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Control Room

Upper Reservoir

Intake Tunnel Lower Reservoir

% Discharge

Powerhouse Discharge Tunnel

Source: DUKE ENERGY https:
/lwww.duke-energy.com/Energy-Education/How-Energy-Works/Pumped-Storage-Hydro-Plants
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pump;: = fo + pisolary + X + A, + 0, + €;¢

- pump;, I (BAHSM) iOIFET & DHEKEEE
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« IRTDINTKGHREE DRI (Byorar) DNIEDE : IHZKFKEDETEE & IED R

e OLSTHEELZHGELY B, WVTHRATRZBFRVWTHE LI-HEICEVLWTLYBULERLIR NS

« EENDLVEHBELOVOREBHAREENZUVEET. 2FY. REBNHFERELPLPTVWEASA I T
& VRN R E D

> GIKEBIIRGLERBOMBTEEZR-L TWS | KEBEXERERBOREEHNIMWhIBEINT 5 & HKF
BEOZEE=H0.249MWhEINT A Z & A H - 7=

(1) 2) 3) 4)
Model OLS 1A% 1A% 1A%
Sample Full sample Full sample Low-demand Low-demand
& high-solar
Psolar 0.146%** 0.249%*: (0.432%:: 0.554%%**
(0.025) (0.004) (0.011) (0.037)
Observations 82,260 82,260 20,509 2,572

10

*p<0.01, ** p<0.05, *** p<0.1
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pas 3‘: N Dependent
PR variable
Eabd * -
"R N ‘s‘ Sample
|||l“
:Bsolar
Observations

(1) 2) 3)
pump trade trade
Full sample Full sample
(0.249%%* 0.199 #**
(0.004) (0.035)
82,260 187,371

*p<0.01, ** p<0.05, *** p<0.1

Low-demand

0.344 * **
(0.009)

46,632

SOHIREEE D AGLCHEBOEIMERMICEBL TWD D, BKEBELLAND & X DENE (3N

4)
trade
Low-demand

& high-solar

0.288 * **
(0.015)

7,364
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11144
« BKFEBORAMIE:
. Twith — Mwithout
||':::#:'o’ — _Qstorage X MCsolar + }\Qstorage X (MCthermal + Ethermal)
OO
. '0:“ '. ‘d ‘- :
l. I"‘ . :“:‘::‘
sttt ThAIESRE - Tyrivate — —Qstorage X MCgqar + 7\Qstorage X MCthermat (1)
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H D HNH % BT 5 Z & DRFMIE

« R(DQ)DZENZTNOEIICKERDEAERA LIRERZFET 2 (2020F K S DORIB(E & 2030FEM 2 T FANE)
« BN L Y. IHOBKREICLS2EEE (KEHAHREBEHFK) 1217,033kWhTH 2 Z Lhbhr -7

« HEBEMEIZ, 0.7-090FE TEZZEEBI L CFTET S

c KNHEBOFHKSE - ALIRX NI, AR - BH  RATRADEEICIL L TEE

Parameter Value (2020) Value (2030) Source
Qstorage 17,033,229 (kWh) 17,033,229 (kWh) From our sample
A 0.70-0.90 0.70-0.90 REN21 (2020)
MCiopar 3.20 (yen/’kWh) 3.20 (yen/’kWh) ARNE (2021)
MC, 6.70 (yen/kWh) 6.00 (yen/’kWh) ARNE (2021)
MCyn6 7.60 (yen/kWh) 6.80 (yen/kWh) ARNE (2021)
MC,; 18.10 (yen/kWh) 11.90 (yen/’kWh) ARNE (2021)
Eeoat 3.90 (yen/kWh) 14.30 (yen/’kWh) ARNE (2021)
Ene 1.80 (yen/kWh) 6.00 (yen/’kWh) ARNE (2021) ”
E,u 3.7 (yen'’kWh) 10.70 (yen/’kWh) ARNE (2021)
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Panel A: Based on the marginal costs in 2020

Recovery rate

Private benefit

External benefit

Total benefit

TB per 10 MW

0.7
0.75
0.8
0.85
0.9

12,537,521,152
14,852,877,312
17,168,233,472
19,483,588,608
21,798,944,768

Panel B: Based on the predicted marginal costs in 2030

11,909,388,288
12,760,058,880
13,610,729,472
14,461,400,064
15,312,070,656

24,446,910,464
27,612,936,192
30,778,961,920
33,944,989,696
37,111,013,376

8,889,786

10,041,068
11,192,350
12,343,633
13,494,914

Recovery rate

Private benefit

External benefit

Total benefit

TB per 10 MW

0.7
0.75
0.8
0.85
0.9

10,008,924,160
12,143,666,176
14,278,408,192
16,413,149,184
18,547,892,224

41,947,586,560
44,943,843,328
47,940,100,096
50,936,356,864
53,932,613,632

51,956,510,720
57,087,508,480
62,218,510,336
67,349,504,000
72,480,505,856

18,893,276
20,759,094
22,624,912
24,490,728
26,356,548




BIKFEE 1 7= Y OREMIE

s IIMWDRBRE ZHF DHEKEENFHIMAER TH 2 40FERDBEE = 1T
7o 75 A, RIEMMEIC L TH1{E85005 M4 52(881005M TH % &
EDRE N

e IOMWDIBZBKFEEBDIFHEA IR FH24EBHATH S Z N B, FlEKE
INKZTT% D B11.I%THDZ EHhHhhH - 7=2

Recovery rate 0.7 0.75 0.8 0.85 0.9

Annual total benefit per 10 MW (yen) 8889,786 10,041,068 11,192,350 12,343,633 13,494,914
Discount rate 4%

Life time 40 years

Present value (yen) 184,843,312 208,781,664 232,720,016 256,658,400 280,596,672

2Japan Science and Technology Agency, Center for Low Carbon Society Strategy. (2019). Potential Capacity and Cost of Pumped-Storage

Power in Japan. (https://www.jst. go.jp/lcs/pdf/fy2018-pp-08.pdf) . Last accessed on December 14, 2022.
18
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Cullen, J., 2013. Measuring the environmental benefits of wind-generated
electricity. Am. Econ. J.: Econ. Policy 5 (4), 107-133.
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