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Abstract
In the context of a feed-in tariff (FIT) scheme, this study examines the economic implications of solar power 

curtailment in Kyushu, Japan, a region with a high penetration of solar photovoltaic power. By defining the potential 
market value of curtailed electricity, it analyzes how economic benefits and burdens are distributed among renewable 
producers, retailers, conventional generators, and consumers. Two utilization scenarios—daytime load creation and 
battery-based time shifting—are compared. The merit-order effect is minimal in the former scenario and is much less 
than battery cost in the latter scenario. These results indicate that under current institutional and cost conditions, benefits 
tend to concentrate among specific stakeholders, while consumer burdens persist. The policy implications include the 
introduction of separate metering and low-priced market mechanisms for curtailed electricity, as well as compensation 
schemes to ensure a fair allocation of benefits across stakeholders.
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(Japan Electric Power Exchange JEPX) 

Fig. 1 Schematic diagram of electricity market structure (solid
arrows: electricity flow; broken arrows: payment flow; dotted 
arrows: renewable energy surcharge flow).
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Table 1 Number of observations, Curtailment energy (annual 
curtailed PV electricity), Curtailment rate (ratio of curtailment 
energy to PV generation), PVminval: minimum electricity (0.01 
yen/kWh) hours, PVgen: PV generation 

Note: The curtailment rate in the Sum row represents the overall 
rate for the entire analysis period. 
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Fig. 2 Schematic diagram of wholesale electricity market 
demand/supply curve. Black thin (thick) line: supply curve 
without (with) PV; dashed (solid) line: supply curve for power 
generation with low (high) marginal cost; dotted line: supply 
curve for PV power generation; gray curved line: demand curve 
reflecting JEPX bidding behavior; gray straight line: linear 
approximation of JEPX demand curve. E1 (E2) is the equilibrium 
point without (with) PV generation. P1 (P2) is the equilibrium 
price at E1 (E2). PFIT is FIT price. 
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2016 8,760 0 0 0 7,086 
2017 8,760 0 0 0 9,156 
2018 8,760 95 0.96 20 9,897 
2019 8,784 443 4.24 348 10,438 
2020 8,760 386 3.09 432 12,478 
2021 8,760 512 4.11 757 12,456 
Sum 52,584 1,426 2.33 1,557 61,511 
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4.1  

  

Fig. 3 Schematic diagram of the wholesale electricity market 
supply–demand curve under the daytime load creation scenario. 
(black thin (thick) line : supply curve with (less) PV curtailment, 
red thin (thick) line: linear approximation of JEPX demand curve 
with (less) PV curtailment.) The white (shaded) box represents 
(additional) FIT purchase cost with (less) curtailment under 
feed-in tariff. Electricity demand (PV power) increases from D₁ 
(S₁) to D₂ (S₂) as curtailed power is utilized. P1 and P2 are 
electricity prices at demand levels D1 and D2. PFIT is FIT price. 
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Table 2 Distribution of benefits and losses among electricity 
market actors in the daytime load creation scenario. 

Note: This table qualitatively summarizes economic
benefits and burdens for each electricity market actor. An 
upward arrow (↑) (downward arrow (↓)) indicates an 
increase in economic benefits (burdens). The number of 
arrows indicates magnitude of impact on economic 
benefits and burdens. 
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Table 3 Summary of annual curtailment days, average daily 
maximum electricity prices, estimated annual curtailment values 
(CV), and weighted average curtailment values (wCV) in Kyushu. 
CV represents the upper bound of annual potential revenue for a 
1-kWh battery storage system. wCV represents the average 
potential selling price per unit of curtailed electricity, weighted 
by daily curtailment energy (see Table 1 for annual curtailment 
energy data). 
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Fig. 4 Schematic diagram of the supply curve shift in the evening 
with batteries discharged. Discharged electricity (dotted line to 
S1) shifts the supply curve rightward, lowering the market price 
relative to the baseline from E1 at D1 to E2 at D2. S1 is discharge 
power supply. P1 (P2) is electricity price without (with) 
discharging power from batteries. PFIT is FIT price. 
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Fig. 5 Relationship between daily curtailed electricity and 
system price reduction estimated from JEPX price sensitivity 
indicators (FY2021). Price reductions are calculated as the 
difference between the actual system price and the hypothetical 
system price with additional supply of 0.5, 1.0, and 5.0 GW. 
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Table 4 Distribution of benefits and losses among electricity 
market actors in the battery-based time shifting scenario. 

 
Note: This table presents a qualitative assessment of the 
direction of economic impacts resulting from battery-
based time shifting of curtailed solar power. An upward 
arrow (↑) (downward arrow (↓)) indicates an increase in 
economic benefits (burdens). The number of arrows 
indicates magnitude of impact on economic benefits and 
burdens. 
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