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Abstract
Feed-in Tariff (FIT) schemes in Japan are designed to ensure an Internal Rate of Return (IRR) of approximately 

4–6%. However, unexpected energy losses due to curtailment and inadequate maintenance represent significant risk 

factors, particularly for small-scale solar power plants under 1 MW. This paper focuses on the IRR, conducting a 

sensitivity analysis of project profitability while accounting for cumulative energy losses from future possible 

curtailment and inadequate maintenance. While profitability analysis is commonplace in business, implementing 

sensitivity analysis and risk visualisation holds academic value, benefits many owners and O&M operators of small-

scale solar plants, and contributes to healthy and sustainable businesses in decarbonisation.
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Fig. 1 Profitability analysis of model plant 1
(no-risk case).

Table 1 FIT price and underlying CAPEX, OPEX, DEPEX, and IRR of Small Solar Power Plants in Japan
(summarised by the authors after Refs.1-14))

approved year
(fiscal year) Class

FIT price
[JPY/kWh]
(excl. tax)

CAPEX
[JPY/kW]

OPEX
[JPY/kW/y]

DEPEX
[JPY/kW]

capacity 
factor

operation 
period

IRR
(before tax)

FY2012

10 kW 
and more

40 325,000 10,000 17,000 –––

2200 

66%% FY2013 38 295,000 9,000

1155,,000000 

12%
FFYY22001144 3322 229922,,550000 88,,000000 1133%% 

FY2015 April-June 29 307,500 6,000 14%July- 27

5%FY2016 24 278,500 13,000FY2017 21 271,500

55,,000000 

15.1%
FY2018 18 238,500 12,000 17.1%

FFYY22001199 50 kW –
500 kW 1144 119999,,550000 

1100,,000000 

1177..22%% 

44%% 

FY2020

50 kW –
250 kW,

excl. auction 

12 169,500
FY2021 11 ––– –––
FY2022 10 ––– –––
FY2023 9.5 (9.4*) 144,500 17.7%

2255 
FFYY22002244 99..22 (1100..11*) 113388,,550000

1188..33%% FY2025 8.9 (11.6*)
135,500

FY2026 50 kW –,
excl. auction 8.6 (9.6*) 4,200

* selling price after FIT procurement period (20 years).

太陽エネルギー－ 39 －Vol.52. No.3

Sensitivity Analysis on Business Profitability considering Cumulative Loss of Energy Risk in Small Solar Power Plants



4

IRR

� ��
(1 + �)� = 0

�

�
⋯⋯⋯⋯⋯⋯⋯⋯ (1)

IRR
Microsoft Excel IRR

IRR n
C0 CAPEX Cn n r IRR

1
IRR 7.23

2 3 IRR
4.85% 4.91% IRR

IRR

IRR

IRR

2024 12

53 2

curtailment” 

2024 2033
1.3

2024 2033 1.1 19)

2 “Business-As-Usual Case”

2033 26% – 3% – 3% – 17% = 
3% 20% – 5% – 2% – 4% = 9

3

(Low) :

(Medium) :

(High) :

Fig. 2 Long-term outlook of curtailment ratio in Hokkaido area.

Fig. 3 Long-term outlook of curtailment ratio in Kyushu area.

Table 2 Long-Term Outlook of Curtailment
(arranged by the authors after Ref.26))

Area
Business-
As-Usual 

case

Demand-
side

measures

Supply-
side

measures

Grid-side
measures

Hokkaido 26% 3% 3% 17%
Tohoku 44% 4% 6% 32%
Tokyo 1% 0% 1% 0%
Chubu 2% 1% 1% 0%

Hokuriku 5% 1% 2% 0%
Kansai 4% 1% 1% 0%

Chugoku 7% 2% 2% 0%
Shikoku 6% 2% 1% 0%
Kyushu 20% 5% 2% 4%

Yoh YASUDA, Toshiyuki OKUYAMA and Toshio DAIMON

－ 40 －Journal of Japan Solar Energy Society Vol.52, No.3, 2026



5

2

3
3

2015 2034 2020 2039
2025 2049

2012 2025
27-28)

2025
0.6

0.1
2018

2023 9.1% 2024 2025

2033

2025
2033 2033

2025 2033

3

(VRE: Variable 
Renewable Energy) 30 40%

10%
29-30)

VRE
70% 10%

30)

31-32)

2 3

(EBPM: Evidence-
Based Policy Making) 

IRR
20 19

IRR
3

25
FIT 19

2 3 3.1
3

4 3
3

IRR
2015

1

Fig. 4 Sensitivity analysis on curtailment risk in Hokkaido area.
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Fig. 5 Sensitivity analysis on curtailment risk in Kyushu area. Fig. 6 Comparison of curtailment risks between Hokkaido and 
Kyushu areas for model plant 1 (commissioned in 2015).

Fig. 7 Comparison of curtailment risks between Hokkaido and 
Kyushu areas for model plant 2 (commissioned in 2020).

Fig. 8 Comparison of curtailment risks between Hokkaido and 
Kyushu areas for model plant 3 (commissioned in 2025).
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Fig. 9 Sensitivity analysis on loss of energy risk 
due to inadequate maintenance.
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Fig. 10 Comparison of curtailment risks and cumulative energy 
losses for model plant 1 (commissioned in 2015).

Fig. 11 Comparison of curtailment risks and cumulative energy 
losses for model plant 2 (commissioned in 2020).

Fig. 12 Comparison of curtailment risks and cumulative energy 
losses for model plant 3 (commissioned in 2025).
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