
po\f'Jer p ay 
Graeme O'Neill traces the evolution of solid-oxide fuel cells, a technology 
destined to generate more for Australia than clean electricity and heat. 

A ustralia Ius precious few export 
industries in the billion-dollar 
league, and most •·race thei r rOOt'S 

10 1 ht: agriculturnl and mmmg senors: 
wool, wheat, coal, gold, iron and na tural 
gas. New billion -dollar industries have 
proved elusive this cenrury, and no11c 
have conH.: fro rn the manufacturing 
sccror. 

Bu1 a CSrRO rc~carch projc<.:t that 
bcgan thrcc decades ago in a modest 
attempt to extend the life of a mos t 
prosaic object - a slurry pump nozzle -
has spawned an infanr technology with 
genui ne prnspccts of maturing into a 
billion-dollar manufactu ring industry 
early next century. 

ln August this year, Me I bou rnc 
company Ceramic Fuel Cell s Limited 
annou nced it had successfully rested a 
promtypc five-ki lowatt ( kW) solid -oxide 
fi.,d cclJ stack module. These devices can 
generate clccrriciqr di,·ccdy from fuels 
such as hydrogen and natural gas, and 
combine unprecedented efficiency with 
low emissions of ca rbon dioxide and 
other grc.:nhousc gases. 
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Scaled up, a one-cubic-metre solid 
oxide fuel cell stack could generate a 
megawatt of clccr.rical energy, enough to 
power a medium-sized cicy oflke rower, 
with the hear from irs exhaust providing 
tht: building 's hor wa ter and space 
heating needs. 

Ar the hcarr of rhe p1·ororypc fi.1cl cell 
is a rema•·kable ceramic 'allo)' ', similar ro 
t ransfo rmation -toughened, panially 
stabilised zirconia ( PSZ). The alloy made 
sciemific hisrory in I 975 when researchers 
at CS! RO's fo rmer Divisi<>n of 
Tribophysics developed a super-rough, 
non-brittle ceramic that could substitute 
for metals in hor. corrosive or abrasive 
e nvi ro n me nts. The world's premic1· 
science journal , Namrc, ha iled rhc 
advance with 1hc head line: 'A ceramic 
scccl?!'. 

As well as being the world's roughest 
ceramic, tl1e alloy had anorher imporranr 
characteristic. Some PSZ al loys, when 
hcared could become superior solid-stare 
electro lyte, able to rransmir chHged 
oxygen atoms (oxygen ions) rapidly . 
When a 1hiu membrane of the material is 

sandwiched between air and fue l 
electrodes, "' voltage ditlcrencc between 
the faces of the membrane causes an 
electrical cun·cnr to now. 

The ekcrrolyric and phys ic;l) 
properties of I'SZs n1akc rhem ideal 
components of solid clccttolytc: (or solid
oxide) fuel cells (sec story below). Thei r 
advcnr in tht: 1970s sparked international 
interest in fuel cells, and in engineering 
ceramics. A race to develop rhc first 
commercial solid-oxide fuel cells began 
b.:twcen America's Wcsringhouse 
Corporation and thc multinationa ls 
Sicmc.ns of German)' and Mitsubish i in 
japan. 

Australia joins the race 

O bserving these developments in 1989, 
D ivis ion o fi' M:neri a ls , Science and 
Tcclmology chief, Dr Mike Murray, and 
rwo senior ceram ics resea rche rs, Dr 
Sukhvinder Badwal and D r Karl Fogcr, 
developed a bold idea. Why not compere 
with the giams by de,•cloping Australia's 
own solid-oxide fi1cl cell arow1d PSZ anJ 
a num ber of o ther CSIRO technologies, 



and ~.lprurc a <lke of \1 h.lt J)mmi,c.t to 
hcullll<" o muln bi ll ton Joll.11 in ter· 
n.lltt>ll~ londu<rr-y? 

tnfra~trunurc •nd through the 
'cC<Hillmcnt uf kq rc,can·h and 
dcvdupmcm stall". 

research dirccwr, SukiH indcr R.1d" .11. 
\ 'isirors .1rc handed .1 flexible, ~lo'-'Y •·rc.1111 
squ~rc of a m.ucri.1l with the look .111d kd 
of white polycrhylcnc plastic. h i> ~ctu.lll\' 

'green ' . unlircd I'S/',, mixed \\ ith or!'-·"'i." 
hmdmg .l!_(Cllt' .tnd pl.lsticisers so it cJn he 

rullcd onH> 'hccts and .:ut into ;qu.trc' 
hcforc linng I he org.mic nutcri.ll~ C\ lJ> · 
or:uc dunng finn~,t at lugh tempcr.uurc,, 
lea' ing ·' 1lnn, ompcrmcabk cry<rallinc 
PSZ mcmbr.1nc of cxccpnon.1l purity. 

Ccr.11nk Fuel Cells Lim ited w.~; 

IIH;orpor.ll cd in l YY 2 .• 111d w it h the 

b.t .. kutg of "'me of t\u<rr.1lo.1"~ biggest 
(Omp.mtc' ~tnd mJJ()r energy uulittc\. hl$ 

rcm.uncd .u rhc lf>rcfront ut '"'"' oxide 
fuel cell rc,cardl. C<;l RO '' the major 
,JurdH>Idcr and h." cuntrohtllc<l to the 
\ tunp.111(' 'L~t.:cc"!'> h~ pro\ u.tm~ C\,cnri.tl 

An c.trl)' obMaclc lo t· tl tc ccunp.lll)" was 
to Cthnotc the ccrnmic •lllov in tl.twk", 
tl.t l , ultr.l thlll 'hccrs. IVMpong dunng 
tirin!> "oul.t unpJir cknric.ll contJLI "it h 
the llltcn;onncn~ rha1 saiHh' 1ch the 

~cr.1mk 'hc\'1 . 
E\ldcn<c of tlm challcngc he' 111 the 

comp1111C11l' di>pbycd 111 the oilier ol 

Hot ions lead the charae 
EVEN though the PSZ membrane of a fuel cell IS a1rnght. at high 

0 

temperatures (800-1000 C) charged oxygen atoms (tons) can be 
onduced to flow across it. In other words. it becomes a solid
state electrolyte. Or Sukhvinder Badwal says the secret lies in 
PSZ"s formulation. and an unusual crystal structure that develops 
during firing. 

At an atomic level. pure zirconium oxide forms a regular 
crystallone array in which oxygen atoms bond with metallic 
zirconoum atoms at a 2; I ratto, on a configuration resulting in 
alternating layers of oxygen and z1rcomum. The zirconium oxide 
is doped with small amounts of several rare-earth elements. 
notably yttrium. which substitute for some of the zirconium 
atoms in the lattice. 

Yttrium's lower valency is satisfied by just 1.5 atoms. whoch 
leaves gaps in the crystal lattice. At high temperature. charged 
oxygen ions from an adjacent site will "tump" into a gap. whteh in 
turn leaves a vacancy at the site it has just left. Another oxygen 
1on can 1ump into this vacancy. and the resulting chaon-react1on 
moves oxygen ions from one side of the membrane to the 
other. 

Badwal says the process of ionic conduction is somewhat 
analagous to a car changing lanes on a multi-lane freeway. The 
car slots into a vacancy in an adjacent lane. then waits for 
another gap before changing lanes agam. until eventually it ends 
up on the opposite sode of the freeway. 

ln a ceramic electrolyte. the dnvong force behind the 

movement of oxygen ions is a gradient in oxygen concentratJon 

across the membrane. created as methane and oxygen combine 
in a combustion reaction on the fuel side. Air flowing over the 

opposite face provides a pool of molecular oxygen (02)-

0xygen molecules contact the surface of the membrane and 

FUEL 

CO+ 02
" - C02 + 2e 

H2 + 02" - H20 + 2e 

dissociate into two charged atoms of oxygen (02) As these •ons 
move through the membrane. their charge causes an electncal 
current to flow. 

The layers of ceramic electrolytes alternate wtth 
interconnects: sheets of stainless steel about 3 mm thick. Each 
interconnect makes broad contact with an anode on the fuel 
face of one PSZ membrane. and with a cathode on the air face 
of another. collecting the current produced as oxygen ions 
flowing through the electrolyte. 

Ionic conduction is somewhat 
analagous to a car changing 
lanes on a multi-lane freewax. 
The car slots into a vacancy in 
an adjacent lane, then waits for 
anotHer gap before changing 
lanes agam, until eventually 1t 
ends up on the opposite side. 

Interconnects have a second. vital function. Through shallow. 
parallel channels in each surface. they Simultaneously supply 
methane to the fuel face of the electrolyte. and oxygen to the a~r 
face. maintaining a an oxygen gradient that keeps ions flowmg 
towards the fuel face. 

Natural gas consists of about 92% methane and 8% of other 
gaseous hydrocarbon molecules. When methane (C H4) 
combines with oxygen during combustion. the by-products are 

water vapour (H20) and carbon dioxide (C02)-
The final exhaust stream consists mainly of steam 

and carbon dooxide and little else. The low operating 

CH• + 402
' - 2H20 + C02 + Be 



All for ~he wan~ of a durable nozzle 
IN THE late 1960s. a paper mill at Burnie, 
Tasmania. approached Bob Stringer of 
CSIRO's former Division of Tribophysics 
in Melbourne to see 1f he could develop a 
more durable nozzle for slurry pipes 
carrying hot, corrosive alkaline fluids. 

Metal nozzles corroded rapidly. so 
the division's scientists experimented 
with a coarse, refractory ceramic, 
zirconia. or zirconium oxide. Research 
continued at a relatively low level until 
the early 1970s, when serendipity 
intervened. 

A foreman of a metal-extrusion 
company brought a zirconia die into the 
division. one of a batch of Imported dies. 
This die had resisted wear and cracking 
far longer than all its batchmates in the 
face of the extreme heat, abrasion and 
thermal shock Involved in forcing red hot 
metal billets through a small aperture. 
Could the division make other dies like it! 

had developed the world's first tough 
engineering ceramic: a fine-grained 
material produced by mixing zirconia with 
other ox1des to produce a ceramic alloy. 
They demonstrated the exceptional 
toughness of the new ceramic. called 
transformation-toughened, partially 
stabilised zirconia. by showing that it 
would not crack or chip even under a 
vigorous sledgehammer blow. 

In 1977, CSIRO signed an agreement 
with a Melbourne company, Nilsen 
Sintered Products. to commercialise the 
new technology. CSIRO's Advanced 
Materials Laboratory. headed by Dr Mike 
Murray, continued to work closely with 
Nllsen to improve PSZ. Bob Hughan of 
CSIRO and Mike Marmach of Nilsen 
collaborated at this time, with 
considerable inputs from others in their 
respective teams to scale-up the PSZ 
process for commercialisation. Once 

In 1973, after much experimentation, 
Dr Richard Hannink revealed through 

electron microscopY, that zircoma 
ceramics could exh1bit an unusual 

crystal structure that resisted cracking. 

In 1973. after much experimentation. 
Dr Richard Hannink revealed through 
electron microscopy that zirconia 
ceramics could exhibit an unusual crystal 
structure that resisted cracking. 

Britdeness is the weakness of virtually 
all ceramics. Anybody who has observed 
the crazing patterns in a thick china mug 
has seen the aftermath of the stresses 
imposed by differential thermal 
expansion. The exposed surface heats 
rapidly and expands. while deeper 
material remains cool. Fine porcelain cups 
tend not to crack because they are of 
higher quality and free of defects. 
Nevertheless. they shatter even in small 
impacts. Generally. ceramics resist 
corrosion well and have high melting 
points. but they are not attractive for 
engineering applications because. unlike 
metals. they lack the toughness to absorb 
impacts. 

In 1975. Hannink, Ron Garvie. and Or 
Terry Pascoe of CSIRO announced they 

26 Ecos 93 S p r r n g 7 9 9 7 

yields of 90% and better were obtained. 
the company established a niche market 
for PSZ nozzles, dies and bearings in the 
minerals. oil and chemicals industries. 

Murray recalls sending a batch of 
custom-made PSZ bearings to Mt lsa 
Mines in Queensland, to be used in a bag 
house dust conveyor system whose 
abrasive environment was renowned for 
chewing through cast iron bearings in 
mere weeks. 

'The maintenance workers were 
skcptical because cast-iron bearings are 
cheap. but they decided to install a trial 
batch of our PSZ bearings.' Dr Murray 
says. 'A few months later. the mining 
company flew us up to Mt lsa and feted 
us like heroes. 

'When we asked why they had 
changed their minds. the maintenance 
workers told us that replacing the 
bearings was one of d1e dirtiest jobs at 
the mine, and the PSZ bearings lasted so 
long that the task was all but eliminated. 

The big United States diesel engine 
manufacturer Cummins also 
experimented with PSZ as cylinder liners 
to improve the efficiency of its engines, 
but the dream of an all-ceramic engine 
that would run without cooling or 
lubrication is still unrealisable. 

In 1984, Nilsen was joined by CRA in 
a joint venture. Four years later the rights 
to PSZ were sold to ICI Australia. ICI is 
in the process of selling off its interest to 
Carpenter Technologies of the US. lt is 
expected that the new company will 
continue and expand its Australian 
production capacity. 

In 1984, Murray and his colleagues 
sought support for a major research 
project to develop a solid-oxide fuel cell 
based on PSZ"s properties as an 
electrolyte. Initially the response was 
cool, but in 1989 the recently privatised 
NSW company Pacific Power was 
enthusiastic. BHP's Dr John Parrott and 
the Strategic Research Foundation, (set 
up by the Victorian Government to 
promote the commercialisation of 
research) also took an interest and 
invited Victoria's State Electricity 
Corporation, the Gas and Fuel 
Corporation, BHP, and the 
Commonweatth Government's Energy 
Research and Development Corporation 
to form a research consortium with 
CSIRO. In 1991. together with Pacific 
Power, the partners launched Ceramic 
Fuel Cells Limited. 

The consortium now includes CSIRO, 
BHP. the Energy Research and 
Development Corporation. the Strategic 
Industry Research Foundation. and five 
electricity utilities: the Electricity 
Corporation of New Zealand, the 
Electricity Trust of South Australia, Pacific 
Power, Western Power Corporation and 
South East Queensland Electricity 
Corporation. 

Research and development is carried 
out at the company's Noble Park 
premises and a a purpose-built laboratory 
at Churchill in Victoria's Latrobe Valley, 
and at two Clayton sites: CSIRO's 
Division of Manufacturing Science and 
Technology and BHP's Melbourne 
Research laboratories. To June this year. 
consortium members had invested $32 
million in the project. 



1-'ircd I'SZ ~~ ~ \olid, crcamr wlour. 
but the co111p.m1· h." 'll«ccdcd 111 111.1k111g 

ntcmhr.1nc' ju't ;;o mu.:run' tllllk, (on~ 
micron " one thou,.tndth of l mill 
imetr<' ), \<> thm th>l thcv arc tran,ftllCIIl . 

Ra.J\\.11 dcmm"tr.l!C' till, h1 1.1\'111!:\ J 

~quuc ot PSZ on l nll[tl/111<' plJ:tC, and 
>IHlll ing tllJt print .md phowgr.tph' Jrc 

dearh ""hie thruugh I he m<·mhr.tn< 
At th•s cxcepuun.U thinnc"• cvcn I'SZ 

i~ britrfc, blll \lllf Wll):h CIICIII~h tc> 

"'""" "ha1 1\ad\\al .tnd fu, ,·olk.tguc' 
dubbed the ·Schachl tc~t·. tlJmcd ~Iter ~ 
fOrntt!r rctlcr.ll S~,.-ICIH.:c ~tllll\tCr, \\hU, 

''hen ,hn\\ n one uf th\.: 'lu.·ch, .tl.lnn~d 
SCicnti>tS b)' lhckmg it vignroml)' with .1 

tingem.tli. 

PSZ 11lCI1lhr.lllC\ c.111 fln \\11110111 
<hancring, hut 1n fuel cell\ they uc 
sand\\ iched bcr\\een nglll l.1ycr' of 

stJinb> M eel (>CC ,\ ltliY on P·'l:\' 25 ). The 
m.1111 rcqu11-cmcnt i< th.ll they do not 
;,hatter \\hen hc.lle<f f1u111 l' llum 
tcmpcr.uurc to llOO\ .h 1hc , t.tck i, fired 

up Wafer- ut l''iZ e.t\11)' re"'' the 
rdatneil b.tlnw xoo"< opcr.tllll)-\ 

cn,·ironmcnl uf 1hc "'li<l ""'k fuel <ell 
stack. 

l'he fuel cell', Adlllle\ heel '' the 
mctJI inh:rconncd. l"hc rc,c.an.:lu.:r' 
npcrm1em<·d "11h a IH~:th tcmpa.\lurc 
allo\' from :\u\triJ 9 l.UU\1\tlll~ nl 1ron .. 

I ttriUill ~lllf dtromium J'hl\ .I!IUI 

tolerate' t~mp<·ratur<'' of I OOU ( • hut " 
ton C\fu:n\i\ c lur m.t\\ prudu"-cd hacl 

eel b. So 8~.1" ~I ~nd h" .:olle~~~uc' 
comprnml\~d hy <lrnpptn~:t the 11ad:, 
opcraung t~mpcr.Hurc tu MOO ( .111J 
usins rd~ti1ch dtc.tp \tJHtlc" ,led tu 

com1c" tn~ md111dual ~df, 
The mdilltlu.•l c~r.tmll \\.lfc" u'cd 111 

the 5 kW prototype .1rc I 00 mm 'lJU.Irc 

( 100 c m1
), hut Dr B~tl\\,11 '·')'' 

commcr.:ial st.1ck~ m~y cmplo) 
mcn1hranc"- up tn L 50 111111 

1qu.1rc (225 cm'). A silk-scrc~n 

prt>CC>> is u~cd to appl) 
clntrudc' tu the 'urf.1ce nf the 
<cranu< J hlack electrode on 
the Jlf <!de, and .1 green electrode 
nn the cnrnbu,llon 'lde - wh1ch 
m.•kt: good dccmcal contact \\lth 
the OICt.lftntef(OnncCt;;. 

F.ll·h 111111 m 1hc stack -a 
mcmbr.me piu~ tt' Interconnect 
1< about 3 mm deep, so the 50· 
unu protol\'pc 1tack ;, 15 cm t.1ll 
1 ne llldiiCIIOO and c~haU\t 

mandolding tS Internal, Jnd 

dn•sncd "' tlut the gos ll<n' 
enter> .lt the ba;c of the >tack .md 
fl<>w~ upward~. rhen sidcwJys 
t hrou~h the channel> m the 
tn lt·rconnccl.!-.. 

Oprimunt .1ir .1nd fuel Oow 
through tht.: in LCI'CUIHlCCt 

'-h.t nnr-1~ w.1 .... l<:hkvc<l th rnttgh cnmpulcr 
modelling. lkcausc fuel and air nc,·c r 1111x 
in,idc the \lack, (the PSZ 111cmbr.mc onh 
lUIHiutl\ uxvgcn ion\), there j, nu 

upponunity lur nmog.:n and oxygen to 

rt.'J.l.t lU fUnn Cl I\ trunmcnt~tfl\ unfricnJh 
n11ru~cn U\Rk, 

But wait, it's more e fficient! 

u ••• h, Jl ~)' generating de ern city dlt~cth 

from the combu,tion of natur~l g~' i' 
t:\(epuon~lly efficient . I' he 'flr't P·'" • 
cncrg1 ncld ts cqut,·Jicnr ro (>() of the 

potential dtcmicJI cncrsy in m~thJnc. 
makm~:t \nhd n~1dc fuel cell' much mnrc: 
c:ffi.:tcnt than d1c<d engines ( lc<s rh.tn 

-10'• l and combined crde and >team 
turhmc' (ahuut 50%) Rut thl' " Jll'l ti>r 
\(,\rtcr> fhc soo·c gas trom the e\h.tll'f 
can be ICd into l turbine to CMI'lCt cl'cn 

Powe r conve rsion e ffici e ncies 
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Complete fuel cells with air (black) and fuel 
(green) elec trodes coated on the electrolyte 
plate (white). 

murc eknri<.ll cllcrgy oil the \cccmu pa,~. 
t\ficr rnl'<:lm~:t through the pl.un, the 
\lCJill .111d <.Hhnn <htl\l<k tlut linal11· 
emerge from the lurhtnc cJn be pa.,cd 
1hrou~h .1 hc.n ndungcr tn e\lr.lcl e1en 
rnun· cncr1~' fur prcu.:c:'' ht.·.lt. ,p,1cc 
he~ting l!l<l hot \\Jtcr. 

.\n uucg.r.uc.·d ur "·cunhuu.·d t:\'dc 

"'tcm .1 '<>lttl n\lllc fud <ell \tJt.:l. 
hnl.nl tu ~ turbine and heat c\dlJngcr 
(CHald, an thc.·un, .h.:hac.·\c.' .111 cln.:tnc.· 
ct'hCicnc\' .tppro.l(hm~:t 70%. more than 
1111<c that of a hl.1d; coJI · Iircd Jln"cr 
'liUtann 

\ntl bccHI\e "''"' n\ltlc fuel "'11' 
uuh,c hnlwgcn rt<h mcth.IIIC lucl , r.uhcr 
than cJrbnn rkh co.tl or nd, the~r 

~rccuhou'c ~P"- cm"'"'n' \\ tll be 
,ufN.lnll.tlly lower f\ ~ump.tri,on of to1.1l 

~m"""n' of pollutJnt> fi·om .1 fucl ·ccll 
'tack (;ulfur dioxide, nitrogen ox1dc<, 
hytlroc,•l'i•o"' .1ntl p.ut1etd .uc~ ) rcl.ul\c w 
(UI1\Il'IH101,,11 flO\\ 't'r \t,lliUil\ \ItCH\\ the 

cnormott\ environmental be11cllts in 

flrll'flet.'l ('<'C thJgr.un n11 P•'l'o' 2ll) The 
Cllll<~iun ut <.trbon d1o\ldc " reduced b1· 
.1 r.Ktor of'"" Jnd <>I her pollut~nt,, 'uch 
J' nllroJ:tcn oxide and <ulh•r d1oxidc, Jrc: 
rcduc.·cd to·' frJ'"t1un , (Cuup.lrcd \\tth 
com cnuun.tltn.ll hrc:d p<>ll er pl.ml\ 

llut • .1~ the \Jfc,mJn >l)>. there'; 
rnure lkc.•u'c 'uhtl O\l<k fud cdl 'l><·h 
arc cump.tcr .1nd \ell «Jiltamcd (apart 
from necdin~ tu he ~unnccteJ to ~ 
n.tmral ga' <upply) they can be lll'tallc<l m 
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nllh:c '""a,, l.hwric' Jnd <lwpp111g. 
~t:ntrt"' tu prn\lth.: both ~.:h.·,:Jru..lt\, 'P·ll't• 

hcolllll~ .tnd hot \\.Iter 

l>t llrt1.:c Gndlrl'l , "ho '11" n'<kd D1 

Jol11l P.lrrUII ,,, m.ul.l~lll~ diiC(l\11 or 
C:cr.1mk Fud ( cll' Limited in )ul)'. '·')'' 
rh~ hyst~..·m·~ .\htlny tu prnduc.'4.' c:m:r~y 

t:icelriCII\ .111<1 hc.ll .11 the J'Oillt nf 

((Hl~lllnpuon, lll\lt',\d of 1 r.Hhlnllllll!:! 11 

from flU\\ l'r ~1.11 lUll' I ('JllOh.' f1 Oil\ lll.\jCH 

dtk~. j, ·Jc,ulution.ll1 \ 

Au,tr.di,t', pow4:r ''·'~'or" lr.u.hnon.tll~ 
h.l\ l: ht•t•n nm,uut..-~cd on u1 Jtc..·.u m~1101 

CCJJ.l tiC(lO\ll\ IU lt' dlHl' llll• t._i.,l ol 

tr.uhporllng -..u.tl «an \'i"'lun.t', IHu\\ ll 

<o.tl licld' Ill ttlf'p'l.lll<l, (I() ul I he 
\\Cighl of llu- ... o.tl "\LUer). lli~h tcn,iun 

!>o" er line> hcJt up 1><:.:.111'< ut rC\1\t.lllC<' 

10 thc mciJI '"r"'· .md lo...: hc.u cnng.~ I<> 

the \urruunthng .urno,phcrc (hl'r 

dl~tan<c' ol hundr<•.J, ul ~llnnll·tre,, '""" 
(.111 run ;h ha!th ·'' .\0' In ,jua ,uiJd u\idc: 

ll~<l rcll 'ud.- '"mid .l'<>id tl1r'r lu""' 

A vision for 2000 

Codlrn •. 1 chrecttu ul the comp.ln~ >IIKC 
1992, ,,1\' "t IC'\ \ I'IU11 I' tU 1:'\t,thJ I,h ih 
>olid ·ox.<k fuel cell teclmolog)' glob.lll)' 
thrOui;h >tr,\legio: .IIJI.IIH"C> th.ll w dl 
111;1\!" l lll i \C rC1 tl rll\ CO 11\Cillhcr' ol' lhc 

Au,Lrali.\11 t: IHl,tH' Iiunl b .h:ktll~ th"· 
projtct 

·we w.1 111 to bu ild .1 b ill ion do llar 
omhml) 0111 o t"thi; tc<hnolog~ ,' (;o,llicy 

>3~>. 'To do that, we will h.wc 10 cstabli<h 
.1 major new comp.lll)' and a m.IJur n<·w 
IIHiu'lr)' on 1111' <Ollllln: th.u', the 

pntcntial. 

"\\'c arc not l:t'""l.'- 10 he ahlc 10 

>Cl"\ ice .111 "oriJ n1.1rkc.- frum . \ mt rJii.l. 
~o we probably w11l c~tabh<h 'lratcgoc 

a1hanc:c' m lhOC:rcnt rc~um' 
~\\'c lnu\\ "c h.l\ c ~ "urld ccun 

pcllli\C >ohd ""'k liod <ell trduwlu!-1' • 
. tnd ohat \\c arc pmb.1hll lhc.td ut the 
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Initiators of 

Austrillia's 

ceramic fuel cell 

venture: Or Karl 

Foger , Or 

Sukhvinder Badwal 

~nd Or Mike 

Mutr~y of CS IRO. 

.:nmpc:t1uon 1n l."crt.lin .trt."·'' nf thl' 

ll't hnolug\ ." 

l;odli·cy 'aY' "oth the tir'r the ><M 

ph.J>c of the rc>c•rch .tud de' dopmrnt 
project completed in fun..: rhb yc.u. the 

Ill"'' three '""' ' h.tlf·)'<'"' pJo.o,e, <"n<hug 
Ill J1cc..:clllhcl" 2 ()0 (.) , \vj(l tc. •Cu~ Ull l•d) l\lfl!!o 

.uHI ,,,,ling up the tcchnolng), JUO\iug. ih 

n:li.1bilit1 .111d dur.1bilit\' in sU>Llincd 

opcr~tion •. 111d rcdudng manut:tc1ur111g 
(()\l' 

'Our gu.1l. lot..c th.n uf our'""" 
pt·ltlur,," tu dc.:mon~tr.uc .1 100 k\\' ,t.Kl 

by 2000". he \J~ ;,. •IJ we su.:.:ccd. "c '"11 
\l't.'k tn rar't: turuh to "''tJblhh prndut.tum 

tJ.ulnu:'~ .uut look 10 enter 1hc rnJrlct 

.1r<l\111ll 2002 . 
(;udirc\ ~.l\ "> lhc .l111l \\111 be lU 

<kHlnp .t >I.K~ thJt .:.m he in<ni"J><>r.ttcd 

tntc> moJul.1r ''McnlS. Fir~t ·g.cncr.uton 

'Y'tron< \\111 probJbly be a«conbkd lroon 
cuhcr 10 kW ur 25 k\\' soad.>. \\llh a 

ba~K mod uk 'iLc of IOU k \\' Customers 
"11l lloo1 "".lk up 111 increment\ of I 00 
k\\', dcpcndini; on their requirements. 

Su~h1 indcr B.td\\ .tl'' o c.,C.II ~~~ tc,\111 

h.l\ «• LH lll<l .111 ll> rc,can:h. 

dc' dnponen1 .tnd <klllllll'tr.lllnn dcJd 

lmc' ual tJillt: u1 \\dl "uhm ... du:dulc. 

·~or luur \lH.(C:\\1\C.." \l'J.r\ \\C hJ\C 

hrnu!-1111 nur pr<>JC<I nuk,lunc' ti>n' .ml. 

.lthi '"'' \."\ \.'1\ mun.· Jiflh.ult tJ.r~c:-b. • 

l!.td\\.tl '·'" "\\"r h,t\C .ldu«nl .tll uur 

.1nd 

dcmun,lt.UIU)l. the.:: :; ~" ,t.h..k ''-l' the b't 

nuJc\tunc..· Ill uur lir'l ph.t\t: 

•\\\:: h.Hc.· ·•grccd uu .utothcr 'cl of 

ClJU.lJJ\ ,\1\lhiiiOll\ t,\1!-\CI\ lllr the \CUllld 

ph.l<e We h.1w11"t 'oh·cd .111 the trdmi.:JI 

,h.1lkngn Ill, hut llll"ll 11clllocr h.,, 

.uwonc t.·lw • 

ab 
Melbournc·ba.s~d company Ceramic 

Fuel Cells Limited hu successfully 

tested a prototype five-kilowatt solid· 

oxide lucl cell st~ck module. T hese 

devices generote electricity directly 

lrom fuels such u hydrogen and 

natur~ gas, and combine 

unprecedented efficiency w1th low 

emissions of carbon dioxide •nd other 

a ree.nhouse: gases~ 

Keyword.: Fuel cells; Solid-oxide luel 

cells; Ceramic alloys; Power 

ae:ner.uion: Eneray efficiency; 

P•r tlally stabilised 1lrconia 

Emissions from stationary power sources 
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