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Clean Coal
Biomass
Wind
Hydro
Wave

Tidal

Solar
Other




Nuclear Fusion — Always decades away!
Clean Coal — When and at what cost?
Biomass — Land and food constraints
Wind -

Hydro — Ecological and social effects
Wave - limited

Tidal - limited

Solar -

Other - ?




Australia's Major Commodity Exports
($A Billion)

Coal

Ol & petrol
Iron ore
Gold

Alumina

Beaf & veal
Aluminium
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Five Years Ago CSP and SolarPACES were almost Declared Dead

Big Dish snares $7m ray of sunshme

By Jessica Wright
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Today CSP makes
Headlines on National
Newspaper Cover Pages
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History:

Solar 1, 10MWe
tower system In
California — now

mothbqlled
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~ History Il
— 354MWe “SEGS”
s=: plants going strong
it after 20 years
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Accionnz: Nevacla Solar One

+ 64 MW,
e Solar Field: 357200m?

missioned 2June 07 = , A »
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e Traen > No fossil fuel

» Long term Power Purchase Agreement signed
with Nevada Power and Sierra Pacific

» 1st STARTUP June 2006
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910.120m? Solar Field and 7.5hours Storage

176 GWh annual production, 12% gas

EPC Cost 260Mio Euro first Plant

oMio EU Grant for AndaSol-1

Financial Closure 31.5.2006, NTP 1.7.2006

1st STARTUP SCHEDULED 1.7. 2008§'gﬂyeerc°urtesv of Michaalg



Q‘o

Aiming for 36 SRINE "
Liddell power station™
NSW

’\




Ausra’s 5SMWe system
California, 23 Oct 2008




PSA Test facility: Dish Array, front to back;

g Eurodish x 2, Distal I, Distal Il x 3
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@ SolarSystems

130m2 dish

Photovoltaic
acelvers

« 480 x concentration

. . | { kW
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http://www.solarsystems.com.au/front.htm
http://www.solarsystems.com.au/front.htm

Uncler construciion you belisve Wikipediz)

netos//fenwikiosdizLorg/wiki/lList of solar tharmel oowesr siations#ciia nots-ld accasseacd 10/10/08

Andasol 1,, Granada, Spain, 50 MW with heat storage, parabolic trough
Andasol 2, Granada, Spain, 50 MW with heat storage,parabolic trough
Andasol 3, Granada, Spain, 50 MW with heat storage, parabolic trough
La Risca 1 Spain, 50 MW , parabolic trough

Solnova 1 Spain, 50 MW , parabolic trough

Solnova 3 Spain, 50 MW , parabolic trough

Energia Solar De Puertollano SA Spain, 50 MW , parabolic trough
Extresol 1 Spain, 50 MW , parabolic trough

Hassi R'melHassi R’'mei, Algeria, 20 MW steam input for gas powered plant,
parabolic trough

PS20 solar power tower Spain Seville, 20 MW, power tower design

Beni Mathar Plant, Morocco, 20 MW for hybrid power plant, technology
unknown

Solar Tres Power Tower, Spain, 17 MW with heat storage, power tower
design

Keahole Solar Power, Hawaii, 1 MW, MicroCSP parabolic trough design

-
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http://en.wikipedia.org/wiki/List_of_solar_thermal_power_stations#cite_note-11
http://en.wikipedia.org/wiki/List_of_solar_thermal_power_stations#cite_note-19
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The Decreasing Cost of Wind Power Generation
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World Wind Energy - Total Installed Capacity and Prediction 1997-2010 [MW]
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October 2003 «  NREL/SR-550-34440

Assessment of Parabolic

! Trough and Power Tower Solar
Technology Cost and

8| Performance Forecasts
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i Sargent & Lundy LLC Consulting Group
| Chicago, liinois

-
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1617 Cole Boulevard
Gokden, Colorado $3801-3330
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Contract No. DE-ACSC-33.CO10337

6.0 8.2 cents/kWh  S&L-Trough

5.5 centa/kWh  S&L - Tower
4.0 4.3 centa/kWh  Sunlab -Trough

3.5 centalk\Wh Sunlaly - Tower
2.0 4

Source: Sargent & Lundy, 2003
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Cumulative installed MW

Cumulative Installed CSP & Wind Capacity
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Levelized Energy Cost, 3kWhe
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Figure 4.7 Levelised cost ranges for various technologises
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Our: history.— White Cliffs 14 dish




. >1000
{Weight: 19t (dish) 50t (foundation)
Output: 320 kWth @ 500°C; 5MPa
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Trough Tower
System SEGs VI SolarTres Dish 10
Serg&Lund | Serg&Lund | ANU
Size 30MWe 13.6MWe 10MWe
Solar Field Optical Efficiency 0.533 0.56 0.85
Receiver thermal efficiency 0.729 0.783 0.9
Transient effects 0.92
Piping loss efficiency 0.961 0.995 0.961
Storage Efficiency 1 0.983 1
Turbine power cycle efficiency 0.35 0.405 0.35
Electric loss efficiency 0.827 0.864 0.86
Power plant availability 0.98 0.92 0.94
Annual Solar to Electric Eff 10.59% 13.81% 19.14%




Wny Disnes |I?

« 1500+ suns = high temperatures = solar
driven chemical reactions




Normalised cost/unit area

1.5

0.5

Variation in R®
dependence

Dish Radius (m)




{:? Ammonia Synthesis
Ammonia Dissociation (Exothermic Reactor)

(Endothermic Reactor)

Power Generation
(Steam Cycle)

Separation and Storage

NH, + 66.8kJ/mol =1/2N, + 3/2H,




i Or 24 Flour

Array of ANU's 400m 2
Paraboloidal Solar Collectors

Reactants (NH3z, + H 24+ N 2
Storage & Transfer Network
(Natural Gas Pipeline)

¢
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Synthesis
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Wizarce Power anc ANU

Wizard Power Pty Ltd established 2005
Exclusive licence to ANU dish technology

Ausindustry REDI project:

— $3.5mto a $7m project

— Build new dish (x2), progress business, move gasification and

ammonia R&D forward

Australian Greenhouse Office AEST

project:
— $7.4m to a $14.8m project over 4 years,

— Demo 4 dishes with ammonia based energy storage

— Siting in Whyalla

L X REJR

leard Power

Dezlivering Solar Ensrygy 24
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A 494m=2, 13.4m focal Iethh, Altitude
Azimuth tracking dish

Completely re-engineered for mass
production

380 identical spherical 1.17m x 1.17m
mirror panels

Formed on an accurate |ig

Space-frame based on circular pipe with
simple welded joins



enerates wi e lowest possi
Is reliable
Has minimal risk of failure in first system
Is inspiring

Attracts investors

Allows land to be used for other purposes
Can be operated with minimal training

Is safe

Can be applied to arange of uses




Spiral Process Model

Syé'i'em
An ]ysis

Trade-Off
Studies

Evaluation and
Optimization
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Geometry
options
included..

Rolling dish

Balanced dish

~ Polar Equatorial {
dish
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Natural Gas Iransmission Fipelines ana Natural Gas neserves
Australia 2000
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Figure 2.2 Value of salected Australian mineral and energy exports, 2005-2006

Metallurgical coal
Iron ore
Thermal coal
Gold Coal gives us 3.9%$/GJ
Crude ail
Copper Uranium gives us
Alurninium O . 12$/GJ
LNG
Nickel If all coal exports
Titanium replaced we would be
Diamnonds down 23$b/year!
Iranium
Manganesea
Zircan
0 2 4 6 8 10 12 14 16 13

A% billion

Haobe: Mineral and =n=rgy evports were warth more than A381 billian in 20062006
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Sahara Saudia Arabia Desert
Egypt/Libya/Mali e.g. Rub al Khali
Niger/Chad/Sudan (ca 1.5 Mill. km?)
(ca 8 Mill. km?2)

Takla-Makan Desert
West China
(ca 0.4 Mill. km?2)

Sonara Desert
South-West USA

sa 0.3 Mill. km?
e - Thar Desert

India/Pakistan

Chihuahuan Desert (ca 0.3 Mill. km2)

Mexico

(ca 0.3 Mill. km?) Australian Desert

(ca 1.5 Mill. km?)

Atacama Desert
Peru/Chile
(ca 0.2 Mill. km?2)

Mokay Desert
Madagaskar

Kalahari Desert
Botswana/Namibia
(ca 0.5 Mill. km?)

Namib Desert
Namibia
(ca 0.3 Mill. km?2)

Yearly Insolation, kWh/m?  [Jseroweoo [ 900 1300 1800 [ 2200 [ 2500




World Energy Council
COONAENL NN AL ™ ENENGE

Order of Magnitude of Energy Resources

I Annual world
consumption
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“In one hour, the amount of sunlight falling upon the earth 1s close
to the total energy used by the world’s population in one year”
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Solar Gasificatior
C+2H,0 < CO, + 2H,

take 176kJ/mol from solar energy

The hydrogen can be burnt / oxidized
2H, +O, < 2H,0 giving off 570 kJ/mol

Compared to just burning coal
C+0, « CO, giving off 394kJ/mol

le solar enhanced gas is 176/570 = 30%
solar energy,

Other hydrocarbons are gasified
according to:

C,H, + XH,O <> XCO + (X+Y/2)H,
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The Future - Exporting Solar Energy to Solar Powerad Trarsiiiorn
ne World rlydroger & Ernission Free
Licuid Fuels
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Ci:;al & Gas Crops & Algae Water
Coal & Gas Biomass to Thermoche_m_ical
To Liquid Fuels Liquid Fuels Water Splitting

Big Dish solar thermal concentrators used to produce hydrogen and liquid fuels
(e.g. methanol) from high temperature solar conversion of coal, gas & biomass

THE AUSTRALIAN NATIONAL UNNEFRSITY In the long term achieved by the thermochemical splitting of water
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Diesel

Diesel Motor Fuel

PRICE PER GALLON $
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Australian Thermal Australian Liquid
Coal Exports Fuel Exports:

2005-06:
229.6 Million Barrels

114.8 Million Tonnes $22,997 Million

o Tr based on average Australian
$7’668 Million wholesale diesel cost $0.63/Litre
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Conclusions

CSP technology offers attractive route to
large scale solar thermal power and solar
fuels.

ANU / Wizard Power Generation Il Big dish
nearing completion.

Australia’s export income must evolve as
world moves to low carbon future

Uranium and Gas offer little prospect of
replacing revenue from coal

Our Solar resource Is a major asset and
liquid hydrocarbons may be the way to
export it




