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The spread of computer and air-conditioning usage has increased the electricity
demand. There is big difference between the electricity demand in the summer and
winter and that in the spring and autumn. The difference of electricity demand in the
hot summer’s day is very big. This difference causes the operation time drop of
generation plants and the rising of electricity cost. So it is necessary to level the load
to generation plants. The load leveling is significant to save energy and reduce the
carbon dioxide exhaust. The vehicles powered by clean energy is developed in order to
solve the global warming and fossil fuel drain. The hydrogen is positioned as an
ultimate fuel in these development. It is necessary to provide society with infrastructure
for hydrogen and decrease the hydrogen cost in order to introduce the hydrogen

Q ’ energy. The economical feasibility study of load leveling system and hydrogen fueling
station which consist of water electrolyzer and fuel cell using the proton exchange
membranes is shown in this report. This study was done in the research commissioned
by Chubu Electric Power Company in 1998.
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Table 1 Specifications of distributed load leveling system

HHOG Hydrogen generation rate Nm?®/h 700
Oxygen generation rate Nm®/h 350
Operation time — 23:00~5:00 (6 hours/day)

Storage tank | Hydrogen storage volume Nm? 4000
Oxygen storage volume Nm?® 2000

Fuel cell Output kW 2400
Operation time — 13:00~16:00 (3 hours/day)
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Phosphoric acid type

Molten carbonate type

Solid oxide type

Polymer electrolyte type

Electrolyte

Charge carrier in
electrolyte

Operation temperature
Fuel

Features

Power generation efficiency

Cell materials

Phosphoric acid
H{

200 C
Hydrogen
Hydrocarbon-reformed gas
Close to commercialization

40~45 %

Carbon

Carbonate Yttria-stabilized zirconia | Proton exchange membrane
COs* (Ci H*
600~700 C 1000 C 80 C
Hydrogen, Carbon oxide | Hydrogen, Carbon oxide Hydrogen
Hydrocarbon Hydrocarbon Hydrocarbon-reformed gas

Hydrocarbon-reformed gas

High efficiency, Wide use
of fuels, Possibility of in-
ternal reforming

45~60 %

Nickel, Stainless steel

Hydrocarbon-reformed gas

High efficiency, Wide use
of fuels, Possibility of in-
ternal reforming

50~60 %

Ceramics

High efficiency
Used for electrical vehicles

~60 %

Carbon
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Table 3 Comparison of filling up density of hydrogen

Atom/cm® | Weight percent
(x10%) (%)

Gaseous hydrogen (Normal state) 5.4Xx107° 100
Liquified hydrogen (20K) 4.9 100

Metal hydride (MgH) 6.6 7.6
Metal hydride (Mg:NiH,) 5.6 3.6
Metal hydride (LaNi;Hs) 6.2 1.4
Metal hydride (TiFeH.s) 5.7 1.8
Gaseous hydrogen in high-pressure cylinder (15MPa) 0.8 1.2

Note: The weight of high-pressure cylinder is included.
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Table 4 Factors of economical feasibility study for HHOG

Electrolysis module| Other equipments

Depreciation time Year 10 156

Rate of interest % 6 6

Rate of fixed property tax % 0.75 0.75
Rate of repairs % 1.8 1.8
Rate of salary % 0.3 0.3
Total of other rates % 2 2
Electricity cost in the night-time | Yen/kWh 3

Electricity cost in the day-time | Yen/kWh 10

Rate of operation per year % 80

bR N ANTERR M O E R

Table 5 Factors of economical feasibility study for storage tank

( , Depreciation time Year 156

A Rate of interest % 6
Rate of fixed property tax % 0.75
Rate of repairs % 1.8
Rate of salary % 0.3
Total of other rates % 2
Rate of operation per year % 80

6 R MEELORBMEEm IR

Table 6 Factors of economical feasibility study for fuel cell

Cell module | Other equipments

Depreciation time Year 10 15

Rate of interest % 6 6

Rate of fixed property tax % 0.75 0.75
Rate of repairs % 1.8 1.8
Rate of salary % 0.3 0.3
Total of other rates % 2 2

Rate of operation per year % 80
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Table 7 Economical feasibility of distributed load leveling system

I AV F—44® Hydrogen Program T i

%%

A/ 1 kW &7291000~1500 v (1 F=120

FIT120~180FH) & FREIN TS,

-
—

no

DT—5%5FZIZLTC1IKW H7-0150FM & L

Capital cost

Cost of system
(X100 million yen) | (X1 000 yen/kW)

Cost of electricity
(Yen/kWh)

HHOG
Storage tank
Fuel cell
Total

2.4
1
3.6
7
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Table 8 Economical feasibility of distributed hydrogen fueling station having the functions of load leveling
and generation of electricity (for load leveling)

Proportional division rate

Capital cost

Cost of system

Cost of electricity

to operation hours (X100 million yen) (X1000 yen/kW) (Yen/kWh)
HHOG 6/21 0.69
Storage tank 9/24 0.38
Fuel cell 3/24 0.45 63 22
Total - 1.52

% 9 R EHENTHELEE,

FEHRRE LR R AR S bR
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#H)

Table 9 Economical feasibility of distributed hydrogen fueling
station having the functions of load leveling and
generation of electricity (for hydrogen fueling)

Proportional division rate| Capital cost | Cost of hydrogen
to operation hours (X100 million yen) | (Yen/Nm?)
HHOG 15/21 1.71
Storage tank 15/24 0.63 69
Fuel cell - -
Total — —
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Tablel0 Economical feasibility of distributed hydrogen fueling station

Capital cost Cost of hydrogen
(X100 million yen) (Yen/Nm?)
HHOG 2.4
Storage tank 1 60
Fuel cell —
Total 3.4
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