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Optimizing the Amount of Distributed Power Sources to be Introduced Considering the

Power Supply Risk Reduction Effect

Ryota SANUKT*

by

and Naotsugu SATO**

Renewable energy, which has been increasingly introduced in recent years, not only emits less carbon dioxide, but can also be

expected to have the effect of reducing the risk of power supply in the event of a natural disaster as a distributed power source. In this

study, after estimating the damage probability of power facilities in the event of a natural disaster, a simulation of the power supply

risk in the event of a disaster was performed for the power system in the Tohoku region. As a result of the simulation, the risk for

Miyako City in Iwate Prefecture was high, so we assumed that Miyako City would introduce solar power generation and wind power

generation as renewable energy, and calculated the risk reduction effect according to the amount of introduction. In addition to the

risk reduction effect, we also considered the cost of introducing power sources,

conducted an economic evaluation, and

calculated the optimal amount of renewable energy to be introduced. As a result of the calculation, the economic evaluation was the

highest when 70 MW of solar power generation and 20 MW of wind power generation were introduced.

Key Words : Power system, Distributed power supply, Fragility curve, Power risk, Economic evaluation
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Vulnerability analysis
of power equipment

earthquake, typhoon

« lightning strike : Calculate the annual damage rate
from lightning strike frequency etc.

make a damage rate curve

\

A 4
Calculation of power risk }4—[ .

Simulate with the power system in the Tohoku region
Setting the properties of a virtual natural disaster

/

4—[ Deploying solar and wind power in high-risk areas]

A 4
Calculate power risk reduction effect |

A

Calculating the optimal amount of
renewable energy to be introduced

4—[ Maximum economic evaluation ]

Fig.1 Research flow.
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Table I Parameter estimation result.

earthquake u | o strong wind u | o
thermal power plant| 1.71]0.099| transmission tower| 8.38| 1.46
hydroelectric power plant| 2.09| 0.26|solar power station| 4.32| 0.82
transmission tower| 2.29| 0.19 windmill 5.1] 0.81

substation 2.26(0.24 heavy rain M o
solar power station | 2.22| 0.24| hydroelectric power plant| 4.27| 0.92

substation 4.86( 0.43
solar power station| 8.49| 2.32
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Fig.2 Damage rate curve.
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Table 11
protection level protection efficiency(%)

Equipment protection level.
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Table III Probabili

disaster

distribution followed by downtime days.

equipment probability distribution

parameter

—_
o

I
>

Recovery probability
o o
[} [ee]

I
N}

thermal power plant | lognormal distribution | 1 =1.83| 0 =1.86
earthquake

hydroelectric power plant | exponential distribution | 1 =0.0054
strong wind windmill exponential distribution | 1 =0.0045
heavy rain | hydroelectric power plant | exponential distribution| 1 =0.0019
lightning strike windmill lognormal distribution | 4 =3.19| 0 =1.20

Stop days

wind)

0.\16

days strike)
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plant(Earthquake)
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plant(Earthquake)
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Fig.4 Number of days that power equipment is out of service.

. other fault zones

I trench-type earthquake occurrence area

Fig.5 Assumed earthquake used in the simulation.
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Number of days with lightning strikes
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Fig.7 2021 lightning strike days map (winter).
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Table IV Parameters of virtual typhoon.
lognormal distribution

central pressure depth(hPa) 2.9 0.51

4.79

maximum wind radius(km) 0.17

land

o pacific ocean sea of Japan
lognormal distribution
M o u o u g

speed of progress(km/h) [3.93]0.41(3.94|0.42(3.92(0.34

4.8410.22 4.84|0.16 [4.83| 0.2

Direction of progress (based on west)

Table V Precipitation estimation results at each station.

observatory probability distribution ¢ a  k SLSC
Hachinohe GEV 4.51 14.87 |0.43 [0.036
Aomori GEV 3.4913.97 10.33 |0.035
Fukaura GEV 4.09 |4.35 |0.28 |0.036
Morioka GEV 6.00 |5.62 |0.15 [0.037
Miyako GEV 8.06 |7.8510.33|0.039
Ofunato GEV 9.2418.0510.19 {0.039
Akita GEV 4.18 14.53 |0.36 |0.036
Ishinomaki GEV 6.5315.87 |0.21 |0.037
Sendai GEV 7.97 (7.4310.28 [0.038
Sakata GEV 4.56 14.67 |0.21 |0.036
Shinjo GEV 4.97 14.87 |0.12 |0.036
Yamagata GEV 4.50 |4.85 |0.42 |10.036
Fukushima GEV 6.46 16.36 |0.25 [0.038
Wakamatu GEV 4.41|4.79 |0.33|10.036
Shirakawa GEV 9.21|7.57 10.04 |0.038
Onahama GEV 8.3418.1910.11 |0.039
Niigata GEV 3.86 (4.2110.31 |0.036
Takada GEV 3.86 14.4910.53 |0.036
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Fig.8 Average annual power shortage in the Tohoku
region(MW/year).

Table VI Natural conditions of the target area

Monthly average solar radiation(kWh/m?/day) (facing south, Panel angle 30

Apr.|May.[Jun.[Jul. |Aug.|Sep.|Oct.[Nov.|Dec.|Jan.|Feb.

Mar.

4.87|4.71|4.47)4.14{4.31|3.62|3.71| 3.4| 3.2|3.58(4.07

4.53

Wind conditions around 70m above the ground

6.1
Parameters of the Weibull Distribution

| 6.91 | | 1.64 |

Annual average wind speed(m/s)
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Amount of Installed amount of solar power plants(MW)
supply risk
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Fig.9 Power risk reduction amount (MWh/ year).
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Table VII Business site area in Iwate Prefecture.

Total office site area(m?) 17549100
Office site area(m?)  |Number of offices| site area(m?) | VOLL
<500 13 3250| 13600
500~1000 9 6750 13600
1000~3000 81 162000| 13600
3000~5000 72 324000| 13600
5000~10000 110 825000| 13600
10000~30000 181 3620000| 13600
30000~100000 120 7800000| 84100
100000 = 29 4808100| 84100
WBREARZEICE TS VOLL & Lz, #25 VOLL i%

64,251(F/kWh) & 37 L 7.
B A 7RI EBp y (FINE LA F O B HIN T 5.
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Fig.10 Economic evaluation of renewable energy introduction.
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