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SOLAR AMMONIA SYSTEM

Notes on Cost

The costs of solar energy production particularly with regard to
solar ammon'ia, have been dealt with at various times in publicatjons of
the tnergy Conversion Group. Publications or extracts from pub]jcations
are given here in chronologicai order. In addjtjon two special notes
have been prepared: on the relation between capita] cost of a solar
energy piant and the breakeven cost of primary fossil energy; and on

the val ue of ammon'ia by-production.

Publ ications:
Extract from 'Artificial Intelligence jn solar power systems

P 0 Cardew 1974, pp ll-.l4 and tables.
'Corar Costs - Preliminary Estimates' P 0 Carden j976.

Extracts from:

'Mass Utilisation of Solar Energy' P 0 Carden, S Kaneff

a. Section B Part iI p 4. Cost constraints.
b. Appendix Ii 'The production of ammonja from solar energy,
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7. ECONOI'{IC VLABILIT\-

Let us nol turn oul' 3t'len:rorl io the cjuestion of ri,-hether or not the solar

polver' s)'stem using srificii.l u::eii-:e::ce c:1n be cc:npetitive lvith aliernalir-e enerEy

sources. In order to cio :his i: is l:cessr{.-:c be mol'e e:'plicit in desclibing the

design of a unir but h so L;i::T, :: ;s :i: i::e:^.:ie': :c i:-rnll- rhat a jr-rdgcment is being

made as to lhe best r.,-a.,- ci :::ee:i:g:ne st-rL.ciiica:icl. It has been assumed that each

flet rnirrcr- ccnsisis oi a lun'ceI of gl.:ss rni::::oIs, appr.o:'itrttei]'50 cms sqtlare,

attached io a cclnmon il1'essed steel support. The costs associated s'ith these mirrors

incLude a coilsiclei:ab1e fraction of the amount aLLocated in Tabie III fol facionr assemblins

and testing

A clesign .,i'irh n-,'o rot:.1j/ actuators per unii has been chosen. Each miilor'

srrnnnri is morrntecl about a horizontal cent::al a-.ris from a trianglal frame rvhich in

firrn ct-inos i',"om n vertierl nolo lil;p n onfe- Trr.'o rrnifq mlw shrr^p ll r-crltltton uole inuL{I11 J}Y!r5J rMrr 4 Y Lr LA!*a Vvr!

f1r'i c ll'r..'ro'etreni /fi- o\ 'Frr^ h^la arrrl' he h,,lrl trlit'iohi irt- mel.nS Of l^Ot'fZCntiilf'---- tIf5. :/. a lIc' fuult; ;{!!LJ' u9 lrsiu uPr l:;Lr! u-! rLLLrLrrr vr L

exrendeci i'eer or b3- fitting irs enct :nto e liolt cl rillcci ir. rhc gloLtnri. Tll: mirrot's nrly br=

so at'ran:-.ecl :hat their iaces c:rn conle togclir..'r'i-o:'r:l'.'.ilii pr.'olcclion urci rr,'hen in this

nosiiion ilte-.'rllr- r,cl i;li: :r ii'elrihcr' -'-ent' it: lli:i:',"-ltcls rltiis rritiirt-Lisiig r-,'itid folcs's.

l:'ic cot:lrlLll L-j --'-li i: el',-i-.:,;i.rl :rs i-:eir.'-- l-toii.:-i:cti oi't rt grtt.ccl rnest of a

clesi.fn iirat r;r'or-ici,:.s tite l':q'-riic,.i s:r''.'.:'i:i', iol trrir-tillilllt cost enci Lr u'itici'r li3-iiiia- is nct

neccssar:il..- e nli-llc ccnsiicr'atiou. Tirlee- nlccliflecl nnits tracli the comtnou ioc'ls lhtis

,rrroirli-o itc nn-nr'liiroICS tO ilC t,:ri tcl:hC irlfCliigCnCe S-l-SICI1 . Tlle COSt Of :heSC tinits
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ano of hvo beacons 3re incluclecl in the cost of the comrnon focus support.

The height of the r:rrast lvould be approximately 200 m for the s;rstem of

10,000 units ancl one computer as described but there is no reason why a number of

such s.vstems should not share a comrnon focus and porver plant in rvhich case the masi

rvotild have to be hieher. The aci-,'ant:ge oi Coing this lies in the fact that focus polver

is prooortional to lhe square of ,re ncig:',:.r:d *-hereiore there:.s the possibiliti of a

consi.cl.erable econoilv of scale ii'ith plenr otltrl'.ils approaching 200 \IWe.

Since \\'e are encleevouring to eciuaie solar: ener5y to fuel oil lvith mosi

probabll- thermoci;.namic con ersion of heat to electlici$ il mind in either case, it is

not appropriate to inclucie a focus boiler in the ccstiitg nor 1n)' othel part of the ihermal

and electric plant. it ivould, horvever, be appropi:iate to add that part of the cosi of the

comlnon focus over and above the cost oi an equivalent conveniional boiler, less the

cosi of fliel handiing, smolie ernission control, etc.

It migirt be arg.r-recl that the solar flieiied eleciric oower station rvlil be more

remotel;,' sj.fuaiect from the consurner than its oii fuelled counterpart and that, thereiore,

the unec',-raL costs ol elecrlic po\\,er transmission sironlcl be accounted for. As cout::arv

eyiience $,e ha-,'e the present trenos ro locate power stations arvay from cousr,rmers for'

enyir.onir.en:a1 reasons (especially ttue in the case of the nuclear aiternative) and io

iocate coal bi-irning striicrts on coeL fieids.

Neirher':l'ie,tcit ccr-ri.;ilerce of tire jroiicl o: the ilcqrteiiq'. of i;ou'er: tl'ans-

mission cosis has been :t!;e:-i iit:c iccctt::.: r.rt :;Lc:rir-1r:l lhe teillcs. Sin-L11rl'11' the c$testicn

of enelc-.r-r storioe has bcen igj-lot'cli.

Taltie I q'iyes a notiolri ser oi fi:-,li-:s cor-er'litq the vlhic ol tirc stlergJr

ploclr.rccci in lcr.ms of the -,,3111e of fuel oii sln-cci l:nci tire r-ltr:iorts exllcnses involveci in

opelation. Thc ct-.nchr.ling cirlcnir-,tion in Tril-,1e I inciic:rtcs rhet the sltm lit'aiilble to
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Pa)'ior interest encl deoreciation on ihe canital equipment referred to each square

meier cf coLiecrinq area is about S8per anmlm.

Tabie II sholvs that this s;m allo'rvs a total capital e>penciiture oi abour .S42

2
naT h

Table III shor,vs hor,v this a-ilorvabie cost might be eventualll' aportroned

assrmi:ig the inirror area of each refLective rinir is i0 rnz and assuming that a sl,stein

compri.ses 10, C00 zuch units,

Several comments shoulo be maoe about these tables. Firstiv tire value

of the energy produced is, of course, criticalll' ciepenclent on the value assunieci for

thc aiternative fuel rvhich, in ihis c!.qer rvas chosen *'irh some ::egar.d :o present trencjs

but rnainly rvith the feasibilif' of 'jre brea-i<d.o..r.n of costs in Table III in r';ri:rd.

Seconilr' the value of enet'g;- oroci-.rced is aLso criricallv denencient on ihe

efficiencl- of ecc'.r:rnrilation, i. e. the efficiency of transmission cf the e1le1.gl,, fr.orn

coiLeciors to common focus. The 759i figure gi\.'en in table I is feli to be iustfied on

the glounds that re-radiatiolt, conveciion, a:rd conduction iosses can in prilcinie be

-erhtnorl rn q farr- rercent with relarively smaLl cost in an ot-lticai s)'siern rvhich means

*Ln+ il.n *ni^- r'^^Lrr!!L Llrs t\LeJwL iu>S i.s associaied.,r'irh the reflectivitt'of the;:niuors and iire trais-

mirtlilce thrcugir the focd cover. ^{n uriorfunrie aspcct cf the si:rgic loc'.is sr-sie:n is

that e mirror rareiv faces the snn di::ect1-,r and so the average coilecliol 3r;cLlr-rLe is

less tlian its stti:iace rrea. Tiris eifeci:.s also r:r-1;el sccoirnt of i:r Til:le i.

Ti'ii:::{-.-, o-}-er ihe Lfe:ine cf : unii, cherses for j-trsrcllerion ancl inainre:tence

are stated io i;e iess titeir j-i ci:i-tt ..-:l.uc of -lte- t1ll,i'lr.'li.oriucecl. poinriilg to the

effectiveness of :he apllicltion oi r-.li:.s J, rj aitci , fol lcciucin_- cosrs. L:sti-,., iite

statcci cost of the itenrs clilcctli' r'eLr:cd:o er':uiciii inlclli,:cncc is 1or 11 ieiq'e 1--ri-ciroliiotr.

of ihe iotal a-ilol.able cost - at the mosr 1iil.

Discussion of rvhether or-nc! the sretccl cost ligures r.ill or c3n be :rciriei'eci

is bc}'ond the scope of iiris pr.per. Tiie euriior ie-cls, hortr,er.cr.. thai all -_:1e filrrcs 3'ivel
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are rvithin reacir and he bases his opinion on existing costs :rnd trends, the results of

development rvork being carried out at the ANTJ, and advice from manulact'rring

ercperts. For example: the present rvholesale price of the motors f61 nrrrnhnca in

large quantities is about the figure stated in Table II; the expectation of low cost

corapi.ex integrated circuits is corrcborated bv ref. 4 : the ex-oecred cost of the mirror

suppor-i is based on inforrna:ior from ref. 5 : specific development projects at the

ANU give promise of achievi:rg the fipres stated for both the reduction drives anci

sensors.



I
L_

I

L_
Ir
I

i

r
I

a
I
t:

lr
If

t_

L-

l_
',

t_

t_
I

L_
I

t_
t

t-

t:

**
@El

Value of Energy Collected per Unit

Assumptions :

2
mirror area 10 m

z
effecti-"'e collection aperfure 6. 7 m

total solar energ'y coilected per year 14. 7 MW hrs.
(refer io fig. 3).

effieiency of accumulation 7570

heai delivered io focus 11 IIW hrs.

value of heat delivered on basis of oil saveci \ ss'
@ Sr+ per barrel J Y--

Running E:cnenses per Unit :

transporting spare pat-ls $ .50

overall maintenance (1 r:ranhour/year per unit). 5. 00

Do. cU

Amount available to service capital SSS-5.5 $S2.5

* the interest rate aszumes a high 1;ropolrion oi finauce lrom Got'elnmcnt
soul'ces at say 9% and a reasonebic profit nargin on thc lctnrrining t'clriiqr'.

i* the nrices given arc in Australi:-n clol1als and pertein to lirte 1973.
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Capital Items

TABLE Ii

Assumcd dcnlecietion

Assumeri interest reie

Total cafital chalges

ornrrn -1

oTntIn :)

crr.nrrn I

f-^r,^ o5rwuP r

miie

r nci

1 nt7-

, oq.

33 EO

-\ t f-)

+U

:

I

r_).

t

Ai1 costs including those of the shared central
facilities, are presented on a unit basis. It
is assumed that there are 10,000 units sharing
these central facilities.

Groun 1 - Canital ltems - 10 r-ear Life

mirLor units (r'efer to table IIi)

cabies o

'irrifinl frirncnnr.r /500 milcs

oif-loaclins rnd instellarion
-l i hr. nor rrnir'. ru irr. !gr ulrrl,l .

10 centsz/tcnne

men anci trucli

cherges on cepitei '@ ZOI

Cr'onn 2 - Capital lierns - 20 Year Life

focus n--l l-"i-rli-.^irrU rJLtIlLtltl;

C( )llltll',lll tCl'. iO Il. C'-t-.

-.r: i I nrt;r ',,,'i:it l-,ilii,,io., cl'

nlrar'-nq,tir l rri'^l

toial chlt'ges on c-lrr,.i:tiI

) +.-j

aa
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Table III

Notional Division of Allorvable Capital Cost of $i157
,

for a Unit har,'ing llirror Area of 10 m-.

(The figures given belorv do not include a profit margin) *

Glass

i\ irrcr Support

Reflective Surface

Fixed Frame

Two printed motors 20trV each

Trvo reduction drives

Trvo sets moior electrics

Integraied circuit logic

Sensor

Assembiy and Test

9(

65

a

48

o=

40

1Dn

$317
I
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C_oraf Costs - I'r'glirlinar.r' Estimates

1. I\Tethod. A recent study by Colorado State University (ref. 1) has

established a methodology for comparative cost studies. In a section of
this study is listecl in cletail the cost cornponents of a preferrecl "distributed"
solar energy system rvhich has several items in common rvith Corar. Tlis
CSU preferred system wiil iherefore be uscd in this paper as the basis for
cost estimates of C:rar, the cost of each Corar item being derived from the

cost of a related CSU item tlrougii appropriate modification,

2. ltoM". The significant diffcl'errce betr,veen the two systcms is thal,
rvhcreas tlte CSU sysLent has virtually no energy storage faciiit"v (provision

for only a "feu, hours" by a thermal methocl which is not economical for
storage times Ionger than tlris), Corar has provisiorr for several months.

This means tliat in comparing systerns of equal collector arear the compo-

nents of Corar on tlte consunler side of the energy store may operate at a
rnrrclr hir,lrer lnacl foctoa""'' tl,oa,. the r-omnnnents on the collecf-or sicle. or anv*"J^.-t'.." ^ 

)l: >i.:::

of the comnolrents of tlre CSU Sr-stem - rrn to a factor of -1 [ioher rvlrinhj. YrrrLlr

itr turn means that the cost of these components may be reduced by a sirnilar
figure.

3. CSII svslelr. 'I']re CSu studv inrlir-efcrl tlrrt diqlrilrrrferl qvqir rre UJU siuuJ "enls are more

economical than torr,'er systenrs for power levels belorv about 100 MW^.
U

The most economical distributed system studied comprises fresnel reflector
nnl l octnrq f nc ".1 abSOrbef S U,[iCh COlvert watCr tO Ste am, tlrerntalli,
insulated r,vater and steam pipes to anci from each collector, conventional

steam turbine anrl electric gerrerator, all ollcratirrg at a iernperature of

2ll0"C. f'able I lisis the iterns comprising this s1'stem and their (1972) cost

per installed li\\'^.
U

4. l)iffcrenccs bein'cen ('SU anC Cc'rar. 'l'he (lorar system conrprises all

the iterns listed for thc CSIJ s'vstcnr pltts an addiLiotral one, viz s;nthesiser,

sr:irarator" anr.,l steam gcncl':rtor, u'lriclt lras bccn estitn:rtecl to cosL 13S $/tili'o
Ilorvel.er', as explainecl, for e.ach li\','.- of capacitv in the CSU system, as

little as 0.25 }i\\r" is recluired after *l-r" "to".ge element in Corar since

storage alloivs ,,'ilt.ltall)'cot-ttiuttotls use of ti'rese i1.ems at f'.r11 capacity,
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ilr:tice titc cr-,st,rI iiris:ir.l riitionai itcrtr 1-r,rqc1-itr:r willr lite CSIi r:osts ot turltinr:
lr trrl gr:tlcI]ai.or, ctlttrlr:ttset-, ;rnrl coolin( lt:rr"ro i;ci:n ciir,'itlc:ti bv 4lo ol;t:iin the
apprc.lltriatt-- figu re s for Cor.ar.

In adclii.iorl, tllree otircr cost iterns on 1.hc CSU list lrave been rnorlifiecl
to obtain the relatcrl (-orar fiqures. 'i'lte justification for ilris is as foLlou,s.

Coilector tr-rai.cri:ils: ihe C-Sti stucly ASSunlcs front silverecl frcsnel
rcfiectors eaclt oll a separaLe supirort structure. f)ur Ieelitrg is that para-
boloirial she11 reiiectors ri'ili prove ultimately to be less expensive simpl.v
because tilev are self- suirporting, It is also probable il'rat paraboloicla-l sl-ieLis
ri'ill llaLve longer life because of their: amrnenability to geornetries rvhic5
proviclc self protection cluring inclemenl. .veather particular.ly ri,irep higl,l
u'incls occur. \\/e are also mindful that iresnel r.eflectors are manufactureci
frorrl petrochemicalll'' cierived plastic mater.ial whose expense is 1ii<e1;r tc
rise significanily at the tinre that solar energ)r u,ill be economicallv
competitive rvith fossil energ.v.

For-uldati.on ancl stiltooi'ts: irr Ccral' tlte ijtirr-crs are contr-oliecl from
:r cot-npui.cr- lt:iscci c:lt'_rc, lL ltti'.'.lr.i: ..'. iiicit ;_.r_.,sajrssils cap:ritriities air-ner_l at

eLintit-taiiiti -.itc 1t,.,,..,l i,:' r--*i'l :,_,1::: .:,',i _:^._: .,, l- )i-ecise setting up altd adjust_
ment ci eaci-. li-,ir.i--rr,

I'r'ltls:lli'l :ti:-'il*. :nsiilaiion alri irrstailatior-r: Corar emltloys smaller
r-l i:ilrr. c'- e l', r-in ilt s r-rit-,-_c ci c,i it e s,

5' C'i):lclusiotl. i\nother lactor of importance that has not been ial<e1 into
i,lcc'-'iillt itt colnitiiittg -i':rirle I is that in Ccrar steam may [e generated at

f-.t.1i0 -'(-', sisnific:urtl1. greatcr than CSU's 250oC. ,l,lie rcsulting greater
ttre r nr r--, r,1rlr:rnric e,t'fi cienc y s holilci iur Lrre r re rlu ce costs.

Accorrlinc to the cisli str:cl;,., the estirr-rate of 411 nt/li\vo reiatcs to air

ellei'i-i- cos'L of 3 cents prer l<I,V hr. 'L'he toLai oI 2Bfl $/tl,,l'" obtlineci for-Corar
clocs tioi- of course inclucie llre cost of storage. it is most liliel;'tirat the

Pretlottlitrai-it factor in the cost of storage u,ill be tlte vaiue of tjte i.LrACtants

iu.,tol,,.ecl . 'I-lti:se ma\r be c1;sted eititcr as atnntonia or as littoqen a-nci

hvcirogr:ir riett':t'tiii;tq hou'the reactants are intror.liiccci inlo tiie s;'stent, At
presr:nt il [ii)i)c:r;'s tira1. t]ic cost of storage sufficicnt -i'cr- at lclsr tri.o montlrs
smootltitlq rlla"- irr: tiiclt-'cl tcr Corarbefore its totai cosr erluals ilrat oi tire
CSIJ:;1'5i"t-tr' ,-\t titis poitti. botir u,oulcl prcrluce ener{\.:rt Lr cost ol 3 cents
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1lcr. J.\\r ltr'. Iforvr,'vr:r, it't cotrsicicrinrl i.ltr. i.altre of tlris enL'r-g_v r",.iren fcd
into att existing convcnlior-ral griri, t1,.e Corar e1er.g./ is nrore -,,aLuai:1e

because, being coritinuously anci preciici.abiy supplied, it enabies a saving
in (:r) conrrenlir:uai etterg'r-pr-oclucing czrpilal equiprirent. anci (lj) frel. 't'lre

CJSLI s.r'stet:n oll the otlrer Iteind prorlucer,- cnergv only when tlre sun happen.s

1.c lrc silinitrg artrl Llrcreforc iL can l-re r"cgat'clcd c-;nI"r'as saving fue1. 'f;.picaL
(i9?2) figr,rres fcr tirese i.,.,'o i'aiucs, fcr- a large qrici s;,stem, are approxi-
rnatclv 1.5 cent attrl 0. i cent per li],\'hr resilectivel-.,. (ref. l). 'flus Cor"ar

has rrlore poLential- i-o be coixpe ;-iti..'e. ltarticularly for small isola ted
comrnunities, than cloes t-ire CSLI s-tstei-n.

li'lte CStI cost estimates are basecl on existing tecirnoiogl.', Iiesearch,
matrufacturing and operational experience are iiliely to ior,.'er cosis. Even
So, as tlle CSU report concludes, "solar thermal electric po\ver sr,-st.erns are
found to have the irotential to produce electricity at costs competiti.re rvil-r

pre sent conventional s_v*sterrrs' r.

)
I G:

/ (\
iteferc nce

1. "Solar thernral electric power systems"

Coloraclo Sl-ate {Jniversitr., SoIar Er-rergy Applications Labor.Ator.,.,
rlngineering ltese arch centre, Report NSr'/ RANt'i/str I ct- s7 Br5 I FR I 7 4 I 3.

i:-oo1.;role s

c'' { ,.

/t/
/ )-/

(lorir' - the svstern
coI'ra,jieti ,tl usin{

urrc-ler stur-lv at h\iU - allagrarn for energv
tlre rer.ersibl-e amrnonia reactiorr.

the ra1.i.o

u'iricir rrrigli: l,'.
l{. S. \\'.. i','ircr-e
is about 0.25.

',i I: ':1,.' s-.
,,r'-,'.:- r,,'l,i

:l(l

a:tc lr'.'

,,'rir -,'.'cr-r. sii-llirIi:cl at Clliifi th,
rc',1)i' cri ilie incicient rac,liation
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collector materials
fabrication labor and overheacls

foundaLion and supports

tracking
trlnqnnr"trlinrr

in s tall ation

c onting ency

abs orbers

transport piping
insulation ancl install
turbine and generator

cortclenser

cool,ing

s -;rrti-i,:siser', srllliii'ilt )t' an.-i
Steam IrjneI'a:,.)t-

| ,)

70

nr

.7

2A

1.7

25

JI

60

?n

n

20

11

2I

2

5

J+

To: a-r. 411 zoo

(ilotir based effectively on Load Factor of - 4.)

Basis cf comparisr;n: eqr:al collector area, equal annual cnergy output.

Al;cruati'.'e cxilressions for: tota-l cosis in terms of installed k\\'o capacitl'
l-.c:lr excllrrling cos t of s Inragc:

(lSL-r 41i $/l{\Ve at 0.2lt load iactor.
Corar (286 x 4 =) 114.1 $/k\Ve :rt 1:0 Loird f:rctor

fCoel lirecl ltase-Ioacl 1;llrnts 400 $i liwc ai.0. B ioad factor.l
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B.l Cost constraints. Thc equi valcnt- costs of a scjuare
metre of solar collector, are in effect cost consrrai-nts

"rhich one must i,rork to ivhen searching for a .ziabl-e sl/sren.
An alternative expression for this cost ccnstraj_nt is in
terns of dollars per kilor"att of power generating cacacrrff 

,

vrable values of rvhrch are much higher than is customarv
D for coal or nuclear stations because the fuel ano associated

annuai charges of these sLations are being reolaceo b1'

evl- r: r.:ni F: I oarr i nman F
Yri,!rr u.

- The method used previousli'to capl-talise an

_ enercy rate oi I bbi of oil irerr,ear rnaT be adarcej Eenerally
. tc capitalise ali fuels in te:rs cf S pe: Kl./ oi installed

capr:a. s].-,:e:t Lne llt:].c3 o: i:t= i-:e, , a c:altge i.ate cn
^^'-l u^r !.,caor-:ai-, :nc ccilr.'ersi-on r:te c: fucl to electr:ic po'lver, and
the capaciL',' f ac:or of the generatcr. Thrs latte:: f actor,

D r,r'hicn depeilds on the pattern of consurnpticn, is the fraction:

FFrr'.-\7 nrn.iti-o61 nor 1/oiri'=: l clL

These features are brougitL or,tt in Lhe s;;r-,h
(fic. B.f) where tfre total caprtal ,;a1ue peu lll'i cf .r,:ner,-trng
cap:city is sho."vn as the sum of the usltail'.'quo:eo:-r;ui:,:

- 1 :or tire q€neratino nlanf or' lc'i S rrr.r- -

,".-, ;; :.;;..;i=:.1::":,".n" :.:=;';',..., 
n.=:,:. 

::.':=
- cicscribcdL abovc -

- Tlre aj:ca cf inccrcs-- '-c js ls siio,,.,'n sherl,,cl, i.c.
t--i-t: lllca'",-h,cre thc tot:ll- cioit;ti',.'aiitc o: ilol)vcnti,:nai i-.i.in'..-r

I

-

I

maxirnum enerqy rhat coulcl be procruceo

truel usaEe is proportional to calaci.-i' f ac ior
and therefci:e the total capiral equi-valent of a ccnventional
poir'€r st.ation varies rvith the caDacii-v factor.
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is niqh (sai'abcve Sl,0C0li-.lV) because the hrghe-r: r_hrs .raiue
the easier it viiil- be to niake an eciuivaient soiar energy
svsterir of equal 0r iess capi tal value . The qraph sirows
tha: a solar enerEy system is nore likeliz to be conperitive
when it has a hiqh capacitv f acLor anc ,"vhen conve nl-ronal
fu:is aire e):pensi'.'e. Tire rcquircrncnt of 5ir;h canaciti,
fac:or neans thai: r.^,'c shourd aim at vlhat is conur,only, c.:l-lcc
a l:ase ioad srati-cn.

I/hen vie'.':ed. in the ri-ght of the evclutionarv
prc.ess of de.,zel-ccnent prr-viously discussei, this goal oi a
base ioai. station is s iqnif i-cant. For renote tc,,vnships the
capacity factor is set by the consumer anc is i_illeiy to be
arcuild 0.5 but if 't-here is air:eady a conventional plant it
miEnr- be reiegatea with ad','antage tc the role of a pe,:king
station thus increasinq the cacacir_y factor cf the soiar
statlon - But as ia..relcrm.cnt crcceecs, and solar stations
b=c::Le cor,i-rea.:''.-= icr sui..pi,..;:c tl:e I arcer: coriJt1u;trLie,s,

I - 
.-l='- 

'',----r-,-' '^,,-'--'--:-.r -r::rJ--.' -..,'.::r caa-r staticns \.ii-ricn alre
L cl::-.r=--,'-s :,.-',; -:--=:: as .as= ioai st: iicns (i^iith hydrc

.:- -::::t c r:'tr::t:...- :-.-:::s) . Ir folic,nls -uhat CoaI StatrOnS
l-I '...':,:--a o==. l'3 .:*raor,eo t.hen as neakl;1g stations 1.o.13rc the.i
L 

rr-(r-^rrY rurrr i- .

:..'c--: s-,tii .e ccriletitrve (pro,;iCecl they ,..ie.t:e ccnDet:_i.ive
| - . -...;l::t ;tf c:c et ecr:.:it_v at this task) .

t_

t_

1_

r

Tfie ccjtclusion r.rhicn inal' be dra,,vn is tnar ti-rere
al:- =ffects .,,ihich hasten the contpcciti.,,eness of soiar,o!..ier
cn a lar'tre scale onc3 it is shor,vn to be ccrnpet.i'ri..re fo:.
r:e::,ore tc'.."'nsnips. For: it might be possrl_-l-c fcr the t-i-iqir
ca:--:cit;' f actor - ncderate iossil f ucf 1,.rice si-,uu:riloir ol
' :.::;e SCcrie generacion to be si-nui L.ane ouslv anci ecualiv
cls ;:aractlve for sciar energv as i-he 1o.,"'cap:citi, f.cLci-
:.: -::. ::s:r-I fr.tri :-r_icc sit.-;:iticil c: i-r,.:;.--,i.., iC.,r.i.:-it:: s.

r
L-

l_

l_

l_

t_
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APPIi'lDiX II

THE PP.ODUCTION OF Ai{I4OIiIA FROM SOLAR TNTRGY

in the solar ammonia system, energ-v is transferred by cont'inuously

dissociating and i esyn:nesising anrcnia. The essential components for
the procuction of ar;,cnl a ::erefcre al reacT exl st.

The n:e'lhcd enrri saEei for prociuci ng an excess of anmonia for external

consunprion is lo use ihe output. of electriciiy to electrolyse t^rater

into ox_vgen and hydroEen, and to extract nitrogen from air by fracrional
dis:illai'ion of liquid aii^. The former process requires ITrost of ihe

elecrrical enerEy. Both processes produce oxygen as a saleable by-

procuct.

Tnp ni trnoen and hvdv'oopn o^ ^-^'r"^^'r are COnVerted iO anTlOni a, qilu ilJuruuctr yq>C> )(,,l PIUtlULCU

h'r fhp qvnrnAqisor- then extractpd from ihp svstenl anO SOld.e'ru JJ ,Jsr t "J-'

The solar ammonia system may be used to s'imult,aneously produce

electricity and ammonia for external consumption. The advan-uage of
dual prociuction is that the proceeds frcm the sale of ammonia may be

useo lo reduce the eleciric power ccsts, an arrangement thai wjll be

eccnomicalllr v.iable before ihe acirrent of commercial solar systems

ce'rc:eC ent'irely rc anrncnia producticn. This is because optinisec

sclar por.Jer generarion sj/siems vrill have e.rcessive collectcr caoaci'-y

during summer and, therefore, provided anrmonia produclion js confined
+^ -^i- fhp narninal r-os: nf nrndrrr^:inn lyjll not Conta'i n:LU Ltil) )trc)Ull: urrs ilruryrrul uvJL (Jl yluuuLuiull

ser,rrcing charge for extra collecicrs. it appears ihal, e'/en,;ii:i
preseni technology, a marginai cost of procuction cf about S100 pei^

tcnne coul d be achi eveci l^rh'ich i s ic be cornpared rvi th a market pri ce

of arou-,- ?-3 tinies this amount.

Trie ,:arcrna.i cosi ci proouc-uion is'inciEpendent of collecrcr cosis.
Hor';evei^. in orCei^ to profiiab'ly operare a sysien cevoie,i cnrirei;,,io
aIimon'ia:rccuc.-ion, ihe collectors must be cneaDer inan a certain ila;iii.'.rurir

vlhicn 'vi ll iepe nd on ihe Cre\/ai l ing iitarKei plice ot an11onir. At lt"ese nt

the lreak-e,,,err lr:a;.linuin ccst of colleciors ai,.pears io oe about. S90 le,^ r:rl
r.rnicn.is l.;r'tnin reacn cr existinc tecnnoloq'/.
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OPTiI'iiSATiON OF STORAGE AND THE VALUE OF AMP1ONIA BY-PRODUCTiON

A feaiure of the solar ammonia system is its facjlit3l for iong-term
storage. Hole'rer, the cost of storage must be taken into account. When

storing n'iirogen ano hydrogen underground the relevant cost of the facility
i c, rcl rlod f n no,,./er n0i the stored epergy and i s estimaied to be 200 $/klij^.-"-'JJ 

u-

Ammoni a on 'uhe other hani is stored abo're grounci i n ref r" j gerated vessel s

anci these r,rork out to be abour S40 per k!'j. Per da_v of storage, a day of
crnn:no hoinn ri"at requ'i red tc run a I kli^ generator compietely from storagevu,,,Y 

' 
=for 24 hours. (Storage time is similariy ciefined. ) The reactants are also

'included as a capital item, and at .l55 
5/ionne, and assum'ing a vrork recovery

eff iciency of 0.3, this amounts to $.l2 per day of storage per ki^lu. In

Figure I curve B shows the total capita1 cost of storage vs storage tirne,
based on these fiqures.

Storage times shorter than 6 months may be used provided extra collectors
arp nrnriidod tn hpl n nvprr^nmp thp dpfirif dirrinn W'i ntef . CUfVe A ShO'.vS the,y vY vu',,,:J

cost of col I ectors as a f uncti on of storage t'ime tak j ng i nto accouni -uhi s

faci and based on direct insolaiion figures for Griffjth NSl,i for 197? and

i973. Collectors have been costed at 50 $/ma and an overall efficjency of
0.2 has been assumed.

Curve C js the total of components A and B and shows a m'inimum at
aboul l0 days of storage.

Evidently an ammonia storage facility is expensive and it lvou'ld be

an ad'",antace to disperse vrith it jf this were possible. Since ammonia'is

a saleable croduct, it may be bought and sold as required instead cf storing
it on site. An add'iricnal ad'rantage of doing this is that capital for
reactanis is requirej for less t'ime since, for examp'ie,0ne rvould tend lo
siore j n autun:n for i.ri ni:i and ther-efore duri ng spri ng anC surnmer ihe
quantity of reactants stci":d ccul d le ccnsiderarl-l reduced.

Cume B'has been calculaieo ori r-he basis of buying and sell'ing the

bulk of anrmonia required, the stock being neld for only half ihe lime as

fcr Cunre B but allo',ving a 50i:1oss in ihe transactions. A fixeC change

for gas storage anci for 1 0 ciays ref r j gerated storage has been i ncl ucied.



Curve C' js the sum of A and B' showing a longer optimun.r storage time,
approximately 40 days, and a lower total capital cost.

Spare collector capacity during summer may be employed to produce

ammonia as a by-product. Assuming a production rate of 0.'l28 kg/kWuh and

valuing the ammonja at .l55 
$/tonne, the return on sales barely compensates

for ihe interest, operation and depreciation associated w'ith the additiona'l
equipment necessary for production of the by-product. Based on 550 $/kl,^le

for ihjs addjt'ional equipment (electrolysis p1ant, synthesis converter and

generator), the ammonia sale would return 16% pa, barely enough to cover

expenses. However, shoul d the val ue of an-cnon'ia increase, as it wil I 'in

sympathy with the price of fossil fuel, the picture js different. For
^.,^-^l^ .:f ..^ --*^.^i- .,-1..-f, ^r aln r1'rr-.-tr^dllrpf e r r rrJe dssume ammonia va'lued at 3.l0 $/tonne, and allowing 2A% pa

of the add'itjonal piant capital cost to cover all expenses, the balance

may be employed to servjce the solar plant and storage facility effectively
cancelling a certain amount of the capital cost of that equipment. This
has been the basi s of Curve D vih'icn has been cal cua'lted aqa'in assumi nq

?O'| na nf f ho r-ncf of <n.el r nl.en- --.1 -+^*-^^ s^r,-,,1 dlr\r 5LUroge rocilitV fot^ associatgd
expenses. Curve B" is ihe same as B' but modified for the increase in
value of the reactants. The resultant total effective capital cost
(A + ts" - D) is given by C" which nou,r indicates that about 10 days'storage
js all that 'is needed. The component of the cost of the generated power

available for sale aitributable to the cap'ital items considered here
(comparable to the fuel componenr in an oil fired plant) is about 3 d/kr,,Jh.

Thjs figure rvi'11 be sensit'ive to furtherincreases'in the price of ammonia,

becoming negative at aboui 400 $/tonne.
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EXPLANATION OF FIGURE I

Col I ectors at 50 g/mZ

0verall efficienclr 0.2

Storage:

Fixed cost S200 underground storage nitrogen/hydrogen
Reactants valued at .l55 

$/tonne (lZ g/day)

NH, refrigerated storage facility 40 $/Oay storage
l,Jork recovery efficiency 0.3

Alternative storage:
Provjde l0 days refrigerated storage for NHr. Buy and sell
NH, as required for 50% less, (but capital required for oniy
hal f the t'ime ) . i\H3 at I 55 $/tonne (buyi ng ) .

SumofA+B

Sum of A + B'

If NH3 valued at 3.l0 $/tonne (sensjtive to fossil fuel price)
Net capi tal i sed rral ue of NH, by-product al I owi ng for: za"l, to
cover interest operation, maintenance of add'itional plants;
fiHt Product'ion 0.128 kglkl^Jeh; 550 $/kw" additional plant costs.
(All spare solar energy used.)

cost of al ternati rre storage wi'uh NH. at 31 0 $/tonne.

SumA+8"-D.

L

D tl
D

L"
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THi RELATION BTTI.IET|{ CAPITAL COST OF A SOLAR INERGY PLANT AND

BRTAKTVEN COST OF PRiMARY FOSSIL ENERGY

l'Je ajm here to present an argument, the results of which are free
from the effects of inflation. It is often argued that as the price of
onoFn\/ i nnrc: crc -ha nri ca nf r snl A1^ pne1^OV nl ant Wi I I i nCfgaSe bgCaUSe,,,v, LsJsJt LrrLr yJ Pl

of the energj/ content'in its capital equipment. Solar energy will nct
therefore becc;re viable. The energy content in capital equipment js nou;

usually estiraied on the basis of so many MJ per S calculateC on the ratio
of national lriirary energy usagelgross domestic produci. In .l974 jn the

USA this ratio r.ras 55 l,lJl$ and on the basis of the primary energy being

preclomi nan':ly coa'l at l0 $/tonne we can estimate the ratio of energy cos'L/

cap'ital cos; as only 0.017. For the sake of simplicity we assume'uh'is

rat'io a::l 'ies to al I capi ta1 equi pment whenever the cost of primary energy

rela:'i';e :o other costs eg. wages is as it was in 1974. l,'je call this rel-
ative c:s: = I in Fjgures'l and 2. A sloping line can now be drawn, such

os n. :':e crc'inate of which represents the capi tal cost of p1ant, at any

oiirer .:,::'i','e cost of primary energy, whjle the ordjnate at energy cost
=' r-e:r'es:n'us the part of capital cost that'is not energy dependent. Thus

as *r:3 r^:,a:r ve cost of primary energy grolvs, a larger proportion of the

ccs: c;::a:ital jlem becomes attributable to ihe cost of energy. The

a;-:r'c:r'::--: slope of line A is such that the ordinate increases by 0.017

as ::3 ::s:r3sa qoes from 0 to l.

C:.e'lines such as those marked C, represent the relative costs of
rene'.vac ie :r-3:^:j/ sources, the subscript in brackets representing how many

times fior€ ci:::rsi',,e each is than the coal fired plant representerl by A.

The line 3 i^e:resents the relative value of fuel used in the coal fired
plant capiral'is:: ai an interest raie of l0% pa. It has been drairn in
correct protci":,:'" io A on f igures for -i974 vtz coa.l l0 $/tonne, capital
value of coal p1.n:-100 Si k!'le. A lead factor of 0.8 was assumed. As

explained, 197+',',:: -!aken as representative of a relative fuel price of
one.

Line F is rr: su;r 3 * A. Breake'ren conditions (renewable soLrrce

produces energy at lrie
by the intersection of
i n Fi qure 2.

sa;re price as non-renewable source) are represented
C- and F and these interact'ions are plotted separalely

)

r-
I

l=
I
IL

Ii-



a

The advantage of ihis methodology is that the results should be
jnsensitive to the effects of jnflation per se although inflation may

be a prerequisite to recessional conditions in which the relative cost
of primary energy has jncreased.

Ii'is r'rorth remarkjng that an jncrease in relative price of primary

energy must go r^rith a real change in life style and attitudes. Consumers

and producers vrill actually have to go without some materjal thing or
service assuning they cont'inue to use energy at the previous rate.
Because of this, people jn western democracjes r,vjll resist jncreases in the
relacive price of primary energy by demanding commensurate jncreases in
wages. ii follot^ts that mere dollar increases jn coal or o'il will not

ensure ihe viabjlity of a renewable energy source. It also follows
that l'ie viabil ity of renel^rable sources will ali,^Jays look best jn times

of se'ie:^e recess'ion (dislocated f ife style) and urorst in booms (restoration
of st::us qro I ife style).

-ine tost insid'ious effect of this almost automatic mechanism for
inajn;ain:ng the status quo f ife style is that a pending shortage, urhich

may be ci crisis proportions and durat"ion,'is completely disguiseci. Many

arEUe -rr:3i ine operations of the free market wil I d'ictate when 'it is time
to rul.n :c rte'rr, tnore expensi ve energy sources but the mechani sm described
here l'ror-ls against the operation of the free market for it shjeids any

attemci cf a producer to signal the com'ing of a shortage by raising the
pri ce.

Tne :'ecnanism therefore converts what could be a gradual slope
dov;ntrarcs ic a nei't I errel of economy based on renewabl e energy sources
'into a I e';el run le rr-ninated by a cl iff . However, because of the cl iff ,

anci despi ie th: I evel run, the obvious need to bui I d up ne!,^i energy soui"ces

becomes even ito.e iressing than it r,vould othervrjse be if all the s'ignals
of the free irarkei',.rere flashinq ccnspicuously.
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