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Abstract
In recent years, increasing electricity demand due to abnormal weather and the aging of thermal power generators 

have made it difficult to meet peak demand. As a solution, energy shifting using hydrogen to level annual demand has 

gained attention. This paper proposes a long-term operational planning method using a hydrogen energy storage system 

(HESS) for a large-scale system model covering the Hokuriku area. Annual demand trends were leveled based on 

historical demand data and output of the HESS was determined accordingly. By subsequently optimizing the start–stop 

schedules of thermal power plants, the demand fluctuation range was reduced from 3,350 MW to 2,874 MW. This 

resulted in the elimination of two thermal power plants and achieved annual cost savings of 2.062 billion yen. Although 

the introduction cost of the HESS remains high, this method demonstrates the potential to reduce the rated capacity of 

thermal power plants, suggesting that it could be an effective strategy for achieving a future carbon-neutral society.
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Fig. 1 Power system model configuration.

Fig. 2 Timing of each operation.
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Table 1 Design constants and designed values.
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Table 3 Operating and maintenance costs of 
thermal power generators.

Table 2 Equipment data for thermal power generators.q p p g

thermal power generators.
Table 4 Other equipment data.
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Table 5 Annual BESS energy
for PV forecast error compensation in each case.

Fig. 6 The maximum number of running generators per day.

Fig. 4 Results of demand leveling during the operational year.

Fig. 3 Past annual demand and extracted trend component.

Fig. 5 UC results for 24th January, a heavy demand day.

(a) Case 1.

(b) Case 2.
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Fig. 7 Operating rate of each thermal power generator 
when the number of units started is changed.

Table 7 Target price for each hydrogen equipment in 2030.

Table 6 Comparing of thermal power generator costs
during the operating period.

Table 8 The installation cost of the hydrogen equipment.
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