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About 90 % of the world energy demand is met by fossil fuels-coal, oil and
natural gas at the present time. Fossil fuels are used for transportation, heat
generation and electric power generation. The consumption of fossil fuels will cause
the carbon dioxide accumulation and threatening consequences such as global
warming and climate changes. Renewable energy such as wind and solar power can
solve these problems by coupling with hydrogen. The solar hydrogen energy system
is the most cost effective system if external costs (the costs which society pays for
the energy services) are taken into account. In this report feasibility of hydrogen

energy system are shown using the published materials.

Key Words :
KFEL 3N F— Hydrogen energy
Ok m BE b Global warming
AL LV F— Renewable energy
7K " & Water electrolysis
#® W M RE M Economical feasibility study

bR ANV S/ & Vol. 42 No. 2 (1999,/3)



E A - 1

HAE, HHETOKEZHEEEIZFEM 5000E m® & H#
EINTWAE, D90 %LLENSKRT AOLHE,
TERIEF AL HELNTWAS, R IIKERIZE
NEEINTVYS, TOKEDIYOBLLENXT ¥ E
ZTDOER, A =IO, AMOBT, #i45
DRICFIHHIN TS, 50008 m'OKE T &
VWEF—EIZBLF6X108T &2y, RO A NLF—
HEBEEOKLI8 %Il bh, ZANF-FHL L TIE
ANL#EEFTS FIFHa 7 v b OBENIEKR R
AEhTwid,
BRTRACABREHIKFZE LAV F = L) S REFR
WS NDH L, IR SL AL
F—IEDWN0 BLLEILARETHEL2HHTH S,
L2 LALARE O BRBE - THEH S 1 5 Sk 23H
REICERL, #HEHETREICEALEEY S 2
Twb, Hi s s RRIkER, —BILKR, 2
b, WMEBR LY TH L, AT —HEED
ERILT 5 &, BBRICEANRZE Y5 25, LU
ARELIFENT, ZoRBIIO— AV RBRIZE
EF o Twiz, Lo LBERENESN TV A IREE
b, BRVERS 7 SIZHFE I IR E ST, #EGR
BMTOBRBMEIZ > TWh, TELREEHRIC X
L HFRIEBECRIEIC B L Cid, R bR E O EE,
FUL, BExFIH, #E - b~ OB SO
PHAEED SN TNWE Y
—HILABRFHIEROERTH Y, BEELET
DIANVF—HEEOWENTERT 5 LR ORT
FIIBWTHIEBT AL FRENTVS, KFEF =%
V¥ — & U TR 2 B S AR a2 28812
19744F LIFE 8 B A T3 BT B KB TR B i 7877 12
BRI NY BAETITH ANV F — - EE
MR ARSI L D KREMHERS ) -2 4
VE=T T LM (WE-NET) 70 .7 b3
HEDOLSNTWEY RETIEIKELANLF—T X
T LADWLEW, B X OFOBRFEFMICOVTON
%,

1. HIRBRBERIEE KFI R ILF¥ —

1.1 FRERERDFE

HERRBBALOBARNE R I AEPHERH TV
IANF =T AT A, Thbb{bABREZ -2 L
LEZANFE -V AT LAEDLDIIH S, mEMNFE
HADHF TILRBREIOREERFIZ B AT 5 BRIk R
DEGHRKEL, REHRT ALEKOERILEIO
50 %L ER LB, DOWT XY & 70 rHR
Bl b,

IR LR E L R T 52 FRE L TRDO L DA
Zz2bhb,
(1) ZE bk ZOWE, HP~OFREEMOR%
KIFEEATED O FET H ALK E & M,
FIRA A - BIEFRIEO 220, #TAKE, RIBE
WIFRT 2508 2% T 5.7 ORI H
BRLFEMENTEBY, A7 —WPKREL, %
BRPP S, LPALROLELZIDEEZEZION
5o
(2) REBEZALVTF—-ORE
Kz AN F—FOFHELLANF -2 FHT 2
EMixRET 5" —HICEA AL F— 131k
ABEO L) ITENLT vy, Wikeryis LavE
HATET, Bk ko Ev, Bk e &
LTHERATERV, TNHLDOREZH ) OAKFE
IANVF—THb, KEIKIPLREIZHETEZ
LMHTH B, IoeltRoOLITiFons T
INVFE—=THY, REEFKOATFEET L7-DR
Bz L CmfiTh b,
(3) BRI N2 ZE b FEAFAHL-FHDE K
o %
B 2 XAk T T oMb R FE & kEE S
EETRAY )= VEEERT S
1. 2 mitigation & adaptation
TEALRFEMS RN E B AN F - DR TR
L, IR LR EIC BRI 2R 2N S 2 L x
mitigation LIFR, KEEALPBI N, NEOE
ERBESCERRICEEPENCEETERLERN %
T, BHRALFEEZIS Z &% adaptation &
-5, mitigation & adaptation ® &% 5 254 F)
THAINEEZLLENRH D,
TA)HRET AT I-OHEBE ITL L EFE
XIZ7R9 &£ 9 12 mitigation @4 2% adaptation &
Db NEEROINAIZE L kb, SBEEAFBIS
B — A 1 TIEEFRR RIS TIAEY %,
REBEELEAREBELTCBE, MREWS v —A 4
B DBWADL Vv, 7 — X 2 (3L mitigation
AT A TH b, 7 — A 3IZBFE mitigation
#4ThHh 7%\ T, adaptation % ZF DOFE &4 (£ L 72
BETH A, LE S HIKIEEILES IR+ 30
WEBLZTELR LW L EBETE S,
Nordhaus” i DICE (Dynamic Integrated
Climate-Economy) EF IV EHWT, RERRY
A (FIZZTEALRE) OB E T BE Loa
2 b EHRHEORIFA V3 FOBRERET LW
%o i EADORREELEE 2 KUIRT, mEIR

Vol. 42 No. 2 (1999./3)

R ANV S 5 F - 3




Income

) No global warming and no measures
) Mitigation

) Adaptation

) Global warming and no measures

{1
(2
(3
4

Time
&1 A & HERIRBE b SR O B 4%
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Type of cost Coal Oil Natural gas
Environmental damage
Effect on humans 3.48 2.83 2.09
Effect on animals 0.51 0.42 0.3
Effect on plants and forest 1.35 1.09 0.81
Effect on aquatic ecosystems 0.18 1.05 0.11
Effect on man-made structures 1.12 0.9 0.67
Other air pollution costs 0.98 0.79 0.59
Effect of strip mining 0.49 — —
Effect of climate changes 1.39 1.13 0.84
Effect of sea level rise 0.32 0.26 0.19
Total enviromental damage 9.82 8.47 5.6
Military costs — 1.7 —
Total estimated external costs 9.82 10.17 9.6
6 LT DA AV Vol. 42 No. 2 (1999/3)
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Fig. 9 Solar hydrogen energy system
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Table 2 Effective cost of the fossil fuel system (in 1990, $/GdJ)

Application Energy consumption fraction Fuel Effective cost FractionXcost
Thermal energy

0.2 Natural gas 11.82* 2.36

0.1 Oil 18.66* 1.87

0.1 Coal 12.02 1.2
Electric power 0.3 Coal 11.68 3.5
Surface transportation 0.2 Gasoline 21.4 4.28
Air transportailon 0.1 Jet fuel 17.59 1.76
Totals 1

Over effective cost 14.97

% : Average for residential and industrial sector.

IR KB - KEZANVF—VATFLOEHNITA L (19904, $/GJ)
Table 3 Effective cost of the solar hydrogen energy system (in 1990, $/GdJ)

Application Energy consumption fraction Fuel Effective cost FractionXcost
Thermal energy

Flame combustion 0.2 Gaseous hydrogen 17.63 3.53

Steam generation 0.1 Gaseous hydrogen 14.1 1.41

Catalytic combustion 0.1 Gaseous hydrogen 14.1 1.41
Electric power

Fuel cells 0.3 Gaseous hydrogen 9.52 2.86
Surface transportation

Internal combustion engine 0.1 Gaseous hydrogen 14.46 1.45

Fuel cells 0.1 Gaseous hydrogen 7.05 0.71
Air transportaion

Subsonic 0.05 Liquid hydrogen 17.78 0.89

Supersonic 0.05 Liquid hydrogen 15.24 0.76
Totals 1

Over effective cost 13.02

It has been assumed that one third of hydrogen will be produced from hydropower and two thirds from solar.

Vol. 42 No. 2 (1999./3)
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Fig.11 Component layouts for hydrogen refueling station
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Table 4 Specifications and technology data of the components for hydrogen refueling station

Componet Capital cost Operation and Efficiency or Lifetime
maintenance cost energy required

Advanced electrolyzer $ 300/ kW 4 % of capital cost/year | 0.8 20 years

hydrogen out

Storage cylinders $1.1/scf $ 100/ year/cylinder | — 20 years

Storage compressor $ 2000/ kW $ 3000/ year/unit (0.6225kW/car X 10 years
(2 units) number of cars/dayX

18h/day)+DU

PEM fuel cell $ 500/ kW 4% of capital cost/year | 0.6 20 years

Reversible fuel cell $1000/kW 4% of capital cost/year | 0.6 in generating mode | 20 years

Future reversible fuel cell $ 500/kW 4% of capital cost/year | 0.6 in generating mode | 20 years

Internal combustion engine $ 350/ kW 4% of capital cost/year | 0.4 20 years

Fixed components $277100 4% of capital cost/year | 1.875kWh/car X 10 years

(4dispensers+boost compressor) number of cars/day

Vol. 42 No. 2 (1999,3)
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Fig.12 Capital cost of Component for hydrogen refueling station

(Distributed utility operates 1 hour per day)
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