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A COMPAPISON OF CAPITAL COST ESTIMATES ANL PROCECS
EFFICTENCIES FOR HYDROGEN PROLUCTION BY THERMOLHEMICAL
CYCLES AND WATER ELLCTROLYSIS

Kenneth [.
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University of California, Los Alamos Scientific Laborator:
Lo% Alamos, New Mezico B74%45

Abstract

A survey of capital cost estimates and process
efficiencies for two different technulagies for
producing hydrogen from water hat becn completed.,
Thermochemical cycles Show costs ranging from $600-
1100/kW Hy while advanced methods of water elec-
trolysis were estimated in the range of $700 -
1100/kW Hy. In general, efficiencies for therro-
themical cycles werc higher at 40 - 55., than for
water electrolysis s,steme at 30 - 40

In all evaluations of new technology, carefui
attention must be paid to the assumptions underly-
ing the darived cont and efficicncy to enuwure that
design conditions conform to achievable results.

introduction

The prosrects of generating hydroqgen from wa
ter are daily becoming brighter with the decline i
fossil fuel supplies and their increasing price,
Hydroaen can Y used for a variety of our cnerqy
nee-s, €., ., an energy rarrier, a chemical inter-
mediate or reagent, a fuel supplement for existing
gas supplies, and an enerqgy storage mediun for the
regeneration af electricity produced during “nff-
peak” period.. Today, hydrogen is used mainly a' a
chenical intemnediate in a “captive” sen.ey i.e.,
it s used internaily within refineries for the up-
grading ot petroieum Stocks, or in chemical plant:
for synthesiy of substances such a- armnnia and
metha. o1, These uses are expected to bLroaden the
use of hydruqgen as a nencral fuel for applicationy
such as aircraft and automobiles in the tranvporta-
tion seclor where the attribates of hydrogen such
as fts nonprllution characteri~tic and ity Tow-mass
encryy density (consirasted thouyh with ity high-

volume eneryy density) are expected to play a nwior

role in 1ts inplerwntation.

The majur barrier to hydrogen's use 1s ity
cost and this must be taken into GCL?th fnall as-
pects of its present and future use.' The conven-
tiona! method nf producing hydrogen s to react a
11ght hydrycarvon such as methane {natural gas) or
naphti.a with steamn. This method produces hydroqen
a' lowest price as result of the re\nt\ve\¥ nex-
pensive cost of natural ?ns ($2.00 - 3.00/10" Btu)
and also becsuse of the Tow capital rist of steam-
reforTinx which {s lets then that of compeiing sys-
tems. nother method of producing hydrogen from
hydrocarbon sources includen the partia) oxidation
of heavy 011 and coal with steam, This process
will be vsed in the interim period when natyral ?as
supplies become short and befuore the tmplementation
of hydrogen production schemes based cn renewable
enerpy socurces (solar, fivyion, and fusion) and
water-splitting.

This paper addresses the cost of tw: water-
splitting achemes. In the first scheme, water {3
spiit electrochemicelly in an ale L.olyzer to pro-
duce hydrogen and uxygen. This tachnique employs
elactricity which ust first be generated from gome
primary energy sour.e at an efficiency subject to

the Carr-t limitation. The second and p-tentially
more prurining scheme involves the proces.. of Lher-
mochemic] water-splitting. Thermal enerc, ic the
primary vnerqy inpu' and water is reacted with in-
termediate chemicals in a complux chemical cycle to
yield hydroger. and oxygen. The intermediate chemi-
cals in the “thermochemical cycle" are completely
tirculated, reacted and reqgenerated with no losser,
in an ideal cycle.

In thiv paper, we have not attenpted LG answer
the direct question of addressing the cost of hydrn-
gen, rather, by displaying capital costs and effi-
viencies we will indicate the advantages and disad-
vantages as well as areas of improvement fur sever:d
propased hydrogen production processes,

Process Description
Water Llectroly.is

In the electrolysia process, a voltage i+ aj-
plied between two metallic electrodes separate . b,
an clectrolyte, a conductor of ions, but not of
electrons. The electrolynis reaction in water pire-
coele by electron transtfer between the Ly
tredon and the mobile 1)ns in the electrol ytey fas-
eout hydroqen (W) appearing at the cathode and qa
cou usygen (H:) at the dnnde.  Injractren . a'tee
nating current from an electrical jenerating plant
is rectifiod to direct current akicr ip turn iy foen
to a series (battury) of electrolyzer celi-. T
hydroqgen and oryqen gases are releascd separatelv
and manifolded 1o 1quid/aas separators where wats
vapor and excess electrolyte are rercved.,  The oves
all system included fecdwater treativnt tacilitae:
a5 well an hpedrogoe compressors to 8 noranal (sy
atm) outlet pressure,

]
e -

Traditionally, electrolyzers such as that ouc-
scribed above use caustic electrolyte solutiuns and
operate at tempcratures below 100 C. Alkaline clec-
trolyzers, however, regquire substantial cell volt.
aqes Lo sustain mpdeit current densities (e. u..

2.1 v atl 4000 Am'z). Some improvement in gperatir,
conditions may occur with a8 28 wt' sulfuric acid
electrolyzer in which calculations indicate 1.73 v
at 4000 Am"< current density, In an advanied water
electrolysis system, & s01id polymer {5 used as the
electrolyte, hence the term "solid polymer electro-
Tysis" or SPL. This technology i5 being developed
by the General Electric Company (GL) and was derived
from their successful fuel cel{ vork of the 1960y
for the Space Program. In a recent study cunducted
by GE for the Electrical Power Research Institute
(EPRT), an electrolyzer VO\tC?t of 1.655 Y was at-
tained at a current density of 10,000 Am"<,

SPE technology 1s stil) under devalopment at (L
with the design and construction of a 500 kW unit in
1979 that {is scheduled tor testing through 1951,
Future plans call for a 5 mi electrolysis plant to
comnance operaticn in 1943,



The voltage efficiency of a water electrolysis
cell is equal to 1.484 V divided by the actual cell
voltage. The value u” 1,484 V represents 100
thermal efficienc, Lased on the higher value of hy-
drcgen (28C kJ/rol) and 1.484 V is te-med the ther-
moneutra) voltage. For conventional water electro-
lysis, the overall efficiency (power-tc-hydrogen)
is often taken as 75 . The qoal of the SPL program
is to achieve 90 efficiency.

Thermochemical Cycle:

If hydrogen is to be used as a carrier of en-
ergy produced from nuclea: reactors such as thr
High-Terperature Gas Cooled Reactor (HTGR) or solar
furnaces, there 15 an incentive to develo? process-
es for tne theral dissociation of water.' The
problem of splitting water using thermal energy
along within the temperature constraints of practi-
cal nuclear and solar heat sources ha: beer ad.
dressec hy the concept of thermochemical ¢ ycles.
This connept envisions a series of chemical reac-
tions involviny intermediate chemical species.
These compounds 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 only outputs. The maximur temperature propoued
forrot 6f U cydles {s in the runge 700 - 1000
(10uu = 1300 1} elininating many lower temperature
heat sources (e. Q.. qeothermal enera.).

To date, this technology has received wide at-
tertinn g hpwever 1t §4 LT i 1ty anfang - and
thercture sound econor:ic projections have been dit-
ficult to mabe. Manv (over 200) cycles have been
propesec, but only o few have survived a prelimin-
ar, effitient, and "ease of operation analywi-.
(ycle- that nvolve both thermal asn well as elet -
trocherical stepn are terred "hybrid ¢, %, D
these cycles, some ¢f the input hoat 14 used to
produce eler tricity which in *urn powern an elec -
‘rochemical step that requires a lower voltage than
water electrolysis. Bench-scale demonstrations
have bevr carried nut on three tnﬁrﬂnﬁhvriral cy-
tles: The Nestinghousce Sulfur Clc1e.' the Genera)l
horic (%4) Sulfur-ludine Cycle,” and the Joint
Research Center (JEC), Ispra. Ital, Mavh 13 (ycle.
The Westingnouse and JRC cycley are hybrid cycles
and the Gh cycle s a "pure" thermochemical cycle
even though it requires a conciderable amount of
work to accomplish separations,

In the techno-econcmic evaluation of thermo-
chemical cycle technulogy, the hybrid sultur cycle,
known commonly as the "Nestinghouse Sulfur Cycle"
and the "JRC Mark 11 Cycle,” has received thr most
attention. This cycle is characterized by the fol-
lowing reaction sequence:

PH,0 + SO electrolysis, H,S0, + M, 350K
H,50, thermal _ | H,0 + 50,41/20, 1100w

In both the Westinghouse and the JRC versions the
process operates off nuclear hoat delivered 43 @
high-temperature helium gas stream from a HTGR or a
Very-High Temperature Reactor (VHTR). If ‘nitead
sular heat is considared for a thermochemical cy-
cle, an additional factor must be considered. Ihis
‘3 the cost of solar heat at the temperature re-
quired for the process. Solar heat 1% intermittent
both on & daily basis (nlvht and day) a3 well as
durin? cloudy periods during the day. The lower
capacity factor for solar plants (as contrasted to

nuclear plants will have a larger effect on capital
cost as comnared to> a nuclear plant. Solar-thermo-
chemical schemes are just now rrceiving attention
and this potentially promising tectnology has in its
favor the capability of delivering heat at a practi-
cally isothrrma) temperature to a thermochemical cy-
cle allowing consideration of cycles invalving solid
oxidr- or sulfact decompositions.

The efficiencies for thermochemical cycles have
betn computed for many cycles based on conceptual
tlowsheets. These efficiency values are highly de-
pendent on the assumptions made during flowsheet
preparation, especially in the case of a hybrid cy-
cle where the electrolyzer operating characteristics
{voltane, current density, and acia concertralion)
play the leading role. Inititlly values ot 50 -

60. were estimated as the efficiencies for thuese cy-
Cles. Recently the estirited eff ciencie:. have de-
creased to 40 - 50 as laboratury data has altered
flowshect conditions,

Methodology

Data on water ejectrolysis and on the hybrid
sulfur cycle have occurred most cften in the litera-
ture and this study 1s mainly bated on their compar-
ison. In many instances, deia wire cstinated s'mul-
taneously as water electrolysi. ‘orms a "baseline”
aga.nst which the competiveness of thermucheriical
processes can be judged

All datu were placed on a corrion basis., e
assumptions were:

A plant capacity of 117G, (00 !rNV'-u! hyarouen,
(This was the basis chusen Ly JRC,)

R1Y data were converted Lo mid-1974 § usirg
the Chemical Engineering Plant Coet Inedea,t

- The total investment cost was braklen down
into its crmponents ard esressed as € speoa-
fic investme t/kl "2'

The following breakcown was employed to cdteqcrige
the individual components of witer electrolysis and
thermochemical plants:

* Nuclesr (N). This in¢' uded the cost of the
nuclear reactor and 14, auxilaries. Also
included in (N) a»e th: costs of the primary
and secondary helium 1jops required for heat
transfer.

v Power Generation and Conditioning (P). Thiy
Tn:Tuded the cosis of the electrical genert
ters plus the costs of the transformers,
rectifiers, etc. requ'red to condition tie
electricity,

o Electrolyzer (E). The electrolyzer system
requirad to produce a 99.9. pure hydrogen
product at 30 atw preisure s \ncluded in
this category,

» Chemical Plant and Heat Exchange Equipment
!!!. Tor @ hybr{d or ‘F&ro n'mcﬁemii:‘u!
cycle, we inciude the reactori, separators,
and heat exchangers raking up the plant in
this category. Al30 included are the nip-
ing, pumps, and instrumentation. The hydro-

n product is delivrred to a pipeline at
0 atm. A1l capita) zosts are derived for



“qrass roots” plant.
Results

Table. 1 and 2 present detailed sumrar vy of
the estimated investmert coste and efficiencies de-
rived for the different processes. The data are
also presented in bar chart furmat in Fij.. 1 anc 7
on the basis of § Investment /b, (1979 §) and (")
eificiency. The data were drawn from a numier of
original refercnces in the literature. Explicit
assumptions were macde regarding cycle as well as
heat source conditions and relevant inferration re-
garding these assumptions are qiven below.

Case I. Westinghouse Sulfur Cycle - NASA (1976)7
Cycle Efficiency: 45.2.
Assumptions:

A. Nuclear Heat Source

~

Prestressed concrete reactor vessel,
" Reactor Qutlet Heliur Temperature - 1287 1,
" Turbogenerators in prim =y Heljum Inr

B. Acid Electrolyzer

3

Acid Concentration: 76 wt |

Voltage: 0.45 V.

Curcent Lensity- 2000 &0
Cave 11. Schulten Methanul Cycle = Funk/Lumrwe.,
13T R
Cvile 40 oengy: 37,4
Assumptions:
. Nuclear Heat Sourer
Ay per Case |[.
B. Thermochenical Cycle

All reactions proceed o equiliin fur,

n hey roaction (ZH.OH 4 S0. # W0 r "“5"4 +
CHy) 1s not techniéllly felsiblb, ‘

Case 111. Westinghouse Sultur Cycle - ERDA (1977)°
Tycle Efficiency: B4
Assumptions:
A. Nuclear Heat Source
" As per Case |.
B. Acid Electrolyzer
® Acid Concentration:
° Voltage: 0.48 V.
* Current Density: 2000 Am"Z,

10
Case 1V. EXXON Study - Cornmil, ERDA (1977)
Rssumptions:

A. Heat Source

8y wt'.

® Unspecified, electricity cost assumed at 2.7
¢/kih,

B. Electruljzer

Conventional tyue: {alkaline), efficiency:
% 7.

Advancec type (SPL;, efficiency: 77.6 .
Advanced type (SPL), efficiency guai: 9.

Weetinghouse Sulfur Cycle - EPFI (1971)'
46.K.

Caur Vv,
Cycle Efficiene,:

Astumpt.one:

A. lwtledar Heal Source
As per Case .

BE. Acid Llectrolyzer

Arid Concentration. B0 wt .

Voltage: 0.6 Y ({aw- ).
‘  Current Density: 2000 fn
Mater Blectrolnia (el furic ac1d elecirol gt
[fficiency: a0LE
Lnurptions:
. Water [lestrolyzer
[P T IV P B
Voltare 1.6 ¥

wurrent bDensat, RTINS

Can Wl Mare 10 - v vy e lie = e,

s AL TILL

Cade Frovane .. wll/
Avcurstiong:

A, Nuclear Hedt Laurs

" No electricity qensration ir primary wla g,
ooy,

Use of battoming cycle tur additional plecs
tricity qeneratiorn,

B. Arid Clectrolyzer
“ Acid Concentration. 7h wt .
‘ vVoltage: 0.G. V.
* Current Nensity: 4000 Am™*,
Advanced Water Flectrolyst:
Efticlency: 232.7 .
Assumptions;
C. Electrolyzer
® Voltage: 1.64 Vv,

® Current Density: 2000 An?,



Eetirated Capital Costs and Efficiencies
1. r Trermocherical Cycles

Tan.e |

(R)) Jata are ir 5/hd H,, 1979 S, Conversion from
otner years -ade g, use“of the Chemical Engineering
Plant Cost Inde.®)

Case 1 111 ¥ VI(M 1)) vi(w13) wvil o1l
N 262 227 258 629 (+P) 711 (sF) 271 376
p 5 b6 95 - . ni -
¢ 144 1a. 1w 736 236 e -
< 16z b= Jud 133 143 18¢ 617

Total £3: 5;; 709 ééh 10h§ 745 93k

(AT LR RN A B 3 4.4 370

%?ency

i b= Prinary [nergy Source, P - Puwer Generation A
Cunditioning, [ - Electrolyzer,

e tneraal Plant & heat Drcnangers.}

Tal 7 2 Extirated Capital Cost~ and Efficiencies
fur Water Llectrolysis

(M1 data are in S7bw v 14T &0 Con,ersien from
prare e 8. use'f the (hemical Engineering

i (et Jnies by

rhrgs

fa-e 1o vt IviAdv.) IViAdv.t) v VI vl
Y (%3 LTS NA 374 4La Ky
[ L) 1! 161 L 200 2¢7
Total  eb Y (A 74 Y0 e
fetre 7L 7 AN | 90, ne 40.F 40, 3.7
C H"l(_"

[

Pl teodL e Lo aciengy Oniy

(h - Primary Energy Source, P - Power uencration &
fonditioning, t -~ Llectrolyzer)

* - 90 Lfficienc, 1y ihe qual for SPL Water Elec-
trulysis, .

Mark 14 - V2 Cyole. Hybrid cycle bssed on sulfuric
acid and bLromine,

Efrrgtene, 37,0,

Assumptions:

0. Acid (Hydrogen Dromide} Clectrolyzer
" Acid Concentration: B0 wt .

Voltage: 0.0V,
" Current Density: 4000 Am"%.
Sase VII. General Electric Study - EPRI (1979)2

Hybrid Sulfur Cycle. Cycle Efficiency: 42.5%,

8. Nuclear Heat Source
As ner Case V.

8. Acia Llectrolicer

SPL Type.
* Acid Concentration. B0 wt .
Voltaue: 0.73 V.
Currert Dervity: 4000 An'?.
C. Water flectrolysis, Efficiency: 40.7.
" SP[ Type
Voliage: 1.60% Vv,

Current Lensity: 10,000 An~c.

Discussion

Data for the sprcific investment for thermo-
chemical cycles is presented in Fig. 1. 7“he invest-
ments ranqge from a low of $589/¥l H, to a high ot
S108Y,/ kK H,, for the cycles reviewed: Lfficiencies
were estirfited betweer 37,2 (low) to 54.1 (hign:,
Cramination of these data shuw that optimistic as-
sumptions were made to bring about the low Ynve t-
ment/high afficiency values. In case 111 for the
hybrid solfur cycle, o veitane under 00 my wa:
assumed for the electrolyzer. In reulilr. the wole-
ages achieyed are closer e KUT -, at Bl W aon,
and the resedrch gogl s bNb o Pad ng the o
Aiagr voltage to this Teve! woula teine the cag - o
investrent clog o to Sl oy 1 Pt néo-
e Lo [ TR *

Only one ‘pure” thermucheracal ¢y ile win 1n-
tluded 10 tmrs sampte. The Schulten-Methannl cycle
suffers in comparisen with hybrid Coien, ity an-
vestment cost A8 Finn ($95 b on ) @ 1t 0f e -
ey 18 low (71

fhe total inye: ' went portiont are brob °n inte
thefr component parte (F1g. 1. P tne vy hy! e
tycle caz2s, the investment allotted to the electru-
lyzer and the chemical sections of the plant are
found to be almost similar. The major devia®ion wa
found in the :ricing of the nuclear portion of the
plant. The nuclear plant co:ts in Case VI (Mx 11
and 13) may be too llr?e a5 they were obtcin,d from
the annual charges assigned by the authors.1¢ Tiq,
? shows results for the wiater electrolysi, plants,
Their etficiencies are lower than those for the
thermonchemical cycles shown in Fig. 1 and range from
32.7 (low) to 40.8° (high). The efficiency for
water electrolysis {8 the product of the electricit
generation efficiency and the electroyzer efficien-
cy. The investment costs for water o{cctrolysis -
pear to be in the same range as those compuled for
hybrid thermochemical cycles ranging from $¢90. vk H,
to $1089/kW H,, The data on the extreme right-nand
s1de of Fig. 3 for stand-alone oloctrolyiar plants
vhere electricity is purchased Jirectly,

There i3 g large difference between the cnst
obtained for conventional vloctrol{sil (3681 ,/kW Ha)
and those est mated for advanced electrolyzers using
SPE technoloqy. Conventional electrolyzers Fave
efficlencies in the 70 - BO. range and SPL has &



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-temperature water electrolysis.
As experimental data on these systems are relative-
ly scarce, economic projections are even rre Soecure
lative thar for SPE or thermochemical cycles. Data
from studies in which competitive hydrogen produc-
tion schemes were compared by the same authors 1is
presented in Fig. 3. Tnese 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 elecitrolysis and hybrid thermochemical
cycles see Fin. 4. in which a water electroylsis
orocess 1s powered by the same heat source as a hy-
brid cvcle. Tor water electrolysis, heat 1s first
converted into electricity. An investment must be
made for the heat source, for the power generation
and power conditioning. (transfor~mers and recti-
fiers) equipment, and for the electrolyzers. In a
hybrid cycte, the same investment 1s made for the
heat source (the effictencies are assumed equal in
buth cases). Only pdrt of the heat is necessary
foi- electrolytic step, thus the power grneralion
and conditioning investment 1s significantly less
than for water electrolysis. The electrolyzer cost
for a hylrid cycle however remains the same as for
water electrolysis as the same amount of current
must be ised to produce tne same yuantity uf hydro-
qen,

Tae najor trade-off in investment cost is
ther fore quite simple to evaluate. It lies be-
tween the larqger amount of power generation and
ronditioning equipment for water electrnlysis which
is balenced off by the cost of the chemical plant
for a hybriu cycle. The first set of ?Tta in Figq,
J indi:ate that this trade-off occurs. The sec-
ona set of data? a-sumed an advanced SP[ water
electrolyzer and a hybrid cycle using a similar SPL
vlect olyzer. The data indicat. » higher cost for
the hybrid cycle as compared to SPE electrolysis
even though the efficienry of the former is higher
than that of the latter. Another combarison was
done by JRC, lspra. They compared a hyorid cycle
(Mk 11) similar in nature to lestinghouse's to ad-
vanced water electrolysis, The investment costs
for these two process appears equivalent even
though the hybrid cycle has a greater efficiency.

In the above results one must always take in-
to account the assumptions. For hybrid cycles as
for water electrolysis, key oarameters are the elec-
trolyzer voltage and current density. Doubling the
current density leads to halvinr, the cost for elec-
troylyznr!. rouglly. GE used a current density ot
10000 Am=€ in their SPF water e1!ctrolysis design.2
For the hybrid cycle, a 4000 Am=¢ current density
was used. Although the specific cost of GE'S SPE
elcctrolyzer was greater than that of the hybrid
cycle, their overall cost was ostimated lower due
to operation at higher current density,

Summary and Conclusfons

The cost data show slight differences in in-
vestment hetween two methods of hydrogen generation.

All the costs were in the range, $589 - 1082/kW Hj.
Efficiencies are 1n general, higher for thermo-
chemical cycles than for water electrolysis. These
range from 37.2% to 54.1% for thermochemical cycles
and from 32.7 to 40.8% for water electrolysis.

Tne 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 sulfur cycle were be-
low 0.5 V at acid concentrations of the 75 - 80 wt%.
These voltages are impussible to attain under the
assumed conditions., In thase cases, investment
costs and efficiencies must be revised to reflect
conditions that are more realistic.

The major trade-off between hybrid thermochem-
ical cycles and water electrolysis appears in the
specific investment for the chemical portion of the
plant, typically the sulfuric acid concentrator,
acid decomposer and sulfur dioxide/oxygen separation
unit. This cost must be balanced against tue cost
of the additional power generation and power condi-
tioning facilities required in the case of water
electrolysis. The chemical portion of the plant
1s fairly constant in cost at §133 to S$186/kW H..
Unfortunately few dita are available tor power
equipment required in water electrolysis systems
to quantify this trade-off. The specific investment
for the electrolyzer portion for both processes is
also alike ranging from 5142 to $187/kW H, for ad-
vanced electrolyzers. Values of $238/kW ﬁz and
$365/k!' Hp were obtained for SPE and sulfuric acid
electrolysis in later studies, however.

There does not appear tc e any simplistic
method to determine investmer costs or efficiencies
for new technologies such as thermoihenical cycles
or advanced water electroiysis. Computer codes will
speed the process of cost e timation but a flowsheet
reflecting reliable operating conditions is stil)
the prime reyuirement in techno-economic evaluation.
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Fig. 1. Investment and Efficiency E.timates for Thermochemical Cycles.
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Fig. 2. Investment and Efficiency Estimates for \later Electrolysis.

1000 1

CYCLE/RLECTROLYSIS
& - =——

”m 1T "W

— -, W "

odd L %VL L‘ ) /

Cntt: vil \/]

CAMTAL INVESTMENT (SAWH,)
3 g -
g
NN\
1}
NN
=
{
g
S\ Qt;bﬁ\\ﬁgh :th\rhh\hb\‘ﬁ\ N 1
o - F 8 8 E
EFFICIENLY %)

Fig. 3. Comparative Data for Investment and Efficiency, Thermochemical Cycles end Water
Electrolysis. {Same Study)



