
5. p:悶LI阻 NARYREPORI'倒 APROPOSED E/HV FUEL CELL PRC后RAM

ハワイ大学マノア分校にある自然エネルギー研究所からアドパイザーの

一人である太田本会会長ヘ送られた予備レポートです。

会員のご参考までに載せますが、無断転載を禁じます。

OBJEcrIVES 

o To develop an extended rar唱eelec七richybrid vehicle powered by a 
battery fuel ce11 system. 

o To initiate a program to provide transportation fue1 from 
non-petr01eum回収ces--biofue1s!hydrogen(methano1， and 0ヒher
1iquid or gaseous fue1s廿la七回nbe produced from renewab1e eargy). 

BACKGRαJND 

官leHawaii Natura1 Energy Institute (HNEI) of the University of Hawaii 
p1ays a lead r01e in the re民 archand deve10pment of renewab1e energy in 
Hawaii (Ref. 1). 工naddition to conductir昭R&Dinvolvir昭世leprimary 
renewab1e re50urces (biomass， geoヒhermal，ocean therma1，回1arand wind 
energy)， HNEI has ac七iveprograms in a1ternative tran司泊rtation，hydrogen， 
biofuels， er陪rgystorage， and materia1 sciences. 

Hawaii is dependen七upcコnimported oi1 for about 90 percent of our eargy 
釦 .pp1y. More than 50 percent is used for tansportation. Hawaii' s abundant 
時間'wableer陪rgyre50urces has been shown to quite readi1y produce 
e1ectrical e問 rgy. However， even though non-electrica1 限 edsrepre艶 ntthe 
predominant need， on a re1ative basis， very little R&D funds have been男児nt
on tran時均rtationfuels. A re---prioritization of emphasis has beenmade and 
an e却andedeffort has been initiated for biofue1s. 

ELECl'R工CVEHICLE IMPR!α厄問問TPRIα;1:也M

A progress Report on盟町、 ElectricVehic1e Program (Ref. 2) has just 
出en∞u1pleted. 工nbrief， durir珂 thefirst three years of the FN pr句 ramin 
Hawaii， the 0戸rationa1re剖 1tswere very poor for a variety of rea50凶.
However， just durir河出epast year，出eFN improveI時ntpr句 ramfunded by the 
us∞IE has produced very positive results出ωir喝 greatpromise. 
Modifications have been made to several of ID把工 EVsand a rrore reliab1e 
a詞 efficientEV is now available wi出 betterdrivability， 10珂errar可e(up 
to 50 or lTOre miles 伊 rcharge)， and 50 far， minin温1road fai1ures. 官官 van
{∞dg←Jet 1400 120 V01t}， for exarnple， had 1ess than a 1，000 miles of u関
durIl可 its 主stthree year s， but since the gel--ce11s and ne¥，，' charger have 
been insta11ed， in one rr賠~th ， over 1，000 t古oublefree miles h ).ve been 
driven， at an avera宮ee関 rgycons..郡1ptionof .5 to .6 kWn p令官 mile(1ess than 
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ha1f of the origina1 energy u銅 ge). Al釦， with three副ortterm rech紅 ging
cycles， in 0陪 day，the van traveled a tota1 of 120 mi1es. 

1n fact， the current EVs can theoretica11y rneet the dai1y dr i vir精
requirement of over 50戸 rcentof the cars on白 hu(where 80 percent of 
Hawaii's popu1ation 1ives). However， it is c1ear that an extension of the 
present rar喝eof 30-50 mi1es per charge wou1d great1y enhance FN 
accep七abi1ity，as wel1 as廿leirabi1ity to fu1fi11 10nger missio田 (e.宮・
de1ivery van， taxi， etc.). Hawaii has idea1 c1in凪ticar姐 utilization
conditio悶 forFN 0戸ration，and is understandably progressi開 asa n鴎jor
nationa1 test center to develop advanced concepts in E/HV technology. 

FU盟~ CELL TEQ到α正沼Y

Although fue1 cells have been considered a promisi珂 technologyto 
produce electrical energy for uti1ity u提， stand四a10neapp1icatio悶
inc1udir唱 hybrid可stemswi th ren側 ab1eer時rgytech∞1ogy， and for伊 ssible
tran号沿rtationuses， pr勾ressin rea1 wor1d app1ications has been slow. Los 
Alamos Natior温1Laboratory has p1ayed a 1ead ro1e on behalf of the U.8. 
Department of Eargy (Ref. 3 and 4). 官leE1ectric Power Research Institute 
and Gas Re民 arch1nstitute have a1卸 supportedfue1 ce11 research. 

Hawaii's Pacific Resources 1nc. {in出:>0:[:培rationwi廿1the GaS Research 
1nstitute (GR工)and US∞IE} insta11ed a 40 kW fue1 ce11 at the 1likai Hote1 
that has been on 1ine for a several months ∞~ with good operati珂
performance produci珂 bothe1ectricity a凶 hotwater.. 官leEr司工的ard
Corporation in New Jersey has successfu11y powered a fork lift truck with a 
fuel ce11 (Refo 5). 

A fuel cell manufacturer in ∞nr時cticut，however， ir時icatedthatせle
state-of-凶e-artof fuel cel1 was not yet ready for highway vehic1es. 
soleq， a n町lufacturerof improved EV contro1 e1ectronics (∞ntrol1er wi廿1
regenerative braking， etc.)， neverthe1ess felt that their syst自n∞uld
effective1y 0伊 ratewith出edua1 energy source (fuel ce1l ar詞 battery)，
indicatir唱 thata ten kW fuel ce11∞u1d 0戸ratea van indefinite1y (as 10珂
as fuel was available). CUrtis-P配， which manufactures a reliable ar姐
efficient transistorized contro11er (five of惜lIchare installed in部癌Z
irnproved EV's) al鈎 ir泊icatedthat their ∞ntrol1er unit cou1d handle the 
fuel ce1l ar岨凶tterypower system in paralle1. 1n short， there has been 
e∞ourag副鴫ntto pursue the fue1 cell hybrid option. 

Final1y， U.S. Senator Spark Matsunaga， in Septernber 1985， introduced two 
bi11s (S. 1686 & S. 1687) for fue1 ce11 R&D and one to support re鵠 archon 
hydrogen production from 民間~wab1e er児rgy(S8 1685). A Ser祖国 heari珂 on
the subjec七hasbeen announced. 

SUMMARY OF 1創出 RENEWA乱 EENE邸 YHYDRCGEN AND B10FUEL PRJ∞貼MS

HNE1 has been invo1ved wi出 biofue1sand hydrogen re艶 archsince the mid 
1970's. However， a時迫cialfocus was ini tiated U'戸nthe arriva1 of目ichae1
Anta1， the Cora1 1ndustries chairholder，叫10has ∞nducted fund詔nental
re誕 archin biomass gasification. 

HNE工母onsoredthe first工nternatior国1SYIDf均si山non Hydrogen Produced 
from Renewab1e Energy in 1984， and wil1 ho1d the third時 eti珂 in四郎@
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Since the 1984 symposium，蜘工 hasr悶
B批E∞k凶ha'剖.ve叩nN尚ationa1Lab凶。E悶a七切or匂yar凶岨 a 卒196，0∞0∞ogrant f釘E。叩mU凶J氾s∞IEthrough the 
Solar Energy Research 工nsti七utefo.ぽ，ra techl∞双羽，logystatus assesSIT陪陪ntof 
積HydrogenEnergy From Renewab1e Re田 urces・inc∞戸rationwith the F10rida 
Solar Energy Research Center. High1ights of this research effort inc1ude: 

a. A docun陪ntationof the pre誕 n七E泊wa11anenergy eco∞tIIlY as a base 
case. 

b. An assessment of conventional hydrogen production tech∞10gy which 
could be adapted to the pre鑓 nt，primary energy supp1ies in Hawaii 
to produce hydrogen. 

c • An assesSl田n七ofrenewab1e hydrogen production techno1ogy options. 
d. A system study油 ichintegrates hydrogen production， storage， 
distribution， and uti1ization options for the island e∞∞町・

e. A scenario for assimilatir喝 variouslevels of renewable energy 
produced hydrogen. 

Also，盛田工 isconsideri珂 theinsta11ation of a smal1 electro1yzer to 
produce hydrogen in Hawaii as part of a renewab1e energy storage test (RE釘}
program. TWo recent reports on HNEI hydrogen programs are avai1able from 
HNE工(Ref.6 and 7). 

To re-initiate the expanded biofuel effort，悶EIhosted a high-level 
即時出opin Noverr髄 r1984 [出eproceedi珂sin two .v01umes are a.vai1ab1e from 
HNEI (Ref. 8)]. 工nbrief， the mission was to identify the most promisi珂
fast growir喝 tropi国 l男児ciesas feedst∞k for the production of回 1id，
liquid or ga民 ousfuels. 世lIsprogr翻 hasdrawn sup伊 rtfrom n自nysources， 
inc1udi珂 theinc1usion of aキ500，000a即 ropriationin the FY 86 US∞E 
budget by the U.S.∞r喝ressfor廿le1泊waiiBiofue1s program. A para1le1 
project under consideration is a pro伊 sa1to bui1d a gasifier pilot p1ant 
that∞u1d∞nvert 50 tons a day of biomass into a n陪diumBTU gas， which can 
出 enreadi1y be∞nverted into n陪thano1. A university-industry te剖 is
beir瑚 fo口問dto re母ondto an expected US∞E solicitation. In the meantin陪，
the Hawaii Legis1ature wil1 ∞nsider up切事2n心 1ionof∞st match for this 
ar凶 relatedprograms. 世leseprograms to produce hydrogen and rr砲thano1wi11 
form the foundation for Hawaii軍sfuture tran司~rtation systems. 官le
Goveroorl s Tran時~rtation Fuels Task Force， chaired by Michael Anta1， 
identified these options as criti叩 1for our 10ng-七ermneeds. 

PRCP(渇AL

An improved FN .van (Dodg←Jet 1400 wiせ1120 Vo1t syst回n)wi11 be 
retrofitted with a 5 kW fuel cel1. 官官 vanwi11 be ou七fittedwith either a 
p間∞ntroller/gel-cell& Lester s田rtcharger or a S01，明∞ntrollerwhich 
has a reger町 ativebrakir珂 feature;either an existi珂工20Vcharger and 
関we色調 leadacid batteries or廿時間xt宮enerationge1-cell system (which has 
a 10 percent increased energy densitY)i and a next generation GE 60hp DC 
n悶tor.

官levans will be outfitted with a DC to DC converter (120 Volt to 12 
Vo1t) to ensure suffエciente限 rgy1n廿leaccessory回 tteryto operate the 
contro11er， lights， ho口1and poweト V開 i四 assist.四 brakes. This later feature 
is問ededas an antici問問。 to1，000 additior鴎lpo出品 ofweight may be 
addedゐIya 5 k同 fue1 品;;dits園出品}，5 noted previous1y， the van 
g 時刻 con訊却liJ唱 ..5tむ同ihper同工会民むよefuldrivir可 (100to 150笛np
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average draw) ， or a 40 to 50 mile rar唱eper full charge. Henω， a 5 kW fuel 
ce11∞u1d add about 8 to 10 mi1es of ra珂eper hour of 0:伊 rati珂 t白隠， or 
80 to 100 mi1es added ra珂efrom 50 kWh of fue1 cell energy over a ten hour 
day. Additiona1 short .charge cyc1es could add to this tota1 potentia1 of 
130 to 150 miles if needed. 

官1efuel cell and凶 tterypack would be p1aced in戸ral1e1，with the 
primaryear官邸urcefor powerir喝 thecar provided by the fue1 cel1， with 
su即1en削 ta1e即 rgyfrom the traction battery pack. 官1esurp1us or unr陪eded
eargy from the fue1 ce11 (when not needed by the motor or when the car is 
not operatir唱)wou1d be u民 dto charge the bat七eries. This 10ad 1eve1i珂
ro1e of the batteries ensures a re鍔 rveenergy 1evel to return to home base 
and ensures the fu1l utilization of the energy out.卯 tof the fuel cell. If 
the 801e<ョ systemis insta1led， the regenerati ve braking feature wou1d also 
provide a rechargir可 e1ementand improve the overa11 performance by an 
estimated 10 to 20戸rcent.

世1e辞10司ぬricacid fuel ce1l {PAFC} is the most advanced aoo suitable 
fue1 ce1l for the initial project. other fuel ce11 options might詰lOW
lor司erterm promise， but they a11提 emnot yet advanced to the fie1d test 
stage. 1到EIwi11， of∞ur se， be open to ∞nsiderir唱 themat the appropriate 
time. of母ecia1interest wou1d be tho誕 syst日nsthat have a higher 
e1ectrical energy efficiency and工owerthermal output. 

官leissue of hydrogen versus methano1 (or other feed stock) fue1 for the 
fue1 cel1 wi11 be studied. Whi1e hydrogen is the preferred fue1， and械)uld
e1iminate the限 edfor the reformir可 cyc1e，the three optio出 forstoring 
hydrogen present problems or 1imitations. For examp1e， a standard 1A size 
ta出 of∞mpressedhydrogen何bout4.5 feet lor噌)contai出 only200 cu. ft. 
of hydrogen ， which ∞u1d power a five kW fuel ce11 only for one hour. 
Hydride storage mighヒbesuitab1e， but there is a weight ar姐 costprob1em 
that needs to拠出剖叫ned. Cryogenic or 1iquid hydrogen might have the 
1east weight per BTU and kWh of er記rgy，but avai1abi1ity of such a syst叩 is
1imi ted at this time. We wi1l be checking with Dr. F山出国陪 ofthe Musa出 i
Institute in Tokyo， who has pioneered work in hydrogen powered EVs usir唱
liquid hydrogen. 

Metha∞1， on the 0吐lerhar岨， presents an easier solution， as a ten 
gallon tank can fuel a 5kW fue1 cel1 for ten hours providi珂 anad品itior凶
80 to 100 mile rar司e. Methano1 might be easier to obtain ar姐廿1ecost at 
60.t 戸rga110n would be∞時むab1eto ga田 1i問 (e.g.，5t to 6，t a 伊 rmile) 
as wel1 as electrical energy current1y at lOt a kWh in Ho∞lulu， which al関
works out to a 5t to 6t mi1e ∞st. 出沼工 willexp10re these various 
alternatives from interested industry participants. 

CONCLUSIαq 

HNEI has initiated a cooperative program to deve10p a better hybrid EV 
with goverrm間七 日記archers仏osAl割問sNational Laboratory)， private 
re民 archager回ies(EPR工， GR工， Electric Vehicle Develo伊間七∞rporation)，
industry， and researchers from other Universities. 官lIspropo踊 L民 eksto 
address certain strer司thsof ENs and fuel ce11s七otogether reduce the 
1imitations of each. 
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官lepre誕 ntimproved FN is 0戸rationa11ysound bu七hasa 1imited range 
that cou1d be trip1ed by a five kW fue1 ce11. 官lefue1 ce11詰lOWSrea1 
promise as an efficient techno1ogy to produce e1ectri国 1energy but 
current1y has 0戸 ratir司 1imitationsthat can be compensated for by a 
traction battery pack. Al5O， present fue1 ce11s can r回tbe turned on and 
off efficient1y 50 a hybrid system with a 120V traction battery pack wou1d 
minimize this prob1em. 官le∞s七ofthis hybrid concept test can be 
minimized as the FN van is a1ready avai1ab1e and has sufficient号沿cefor 
insta11ir可 thehybrid syst臼n.

Bes七ofa11， this proposa1 provides an exce11ent opportunity to create a 
vehic1e that∞u1d fu1fi11 many missions that current1y伺 nnot be readi1y 
fulfi11ed by EVs nor by a fue1 ce11 powered vehicle. The hybrid vehic1e 
project beir可 ini七iatedcan民 rveas a path finding釦 1utionto the 
tranゃortationprob1ems faced by f担waiiar吋凶enation. 出ouldthi s option 
prove to be successfu1， and important a1ternative wi11 be deve10ped to 
better uti1ize renewab1e er時rgyfor tran司泊rtation.
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