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Synopsis

In the big trend of shifting energy sources from nuclear and thermal power to renewable energy,
hydropower generation has collected significant attention in Japan. In this research, focusing on 91 dams
all over the Japan, it is shown how much potential it additionally generates only by changing maximum
discharge Qmax, Which is the setting of water volume used for power generation, of existing powered
dams in Japan and how it changes by the effect of climate change. This study showed all the dams have
potential to develop, and about 7% of increase is expected in total only by the simple operation change. It
is, however, estimated that the generation will decrease by 11% in total in future by the effect of climate
change. This situation can be improved by utilizing future potential of hydropower, and the results shows
that the decrease ratio goes up till —6% in total, though it still remains negative. Whereas the generation
of Hokkaido drastically increase about 20% in the future.
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Fig.1 Location of Dams

Table 1 List of Dams

Hokkaidou  1lwaonai 2Asarikawa 3Kanayama 4Katsurazawa  5Satsunaigawa
BKanoko TTokachi 8Taisetsu 9Takizate 10Jyouzankesi
11Nibutani 12Pirika 13Houheikyou 14Tyuubetsu

Tohoku 15Kamahusa 16Sagae 17 Tamagawa 18T sukiyama 19Gosyo
20Miharu 218hijjyuushida 22Shichikasyuku 23Aseishigawa 24Tase
25Yuda 26Shirakawa 27Naruko 28Surkamigawa 29Nagai

Kante 30Urayama  31Sonchara 32Shimokubo I3Miyagase 4lkari
35Kawamata 36Aimata 37Kusaki 38Hujiwara 39Naramata
40Hutase 41 8hinaki 42Takizawa

Hokuriku 43Unazuki 44Mikunigawa  4500ishi 460ckawa 470omachi
48Yckogawa

Chubu 49Y¥ckoyama 50Maruyama 51Koshibu 52Nagashima 53Miwa
54Yahagi 55Hachisu 560rigawa 57Tokuyama

Kinki 58Managawa 59Hitokura 60Sarutani 61Takayama 62Murou
63Syourenji  64Amagase 65Hiyoshi 66Hinachi 67Nunome

Chugoku 68 Nukui 69Sugasawa T0Haji 71Shimazigawa T72Hattabara

T3Yasaka T4Tomata T5Haizuka 76Shitsumi
Shikoku T7Shinguu  78Sameura 7900watari 80lkeda 81Naksujigawa
B82Tomisato  83Nomura 84Yanase 85Kanogawa 86Nagayasuguchi
Kyusyu B7Kyuuragi  88Matsubara 89Tsuruda 90Ryuumon 91Midorikawa
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Table 2 Specific data of Tamagawa dam

Generation Type Dam Type - Reservoir

Crest Elevation 406m

Normal Water Level 397.4m

Dam Height 100m

Effective Head (397.4— (406 —100+5))
%X 2/3=57.6m

Maximum water | 40 (m®/s)

capacity Qmax

Maximum power | 23,600kW

capacity P (kW)

Annual average | 86,856MWh

power production
E (MWh)
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Fig.2 Flow duration curve of Damagawa dam and
change of water discharge for hydropower based

on the difference of Qmax
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Table 3 Flow discharge under present climate

i 5 10 15| 200 2] 30| 3] 4| 4| &
RE(m3/s) | 9846 | 7690 | 7084 | 6541 | 6248 | 5699 55.09 | 07| 4537 | 436

(2) REEHMEEE

BIIE D W BLHIRR & e REEH KB 2 v, 2.2 Tk~
TFEMEEEHAXZHEWBIEOFEMBEERZ R
T 5 &, FEMRBEEN E=175,822,482kWh &k 5
N7z, WIZ, Qmax % Fig.2 ® L 912, Qs~Qs0 Dl
FHCE LS EGEOEHAKEDEIGRD LI
HEMFEEROLE(LE Fig.3 ITRT.

78,500,000

78,167,255

... 78,102,551

78,000,000

meration (kWh)

77,500,000

7,000,000 -

ug gen

76,500,000 -

76,000,000
30 @ 50 60 70
3
Present Qmax setting Q (m3/s)

Fig.3 Hydropower production change based on the

Annual electri

difference of Qmax under present climate
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Fig. 5 Flow duration curve calculated by the Climate change coefficient
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Table 4 Flow discharge under future climate
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RE(m3/s) [11761] 8398 | 7418 ] 6744 | 6474 | 6060 |56.92 | 5159 | 45.19| 439
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Fig.6 Hydropower production change based on the

difference of Qmax under future climate
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Inflow Change at Tamagawa Dam

Flow Velume(m?/s)

Fig. 7 Comparison of annual flow discharge under
present/future climates (Orange: Present climate,

Blue: Future climate)
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Table 5 Summary of power production change of

the Tamagawa dam

E(kWh) | Eo(kWh) | E’(kWh) | E’gu(kWh)
75,822,000 | 78,167,000 | 76,897,000 | 79,522,000
Eop—E. E'—E E’op-E
(Eop/E) (E’/E) (E’op/E)
2,345,000 | 1,074,000 | 3,699,000
(1.031) (1.014) (1.049)
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Table 6 Specific data of Ohdo dam

Generation Type Dam Type - Reservoir

Dam Height 96m
Effective Head He | 84.9m
Maximum water | 45.0 (m%s)
capacity Qmax

Maximum power | 33,000kW
capacity P (kW)

Annual average | 138,000MWh
power

production

E (MWh)
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Fig.8 Hydropower production change based on the
difference of Qmax under present climate
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Ratio (Climate Change Facotr)
= future/past

Fig. 9 Flow duration curve calculated by the

Climate change coefficient
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Table 7 Summary of power production change of

the Tamagawa dam

E(kWh) Eop(KWh) | E’(kWh) | E’op(kWh)
120,940,000 | 123,212,000 | 92,515,000 | 93,239,000
Eop—E, E'—E E’on—E
(EoplE) (E’/E) (E’op/E)
2,272,000 | -28,425,000 | -27,701,000
(1.019) (0.765) (0.771)
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Fig. 11 Comparison of annual flow discharge
under present/future climates (Orange: Present

climate, Blue: Future climate)
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Table 7 Summary of Reginal Hydropower

Production
Results 1 (MWh)
Region No. E Eopt E’ E’opt
Hokkaido 14 622.060 646.048 730.318 752.269
Tohoku 15 1,057,699 1,118,165 | 1,016,687 | 1,061,911
Kanto 13 493,725 522,928 444,241 463,713
Hokuriku 6 356,951 371,883 340,337 346,802
Chubu 9 1,030,356 1,120,726 760,081 832,085
Kinki 10 401,181 437,311 332,809 357,624
Chugoku 9 213,357 224,367 155,852 162,888
Shikoku 10 591,485 624,571 471,077 487,017
Kyushu 5 272,104 311,523 232,516 254,681
Total 91 5.038.920 5.377.523 4,483,919 4718991
Results 2 (MWh)
Region Ep—E | Eq/E | E'—E E’/E E’on—E E’on/E
Hokkaido 23.988 1.039 108.258 1.174 130.209 1.209
Tohoku 60,464 1.057 -41,012 0.961 4,212 1.004
Kanto 29,203 1.059 -49,485 0.9 -30,012 0.939
Hokuriku 14,932 1.042 -16,614 0.953 -10,150 0.972
Chubu 90,370 1.088 -270,27 0.738 -198,271 0.808
Kinki 36,130 1.09 -68,372 0.83 -43,557 0.891
Chugoku 11,010 1.052 -57,505 0.73 -50,470 0.763
Shikoku 33,086 1.056 -120,40 0.796 -104,468 0.823
Kyushu 39,419 1.145 -39,588 0.855 -17,423 0.936
Total 338.603 1.067 -555,001 0.890 -319.929 0.937
Mwh Total (MWh)
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Fig. 12 Annual Regional Hydropower Production

Change under Climate Change
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