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The Effects of the Feed-In-Tariff System and the
Renewable Energy Development Fund on
Taiwan’s Power Market
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ABSTRACT

Green power development is a global trend, and the goal of Taiwan’s own green power is to be
nuclear-free nationwide as regulated by Article 23 of the Basic Environment Act. The feed-in-tariff (FIT)
price system and renewable power development fund are two policy tools designed to assist in this green
power development. This study therefore investigates the effects of these two policies on Taiwan’s power
market and concludes that a research and development (R&D) investment subsidy is a better method to
help the country’s renewable energy development compared to the FIT price system over the long term,
which would decrease Taiwan’s long-term power price. Overall, consumer surplus and social welfare will
improve in the long term, and the power industry’s profit will remain stable, thus maintaining this industry’s

liberalization.
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1. Introduction

A new energy system such as a micro-grid
aims to reduce greenhouse gas (GHG) emissions
and dependence on fossil fuels. It is a small-scale
power grid that operates independently and also
connects with the super-grid. When the quantity of
electricity supplied by the super-grid is insufficient,
the electricity generated by the micro-grid can
supplement the shortfall from the super-grid. The
feed-in-tariff (FIT) price system also operates
smoothly between the super-grid and the micro-
grid when the surplus electricity generated by the
micro-grid is sold back to the traditional power
company after being transmitted to the super-grid.

The black energy generated by the super-
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grid and the renewable energy generated by the
micro-grid are considered as substitutes for each
other. A traditional power generator is a producer
of black energy due to its use of fossil fuels,
but a renewable power generator always uses
clean energy such as solar, wind, and water to
generate green power. Taiwan’s renewable energy
development fund pushes for clean energy as a
substitute for the consumption of black energy. The
country’s power market is now implementing the
FIT price system and the regime of the renewable
energy development fund in order to achieve the
goal of being nuclear-free as regulated by Article
23 of the Basic Environment Act.

This paper therefore investigates the effects

of the FIT price system and the regime of the
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renewable energy development fund on Taiwan’s
power market. These two energy policies are based
on Taiwan’s Renewable Energy Development Act,
which was promulgated in 2009 and amended on
May 1, 2019 to encourage power suppliers over the
long run to produce and use green power instead
of black power. The amended Act emphasizes
all citizens’ participation. The FIT price system
and the renewable energy development fund help
achieve this goal of full participation by attracting
more private green power generators to join the
market.

Articles 7 and 9 of the Renewable Energy
Development Act individually talk about: (i) a
research and development (R&D) subsidy on
power generation and the storage of renewable
energy and (ii) the calculation of the wholesale
purchase rate to purchase the renewable energy
power. The former is an indirect price subsidy via
cost reduction of generating green power, while
the latter provides a direct price subsidy incentive
to green power suppliers to produce a lot of green
power. The former is a long-term policy, and the
latter is a short-term policy for Taiwan’s green
energy development. In the long-term respective,
the latter may be substituted by the former.

In order to present a solid perspective on
these two regimes, a proper analytical tool is
necessary before the new power regime can be
executed in order to mitigate the risks of market
failure. As such, game theory is one available
approach to analyze the competitive strategies and
behaviors of black energy makers versus green
energy makers. The literature has utilized several
game theory methods to model and analyze power
industry competition. Hobbs and Pang (2007), Yao
et al. (2007), and Han and Liu (2013) used the
Cournot approach to set up non-cooperative games

in energy markets, thus challenging the smooth-

type setting of the electricity demand function,
and investigated the results of an electricity
market with price caps. Chang et al. (2013),
Hawthorne and Panchal (2014), and Taha et al.
(2014) incorporated the electricity market policy
of the FIT price system into the model framework.
The first paper took the Stackelberg game which
is a game of leader-follower relationship to
describe a competition among power firms in the
electricity market, while the latter two obtained
the Nash equilibrium by means of expected value
formulation and algorithms, respectively.

Meng and Zeng (2013) and Chang (2014)
are two other studies that applied the leader-
follower game in their analysis of the power
market. The former emphasized power pricing
for a smart grid, and the latter included the issue
of reducing emissions in the FIT price system.
Wang and Watanabe (2016) and Andoni et al.
(2017) also applied the Stackelberg game theory
on the renewable energy market to discuss issues
related to the biomass supply chain and renewable
power generators paying a transmission fee to
transmission line investors. The past literature
has typically used the Stackelberg game theory
to analyze the power market, implying that this
market in many countries exhibits a leader-
follower framework. Hence, our paper analyzes
government policy in the power market by using
the Stackelberg game theory.

The FIT price system based on the market-
based mechanism is one tool that can assist in
renewable energy development. Another common
tool is renewable portfolio standards (RPS)
based on a command-and-control mechanism.
The FIT price system promises a premium price
for renewable energy generation, while the RPS
regime sets a minimum quota or proportion for

renewable energy generation. The first successful
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FIT price system was in Germany in 1990, but
it was not until 1998 that four major electricity
industries in the United States introduced the RPS
regime. Lauber (2004) discussed the merits of
co-existence between the FIT and RPS regimes
and concluded that the two systems cannot be
compared under a common standard since they
serve different proposes. He also indicated that
the RPS regime restricts geographical distribution,
limits technological diversity, and relies on foreign
equipment producers; the FIT regime, by contrast,
serves as a bridge to a broad technological and
geographical spectrum. Hence, the FIT regime
contributed more than the RPS regime in the early
phases of renewable energy development.

Baur and Uriona (2018) found that the FIT
scheme has given rise to skyrocketing costs in
Germany’s photovoltaic market. Choi ef al. (2018)
took South Korea as an example to compare FIT
and RPS schemes in the renewable electricity
market, concluding that the latter is effective for
photovoltaic energy and the former is good for
non-photovoltaic energy, such as wind power, bio-
energy, and fuel cells from the social planner’s
respective; however, the performance in the mind
of a social planner runs opposite to that for the
energy generator. Zhang et al. (2017b) concluded
that the RPS scheme is more effective in terms of
the development of China’s photovoltaic power
industry than the FIT scheme. Other studies have
compared the FIT scheme with the RPS scheme
in the wind power industry and waste incineration
power industry, such as Zhang et al. (2017a) and
Zhao et al. (2017), respectively.

In addition to studies on different scheme
comparisons, the literature regarding the effect of
the FIT price system on the power market presents
works by Tamas et al. (2010), Kim and Lee (2012),
and Sun and Nie (2015). While the literature has

rarely examined the effect of the renewable energy
development fund on Taiwan’s power market,
and the previous study did indicate that R&D
expenditure has a positive effect on renewable
energy technology innovation in China (Lin and
Chen, 2019). Yu et al. (2016) recommended that
the government should subsidize enterprise R&D
investment within a certain range in order to avoid
a crowding-out effect. They also stated that the
government’s long-term price subsidy to help the
development of renewable energy technology is
not an effective measure and that the price subsidy
policy will be eventually canceled. Grafstrom and
Lindman (2017) found that the price of fossil fuel
is also the main component of electricity prices
and can influence the diffusion and innovation of
renewable energy technologies.

Taiwan’s FIT price system will have a short-
term effect on electricity prices in the country,
and the R&D subsidy from its renewable energy
fund will have a long-term effect on the diffusion
and innovation of domestic renewable energy
technologies. Hence, this study investigates the
effects of the FIT price system and the renewable
energy development fund on the power market
at the same time, taking Taiwan’s power market
as an example since these two policies have been
simultaneously enacted in the country. Aside from
theoretical analysis, we also conduct empirical
analysis. Specifically, we forecast a long-term
result based upon the goal of a nuclear-free
homeland as regulated by the Basic Environment
Act.

The rest of this paper proceeds as follows.
Section 2 sets up the model. Section 3 presents the
analytical results. Section 4 provides the empirical
analysis. We conclude with some findings in the

final section.
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2. The Model Set-up

For the objective of electricity liberalization, a
micro-grid firm and a super-grid firm not only co-
exist in a competitive market, but also consolidate
electricity supply. This paper assumes two
electricity suppliers are in the power market: one
is a black power supplier, which generates power
through use of fossil fuels, and the other is a green
power supplier, which generates power by using
renewable resources. The power market demand

function is:

P=a—-b(g+g). (1)

Here, P is the power market’s price, ¢ is the
quantity of black power demanded, and g is the
quantity of green power supplied; otherwise, g € [0,
gl, where g represents the quantity of green power
supplied in the long run, and g = ¢ + g means that
green power fully substitutes for black power in
the long run.

The green power supplier in Taiwan’s FIT
price system has priority in terms of supplying
power to the market, and the black power supplier
has a duty not only to supplement any shortage of
power, but can also buy back all the green power
at a guaranteed price. In terms of game theory,
the green power supplier decides the quantity of
green power, and then the black power supplier
decides the quantity of green power to supplement
the shortage of green power after the green power
supplier’s decision. Hence, this study denotes the
green power supplier as the Stackelberg leader
in the game and the black power supplier as the
Stackelberg follower. The same idea appears in
Chang ef al. (2013). Parameter a represents the
power’s maximized price, and b refers to the price
elasticity of demand.

The scale of a black power supplier is

generally larger than that of a green power supplier,
and thus the former owns economies of scale on
electricity production relatives to the latter. Hence,
it is reasonable to set the unit production cost of
black power as 0 and the unit production cost of
green power as ¢, where ¢ > 0. The profit function
for the black power firm before paying tax to the

government is:

t=Plg+g-rg, (2

where parameter r is the green power buy-back
price.

The Renewable Energy Development Act
in Taiwan requires that the black power supplier,
i.e., government-run Taiwan Power Company
(TPC), contribute a percentage s of its profit to the
Renewable Energy Development Fund in order
to help green power development, where s € [0,
1]. Hence, the profit function for the black power
firm after paying tax to the government is 7z = (1
— §5)m, where sz is R&D investment. This study
applies the idea of Cabon-Dhersin and Ramani
(2004) whereby R&D investment helps lower unit
production cost, and so we have ¢ — (sz)'” herein.
Hence, the profit function for the green power firm

is:

*=rg—(c—(s1)")g. 3)

Based on a factual situation, we may express
the relationship among the parameters by 0 <P <
c<r and 0<g<gq. The former means that the buy-
back price of green power must be higher than
its generation cost, and the black power’s market
selling price is the lowest; otherwise, the quantity
of green power supplied must be less than of black
power.

The social welfare function consists of
consumer surplus (CS) and producer surplus (PS).

Based on the power demand function with its
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rigid price of black power in Eq. (1), consumer
surplus is (@ —P)(g + g)/2, and producer surplus is
the power industry’s aggregate profit, i.e., 7+ 7%

Hence, the social welfare function is:

W=(a—P)q+g)2+(x+r*). “4)

The first term on the right-hand side in Eq.
(4) shows that making up for the shortfall in the
quantity of power supplied and a low power price
will push up consumer surplus; the second term
denotes that an appropriate government policy in
relation to the power industry’s profit also benefits
social welfare.

This paper uses a three-stage game to
conduct the model analysis. In stage 1, the social
planner adopts two energy policies: the optimal
ratio of R&D investment (s) and the optimal buy-
back price of green power (7) to maximize social
welfare. In stage 2, the green power firm as both a
Stackelberg leader and green power maker chooses
the quantity of green power (g) to be supplied to
maximize its profit. In stage 3, the black power
firm as a Stackelberg follower or green power taker
chooses the quantity of black power (g) supplied
to supplement the shortage of power in the market.
All players’ payoff functions and their strategies

are in Table 1 as follows.

3. Analytical Results

This section adopts backward induction to
obtain the solution to the sub-game perfect Nash

equilibrium (SPNE).

3.1 SPNE Solutions

Since the production quantity of green power
in the short run is less than g and the quantity of
long-term green power production should achieve
g, this section divides the SPNE solutions into

short-term and long-term ones.

3.1.1 Short-term SPNE

In stage 3, the black power supplier chooses
the quantity of black power supplied to make up
for the shortage in the quantity of green power
supplied by g =(a— P)/b—g. The result has two
meanings: (i) the black power supplier does not
seek to maximize profit, but instead supplements
the shortage of green power; and (ii) black power
and green power are substitute goods in which one
is more and the other is less, and a low power price
causes high power demand.

In stage 2, the green power supplier chooses
the quantity supplied of green power to maximize its
profit. The quantity of green power supplied is g, =
2[3sP(a—P)—(r+cyb—(r—c)b* \BsP(a—P)+(r—c)’b |
/(9srb) or g, =2[3sP(a—P)—(r+c)’b+(r—c)b’
\3sP(a—P)+(r—c)’b1/(9srb)," in which the former

involves a strategy of low production quantity

(LPQ), while the latter involves a strategy of high

Table 1. Players’ payoff functions and strategies in the three-stage game (by author)

Stage # - Player Payoff function Strategy
Stage 1 - Social planner W=(a—P)q+g)2+(x+r*) sand r
Stage 2 - Green power firm mf=rg—(c—(sn)")g g
Stage 3 - Black power firm t=Plg+g)-rg q

'The computation processes of g, and g, are as follows. Take the solution in stage 3, i.e., g =(a—P)/b—g, into the profit
function of the green power supplier as 7°=rg—(c—(s7)"*)g, where 7=P(q+g)—rg and P=a—b(q+g). By setting dr*/dg= 0
and computing a solution, we get the two solutions of low production quantity (g;) and high production quantity (g;,) in stage 2.
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production quantity (HPQ). In other words, the
green power supplier has room to adopt a strategic
policy.

In stage 1, the social planner chooses the
buy-back price of green power and the R&D
investment ratio to maximize social welfare. The

social planner’s decision in the short term is:

r, =(10/9)c and s, =(5/81)b’c/(P(a—P)), or
(5-1)

ry =2c and s, =b’c/(P(a—P)). (5-2)

The policy in Eq. (5-1) is a low interference
(LI) one and the policy in Eq. (5-2) is a high
interference (HI) one,’ since the former’s buy-back
price and ratio of R&D investment are lower than
the latter’s buy-back price and ratio. Table 2 lists
the strategy and policy combination for the green

power firm and the social planner.

Table 2. The combination of a firm’s strategy and
government policy in the short term (by

author)
Social planner/
Firm LPQ HPQ
LI Scenario 1 Scenario 2
HI Scenario 3 Scenario 4

3.1.2 Long-term SPNE

In stage 3, the black power supplier in
the long term does not produce black power
anymore, i.e., ¢ =0, which also implies that the
green power supplier in stage 2 supplies the green
power quantity g =g. The setting g =0 fits the
fashion of the RE100 initiative, which is a global

corporate leadership initiative to commit to 100%

green electricity. The RE100 initiative is not only
an industrial trend, but also the final target of
sustainable development. By substituting the long-
term results ¢ =0 and g =g into Eq. (4), we have
the comparative static results of dW/dr=—sg’/
(2(sg(P—7))"*) <0 and dW/ds = (P—r)g /(2(sg(P -
7))"*)>0 given <P, which not only guarantee that
the number in the root symbol is a positive real
number, but also ensure that dW/ds > 0.

We should emphasize that the term » <P here
is a long-term condition that fits the condition
in which the Taiwan government has announced
many times the hiking of electricity prices in order
to improve electricity usage efficiency, because
too low electricity prices in Taiwan have caused
excess power usage and even power waste. In the
long run, P will equal P and P will be higher than
the FIT price. Based on the results above, dW/
dr <0, and dW/ds > 0, the social planner chooses
the buy-back price of green power and its R&D
investment ratio to maximize social welfare. Thus,

the equilibrium solutions in stage 1 are:

r'=0ands =1. (6)

3.2 Short-term and Long-term
Equilibrium Results

This section presents the model’s short-term

and long-term equilibrium solutions.

3.2.1 Short-term Equilibrium
Solutions

Since the objective of the social planner is to
maximize social welfare, the green power firm and

the black power firm will both still implement their

>The computation processes of r,” and s,” in Eq. (5-1) of and r,, and s,,” in Eq. (5-2) are as follows. Take the solutions in
stages 2 and 3 - i.e., ¢,;=(a—P)/b—g; and 7% =rg,— (c—(s7;) *)g;, where 7,=P(q +g;,)—rg;, P=a—b(q+g;),and i=L or H -
into the social welfare function, W,=(a— P)(q+g;)/2 + (z;+x%). Letting dW,/dr, = 0 and dW,/ds; = 0 to compute the solution
in stage 1 by a simultaneous equation, we get the best solution for the social planner such as the solutions in Egs. (5-1) and

(5-2).
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Table 3. The best path to develop green power (by author)

Social planner / Firm LPQ HPQ
LI (a—P)(135ac+19Pc+28P~Jc )/(270bc)  (a—P)(225ac—91Pc+28P~/c )/(450bc)
HI (a—P)(a+P)/(2b) (a—P)(27a+ 11P)/(54b)

strategies in accordance with this goal no matter
what. Table 3 shows the optimal social welfare
under the different scenarios. The ranking in terms
of optimal social welfare from highest to lowest
based on the strategy combination is (HI, LPQ),
(HI, HPQ), (LI, LPQ), and (LI, HPQ).’

The highest social welfare responds to the
strategy combination (HI, LPQ) in which the social
planner’s policy involves a high buy-back price
(r,) and a high ratio of R&D investment (s,,)
as shown in Eq. (5-2), causing the green power
supplier to adopt low production capacity, i.e., g
= 0. This result implies that a social planner’s high
interference policy stalls the generation of green
power. However, the social planner does not expect
“Zero” green power. Hence, the social planner
gives up the first-best policy to seek the second-
best policy by adopting a low market interference
policy with a low buy-back price (r,") and low
ratio of R&D investment (s, '), as shown in Eq.
(5-1). This avoids the conundrum caused by “Zero”
green power and achieves the second-best social
welfare responding to strategy combination (LI,
LPQ).

Proposition 1 Under the FIT price system and
renewable power development fund, the second-
best policy of a low buy-back price and low ratio
of R&D investment will stimulate the green power

firm to supply a positive quantity of electricity.

Table 4 exhibits the equilibrium solution
under the second-best policy in which the quantity
of green power supplied is positive; moreover, the
quantity of black power supplied is also positive
if the black power’s price is not higher than cost
¢. Producer surplus and consumer surplus are both
positive. In addition, the profit of the black power
firm is higher than that of the green power firm
even when the black power firm is a Stackelberg
follower and the green power firm is a Stackelberg
leader. This result is caused by the green power
firm running at high cost, and it needs part of the
black power firm’s profit as R&D investment to

reduce its own production cost.

Table 4. The short-term equilibrium solution under
the second-best policy (by author)

Symbol Equilibrium solution
g 2(a—P)P/(25bc) > 0
q (a—P)(25¢—2P)/(25bc) > 0, if ¢ > P
T 5(a—P)P/(9b) > 0

il 16(a—P)P/(135b) > 0
cs’ (a—P)/(2b)> 0

3.2.2 Long-term Equilibrium
Solutions

In the long run, a zero-black power situation
will be realized by ¢" = 0 and g’ = g. In addition,

the social planner’s long-term policy requires that

* Substituting the best solutions in stages 1, 2, and 3 into Eq. (4)’s social welfare function, we obtain 4 likely social welfare
solutions in which the social planner may adopt the strategy of (r;,, s, ) or (., s,), i.e., HI or LI, and the green power
supplier may set up low production quantity (LPQ) or high production quantity (HPQ). The values of social welfare function
in response to strategy combinations (LI, LPQ), (HI, LPQ), (LI, HPQ), and (HI, HPQ) are W(LI, LPQ), W(HI, LPQ), W(LI,
HPQ), and W(HI, HPQ), where W(HI, LPQ) > W(HI, HPQ) > W(LI, LPQ) > W(LI, HPQ), as W(HI, LPQ) - W(HI, HPQ) =
(8(a—P)P)/(27b) > 0, W(HIL, HPQ) — W(LIL, LPQ) = (2(a—P)P(9c—"7))/(135bc) > 0, and W(LI, LPQ) — W(LIL, HPQ) = (4(a—P)

P(46¢+T)/(675bc) > 0.
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# =0and s =1 as shown in Eq. (6). From this, we
can compute the long-term equilibrium solution. In
Eq (3)3 né= rg — (C - (Sn')l/z)ga where 8= ga l"*: 07

and s = 1 in the long run imply:

7¥=0and 7 = (7

From Eq. (2), 7 = Pg — r g in the long run, where
7 =c” and P = P cause the long-term power price

to become:
P=cg. (8)

According to Eq. (4), the equilibrium social welfare

in the long run is:

W =(ag + )2, 9)

where long-run social welfare depends on the
quantity of green power supplied and the green
power production cost. In addition, the black
power firm is the only seller in the power market
and only sells the green power that was purchased

from the green power firm.

3.3 A Comparison between the Short-
term and Long-term Equilibrium
Results

Table 5 provides a comparison between the
short-term and long-term equilibria. The price of

power in the short term is fixed at P, and the long-

term price of power is decided by the quantity of
green power supplied g, regarding which a large
(small) g results in a low (high) price of power.
In the long run, “full” green power g and “zero”
black power are the targets; in the short run, a low
price of black power, i.e., P <(25/4)c, causes its
quantity demand to be higher than that of green
power, i.e., ¢ > g'; on the contrary, a high price of
black power, i.e., P> (25/4)c, causes its quantity
demand to be higher than that of black power, i.e.,
g > g . In the short run, the green power firm’s
profit is positive; however, its long-term profit is
zero since the policy of R&D investment at full
cost substitutes for the policy of a guaranteed buy-
back price, i.e., F=0ands =1 in Eq. (6). Thus,
we have the next proposition.

Proposition 2 The FIT price system and
renewable power development fund are two price-
oriented tools for green power R&D. In the long
run, the renewable power development fund is a
better method to aid green power development than
the FIT price system. Hence, the FIT price system
can be a short-term policy tool and the renewable
power development fund can be a long-term policy
tool.

Proposition 2 finds support in the past
literature, such as Lin and Chen (2019) who

claimed that R&D expenditure has a positive

Table 5. Comparison of the short-run and long-run situations (by author)

Equilibrium solution

Symbol
Short-run Long-run

P P<a c’lg

g 2(a — P)P/(25bc) g

q (a — P)(25¢ — 2P)/(25bc) 0

T 5(a — P)P/(9b) c’

ng 16(a — P)P/(135b) 0
cs’ (a — P)’/(2b) [a—(c’/g)]/(2b)

w (a - P)(135ac + 19Pc + 28P~Jc )/(270bc¢)

(ag+ )2
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impact on renewable energy technology innovation
in the long run. Nicolli and Vona (2016) and
Schleich et al. (2017) indicated that R&D funding
has an important role at stimulation innovation in
renewable energy technology. Zhang et al. (2017)
concluded that governments in China should
promote renewable energy technological progress
and reduce any subsidy on electricity prices.

This paper now compares the difference
between the short-term marginal cost and the long-
term marginal cost of the green power firm. We
obtain the former by means of Eq. (5-1), using ¢ =
(9/10)r," as its calculation, and determine the latter
by Eq. (7), i.e., 7 = ¢’. We hereafter define the
long-term cost as ¢, where ¢ = \7" based on Eq. (7).
The FIT price determines the short-term marginal
cost of the green power firm, while the black power
firm’s profit decides the long-term marginal cost.
In addition, the price of black power (P) fixes the
short-term consumer surplus and social welfare,
while in the long term the quantity of green power
supplied (g) and the green power production cost

(c¢) determine consumer surplus and social welfare.

3.4 Policy Implications

Table 5 shows that the critical variable
impacting the short-term result is P, and the long-
term critical variable is g. Specifically, a low price
of black power (P) results in a large quantity
of black power being supplied, large consumer
surplus, and high social welfare in the short run.
In the long run, a large quantity of green power
(g) supplied results in a low price of power, large
consumer surplus, and high social welfare. This
result indicates that the social planner should
switch the critical policy from one that is short-
term “price” oriented to one that is long-term
“quantity” oriented. In the long run, as suggested

in Proposition 2 of this study, a renewable

energy development fund should be used to
subsidize green power R&D in order to reduce the
production cost. For this, the FIT price system is
defined as a short-term policy tool, and the social
planner does not adopt it in the long term.

The main mechanisms used to develop
renewable energy are the FIT price system and the
renewable portfolio standard (RPS). Evidence from
the history of Taiwan’s RPS policy indicates that
its implementation is ineffective. For instance, the
suggested renewable energy ratio ranges from 10%
to 14% based on forecasted electricity capacity by
2020, but this target was revised to 10% by 2010
at the 2005 National Energy Conference. The
Sustainable Energy Policy Framework issued in
2008 further revised the RPS target to 8% by 2025.
Cost-down R&D investment in renewable energy
by the renewable energy development fund can
be an effective incentive to stably realize the RPS
target. Our research presents the long-term effect
of the renewable energy development fund, which
is rarely seen in the past literature.

The setting up of a renewable energy
development fund not only indirectly promotes
the achievement of the RPS target, but also
directly completes the liberalization of the power
market. In the past, Taiwan’s power market was a
monopoly in which the government-run Taiwan
Power Company (TPC) provided generation,
transmission, and distribution, selling electricity
in an all-in-one package. In January 2017, the
legislature’s revision of the Electricity Act broke
the power market’s monopoly structure and
allowed independent power producers (IPPs)
to freely enter the domestic power market and
compete with the monopolist (TPC). We also
see that the other function of the renewable
energy development fund is to lower the IPPs’

entry barrier by means of an R&D investment
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subsidy to lower production costs. The final goal
of the Electricity Act is to separate generation,
transmission, and distribution, with electricity sold
independently, thus enabling the country’s power
market to become fully liberalized.

Lipp (2007) pointed out that Denmark
and Germany are world leaders in the field
of renewable energy development with their
experience of the FIT price system. Lauber (2004)
investigated the two main schemes of a FIT price
system and RPS with tradable green certificates
and concluded that these two systems cannot be
measured by putting them together on the same
scale since they serve different purposes. The
former is a price policy tool, and the latter is a
quantity policy tool. Our study also distinguishes
the FIT price system as a short-term policy tool. In
the long term, the FIT price system can be replaced
by the policy of a renewable energy development
fund in relation to an R&D investment subsidy.
Hence, the co-existence of the two schemes in the
short term is more helpful for renewable energy

development.

4. Numerical Analysis

This paper uses the results of our model to
perform numerical analysis. Table 6 exhibits the
original data, including the average FIT price
(), the quantity of green power supplied (g), the
quantity of black power supplied (g), the market
price of power (P), and the estimated parameters,
including the maximized price of power (a), the
slope of the power demand curve (b), the marginal
cost of the green power firm (c), the long-term
quantity of power (g ), and the long-term price
of power (P). We obtain parameters a and b by
estimating the regression function in which the

variables are the market price of power (P) and the

total quantity of power supplied (¢ +g) and obtain
parameter ¢ via the short-term equilibrium FIT
price (r,) in Eq. (5-1). For long-term numerical
analysis, it is necessary to obtain the parameter g,
which we get by forecasting the long-term quantity
of power supplied. The long-term price of power
(P) comes from the formula (c*/g) in Table 5. The
data period covers 2013 to 2017, and we forecast
the long-term results. Because of the goal of a
nuclear-free homeland as regulated by Article 23
in Taiwan’s Basic Environment Act and due to
limited data, this study sets the forecasted year at
2025.

Figure 1 shows the bar charts for consumer
surplus, producer surplus (which is the sum of both
power firms’ profits), and social welfare for the
years 2013 to 2017 as well as year 2025 for long-
term forecasting.

Figure 1 illustrates that consumer surplus and
social welfare are increasing and producer surplus
is decreasing year by year, except for 2013. In the
forecasted year of 2025, consumer surplus and
social welfare reach their respective peaks, and
producer surplus also achieves small growth versus
the other observation years. This result implies that
the current power policies in Taiwan, i.e., the FIT
price and the mechanism of the renewable power
development fund, are helpful for improving
consumer surplus and social welfare, for
maintaining the liberalization of the power market,
and for sustaining stable excess profit in the power

industry.

5. Conclusion

This study employs the Stackelberg game to
analyze the effects of the FIT price system and the
renewable power development fund on Taiwan’s

power market. In addition to short-term analysis,
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Fig. 1. The trends in consumer surplus, producer surplus, and social welfare (by author)

this paper also engages in long-term forecasting to
the year 2025 based on the goal of a nuclear-free
homeland as regulated by Article 23 in Taiwan’s
Basic Environment Act. The findings obtained
herein are as follows. (i) In the forecasted year
of 2025, consumer surplus and social welfare
will be high due to the current policies in relation
to the FIT price system and renewable power
development fund. Moreover, the current power
policy also benefits liberalization of the power
market since the power firms will still generate
excess profits. (ii) The FIT price system and a
renewable power development fund are two price-
oriented policy tools. In the short run, the social
planner can adopt both them, but in the long run,
the renewable power development fund for R&D
investment is a better way to aid renewable energy
development than the FIT price system. (iii) In
the short run, the social planner will be in favor of
adopting a low interference policy with a low FIT
price and low R&D investment subsidy in order

to spur the quantity of green power supplied. (iv)

The theoretical model cannot confirm whether the
long-term price of power will rise or fall, but the
solution in the empirical analysis shows that the
price of power in Taiwan will go down in the long
run.

The model setting in this paper fully fits
the status quo of Taiwan’s power market. Based
on this line of reasoning, the analytical results
obtained provide timely advice not only to the
Taiwan government, but also to any country that
adopts the FIT price system and a renewable power
development fund. The sources of renewable
power include solar, wind, biomass, and geo-
thermal and point toward a future study direction.
In this current study, we do not classify the types
of green power, but future studies can go into
greater detail. Each kind of green power faces a
different FIT price, R&D investment subsidy, and
production cost. Future studies can broaden the
range of renewable power firms to various other
types. In addition, this study focuses on demand-

side analysis of green power. Future research
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can switch to supply-side analysis or consider
simultaneous analysis on the demand and supply

sides.
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