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EflIf.lEIJ(.l[SfOIIHYOROUIJ PR(JIAJCTIOIIEY lHEF!f40C.tiEMICtL

CYLLF5 ANO HLTIP [LILTkOiYL15

Kennet.11[. Co>.
Univcrsitv of California. Loc. Alarms %ir.rl!ificLaborator’

Lor,Alamo;, New Mezico E7545

Abstract

A survey of capital Lo’,testlmate~ and proce!,L
efficiencies for two different technologies for
producing hydrogen fnmn water hac Lecn crmplcted,
Thermochemical cycl~L SIIIIWco~t$ ranging from $6(Ju.
1100/kW Hz while advanced nmthods of watel”elec-
trolysis were estimated in th~ rnnqe of $700 -
1100/kW Hz. In general, efficirmlr> for thernu-
chemiual cycles wero higher at 40 - 55’.,than for
water electrolysis s,~temc aL 30 - 40

In all evaluations of new technology, carofui
attentioflmust be paid to the ~ssumption~ underly-
ing the t&rived Co’,tand Lfficicncy to e!l’.urr!thdt

design conditions conform LO achievable rcsult~.

int,ry,du~tion

The pros~t?ct~of q~neral.inqhydroqcn from wiI
ter arr daily I](,t,nvlinqhrighLor with thr,CIIW1ino il
fossil fuel sJpp]ies and their incrcar.inq [JrlLri,
Hydroqen can >C used for a variety nf our unerqy
nee’,, c., q,, a:)ellerqy~.!rriur,a chemicnl intcr-
nwll.lrs+or r~:lgent,fIfuel suplIlomPntfor oxl’ltirlo
qas SIJIIIIIIrr,, and an cnorqy <toreqo modiu:lfor tht
reqeneratiollnf rlectrlcity produ(od dUrlIIfI “’rlff-
Ijehk”Icrind’,, Toda.v,hydroqon i’,u>cd 1IM;III%a’ a
~llulllif.dlintrrmcdiatc illa “calJtivc” \IIII,1,, i,u,,
it ~!,used inter!,ailywithin rcfincri[!sfur the UII-
qradiny rJfpetroieum stocks, or in chemical plant:
for iynthu~i? of substances <UC)In awlrlia dlld

mrtha,.11, The!e UGCS ale cxpcctcd to lJrOIILIOnth[,
usc of hydrurjcnas a qencral fuel for al~pliLat.ion’,
such as ~ircraft and autm-hilc$ irlthe tran>~mrta-
fion seclor where the attrill.~to’.tof hydrocfpn\uLh
as it! nmtmllution charactcri”.ti~and It% Iow-mdf>
enrryy density (cons\rasted thuuqh with it$ hfqh-
volumr energy dcnr,ity)arc Pxpcctod to pley IIIIMIOr
role in its imlller~,rltatioll,

The ma~tirbarrier tn hydroqen’+ USS!is it~
cost and thl$ mu$t lIfItaken into ac~ unt in all as..
pects of its present ahd future USP,! The conven-
tiontilmethod nf producing hydrogen is to react a
liyht hydr~caroon such as methane (natural gas) or
naphtl.!with steam. This method produces hydrogen
a? lowest prfc~ a% l~~~u~tof th~ re~ati~~~{ )Iw,.
pwsiw cost of natural as ($2.00 - 3,00/ O’ Htul

!and also boc~use of the ok capital r)gt of steam-
refo in which is lQSS then that of comp?~iny sys.
t.tns~ ~nnthw method of produclnq h,drocienfrom
hydrocarbon sourcns fnLludr, the parttal onidation
of h~avy oil and coal with steam, lhis process
wfl! be us.d in the Interlrnperiod when natural as

!NIPPl~M become short and befure the implemental on
of hydroqon production Schenms ba%~d cn renpwable
gnergy sourcms (tolar, fitsion, and fusion) and
weter-splitt!n~m

This pa er ~ddrohses the cost of tuftu@ter-
[spltttlnq SC ems. In the first schonm, WttQr is

split .Iectrochemlcelly In an ale ;lely2cr to pro-
duce hydrogen @nduxy9~n, Th{s techntque employ}
clectrictty which Must first be generated from tom
primry energy ttwr~o ht an efficiency subject to

the Carl’!.lir’liLaLlon.The second and p’.?.tiriti~llj
more pr~(,i’.ingschrmc involves the procet’.of Lher-
nxxhemic,:lwater-s~jlitting. Thermdl enerf’{:’.the
prirhir/unerqy inpu’ and water is r~!actcdwltn irl-
termdiate chemicals in a compltixchemical cycle tb
yield hydrorjer,and oxyqen. The intermediate chefr,i-
cals in the “thernuchen,iLalcycle” are rompltttlf
Circulated, reacted and regenerated with no 10C.SC’,
in an ideal cycle.

[rlthi~ pap~ur,wv hdvc nut attpnbted L(JaII;WI,I
thu direct question of addros~,inythe Loft (JfhYdrI.I.
gen, rather, by displayi!,f)ca[,i’.alCCJSL5and o$fi-
{,icncieswe will indicate tll(.advantaqci a!,ddlr.ad-
vantagcs at well at areaz of improvement fdr $cvI~
proposed hjdroqen production procetst:.,

protp”jc,[)f!;l.fj[l[l?Jll

Water [le~trol,y’li’,

IIItt,l.clcctroly5ic,procot,~.,a voltary i’la;.-
pli14 between two ~tal IlC @l[![tr[)ffe!.separiltf: :1,
an clcctroljtc, a conductur of inns, but not of
eloctron~, Tho ulcctrolv-,i~ reaction in wat(.r pr!,-
cot,!’,by clcctrolltran~for lJetwoLIItlI~tt, ~,11:.-
tv(,,!,l,,dll[!f,h~rmbi IL IJIItjilltlw rl[,ttrul~t$,,rl,r,-
twll’hydroqun (H;) A;lbrarinqat th!icat,horh,an(!w
(,():1,u,,.YqrII(i):)at thI dIIIIflI,, Ill;l,,,:1.,. ‘,”,
rwitlnacurrunt from an electrical .Icnrrhtinu[IldI1’
is rc~tifi!ld!(Idirect f.urrw! ,IliLfir tur’~i; fI:/:
to a s~ric’,(baLtt’ry)of cluc!ruljzc~ crli, ?rlt
hydruqcn and oyyqon gases are released separatclv
nnd m’lnlfoldrll1111lr~uid/fla$separator!,where w,ItI!
vapor anclexcc:l<l’lc~trolytcarr rcrt,vud. TII~[I\,I
RII systcm includr?dfeudwat~r twetm~~lf f,I{1111111
at WCII 0’,h;drfl~:’.”LorM)rc’,Lur5to a 1101’:IIIdl(~!)
atm) outlet preshurvl

lr~ditionally. electrolyzers such as that cm,-
scribed abov@ u~e cousfic electrolyte Solution\ and
operate at temperatures below 100 C. Alkallnr clt,-
trolyzcrs, however, require substantial cell vol!-
aqes to sustain nPdI?t current densities (e, g,.
211 V al 400Llkn-~),~ Sonw improvennsntIn UPVII1!lI,,
conditions may occur with a 2iiwt’ sulfuric acid
:~e:;&l;$~ in which calculations indicate 1.73 V

curr?nt density, In an advan~wl watl,r
electrolysis system. a solid polymer i< uwd a~ tho
el@CtrOIYt@, hence the term “solid polymer electro-
lysis” or SPi. This technoloq,yIs being devcloimd
by the General Electric Compan (Gt) and was derlvrd

ffrom thatr successful fuel cel ‘mk of the 1960s
for t,heSpace Program, In a recent study cunducted
by GE for the Electrical Power Research lnstitut~
(EM!), M electrolyzer volts L of 1.655 ~ wns at.

vtained at a current density o 10,000 Am”’.

SPE technology is still under development at tit
with the det+i9nand conitructton of a 500 kW unit 111
1979 that i$ scheduled tor tastinu throu9h 19hl,
Futur~ plans call for a 5 MU electrolysis plant to
comnence opffraticnin 1903,
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The voltage efficiency of a water electrolysis
cell is equal to 1,4L!4V divided by the actual cell
voltage. The value o: 1,484 V represents 10U
thermal ef{icler,c,based on the higher value of hy-
drcigen(2EM kJ/rtol)and 1.404 V is te-~d the thor-
nmneutral voltage. ~~r conventional water electro-

lysis, the overall efficiency (power-tc-hvdroaen]
iS often taker]as 75 . The qoal of
i~ to achieve 90 efficiency.

ThernuxhernicalCyLle:.————. ... .- ..—

If hydrogen is to be used as a
ergy produced from nuclea! reactors
High-lerlperatureGa\ Cooled Reactor

carrier of en-
such as Ihr
(HTGR) orsnlar

fu~rlace%,there IS an incentive to devclo proces-

ses f[,r tnLIthe~~l dissociation of water.7 The
problem of splitting water using thermal wrergy
along wlthir,the temperature constraint”.of practi-
cal nu~lear and solar heat sources ha’.two! ad.
dressed by the concept of themrocherll~al(ytlc>.
This concept envislonr, a series Of chemical reac-
tions involvll,yilltermedidtechemical ‘il,ecies.
These conpaunds are rrcycled internally within the
process or “cycle” so that water and thermal ener-
gy are the only inputs and hydrogen and oxygen arc
the unly OutPuLS.m The nwxinm te~erature propwed
4!.! l’,.1 (1!tt,iLjLICt is in thu runrje 700 - 1000 C
(lWJU - 1X1(J}j elillina(inq many lower temperature
heat sourw$ (t, q., qeuthcmal ener~l.~,

10 daft,,thi’,tlichflolofl~ ha: receiverj wide at-
!L~’” ivl’,howo.:1,1.lt ii jtill il.i:!,lhfa~lL~ah{:
thercfurc sound ucrJIIor:iLpro:ectiur)%have been di!-
fiLIJltto md}f!m Ifali; fovcr 2uO) cycles have been
l,ropc;or,.huf onl, ~ few have survived d l,rclirlirl-
arl effi:iul,:-,dIId“easu of operation analy’li”h.
(YCICI that ]nvolve both then%l a: null a< tlIP:-
!rf,rllwrjcalstr~i,,arv t~rrn,d “h~hrid L,I‘I‘,, !I
Lhl,,,l.~vclp+, so-”.!.(,!th~ fnput hiat I!,u~cd tII
pruduL@ e!u?tliLit/ which in tllrnDOWVI’,an Plrc-
:rochemicdl Stcl,t$dt require’,a luwcr voltaor than
water electrol,v~iz. Ikwwh-$cmlc demnttratirm
hake lIcl!ldrl’lul.:(!,Jtm thru~ tlw.rfl hi.!.~ral cy-

CIP<:
if’

Tho Ue%tlnqhoi~L[Sulfur c C]c,- thu hencrd!
I!forii(’,:,)Sulfur-]odine Cycle, anrithr Joint
ikesearchLellter(JU), ]sl,rd.Ital.,PdJ’h 1: (,iL:I,,f’

The klrttingt,ctuwand JRC cy~les are hybrid ~Ycle”,
and the M cycle is a “pure” thermochemical CyCIQ
even though It requires s considerable amnunt of
work to accomplish separations,

In the techno-econrmic evaluation bf the~-
chemical cycle teChlwlOgy, thu hybrid sulfur cycle,
known connmly as th~ ‘Vhstinghouse Sulfur Cycle”
and the “JRC Mrk 11 Cycle,” has received thn nmst
attention. Thl\ cyLltIi% characterized by th~ fol-
lowing r~actior, mquence:

?HZO * SOZ elefJ-rfrl#}+ H#fJd + HZ 3501.

H2S04 thermal aH20+ s02+l/202 llCIOI..-.. ...-— .

In both th~ Ucstfnqhouso and the JRC wrsions lhr
process OpWhtO% off nutl~ar h~at deliwred ts a
high.tenrpwature hollum gas stream froma NTGki ora
Very-Hia6 Temperature Rtactor (VHTR), If Instead
sblar hsat is constdared for a the~chafdcal cy-
CIQ, an additional factor mst be considered, Ibis
‘t the cost of solar heat at the tefrperaturere-
quired for the Procost, Solar heat 1s fntrmittmt
bothon adailybasfs (ni ht and day) asuell as

?durfn cloudy pcrlod~, dur n th~day, The 10-r
! !canac ty factm for solar p antt (as contrast~d to

nuclear plants will have a larger effect or,capital
Cost as CW?Iared to a nuclear plant. Solar-therm-
Chemical schemes are just now mceivinq attention
and this potentially pronising technology has in its
favor the capability of delivering heat at a pra~[i-
cally isotlu?rrmltemperature to a thermochemical cy-
cle allowing consideration of cycl~s involvlng solid
Oxido or sulf’actdecompositions.

The efficiencies for thermochemical cycles have
bem computed for nny cycles basej nn conceptual
rlowsheets. Thtse efficiency values are highly de-
pendent on the assumptions mde during flowsheet
preparation, especially iIIthe case of a hybrid cv-
cle where the electrolyzer operating ct’iaracterl$tlcs
~voltarw, current ClwMlty. and aria cancectra:ior,)
play the leadihg role. Initiflly values of 50 -
60~ were estimated as the efficiencies for tnur,r-cj-
clesm Recently the @stlrlted eff cielmie!,have dt-
crpas~d to 4LI- ~Ll as Idboratury dots hds altered
flow$heut conditions,

*thodol-ogy

Oata on water electrolysis and on the hybrid
sulfur cycle have occurred mmt cften in the litera-
ture and this study is msinly ba!ed on their conpar-
ison. In auny instances, @Ld wfrr rst+mted s’mtil-
taneously as water elect~lysi: ‘orms a “baseline”
aqa;nst which the col:prtivelle!,%I)fthcmwhenital
pro~es%es ~dn be judged

All dat~ were placed nn I CIRIWIIlta~ls. lIIC
il\Sufllptitm5 were;

The fu lowing breakcawr,was crIFloyedtrJcdteflcr,lu
t)luindividual components of wtter elecfrolvlli and
t.hermchemical plah!s:

Nucl@~r (N), This inc’,udedthe cost of the.......-.
n~~ear rea~toi #vd it’,auxiliaries, AlSO
included in (N) aw Lb,!costs of the prinlfiry
and secondary helium l~ops required for heat
transfer.

Pow.vlkrncrat40n and.Cond~~ioyin~,(~), This
~r;~d the COSLS oft,e ●~ectr!cal Suntrt

— - .—. -

t.rrsplus th~ costs of the tranlfamcrs,
rvcttfiersl ctc, rcqu’red to condition IIU
clectrf~ity,

~lyctrol zfr ~~),
$

Th,! electrolyzer systpm

requ~ra to””~roduce a 99.9!. purs hydrtrqcn
broduct at 30 atm prelsure Is included in
this cat~pory,

Fyae, we in~lude tha rnactor~, separators,
and h~at @uchanSers Baking up th~ plant in
this catcqory, Also lncludod are theofp-
lng, wanps, and Instrwntation, Th@ hydro-

!r
n product fs deltvrwd to a plpeltne at

Oatm, All capital :osts are derfved for
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“grBss roots” plant.

Result;..-.

Table; 1 ar,d2 present Octailed swmar:,.’,of
the e5tiMdtr?Llinver,tmrrt co~tz and cfficier,Lietde-
rived for the different prucsses. The data are
also presented in bar chart furmt in ~1~~.. 1 and ~
on the basis of $ lnvestrwnt?Mll~ (1979 S) and (’)
efficiency. The data wsr~ drdwn fran a nutr:elof
original referuncus in the literature. Explicit
assurnption$ were made reqardinq CYC16 as well a%
heat Source condition~ and rUleVdnl inrr..rm!if)r, re-
garding t~e~e hss~tion> are given below.

Case 1. Uestfnqhou%o bulfur Cyclf?--- . NAM (197b)7
Cycle Efficiency: 45,2,
Assumptions:

A. Nuclear Heat Sour~e

“ PrestressPd concretp reactor veswl,

“ Reactor Outlet ttrliur,Tempcraturo - 128”![,

‘ Turbogenerators in prlm”~v Helium Inp .

B. Acid Electrolyzer

“ ACIC! f.rlnlmtrn’i, m: 71,w! .

“ Vo!taqc: 0,45 v.

Srhulten Methanol C,VCIO. runh/Lurr,il.,.
M-&O~~

h wr Case 1,

B. Therrm~her!icalCVCIQ

“ A key rmction (CH ON ~ SO., + Ml F lli,Sf34 +

CH4) is not techni~ally fo&sibl@,

Case Ill. Westinghouse Sulfur Cycle
ucle~ficiency: 54,1:
Assumptions:

A, Nuclwr Heat SOUKSI

“ As per Case 1,

B, Acid Electralylcr

● Acid Conccntrstion: BJwt’.,

0 Volteg@: 0.4B v.

● [urtmt Dansfty: 2000 Am-2,

CmQ IV. EXXW Study - Corncil, ERM
Iaiont:

A, H@at ~U~Q

“ Urtspcclfiml,@loctricity cost
t/hHh,

- [R:MI(1977)q

B. ElM!ffJlj7f.r

‘“ c(J~,ve!ltl(Jrtal t~;,fi (hlbal in(f), tffi~ikrlc~’
75 7“,

“’ Advanced t~pc (SPL;, efficier,c): 77.6 .

Advanced typt.(SPC), efficiency g~ai: 9.

Ca~,r,V, iie!tir,qhuu~.~gu!fu- Cycle - EPPI (197};)1”
Cycie Efficienq: 46.f4,,

As’iu’vpt,w,r.:

h, hl~dr ti~dt hJIJl”L(:

‘ As per Law I.

P,, l,~idLlectrulyzrr

‘ Acid Loncentratiorl. M) wt .

Voltaqe: LI,6V (Law ;).

-2‘ Current Uentity: 2000 Am ,

ii~turEiswtr(~l~r.i’,f“,lf,,rlLtlcldelu,trr,l~!.rj

[.f~i~ivn~f: 4(1.1: ,

A’,l,uru,tiof,\:

I, Hafrr [l~~!r(jlf;r,r

,,, l,, I.1 “1,1 !11,, , ,“: *“

Vfllta,,f. l,bi.‘i,

LUrrl,rllImn”.l!. -,:11’,, l,r ,

Lo .! ,“1, !J,ll)Ii - ,1 !I,:.I . ; ‘,,,t!.,1 ,. II - ‘i. ,

I‘ii,nl 11147~)1,

(.{11 I’fl, l(.., ~1,)

fk”,ur:;,t 1(,11’,:

A, fhlll~ar ikj! !.(IUl..l-

“ b el~ictricityqwwratio~, iv l,rtr,dr~11,1,,.
loop.

“ Use of M?ominq CYCII.fur ad4ilinrml rIII,I-
tririt~ gcnrratiw,

n. Arid cleLtrOly#P?

‘“ Acid cuncm!r~tlol,, ?!! WI .

Voltaqe: ll,LJV.

‘“ Current Ikn$itv: 40LM1M“i,

Advanced Hetcr Flcctfolysfh

Efficiency: 32,7 ,

Asswtlons:

C, Eloctrolyzer

● Voltage: 1,64 V,

e Currmt Oensity: 2ono Am-2,

3



TaL,+ 1 E!,tiniiteLICapital Cnsts and Efficiencies
4.r Tpen.l@cllcfFiic~l CyCleS

(L;l data are il.2!UI H2, 1979 S. Conversion frfm
otner ~ear~ r+a(:t 1{ LISP of the Chemical Engineering
Plant Cost Inde).

~ 262 227 250 629 (+~) 711 (+P) 27.1 K’(I

P 5k b6 95 - 113 -

I. 144 14L 19: ?36 236 ,;:

[ffl- 4!.,.!.6,1.OL,P.Jtl.7 3;.: 1;”,!,3;,5

!~::t, 2 [r,firmtodCapital Co$t”. an,i Efficl@ncie%
fur UdLVr llr~.trolv51$

Ia..ti ],,; 1,..’, ]\fLdv,) ]v(hbJ.*) V VI] VI

:,4; r,:. !,;. fun 3;: 4!,: P.~,:”

(f, . Primary [nergy Source, P . Power uentratioll h
‘onditiotling,k - tluctro]yzer)

● - 90 Lffl~iwlcT is ilw WII fur SPi Mater [lcc-
trstlyslt,

%pi ij - V;’CJ(IC. Hyl,rldcycle bo$ud on 5ulfuric
acid drd brfxntrr.

D, ALIri(Hydrogwl Uromide; [Imtrolyzcr

“ Voltage: 0,0 v,

“ Current Dvruity: 40(J(IAm=z,

cast VII, Gencrtl Elwtrtc study.---- -- EPRl (1979)2

Hybrid Sulfur Cyclr, CyclQ [ffict@ncy: 42,S:,

4. Nuclear tieatSource

: h per Case v.

0. Acid [lsw-[rol-;~er

SPL Type.

‘ Acid Cuncentratiol,. BOwt .

Volta!le: 0.73 v.

C. Watrr Eltwtrulysis., CffiLimcy: 40.2.

‘“ SIT Type

VolLage: l,6bb V,

CurrenL tkn51:,i: lCI,CJGQAn-2,

Discussiofl.-.

Oeta for the specific Investnmrrt for therm-
ochemical cycles is prs%ented in ~ig, 1. The lnvcr.t-

ments ranqe from a low of $5iJ9/kH if to a hiqh of

$10ti9ikkl H,, fOr the CYCleS reviewed2 [ffiCIC~lLII?\
uero e%tir~t~d hPtwrImI, ‘~~.i’ (low) to 54.1 (hlw:;.
[~dmirldtfonof these data show that Optimistic d:,.
Sunptions were mnde 10 bring about the low lnve t-

rnent/hiqhpf~irien(v valurs. ]fl Cd51*]i] fill’thr
~ybriLftb]!ur LyLll, d vuitd,lrunder !IUUEV wa,
*ss-d for the electrol.vmr. III redlit
uW+ hchi~vflrl dr!, C1(ILU!”1[, MI-I ,. ,

~t J,jm, if J!-
11,.l.,

dllG tfll W>k’dl[), !Illdl i:. brlll ‘,, I’dl .lIIIIft,~LI@-
.\frlt!V[,ltdy.t(lfki! 10V{! W(J.,1,:!,,.:111:LII(’ (ii; “. 1.
iflvu~?w]f I IUCII. f{, :1~1111I, 1, : !),,. ,!~,l.
‘, ;,, ,,, ,, t(, 4,, , ,

fhp total invr, I .q!n( pfIr~ lnnq art, brob ‘II inn’
!hcil CWIUOIIWL ~dI”l’. (~lu, i), ~(,, :11,.!,1sh)’:rl{:
cycle ca::s, thp invs$tnnt alloLt@d to the electro.
lyzor and the chemicai sections of the Dlant aru
found to be mlmost similar, Tho Mjor d~~ta*iun HfiI.
found in the :ricing of the nuclear portion of the
plant. The nuclear plant to:.ts tn Case VI (14~ 11
and 13) may be too lar e as ttmy wer~ Optain d from

‘ith~ annual charqos ass gned by th~ aufhor$,l! riq,
? shows wsultt for the wstpr electrolysis, plants.
Their cfficien~iet are luwer than thoke for thu

thernmchemdcal cycle$ shown in ~ig, 1 and ra~qe from

3?.?’ (low) tu 40,L!’(high), The efficiency for
Water eleCtf’01y~i5is the product of thp elpctrlcit.

qeneratlon efflctency and the @lectro zer @rficien-
Cy . {The investwllt costs for water e ectrolysis a~l”
pear to be In the tam range as those compul.edfor
hybrfd thernmchemical cycles ranging from $t,9~,’).hH;

:2’::gi::!?’ffiL2:z;h:;::LY~:s;:;::d
wfwre electricity Is purchased directly,

There Is a large dtfferencc between the cost
obtained for conventional ~lectrol sf5 (Wl;kU H )

! ?and those est IrbJted for advanced e tctrolyzerh us ns
SPE technoloqj. Conventional electrolyzer5 have
efficiencies In the 70 - BO. range antlSP[ has a

4



goal of 90% efficiency which will help lower the
overall investment cost if it is achieved.

Not taken into account in this study is the
technique of high-temperaturewater electrolysis.
As experinwrtal data on these systems are relative-
lyscarce, economic projections are even IlwreSySCL,

lative than for SPE or thensxhemical cycles, Data
from studies in which competitive hydrogen produc-
tion schemes were compared by the same authors is
presented in Fiq. 3. These data are grouped in
pairs. In the first set of data, (Case V), West-
inghouse compared their cost for the hybrid sulfur

cycle against that for an advanced water electroly.
zer utilizing sulfuric acid as the electrolyte.
The costs were strikingly similar even though their
efficiencies differed,

To understand the Investment difference be-
tween water electrolysis and hybrid themmchemical
cycles see FirI.4. in which a water electroylsis
process is powered by the same heat source as a hy-
brid cycle. ror water electrolysis, heat is first
converted into electricity, An investment must be
made for the heat source, for the power generation
and power conditioning. (transfoprers and recti-
fiers) equiprrent,End for the electrolyzers, In a
h~brid cycle, the sam? investment iS made for the
heat ~o~rce (Chv efficienciesarc assumed equal in
m,tn cases), Only pdrt of :ne heat is necessary
f;;.electrolytic step, thus the power qoneraLion
and condltioninq investment is siqnificantl] loss
than for wat(:relectr,)lysis. The elcctrolyzer cost
for a hyl.rjt cycle however rcmdtns the same as for

water electrolysis as the same a~unt of current
must be JSed to producp t.nesame quantlt.vuf hydrn-
qen,

‘,1(“Idjurtrade-off in invcstncnt cost is
Chr?rfo)e quite simple to evaluate. It IiQ< be-
tween t’IuIarqer armunt of power gcneratiun and
!.:lldlti~ninqequipment for water electrolysis which
is baltnced”off by the cost of the chemical plant
for a IIybriocycle. rhe first set of
3 Ind!:ate that this trade-off occurs.!!taT;: ::::

Onu set of datd? a-,sumcdan JdVanccd SP[ w~ter
electr’olyzerand a hybrid cycle using a tiwllar SPL
~lect-olyzer, The data iodicat~ ? hiqher cost for
the hyhrid cycle as compared to SPE electrolysis
even though the effiLifwsryof the former is higher
than that of the latter, Another comwrison was
done b JRC, Ispra,

!
They compared a hyorid cycle

(Mk II simildr in nature t: !!r,stinqhouse’sto ad-
vanced watf’relectrolysis, Thu investment costs
fur these two process appears equi~alent even
tho~gh the hybrid C.VCIChds a greater efficiency.

In the above results one must always take in-
to account the assulilptions,For hybrid cycles JS
for water electrolysis, key oaramters are the elec-
trolyzer voltage and current density. Ooubling the
[,llrr~ntdensity leads to halvtn~ the cost for ~lec.

croylyzar , rouqlllym
!

GE useda current density oi
10000 Am- in th?ir SPr wetercl ctrolysis design,2

fFor the hybrid c~cle, a 4000 f4n- curren?,density
was used, Althouqh the $pecific cost of GE’s SPE
elcctrolyzer was qreater than that of the hybrid
cycle, their overall cost was istimated lower due
to operation at higher current density,

<,,~ary and Conclusions- ..—-. ._._ .—

The cost data show slight differenc~~ in in-
vestment hetwcen two methods of hydrogen generation.

All the costs were in the range, S589 - 1059/kW H2.
Efficiencies are Iil general, higher for thertro-
chemical cycles than for water electrolysis. These
range from 37,2% to 54.1% for thernmchemical cycles
and from 32.7 to 42.8% for water electrolysis.

The values of investment cost or efficiency
derived are only as good as the assumptions. Values
of the sulfur dioxide electrolyzer voltage assumed
in early studies on the hybrid sul?ur cycle were be-
10wO.5 V at acid concentrations of the 75 - 80wt%.
These voltages are iMp0S5ible to attain under the
assumed conditions. In these cases, investment
costs and efficiencies must be revised to reflect
conditions that are nmre realistic.

lhe major trade-off between hybrid thermoche-
micalcycles and water electrolysis appears in the
specific investment for the chemical portion of the
plant, typically the sulfuric acid concentrator,
acid decompose and sulfur dioxide/oxygen separation
unit. This cost must be balanced against t,lecost
of the additional power generation and power condi-
tioning facilities required in the cast of wdter
electrolysis. The chemical portion of the plant
Is fdirly constant in cost at S133 to S146/kU H2.
Unfortunately few dlta are available for power
eq~ipment required in water electrolysis systems
to quantify this trade-off, The sperific investment
for the electrol~zer Dortion for both ~roces~c~ is
dlsu alike ranqi;~ frirr5142 to Sl137/kWH.
vanced electrolyzers, Values of $238/kW fz
$365/k\’H2 were obtained for SPE and sulfur
electrolysis in later studies, howcv?r,

There does not appear t( e any simpli
method to cietermincinvtstmel, cofts or eff
for new technologies such as ~nemvo~hel,lical

or ad-
and
c acid

Lic
ciencies
cy~les

or advancrd water electrolysis, Computer codes will
speed the protest of ~ost e Llmation but a flowsheet
reflecting reliable operating conditions i~ still
the prime requirmnent in techno-economic evaluation,
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