by hydropower, which means that it can be used to substitute for wind.
(7) The cost of bioenergy has a negative significance with the supply of
natural gas, oil, solar, wind and bioenergy and a positive significance with the supply
of hydropower. Thus, when the cost of bioenergy increases, the electricity that is
produced by hydropower will also increase. But the quantity of electricity produced
by natural gas, oil, solar, wind, and bioenergy will decrease. Hydropower is thus the
only energy source that can be used to substitute for bioenergy.
(8) Export volume is positively significant only with the supply of natural gas,
at 10 percent significance level, while it is negatively significant with the supply of
coal/lignite, hydropower, and solar. This shows that whenever the export volume of
electricity increases, electricity production from natural gas will increase. On the
other hand, electricity production by coal/lignite, hydropower, and solar will decrease.
Because most electricity produced within Thailand comes from natural gas, an
increase in export volume will increase the quantity of electricity produced by natural
gas.
(9) The lending rate is strongly negatively significant with the supply of
natural gas and solar, at 1 percent significance level. It is also negatively significant in
with the supply of wind power at 5 percent significance level. Thus, an increase in the
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lending rate will decrease the quantity of electricity produced by natural gas, solar,
and wind because whenever the lending rate is high, producers will decrease
production or reduce their investments. But the lending rate is strongly positively
significant with the supply of oil and hydropower. Actually, this may be insignificant
because most of the electricity produced by oil and hydropower is imported.
As a result, a demand and supply curve can be created. Moreover, although
theoretically the amount that each fuel source supplies can be summed up to create a
total supply but in this case, it cannot be sum up because the purchase price is
insignificant, so the a total supply cannot be created. However, the quantity of the
supply of each type of energy can be constructed separately (Figures 4.2–4.8).

Purchase Price P (THB/KWh)

16.20

D = MPB =MSB
Quantity Q (GWh)
44,544.02
Figure 4.1 The Demand of Electricity in Thailand
Source: Author

Since the price is negatively significant, the demand curve is a downward
slope (Figure 4.1). This corresponds with the law of demand, which states that the
quantity consumes varies inversely with price— when the price increases, the quantity
consumed decreases.
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Purchase Price P (THB/KWh)

S = MPC

25,752.11

Quantity Q (GWh)

-18.77

Figure 4.2 The Supply of Natural Gas
Source: Author

Figure 4.2 represents the supply of natural gas as an upward slope because the
purchase price is positively significant. This result is corresponds with the law of
supply, which states that the quantity produced varies directly with the price. That
means that when the price increases, the quantity produced will also increase.
Graphs such as those above for other types of energy types cannot be
produced because their purchase price is insignificant, which means that the quantity
produced does not depend on the purchase price. Thus, it is assumed here that the
supply of coal/lignite, oil, hydropower, solar, wind, and bioenergy are perfectly elastic
at current purchase prices of energy sources and that the supply of each renewable
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energy source, this research assumes the purchase price that the firm received at the
FiT policy in 2015. (Figures 4.3–4.8).

Purchase Price P (THB/KWh)

3.64

S = MPC
Quantity Q (GWh)

Figure 4.3 The Supply of Coal/Lignite
Source: Author

Purchase Price P (THB/KWh)

3.64

S = MPC
Quantity Q (GWh)

Figure 4.4 The Supply of Oil
Source: Author

51

Purchase Price P (THB/KWh)

4.90

S
Quantity Q (GWh)

Figure 4.5 The Supply of Hydropower
Source: Author

Purchase Price P (THB/KWh)

6.23

S

Quantity Q (GWh)

Figure 4.6 The Supply of Solar
Source: Author
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Purchase Price P (THB/KWh)

6.06

S

Quantity Q (GWh)

Figure 4.7 The Supply of Wind
Source: Author

Purchase Price P (THB/KWh)

4.70

S

Quantity Q (GWh)

Figure 4.8 The Supply of Bioenergy
Source: Author

By considering equilibrium, the demand and supply of each energy fuel are
combined. First, Figure 4.9 comes from a combination of Figures 4.1 and 4.2,
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indicating that the demand and supply of natural gas intersects at a price of THB 4.56
per KWh and a production quantity of 32,008.13 GWh.

Purchase Price P (THB/KWh)

S = MPC
16.20

4.56

25,752.11 32,008.13

44,544.02

Quantity Q (GWh)
D = MPB = MSB

-18.77

Figure 4.9 The Equilibrium Price and Quantity of Natural Gas
Source: Author

Second, Figure 4.10 comes from the combination of Figures 4.1 and 4.3
indicating that the demand and supply of coal/lignite come together at a price of THB
3.64 per KWh and a production quantity of 34,534.35 GWh.
Moreover, as above, given that current price of coal/lignite and oil are equal,
the quantity of energy produced at the equilibrium is the same.
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Purchase Price P (THB/KWh)

16.20

3.64

S = MPC
34,534.35 44,544.02

Quantity Q (GWh)
D = MPB = MSB

Figure 4.10 The Equilibrium Quantity of Coal/Lignite (and Oil)
Source: Author

Third, for the equilibrium quantity of hydropower, at a price of THB 4.90 per
KWh that the government set for its purchase, it was found that the quantity to
produce at equilibrium was 31,069.46 GWh (Figure 4.11). Next, the equilibrium
quantity of solar was found to be THB 6.23 THB per KWh, for which the quantity to
be produced at equilibrium was 27,412.08 GWh (Figure 4.12).
The equilibrium quantity necessary to produce electricity by wind is
27,879.57 GWh, as shown in Figure 4.13. Lastly, Figure 4.14 shows the equilibrium
quantity for producing electricity by bioenergy. At the purchase price THB 4.70 THB
per KWh, the quantity produced is 31,619.44 GWh.
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Purchase Price P (THB/KWh)

16.20

S

4.90

s
31,069.46

44,544.02

Quantity Q (GWh)
D = MPB = MSB

Figure 4.11 The Equilibrium Quantity of Hydropower
Source: Author

Purchase Price P (THB/KWh)

16.20

S

6.23

27,412.08

44,544.02

Quantity Q (GWh)
D = MPB = MSB

Figure 4.12 The Equilibrium Quantity of Solar
Source: Author
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Purchase Price P (THB/KWh)

16.20

S

6.06

27,879.57

44,544.02

Quantity Q (GWh)
D = MPB = MSB

Figure 4.13 The Equilibrium Quantity of Wind
Source: Author

Purchase Price P (THB/KWh)

16.20

S

4.70

31,619.44

44,544.02

Quantity Q (GWh)
D = MPB = MSB

Figure 4.14 The Equilibrium Quantity of Bioenergy
Source: Author
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The Economic Loss from Electricity Production in Thailand
The economic loss from supplying electricity consists of three parts. First,
expenditure loss from setting the purchase price under the FiT policy. Second, the
externality loss, which is the external cost from producing electricity, but which is not
incorporated in the purchase price. And third is quantity constraint loss, which is loss
from setting quantity purchase targets.

The Expenditure Loss
According the FiT policy, the government sets the purchase price according to
production costs and sets subsidies at different rates for each energy source. This
violates the Law of One Price and creates an economic loss, which is an expenditure
loss.

Table 4.2 The LCOE of Each Renewable Energy Source
Supply
Technology
Hydropower
Solar
Wind
Bioenergy

LCOE
(THB per KWh)
1.53
4.32
1.75
1.94

Electricity Purchase Price
(THB per KWh)
4.90
6.23
6.06
4.70

Source: International Renewable Energy Agency, 2018

Table 4.2 shows the LCOE of each renewable energy in 2018, all of which
are lower than the electricity purchase price under the FiT policy in 2015. This means
that the government paid more than it should have. However, this an is intended loss,
an accounting loss. The actual expenditure loss can be calculated from setting
electricity purchase prices at difference rates, which reflects the differences between
cheapest purchase prices and other purchase prices. In the case of bioenergy, which
has the lowest purchase price, the government purchased electricity at THB 4.70 THB
per KWh but purchased solar energy at THB 6.23 THB per KWh. Thus, for each 1
KWh of electricity, if the government were to switch from solar to bioenergy, it could
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save 6.23 – 4.70 = THB 1.53 THB per KWh. But currently the government does not
do this, so the loss from purchasing electricity from solar results in a THB 1.53
increase in purchasing price multiplied by the quantity purchased. The expenditure
loss can be calculated as
The Expenditure Loss = (Purchase Price of Bioenergy - Purchase Pricei )
x Quantity Purchasei

(37)

Where i refers to another energy source, such as hydropower, wind, or solar.

Table 4.3 The Expenditure Loss from Setting Purchase Prices at Different Rates
Quantity
Purchased
(billion KWh)
Bioenergy
4.70
33.81
Hydropower
4.90
1.95
Wind
6.06
1.14
Solar
6.23
6.36
Total Expenditure Loss (billion THB per quarter)
Total Expenditure Loss (billion THB per year)
billion KWh
Total Electricity Consumption
15.31
Total Expenditure (billion THB per quarter)
Electricity Price Increase (%)
Supply
Technology

Purchase Price
(THB per KWh)

Expenditure Loss
(billion THB per
quarter)
0
0.39
1.55
9.73
11.67
46.67
Average Price
3.64
55.72
20.94

Source: Author

Table 4.3 shows that the expenditure loss from purchasing electricity at
different rates comes to THB 11.67 billion per quarter. These expenditure losses
create an economic loss to society because of government overpayments. These will
eventually become a burden for people because they will have to pay more for
electricity by around 20.94 percent. But if the government switches to purchasing
electricity produced by bioenergy, it can save as much as THB 46.67 billion THB per
year.
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The Externality Loss
Besides of the expenditure loss from setting electricity purchase prices, in the
power generation sector there is an environmental loss, that is, an externalities cost
from producing electricity that affects society but that is not taken into account.
Considered here are the externalities created by each energy supply source in terms of
GHG emission cost, health impacts, crop yield losses, and material damage created by
the economic loss to society. Because producers are not held accountable for these
externalities, they become burdens for which people have to pay the costs.
The SUR estimation below (Figure 4.15) indicates a price and quantity
equilibrium that does not take externalities into account. This equilibrium creates a
social loss because producers tend to consider only how much they have to pay to
produce their energy, the Marginal Private Cost (MPC), and how much return they get
from production, Marginal Private Benefit (MPB), with no concern for what is best
for society.

Purchase Price P (THB/KWh)
MSC = MPC + MEC
S = MPC

5.76
4.96
4.56

D = MPB = MSB
MEC

1.20
32,008.13

Quantity Q (GWh)

30,904.47

Figure 4.15 Negative Externality from Electricity Generation from Natural Gas
Source: Author

Results from the demand and supply model indicate that the equilibrium price
and the quantity of demand and supply of natural gas are THB 4.56 THB per KWh
and 32,008.13 GWh, respectively. But electricity production by natural gas also
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releases pollution into the environment that can harm humans. Producers are not held
responsible for this external cost. Figure 4.15 shows that at equilibrium the energy
used to produce electricity creates a social loss is THB 0.66 billion per quarter. Each
level of electricity generation by natural gas creates an external cost of THB 1.20 per
KWh. But producers do not consider this social cost, which leads to a larger MSC
than an MPC and a smaller MSB than an MSC. Thus, the government should
intervene to reduce electricity generation by natural gas by 30,904.47 GWh, until the
MSC equals the MSB.

Purchase Price P (THB/KWh)

6.21

MSC = MPC + MEC
D = MPB = MSB
S = MPC

3.64

MEC

2.57
27,467.08

34,534.35

Quantity Q (GWh)

Figure 4.16 Negative Externality from Electricity Generation from Coal/Lignite
Source: Author

Figure 4.16 shows the negative externality of electricity produced from
coal/lignite. At a price of THB 3.64 THB per KWh, the equilibrium quantity is
34,534.35 GWh. This is the amount that producers decided to produce by considering
how much it would cost them (the MPC) and how much return they would get from
producing (the MPB). At the same time, producing electricity from coal/lignite
creates an externality cost of THB 2.57 per KWh, which producers do not take into
account. This equilibrium thus creates a social loss of THB 9.08 billion per quarter, as
shown in the shadowed area.
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Purchase Price P (THB/KWh)

MSC = MPC + MEC

5.53

D = MPB = MSB
S = MPC

3.64

MEC

1.89
29,337.02

Quantity Q (GWh)

34,534.35

Figure 4.17 Negative Externality from Electricity Generation from Oil
Source: Author

Figure 4.17 shows the negative externality from producing electricity from
oil. At a price of THB 3.64 per KWh, the equilibrium quantity is 34,534.35 GWh,
which is same as with coal/lignite. Similarly, electricity production from oil creates an
externality cost of THB 1.89 per KWh, which the producer does not take into account.
So, this equilibrium creates a social loss of THB 4.91 billion per quarter, as indicated
in the shadowed area.
Purchase Price P (THB/KWh)

D = MPB = MSB
4.94
4.90

MSC = 4.90 + MEC

ME

0.04

31,069.4

C

Quantity Q (GWh)

6
30,959.4
6

Figure 4.18 Negative Externality from Electricity Generation from Hydropower
Source: Author
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Electricity generation from hydropower creates an externality cost of THB
0.04 THB per KWh. However; at equilibrium this cost is not included in the cost that
the producers pay. Figure 4.18 shows that at THB 4.90 THB per KWh and at a
quantity of 31,069.46 GWh, the MPC equals the MPB, but the MSB is less than the
MSC. This equilibrium is not optimal for society because producers create a social
loss THB 0.002 billion per quarter, as can be seen in tiny shadow area.

Purchase Price P (THB/KWh)

6.45
6.23

D = MPB = MSB
MSC = 6.23 + MEC

MEC

0.22

27,412.08

Quantity Q (GWh)

26,807.10

Figure 4.19 Negative Externality from Electricity Generation from Solar
Source: Author

An externality cost from producing electricity from solar is equal to THB 0.22
per KWh. But in making the production decisions producers often do not consider
what is best for society. They just look at their own costs and the benefits. So, at an
equilibrium price of THB 6.23 per KWh for a production of 27,412.08 GWh, a social
loss (indicated by the very small green shadowed area, Figure 4.19) is created,
amounting to a damage value of THB 0.07 billion per quarter.
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Purchase Price P (THB/KWh)

6.10
6.06

D = MPB = MSB
MSC = 6.06 + MEC

MEC

0.04
27,879.59

Quantity Q (GWh)

27,769.57

Figure 4.20 Negative Externality from Electricity Generation from Wind
Source: Author

Wind power generation creates an externality cost of THB 0.04 per KWh,
which is the same as for hydropower. Figure 4.20 indicates that at an equilibrium
price of THB 6.06 THB per KWh and an output of 27,879.59 GWh, the MSC is
greater than the MSB, which creates the same social loss of THB 0.002 billion per
quarter as with hydropower.
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Purchase Price P (THB/KWh)

D = MPB = MSB
5.54
4.70

MSC = 4.70 + MEC
MEC

0.84

31,619.44

Quantity Q (GWh)

29,309.52

Figure 4.21 Negative Externality from Electricity Generation from Bioenergy
Source: Author

The social loss from generating electricity from bioenergy is indicated in the
green shadowed area in Figure 4.21. The externality cost is THB 0.84 per KWh, and
at equilibrium the price is THB 4.70 for an output of 31,619.44 GWh, creating a total
social loss of THB 0.97 billion per quarter.
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Table 4.4 Summary of Externality Loss for Each Energy Source
Externality
Supply

Cost

Technology

(THB per
KWh)

Equilibrium

Current

Quantity

Quantity

(billion KWh)

(billion KWh)

Externality
Loss (billion
THB per
quarter)

Natural Gas

1.20

32.01

29.51

0.67

Coal/Lignite

2.57

34.53

8.75

9.08

Oil

1.89

34.53

0.23

4.91

Hydropower

0.04

31.07

1.95

0.002

Solar

0.22

27.41

6.36

0.07

Wind

0.04

27.88

1.14

0.002

Bioenergy

0.84

31.62

33.81

0.97

Total Externality Loss (billion THB per quarter)

15.70

Total Externality Loss (billion THB per year)

62.82

Source: Author

Table 4.4 summarizes externality losses of each energy source that are not
incorporated into accounting for total costs. However, in practice, no energy source
produce electricity equal to the quantity at equilibrium. Data from the first quarter of
2019 indicate that all energy sources produce less electricity than the quantity at
equilibrium, except for bioenergy, which produces more than the quantity at
equilibrium. This means that at the current quantity the marginal social benefit (MSB)
is more than the marginal social cost (MSC), so this creates a loss surplus to society.
Thus, electricity production should be expanded until MSB is equal to MSC.
The Quantity Constraint Loss
Something else the FiT policy does is determine the quantity purchase quota.
This generates economic loss for society because of resource misallocation and leads
to inefficiency in production. Thus, in this section focus on the losses resulting from
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quantity purchase quotas delineated in power purchase agreement (PPAs), which may
be lower or higher than equilibrium quantities after being adjusted for externalities.
Just Table 3.3 shows the quantity purchase quotas from PPAs for renewable
energy, so the quantity constraint losses can be calculated from the differences
between the equilibrium quantities and the quantity purchase quotas. However, data
from the first quarter of 2019 indicate that renewable energy used produce electricity
is not equal to the equilibrium quantity because of it determined by the government.
Furthermore, although fossil fuels do not have quantity purchase quotas, they
nevertheless produce less than they should, which generates economic loss. That is,
the quantity of electricity produced from renewable energy does not equal the quantity
to be purchased by quota under the PPAs. The task here is to calculate the quantity
loss from the quantity shown in the available data from the first quarter of of 2019.
Moreover, even though the supply curve of each energy is horizontal, the economic
loss from inefficiency in production can also be calculated from difference between
the equilibrium quantity and the quantity existing per data available as of the first
quarter of 2019.
Purchase Price P (THB/KWh)
MSC = MPC + MEC

5.47
4.96
3.95

D = MPB = MSB

30,904.47

Quantity Q (GWh)

29,508.19

Figure 4.22 Inefficiency in Electricity Production from Natural Gas
Source: Author
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Figure 4.22 shows that although the electricity produced by natural gas does
not have a quantity purchase quota, but producers produce less than the equilibrium
quantity. This generates economic loss from an inefficiency in production of 1.07
THB billion per quarter.

Purchase Price P (THB/KWh)

13.02

6.21

MSC = MPC + MEC
D = MPB = MSB

Quantity Q (GWh)
8,746.98

27,467.08

Figure 4.23 Inefficiency in Electricity Production from Coal/Lignite
Source: Author

Similarly, an examination of electricity generation from coal/lignite shows that
in the first quarter of 2019 electricity production from coal/lignite was 18,720.10
GWh less than it should have been. The economic loss from this shortfall amounted to
THB 63.74 billion per quarter.
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Purchase Price P (THB/KWh)
16.12

MSC = MPC + MEC
5.53

D = MPB = MSB

228.94

29,337.02

Quantity Q (GWh)

Figure 4.24 Inefficiency in Electricity Production from Oil
Source: Author

For electricity generation from oil it was found that the current quantity was
29,108.08 GWh less than the equilibrium quantity. This resulted in highest economic
loss among all fossil energy sources, equal to THB 154.13 billion per quarter.
However, this is no wonder because this type electricity was produced from imported
oil.

Purchase Price P (THB/KWh)

15.49

D = MPB = MSB
4.94

MSC = 4.90 + MEC

1,954.62

30,959.46

Quantity Q (GWh)

Figure 4.25 Inefficiency in Electricity Production from Hydropower
Source: Author
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The next highest economic loss came from electricity generated from
hydropower, which amounted a loss of THB 153.00 billion per quarter. Aside from
the quantity purchase quota set by the FiT policy, electricity generation from
hydropower is also restricted in terms of installation capacity, which is difficult to
expand.
Purchase Price P (THB/KWh)

13.88
D = MPB = MSB
MSC = 6.23 + MEC

6.45

6,357.25

26,807.10

Quantity Q (GWh)

Figure 4.26 Inefficiency in Electricity Production from Solar
Source: Author

Figure 4.26 indicates that the quantity purchase targets of the FiT policy create
an economic loss from producing less than it should be equal to THB 75.97 billion per
quarter.
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Purchase Price P (THB/KWh)
15.78

6.10

1,139.13

D = MPB = MSB
MSC = 6.06 + MEC

Quantity Q (GWh)

27,769.57

Figure 4.27 Inefficiency in Electricity Production from Wind
Source: Author

The economic loss from electricity generation from wind also occurs from less
electricity being produced than should be. Figure 4.26 shows the equilibrium quantity
after adjusted externalities of 27,769.57, but in the first quarter of 2019 the electricity
generated by wind was only 1,139.13 GWh. The welfare loss to society amounts THB
128.89 billion per quarter.

Purchase Price P (THB/KWh)

D = MPB = MSB
5.54

MSC = 4.70 + MEC

3.90
29,309.52

Quantity Q (GWh)

33,810.48

Figure 4.28 Inefficiency in Electricity Production from Bioenergy
Source: Author
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By contrast, the amount of electricity produced from bioenergy was found to
be 4,555.96 GWh in excess of equilibrium. This overproduction of electricity creates
an economic loss of THB 3.69 billion per quarter.
Adjusting the equilibrium price and quantity by incorporating externalities
results in an equilibrium quantity that is greater than the current quantity. This means
that currently, except in the case of bioenergy, the amount of energy being used to
produce electricity is generating less electricity than it should be. However, the
economic loss from fossil fuels comes from producing less electricity than should be
produced by producers unconstrained by quantity purchase quotas. So, this is a
welfare loss caused by producers producing less. While the economic loss from
renewable energy comes from the government purchasing less, under the quantity
purchase quota, the producer will produce less. That is, for renewable energy the
welfare loss comes from regulation by the government.
Moreover, having the FiT policy set the electricity purchase price and at the
same time determining the quantity purchase quota goes against economics intuition
because if a higher purchase price were offered for renewable energy, more could be
purchased. There is no such thing as an appropriate level of production. Only if the
purchase price is increased or decreased can resources be drawn from other sectors of
the economy to produce more or less renewable energy. Furthermore, the FiT policy
can lead to possible corruption because setting the quantity purchase is very arbitrary.
The government could set a high or low quantity to be purchased depending on what
kind of business opportunity that they saw. As a result, the quantity stated in the
purchase quota under the PPAs and the actual quantity could be very different. The
actual quantities of hydropower, solar, and bioenergy are higher than the quantities
stipulated in the purchase quota while the quantity of wind power is lower than that of
the purchase quota. Therefore, this quantity constraint is something very political and
something that generates an economic loss.
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Table 4.5 Quantity Constraint Loss

Supply
Technology

New Equilibrium
Quantity
(billion KWh)

Current Quantity
(billion KWh)

Natural Gas
30.90
29.51
Coal/Lignite
27.47
8.75
Oil
29.34
0.23
Hydropower
30.96
1.95
Solar
26.81
6.36
Wind
27.77
1.14
Bioenergy
29.31
33.81
Total Quantity Constraint Loss (billion THB per quarter)
Total Quantity Constraint Loss (billion THB per year)

Quantity
Constraint Loss
(billion THB per
quarter)
1.07
63.74
154.13
153.00
75.97
128.89
3.69
640.43
2,561.72

Source: Author

Along with the economic loss from the underproduction of electricity from
natural gas, coal/lignite, hydropower, solar, and wind is the fact that the current
quantity of bioenergy is higher than the equilibrium, which represents an
overproduction of electricity from bioenergy. Therefore, producing less or more
electricity than the equilibrium quantity, adjusted by incorporating the externality
cost, will create a total quantity constraint loss from electricity production equal to
THB 2,561.72 billion per year (Table4.5).
The results above show that setting the purchase price under the FiT policy
causes the government to spend more than necessary and also affects consumers, who
have to pay a higher price for electricity while at the same time suffering from an
externality cost, which reduces their welfare because the purchase price does not take
into account this cost. However, most energy used to produce electricity is below the
equilibrium, so it does not result in much externality loss. But since the quantity is
below equilibrium, it nevertheless generates an economic loss because more or less is
being produced than should be. The next section will propose a new electricity pricing
method that captures the Law of One Price and reflects the full-cost pricing of power
generation by taking externalities into account.

POLICY SIMULATION
Since the FiT policy sets the electricity purchase price of renewable energies
at different rates according to their production costs, it does not provide correct price
signals for the economy to produce electricity at minimal cost. At the same time, the
electricity purchase price does not take the cost externalities into account.
Furthermore, the FiT policy also determines the quantity purchase quota, which
creates an economic loss from underproduction and overproduction. This generates
more economics loss from power generation, as shown in Chapter 4. Therefore, this
chapter will propose an appropriate purchase price by creating a policy model and
will show how this pricing model is better than the current one.

The Electricity Purchase Price Policy Model
As the FiT policy violates the Law of One Price, which is a cause of resource
misallocation in the power generation sector, this study will propose a new electricity
purchase price based on all energy sources being bought and sold at the same price. In
other words, this new electricity purchase price captures the law of one price to
effectively allocate resources and enhance welfare. Because each power generator has
different marginal cost structures, each needs to equate their marginal cost with the
single market price as illustrated in equation (38)

P = MCi = MCj

(38)

This equation (38) will provide the correct price signal for the economy to
produce electricity at minimal cost. Then, the more cost-effective producers will be
able to sell more of their output compared to less cost-effective producers, who will
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only be able to sell less of their output. Producers whose costs are very high may not
be able to sell anything at all. Furthermore, to reflect the full cost pricing in power
generation, the externality cost will be taken into account. Thus, the new electricity
purchase price would be:
Electricity Purchase Price (THB per KWh) = Base Price – Externalities Cost

(39)

Equation (39) shows all energy sources bought and sold at the same price as
the base price. Based on the data of IRENA in 2018, the LCOE of each renewable
energy source shown in Table 4.2 and also reported in the LCOE of fossil ranges from
THB 1.43 to 4.46 per KWh, the average of which is THB 2.95 THB per KWh. To
provide the correct price signal for the economy as indicated in equation (39), this
study will determine the base price as the weighted average of all LCOE, which
means the base price will be THB 2.59 THB per KWh (Appendix C). The weighted
average of LCOE is used as a base price for all energy because if the base price is
lower than the weighted average of all LCOEs, producers may not even enter the
electricity market, thus creating a scarcity of electricity.
In addition, according to the “polluter pays” principle, producers who create
any negative externalities have to pay compensation for any damages. Thus, any
negative externality arising from producing electricity from each energy source is
subtracted. This means that to calculate the new electricity purchase price the Law of
One Price is used for determining the base price of each energy source, and after that
externalities are incorporated using a pass marginal full cost pricing approach.
Finally, each energy source is assigned a different purchase price based on how much
it releases in terms of externalities from its production of electricity. Furthermore, this
study proposes three different electricity purchase price policy models, depending on
public financial stance. The first is the “Revenue Generation Electricity FiT Scheme,”
which is a kind of surplus public financial stance. Second is the “Balanced Budget
FiT,” which is kind of balanced public financial stance. And third is the “Deficit
Financing FiT Scheme,” which is kind of deficit public financial stance.
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Revenue Generation Electricity FiT Scheme
For this model, the electricity purchase price is the same as in equation (39).
The government will provide an electricity purchase price at the base price and collect
tax on any released externality from power generation. Under this model the
government can generate revenue while producers who pollute more will be offered a
lower purchase price, but producer who pollute less will be offered a higher purchase
price.

Table 5.1 Electricity Purchase Price under the Revenue Generation Electricity FiT
Scheme

Energy Source
Natural gas
Coal/Lignite
Oil
Hydro
Solar
Wind
Bioenergy

LCOE
2.95
2.95
2.95
1.53
4.32
1.75
1.94

Base Price
2.59
2.59
2.59
2.59
2.59
2.59
2.59

(Unit: THB per KWh)
Externality Cost Purchase Price
1.39
1.20
0.02
2.57
0.70
1.89
2.55
0.04
2.37
0.22
2.55
0.04
1.75
0.84

Source: Author

Table 5.1 lists the different purchase prices for each energy source depending
on how much externality per KWh it releases. Before adjusting the purchase price
incorporating the externalities cost, all energy is assigned the same purchase price.
However, using the LCOE of each energy source to compare the base prices shows
that the source that generates the most profit is hydropower because it has lowest the
LCOE. Thus, the producer who produces electricity from hydropower will be the first
to enter the electricity market. While the energy source that will lose out the most is
solar because it has the highest LCOE. But all energy sources release externalities, so
all producers need to pay compensation for any damages. So, after adjusting purchase
prices by adding in the cost of externalities, the lowest purchase price turns out to be
coal/lignite. The next lowest is for natural gas and then bioenergy, solar, hydropower,
wind, and oil, respectively. Thus, the government currently buys electricity that has
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the lowest purchase price. Since hydropower and wind have the lowest cost both in
terms of LCOE and externalities, they generate more profit—THB 1.02 and 0.80 per
KWh, respectively (2.55 – 1.53 = 1.02 and 2.55 – 1.75 = 0.80). If, as a result, more
producers begin to use hydropower and wind in power generation these sources will
eventually increase their market share. In contrast, producers who use coal/lignite will
gradually be squeezed out of electricity market due to lack of profit. As for bioenergy,
oil, natural gas, and solar, if producers have lower LCOEs than the LCOEs reported
by IRENA (2018) or if they can reduce their LCOEs or can produce electricity with
lower externalities, they will also gain a greater share of the electricity market and
will gain more profit from doing so.

Table 5.2 Government Expense under the Revenue Generation Electricity FiT
Scheme

Energy
Source

Current
Quantity
Generation
(million KWh)

New Purchase
Price

Expenditure

Revenue

(billion THB
per quarter)

(billion THB per
quarter)

41.02
0.17
0.16
4.98
15.07
2.90
59.17
123.48

35.41
22.48
0.43
0.08
1.40
0.05
28.40
88.25

(THB per KWh)

1.39
Natural gas
29,508.19
0.02
Coal/Lignite
8,746.98
0.70
Oil
228.93
2.55
Hydro
1,954.62
2.37
Solar
6,357.25
2.55
Wind
1,139.13
1.75
Bioenergy
33,810.48
Total Revenue (billion THB per quarter)
Source: Author

At the current purchase price, the government expends THB 355.08 billion per
quarter. If the government changes the electricity purchase price in line with equation
(39), it will spend THB 123.48 billion THB per quarter. This means that the
government can save THB 231.60 billion per quarter or THB 926.41 billion per year.
Furthermore, under this model the government can generate a revenue of THB 88.25
billion per quarter or THB 352.98 billion per year.
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Balanced Budget FiT Scheme
The second model uses a purchase price similar to the first model. But this
model will offer a higher purchase price by adding more money for each energy
source in terms of subsides. Such subsidies are in line with the current policy, which
subsidizes renewable energy. However, this model is different from the current policy
because it would collect tax based on released externalities, and each energy source
would not be separated into renewable and non-renewable since both types are
already equivalent due to adjustments according to their externalities. Equivalent
subsidies would then be proposed for each energy source by using tax revenue. Thus,
in this case the government revenue would be zero as a result of its being allocated to
subsidies. So, equation (39) can be rewritten as
Electricity Purchase Price (THB per KWh) = Base Price – Externalities Cost
+ Subsidies

(40)

Table 5.3 shows government revenue equal to THB 88.25 billion per quarter
and a total current quantity generation of 81.75 billion KWh. Thus, each energy
source will get subsidies to produce electricity equal to THB 1.08 per KWh.

Table 5.3 Electricity Purchase Price under the Balanced Budget FiT Scheme
(Unit: THB per KWh)
Energy
Source
Natural gas
Coal/Lignite
Oil
Hydro
Solar
Wind
Bioenergy
Source: Author

LCOE

Base Price

2.95
2.95
2.95
1.53
4.32
1.75
1.94

2.59
2.59
2.59
2.59
2.59
2.59
2.59

Externality
Cost
1.21
2.60
0.00
0.04
0.23
0.04
0.86

Subsidy
1.08
1.08
1.08
1.08
1.08
1.08
1.08

Purchase
Price
2.47
1.10
1.78
3.63
3.45
3.63
2.83
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Changing electricity purchase prices using equation (40) gives prices higher
than the LCOE and also higher than the purchase price in the government surplus
model. Only with natural gas, coal/lignite, and solar are purchase prices lower than
the LCOE. However, for natural gas the LCOE is actually THB 1.43–4.46 per KWh.
So producers with a lower LCOE would be motivated to enter the electricity market.
Similarly, if producers who use coal/lignite and solar have lower LCOEs than the
LCOEs reported by IRENA (2018) or if they can reduce their LCOE or can produce
electricity with lower externalities, they will also enter the electricity market.
However, they would still receive the lowest profit. Furthermore, from the producers’
perspective, since producing electricity from hydropower, wind, bioenergy, and oil
will also generate more profit these producers will also be incentivized to enter the
electricity market.

Table 5.4 Government Expense under the Balanced Budget FiT Scheme

Energy
Source
Natural gas
Coal/Lignite
Oil
Hydro
Solar
Wind
Bioenergy

Current Quantity
Generation

New Purchase
Price

(million KWh)

(THB per KWh)

29,508.19
2.47
8,746.98
1.10
228.93
1.78
1,954.62
3.63
6,357.25
3.45
1,139.13
3.63
33,810.48
2.83
Total (billion THB per quarter)

Expenditure
(billion THB per
quarter)

72.87
9.62
0.41
7.09
21.93
4.13
95.67
211.72

Source: Author

Table 5.4 shows a government expenditure of THB 211.72 billion per quarter.
However, under this model the government can generate revenue equal to the first
model, but it uses subsidies to do so. Thus, in this case government expenditure would
be THB 123.48 billion per quarter, the same as the first surplus model (Table 5.2).
This means that in this case the government can save as much as THB 926.41 billion
per year although it would not receive any revenue.
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Deficit Financing FiT Scheme
The last model is similar to the government balanced model, but this model
not subsidizes only producers but also consumers. This model determines the amount
of money to be used for subsidies from excess expenditure, which is the difference
between the LCOE and the current price.
Expenditure Excess per KWh = Current Price − LCOE

(41)

Expenditure Excess for Each Energy = Expenditure Excess per KWh x Q (42)

When the expenditure excess per KWh is calculated using equation (41), the
expenditure excess for each energy source can be found by multiplying the
expenditure excess per KWh by the current quantity. Thus, the amount of money per
KWh used to subsidize will proxy from the total expenditure excess for each energy
source divided by the total quantity.

Table 5.5 Expenditure Excess in Thai Power Generation
Current
Energy

Quantity

Source

Generation
(billion KWh)

Current Price

LCOE

(THB per

(THB per

KWh)

KWh)

Expenditure
Excess
(billion THB
per quarter)

Natural gas

29.51

3.64

2.95

20.36

Coal/Lignite

8.75

3.64

2.95

6.04

Oil

0.23

3.64

2.95

0.16

Hydro

1.95

4.90

1.53

6.59

Solar

6.36

6.23

4.32

12.14

Wind

1.14

6.06

1.75

4.91

Bioenergy

33.81

4.70

1.94

93.32

Total

81.75

Source: Author

143.51

80

The expenditure excess in Thai power generation is calculated by determining
the differences between the current price and the LCOE and multiplying the result by
the current quantity, according to equations (41) and (42) (Appendix C). The result is
that the total expenditure excess for electricity generation is THB 143.52 billion THB
per quarter (Table 5.5). At the same time, results from the surplus and balanced
models indicate that if the government changes its policy to subsidize each energy
source equally, this would cost THB 88.25 billion per quarter. Hence, the government
would be left with THB 55.26 billion per quarter.
Since this model also subsidizes consumers, it would be similar to the current
budget, which is used for power generation and which equals THB 143.52 billion per
quarter. In addition, a further subsidy of THB 1.08 per KWh for each energy source
would still be in place. Thus, the total amount of subsidies for consumers would be
THB 55.26 billion per quarter. So, the amount of money in terms of consumer
consumer per KWh is:

Subsidies per KWh =

∑ Expenditure Excess for Each Energy - ∑ Expenditure on subsidies producer
Total Quantity

(44)

Thus, the amount of money per KWh used to subsidize consumers is THB
3.61. This means that consumers would pay 99.18 percent lower electricity bills than
before, or, in other terms, consumer spending on electricity would be reduced by THB
221.06 billion.
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Table 5.6 Expense Comparison of Each FiT Scheme

Energy
Source
Natural gas
Coal/Lignite
Oil
Hydro
Solar
Wind
Bioenergy
Total
Expenditure
(billion THB
per quarter)

3.64
3.64
3.64
4.90
6.23
6.06
4.70

Revenue
Generation
Purchase Price
(THB per
KWh)
1.39
0.02
0.70
2.55
2.37
2.55
1.75

Balanced
Budget
Purchase Price
(THB per
KWh)
2.47
1.10
1.78
3.63
3.45
3.63
2.83

Deficit
Financing
Purchase Price
(THB per
KWh)
2.47
1.10
1.78
3.63
3.45
3.63
2.83

355.08

123.48

211.72

211.72

Current
Purchase Price
(THB per
KWh)

Source: Author

All three electricity purchase price policies predict that if the government
changes the electricity purchase price by following the Law of One Price and
incorporates externality into the equation, it can save THB 926.41 and THB 573.44
billion per year in the surplus model and the balanced model, respectively. Under the
surplus and balanced models, the government can also generate revenue of THB
88.25 billion per quarter. The surplus model can generate THB 352.98 billion per
year. The expenditure in the balanced model is THB 926.41 billion. Or, if the
government wants to use same budget in this situation, it can subsidize both producers
and consumers. Therefore, given the new electricity purchase price, based on the Law
of One Price, along with marginal full cost pricing, the government can choose
depending on what they want to do.

DISCUSSION AND CONCLUSION

Discussion
As argued above, nowadays the LCOE for each renewable energy source is
quite low and is similar to the LCOE for fossil energy. However, considering the full
cost of each energy type shows that hydropower has the lowest full cost because it has
the lowest external cost. The next lowest is the wind power, which has the same
external cost as hydropower. This is consistent with Streimikiene and AlisauskaiteSeskiene (2014), who argue that in Lithuania hydropower and wind are the electricity
generation technologies with the lowest external costs. Georgakellos (2012) also
found that hydropower and wind power plants produced very low external costs.
Samadi (2017) found that the highest external cost created by electricity production
was generated by coal/lignite. The present study finds that when the cost of
coal/lignite increases, natural gas and oil will be used as a substitute. But electricity
generation from natural gas creates the second highest externality cost. So if the
government sets an electricity purchase price by incorporating the cost of negative
externalities and imposing a tax on producers who emit such externalities, this will
cause prices to rise relative to electricity generated by renewable energy. As a result,
renewable energy will become the preferred source for electricity production. This
corresponds with Keske, Evans, and Iverson (2012) who study full cost pricing to set
policy in the electricity market and show that the full cost creates incentives to
produce electricity using the cleanest energy. Thus, it is proposed here that the Thai
government set the electricity purchase price by taking external cost into account. In
Chapter 5 it was argued that since a lower electricity purchase price for hydropower
and wind will result in more profit, producers who use hydropower and wind will
gradually enter the electricity market. Accordingly, Rentizelas and Georgakellos
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(2014) found that most of the new generating capacity until the year 2020 would
likely be from renewables, especially wind and biomass.

Conclusion
The Thai government has adopted the Adder and FiT policy to promote
renewable energy, but these two polices are a cost plus approach—the government
merely provides financial support according to the production cost. This means that
these two policies violate the Law of One Price, which in turn create an economic loss
because they do not provide the correct price signals for power generation.
Furthermore, setting the purchase price under these two policies does not
incorporate the cost of externalities. This generates even more of an economic loss in
power generation. The present study proposes an appropriate purchase price for each
energy source, using data from IRENA, IEA, IPCC, EIA, EGAT, EPPO, ERC, CEIC,
the World Bank, and the Thai Bureau of Trade and Economic Indices from the first
quarter of 1993 through the first quarter of 2019. Before finding an appropriate
purchase price, a demand and supply curves were created by using SUR and
investigating MEC to determine the economic loss under FiT policy. Then, a new
electricity purchase price was proposed, one that follows the principle of marginal full
cost pricing.
It was found that the supply of each energy source does not respond to
purchase price, except in the case of natural gas, where increasing the supply of
natural gas increases the purchase price at a 1 percent significance level. The reason
that the supply of each energy source does not respond to price is that the government
not only sets the electricity purchase price, but it also sets the quantity to be
purchased. Thus, it is no wonder that the electricity purchase price does not affect the
quantity to be purchases. Besides the electricity purchase price, estimations also
indicate the effect of another demand and supply shifter, which is an exogenous
variable that may affect both demand and supply or may affect only demand or only
supply.
An exogenous variable that affects both demand and supply consists of two
variables:
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(1) An exogenous variable which affect both demand and supply including
GDP and CPI. Increasing GDP increases the quantity of electricity produced from
hydropower, wind, and bioenergy. At the same time, increases in the CPI increases
amount of electricity produced by natural gas, solar, and coal/lignite. In contrast, an
increase in the CPI will reduce the quantity of electricity produced from hydropower.
(2) An exogenous variable that affects only demand or only supply can be
divided into two types.
(2.1) An exogenous variable that affects only the demand side is called a
“demand shifter,” which in the present study consists of two variables: temperature
and peak electricity demand. It was found that increases in temperature and electricity
peak demand increase electricity consumption.
(2.2) An exogenous variable that affects only the supply side is called a
“supply shifter.” Here, the supply shifter comprised nine variables. The first seven
variables were the costs of each type of energy. These can serve to identify the
specific energy sources that can be used as substitutes for producing electricity. For
example, natural gas can be used to substitute for coal/lignite and solar power for oil
in electricity generation. But coal/lignite cannot be used to substitute for any other
energy source at all. With regard to electricity generation from renewable energy, it
was found that hydropower can substitute for natural gas, solar, wind, and bioenergy
while solar can substitute for natural gas and hydropower, and wind and bioenergy
can substitute only for hydropower. The last two variables are export volume and
lending rate. When export volume increases, electricity generation from natural gas
will also increase. On the other hand, increases in export volume will decrease the
quantities of electricity produced by coal/lignite, hydropower, and solar. And when
the lending rate increases, electricity produced from natural gas, solar, and wind
decreases, but the that produced from oil and hydropower increases.
Since the SUR estimation found that the supply of each energy does not
respond to price, it is assumed that the supply of each energy source is perfectly
elastic at the current electricity purchase price. From here, the demand and supply of
electricity in Thailand can be created. For renewable energy, the electricity purchase
price is determined by the government under the FiT policy, under which each
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supplier is offered a different purchase price depending on the cost of the technologies
used in its electricity production.
According the FiT policy, the government sets the purchase price according to
production costs and sets subsidies at different rates for each energy source. This
violates the Law of One Price and creates an economic loss, which is an expenditure
loss. This method does not take externality cost into account, which creates a social
loss to society. Moreover, the FiT policy also determines the purchase targets, which
also creates a welfare loss to society. Thus, the FiT policy creates an economic loss
consisting of three parts: (1) expenditure loss, (2) externality loss, and (3) quantity
constraint loss. Total expenditure loss under the FiT policy amounts to THB 46.67
billion per year, and, furthermore, this method does not take externality cost into
account. However, at the current production rate, pollution is low and the MSB is
greater than the MSC. Electricity production should be increased until the MSB is
equal to the MSC. After including externalities, the equilibrium price and quantity can
be adjusted. Results predict that electricity production would be greater in the new
equilibrium than it is now, except for electricity generated by bioenergy, which would
be greater as it is now than in the new equilibrium. This implies that in terms of power
generation, there is a total economic loss from electricity production equal to THB
2,561.72 billion per year that can be avoided.
Therefore, a new electricity purchase price policy model is proposed here, one
that follows the Law of One Price to provide the correct price signals for the economy
to produce electricity at minimal cost and take externality costs into account. Three
different electricity purchase price policy models are proposed: (1) a revenue
generation electricity FiT scheme, (2) a balanced budget FiT scheme, and (3) a deficit
financing FiT scheme, all which, following the Law of One Price, take externalities
into account. These three electricity purchase price policy models can save the
government up to THB 926.41 billion per year. Moreover, they can generate
government revenue of THB 352.98 billion per year.
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Therefore, the government should adjust the electricity purchase price by
(1) Providing the correct price signals for the market to produce electricity at
a minimal cost and to allocate resources effectively. The electricity purchase price
should follow the Law of One Price, under which all energy sources that produce
electricity are bought and sold at the same price.
(2) Setting electricity purchase prices that reflect the full cost pricing of
power generation by taking externalities into account.
(3) In the long term, the government should change the electricity purchase
price policy by stopping intervention and allowing the price and quantity to follow
market mechanisms. This may in turn create competition in electricity generation that
would lead to efficiency and sustainability in power generation.

APPENDIX A
Table A1 Summary of Statistics
Variable
Electricity
Generation:
Total
Electricity
Generation:
Coal/Lignite
Electricity
Generation:
Natural Gas
Electricity
Generation:
Oil
Electricity
Generation:
Hydropower
Electricity
Generation:
Solar
Electricity
Generation:
Wind
Electricity
Generation:
Bioenergy
Purchase
Price
Electricity
Peak
Demand
Gross
Domestic
Product
Temperature
Purchase
Price with
Adder/FiT:
Hydropower

Obs.

Mean

Std. Dev.

Min

Max

105

38,360.02

19,654.15

13,711.08

79,790.97

105

6,328.54

2,101.78

2,573.86

9,941.71

105

21,560.24

8,294.64

6,938.42

34,141.21

105

1,739.35

1,967.40

8.43

5,953.72

105

1,516.26

494.96

683.25

3,463.73

105

850.27

1,654.32

0

6,357.25

105

153.93

300.33

0

1,139.13

105

7,727.70

10,622.16

0

33,810.48

105

2.37

1.44

-0.02

3.96

105

56,964.27

16,532.01

27,334.20

85,493.50

105 2,179,258.00 1,014,405.00 782,212.00 4,227,592.00
105

27.22

1.26

24.85

30.14

105

3.31

2.41

-0.02

7.93
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Variable
Purchase
Price with
Adder/FiT:
Solar
Purchase
Price with
Adder/FiT:
Wind
Purchase
Price with
Adder/FiT:
Bioenergy
Adder/FiT:
Hydropower
Adder/FiT:
Solar
Adder/FiT:
Wind
Adder/FiT:
Bioenergy
Export
volume
Lending rate
Levelized
cost of
hydropower
power
Levelized
cost of wind
Cost of
coal/lignite
Cost of
natural gas
Cost of oil
Cost of
bioenergy
Cost of
solar
Consumer
price index

Obs.

Mean

Std. Dev.

Min

Max

105

4.53

4.20

-0.02

14.48

105

4.20

3.33

-0.02

10.2790

105

3.16

2.24

-0.02

7.18

105

2.21

2.38

0

4.90

105

3.42

3.91

0

11.24

105

3.10

3.33

0

6.89

105

2.06

2.23

0

4.68

105

658.78

334.52

22.37

1,315.57

97

2.43

1.16

1.38

5.08

105

7.34

8.30

1.26

31.07

105

3.24

1.14

1.53

6.23

105

1.70

0.46

1.19

2.45

105

4.42

2.01

1.91

10.89

105

6.03

3.53

1.78

15.21

105

44.85

22.03

12.49

76.68

105

99.93

71.20

-2.28

249.30

105

80.60

16.00

50.23

102.28

Levelized cost
of hydropower
power

Cost of oil

Cost of
coal/lignite

Cost of natural
gas

Consumer
price index

Electricity
Peak Demand

Temperature

Gross
Domestic
Product

Purchase Price

Variable

Electricity
Generation:
Total Supply

Electricity
Generation:

321.78
-27517.40
-91.00
(353.42)
15630.78
(7204.60)**
131.57
(277.57)
3053.82
(506.19)***

(498.21)***

(0.00)

2572.51
(990.24)***
0.01

Electricity
Generation:
Total Supply

3

435.53
(239.42)*
-583.24
(316.85)*
13499.16
(4875.03)***
75.82
(242.82)
2932.28

(0.00)

(0.00)***

1309.53
(325.09)***
0.24
(0.15)
-272.35
(114.45)**

3458.43
(950.75)***
0.01

-1764.70
(640.67)***
0.02

Total Demand

2

1

Table A2 Demand and Supply Estimate by OLS

(226.18)

236.74
(108.69)**
-202.55
(143.84)
6762.59
(2213.17)**
-84.86
(110.24)
-7.98

(0.00)

1829.28
(431.62)***
0.00

Electricity
Generation:
Natural Gas

4

(116.10)

142.45
(55.79)***
17.76
(73.84)
1085.82
-1136.03
-7.88
(56.59)
35.90

(0.00)

73.27
-221.55
0.00

Electricity
Generation:
Coal/Lignite

5

(107.97)

-64.61
(51.89)
-223.57
(68.66)***
1990.37
(1056.48)*
69.44
(52.62)
54.80

(0.01)

-373.86
(206.04)*
0.00

Oil

Electricity
Generation:

6

(271.42)

314.59
(130.43)**
-408.35
(172.61)**
9838.77
(2655.84)***
-23.30
(132.29)
82.71

(0.00)

1528.68
(517.95)***
0.00

Electricity
Generation:
Fossil

7

(70.50)***

-82.92
(33.62)**
96.70
(46.16)**
-1607.71
(716.85)**
-16.24
(34.88)
-331.16

(0.00)***

-189.01
-140.40
0.00

Electricity
Generation:
Hydropower

8
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Adder/FiT:
Bioenergy

Adder/FiT: Wind

Adder/FiT: Solar

Adder/FiT:
Hydropower

Lending rate

Export volume

Cost of bioenergy

Levelized cost of
wind

Cost of solar

Variable

Electricity
Generation:
Total Supply
97.04
(50.58)*
-31644.12

(6615.30)***
-377.82
(80.18)***
-0.42
(1.94)
-2137.45
(690.99)***
-4678.81
(4216.87)
3893.77
(2203.11)*
-13729.28
(7569.40)*
18628.42
(7701.90)**

Electricity
Generation:
Total Supply

127.10
(33.55)***
-31066.47

(6178.14)***
-436.70
(76.96)***
-0.75
(1.98)
-2301.37
(681.95)***

Electricity
Generation:
Total
Demand

3

2

1

(2804.75)
-80.30
(34.94)**
1.49
(0.90)*
-1594.52
(309.60)***

49.80
(15.23)***
-3879.11

Electricity
Generation:
Natural Gas

4

(1439.70)
2.77
(17.93)
-0.80
(0.4612)*
180.67
(158.92)

9.29
-7.82
-379.62

Electricity
Generation:
Coal/Lignite

5

(1338.87)*
-15.91
(16.68)
-0.53
(0.43)
540.48
(0.43)***

29.20
(7.27)***
-2565.62

Oil

Electricity
Generation:

6

(3365.75)**
-93.44
(41.93)**
0.17
(1.08)
-873.37
(371.52)**

88.29
(18.28)***
-6824.35

Electricity
Generation:
Fossil

7

(876.41)***
29.23
(11.28)***
-0.89
(0.28)***
518.42
(96.46)***
25.44
(65.39)

-18.31
(4.81)***
3162.28

Electricity
Generation:
Hydropower

8

90

-31197.67
(9156.85)***
0.9693
105

Total Demand

54711.50
(24405.03)**
0.98
97

Electricity
Generation:
Total Supply

Electricity
Generation:

Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.

Adj R-squared
Observation

Constant

Purchase Price with
Adder/FiT: Bioenergy

Purchase Price with
Adder/FiT: Wind

Purchase Price with
Adder/FiT: Solar

Purchase Price with
Adder/FiT: Hydropower

Variable

2

1

62488.26
(27517.40)**
0.98
97

Electricity
Generation:
Total Supply

3

5549.16
(11079.41)
0.98
97

Electricity
Generation:
Natural Gas

4

-7217.73
(5687.13)
0.91
97

Electricity
Generation:
Coal/Lignite

5

10813.55
(5288.85)**
0.91
97

Oil

Electricity
Generation:

6

9145.00
(13295.48)
0.97
97

Electricity
Generation:
Fossil

7

-1578.05
(3513.77)
0.39
97

Electricity
Generation:
Hydropower

8
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Levelized cost
of wind
Cost of
bioenergy

Cost of solar

Levelized cost
of hydropower
power

Cost of oil

Gross
Domestic
Product
Temperature
Electricity
Peak Demand
Consumer
price index
Cost of natural
gas
Cost of
coal/lignite

Purchase Price

Variable

10
Electricity
Generation:
Solar
88.75
(29.40)***
0.00
(0.00)

16.52
(7.047)**
39.82
(9.69)***
-218.28
(142.93)
-9.89
(7.11)
690.76
(14.62)***
7.94
(0.98)***
-6125.67
(180.96)***
-18.69
(2.33)***

0.00
(0.00)***

-83.61
(33.9)**
75.87
-48.57
-1385.05
(681.8)**
-31.70
(33.17)
-315.48

(69.85)***

-17.86
(4.71)***
3057.93
(871.81)***
21.64
(10.01)**

9
Electricity
Generation:
Hydropower

7.61
(1.03)***
-6070.18
(188.41)***
-15.35
(2.13)***

(15.09)***

16.79
(7.39)
46.78
(9.99)***
-273.72
(147.65)*
-4.27
(7.18)
683.55

(0.00)

0.00

11
Electricity
Generation:
Solar

0.16
(0.76)
-642.92
(139.93)***
-5.26
(1.81)***

(11.30)***

6.84
(5.40)
7.34
(7.41)
-235.27
(113.45)**
-9.64
(5.55)*
87.36

(0.00)***

12
Electricity
Generation:
Wind
20.69
(22.59)
0.00

0.04
(0.75)
-634.30
(138.31)***
-4.70
(1.58)***

(11.08)***

6.54
(5.39)
7.08
(7.45)
-254.04
(108.89)**
-7.87
(5.29)
86.15

(0.00)***

0.00

13
Electricity
Generation:
Wind

24.83
(25.63)
-16818.75
(4648.15)***
-301.61
(59.97)***

(374.74)***

99.35
(178.41)
-173.10
(241.20)
5624.50
(3918.87)
70.03
(187.04)
2019.55

(0.00)***

14
Electricity
Generation:
Bioenergy
1607.88
(739.54)**
0.01

23.85
(25.53)
-16009.46
(4722.88)***
-232.83
(54.70)***

(378.94)***

111.89
(183.83)
57.01
(263.49)
3039.73
(3700.09)
221.23
(179.78)
1882.17

(0.00)***

0.01

15
Electricity
Generation:
Bioenergy

92

(47.11)

26.13

2.72
(4.18)

10
Electricity
Generation:
Solar
-0.06
(0.58)
-160.64
(19.97)***

(3.79)

0.64

11
Electricity
Generation:
Solar
-0.09
(0.06)
-171.71
(20.56)***

Constant

-1623.74
14786.98
14733.26
-3491.00
(726.46)***
(757.41)***
Adj R-squared
0.38
1.00
1.00
Observation
97
97
97
Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.

Adder/FiT:
Hydropower
Adder/FiT:
Solar
Adder/FiT:
Wind
Adder/FiT:
Bioenergy
Purchase Price
with Adder/FiT:
Hydropower
Purchase Price
with Adder/FiT:
Solar
Purchase Price
with Adder/FiT:
Wind
Purchase Price
with Adder/FiT:
Bioenergy

Lending rate

Export volume

Variable

9
Electricity
Generation:
Hydropower
-0.81
(0.28)***
548.93
(94.66)***

1225.19
(559.94)**
0.96
97

1.00
(6.03)

12
Electricity
Generation:
Wind
-0.05
(0.04)
-26.58
(15.47)*

1271.51
(554.08)**
0.96
97

(4.88)

3.52

13
Electricity
Generation:
Wind
-0.06
(0.04)
-30.17
(15.09)**

25672.59
(18588.22)
0.96
97

-430.81
(415.84)

14
Electricity
Generation:
Bioenergy
-0.86
(1.48)
-1163.25
(513.80)**

26458.77
(18870.51)
0.96
97

(297.57)

-408.31

15
Electricity
Generation:
Bioenergy
-1.55
(1.49)
-1457.66
(512.94)***

93

94

Table A3 Demand and Supply Estimates by SUR

Variable

Purchase Price
Gross Domestic
Product
Temperature
Electricity Peak
Demand
Consumer price
index
Cost of natural gas
Cost of coal/lignite
Cost of oil
Levelized cost of
hydropower power
Cost of solar
Levelized cost of
wind
Cost of bioenergy
Export volume
Lending rate
Adder/FiT:
Hydropower
Adder/FiT: Solar

Total Demand and Total Supply
without government subsidies
Electricity
Electricity
Generation:
Generation:
Total Demand
Total Supply
-2112.08
1759.58
(662.29)***
(820.59)**
0.02
0.01
(0.00)***
(0.00)***
901.82
(302.36)***
0.06
(0.14)
-124.71
314.34
(110.68)
(203.57)
-346.04
(266.24)
10790.96
(4095.48)***
-10.13
(202.90)
2206.64
(425.30)***
92.44
(28.28)***
-23383.72
(5207.59)***
-290.91
(64.21)***
-0.86
(1.65)
-1511.54
(568.15)***

Total Demand and Total Supply
with government subsidies
Electricity
Electricity
Generation:
Generation:
Total Demand
Total Supply
-2189.73
1313.29
(664.66)***
-842.80
0.02
0.01
(0.00)***
(0.00)***
909.56
(306.94)***
0.09
(0.14)
-139.49
272.78
(111.07)
(232.10)
-15.28
(294.05)
11759.82
(5982.31)**
66.28
(230.41)
2401.27
(427.72)***
84.81
(42.23)**
-25220.51
(5540.19)***
-270.87
(66.55)***
-0.67
(1.62)
-1535.50
(573.29)***
-3077.41
(3499.51)
2552.58
(1830.32)
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Variable

Adder/FiT: Wind
Adder/FiT:
Bioenergy
Purchase Price with
Adder/FiT:
Hydropower
Purchase Price with
Adder/FiT: Solar

Total Demand and Total Supply
without government subsidies
Electricity
Electricity
Generation:
Generation:
Total Demand
Total Supply

Total Demand and Total Supply
with government subsidies
Electricity
Electricity
Generation:
Generation:
Total Demand
Total Supply
-9447.02
(6287.49)
13076.32
(6403.08)**

Purchase Price with
Adder/FiT: Wind
Purchase Price with
Adder/FiT:
Bioenergy
-23824.05
39707.70
-24153.33
(8696.71)***
(20446.39)**
(8788.52)***
R-squared
0.97
0.98
0.97
Observation
97
97
97
Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.
Constant

47308.96
(22910.30)**
0.98
97

Export volume

Levelized cost
of wind
Cost of
bioenergy

Cost of solar

Levelized cost
of hydropower
power

Cost of oil

Electricity
Peak Demand
Consumer
price index
Cost of natural
gas
Cost of
coal/lignite

Temperature

Gross
Domestic
Product

Purchase Price

Variable

1164.39
(284.89)***
0.25
(0.13)*
-213.78
(109.44)**

(0.00)***

Electricity
Generation:
Total demand
-2506.42
(654.40)***
0.02

140.06
(51.89)***
22.30
(68.66)
1055.64
(1056.38)
-10.23
(52.66)
22.71
(107.97)
8.76
(7.27)
-252.40
(1338.77)
5.67
(16.68)
-0.8064
(0.4288)*

(208.71)

46.11
(14.04)***
-2995.43
(2585.62)
-60.14
(32.19)**
1.43
(0.83)*

(0.00)

220.13
(100.28)**
-171.06
(132.57)
6552.95
(2039.74)***
-101.24
(101.56)
-99.60

(0.00)

31.37
(6.67)***
-3084.76
(1228.22)**
-27.75
(15.28)*
-0.4927
(0.3931)

(99.19)

-54.85
(47.66)
-242.07
(62.97)***
2113.53
(968.79)**
79.06
(48.23)*
108.62

(0.00)

-17.93
(4.39)***
2989.56
(801.69)***
25.50
(10.26)***
-0.8702
(0.2542)***

(64.58)***

-76.54
(30.82)***
96.45
(42.06)**
-1379.90
(652.38)**
-16.90
(31.83)
-310.02

(0.00)***

7.73
(0.90)***
-6070.00
(165.91)***
-17.36
(2.12)***
-0.0647
(0.0530)

(13.41)***

15.72
(6.46)**
42.31
(8.80)***
-228.0945
(130.9954)*
-10.99
(6.52)*
685.00

(0.0001)

0.2788
(0.70)
-673.36
(128.52)***
-5.86
(1.66)***
-0.04567
(0.0410)

(10.38)***

7.70
(4.97)
6.99
(6.79)
-212.36
(104.07)**
-9.3935
(5.09)*
90.62

(0.00)***

Total demand and the supply of each energy at the same purchase with government subsidies
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation:
Generation:
Generation:
Natural Gas
Coal/Lignite
Oil
Hydropower
Solar
Wind
1591.8030
39.08
-234.35
-149.0316
72.5264
27.1792
(398.76)***
(206.06)
(189.64)
(127.97)
(26.69)***
(20.73)
0.00
0.00
0.00
0.00
0.00
0.00

1.34
(20.17)
-111258.88
(3666.67)***
-174.53
(46.53)***
-1.2522
(1.1514)

(301.41)***

-3.83
(143.17)
27.55
(189.24)
4458.78
(3070.89)
-36.38
(145.64)
1444.56

(0.00)***

Electricity
Generation:
Bioenergy
110.0244
(604.8296)
0.01
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Electricity
Generation:
Total demand

Constant

-31034.79
3849.12
-7462.47
(8351.05)***
(10209.59)
(5288.28)
R-squared
0.97
0.98
0.92
Observation
97
97
97
Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.

Adder/FiT:
Hydropower
Adder/FiT:
Solar
Adder/FiT:
Wind
Adder/FiT:
Bioenergy
Purchase Price
with
Adder/FiT:
Hydropower
Purchase Price
with
Adder/FiT:
Solar
Purchase Price
with
Adder/FiT:
Wind
Purchase Price
with
Adder/FiT:
Bioenergy

Lending rate

Variable

11812.29
(4848.72)
0.92
97

-1655.67
(3206.17)
0.46
97

14655.67
(663.48)
1.00
97

1244.94
(513.83)
0.96
97

Total demand and the supply of each energy at the same purchase with government subsidies
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation: Generation: Generation:
Natural Gas
Coal/Lignite
Oil
Hydropower
Solar
Wind
-1482.25
196.83
474.52
493.2897
-153.62
-30.43
(285.16)***
(147.77)
(135.40)***
(88.20)***
(18.30)***
(14.20)**
-24.05
(55.38)
1.83
(3.38)
-2.00
(5.41)

14729.35
(14533.92)
0.96
97

-470.08
(315.94)

Electricity
Generation:
Bioenergy
-457.40
(398.68)
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Export volume

Cost of bioenergy

Levelized cost of
wind

Cost of solar

Levelized cost of
hydropower power

Cost of oil

Cost of coal/lignite

Cost of natural gas

Electricity Peak
Demand
Consumer price
index

Temperature

Gross Domestic
Product

Purchase Price

Variable

Total demand and the supply of each energy at the same purchase with government subsidies
(combined supply of natural gas, coal/lignite, and oil into supply of fossil)
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation:
Generation:
Generation:
Total Demand
Fossil
Hydropower
Solar
Wind
Bioenergy
-2535.51
1395.43
-131.88
77.28
29.76
204.09
(654.79)***
(481.25)***
(128.81)
(26.96)***
(20.74)
(605.24)
0.02
0.00
0.00
0.00
0.00
0.01
(0.00)***
(0.00)
(0.00)***
(0.00)
(5.44)
(0.00)***
1107.35
(285.72)***
0.26
(0.13)**
-215.56
305.03
-76.99
15.25
7.61
-8.46
(109.51)**
(121.16)***
(30.83)***
(6.47)**
(4.97)
(14539.38)
-391.22
91.96
40.83
6.32
-1.54
(160.30)**
(42.26)**
(8.87)***
(6.79)
(189.32)
9716.81
-1458.08
-235.04
-221.83
3662.69
(2466.39)***
(656.35)**
(131.09)*
(104.10)**
(3074.89)
-32.17
-14.20
-10.68
-9.10
-9.95
(122.84)
(31.93)
(6.52)*
(5.09)*
(145.73)
30.29
-305.69
685.57
91.16
1454.22
(252.12)
(64.65)***
(13.42)***
(10.38)***
(301.52)***
86.24
-17.55
7.71
0.30
4.14
(16.98)***
(4.41)
(0.90)
(0.70)
(20.18)
-6321.57
2933.79
-6075.81
-679.07
-11457.73
(3125.83)**
(802.88)***
(166.00)***
(128.53)***
(3667.66)***
-82.23
24.26
-17.66
-6.04
-183.39
(38.93)**
(10.32)**
(2.13)***
(1.66)***
(46.56)***
0.1305
-0.87
-0.06
-0.05
-1.22
(1.00)
(0.25)***
(0.05)
(0.04)
(1.15)
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Electricity
Generation:
Total Demand

Electricity
Generation:
Fossil
-810.95
(344.97)**

Electricity
Generation:
Hydropower
488.59
(88.30)***
0.56
(59.49)

Constant

-29671.04
8190.11
-1351.42
(8367.23)***
(12346.63)
(3217.02)
R-squared
0.97
0.97
0.46
Observation
97
97
97
Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.

Adder/FiT:
Bioenergy
Purchase Price
with Adder/FiT:
Hydropower
Purchase Price
with Adder/FiT:
Solar
Purchase Price
with Adder/FiT:
Wind
Purchase Price
with Adder/FiT:
Bioenergy

Adder/FiT: Wind

Adder/FiT: Solar

Adder/FiT:
Hydropower

Lending rate

Variable

14725.51
(665.72)***
1.00
97

3.9318
(3.7490)

Electricity
Generation:
Solar
-154.39
(18.31)***

1282.25
(513.92)***
0.96
97

0.11
(5.44)

Electricity
Generation:
Wind
-31.06
(14.20)**

16560.35
(14539.38)
0.96
97

-261.73
(318.78)

Electricity
Generation:
Bioenergy
-496.07
(398.76)

Total demand and the supply of each energy at the same purchase with government subsidies
(combined supply of natural gas, coal/lignite, and oil into supply of fossil)
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Levelized cost
of wind
Cost of
bioenergy

Cost of solar

Levelized cost
of hydropower
power

Cost of oil

Electricity Peak
Demand
Consumer price
index
Cost of natural
gas
Cost of
coal/lignite

Temperature

Gross Domestic
Product

Purchase Price

Variable

(63.79)***
-16.66
(4.29)***
2722.29
(794.82)***
17.53
(9.13)*

(251.85)
85.85
(16.97)***
-6245.66
(3124.60)**
-78.67
(38.60)**

7.20
(0.93)***
-5980.23
(170.02)***
-14.27
(1.92)***

(13.66)***

0.12
(0.70)
-651.25
(128.40)***
-4.85
(1.46)***

(10.29)***

3.74
(18.85)
-10284.85
(3472.15)***
-161.51
(40.17)***

(285.67)***

Total demand and the supply of each energy without government subsidies
(combined supply of natural gas, coal/lignite, and oil into supply of fossil)
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation:
Generation:
Generation:
Total Demand
Fossil
Hydropower
Solar
Wind
Bioenergy
-2757.84
1290.48
(590.55)***
(459.02)***
0.0209
0.00
0.00
0.00
0.00
0.01
(0.00)***
(0.00)
(0.01)***
(0.00)
(0.00)***
(0.00)***
9977.53
(263.86)***
0.29
(0.12)**
-205.05
304.71
-74.87
14.0849
7.12
-25.40
(105.48)**
(121.15)***
(3180.13)
(6.68)**
(5.01)
(138.94)
-385.33
77.58
46.02
7.73
65.00
(160.02)**
(44.23)*
(9.01)***
(6.91)
(192.58)
9633.90
-1354.60
-283.33
-248.68
2543.09
(2463.99)***
(621.46)**
(133.19)**
(101.08)***
(2711.40)
-24.75
-18.10
-7.63
-7.33
-11.47
(122.43)
(30.22)
(6.47)
(4.91)
(130.71)
19.89
-281.56
674.56
87.84
1311.02
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(42.66)

9.96

Constant

-27920.60
8175.28
-986.22
(7970.89)***
(12346.52)
(3180.13)
R-squared
0.97
0.97
0.45
Observation
97
97
97
Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.

Purchase Price with
Adder/FiT:
Bioenergy

Purchase Price with
Adder/FiT: Wind

Adder/FiT:
Hydropower
Adder/FiT: Solar
Adder/FiT: Wind
Adder/FiT:
Bioenergy
Purchase Price with
Adder/FiT:
Hydropower
Purchase Price with
Adder/FiT: Solar

Lending rate

Export volume

Variable

14604.97
(682.40)***
1.00
97

3.32
(3.35)

1286.52
(514.21)***
0.96
97

(4.46)

1.77

14641.42
(137.41)
0.96
97

(213.30)

-191.37

Total demand and the supply of each energy without government subsidies
(combined supply of natural gas, coal/lignite, and oil into supply of fossil)
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation: Generation:
Generation:
Generation:
Generation:
Total Demand
Fossil
Hydropower
Solar
Wind
Bioenergy
0.09
-0.83
-0.09
-0.06
-1.27
(1.00)
(0.25)***
(0.54)*
(0.04)
(1.08)
-825.10
484.49
-155.55
-33.23
-374.06
(344.40)**
(86.19)***
(18.51)***
(14.00)**
(370.27)
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Table A4 Demand and Supply Estimates by 3SLS

Variable

Purchase Price
Gross Domestic
Product
Temperature
Electricity Peak
Demand
Consumer price
index
Cost of natural gas
Cost of coal/lignite
Cost of oil
Levelized cost of
hydropower power
Cost of solar
Levelized cost of
wind
Cost of bioenergy
Export volume
Lending rate
Adder/FiT:
Hydropower
Adder/FiT: Solar

Total Demand and Total Supply
without government subsidies
Electricity
Electricity
Generation:
Generation:
Total Demand
Total Supply
-4675.13
24695.59
(858.66)***
(7715.48)***
0.02
-0.01
(0.00)***
(0.01)
1010.00
(334.80)***
0.49
(0.16)***
-126.40
592.05
(120.33)
(506.99)
-2056.25
(846.15)**
28007.53
(11855.81)**
-949.71
(736.98)
5448.03
(1209.21)***
229.22
(78.27)***
-50847.16
(13805.58)***
-1298.60
(317.68)***
7.00
(4.97)
-1156.96
(1773.93)

Total Demand and Total Supply
with government subsidies
Electricity
Electricity
Generation:
Generation:
Total Demand
Total Supply
-4229.42
31226.10
(824.48)***
(15968.66)**
0.02
-0.01
(0.00)***
(0.13)
1061.02
(329.68)***
0.44
(0.16)***
-147.18
211.01
(117.83)
(803.06)
-3006.57
(2051.43)
39798.12
(23408.27)*
-1259.80
(1293.76)
6326.23
(1872.11)***
181.93
(159.80)
-58080.17
(21517.39)***
-1581.11
(656.47)**
9.06
(7.46)
-920.14
(2633.31)
-83.51
(13316.35)
4117.76
(6625.89)
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Variable

Adder/FiT: Wind
Adder/FiT: Bioenergy

Total Demand and Total Supply
without government subsidies
Electricity
Electricity
Generation:
Generation:
Total Demand
Total Supply

Total Demand and Total Supply
with government subsidies
Electricity
Electricity
Generation:
Generation:
Total Demand
Total Supply
-9083.59
(23574.27)
6240.84
(27071.48)

Purchase Price with
Adder/FiT:
Hydropower
Purchase Price with
Adder/FiT: Solar
Purchase Price with
Adder/FiT: Wind
Purchase Price with
Adder/FiT: Bioenergy
Purchase Price with
Adder/FiT:
Hydropower
-37262.23
73423.76
-36439.89
(9381.80)***
(51241.02)
(9246.01)***
R-squared
0.97
0.88
0.97
Observation
97
97
97
Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.
Constant

115605.00
(80382.32)
0.82
97

Levelized
cost of
hydropower
power
Cost of
solar
Levelized
cost of wind
Cost of
bioenergy

Cost of oil

Electricity
Peak
Demand
Consumer
price index
Cost of
natural gas
Cost of
coal/lignite

Temperature

Purchase
Price
Gross
Domestic
Product

Variable

-192.85
(115.97)*

(0.14)***

1170.55
(277.10)***
0.57

(0.00)***

Electricity
Generation:
Total Demand
-4555.43
(795.95)***
0.02

149.47
(53.66)***
-35.29
(78.46)
1548.82
(1153.75)
-39.65
(64.51)
129.95
(117.99)

12.79
(7.79)*
-1096.91
(1412.19)
-28.92
(24.81)

(313.80)**

73.77
(20.72)***
-8622.19
(3745.45)**
-296.73
(66.04)***

(0.00)

280.69
(142.63)**
-569.57
(208.48)***
10069.39
(3064.39)***
-323.70
(171.07)*
615.37

(0.00)**

37.14
(7.69)***
-4350.79
(1386.28)***
-88.41
(24.52)***

(116.43)***

-44.85
(52.89)
-340.76
(77.29)***
2917.74
(1135.63)***
16.72
(63.30)
287.57

(0.01)*

-13.94
(5.86)**
2137.13
(997.17)**
-7.57
(23.69)

(86.81)**

-72.10
(34.92)**
35.63
(65.94)
-1369.71
(749.76)*
-24.78
(43.91)
-202.79

(0.00)***

8.19
(1.10)***
-6178.41
(204.96)***
-20.38
(4.88)***

(18.01)***

17.86
(7.51)**
38.50
(14.08)***
-194.56
(164.02)
-10.23
(9.92)
697.80

(0.00)

-0.44
(0.92)
-523.83
(163.83)***
0.00
(3.84)

(14.31)***

6.20
(5.93)
17.43
(10.81)
-275.24
(127.25)**
-5.56
(7.55)
72.38

(0.00)***

Total demand and supply of each energy at the same purchase with government subsidies
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation:
Generation:
Generation:
Natural Gas
Coal/Lignite
Oil
Hydropower
Solar
Wind
7083.47
830.40
1283.24
587.00
124.20
-100.74
(1426.48)***
(534.48)
(530.85)**
(536.54)
(113.27)
(87.11)
-0.01
-0.00
-0.00
0.00
-0.00
0.00

41.91
(33.95)
-18628.33
(5920.06)***
-426.22
(123.82)***

(506.02)***

91.61
(216.22)
-431.75
(353.35)
7250.13
(4708.87)
-172.41
(263.30)
2242.83

(0.00)*

Electricity
Generation:
Bioenergy
5057.30
(2723.08)*
0.01
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Electricity
Generation:
Total Demand

Constant

-40010.16
9794.18
-6501.42
(8278.09)
(14435.08)
(5462.18)
R-squared
0.97
0.95
0.91
Observation
97
97
97
Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.

Adder/FiT:
Bioenergy
Purchase Price
with Adder/FiT:
Hydropower
Purchase Price
with Adder/FiT:
Solar
Purchase Price
with Adder/FiT:
Wind
Purchase Price
with Adder/FiT:
Bioenergy

Adder/FiT: Wind

Adder/FiT: Solar

Adder/FiT:
Hydropower

Lending rate

Export volume

Variable

13047.30
(5325.84)***
0.85
97

330.77
(3684.47)
0.22
97

14811.92
(778.69)***
1.00
97

Total demand and supply of each energy at the same purchase with government subsidies
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation:
Generation: Generation:
Natural Gas Coal/Lignite
Oil
Hydropower
Solar
Wind
3.49
-0.51
0.10
-0.60
-0.05
-0.09
(1.27)***
(0.48)
(0.47)
(0.34)*
(0.08)
(0.06)
-1348.40
206.25
533.54
467.09
-164.77
-29.56
(442.79)***
(167.65)
(163.28)***
(112.05)***
(24.60)***
(19.17)
63.69
(94.45)
0.30
(5.89)
-5.61
(8.63)

-119.39
(515.94)

Electricity
Generation:
Bioenergy
0.43
(2.03)
-585.98
(684.46)
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Export volume

Cost of bioenergy

Levelized cost of
wind

Cost of solar

Levelized cost of
hydropower
power

Cost of oil

Electricity Peak
Demand
Consumer price
index
Cost of natural
gas
Cost of
coal/lignite

Temperature

Gross Domestic
Product

Purchase Price

Variable

Electricity
Generation:
Total Demand
-2967.20
(606.92)***
0.02
(0.00)***
1009.04
(263.04)***
0.30
(0.12)***
-194.15
(105.71)*
139.01
(51.91)***
32.41
(68.77)
942.62
(1057.44)
-1.50
(52.74)
6.46
(108.08)**
8.05
(7.28)
-124.03
(1339.63)
11.48
(16.77)
-0.86
(0.43)**

218.46
(100.23)**
-152.22
(132.30)
6311.84
(2036.45)***
-81.50
(101.17)
-135.90
(208.33)
44.81
(14.03)***
-2723.83
(2582.79)
-48.50
(31.91)
1.32
(0.83)

32.54
(6.66)***
-3315.37
(1225.19)***
-37.75
(15.35)***
-0.40
(0.39)

(99.00)

-53.18
(47.55)
-258.76
(62.90)***
2314.23
(966.85)**
63.19
(48.21)
138.63

-16.69
(4.29)***
2746.34
(793.59)***
18.47
(9.09)**
-0.83
(0.25)***

(63.69)***

-73.98
(30.97)**
85.53
(43.66)**
-1351.61
(620.62)**
-18.69
(30.15)
-283.36

7.27
(0.93)***
-5978.50
(169.82)***
-14.17
(1.92)***
-0.09
(0.05)*

(13.64)***

14.56
(6.67)**
47.20
(8.93)***
-278.42
(133.02)**
-8.12
(6.46)
674.28

0.12
(0.70)
-647.96
(128.44)***
-4.76
(1.47)***
-0.06
(0.04)

(10.29)***

7.16
(5.01)
8.34
(6.91)
-246.65
(101.10)**
-7.53
(4.91)
87.52

Total demand and supply of each energy without government subsidies
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation:
Generation:
Generation:
Natural Gas
Coal/Lignite
Oil
Hydropower
Solar
Wind
1268.57
-109.3575
32.24
(379.20)***
(211.27)
(194.46)
0.00
0.00
0.00
0.00
0.00
0.00
(0.00)
(0.00)
(0.00)
(0.01)***
(0.00)
(0.00)***

4.93
(18.80)
-10311.51
(3460.54)***
-159.08
(40.06)***
-1.29
(1.08)

(284.75)***

-14.46
(138.58)
96.64
(191.68)
2771.98
(2702.87)
-25.54
(130.30)
1306.65

0.01
(0.00)***

Electricity
Generation:
Bioenergy
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Electricity
Generation:
Total Demand

Constant

-29231.10
3678.97
-1159.07
(7953.60)***
(10202.99)
(3171.40)
R-squared
0.97
0.98
0.92
Observation
97
97
97
Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.

Adder/FiT:
Hydropower
Adder/FiT:
Solar
Adder/FiT:
Wind
Adder/FiT:
Bioenergy
Purchase Price
with Adder/FiT:
Hydropower
Purchase Price
with Adder/FiT:
Solar
Purchase Price
with Adder/FiT:
Wind
Purchase Price
with Adder/FiT:
Bioenergy

Lending rate

Variable

11960.77
(4835.73)***
0.92
97

-1159.07
(3171.40)
0.4425
97

(39.82)

-7.27

14548.14
(680.17)***
1.00
97

(3.07)

1.77

1265.94
(514.35)***
0.96
97

(4.45)

0.73

Total demand and supply of each energy without government subsidies
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation:
Generation:
Generation:
Natural Gas Coal/Lignite
Oil
Hydropower
Solar
Wind
-1514.24
183.61
499.06
484.65
-154.31
-32.66
(284.53)***
(1147.98)
(135.20)***
(86.05)***
(18.48)***
(14.01)**

13614.71
(13694.35)
0.96
97

(210.41)

-291.34

Electricity
Generation:
Bioenergy
-351.40
(369.06)
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Export volume

Levelized cost
of wind
Cost of
bioenergy

Cost of solar

Levelized cost
of hydropower
power

Cost of oil

Electricity Peak
Demand
Consumer price
index
Cost of natural
gas
Cost of
coal/lignite

Temperature

Gross Domestic
Product

Purchase Price

Variable

(88.10)***
-15.67
(5.97)
2306.66
(1008.40)
1.40
(24.51)
-0.66
(0.34)**

(406.99)***
121.10
(26.68)***
-14073.07
(4810.33)***
-406.06
(85.06)***
3.08
(1.62)*

8.08
(1.11)***
-6158.90
(206.69)***
-19.17
(5.11)***
-0.06
(0.07)

(18.32)***

0.04
(0.92)
-593.85
(164.35)***
-3.81
(3.90)
-0.06
(0.06)

(14.39)***

32.90
(33.98)
-17432.93
(5923.30)***
-373.76
(124.14)***
-0.01
(2.03)

(506.47)***

Total demand and supply of each energy at the same purchase with government subsidies
(combined supply of natural gas, coal/lignite, and oil into supply of fossil)
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation:
Generation:
Generation:
Total Demand
Fossil
Hydropower
Solar
Wind
Bioenergy
-4851.46
9076.08
388.22
95.22
-11.05
3846.58
(799.53)***
(1841.60)***
(556.47)
(119.42)
(88.55)
(2730.77)
0.02
-0.01
0.00
-6.69e-06
0.00
0.01
(0.00)***
(0.00)**
(0.01)***
(0.00)
(0.00)***
(0.00)*
1004.89
(282.46)***
0.66
(0.14)***
-217.68
394.23
-69.6
18.33
5.61
90.16
(116.22)*
(183.43)**
(34.93)**
(7.53)**
(5.93)
(216.22)
-913.71
59.59
41.78
8.09
-321.61
(268.16)***
(67.67)
(14.63)***
(10.93)
(353.87)
14347.45
-1379.06
-208.82
-271.96
7861.58
(3940.49)***
(750.03)*
(164.77)
(127.27)**
(4710.19)*
-338.44
-17.58
-8.74
-9.15
-144.33
(219.65)
(44.23)
(10.10)
(7.58)
(263.34)
1057.26
-215.93
695.69
80.22
2109.61
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Constant

-36674.77
16116.99
-189.08
(8374.06)***
(18477.27)
(3705.98)
R-squared
0.97
0.90
0.30
Observation
97
97
97
Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.

Adder/FiT:
Hydropower
Adder/FiT:
Solar
Adder/FiT:
Wind
Adder/FiT:
Bioenergy
Purchase Price
with Adder/FiT:
Hydropower
Purchase Price
with Adder/FiT:
Solar
Purchase Price
with Adder/FiT:
Wind
Purchase Price
with Adder/FiT:
Bioenergy

Lending rate

Variable

14750.17
(782.89)***
1.00
97

1208.57
(618.91)**
0.96
97

22819.60
(22502.54)
0.96
97

Total demand and supply of each energy at the same purchase with government subsidies
(combined supply of natural gas, coal/lignite, and oil into supply of fossil)
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation:
Generation: Generation:
Total Demand
Fossil
Hydropower
Solar
Wind
Bioenergy
-627.09
450.65
-167.60
-22.32
-659.34
(566.55)
(112.62)***
(24.85)***
(19.21)
(684.58)
21.86
(100.02)
-1.59
(6.45)
6.22
(8.88)
-504.57
(520.09)
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Export volume

Cost of bioenergy

Levelized cost of
wind

Cost of solar

Levelized cost of
hydropower power

Cost of oil

Cost of coal/lignite

Cost of natural gas

Electricity Peak
Demand
Consumer price
index

Temperature

Gross Domestic
Product

Purchase Price

Variable

Total demand and supply of each energy without government subsidies
(combined supply of natural gas, coal/lignite, and oil into supply of fossil)
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation:
Generation:
Generation:
Generation:
Generation:
Total demand
fossil
Hydropower
Solar
Wind
Bioenergy
-2967.20
1268.57
-109.3575
32.24
(606.92)***
(379.20)***
(211.27)
(194.46)
0.02
0.00
0.00
0.00
0.00
0.00
(0.00)***
(0.00)
(0.00)
(0.00)
(0.01)***
(0.00)
1009.04
(263.04)***
0.30
(0.12)***
-194.15
218.46
139.01
-53.18
-73.98
14.56
(105.71)*
(100.23)**
(51.91)***
(47.55)
(30.97)**
(6.67)**
-152.22
32.41
-258.76
85.53
47.20
(132.30)
(68.77)
(62.90)***
(43.66)**
(8.93)***
6311.84
942.62
2314.23
-1351.61
-278.42
(2036.45)***
(1057.44)
(966.85)**
(620.62)**
(133.02)**
-81.50
-1.50
63.19
-18.69
-8.12
(101.17)
(52.74)
(48.21)
(30.15)
(6.46)
-135.90
6.46
138.63
-283.36
674.28
(208.33)
(108.08)**
(99.00)
(63.69)***
(13.64)***
44.81
8.05
32.54
-16.69
7.27
(14.03)***
(7.28)
(6.66)***
(4.29)***
(0.93)***
-2723.83
-124.03
-3315.37
2746.34
-5978.50
(2582.79)
(1339.63)
(1225.19)***
(793.59)***
(169.82)***
-48.50
11.48
-37.75
18.47
-14.17
(31.91)
(16.77)
(15.35)***
(9.09)**
(1.92)***
1.32
-0.86
-0.40
-0.83
-0.09
(0.83)
(0.43)**
(0.39)
(0.25)***
(0.05)*

110

(42.60)

9.26

Constant

-28270.06
8093.86
-959.68
(7960.74)***
(12348.61)
(3176.20)
R-squared
0.97
0.97
0.45
Observation
97
97
97
Note: *** p<0.01, ** p<0.05, * p<0.1, Standard errors in parentheses.

Adder/FiT:
Hydropower
Adder/FiT:
Solar
Adder/FiT:
Wind
Adder/FiT:
Bioenergy
Purchase Price
with Adder/FiT:
Hydropower
Purchase Price
with Adder/FiT:
Solar
Purchase Price
with Adder/FiT:
Wind
Purchase Price
with Adder/FiT:
Bioenergy

Lending rate

Variable

14602.14
(681.61)***
1.00
97

(3.35)

3.44

1285.11
(514.38)**
0.96
97

(4.47)

1.84

14377.13
(13696.78)
0.96
97

(212.37)

-192.23

Total demand and supply of each energy without government subsidies
(combined supply of natural gas, coal/lignite, and oil into supply of fossil)
Electricity
Electricity
Electricity
Electricity
Electricity
Electricity
Generation:
Generation: Generation:
Generation:
Generation: Generation:
Total demand
fossil
Hydropower
Solar
Wind
Bioenergy
-832.69
482.27
-155.20
-33.02
-361.00
(345.25)**
(86.08)***
(18.49)***
(14.01)**
(369.07)
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APPENDIX B
1.

To find the intersection of natural gas demand and supply of curves:

From the quantity demand = 44,544.02 – 2,749.91 price,
if price equals 0, the quantity demand will equal 44,544.02 GWh. And when
the quantity demand equals 0, the price will equal THB 16.20 per KWh.
From the quantity supply of natural gas = 25,752.11 + 1,372.34 price,
if price equals 0, the quantity supply of natural gas will equal 25,752.11
GWh. And when the quantity supply of natural gas equal 0, the price will
equal THB −18.77 per KWh.
2.

To find the equilibrium price and quantity of each energy source:

2.1 The demand and supply of natural gas
From the quantity demand = 44,544.02 – 2,749.91 price,
and the quantity supply of natural gas = 25,752.11 + 1,372.34 price,
at equilibrium the quantity demand will equal the quantity supply of natural
gas. Thus,
the quantity demand = the quantity supply of natural gas
44,544.02 – 2,749.91 price = 25,752.11 + 1,372.34 price
44,544.02 – 25,752.11 = 1,372.34price + 2,749.91 price
18,791.91 = 4,122.25 price
Price = 18,791.91/4,122.25
Price = 4.558653648 ≈ 4.56
When price equals THB 4.56 then the quantity will equal
the quantity demand = 44,544.02 – 2,749.91price
the quantity demand = 44,544.02 – 2,749.91(4.558653648)
the quantity demand = 32,008.13
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or
the quantity supply of natural gas = 25,752.11 + 1,372.34 price
the quantity supply of natural gas = 25,752.11 + 1,372.34 (4.558653648)
the quantity supply of natural gas = 32,008.13
Therefore, at the equilibrium the price and quantity will be equal to THB
4.56 per KWh and 32,008.13 GWh.
2.2 The demand and supply of coal/lignite and oil
From the quantity demand = 44,544.02 – 2,749.91price
And at the current price equals THB 3.64 per KWh
Then, the quantity will be equal to
the quantity demand = 44,544.02 – 2,749.91price
the quantity demand = 44,544.02 – 2,749.91(3.64)
the quantity demand = 34,534.3476 ≈ 34,534.35
Therefore, at the equilibrium the price and quantity will be equal to THB
3.64 per KWh and 34,534.35 GWh.
2.3 The demand and supply of hydropower
From the quantity demand = 44,544.02 – 2,749.91 price
And at the purchase price imposed by the government equal to THB 4.90 per
KWh.
Then, the quantity will equal to
the quantity demand = 44,544.02 – 2,749.91price
the quantity demand = 44,544.02 – 2,749.91(4.90)
the quantity demand = 31,069.461 ≈ 31,069.46
Therefore, at the equilibrium the price and quantity will be equal to THB
4.90 per KWh and 31,069.46 GWh.
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2.4 The demand and supply of solar
From the quantity demand = 44,544.02 – 2,749.91 price
And at the purchase price which impose by the government equal to THB
6.23 per KWh.
Then, the quantity will be equal to
the quantity demand = 44,544.02 – 2,749.91price
the quantity demand = 44,544.02 – 2,749.91(6.23)
the quantity demand = 27,412.0807 ≈ 27,412.08
Therefore, at the equilibrium the price and quantity will be equal to THB
6.23 per KWh and 27,412.08 GWh.
2.5 The demand and supply of wind
From the quantity demand = 44,544.02 – 2,749.91price
And at the purchase price imposed by the government equal to THB 6.06 per
KWh.
Then, the quantity will be equal to
the quantity demand = 44,544.02 – 2,749.91price
the quantity demand = 44,544.02 – 2,749.91(6.06)
the quantity demand = 27,879.5654 ≈ 27,879.57
Therefore, At the equilibrium the price and quantity will be equal to THB
6.06 per KWh and 27,879.57 GWh.
2.6 The demand and supply of bioenergy
From the quantity demand = 44,544.02 – 2,749.91price
And at the purchase price which impose by the government equal to THB
4.70 per KWh.
Then, the quantity will be equal to
the quantity demand = 44,544.02 – 2,749.91price
the quantity demand = 44,544.02 – 2,749.91(4.70)
the quantity demand = 31,619.443 ≈ 31,619.44
Therefore, At the equilibrium the price and quantity will be equal to THB
4.70 per KWh and 31,619.44 GWh.
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3.

1 GWh is equal to 1,000,000 KWh

4.

1 MWh is equal to 0.001 GWh

5.

To convert MW to MWh

1 MW × 365 days × 24 hours × Capacity Factor (%) × = ____MWh.

Table B1 Capacity Factor of Each Energy Source
Power Sector

Capacity Factor (%)

Hydropower

56

Solar

17

Wind

28

Bioenergy

70

Source: IRENA (2017)

Table B2 Installed Capacity and Power Purchase Agreement

Energy Source
Hydropower

Installed Capacity (MW)

Power Purchase
Agreement (MW)

91.13

88.17

Solar

4,482.60

4,192.11

Wind

826.17

766.52

5,907.80

4,238.70

Bioenergy

Source: ERC

Therefore, the installed capacity and power purchase agreement (PPA) can
be converted to MWh and GWh, as in Table B3.
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Table B3 Installed capacity and Power Purchase Agreement
Power

Installed

Installed

Power Purchase

Capacity

Capacity

Agreement

(MWh)

(GWh)

(MWh)

Hydropower

447,047.328

447.047328

432,526.752

432.526752

Solar

6,675,487.92

6,675.48792

6,242,980.21

6,242.98021

Wind

2,026,428.78

2,026.42878

1,880,120.256

1,880.120256

Bioenergy

36,226,629.60

3,6226.6296

25,991,708.40

25,991.7084

Energy
Source

Purchase
Agreement
(GWh)

Source: ERC

6.

Expenditure loss of each renewable energy source can be determined

by examining the imposed purchase price at different rates calculated from the
differences between the purchase prices of bioenergy, which has a lower purchase
price, and another purchase price. That means the expenditure loss from electricity
production from bioenergy equals zero.
6.1 Expenditure loss from imposing a purchase price for hydropower
The expenditure loss from imposing a purchase price at the current purchase
price of THB 4.90 per KWh, which is more than the purchase price of bioenergy, is
THB 4.90 – THB 4.70 = THB 0.20 per KWh. The current quantity of electricity
generation by hydropower is 1,954.62 GWh, so the expenditure loss is 1,954.62 x
THB 0.20 = THB 380.92 million per quarter.
6.2 Expenditure loss from imposing a purchase price for solar
The expenditure loss from imposing a purchase price at the current purchase
price of THB 6.23 per KWh, which is more than the purchase price of bioenergy, is
THB 6.23 – THB 4.70 = THB 1.53 per KWh. The current quantity of electricity
generation by solar is 6,357.25 GWh, so the expenditure loss equals 6,357.25 x THB
1.53 = THB 9,726.59 million per quarter.
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6.3 Expenditure loss and producer loss from imposing a purchase price for
wind
The expenditure loss from imposing a purchase price at the current purchase
price of 6.06 THB per KWh, which is more than the purchase price of bioenergy, is
THB 6.06 – THB 4.70 = THB 1.36 per KWh. The current quantity of electricity
generation by solar is 1,139.13 GWh, so the expenditure loss is 1,139.13 x THB 1.36
= THB 1,549.22 million per quarter.
7.

Determining the externality loss from negative externalities in power

generation
7.1 The externality loss from negative externalities in electricity generation
by natural gas
At an equilibrium price of THB 4.56 per KWh and a quantity of 32,008.13
GWh, which excludes the MEC of producing electricity by natural gas, that equals
THB 1.21 per KWh. So, this creates an externality loss of
From the quantity supply of natural gas = 25,752.11 + 1,372.34 price
the quantity demand = 44,544.02 – 2,749.91 price
When MEC = 1.20
the quantity supply of natural gas = 25,752.11 + 1,372.34 (price −1.20)
At equilibrium
44,544.02 – 2,749.91price = 25,752.11 + 1,372.34 (price -1.20)
44,544.02 – 2,749.91price = 25,752.11 + 1,372.34 price – 1,646.81
44,544.02 – 24,105.30 = 1,372.34price + 2,749.91 price
20,438.72 = 4,122.25 price
Price = 4.96
At price = 4.96
the quantity demand = 44,544.02 – 2,749.91 price
the quantity demand = 44,544.02 – 2,749.91(4.96)
the quantity demand = 30,904.47
Finding the price from the quantity supply of natural gas = 25,752.11 +
1,372.34 (price -1.21) when the quantity equals 32,008.13.
32,008.13 = 25,752.11 + 1372.34price – 1,646.81
Price = 5.76
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Thus,
The externality loss = ½ x (5.76 – 4.56) x [32,008.13 – 30,904.47]
The externality loss = THB 662.20 million per quarter
7.2 The externality loss from negative externalities in electricity generation by
coal/lignite
At the equilibrium price and quantity equals THB 3.64 per KWh and
34,534.35 GWh which is exclude MEC of producing electricity by coal/lignite that
equals THB 2.57 per KWh. So, this creates the externality loss equal to
The externality loss = ½ x 2.57 x [(34,534.35 - (44,544.02 –
2,749.91(3.64+2.57)))]
The externality loss at the quantity equilibrium = THB 9,081.44 million per quarter

7.3 The externality loss from negative externalities in electricity generation by
hydropower
At the equilibrium price and quantity equals THB 4.90 per KWh and
31,069.46 GWh which is exclude MEC of producing electricity by hydropower that
equals THB 0.04 per KWh. So, this creates the externality loss equal to
The externality loss = ½ x 0.04 x [(31,069.46 - (44,544.02 –
2,749.91(4.90+0.04)))]
The externality loss at the quantity equilibrium = THB 2.2 million per quarter
7.4 The externality loss from negative externalities in electricity generation by
solar
At the equilibrium price and quantity equals THB 6.23 per KWh and
27,412.08 GWh which is exclude MEC of producing electricity by solar that equals
THB 0.22 per KWh. So, this creates the externality loss equal to
The externality loss = ½ x 0.22 x [(27,412.08 - (44,544.02 –
2,749.91(6.23+0.22)))]
The externality loss at the quantity equilibrium = THB 66.55 million per quarter
7.5 The externality loss from negative externalities in electricity generation by
wind
At the equilibrium price and quantity equals THB 6.06 per KWh and
27,879.75 GWh which is exclude MEC of producing electricity by wind that equals
THB 0.04 per KWh. So, this creates the externality loss equal to
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The externality loss = ½ x 0.04 x [(27,879.75 - (44,544.02 –
2,749.91(6.06+0.04)))]
The externality loss at the quantity equilibrium = THB 2.2 million per quarter
7.6 The externality loss from negative externalities in electricity generation by
bioenergy
At the equilibrium price and quantity equals THB 4.70 per KWh and
31,620.33 GWh which is exclude MEC of producing electricity by bioenergy that
equals THB 0.84 per KWh. So, this creates the externality loss equal to
The externality loss = ½ x 0.84 x [(31,619.44 - (44,544.02 –
2,749.91(4.70+0.84)))]
The externality loss at the quantity equilibrium = THB 970.17 million per quarter
8. To find the quantity constraint loss from quantity constraint
8.1 The quantity constraint loss from under produce in electricity generation
by natural gas.
At the equilibrium price and quantity equals THB 4.56 per KWh and
32,008.13 GWh after adjusted externality the equilibrium quantity reduces to
30,904.47 GWh while the equilibrium price increases to 4.96. But the current quantity
electricity generation by natural gas equals 29,508.19 GWh. Thus, this creates the
quantity constraint loss equal to
From the quantity supply of natural gas = 25,752.11 + 1,372.34price
When MEC = 1.21;
the quantity supply of natural gas = 25,752.11 + 1,372.34(price -1.21)
If the quantity supply of natural gas = 29,508.19,
29,508.18 = 25,752.11 + 1,372.34(price -1.21)
29,508.18 = 25,752.11 + 1,372.34price + 1,660.53
Price = 3.95
From the quantity demand = 44,544.02 – 2,749.91price
If the quantity demand = 29,508.19,
29,508.19 = 44,544.02 – 2,749.91price
Price = 5.47
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Thus,
The quantity constraint loss = ½ x (5.47 – 3.95) x (30,904.47 – 29,508.19)
The quantity constraint loss = THB 1,061.17 million per quarter
8.2 The quantity constraint loss from under produce in electricity generation
by coal/lignite.
At the equilibrium price and quantity equals THB 3.64 per KWh and
34,534.35 GWh after adjusted externality the equilibrium quantity reduces to
27,467.08 GWh while the equilibrium price increases to 6.21. But the current quantity
electricity generation by coal/lignite equals 8,746.98 GWh. Thus, this creates the
quantity constraint loss equal to
From the quantity demand = 44,544.02 – 2,749.91price
If the quantity demand = 8,746.98,
8,746.98 = 44,544.02 – 2,749.91price
Price = 13.02
Thus,
The quantity constraint loss = ½ x (13.02 – 6.21) x (8,746.98 – 27,467.08)
The quantity constraint loss = THB 63,741.94 million per quarter
8.3 The quantity constraint loss from under produce in electricity generation
by oil.
At the equilibrium price and quantity equals THB 5.53 per KWh and
29,337.02 GWh. But the current quantity electricity generation by oil equals 228.94
GWh. Thus, this creates the quantity constraint loss equal to
From the quantity demand = 44,544.02 – 2,749.91price
If the quantity demand = 228.94,
228.94 = 44,544.02 – 2,749.91price
Price = 16.12
Thus,
The quantity constraint loss = ½ x (16.12 – 5.53) x (29,337.02 – 228.94)
The quantity constraint loss = THB 154,127.28 million per quarter
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8.4 The quantity constraint loss from under produce in electricity generation
by hydropower.
At the equilibrium price and quantity equals THB 4.90 per KWh and
31,069.46 GWh after adjusted externality the equilibrium quantity reduces to
30,959.46 GWh while the equilibrium price increases to 4.94. But the current quantity
electricity generation by hydropower equals 1,954.62 GWh. Thus, this creates the
quantity constraint loss equal to
From the quantity demand = 44,544.02 – 2,749.91price
If the quantity demand = 1,954.62,
1,954.62 = 44,544.02 – 2,749.91price
Price = 15.49
Thus,
The quantity constraint loss = ½ x (15.49 – 4.94) x (30,959.46 – 1,954.62)
The quantity constraint loss = THB 153,000.53 million per quarter
8.5 The quantity constraint loss from under produce in electricity generation
by solar.
At the equilibrium price and quantity equals THB 6.45 per KWh and after
adjusted externality the equilibrium quantity equal to 26,807.10 GWh. But the current
quantity electricity generation by solar equals 6,357.25 GWh. Thus, this creates the
quantity constraint loss equal to
From the quantity demand = 44,544.02 – 2,749.91price
If the quantity demand = 6,357.25,
6,357.25 = 44,544.02 – 2,749.91price
Price = 13.88
Thus,
The quantity constraint loss = ½ x (13.88 – 6.45) x (26,779.60 – 6,357.25)
The quantity constraint loss = THB 75,971.19 million per quarter
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8.6 The quantity constraint loss from under produce in electricity generation
by wind.
At the equilibrium price and quantity equals THB 6.06 per KWh and
27,879.57 GWh after adjusted externality the equilibrium quantity reduces to
27,769.57 GWh while the equilibrium price increases to 6.10. But the current quantity
electricity generation by wind equals 1,139.13 GWh. Thus, this creates the quantity
constraint loss equal to
From the quantity demand = 44,544.02 – 2,749.91price
If the quantity demand = 1,139.13,
1,139.13 = 44,544.02 – 2,749.91price
Price = 15.78
Thus,
The quantity constraint loss = ½ x (15.78 – 6.10) x (27,769.57 – 1,139.13)
The quantity constraint loss = THB 128,891.33 million per quarter
8.7 The quantity constraint loss from over produce in electricity generation
by bioenergy.
At the equilibrium price and quantity equals THB 4.70 per KWh and
31,619.44 GWh after adjusted externality the equilibrium quantity reduces to
29,309.52 GWh while the equilibrium price increases to 5.54. But the current quantity
electricity generation by bioenergy equals 33,810.48 GWh. Thus, this creates the
quantity constraint loss equal to
From the quantity demand = 44,544.02 – 2,749.91price
If the quantity demand = 33,810.48,
33,810.48 = 44,544.02 – 2,749.91price
Price = 3.90
Thus,
The quantity constraint loss = ½ x (5.54 – 3.90) x (33,810.48 – 29,309.52)
The quantity constraint loss = THB 3,690.79 million per quarter

APPENDIX C
1.

The weighted average of all LCOE

(2.95 x 29,508.19)+(2.95 x 8,746.98)+(2.95 x 228.94)+(1.53 x 1,954.62)
+ (4.32 x 6,357.25)+(1.75 x 1,139.13)+(1.94 x 33,810.43)
=
29,508.19+8,746.98+228.94+1,954.62+6,357.25+1,139.13+33,810.43
= 2.59 THB per KWh
2.
∑

Total current government expenditure

(3.64 x 29,508.19)+(3.64 x 8,746.98)+(3.64 x 228.94)+(4.90 x 1,954.62)
+ (6.23 x 6,357.25)+(6.06 x 1,139.13)+ (4.70 x 33,810.43)
= 355,077.86 million THB per quarter
3.

The revenue generation electricity fit scheme

3.1 The new purchase price
Natural Gas = 2.59 – 1.20 = 1.39 THB per KWh
Coal/Lignite = 2.59 – 2.57 = 0.02 THB per KWh
Oil

= 2.59 – 1.89 = 0.70 THB per KWh

Hydropower = 2.59 – 0.04 = 2.55 THB per KWh
Solar

= 2.59 – 0.22 = 2.37 THB per KWh

Wind

= 2.59 – 0.04 = 2.55 THB per KWh

Bioenergy

= 2.59 – 0.84 = 1.75 THB per KWh

3.2 The government expenditure
Natural Gas = 1.39 x 29,508.19 = 41,016.38 million THB per quarter
Coal/Lignite = 0.02 x 8,746.98 = 174.94 million THB per quarter
Oil

= 0.70 x 228.94 = 160.26 million THB per quarter

Hydropower = 2.55 x 1,954.62 = 4,984.28 million THB per quarter
Solar

= 2.37 x 6,357.28 = 15,066.68 million THB per quarter

Wind

= 2.55 x 1,139.13 = 2,904.78 million THB per quarter

Bioenergy

= 1.75 x 33,810.43 = 59,168.25 million THB per quarter

So, total government expenditure equals 123,475.58 million THB per
quarter.
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3.3 Government revenue
Natural Gas = 1.20 x 29,508.19 = 35,409.83 million THB per quarter
Coal/Lignite = 2.57 x 8,746.98 = 22,479.74 million THB per quarter
Oil

= 1.89 x 228.94 = 432.70 million THB per quarter

Hydropower = 0.04 x 1,954.62 = 78.18 million THB per quarter
Solar

= 0.22 x 6,357.28 = 1,398.60 million THB per quarter

Wind

= 0.04 x 1,139.13 = 45.57 million THB per quarter

Bioenergy

= 0.84 x 33,810.43 = 28,400.76 million THB per quarter

So, total government revenue equals 88,245.37 million THB per quarter.
4.

Subsidies per KWh
88,245.37

= 29,508.19+8,746.98+228.94+1,954.62+6,357.25+1,139.13+33,810.43
= 1.08 THB per KWh
5.

The balanced budget fit scheme

5.1 The new purchase price
Natural Gas = 2.59 – 1.20 + 1.08 = 2.47 THB per KWh
Coal/Lignite = 2.59 – 2.57 + 1.08 = 1.10 THB per KWh
Oil

= 2.59 – 1.89 + 1.08 = 1.78 THB per KWh

Hydropower = 2.59 – 0.04 + 1.08 = 3.63 THB per KWh
Solar

= 2.59 – 0.22 + 1.08 = 3.45 THB per KWh

Wind

= 2.59 – 0.04 + 1.08 = 3.63 THB per KWh

Bioenergy

= 2.59 – 0.84 + 1.08 = 2.83 THB per KWh

5.2 Government expenditure
Natural Gas = 2.47 x 29,508.19 = 72,870.86 million THB per quarter
Coal/Lignite = 1.10 x 8,746.98 = 9,617.42 million THB per quarter
Oil

= 1.78 x 228.94 = 407.40 million THB per quarter

Hydropower = 3.63 x 1,954.62 = 7,094.32 million THB per quarter
Solar

= 3.45 x 6,357.28 = 21,929.42 million THB per quarter

Wind

= 3.63 x 1,139.13 = 4,134.49 million THB per quarter

Bioenergy

= 2.83 x 33,810.43 = 95,667.05 million THB per quarter

So, total government expenditure equals 211,720.95 million THB per
quarter.
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6.

The deficit financing fit scheme

6.1 Expenditure excess per KWh
Natural Gas = 3.64 – 2.95 = 0.69 THB per KWh
Coal/Lignite = 3.64 – 2.95 = 0.69 THB per KWh
= 3.64 – 2.95 = 0.69 THB per KWh

Oil

Hydropower = 4.90 – 1.53 = 3.37 THB per KWh
Solar

= 6.23 – 4.32 = 1.91 THB per KWh

Wind

= 6.06 – 1.75 = 4.31 THB per KWh

Bioenergy

= 4.70 – 1.94 = 2.76 THB per KWh

6.2 Expenditure excess of each energy
Natural Gas = 0.69 x 29,508.19 = 20,360.65 million THB per quarter
Coal/Lignite = 0.69 x 8,746.98 = 6,035.42 million THB per quarter
Oil

= 0.69 x 228.94 = 157.97 million THB per quarter

Hydropower = 3.37 x 1,954.62 = 6,587.07 million THB per quarter
Solar

= 1.91 x 6,357.28 = 12,142.35 million THB per quarter

Wind

= 4.31 x 1,139.13 = 4,909.65 million THB per quarter

Bioenergy

= 2.76 x 33,810.43 = 93,316.79 million THB per quarter

So, total government expenditure equals 143,509.89 million THB per
quarter.
6.3 The amount of money in terms of subsidies consumer per KWh
=

143,509.89 - 88,245.37
15,308.52

= 3.61 THB per KWh.
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