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perimental plant that demonstrates
cn the dissociation and synthesis of
it is free from side reactions

problems or the need for excessive
ablished industrial practice (both for
considerable Knowledge and technolagy
= 3 characteristic that is often
derable advantages lie in the
nally high energy density and
M pressure for systems containing
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costs, The system Operating
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rent catalysts), On the other hand it
tanecusly rejecting a fraction o4
ent heat and this enables t
remaining heat to  well above the
700C is a typical achievable value)
roduction of mechanical work which for
sing the synthesis gas directiy

he tmplicity and efficiency o+ this

levels of Pressurel  300atm and 120

ited to enable the dissociators and

more suitable lover ressure vihilst still

the higher pressure. The prospects

mnomlca?ly viable system have thersfore beet
duction aof th

S Cconcept.
I morth

W

i
ttention in its owun right and
research into thermochemical enerqgy

working on aspects af the ammonia

since (%974, This effort has been
f original theoret; cal worlk especially
er of 10MU) system analysis, Many

tncluding the explosion f an ammonia

plant. Experimental vorl almed at
rmochemical ene rgy transfer began with
tended to bu ilding many of the majaor
transport loop. Having done this
.d to go on to the next logical st
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reservoirs, 8 wzighable vessel, liguid and gas circulating pumps with 410w
requlators, pressurea regulating systems, liquid and gas flow monitors as
el l as all aspprapriate cannecting tubing and valves. The source of hiah
pressure ammonia comprises a low pressure{l0atm) StDPaSE tank and a pump.
The source of niltrogen comprices a liguid nitrogen pump nd heater together
with pressure measuring and regulating eguipment. he ﬂitrogen/hydrogeh
source is Lo be procured by ocutside contract if possible (otherwise built
in-house) and is to be independent of he experimental dissociator (alsao 2
B

t
saurce  of nitrogen/hydrogen) so as to e 1 development of both

loaops.

The basic s¥stem is to contain a2 means o4 continuously determining the
nitrogen/hyd lrogen ratio by weighing a containment vesel at known pressure,
This is essential for nonitoring any preferential leakage of hydrogen and
for enabling lealtage malkke-up.

Each loop may be o y full of ligquid so that q flow can be
measured by displace task Wwill be complete vilien (1) steady

rculstions of liquid demonstrated whose absoclute values may be
determined by weighin the establishment of twuo steady pressurs
regimes is demonstra ) Lhen a 33s analysis capability i3
demaonstrated,

-Produce an operational electrically heated dissociator systemn coupled tp
the basic system described in (!} above. The dissociator systermn is to

= 15

comprise a catalyst tube,
t

o
nterflow heat exchanger and appropriats
temperature instrumsn i1

be complete when acceptabl

I
levels - of dissociation have been demonstrated and good data obtained an the
&
“

viorking characteristics of the di

J.Desian a synthesiser svstem comprising the pressure vessel subsysten,
heat dump subsystemn and instrumentation. The pressure vessel subsystemn
Ccomprises & catalyst container, heat exchanging tubing, counterflow heat
exchanger, thermal insulation and instrumentation all housed in a cold wall
pressure vessel, The heat dump subsystem comprises a watep circulating pump
and cooler. The task includes the leveleopment of a model for determininc
the optimum lavout and estimatec performance of the pressure vessel
Sobsystem. Tt also includes the procurement of firm guotations for the major
components

4.Produce a.n Operational synthesiser System which converts to ammonia a
proportiaon of the feedstock provided by the trogen/hydrogen  source or
generated by the dissociator system. This task will be complete when the
synthesiser system is operating at an acceptable level and when consistent
measurements have beesn obtained on its warlking characteristics.

S.Produce an operational energy transfer loop by coupling the dissociatar
and synthesiser systems together and by integrating their control and
instrumentation. The task will be complete when automatic energy transfer is
demonstrated +for steady and varying heat inputs, and when reliable data has
been abtained on the performance of the loop over a range of conditions.

o.Froduace a design for a solar heated dissociator system based on
obtainsd L this point., This task will includes a model study and the
Pprocursment of firm quotations for major components,




-Produce an Cperations

J
n
n
0
n
]
¢t
0
]
&

1 is sing sclar energy. The taslk
completes whien the dissaciatar is Cpersating ztlsfactobllw and
performence dota has besen cbtained.

Fresent status.

As explained above the extensive and essential groundworlk for thig
proposal has alrea dy been accomplished. The existi ing facilities put us 1n
the position where Task (1) is partially complete, The cowmpletian of Tasik
(2) depends agn refurbishiﬂg sh existing dissociastor and its temperature
Instrumentatian. For Tasbks ({3 and (4) a containment vessel has been
designed and built and is on site. With regard to the remaining tasks e

have considerable experience in relevant de

sign and technolagy gained in the
caourse aof per%arminﬁ design studies, and in building and testing a range of
conponentsg tncluding a low pressure (120 atm) synthesiser rated at about

0.5 K.

[
n

P.0.Carden wil] be praject leader and R.E.Whelan full-time na nagar The

fast treack aspproach ta the management of this project is +aVGUPed. This
could be implemented by tommencing task (3) and the

remainder ot (1)
immediately. Since

the performance of the disscciator isg Presently unlknowr
this® method requires g particulartly flexible ap Pproach to the design o+t the
syvnthesiser, Twvio  stresams vould progres in parallel aone stream comprisine
tasks (1) and (2) and the other tasks {3} and (4) Task (5) would require
the confluence of the two streams. Similarly task (&) could commence after

the completian o (2) and in parallel with (5), Thus tg imp
approach design and experimental

-+

plement this
assistance is reguired: for design,
matures desig an drafttsman and far experimentation and building,

two technical
fficers to-ctncr with appro

priate support from the Reszarch Schoal a+
Physical Sciences:’ Workshop.

It viould be of considerab
t

antage to employ a paost doctoral fellaw on
the project and in the 1a =

Special assistsnce is also required with regard to the known problems listed
and others asg they might arise It ig
[ ac

3 gnvisaged that this assistance will
obtained fraom specialis

il

turers gon a contractural basis where =3V

S
possible.
The times +or €ach tasl, estimated on a "no major problems” basis and
assuning the above hur 1l resaources are
task | 14 months (includes | month for sta++ training and "clean upr
2 &
7 -
D e 1
15
3 12
1) 5

N
e
28]



w

Tatal project time is estimated as followus:
task | 14 months task 3 4 months
2 & g 15
Critical path time 20 months
contingency @ 30% a
task 5 12 task & S
Z 12
critical path time {7 months
contingency @ 30% S
Total project time 48 maonths
Szlaries and overheads:
Procurement of fuill time management: F1000 per month 48,000
Design draftsman 32,000 p.a. for 3& months: E25,000
2 Technical officers $21,000 p.a. each for 48 months: F168,000
Allowance for PDF and students far 24 rmonths eg 120,000
$432,000
Mlaterials arnd eEquipment.
Current estimate: $120,000
External contracts:
Current estimate: 150,000
Total estimated project cost in current ShAustralian 702,000
L) Thisg proposal needs to be firmed up in accordance viy ot
requirenents of both Darties.,
21 friz tforzgoing 8ssumes that both parties will enter into a contr
Commitment Covering the entire Project with provisiaon far review

s

aC

at

e

- 1
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points. Reparting is to be an =a task or time basis. Adoption of fast tra
inmplies that the praoject will be managed on the assumption that it Wil be
successful i.e tasks need not be carried out in strict sequence i#f Lhe
efficient use of resources dictates otherwice., On the other hand frequent
reviews will be imp

mplemented to ensure that the work
(3) The work will be carried out with
underlying mechani

plan remains viable.
an €mphasis an understanding the

SMs obtaining reliable measurements and correlation witt

i
known or developed theory.
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entrived nature of the scheme is
-
o

[ N

ne
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m

iy

(8

Fa sl

nse2
imately ikw this being at about the optimm
etween scale proportional costs and

&
249, provision of aCcurate measu;
zlia

3
and the most costly. In practice
o

heater locate in the synthc Sissr
lso required for initiall reducing
ven that there has to be an electrical
n the fDlZDviil]g Way .
1s the dispoposal of L hhigh
€ngine or other appropriate losd and
high degreec of variability i Synbhe
control of the syntlhesiser temperatur e
Lhe synthesicer and tele ©ii the =.o0thze
giternal hest dunp. We have tricz
ately largs suount of thermal insulast

13 hencs mechanicsl and
hat leac—thrmughs and with the se

s=candsry fluid.
Lo delzb&rzfely reducs Lhe SO
€3Cape path for the 2xcthermic heat
2g9esble temperasturs. In this scheme
3 heat hield by which the Synthes: s
us the sum of the exotharmic hesat

d
the two =lectrical power inputs (pi
36 each may vary widely,

=1

he demonstratian and the Unavallabili

S it reflect upon the practic ability
1l pressur
h

i

enclosure simulates

& apparent disproporticnate amaunt
‘event undue loss i

rtain realism it ig on the other hand Quit
tost point of view. It allowus the use ot
sure vessel enclosing all the associated
ting them effectively into 1ow

eftitg in cost reduction and in

hydraogen) ., Increasing
roportionstely. Similar
By the flow of ammonia t
1y varied so as Lo maint
ristions in heat input

pend synthesis il b

= The synthesiser proves tao be

perating temperature betore svnt}
i
o

dwanSg:atxon aof erergy trarsfer

S only a Consequence
strongly disfavours miniturization,
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step by linking them to a cammon vesse2l kept partly full of liquid ammonia
at A constant level The |

by varying the 1o o f

2vel will be maintained
feadstaoclk in r

of

in level therby causing the manufacture
anmmonia to match the pate at t

vihiich it is dissocia ed.

Leve] changes in the
apparatus far daing th
absolute determination o

weighing., The
vias developed mainly +or enabling the
rates of dissocciation and synthesis,
of flow mneters and nessurement of nitrogen hydraogen ratio (by
pressurised gas sample)

LPmmon separator will be detected by
= xists and

calibration
weighing a

i
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Thse 3mmonia thermochemicai s

-

Yystem is part cularly spplicable tq distributed

point focus;i ing solar energy systems gf minimum size about 10MWe. There is g
known inherspnt YUppeEr limit tg System size. The Concept relates essentially
Lo heat transport framn many receivers tgo a single heat recovery centre., The
single Strilting featyre that has caught the attention of  engineers and
entreprensurg is that high temperature heat is pf%ectlvply transported at
ambient temperatiure an " in fluids of high Energy density,. CDnsequently the
cost of transporting heat has been dramatically reduced, thermal losses have
been eliminated and the Prospect of lossless thermal storage has beesn
introduced. The ammonia sy e

Yystem is parti cularly viell suited to  power
GeEneration by 9a8s turbinse Operating directly in the reactant gas stream. The

output mav alsgo be configqure process heat up to 800C or Cogenerastion of
heat and Povier

a
s,
8]

s

The two most Prominent tompetitors of the ammonia reversible reaction are
the sSOg2-503 t2action and the family o+f hydrocarban resctions typical a#
which is the steam-msthane svstem. 0f these ammonia has the lowest heat o«
farmation but ag Compensation it has the highest energy density, It has the
Towest effective Carnot temperature but the least problem (ith bigh
temperature materials  ang the least stringent requirements  fgp mirror
Precision. Th= ammonia S¥stem is one of the least prons to Corrosion. Thie
hWvdraocarbon reactions invaviably have difficulties wiith side reactiong
l.e.conplate reversibility dgss not occur., The ammonia reaction has no such
problem.

The steam-mn 2thane reaction which has besn developed in West Gmhman/ for Lt

exXtractiaon of heat fromn & nuclear

BQvier plant fgopr distribution to numerousg
SUrrounding factories pre

guiring process heat is not Particularly sujited

£ o
(W
solar Energy  uhere the reversga canfiguration s required: Numerous  heat

Sources and s single load, This isg because for Most reactions One end of ti=

ransport loop is mape tomplex than the other and for Practical reasons th
complex =nd 3ught to be the One with the single Connectian.

w

The distributiaon pPpipes for the sS02- 503 systen must be operated at al
insulated for 1(0O0OC othervyige they will be tome blocked with a thick viscous
sludge of 503, Moreaver the pipes must be fitted with trace heaters Lo
ernable start-up,

No  sech problem exigtg With the ammonia sSystem. In fact the tug phare N3t
of thig Ssystem ig exploited tg great advantage giving it certain Unique
festuresg Which Ireatly add tg its pra:tic=bi1ity. AL ambient tEHprPafu"- Ehe
tuwo sides gf the reactiogn ére representsd by =a ligquid: ammonia, and a 3as! a
mixtyre of nitrogen and hydrogen, vihich spant;neougly separate + B one
Qunthar, This mes that neither the endothermic gpr exathermic feaction necd
proceed Eo completion ar to any pPredetermined extent This urnigue featur =
Provides a usefiy] e o the control o+ reactant +1low Lo
=& h rRceive; the reaction extent G 1ty of L

=sxiting fluidg = d&izaerately over tomatie
f@mwrr“fw:; bz tue of the Tact that Lhe Lemperalyy .-

- - S s 1
Eiias

S e,

e




SR o L wd g AEsUmMe value which endogs Lh=e calalyst withy a reactivayt
Comae St a b e ity ina the heat Tt The high densit o wf rguae
ArAnn g o 21 lavs kb ezl provision of a Luffer storage facility LT

s md b darmwpiing ~Olhermic =nd from the endothermic ends for shaort

eE B ot =0

Th= ammonias syvahen

i}
]
(]

U

unigqus in that it isg a high pressure system: higi
pressore i= reguired tg favaourably influence the fquilibrium constant fan
Ssvnthesis, [ ¥e} Iincrsass the toncentrations at the Catalyst surfaces and o
effect Seperation of Iiguid ammonia without refrigeratipn. The

Pressure
required £op s¥nthesis ig up to 300atsg, This pressure is however within the
"thin wall” rang

e for pressure vessels and the few required are o4

straightforwuard design having ambient temperature walls, Vessels suitable
for 10MWe synthesiserg have been developed for the ammonia synthesie
Indastry,
The need for a high pressure s Compensated for in a number of viays. High
pressure leads to Small components and high heat transfer Coefficients. It
enables the use of 3 F8s turbine for extraction of work directly fron the
synthesig Jas Streamn. This eés significant beneficial Consequences in
inproved efficiency and reduced cost resulting from the 2elimination o 2
steam loop and Jdreater operaticonal simplicity., A further benefit is that the
ENBrgy transport pipelines may be ocperated at very close tao the economically
optimun level asbout 110ats: a

ny higher and the walls becone predominantly

SO pumping losses tend to become significant;

thick and fxpensive and 1
lover and costs associated with the

shd =

any
i large diameter dominate,
Finallw, loolking el ahead there is the real prospect of incorporating
fcanomical seasaonal Storage into a netwark of ammonia based solar pouer
plants. This would be act

tieved by using aquitfers, underground storage
reservoirs  enclosed above b tater saturated dense cap rock and belaow

N
48]

by
mobile ground water contained

d in porocus rack or sand. These often contain
natural 3as which denonstrates theipr Capability of being absolutely leal
tight, This is true  sven with hydrogen. The mixture to be stored viz
nitrogen atid hrydrogen is envi onmentally compatible With

sweh stora
(Ammonia is casily stored i nkt

rigerated tanks at ambie Aressure) .,

#
The Pressure of thege reservoir is determined by depth typically 1.1Kn for
the required 110atm. Costs are related to the pouer reting of the encased
drill hole typically 10pue. Thus se

asonal storage might be provided far
about %! per electical watt

w=_llddbPatlions of the ammonia system

For systems Fenerating power by m lrectly coupled 385 tubins Luo
contigurationsg have been considered ‘e the isobaric systemn Operating
a kb The single nominal pressure and the dual pressure gyvw

S ¥S tam

L y = Oatm for thre dissociataors., The

latter has Lhe advantages that =SsUre is more favourable £gon

fCconomic transport 0t the resacts the process of dissociatinn,

Against Enis a feed stacy cCompres ired to overcome the pPressure

Ssten I prectices this is not a em but manifect 2

rouably 15% increscs In the size o f
= Closed loaop turbine systen
staass of compression and is availas

-
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fArmon g a Syhthesis ig

= 48 nigh pressure reaction and is therefore "difficul e,

To arn industrial Chemist interested in the easiest method for making a
pParticulapr chemical the pressure fiecessary for the synthesis o+ SMINON1a mus b
undevstandabiy dppear ta he 3 Nulsance. But tg an ENergy enginesr intersstey
in the Cost-effective trtanspartaion of reactantsg over 3. pipeliné, the
optimum Sizing of Components, impraved heat transfer ang the matching of the
teaction tgo s prime meveEr, the systen Pressure for ammania should be seen as
a desirable gttribute,. Operstion o+t the pipelins at near optinun Pressure )
Possible and the ges turbine wil] have an unusually high Rover/wueight ratig
Leallage g lonus,

Lealkoge at the rate  of 3% gt the loop filow wouwld reEnder the Sysbam
Mnvorlable  becauge the erergy nzeded Lo manufacture the lealked treactantis
vl d about zoual the ENergy output of the sSystem. However the tolerancs
Timit g D0l% g readily abtainable according to the Davy report and 1
2hileved tEanlarly in Curr=nt zsmnonia sSynthesis plant,

Fopsrisncre oo Lhe 2mmonia Sytithesis industr, ig that there is 5 net  en
ot o Hepes Fliz F¥otharmnic end gt the loop Can’t work in practice.

Thisg nhzrrvatian comeg from talting & very superficial Viey of Lhe
Svnthesig ny >SS, Ener gy 30es into the Commercial Syhthesig process in
three main torms: the hydrogen for the tfeed stock tomes from natural 335 or
naptha; the feedstaock nesds to he Compressed $fron its tormation Pressure tpg
the synthesie pPpressure; aften refrigeration is enployed tp extract ammonic.,
The combined effect of these energies grealtly exceeds the exothermnic heat,
Houwsver for thermochemical SnErgy transport fnone of these thres Processesg
Gecur apart from vhat is needed Lo prime the system initially. Therefore the
above criticiean 15 without rationai foundation,

Thers il be

Fow the very 200d reasaon stated above the system would have to close dowun
if Izaltage wera above 0O, 1%. But i+

2 danger Lo
han Currently existg in
ia manufacturing, storsge and sh

massive leakage dig Qccur th
h\wnarmity and t

the environment waould be no greater
the vicinity gf ammon

ipping facilities, Thisg
1s minimised by the fact that ammaonia vapour is lighter than air and quicicly
ascends out of harmg van Concentrations ammonia is dangsrous to
biamans because of its cau but at 1lauw toncentrations it ig thought
sometimes to be benefici lling salts) . Ammonia lealkage does to
Permanent dammnage Lo the ent because that part which reaches the
Uppaear atmosphere g dissoci SiB¢ et radation and th

1
refturns  ta earth as a of rain  water. Pla

n se both
nia as a vehicle $gr nitroger +

naturally QCcurring and ma
and Lonsequent iy ammonia

plantsg and animalg, it

enviranment .



R R PR R T T
The most commonly uged Synthesig Catalyst, and the Cheapest, isg iron (uwit
Certain important additives) . The recommended maximura Gperating temperatur,
for this is gioK. Hence a suitable synthesig catalyst £or the gas turbin
Concept exists, There is no known reason vihy thisg should not be adaptible Lo
lissociation but data on Spacte velocity in this application isg unavailable.
An estimate of the amount o#f

T catalyst required fopr dissociation Coan be mad:-
e eqgua tzrns developed tgo explain catals ytic Synthesig
P = b
at

Using this approach it app rs that 10 to 20 cCc/KWth is Possible
These Quantitiesg ar

1sSing the reaction rat

are _ompmtlble with the large pDint—%o:using Collectore
Currently being Contemplated, Other Catalysts such 345 nickel may permit
higher Operating Lemperatures and may therefore be more effective, One af
the lmpartant Sutcomes of Op=zrating the demonstratiaon plant would be the
aquisition of pmriormawcm data

ES
for a range o+f ctatalyst Candidates,

Carrosian is & problemn

ia mixes with water asg might occur
ricus problen except vitth a1117~
e in the construction o+t the plant
Yy malerial the type bei Ng chosen L
re

Carrasiaon 1s only
Sround 3. lealk, Ev
Containing cCopper, The
Otherwige ste

suit the temperature and

Additianay heat is required to boil the ammonia before dissociatian &
OCtur and latent heat is 1gst during synthe =s1s,

It Is true that there is a 1ou grade heat Component that "gaoes along f
the rider in  the SMionia process, But in the 985 turbine version this
Ccompohnent Contributes to The total work  aoutput  and is neither a
Fiborrasssment op 3 waste, On o

be reminded that solar POwer systern
ly on such lou grade heat,.

cost af the Collectors may be raduce

distributinp of

reflectg te a

the Cavity esntpr

L]
]
0
0
a
u
+

have been built that rely who

As Compensation the
d by lowering theip precision: the
angul ar Error may be such that only 720% of the surtece
Cavity focus the remainder reflecting to an area surrounding
ance that Operates at aro cund 100C.



