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SUBMISSION 

Australia faces an increasing shortfall in domestic oil 

production during the ne xt decade and a c onsequent increasing 

dependence on importe d oil. The economic impac t o f this 

dependence will force moves towards replaceme nt of oil by natural 

gas and c oal, and ultimately by coal alone. The s e factors couple d 

with the rapidly growing coal export trade will increase 

considerably the de mand pressure on c oal and further, the 

requireme nt for rapid growth of the oil replace ment industries 

will create a high demand for investment capital. The tra nsition 

from our present oil-dominated society to a coal-dominated society 

is not like ly to be without its own set of problems. Alr eady some 

of these are evident. For example , it will be neces sary f or 

strategic r easons that Aus trali a maintains an independent domestic 

supply of oi l f or essential services such as a ir transport a nd 

defence requirements . Assuming that insufficient new oil rese~ves 

are f ound , the only alternative s ource like ly to fill t hese needs 

in the relatively short term is coal liquefaction. In addition , 

however, the r e are s e veral more t e nuous proble ms affec ting· the 

longe r-term which could ultimately have e ven more s e rious 

c onsequence s. Fo r e xa mp l e , the bui ldup o f carbon d i oxide in the 

atmosphere could present a serious limitation on c oal utilization 

in the futur e . There are suffic i ent unc e rtainties in futur e 

e nergy resource strategies that it would no t appear in Australia's 

best intere s t tha t such problems be i gno r ed , even a t t he pre s e nt 

time . Indeed, it may be argued that had rese arch r elated to 

Aus tralia's l ong-te rm ene rgy strategy been e ncouraged in the pa st, 
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the n the count ry would now be both better equipped a nd be tter 

pre pared to face the imminent shortfall in oil suppli es . 

We argue here that it is importan t f or a re a s onab l e fr ac t i Qn 

of the Coal Res earch Levy to be allocate d to r e s ear ch into 

f orseeabZe problem areas of fu ture coal u t ilization and into 

development o f approache s f or the optimal use of coal . 

The research forming the basis of this submi ssion i s r elat e d 

to Australia 's c oal utilization strategy and, in partic ular , is 

directed t owards alleviation of d emand pre ssure in two are as: on 

the one hand, investment capital, and on the othe r hand, coal , by 

achi eving mor e optimal utilization . The submi s sion is f or a 

r esearch programme which extends existing work of t he Ene r gy 

Conversion group in t he Department o f Engineering Physics and 

which may c onveniently be subdivided into three inte rrelated 

parts: 

a. Underground storage of sub s titute na tur al gas / hydroge n deri ve d 

fr om c oal , The r esearch would encompass the physical, chemi cal 

and engineering problems specific t o undergro und storage o f 

hydrogen-rich gas mixtures and is j ustified by the pot ential 

capital savings in t he areas o f production, processing and 

tra nsportation of substi tute natural gas brought a bou t by the 

smoothing of diurnal and seasonal demand through provision of 

storage . The re ar e specific problems r e l ating to underground 

storage of hydrogen which nee d particular study . 
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pr oducing liqui d fu el s with 

emp loy ing c oal/solar hybrid 

system unde r 

cycl e base d on 

study, a 

methano l as 

worki ng fluid and with provis ion for underground gas sto r a ge 

would be utilized to transport energy from a large scale solar 

collector array t o a central plant. High grade he at 

rege nerated at the central plant would be used to produce 

sufficient hydrogen through dissociation of water in order to 

enrich the gas mixture from a coal gasification plant to the 

level required for me thanol synthesis. Output fr om the plant 

would be the liquid fue l, methanol. Savings would accrue from 

the more efficient use of coal since only half the coal is use d 

i n the proposed process in comparison with conventional 

coal/methanol synthesis. 

c, Sy s tems f or prov ision o f high gra de proce s s he at a t indus t rial 

i oc a tions r emo te fr om c oal -fired p lant s~ a s a mea ns f o r 

r educing pollution in populate d and industr~ a l ,area s . Coal , as 

the most likely cost effective substitute f or oil in providing 

industrial he at in its many forms, wi ll be u sed in industrial 

heat plants in incr e asing amounts , the reby prese nting further 

environmental problems. Many of these problems can be 

alleviate d through the application o f t hermoche mical ene r gy 

transfer syste ms. Heat generat ed by burning coal would be 

abs orbed by an endothermic chemical r eaction at the primary 

plant. Chemical energy would be transported through pipes at 

ambient tempe r a ture and high grade heat r e ge nerated a t a number 
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of s econdary industrial locations during the r e verse e xo the r:nic 

r e action. Atmospheric pollution therefore would be c onfined to 

the primary plant whe re more effective and more economic 

control measures could be imp l e mented. 

The research programme envisaged f or investigating the above 

proposals would include a general assessment of t he pro blems from 

the viewpoints of both technical and economic feasibility, leading 

to the identification of specific problem areas. Each proposal 

would be assessed during the first year of study and the knowledge 

gaps and optimum path for r esearch identifie d in r elation to the 

present activities and expertise of the Energy Conversion Group. 

A c ompre he nsive r ep ort de tailing the si gni fi cance o f the 

proposals and outlining the option s available f o r furth e ~ r e s ea~ ~h 

would be produc e d in the first year. 

There are strong links between the propose d r esearch and o ur 

existing research programme, n o tab ly in the area s of unde r g r ound 

gas sto rage and thermochemical energy transfer . Work in each o f 

these areas would be expanded on both theoretical and experimental 

levels. Our work in unde r ground gas storage is r elate d 

specifically to hydrogen and hydrogen-rich mixture s. Theoretical 

studie s of hydrogen l oss mechanisms, well capacity a nd pumping 

energy would be extended and complemented by an e x~erimental 

programme in the areas of hydrogen diffusion a nd s o lubility in 

ground water, and fluid dynamics in porous media. In o ur s econd 

area of existing r esearch into the rmochemical energy transfe r 



:-

Page 5 

systems , our presen t research would be e xpa nded both theoretically 

a nd experimentally to c over the spe cific proble ms r elated t o the 

above proposals . In p articular, our studie s s o far have 

identifie d the des ign c riteria f or optimizati o n of a 

thermoche mical energy t r ansfer system for maxi mum work p r oducti o n 

and the re is a n eed to design and construct such a system in orde r 

to ide ntify s peci fi c engineering problems and assess p e rfo rmance 

on a pilot p lant leve l. 

The Energy Conve rsion Group a t prese nt has 9 membe rs 

(comprising the project leader , f our me mbers with pro fessional 

qualifications and f our with techni cal qualification s) as well as 

ger.eral wo~kshop pe r s onnel. In order t o pursue th2 proposed 

programme e f fec tive l y , t ~e Coal Resea rch Le'V'J g r ant would be u sec 

to fund three t e:-nporary staff members t o 9ethe :c with a pprop::::-i a te 

expe r imsntal equi pment and u se of computin g f a cilitie s. 

r equi rements in t ~e f i r st y e a r are sur.unarised as f o llows: 

1 a cade mic appo i ntment 

prof e ssional a ppointment 

1 t echnical appo i ntment 

Expe r i men tal eq~ipreent 

(* inc l uding overh=ads) 

* 25 , 0 00 

* 25 , 0 00 

* 20,0 00 

30 , 00 0 

TOTAL $1 00 , 00 0 

Fund 

The r equest o f $3 0 , 00 0 f o r e xperimental equipment r e presents 

only a par t of the t o t a l expenditure detailed i n Sec tic n 5, ~he 

t,.::,tal r epresenting development o f the r2search p r ogranme o~:er a 

period o f Sf.:?Veral years fi11anc ed in part from a Coa l Research Le v.1 

gra nt and in par t from exis tin g and o the r s ources . Reque sts f o r 
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con tinuation of Coal Rese arch Levy support into future year s would 

be based on the detailed assessment of the proposals co!'.ducte d i:i. 

t~1e first year a nd are expected to be o f tha same order o f 

magnitude as for this submission . 



" 

1. 

2. 

2. 1 

2.2 

2.3 

2.4 

3. 

4 . 

4. 1 

4. 2 

SUPPORTI NG DE'l'AILS 

ENEr..GY CONVERSION GROUP MEMBERS 

INTRODUCTION 

PRESEKT RESEARCH 

Ther~ochemical Energy Tra nsfer 

Undergr ound Gas Stora~e 

Paraboloidal Co llector Development 

Fertilizer and Liquid Fuel Production 

SYSTEM ECONOMI CS 

COAL RESEARCH PROPOSALS 

Storage of Subs titute Natura l Gas and Hydr ogen 

Me thano l Production by a Coal/Solar Hybrid Syste m 

4.3 Proce ss Heat Generatio n and ~istributio n by 

Thermoche~ical Energy Trans f e r 

5. 

5. 1 

5.2 

5 .3 

RESEARCH PROGRAi~M~ 

Under~round Gas Storage 

Thermoche mical Ene r gy Transfe r 

The Firrit Year 

REF:S RENCES 

ENI:RGY CONVERSI ON GROUP PUBLICATIONS 

Page 

7 

9 

0 _, 

10 

1 ~ 

12 

1 2 

1 5 

15 

17. 

20 

22 

2 3 

23 

23 

26 



DEPARTMEiH OF ENGiil EERING PHYSICS 

HEAD: Professor S Kaneff , B E, PhD (Ade l ) 

ENERGY CONVERSION GROUP MEMBERS 

PROJ ECT LEADER: P O Carden , ME (Qld) , PhD (ANU) 

MEMBERS : HP Cant or 

B P Edwar ds , B Sc {Hons) (ANU) 

K Erick 

R W Parkes 

L Paters on , B Sc(Hons) (Monash) 

K Thomas , Di p Mech Eng (Be ndigo) , ME (Mo~ash) 

R E Whelan 

0 M Will i ams , MSc {Otago) , DPhil (Oxen) 



1, INTRODUCTION 

Australia faces an 

production during the 

dependenca on importe d 

increasing 

next decade 

oi l. The 
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s~ortfall in domes tic ci l 

and a conseque nt increasing 

economic i mpac t o f t~i s 

dependence will force moves towar d s replac2m2nt of the use of oil 

and petro le~rn products by domestic coal and natural gas while 

rese rves of the latte r r emain adequate. Increased overse as de□and 

for Australian export c oal and increased local demand f o r 

electricity production will add to the pres s ures as coal be co~es 

our major source of primary energy, The effects of thi s demand 

pressure will be twofold: the reduction of the expected lifetime 

of Australia's c oal r eserves and, o f greater i mportance in t he 

s~orter term, the development of a very large cost infrastructu~e 

associated with the opening of new mines, ne w power s~ations, 

incre ased coal transportation demand, problems o f air p o llutio n, 

a nd overall d evelopmen~ of ne w technologies b~sed on coal. 

The transition fr om our present o il-dominated s oci ety to a 

coal-dominated s oc iety is not like ly to be withou t its o ~n s et of 

problems. Already so~e of the se a r e evid2nt. For example , by 

19 90 a shortfall of o~e million barrels pe r d a y o f o i l equivalen t 

is proj ected (Glastonbury and Young, 1976). The most likely 

response wil l be to i n port most of the shortfall , p aying at l e ast 

in part f o r the massive outflow o f c api t al by expo=ting mo r e coal 

and thus incre asing further t he demand pre ssure on coal. However, 

even this solu tion is i ncomplete since it will be necessary for 

strategic reasons that Australia maintains an independe nt domestic 

supp l y of oil f o r e ss~ntial services s uch as air trans~ort and 
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defence r equir emen t s . Except in the l ong t err:1 , and assu.rni ng th.a t 

i nsufficie nt new oil r eserves a re f ound , the only alter native 

s ource to fill these r equirenents is coal liq uefaction . 

The above prob l em t ogether with other po t ential pr o:':) lerns s uch 

a s t he difficultie s of maint a ining and p olicing e mi ss i on control 

sta~dards i<l the advent of a reversion from oi l to coal usage by 

industry, ar e appar e nt at t he present t i me . On t op o f these , 

howe ver, are several more t e nuous problems affecting t ::e 

l onger-te rm wi th potentially even more serious consequences ar.d 

which are already be ing discusse d wide ly. These r e late to the 

impl icati ons of a worldwide reversion f r om o il t o coal as t h e 

primary energy s ource a nd are being se r ious ly examined as areas 

for gr owing concern (see , fo r example , Sas sin and Hafele 1977 , 

~arla nd and Ro tty 19 77, a nd o ther pape rs from the Third IIASA 

Conference on Ene r 1y Res ource s , Moscow , 197 7). One area concerns 

th,e b11il dup o f carbon diox i de in t"l.e atmosphere whi c~ cou ld 

p r esent a s e r i ous limitati on on coa l utili z a tion in t~e fu tur e . 

Whi l e such pr oble~s may s eem of a l ong- t e rm n a ture , ther e a r e 

suffic i ent uncertaintie s in f u ture ener gy r esource strate gies that 

it would not be in Austra!ia' s best interest tha t they be i gnor ed, 

e ven a t the pre sent time . The research pr o2osals outlined in t r.is 

s ubmission a r e r e l ate d t o the forseeable prob lem areas of 

Australia 's coal utilization strategy . 
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2. OUR PRESENT RESEARCH 

The connectio::13 be t \ve e n ma j or areas of our p r e s ent r esear c h 

p r oqramme and t he extensions p r opo s e d a r e s hown in Fi g ur e 1. The 

Ene r gy Conversion Gr oup in t he Depar tment of En g inee r i ng Phys ics, 

ANU , has c onducte d r esearch ove r the p as t f i ve ye ar s i n t o p rob l e ~s 

that hav e be e n direc ted p r i n c i p a l l y a t t he d eve lopment of l a r ge 

sca le solar energy utilisa tion. The r e is a stror.g link wi t h are as 

of coal rese arch since a numbe r of f e a t ures o f our prese n t 

r esearch programme are c ommon t o the probl e ms o f c o nve ntion a l 

e ne r gy sour c e s in the f uture . This r esearch i s outline d in the 

f o llowin g paragraphs in order to set the backgr ound for t~e 

present r e s e arch pr oposa l. A l i s t of our pub l i ca t i ons r e l e van t to 

the res e arch propo s als is a ttache d . 

2 .1 The r mo che mical Ene r gy Tra nsfe r 

A thermo chemica l e ne r gy t rr.tns f e r sys t em f or ms one o f t he 

basic b uild i ng b l ocks o f t he s olar a mmoni a s y s t em, one a rea of 

wor k u nder i ntens i ve study a t t he pr e sent t i ::ne , and i s ·s ho;•m 

s c he r,a tica lly i n Figur e 2 . The a t tractiv e feature o f a 

~he rrr.ochemical energy tra:is f e r s ys t e m i s t hat energy may be 

t r a nsporte d over conside ra~l e d i s tances t hrou gh p i pes a t a m~i ant 

t ercp 2r atur e a nd hig~ gr a d e heat g2ne rat?.d where r e q ui r e d wi tho u t 

t he produ c ts o f c ombustion or po l lut a n ts o f a ny k ind be ing 

r 0 l e 3se d i n t o t he a tmos phere at t he po int of e nergy u t i l i z a t i o n . 

A wor king f luid s uch a s high pr e ssure ammonia i s f e d t o the ene r g y 

s o ur ce a nd is partial l y dissoci a t e d i n a c a ta l yt i c r e 3c tor, t h e 
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enjothermic heat of r e action being supplied from the s ource. The 
r eaction mixture is separated into liquid reacta nt a nd gaseous 
product, the latte r being transporte d through pipes to the r egion 
where high grade heat is required. This he at is gen:rated by 
r esvnthesis o f the or i ~inal working fl uid in an e xo the r mi c 
r ,:actor. Counterflow heat exchangers are enploy ed at both the 
endothermic and exothermic reac tors in orde r to minimise the rmal 
losses and obviate t:i.e need for the rmal l aggin g of conne cting 
pipes . 

Current rese arch into thermochemical ene rgy transfe r systems 
is conducted on bo t h expe rimental and theor e tica l l ev e ls. The 
work is widely applicab l e to many are as of energy utilization and 
is not just confined to solar ene rgy. A prot o ty?e ammonia 
dissociator has bee n t este d t~or oughly and the the rmodynamics o f 
e ner gy tra nsfer and work production from the rmoche:nic3.~ e!le:-:g::., 

transfer syste ms have been i nvestigated in s ome d e tail. 

2 .2 Underground Gas Sto r a ge 

The thermcche111ica l ene r gy t r ansfer cycle provi des no t onl y a 
practical method for e~er gy t ranspor t but a l so gives the 
oppor tunity fo r l o ~g-te rm ene rgy storage t hrough storage of t he 
high pressure gus mixt ure prod·.1ced during t he en-:'lothermic 
r e action . The avai l abi lity of l ong t e rm energy sto rage i s a 
critical feature f or a solar power plant desig!1·2d for base-load 
heat output or ele c tricit y generation s ince it provides the 
essential buffer between the variable supp ly (day and n ight 
p e riod s , clouds ) and a mor e steacy d em.3.nd. Provision of e nergy 
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storage is relevant also t o convent i onal power gener~tion for 

providing a buffer between the steady supply and fluctuating 

demand in orde r to f acilitate operation o f the he at gene ration 

capital plant at full capacity at all ti~es . 

While it is uneconomical t o store large quantities of high 

pressure gases in conventional steel v e ssels, there a::-e strong 

possibilities that the gas mixture (hydrogen/!1.itroge:1) can be 

stored successfully underground in aquifers or disused gas and oil 

wells. Unde~ground storage of natural gas in aquife ra has been 

practise d throughout the world for some .L • ... 1.me, the principal 

unknowns in the present proposal concerning the behaviour and l o ss 

mechanisms of hydrogen store1 underground. Preliminary studies o n 

unde rground storage of hydrogen/nitrogen rni :-.tur e s were c ompl e ::e d 

two years ago and a full-time r esec1.rch pr.::igramme has been 

cor.~enced this year. 

2.3 Paraboloidal Collector Development 

The third major ar2a of present r e s e arch involves 

paraboloidal colle ctor d e velopmGnt. Sele ction of the rnet~ods 

available for collector development is severely limited by t~e 

economic constraints t hat acconpa1~ all large scale solar energy 

development. Research is at present conducted into methods for 

producing cost-effe ctive paraboloida l shel l s from sheet me tal. 

The studies are accor.1pani e d by research into suitable ma t e rials 

for reflective s urfuc t:!s and appropriate f ocal absorber 

development. 
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2.4 Fe rtilizer and Liquid Fuel Production 

The r esearc h programme of the Energy Conversion Group has to 

date be en aime d principally at the parti cular p r oblems a ssociated 

with t he production of solar-gene rate d high grade heat a nd s o lar 

electricity generation on a large scale. There are, h owever , some 

additional areas t o w~ich attention has been dire cte d, each b e ing 

associ a t ed with the particular approach uti l ising a thermochemic a l 

energy transfe r system for solar electr icity gene ration. A s o lar 

electricity p lant incor porating such a sys t e m based on ar:-.monia ::nay 

be expanded to nitrogenous fertiliz e r produ cti o n , and if based o n 

methanol and u s e d in conjunction with coal, may be expanded to 

liquid fue l p r oduction. The l a tte r area is one o f t he propo s als 

of this s u bmission and both areas have been discusse d earlier in 

the Australian Senat e submission (Carden and Xane ff 19 7 6) from the 

Depart;:nent o f Engineering Phy sics and also by l{aneff ( 1977) . 

3 . SYSTEM ECONOMI CS 

New systems for supp lyi,'.lg prir:1a.ry ene rgy requirerr.e nts are 

not, at this tine, likely to be c ompetitive with pre sent ene rgy 

s ource s . An economic asse ssme nt in pre s e nt t erms is, ho we v e r, 

useful f o r giving a gui de t o the na cessary c hang e s in cos ts of 

current energy s ource s that mus t occur be fo:-::-e t he net, t echno l o g y 

be comes v i able. It is usefu l for guiding t hose aspe cts of the 

r esearch and deve l opnent o f the ne w system aime d at r educing cost. 

Although a n ew technology may ap?ear uneco nomic by a large fac tor 

a t the prese nt time , c o n t inued r e search i s like l y t o l a ad to cost 
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reductions. At the same time increasing costs of present e n e rgy 

sources are to b~ expected and i n t h is regard we point t o the 

large changes in c onventional energy prices which have already 

occurred; for exa~ple, t he price o f importe d oil has in recent 

years rise n by mora t han a f actor of four and furt~e r rises are 

expec t e d. There seems e ver y r eason t o expect similar chan ges in 

the price of coal in the future as a result of sustained demand 

pressure. 

The economics o f the s olar a mmonia systen for electricity 

generation have been outlined by Carden {1977a). I~ order to 

compare the economics of a. s o l ar p ower plant wi th t hos e of a 

conventional thermal power plant, t he capital cost of collectors, 

energy t ransport network and storage s ys t em must be offse t against 

the annual c ost of fue l f or a thermal p ower p l ant . Based on 

comparison with oil at $13 per barrel and expo:c t coal at , $4 0 per 

tonn e with an annual 15% rate for costs and charges on capital , i t 

i s f o und that t he abuve ..:::ompm.ents of a solar power plant c a n ·· be 

ccsted at no more than $8 0 per squ a r e metre of c~llector area ½hen 

c ompare d t o oil, and about $50 per squa:::- e m-stre whe n c ompar2d to 

export co::.tl. 'i'h2s G. ar2 very se•,e re cost constrai nts which cannot 

pre sently b,~ met . Th =Y imp ly th,:1.t solar e l 8ctrici·:y is not cost 
c ::1mpe tit:.ve in our cnpitul cities at thl1 present time . HowE.ver , 

our research indicates tha t elei::tricity cC'u lt.1 b e 9roduc8d fr om a 

sol ar powe r p l ant a t a rate of typically 4- 5 cent s / kWh , o r a 

factor of two to thre~ higher than i •; c n r r.en t in mud! of 

Austra li :1 . In view of the arg um~nts of the pr3ceeding paragra ?h, 

the potznti a l of solar power p lants cc:u be t aken s c ricusly, a nd 

i.ndeed, rese arch i n to sol•-tr p o•.-;er c;~nera ti :m ,1nc: al lir-1d a r s as 
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should be encouraged, as it is i n the Uited States, France, 

Israe l, the European Economic Community a nd e lsewhe r e . 

It see ms sound economics to base the above cost c ompariso n on 

the full opportunity cost of c oal (the expor t pric e o f typically 

40 $/tonne) rathe r than on the pre s ent internal price o f ty?ically 

6-10 $/tonne which r e presents e~{trac tion cos ts to the electricity 

generating authorities. The employment o f an alternative ene r gy 

source will save coal which may the n be s o l d at the export price 

of 40 $/tonne . If the profit so derived is s e t against the 

increase d cost of energy from the new sour~e , it will be s een t~a t 

as long as the new energy source is competitive with coal priced 

at 40 $/tonne, no change will result in the price of energy paid 

by the consumer . I t fo llows that once a cheape r alternative t o 

export-priced 

the mse lve s a 

alternative 

coal is developed, Au3tralians will be denying 

r educti on in the pric2 of e l ectri city . i f t ie 

is not immediate ly adopted . A similar argument based 

on opportunity cost analys is l eads t o t he conclusion that · ~he 

export price of coal wil l tend i n the future t o f ol lo~ tha t o f 

oil; tha t is, the price of coal will i ncrease . 
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4. COAL RESEJ\RCE P'RO?OSP,.LS 

Our research p r o posals may conveniently be considered in 

three inte rrelated parts. 

4.1 Storage cf Substitute Natural Gas and Hydr ogen 

As Australia's supply o f natural gas dimin:.sh •=S in future 

decades, or is r e served for cheMical industries based for example 

on ammonia or methanol production, it will be d e si~able to 

supplement and indeed replace its use as a direct fue l by 

substitute natural gas produced by coal gasificatio n. Since it 

will be more economical to pro•l'.lce methane/hydrogen mb:tures fron 

coal gasification rather tha~ to produce m2tha ne alone, it is 

likely that substitute natural gas will contain a conside1.·a:, le 

a:::ncu:1t of hydrogen . As th~ p:i::-oduction o :: subs ti t:.i-'.:e natural gas 

become s more widcsp~e a~ , ~he r e will b e an i ~cre asi~g r2q ui reb~~t 

for suitable storage areas. Ths reasons for this are identical t o 

the prcse::i.t reasons 

Australia) an end,~rground 

for establishing at 

store of proc2ssed 

Gidgealpa {South 

n a tural gas and 

currently, as i n the past, for establishi~s similar r 2servoirs 

n ear major demand centre s around the world. Since th~ substi~utG 

natural gas will be requirec. t o r e place in :;pantity the pJ=esently 

used dorr.estic a.nd i nd'..lstr ia l oil and eventually t o r eplace natural 

gas as well, it is unlikely that sto rage in c:mvent.ional 

gnsome ters will b e sui tabl,:! or o= a.dequatP. ca?aci_ ty. {Fo r simila r 

reasons, storage existing in pipe lina s, alth~u gh significa~t, 

woald als0 be inadeqa :'i tc, p a rtlc u lc:1.rly w::,en lines are: 

comparatively short.) 
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Undergr ound gas storage generally m~kes use o f closed 

geological structur es in s 2dimentary stra ta normally saturated 

with wate r. Stora ge of gas is implement e d by drilling into t he 

s tructure and f orcing ga s t o dis9lace the water. Candidate s f o r 

reservoirs of t~is t ype i nclude disused gas wells, oil wells and 

most import a ntly aquifers of the typ•:? prevalent i n c o a l b e a:-i:i.g 

districts and in areas adjacent to e very highly populated ~is~rict 

in 1"\ustrnlia. 

Unde rground stor age o:: hydrogen-ric h gas mixtures such as 

substi tute natural gas d eri ved from coal, d i f f ers fr om 

underground storage of natur al gas in that hydrogen is known to be 

more difficult to contain because of its :;ibil i ty t ::> di :.:fuse 

through a varie ty of mate rials and throu gh microscopi c fissure s. 

Mor eover, sev e ral chemical r eacti o~1s b e tw3en minera ls an:l the 

storcJ gas may be i mportant and nee d inves tigation. Sto rage o f 

hydro gen by dis? lac e men t o f ground water in s edimentary c l ose d 

structures is argue d (C ar d~P 1977b) to be e ssentially e q uivalent 

to storage in a water walle d struc ture . If this aroument i s 

proved c o r r ect , t he n t he essential loss me c hanism will be t :'1~ 

diffusion in water of dissolved hydrogen , in which c as e los s es 

will be smull. On the o t he r hand, surface and s o lid s t a t e effects 

in the minera l particle s may play a dispr oportio nat~ly l arge r o !e 

i n the cass of hydroge n whe n compare d t o ot~8r gase s commo nly 

store d und e rgrou~d. The researc~ p r.opose~ in this submission is 

related to t he study of th,ese e ffe cts a !'ld will aug~c'1 t pre s ent 

theore tica l studie s and e~~periMental wor:~ co::-,cerned with two phase 

fluid dynacaics in poro ,Js rne c.ic1. The propo3ed rese arch i s al s o 
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r2lated to the complementary mechanisms of im?urity pick-up by the 

hydrogen from ground water. This is clearly relevant to proposals 

for the underground gasificatio:J. o f coal . 

The a.bove proposal fer research is relevant to the s'.1ort- i:':r7l 

f ut ure since the i~plarnentation 0£ widespre ad coal gasificatio n 

processing will be rendered more economic by inco r9orating 

suitable storage facilities. The ava ilability of gas s~orage 

provides the necessary buffer b~tween the p=oductio n area and a 

demand sector having seasonal and d:1.y-to-day fluctuatio:is. An 

economic assessment can therefore be made on the basis of 

c omparing the cost of providing a plant sufficiently larg e to cope 

with maximum d,~mand, with the combined cost of a smal l er 

gasification plant u s~d steadily at full capaci ty with underground 

storage facilities. 

4.2 Coal Gasification/So lar Hc n t Methanol Production 

One of the more in?o rtant demand pre ssure s on Australian coal 

will be the incre asing nee d f o r coal liquefac tion • The extens ive 

use of coal liquefa~tion, however, presents some f o rm~dab le 

proble ms. In order to overcome the proj ec ted shortfa~l of one 

milli~n barrels per day o il-e quivale nt expected in 199 0 , an annual 

cons~~ption of coal for conversion amounting to more than n i ne 

time s the c urr e nt total Australian black coal p roduction would b e 

requi red (Glastonburg and Young 19 76). This is clearly not 

f easible in view o f the level of growth expected of the coal 

industry. Neverthele ss, coal liq~efaction can provide an 

important propo rtion of th.2 oil r equire ments o f the! cou:.':ry, t:ie 



P2.g2 13 

particulaJ: level being -:-ri tically dependent on the efficiency oE 

the coal liq ue faction process . 

Coal liquefac t ion processes can be in~fficient in two 

important aspects: a par t i ci.llar proces.::: may be t hermally 

i nefficie nt i n the Rens e that the liquid product has much lower 

heating value than does the coal us e d to pro duce the fuel, a nd 

s econdly, a particular proce ss may use more than t h e mini~ urn 

amount of coal in the sense that only a fracti o n of the carbo n in 

the coal feed appears in the final liq uid product. Both of the se 

aspects are related to the use of less coal to pro duc e the s ame 

quantity of liquid fuel a n d t hus reduce the demand pre ssure on 

coal. Research into areas for incre asing the efficiency of c oal 

liquefactio n proc e sse s should the r efore be encour aged . 

The present proposal is f o r r e search into the second aspec t, 

the optimum use of coa l fr om the point of vi ew of car bon transfe r 

between feed ancl p r oduct. •rhis would invo lve study and 

davelopmenc of a coal gasificati on/s olar hyb r id s ys t em. ~or 

produc i ng methanol a s a liquid fuel. Methanol has been u sed 

succe ssfully in tn2 pas t as a rao t o r s p irit b urned e i ther in p ure 

form o r when rni :~ed wl th gasoline . It i s also an important ·bas ic 

chemical in its own right, be ing t he basis o f a vas t chemical 

industr y thro u ghou t the world. 

In the normal production of met'i1a nol 

hydrogen/carbon monoxide mixture suitab l e 

from c oal , 

for synthesis 

a 

is 

produced by one of the modern gasification processes sud1 as the 

Koppers-Tot~ek process . Coal is gasified by ste am reformatio n a nd 

i n this process ex tra coal (3 ➔ % ) is burne d in oxygen as a source 

o f cira required e ndo thermic heat of reac tion . The r esulting gas 
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mixture is defi cient in hydrogen which is produ ced by a wate r-ga s 

shift reaction with rejection of the carbon diox ide p r odu c e a. 

Methanol is synthesise d from the appropriately t a ilor e d s ynthesis 

gas mixt ur e , 2. 6 time s more carbo n than appear ing in the me t hc.:.1.0!. 

product be ing used in t he p~o c e ss. 

In the proposed sys tem, the wa ter gas reaction is r e~l a ced by 

water ele ctro lysis using s olar d e r i ved ele ctricity. Thi s process, 

which includes a thermochemical energy transfer and storage syste m 

based on met hanol as well as a large scale solar c o llector array, 

is shown in Figure 3. Only 1.3 tirnes the c a rbon c ontent of the 

methanol product is used in the process, a s aving of half the c oal 

required in the conven tional synthesis process. 

In order to c ompare the conven tiona l a nd propos e d syste r.1s, 

the saving s accrui.'1g from more efficient us2 of the c oal fee d must 

b e offse t against the i n c rease in cap ital e qu ipment including 

colle ctor array, e nergy t r ansfe r and stor age system and inc r ease d 

methanol synthesise r capaci·cy. Pre li111inary calcula tion s b a s ed . o n 

prese ntly f e asible s o lar technolo gy show t hat a substan tial rise 

in the price of coal is r equired be fo~e the hyb rid system becollies 

economicall y c ompe ti t i ve . The propose d r e s e arch has t her efo r e 

r e latively long t erm significan c e but in view 0 £ the impo rta nce o f 

e f f i c i ent liquid fuel produ c tion t o ~us t rali a a nd unce rta intie s in 

futur e movemerits in c oal price:: as d2mand pre ssure increa ses, it is 

con s i dErc d r e l e vant and rea l i stic . w~ r Gcall t hat int e rnatic~a l 

o i 1 i:-.cic ,~s h a ·,c increas.;.;<l by rno r e than a f actor of four in l e ss 

t :uan half a d ecade and f ur ·ch e r pric e r ise s are expecte d in Lhe 

future . In parallel with these dev,:'.} l opmen t:s our rese arch h a s 

alre ad:z• reveale d ways ir1 whic h s o l a r ene r gy can mr)v e t o.,ards c o s.: 
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o ther energy sources and 
e ffe ctivene ss 

consequently 

in comparison with 

t owards significant r eduction in t he real costs o f 

s o l a r energy utilization a r e expected as rese arch and e e velopment 

advance. We do not therefore r egard it as p remature to r equest 

s upport for research in this area , now, pa r ~icularly whe ~ i t i s 

linked close ly with our c urrent res8arch progr ammas anu with the 

o ther a spects presented in this submissi on . 

4.3 Process Eeat Generation and Distribution by 

Thermoch emical Energy Tra nsfer 

As both oil and natural gas become scarce , there will be an 

i ncrea.::;ing t endency f o r industry to revert to c o a l-der ived fuels 
for high grade process heat r e quirements. It seen s unlike l y t hat 
unprocessed coal will be used in large quant i ties s ince i t would 

then be d i fficult t o maintain and indeed improve present 

indu s trial atraosphere emission standa rds. It i s mor e l:.kely , · a s 

ind i cat e d above i n Secti o n 4 .1, t hat ineustrial r equiremen t s will 

be met largely by ga s derive d f rom c oa l or by r e fined p~oc e ssed 

coal (for exar.1pl a , by solvent r efi ned coal). 

The r e is a mor e radical a nd po t entially more accapt a~le 
s o luti on t o t he probl em o f supplying indu s trial p r ocess heat 

r equi r e ments , as shown in Figure 4. Hea t deri ved from burr. ing 

coal at a r emot e s t ati o n can b e used t o provide the end othe r~i c 
.:ieat of reacti on in a the rmoch e:ni cal energy trans fer c y -;le . The 

gaseou s working flui d is tha n piped to the industrial demand a r eas 

where high grade heat i s r egene rated during the r e verse exothermic 

r eaction. The liq uid p r od:.ic t would the n be r e t urned t o t:ie r e mo t e 
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power plant through pipes which would be considerably smaller than 
the working fluid f eed pipes . Energy storage may be include d 
through underground storage of the gaseous working fluid in the 
vicinity of the remote station. 

The above proposal is not essentially new and indeed has 
received serious attention in Germany (Hafele 1974) in r e latio n to 
optimum use of the capital incorporated in nuclear power stations. 
In this case, a thermochemical energy transfer cycle is employed 
t o transport energy for proce ss heat generation from the power 
plant in times of low demand for electricity. In this way the 
power station may be operated close to maximum loading at all 
times . 

In the present context, the proposal r e late s t o the r emoval 
of atmospheric pollution from industrial and population areas 
where only low emission l evels can be t o lerated, t o r emot e areas 
where higher levels can be t o l erated and further, where more 
effectiv e and eco nomic emission control measures can . ' be 
implemented at the flue of the single coal burner . The proposal 
is complementary to the alternative outlined in 

providing indus trial proce ss he at by coal 

storage. In the case of t hermochemical energy 

Section 4 .1 for 

gasification with 

tra nsfer, capital 
costs include increased coa l 

plant, working fluid pipe lines 

burning 

t o demand 

facilities at the power 

areas and individual 
exothermic r eactors at the points o f demand. In the case o f c oa l 
gasification, capital costs include gasifi cati on plant, gas 
pipe line s t o the demand areas , and cos t s of individual emissio n 
control units. The thermochemical energy tra nsfer proposal 
r e presents a departure from more conventional c oa l usage , but in 
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view of increasing anxiety towards the problem of smog generation 

and the necessity for implementation of emissio n c ontro l stand ards 

in industrial and populated areas, repre sents a r e alistic solutio n 

of po t e ntially high efficiency and effectiveness. Our research so 

far into thermoche mical energy transfer has reve ale d high 

conversion and transport efficiencies using relatively simple 

technology. 

S. RESEARCH PROGRAMME 

The research programme envisaged for investigating the above 

proposals would include a general assessment of the problems from 

the viewpoints of both t e chnical and economi c f easibility, l e ading 

to the identification of specific proble m areas. Each aspect 

would be assessed during the first ye ar of study and the optimum 

path for research identifie d in relation to the pre sent a c tivities 

and expertise of the Energy Conversio n Group. It is e nvisa·ged 

that a comprehensive r e port detailing the significa nce of the 

proposals and outlining the options available for further r e s e arc h 

would be produced in the first year. 

We have indicated above that the re are strong links between 

the propose d r e s e arch and certain aspe cts o f our existing rese arc h 

programme. Indeed, the major scientific and technological 

uncertainties lie within two are as, undergro und gas storage and 

thermochemical energy transfer. Work in each of these are as would 

be expa nded with experimental and theor e tica l pro grammes initiated 

to provide solutions to the specific proble ms related to the abov e 

proposals. 
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5.1 Underground Gas Storage 

Our present research in underground gas storage is confine d 

principally to a study of fluid dynami c s in porous media in 

relation to energy dissipation and gas-water inte rface stability. 

A second problem area is related to loss mechanisms specific to 

hydrogen and it is proposed that existing theoretical r e search in 

this area be expanded and supported by an experimental programme 

financed by a Coal Research Levy grant. The programme would be 

aimed at studying hydrogen diffusion in water-saturated porous 

media at high pressures. Estimates for experimental equipment 

requirements are as follows: 

1. Pressure vessel and experimental chamber 5,000 

2. High pressure valves and fittings s,900 

3. Mass spectrometer 10,000 

4. High vacuum equipment 5,000. 

5. Miscellaneous 5,000 

TOTAL $30,000 

5.2 Thermochemical Ene rgy Transfer 

Considerable progress has been made to date in our existing 

programme into our second area of resea rch, the rmochemical energy 

transfer. Experimental studies have been concentrated in the area 

of solar absorber design and ammonia dissociator ope ratio n . 

Understanding gained from the experiments has led to a detailed 

theoretical assessment of thermochemical energy transfer systems 
in general. 
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We are now in a position to spec ify the design crite r ia for a 
thermoc hemical transfer system optimised f o r maximum work 
p r oduction. Further problems exist, however, in the area o f 
thermoc hemical ene rgy transfer utilisation 

distribution and further, there is a need 

f or h igh grade heat 

f o r d e s i g n and · 
c onstruction of a the r mochemical e nergy tra nsfe r system in order 
t o identify speci fic en g inee ring problems a nd as sess p erformance 
on a pilot plant level. Work during the first year o f a Coal 
Research Levy grant would t herefo r e be direct e d t owards solutio n 
of the remaining theor e tical problems, and t owards the first stag e 
of development of a thermo chemical energy transfer pilo t plant. 
Expe nditure is estimated as follows: 

6 . Pressure vessels f o r synthesise r and gas 

storage 

7. Synthesiser 

8 . Heat recove ry/ work production units 

9. High pr essure va lves and fitting s 

10 . Contro l electronics 

11. Data acqu isition 

12 . Miscellaneous 

8,000 

4 , 000 

5, 000 

5, 000 

5 , 0 00 

10, 000 

4, 000 

TOTAL $ 41 ,000 
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5.3 The First Yea r 

The items 1, 3, 5, 6, 7 and 9 o f the above lists f o r 

experimental equipment would be required f or the first yea r of 

development o f the specified research programme. These items are 

estimated to cost a total of $37,000, of which $30,000 is 

requeste d in this submission with the remainder financed from 

other sources. The total expenditure for the experimental 

r e s earch programmes outlined above would be spre ad ove r a p eriod 

of several years. A further sum estimated at $70,000 per year is 

also requested to cover salaries and overhe ads f o r three 

additional staff required to implement the research programme. 

The three positions are specified above in Part I . 
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