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Field test of a DC-based microgrid system in Okinawa
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Abstract

Utilization of surplus electricity is essential for sustainable energy networks based on renewable energy,

especially photovoltaic energy. A DC-based Open Energy System (DCOES) involving 19 faculty houses at the

Okinawa Institute of Science and Technology was established in December 2014, and an energy exchange

experiment among houses was conducted. Units installed on each house are composed of photovoltaic panels, a

rechargeable battery, a DC-DC converter, and a controller. Units are linked by DC power cables and network

cables. Each unit independently determines when and how much electricity it should exchange with other units in

the neighborhood. As of January 2015, 39% of energy consumption by residents had been supplied by DCOES.

50 kWh were exchanged among houses during that first month. A simulation study suggests that DCOES could

supply < 49% of the energy consumed in one month during the Okinawa summer, during which time 297 kWh

would be exchanged.
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Fig. 1 A DC-based Open Energy System (DCOES) was
installed on the OIST campus, Okinawa.
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,’ (a) DC cable and network connection topology
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(b) ESS internal structure

Fig. 2 Scheme of DCOES structure.
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Fig. 3 Battery Mode transition
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a) Solar irradiance at OIST
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Fig 4. Weather data from the OIST campus during January
2015. (a) Solar irradiance. (b) Daily insolation. Dotted line
shows mean daily insolation during January in Naha City
(from MONSOLA-11). (c) Temperature. Dotted line shows
mean temperature in January in Naha City (from JMA).
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Fig 5. DCOES Output in January 2015. (a) PV power
generation. (b) User consumption. Grey bars show
consumption energy supplied by Okinawa Electric Power
Company (OEPC) and white bars shows energy supplied by
DCOES. (c) DCOES Self-sufficiency rate. (d) Energy
Exchange.
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Fig 6. Time series data showing 1) solar irradiance, 2) PV generation, 3) battery RSOC, 4) consumption, and 5)

energy exchanged.
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a) Self-sufficiency rate
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Fig 7. DCOES self-sufficiency rate. (a) Self-sufficiency rate
differences between real data and simulation data during
January 2015. The self-sufficiency difference was larger on
09 January because of a power-cut test. This caused
DCOES to operate in an unusual manner that the DCOES
simulator did not capture. (b) Self-sufficiency rate run by
DCOES simulator (Summer 1). Self-sufficiency was low on
01 August 2014 because typhoon Nakri passed over

Okinawa, reducing solar irradiance.
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Fig 8. DCOES simulation results from four cases (Table 1).
(a) Self-sufficiency rate. Dots inside boxes show mean
self-sufficiency rates and lines inside boxes show median
self-sufficiency rates. Boxes shows quartiles and lines
outside boxes are upper and lower extremes. (b) Total
exchange energy for 1 month. (c) Total surplus energy for 1
month between StandAlone and DCOES case.

kDR ERT L 2 A, EREHTABRIK
IM%MTépkﬂm%éﬂkA@g 8 (a)). ESS =
IR LIlEBED VAT LADOEA, 1 HD 1 » ADYEH
WRILB2%ICET A2 L HRENTND W,

T, MROBEMOBHBFEORKEZIT-o7-, HEEIT
20147 H 16 B2 60 1 Ao 1 B H S #X 5. 04
kWh/ m?> TV, 1 AL RS EFES H D, ZOMFEED
HOHRFEZS LICHRBEELZHA L, EFEOHHE LW

PR —NIEZ T I a2 —a w2 {TolnE 2 A
(Summer 1) , EHI1 7 HOFEHEBRITH 9% L 720

201541 L bl LT 26%8 M L7z, B 60% %2 %

HE 10 Hho7e (Fig. 7 (b)), F721 » HENCTEFH 455
kWh DOFEITENFE S, FORE 297 kWh OAFEIES
(StandAlone (28T A RFITE /1D 25%) NAEDFIA S
7= (Fig. 8 (b) (c)) .

BHRGET LTV AL L THHBREINA 560K
HE{Tolz. BhHRmE — BT 5 LT HRIFZT-T
FCTENFEAOANNT —IIET SN2V NS BEORE
in Table 1) %, ST T—%&HEL
BT EVIRE (7 Modified” in Table 1) [T L
72& 2 (Summer 2) , FHHBRIFEFTS51%E 1.7%
DI TdH - T2 3 REFL 3~5% DI FIA i, &F
BEHOBESRATIISOT LT XL XY 51 kh £,

(” Original”

Vol4l. No.5

Table 1. Simulation data for cases illustrated in Fig. 7.
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