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Abstract : University of Tsukuba and Kobe Steel Group developed a middle-scale (1.5 kg-H,/hour) proton

exchange membrane (PEM)-type electrolysis system (EL-System) powered by a photovoltaic generation (PV)

incorporated with a hydrogen refueling station (HRS) in 2017. This article focused on the work of University of

Tsukuba ; a rational system design and an adaptive operation strategy on the PV-powered EL-System at a HRS.

The system design was to explore a better capacity assignment between nominal input power of the EL-System

and rated PV output power to increase utilization factor of that system. The operation strategy was to keep input

power of the EL-System above a fixed level in a day by the grid restricting carbon dioxide emissions of the whole

HRS-supply hydrogen below a pre-specified value. Our simulation results proved that utilization factor of the PV-

powered EL-System was possible to increase more than twice compared to that of the off-grid reference system.

Key Words: Water electrolysis system, PEM electrolyzer, Photovoltaic generation, Hydrogen refueling station

1. 1FU®HIC

Wi B8 LT &, 2000 AR AR R0 B 2 & PR AR T R T R L
¥ — (RES : Renewable Energy Sources) % i /i L 7z,
Power-to-Gas (P2G) FEFEHED M E V. FFIC 2012 4F
75 2015 2T TRFERE T Z ¥ b OBEEARAE L
CF¥H%EDY 118kWel %25 390kWel 12), 2019 4F 1 H 1
TWE56 70y =7 I+ (G5 R = 38.6MWel ; ‘FHHE =
689kWel) AHfiiLC\% "o FBMMEA (EU) i [/
VMg 2O &, MEMR A A (GHG) D % 2030
ﬂzi TIZ40% HIK (1990 4E1L) 35 2 & 2IBIF T 575,

RN ZEE 2 (EC) 1320184 11 H 28 H. 2050 4E F

12 80% LA EHI® (1990 4:0k) LT &ML (climate
neutral; FZEHEH X 1) 1% EH T 5 BRI 2R L7227,
COWMETIZP2GICE B A —KRy 7Y —KkFEL CO, WA

URWRE VAT AEHR BRI AL - TA HR
University of Tsukuba, Faculty of Engineering, Information
and Systems Professor

2RI AV — - ARIERHERTEAT TR
Laboratory of Energy & Human Life Science Inc. CEO

WCEBEWA ST VB PEROKRT AR A VIZEb DT
NOTAVF—L LTHBEMNTSRATHS Y,

HHETEH, BHFIZB T 2017 4E 12 HISKRFE LA M
AHE SN, 2030 FE E TIXHERDZ AN F— (VY »,
LNG %) CHSHREOITA ME2ER LT, KEHEEHE
By s HEZBITWEY. ZOWIKETIE, 20204 F T
12160 % . 2030 4 F TIZH 900 #» T OKFEAT— ¥ 3
> (HRS : Hydrogen Refueling Station) ¥4i5A%5HH &
NTBY, 2019 4F 11 AR Tl 110 » FrASpAT i & T
24 7 ISR OB IS H %0

PE B 7 v — 7 (AT ST, CRhSERTEY ) 2—
vav, WA =T ) v r&A VTR YA) LMK
REFIE, 2016 AEEE~ 2017 4 BEICBRBE A it - Ml 3¢ [
B (1.5kg/h #JE) OEEKFELHEET 2 H A4 HRK
FAT— ¥ a Y HEEANRSE - FERE] (DUT, BREA SR
’Eﬁéﬁﬁb Kb tsE & /MBI 2 AJIERE LTP2G

XD L - — R KREERIRRT HRERT —
¥ VAT B KREM Y A5 2 (EL-System) DFHFE-
FiEZ AT o720 TOHBOMHIZ YL Y AT 2 OB K
B9 B Wi7E & Mikie L T b,

BAEIEM Vol.19 No.3 2020 3



§ *-I%',l— Contribution

Power Grid
\? Hydrogen Refueling Station (HRS)
Off-site H2 production
MPPT / \
Controller Surplus
Power
2oe ] ey ‘
Hydrogen :
B T ——— ]
DCbus . 1
1 :
0 . > o .
/J> }L _/} EL-System : Smems:;gr Pr;a\ssure
0 4 ! 70 MPa e
n : .
: Refrigerator
i L
PEM Electrolyzer Compressor Pressure Acc. E 1
100kW/20Nm3 =4 20Nm3/h |~ 90 Nm3 S
0.85 MPa 45 MPa 45 MPa \ Dispenser
i /
T
v
-------------------------------------------------------------------------------- FCEV
R1 ABARE-KEHS AT L-—KFERT—Y 3>  ERY AT LDEEY

Fig.1 System configuration of PV — EL-System — HRS.
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Fig.3 Small-scale experimental system and PEM electrolysis
stacks (at University of Tsukuba).
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Fig.4 Current-voltage characteristics of the PEM electrolysis
stack (Measurements and modeling).
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Fig.5 Energy conversion efficiency of the EL-System (estimated).
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