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Optimal equipment capacity of a microgrid
considering resilience in a school
with evacuation shelter function
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Abstract

To determine the optimal equipment capacity for a school equipped with evacuation shelter functions from both
economic and resilience perspectives, power generation and consumption simulations were conducted. Assuming
normal and emergency load profiles based on the facility scale, the 20-year economic performance and the ability to
supply emergency loads continuously for 72 hours were evaluated. The optimization was carried out with the aim of
maximizing resilience while minimizing the total system cost. As a result, the economic optimal equipment capacity
was 68 kW of PV and 0 kWh of BESS, while the resilience optimal equipment capacity was 19 kWh of BESS for a
school (whole floor area: 5600 m?, evacuation shelter (gym): 1000 m?, shelter capacity: about 300 people). Integrating
both aspects, the overall optimal equipment capacity was 68 kW of PV and 19 kWh of BESS. In addition, an

approximate formula for estimating PV capacity and BESS capacity were derived.
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Table 1 Fixed parameters

Max C rate (charging) 0.5C

Max C rate (purchased power charging) 02C
Charging / discharging efficiency 95 %
Power conversion efficiency (AC/DC) 94 %
Power conversion efficiency (DC/AC) 94 %

—DC
---AC

—— Normal Load
- - - Emergency Load

Grid

Shelter(gym)

Fig. 1 Microgrid system configuration diagram
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Table 2 Cost and Life time

Initial |Replacement| O&M [/year] | Lifetime
193,000 193,000 1,000
PV 25 years
yen/kW yen/kW yen/kW
149,000 149,000 500
BESS 10 years
yen/kWh | yen/kWh yen/kWh
27,000 27,000 1,000
Inverter 15 years
yen/kW yen/kW yen/kW
Table 3  Electricity unit price
Class Unit Price (yen)
Basic fee [/kWh/month]  1716.26
Heavy Load time 24.06
Energy -
Daytime [/kWh] 20.96
charge
Nighttime 17.40
=
=
z
kS
=]
—
Time [h]
(a) Weekdays
25
- ®- Jan
20 =4 Apr
— e AN —=—Jul
§ 15 .A/ ™~ \ —a- - Oct
z
T 10
—
5

Time [h]
(b) Holidays
Fig. 2 Normal Load profiles
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Fig. 3 Emergency Load profile
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Fig.4 Power transfer simulation operation
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Fig. 5 NPV of equipment capacity (SCC)
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