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ABSTRACT standard turbine / generator technology. Trough
Large scale solar thermal electric power generatiosoncentrators use parabolic trough mirrors to pceda
technology based on concentrator systems are magiev linear focus on a receiver that moves with thedtoas it
increasing attention, with a range of large systamesind tracks the sun, Linear Fresnel systems use an afray
the world recently completed or under constructibhe  smaller parallel mirrors that track individuallytora fixed
first prototype of The ANU 400fMm“Big Dish” solar linear receiver. Paraboloidal dish concentratorsioto a
concentrator was completed in 1994 and research amdore concentrated point focus as do heliostat dield
development aimed at supporting and improving thdocusing to central towers.
technology has continued since then. In 2005, Wizar
Power Pty Ltd was established to take the Big DisiThe ANU has worked on dish concentrator systemsesin
technology to commercial deployment. The ANU isthe early 1970’s. Early work lead to the constauctof
currently working with Wizard Power on the desigm & the White Cliffs solar thermal station. In 1994e tfirst
second generation prototype that is due for coriguidty ~ “Big Dish” 400nt solar concentrator (shown in Figure 1)
the end of 2007. This new design will be optimiZed was completed on the ANU campus. In 2005, Wizard
cost effective mass production. Plans are under tway Power Pty Ltd was established by a Canberra invésto
follow this with a first power station implementati order to take the Big Dish technology to commercial
incorporating ammonia based thermochemical energgeployment. Wizard Power has a world wide exclusive
storage. licence to the Big Dish design and associated pmt¢me
ammonia based thermochemical energy storage system
and new advanced mirror panel technology.
1. INTRODUCTION

In recent years interest in large scale renewdbldreity
production has grown. The wind turbine industrythie
big success story over the last two decades, witlvitp
rates in installed capacity in the range of 20 %030er
annum. Worldwide installed capacity is now in exce$
35GW; and annual turnover in excess of US$15billion.
Photovoltaics have experienced similar rates ofvtjidout
installed capacity is an order of magnitude lower.

Concentrating Solar Power systems via trough eyste
have a strong track record, with 354MWf installed
capacity in California, operating continuously f@o0
years. After a long period of inactivity, the laato years
have seen a upsurge of new projects under consinuct

Figure 1 The ANU campus Big Dish prototype
Concentrating Solar Power systems use trackingomirr

systems to focus radiation onto receivers thataipeat 2 THE ANU 400r DISH SOLAR CONCENTRATOR
the high temperatures needed for power generatiost
of the world’s non renewable electricity generatiisn
produced using steam turbine driven generatorst kKea
produce steam comes from coal gas or nuclear saurc
Concentrating solar thermal systems have the whihit
substitute for these sources and continue to etitize

The ANU Big Dish design has two working prototypes,
the original prototype installed on the ANU camp(id,
%nd a subsequent similar system provided to the Ben
Gurion University in Israel.
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The structure is based on a space-frame desigituaddt/

4. THE ADVANTAGES OF DISHES

Azimuth tracking operation is used, with the dishessargent and Lundy have used the SEGS VI 3QMW

rotating on reinforced concrete tracks, with a bfaame

trough system in California and the Proposed Sotes

supported by wheel assemblies. The ANU prototype;3 g5Mw, tower plant in Spain as a baseline. The Solar

delivers a peak concentration ratio of 1500 [2].

Tres plant is very closely modeled on the provelaiS?
10MW, plant also tested in California, however

On the ANU campus dish, a monotube boiler houseal in configured to maximize power production rather than

“top-hat” cross section cavity receiver producesast that
is superheated at up to 500°C at 4.5 MPa. Thigrsiea
passed to the ground via an insulated steam-lideatary

joints. Dish receivers of this nature can provitkam at
any temperature and pressure that commerciallyadlai
steam turbines can work with.

3. INTERNATIONAL PROSPECTS

The success of the wind turbine industry has lgrgeken
driven by demand and policy measures in favour
renewable energy in Northern European countrietsjhp

experimental investigation.

The details of these current technology plants fribi
Sargent and Lundy study together with ANU'’s datetmn
performance of the Big Dish technology, can be used
make a more detailed comparison of performanceleThb
aggregates the Sargent and Lundy system performance
data for current and trough and tower systems with
corresponding figures for current dish systemmdicates

that annual system performance for a 10MWish
system, would be nearly twice that of a larger 30MW

ofrough system and approximately 50% more than dhat

tower system of the same size.

Germany and Denmark. Solar thermal systems are not

suited to the prevailing climate in those counteed also,
until now, the module size of a large solar therpwver
system, of between 20 and 80MWas possibly been
bigger than the market desired. In the last fewrs/élais
situation has changed. Favourable policies in @eaaof
high solar resource locations,
California and Nevada are now in operation. Globtie
financial resources needed for renewable energiosta
in the 10’s of MW, seem to be increasingly available.
The central receiver

11IMW., PS10 plant

The dish optical efficiency is considerably highigain that
of the trough or tower systems because the mirsor i
always pointed directly at the sun, whereas thegihcand
tower suffer from a reduction in projected area tluea
frequent low angle of incidence (cosine losseskg dish

notably Spain, Jtalyoptical efficiency is a product of 93.5% mirror|esftivity,

93.1% average mirror cleanliness and 98% receiver
interception. The first two numbers are taken totthe
same as used by Sargent and Lundy for the existiugh
system. The interception is based on ANU measurtsmen

was on the SG3 dish.

commissioned in Spain early in March 2007 and the

Nevada Solar 1 system, a 64MWough concentrator
based system was brought on line by Accionna Solar
June 2007. A range of other plants are under aact&in
or planned, including in Australia, the Compact dan
Fresnel System of Solar Heat and Power Pty Ltd [3].

There have been two recent detailed investigatidribe
long term potential of Solar Thermal Power techggloA
study commissioned by the National Renewable Ener
laboratory in the US by Sargent and Lundy [4] arstualy
for the World Bank [5].

The Sargent and Lundy study is a detailed and loledi
study of potential cost improvements for Trough an
Tower systems with Rankine Cycle based pow

TABLE 1. . SEGs VI and Solar Tres data from Sargent
and Lundy compared to ANU dish.

generation. They have projected market expansiah an

cost reductions out to 2020 and suggest combin&d s
thermal power system deployments reaching betwe
5.4GW, and 13.6GW and Levelised energy costs
correspondingly falling to between 3.5 USc/kWh &8
USc/kWh as a result of technical improvements, escgl

and volume production. This is comparable to win
electricity prices. The World Bank study essenyiall
supports all these main conclusions.

Trough | Tower | Dish |

System SEGs VI SolarTreg ANU / Wizard Pwr

Size 30MW 13.65MW | 1MW, 10MW,

Solar Field 0.533 0.56 0.85 0.81
) ptical

fficiency

Receiver 0.729 0.783 0.8 0.

thermal

efficiency

Transient effects| 0.92 0.9p
[ Piping loss 0.961 0.995 0.961 0.96[L
refficiency

Storage 1 0.983 1 1

Efficiency

Turbine power 0.35 0.405 0.27 0.3
E@ycle efficiency

Electric loss 0.827 0.864 0.86 0.86

efficiency

Power plant 0.98 0.92 0.94] 0.94
|, availability
” Annual Solar to 10.59% 13.81% 13.94% | 19.14%

Electric Eff
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Receiver thermal efficiency for the dish is based®U  11m radius dishes should result in costs per ureh a
measurements of losses from receiver prototypeth Wi which are within 10% of the minimum.

value of 90% considered proven on experimental
receivers. The receiver efficiency quoted by Sargem

Lundy for the tower system is an annual average th > ‘;i il
incorporates losses due to transients from clowtisaart- 4571 1l
ups. For the trough system, the transient effeaetiibin s 4 i i\
the averaged turbine cycle efficiency. For the diséa £ 35 ‘\‘ ‘;\
transient effect has been taken out as a sepamateahd & o] 1 W\ Variation in R®
the value of 92% used is the same as that for &rtow ; ‘\ A\ dependence
system. 8254 1
© \ N

. - o T 24 -
Turbine cycle efficiency is higher for the toweapt than @ Vo
the trough plant because higher steam temperanes g 1.5 /N —
achieved. The lower value of the trough systemsbea® S 1 700p~~ o= e
taken for the 10MWdish plant to be conservative, even 05 |
though the dish system can work at the same high '
temperatures of the tower plant. For a smaller 1MN&h O 7 v v T T T
system, turbine efficiency drops because of thellsma A= S B < A M
turbine size. Dish Radius (m)

Figure 2. Normalised per unit dish area cost asation

of dish radius, for a range of fractional dependksion

R®. Fixed costs and'Rlependant fractions are kept in the
ratio 2:1. and Rcosts kept at 20%.

Electric loss efficiency covers the electricity samption
needed for feed-water pumps, actuation systemsingoo
tower etc. For the dish the same value as the teysiem
has been assumed and this is consistent with ANU

experience with the SG3 system. 5.CONTINUING DEVELOPMENT OF THE
TECHNOLOGY

4.1 Optimum size

At 400nf, the ANU dish is considerably larger than anY\izard Power Pty Ltd, @www.wizardpower.com.ajl is a
other solar dishes produced elsewhere in the worldisier company of Wizard Information Services. \ktiza
Calculating an optimum size requires consideraén |rmation Services designs and delivers comprsien
how all the individual cost elements scale withesizhe | formation Technology solutions, employs more than
cost of a dish will be made up of contributionsnfréhe >0 skilled personnel and exports to Asia, Europd a
various parts of it. Each major component will liS&ve  north America. Apart from the financial linkagesj2afd

a fixed cost component and a variable cost compdheh  poyer penefits from its sister company’s commitmient
will have some functional dependence on dish & gy stems design and integration of complete solstion
second order level, both cost contributions wikely be

dependant on the number of dishes built in a prioluc  \yizarg power's goal is to develop solar thermakblasd
run and this will also depend on dish size. Tooddy 404 peak power storage & generation systems ranging
approximation the dependence of cost on dish ra®)s fom the 10's of MW to ultimately the GW scale. The

can be fitted to a cubic pglynomial. Mirror paé”elsportfolio of IP licenced from the ANU, includes the
contribute a large amount of the &pendence and th€ R 5 monia based thermochemical energy storage system

erendenc_e is Iink_ed to the structure itself..Othey that has been investigated for many years [6].ghated
items pontrlbute to fixed costs {;\nd costs that gioearly  hermal energy storage is one of the key competitiv
with size. Data from the existing d|§h systems basn advantages of the solar thermal power systemstding
analysed to produce the solid curve in Figure 2 dther energy by the thermochemical approach, many of the
curves explore a range of dependenciesn R components substitute for components that are oefede

. o . adirect steam generating system in any case. diti@m],
The cost curves drop rapidly as R is increased @anti hq power block can work with a higher capacitytdac

minimum is reached and rises .quite slowly aftert.tha inat it otherwise would and hence improves its ectin
Based on the current understanding of R dependénee, performance. Overall the result is storage of enday

optimum dish radius is 15m compared to the SG3evafu  gispatchability at close to 100% effective efficignand
11m. The position of the optimum is very sensitoeghe i, relatively small extra cost.
h

nature of dish cost dependence on R, with a hig
dependence on “Rfavouring a smaller dish. Using the 1pq large amount of low temperature heat thatdsipced
current basic ANU dish design, the extremes of pl#@ 55 5 pyproduct of thermal power generation, mativat
R dependence indicate an optimum between 7 and 20festigation of integrated solutions that also ubis
Whatever the optimum ultimately proves to be, bodd  gnergy stream. The current focus of this approach i

combined desalination and power generation.. Revers




Presented at Solar World Congress, Beijing, Septerh® — 22 2007

Osmosis technology is favoured on economic/. REFERENCES
performance grounds and this technology can alseflie
from the application of the low temperature heat.

(1) CADDET (1999). "Solar thermal demonstration
system with a large paraboloidal dish concentrator”

Looking further into the future, renewable transdoels Technical Brochure No. 108aw.caddet-re.org

are an area of obvious strategic importance. WiPander
has identified solar thermo-chemical gasificatio o ) o
hydrocarbons such as biomass or coal as a competiti(2) Johnston G. "Flux mapping the 400 tBig-Dish" at
route to this end. ANU is investigating gasificatiosing ~ the Australian National UniversityASME Journal of
supercritical steam for this purpose [7]. Solar Energy Engineering, Vol. 117, pp 290-292,5.99

In the short term, current efforts are focusedhendesign ~ (3) Mills, D.R., Le Liévre, P., Morrison, G. and lbud,
of a “Generation Il Big Dish” and the completion af A."Compact linear Fresnel reflector progress.”
prototype during the first half of 2008. This effis being Proceedings of the 13th International Symposium on
supported by a AUD3.5m grant from the AustralianConcentrating Solar Power and Chemical Energy
Federal Government’s “Renewable Energy Developmentechnologies, 20 June 2006, Seville, Spain, ISBN 84
Initiative” program. 7834-519-1.

The improved dish will be optimized for cost redant (4) Sargent and Lundy. “Assessment of Paraboliaigino
and manufacturability. A key component area in thi¢ghd Power Tower Solar Technology Cost and
regard is the mirror panels. They will employ ANU's Performance Forecasts” National Renewable Energy
Glass on Metal Laminate based mirror panels. Pusvio Laboratory, report NREL/SR-550-34440, 2003.

work [8] has identified that identical panels wihfixed

average radius of curvature can be used to givepagole (5) GEF 2005. “Assessment of the World Bank / GEF
optical performance, thus facilitating mass prowuct Strategy for the market development of solar thérma
Square panels W|th a |inear dimension Of appromat pOWer” Global Environment FaCl“ty, World Bank, 20
1.2m are anticipated and overall aperture arearis# to

approximately 500f (6) Lovegrove K,. Luzzi A. and Kreetz H. “A solarien
_ ) ammonia based thermochemical energy storage system.
Plans are also underway for a first power statiat will — ggar Energy, Vol 67, Nos 4-6 pp 309-316, 1999.
also incorporate the ammonia based thermo-chemical
energy storage technology. This project is alsqettpd (7) Munzinger M. and Lovegrove K. “Biomass

to the Ievel,of“ AUD7.4m from the Australian FEderalpasification using Solar Thermal Energy”. Procegsiof
Government's “Advanced Energy Storage Technology'sgiar 2006, ANZSES annual conference, Canberra,
program.AUD14m project. At least 4 large dished Wd A stralia, 13 -15 September, 2006.

included.

(8) G Johnston, K Lovegrove and A Luzzi, “Optical
6. CONCLUSIONS performance of spherical reflecting elements fa wih
After many years of little or no growth, conceningt paraboloidal dish concentrators”. Solar Energyaobp
solar thermal power technologies are now expenmnei 133 —-140, 2003.
resurgence. Studies show that solar thermal power
technologies have considerable scope for growththad
electricity costs are projected to fall to similavels as
those of large scale wind systems. Comparison on an
equivalent basis of Dish, Trough and Tower systenits),
Rankine cycle power generation at the 10MWe level,
indicates that dishes have potential solar to eect
conversion efficiencies 50% higher than tower fdaand
100% higher than troughs. This strongly suggeststtiey
will perform well economically.
After many years of development work at ANU, they Bi
Dish technology, ammonia based thermochemical gnerg
storage and advanced mirrors have been licenced
exclusively to the new start-up company Wizard Powe
Pty Ltd. Wizard Power is working with ANU to prodra
Generation Il dish prototype and expects to follthat
with a multiple dish demonstration power planthtie hear
future.




