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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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Table 1 Design constants and designed values.

Faraday constant F [-]] 96485
Faraday efficiency N [-] 0.95
Number of serial cells Nge [cell]] 1,250
Number of stack Ngr [stack] 1
Hydrogen utilization rate U [-] 0.8
Theoretical voltage E V] 1.28
Cell voltage of SOFC Vere [V] 0.8
Rated voltage of SOFC Ve [V]] 1,000.0
Cell voltage of SOEC Ve gc V] 1.35
Rated voltage of SOEC Ve [V]] 1.687.5
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Table 2 Equipment data for thermal power generators.

Unit| Type Fuel cost factor Startup cost | Lower limit| Upper limit| Running keep time | Stopping keep time | Ramp rate
CA[10°yen/h]| C [10° yen/MWh]| Cc [ye’MW’h]|  [10° yen] [MW] [MW] [h] [h]]  [MW/h]
1 | Coal 182 1.3 0.16 1670 140 700 2 2 700
2 | Coal 182 13 0.16 1670 140 700 2 2 700
3 | Coal 120 L5 0.18 1200 100 500 2 2 500
4 | Coal 120 1.5 0.18 1200 100 500 2 2 500
5 | Coal 40 20 0.20 605 60 250 2 2 250
6 | Coal 40 2.0 0.20 605 60 250 2 2 250
7 | LNG 80 2.3 1.50 643 178 425 2 2 425
8 | Oil 200 5.0 0.50 756 75 500 2 2 500
9 | Oil 200 5.0 0.50 756 75 250 2 2 180
10 | Oil 316 4.6 1.05 378 40 250 2 2 180
11 | Oil 316 4.6 1.05 378 35 250 2 2 180
Table 3 Operating and maintenance costs of Table 4 Other equipment data.
thermal power generators. PV rated output [MW] 1,360
| Coal [ NG [ ol BESS rated output Mw][ 1,000
Labor cost 0.083 0.077 0.048 BESS rated capacity [MWh] 15,000
Maintainance cost Re‘pair cost 0.530 0.643 0.527 Self-discharging rate [%%/day] 0.1
[IO‘yen-’ka}'car] Miscellaneous cost 0.610 0.295 0.264 Charge/Discharge efficiency [%] 95/95
Business division cost 0.153 0.142 0.078 HESS rated output [MW] 1,000
Total maintainance cost | 1.375 1.157 0.917 HESS maximum storage capacity [ijl 2 0%10°
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Table 5 Annual BESS energy
for PV forecast error compensation in each case.

Case 1 | Case2

Cumulative energy for PV forecast error [GWHh] 10.09
Cumulative BESS energy

for PV forecast error compensation [GWh]| -10.03 | -10.04
Cumulative PV energy . [GWh]| 006 | 005
for opportunity loss of generation

—

[unit]

WAUNAINROO—

% |—Case 1 —Case 2

01/01 03/13 05/24 08/07 10/21 01/01
Date

Number of running PG

Fig. 6 The maximum number of running generators per day.
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Table 6 Comparing of thermal power generator costs
during the operating period.
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Fig. 7 Operating rate of each thermal power generator
when the number of units started is changed.
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Fuel cost | Startup cost | Maintainance || Total cost

[10%ven] | [10%en] | cost[10%yen] | [10*yen]

Casel |11 unit| 505.44 2.27 548.68 1056.39
11 unit| 529.94 1.85 548,68 1080.47
Casc2 | 10 unit| 529.94 1.85 526.32 1058.11
Yunit | 52992 1.89 503.96 1035.77

Table 7 Target price for each hydrogen equipment in 2030.

Item Value

SOEC [10'yen’kW]| 8.83

Installation cost|SOFC [10'yen/kW]| 10.00
Hydrogen storage alloy [10*yen/Nm’]| 0.0171

SOEC [year] 15

Lifetime SOFC [vear] 15
Hydrogen storage alloy |year| 20

Table 8 The installation cost of the hydrogen equipment.

Item Value
SOEC [1 [)H}'cn | 57.4
SOFC [10%yen] 65.0

Hydrogen storage alloy [IOR}'un] 166.8

Total installation cost  [10%yen]| 289.2

NH 1 ATONEEICHIR L GEA LR O, kR EKO
BABBEIR % Fig. 7 1R, 22T, REHRERIT, kI

TR EE) L TV 1, IR L TWIUE 0 o8 F Y
TR FBAITINEL L, 24 BRfIX > I 21— a3 H
BTEST-bDEEHSFETRIL TS, ZORER, Kk
FEROEIEHIC L 6T, BEHRFZBRE W AMAN

B ORMEFEBRENMEL Ao T2 KR EROBEBEK
ZHIE L T o 2fER, Case 1 TIX 11 &% 1 B HHIET
EIRMMHOT-DITHT L, Case2 T 9 B F THHG IR RIT
HIICHI T & 7.

KA FEBEREICET D 2 R b OElERE R % Table 6 (2R
I DIERAREB I TdH D Casel D 11 5 & Case2 D 9 BT
5 &, b2 2 M Case2 DAY 2448 (EM @ >
7o ZAUX, HESS OFES EKRFEOEMHFENEL, ¥
— 7 V7 NS e DE S B KT BB R ITHE
Ll ThDHEEZD. LML, E#Ei= A M Case2 D
FH 038 EHE»-T-. Tk, PRI E DV EEOL
FRAMEI L 72 2 & T, KT F RO B 1k MK
LizlehTh D EBE 2 L. BisHERF o 2 M, KT8 ER
DOBEFEFIR L 72 2 L1280 KIBIZHI T, Case2 OJ5
D442 BHE STz, T D OFERN S KR EH O
A NEKEET D &, Case2 (X Case 1 £V 20.62 @M<
pote. LLEOREN S, HESS 28 A L CHEMFBEEAR
DMLy RS E VLT D 2 8T, KR ERO B E
2 EHRL, 20.62 M ORIEEED Z LBHFTES.
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