
 
Abstract—A FIT system obligating a power transmission 

and distribution company to procure renewable energy in fixed 
time and price began due to a Fukushima Daiichi nuclear 
disaster. However, a national burden becomes heavy and a 
renewable energy introduction is delayed owing to some 
reasons. In this paper, we aim to be compatible with easing the 
national burden and stimulating an investment. Furthermore, 
we evaluate an optimal certification period and a new system 
to replace the FIT using a real option analysis. 
 

Index Terms—FIT, renewable energy, real option analysis, 
energy policy. 
 

I. INTRODUCTION 

Due to the Fukushima Daiichi nuclear disaster occurred 
in 2011, a thermal power plant operation rate is increased 
and it makes various problems such as rising of electric 
charges and CO2 emissions. Also, in recent years, the solar 
power generation system has attracted attention as its initial 
cost has sharply decreased [1]. Therefore, the feed-in tariff 
(FIT) system began in 2012 to familiarize a solar power 
generation system. The FIT obligate the power transmission 
and distribution company to procure renewable energy in 
fixed time and price. Purchase costs are subjected to people 
in the form of the renewable energy levy [2]. Fig. 1 shows 
the outline of the FIT. 

 

 
Fig. 1. Outline of the FIT [3]. 

 
However, renewable energy levy on citizens have 

increased in countries that introduced the FIT ahead of 
Japan, and it continue to increase even in Japan. According 
to the report of the Agency for Natural Resources and 
Energy, the annual renewable energy levy per household is 
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rapidly growing at about 1000 yen in 2012, about 1400 yen 
in 2013, and about 2700 yen in 2014. In addition, the 
introduction of the solar power generation system is not 
progressed since many power producers have waited until 
initial cost decreases. To solve such problems, the revised 
FIT was enacted in 2016 and a bidding system was expected 
to apply in mega-solar. However, the bidding system might 
not stimulate investment since there is a risk which can’t be 
successful bid. 

In this paper, we focus on 10MW mega-solar power 
generation business in Tokyo. We assumed some scenarios 
of the certification period in order to evaluate how much it 
can stimulate the investment. In addition, we assumed an 
original system in order to evaluate how much decrease the 
renewable energy levy. In order to evaluate these 
assumptions, we used real option analysis. 

 

II. METHODS 

A. Real Option Analysis 

We use the investment evaluation method called real 
option analysis. Real option analysis is a model that can 
evaluate in consideration of optimal investment judgment 
according to future uncertainty. Although there are various 
uncertainties in the business and businesses may cancel or 
postpone the investment, it is possible to evaluate the 
business performance in consideration of flexible decision 
making with real option analysis [4], [5]. 

 

 
Fig. 2. Underlying asset lattice. 

 
Next, we will explain how the investment evaluation will 

be carried out using examples in three periods. First, we 
need to determine an underlying asset lattice shown Fig. 2. 
The underlying asset ܸ  becomes ௨ܸ  and ௗܸ  multiplied 
by an increasing rate u and a decreasing rate d after 1 period. 
Similarly, ௨ܸ  and ௗܸ  become ௨ܸ௨ , ௨ܸௗ , and ௗܸௗ 
multiplied by u and d after another period. The u and d can 
be expressed by the following Eq. 1 and 2. 
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u ൌ ݁ఙ√ௗ௧                                          ሺ1ሻ 
 

d ൌ ݁ିఙ√ௗ௧ ൌ
1
ݑ

                                  ሺ2ሻ 

 

The dt means the length of one period and this time we 
adopted dt = 1. Also, ߪ means the standard deviation. 

Second, we need to determine an option valuation lattice 
shown Fig. 3. We need to calculate from the final period to 
the first period. The option valuation of the final period ܥ௨௨, 
 ௗௗ can be expressed by the following Eq.3, 4ܥ ௨ௗ, andܥ
and 5. 

 

௨௨ܥ ൌ ሺݔܽܯ ௨ܸ௨, 0ሻ                              ሺ3ሻ 
 

௨ௗܥ ൌ ሺݔܽܯ ௨ܸௗ , 0ሻ                              ሺ4ሻ 
 

ௗௗܥ ൌ ሺݔܽܯ ௗܸௗ , 0ሻ                              ሺ5ሻ 
 

The option valuation except for the final period ܥ௨, ܥௗ 
and ܥ can be expressed by the following Eq.6, 7 and 8 
using a risk-neutral probability p and a discount rate r.  

 

௨ܥ ൌ ݔܽܯ ቆ
 ൈ ௨௨ܥ  ሺ1 െ ሻ ൈ  ௨ௗܥ

1  ݎ
, ௨ܸቇ           ሺ6ሻ 

 

ௗܥ ൌ ݔܽܯ ቆ
 ൈ ௨ௗܥ  ሺ1 െ ሻ ൈ ௗௗܥ  

1  ݎ
, ௗܸቇ           ሺ7ሻ 

 

ܥ ൌ ݔܽܯ ቆ
 ൈ ௨ܥ  ሺ1 െ ሻ ൈ  ௗܥ

1  ݎ
, ܸቇ             ሺ8ሻ 

 

The risk-neutral probability means the probability of 
being artificial. For example, in the risk-less world, the risk 
premium corresponding to the risk is added to the revenue 
of the risky asset. Therefore, if you remove the risk, the 
revenue will decrease by the risk premium. If we remove the 
risk, the revenue will decrease by the risk premium. The p 
can be expressed by the following Eq. 9. 

 

p ൌ
݁ఓ െ ݀
ݑ െ ݀

                                     ሺ9ሻ 

 

The µ means the average of change rate. 
It will be the investment if V is greater than 0 in the final 

period. On the other hand, it will be the investment if V is 
greater than C except for final period. In this way, we 
calculate the investment rate in all uncertainty patterns. 

 

 
Fig. 3. Option valuation lattice. 

B. Underlying Asset Model 

The underlying asset model can be expressed by the 
following Eq. 10, 11, 12, and13ሼ0  ݊, ݅, ݆, ݇  20ሽ. 

 

ܸሾnሿሾiሿሾjሿሾkሿ ൌ
∑ 10ସ ൈ ሾ݊ሿሾ݅ሿܫ ൈ ሾ݊ሿሾ݇ሿଶܭ

௧ୀଵ

ሺ1  ሻ௧ݎ

െ                                          ሾ݊ሿሾ݆ሿܬ
(10) 

 

ሾ݊ሿሾ݅ሿܫ ൌ 25.38 ൈ ݑ
ି ൈ ݀

                     ሺ11ሻ 
 

ሾ݊ሿሾ݆ሿܬ ൌ 1.52 ൈ 10ଽ ൈ ݑ
ି ൈ ݀

                ሺ12ሻ 
 

ሾ݊ሿሾ݇ሿܭ ൌ 1.01 ൈ 10ଷ ൈ ݑ
ି ൈ ݀

             ሺ13ሻ 
 
I: tariff [yen/kWh] 
J: initial cost [yen/10MW] 
K: annual power generation [kWh/kW] 
Also, the parameters of this model are shown in Table I. 
 

TABLE I: PARAMETERS OF UNDERLYING ASSET MODEL 
 I J K 
u 1.268 1.181 1.092 
d 0.789 0.847 0.915 

 0.089 0.166 0.237 ߪ
µ -0.046 -0.071 0.004 
pu 0.347 0.253 0.501 
pd 0.653 0.747 0.499 

 
In this model, we consider the tariff, the initial cost, and 

the annual power generation as the uncertainly. The tariff 
means purchase costs of renewable energy which is 
obligated to power transmission and distribution company 
[6], [7]. Initial cost means costs which include capital costs 
and O & M costs [8], [9]. The annual power generation 
means the annual energy production per installed capacity 
[10]. 

C. Option Valuation Model 

The option valuation model can be expressed by the 
following Eq. 14 and 15 ሼ0  ݊, ݅, ݆, ݇  20ሽ. 

 
[1] n=20 

ሾ݊ሿሾ݅ሿሾ݆ሿሾ݇ሿܥ ൌ ,ሺܵሾ20ሿሾ݅ሿሾ݆ሿሾ݇ሿݔܽܯ 0ሻ           ሺ14ሻ 
[2] 0≤n≤19 
 

ሾ݊ሿሾ݅ሿሾ݆ሿሾ݇ሿܥ ൌ                         ሺݔܽܯ
 ൈ  ൈ  ൈ ሾ݊ܥ  1ሿሾ݅ሿሾ݆ሿሾ݇ሿ 

 ൈ  ൈ ሺ1 െ ሻ ൈ ሾ݊ܥ  1ሿሾ݅ሿሾ݆ሿሾ݇  1ሿ 

  ൈ ൫1 െ ൯ ൈ  ൈ ሾ݊ܥ  1ሿሾ݅ሿሾ݆  1ሿሾ݇ሿ  
ሺ1 െ ሻ ൈ  ൈ  ൈ ሾ݊ܥ  1ሿሾ݅  1ሿሾ݆ሿሾ݇ሿ  

 ൈ ൫1 െ ൯ ൈ ሺ1 െ ሻ ൈ ሾ݊ܥ  1ሿሾ݅ሿሾ݆  1ሿሾ݇  1ሿ  

ሺ1 െ ሻ ൈ ൫1 െ ൯ ൈ  ൈ ሾ݊ܥ  1ሿሾ݅  1ሿሾ݆  1ሿሾ݇ሿ  
ሺ1 െ ሻ ൈ  ൈ ሺ1 െ ሻ ൈ ሾ݊ܥ  1ሿሾ݅  1ሿሾ݆ሿሾ݇  1ሿ 

ሺ1 െ ሻ ൈ ሺ1 െ ሻ ൈ ሺ1 െ ሻ ൈ ሾ݊ܥ  1ሿሾ݅  1ሿሾ݆  1ሿሾ݇  1ሿሻ
1  ݎ

, 0ሻ

Sሾ݊ሿሾiሿሾjሿሾkሿ

ሺ15ሻ 

 
 : Risk-neutral probability of tariff
 : Risk-neutral probability of initial cost
 : Risk-neutral probability of the annual power 

generation 
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D. Original System Model 

The original policy was in reference to the feed-in 
premium (FIP). The FIP is a method of adding a certain 
premium to the power market price which has been adopted 
in Europe [11], [12]. In this model, we adopted 5 years 
average of the power market price plus about 1.5 yen/kWh 
as the premium in consideration of CO2 reduction costs and 
purchased by power transmission and distribution operators 
for 20 years [13]. This original FIP will be compatible with 
stimulating the investment by reducing the risk of the power 
producer, and easing the burden on the public by reducing 
the tariff to a minimum. Original tariff model can be 
expressed by the following Eq.16. 

 

ሾ݊ሿሾ݅ሿܫ ൌ 14.1 ൈ ݑ
ି ൈ ݀

  1.54              ሺ16ሻ 
 

Also, the parameters of this model are shown in Table II. 
 

TABLE II: PARAMETERS OF ORIGINAL SYSTEM MODEL 
 I 
u 1.292 
d 0.774 
 0.256 ߪ
µ -0.031 
pu 0.378 
pd 0.623 

 
In this model, the minimum profit can be obtained by 

setting a premium, though business operator doesn’t gain 
great profit. Therefore, it is considered that the investment 
rate will rise since the business operator should execute the 
business if it makes a little profit for the business operator. 

E. Cost Performance Model 

The cost performance model can be expressed by the 
following Eq. 17.  

 
Cost Performance 

ൌ

ݐ݊݁݉ݐݏ݁ݒ݊ܫ
 rate ሾ%ሿ

ቂ ݕݒ݈݁ ݕ݃ݎ݁݊݁ ݈ܾ݁ܽݓܴ݁݊݁
݊݁ݕ
ܹ݄݇ቃ

ሺ17ሻ 

 
Also, renewable energy levy can be expressed by the 

following Eq. 18. 
 

Renewable energy levy

ൌ  

  ሺPurcahase cost of renewable energy ሾyenሿሻ െ
Avoidable cost ሾyenሿ

Sells amount of electric power ሾkWhሿ
 ሺ18ሻ 

 
In this model, we evaluate how much the investment rate 

increases when the renewable energy levy increases by 1 
yen. In other words, the higher the cost performance, the 
more we can achieve our goal of increasing investment rates 
and decreasing renewable energy levy. 

 

III. RESULTS 

Fig. 4-Fig. 7 show the investment rate of FIT with 
respective restriction period. In case of 1 year restriction, the 
investment rate was overall high and had gradually 
decreased. In case of no restriction, the investment rate was 

overall low and had gradually increased. In case of 2 and 3 
years restriction, the investment rate had rapidly increased 
in every two to three years and had gradually decreased. In 
case of all restriction period, the investment rate was 
increasing in the final period. Fig. 8 shows the cost 
performance compared with the FIT and the original FIP. 
Cost performance of the original FIP was better than that of 
the FIT, though the deference between the FIT and the 
original FIP had gradually narrowed. Besides, the cost 
performance of original FIP had gradually increased from 
the middle though it had gradually decreased at the 
beginning. 

 

 
Fig. 4. Investment rate (No restriction). 

 

 
Fig. 5. Investment rate (1 year restriction). 

 

 
Fig. 6. Investment rate (2 years restriction). 

 

IV. DISCUSSION 

We find the more the restriction period shortens, the more 
investment rate increases. Therefore, the restriction period is 
desirable to be as short as possible. The restriction period is 
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considered 1 year as best since it takes about half a year to 
secure the land and the contractor of mega-solar and also it 
takes half a year to construct as of now. Also, we found that 
the investment rate was increasing in the final period. If 
business operators miss the final period, it will be 
impossible to execute the project. Therefore, it is assumed 
that last-minute demand has increased. In addition, we find 
that the FIP tariff has been set more properly than the FIT 
tariff. However, cost performance of the FIP decreased 
gradually. We need to calculate the premium which makes 
cost performance best in the range of about 1~2 yen since 
we adopted 1.5 yen premium which is CO2 reduction costs 
as of 2015.  

 

 
Fig. 7. Investment rate (3 years restriction). 

 

 
Fig. 8. Cost performance (FIT and original FIP). 

 
In addition, we currently assume mega-solar power 

generation business in Tokyo, but in fact the output 
suppression has occurred in Kyushu, Hokkaido, and other 
regions [14], [15]. The output suppression means that power 
transmission and distribution company stop purchasing 
renewable energy since the output fluctuation cannot be 
fully absorbed. As output suppression is a major uncertainty 
for business operators, it is considered that the investment 
rate will decrease sharply in these regions. Therefore, in the 
future, it is necessary to create a model that takes this output 
suppression into account. 

 

V. CONCLUSIONS 

In this paper, we focus on 10MW mega-solar power 

generation business in Tokyo. We assumed some scenarios 
of the certification period in order to evaluate how much it 
can stimulate the investment. Also, we assumed an original 
system in order to evaluate how much decrease the 
renewable energy levy. In addition, we introduce the 
original FIP system to achieve both increasing in the 
investment rate and decreasing in renewable energy levy. 

As a result, we found that 1 year restriction is best to 
stimulate the investment and the original FIP is better than 
the FIT in terms of cost performance. However, we need to 
reconsider the premium amount since cost performance has 
gradually decreased. Also, we need to consider the output 
suppression in other regions in order to make more accurate 
simulations. 
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