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Oil flow capacity outlook to 2030 (vpc-usa, 2007)
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Prices for key energy commodities (sp Review 2007)
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Climate Change - a Multiplier

for Instability (Lord May, Lowy Lecture, 2007)
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Global emission paths to stabilise CO.e &
average temp rise (Holdren, 01/07, www.aaas.org)
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Rising Australian emissions scenarios

= Energy-related emissions climbing — 70% of total
— Estimated +35% over 1990-2004, projected +56% in 2010
= Growing volume + value of energy exports
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Climate change mitigation options
(Stern, 2007)

Four ways to cut
ENERGY emissions:
EMISSIONS Industry (14%)

Other energy + patterns of demand;
related (5%)

Power
(24%)

| waste@wy - mproving efficiency;

using lower-carbon
Agriculture H .
(14%) technologies;

NON-ENERGY , i
EMISSIONS tackling non-energy

Land use emissions.
(18%)

But the most important way is: Greater frugalit
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Transport
(14%)

Buildings
(8%)

[Total emissions in 2000: 42 GICOqe.
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Implications for the stationary energ ]
sector (non-transport energy use)

= Need to rapidly de-carbonise the sector:

— “...solution to global warming must include phase-out of
coal except for uses where the CO, is captured and
sequestered” (Hansen letter to Rudd, 27/3/08)

= CCS not commercially available for at least 15yr:

— “we think that 2020 is the earliest it [ccs] can really be

commercialised”(John Boshier, National Generators Forum, ABC
7.30 Report, 7/4/08)

= Key near-term options are:
— Frugality & improved end-use efficiency
— Coal-to-gas & renewable energy technologies
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Summary of the presentation so far...

= Human species faces energy-related challenges:

— Fossil fuel flow physical constraints:
= “Peak-o0il” now & in future “peak-gas”, “peak-coal”, “peak-uranium”

— Energy security concerns:
= Unequal distribution of energy resources among nation states

— Growing risk of dangerous climate change:

= Excessive release by human activity of CO, & other climate
change gases

= These challenges are primarily matters of equity:
— Intra-generational: rich versus poor
— Inter-generational: old versus young & future generations
— Our best hope is frugality but we prefer to party

Hugh Outhred, Prospects for wind energy in Australia 17
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system)

=

The eIectricity supply industry
: l::> > end-use
Primary generatlon dlstrlbutlon equipment
energy delivering
forms Equment prowders energy
e.g: services
e The natural gas supply industry eg: light,
coal, gas, heat,
nuclear, distribution e
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. The Art of Knowing and Doing

The study of technology concerns what things are made
) and how things are made. Technology, from the Greek
Wh atis science of (practical) arts, has both a material and an

teChnOIOgy? immaterial aspect.
(www.iiasa.ac.at)

Technology = Hardware + Software + "Orgware"”

Software &

orgware are % .
critical issues in == ”‘_“
complex )
technological Hardware: Manufactured objects (artifacts)

SyStemS such as Software: Knowledge required to design, manufacture, and

an electricity use technology hardware

. "Orgware": Institutional settings and rules for the generation

mdustry of technological knowledge and for the use of
technologies

Technology's most important characteristic: Continuous

Hugh Outhred, Prospects for wind e chan ge >>
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Issues for enhancing El sustainability

= Energy flow constraints, energy security & rapid
climate change present massive challenges

= Response tasks must largely be delegated to
industry participants (companies & communities):
— Through “socially-organised decision-making”

= Policies must:
— Develop capabilities in companies & communities
— Reward socially-beneficial technological innovation

— Correctly assign incentives & penalties to induce
decisions that are in the long-term public interest
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Socially-organised decision-making

= Most human decision-making occurs within a social

(group) context supported by public policy:
— “Effective policies are those that support socially valued

outcomes not only by harnessing selfish motives but also

by evoking, cultivating and empowering public spirited

motives” (Gintis, Bowles & Fehr (eds), Moral Sentiments

and Material Interests, MIT press, 2007)

= Electricity industry: a complex technological system:

— Policies should address hardware, software & orgware
— Enhanced end-user engagement will be essential

Hugh Outhred, Prospects for wind energy in Australia
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Wind power density & wind turbine conversion curve
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* Doubling wind speed increases wind power density 8 times
» Awind turbine is designed with a varying conversion
efficiency of up to ~50% between 5 and 10 m/s
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© oil coler © service crane @ Medhunical disc brake @ Pitch oylinder
© water moler for generator @ optispecde generator © Machine foundation @ Hub contraller
© High voltage transfarmer © composite disc coupling @ slade bearing

O ultrasanic wind sensors © vaw goars. @ vlade hub
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E GLOBAL CUMULATIVE INSTALLED CAPACITY 1996-2007
= Global wind energy capacity
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Australian wind resource

(Estimate of background wind (m/s) — Australian Greenhouse Office)
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Some Wind Farms in Australia

. —-@'T :
Albany, Verve Energy
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Emu Downs, Geraldton, WA: . 3
80 MW, 48x1.65MW

| Albany,WA: 22MW,
- 12x.8MW
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SEDA NSW Wind atlas www.seda.n
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Blayney, NSW,
10MW, 15x660KkW:
 Good ridge location
* Little interference with

farming activity

Hampton, NSW, 2x660kW:

» Good ridge location but
turbulence fairly high

* Easy connect to 11kV feeders

* Too small to capture

economies of scale
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Largest Wind Farm Built In Australi

Australian wind farm size compared to
base-load coal generator size in the NEM

Generator Sizes
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=

Largest generators in the NEM

* Under construction ** Planning Approved
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Wind farms marginal at $70/MWH
(PWC, 2002)
Impact of Wind Speed and PPA Prices on IRR
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Example of swing down for 5 wind farms

5 wind farms outputs & their sum for 01/07/06
80 T r T r T 240

Output(MW)
»
S}

100 MW drop
in wind farm
output in 30

Sum of Wind Output(MW)

10 |1 W\ o .
! minutes
0 n 1 1 1 1 L._J 100 |
00:00 04:00 08:00 12:00 16:00 20:00 00:00
Date/Time
Farm1 —— Farm3 —— Farm5 ———

) The sum of wind farms is assuming
Farm2 —— Farm 4 Wind Sum

no significant network constraints
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Individual 5 wind farms outputs & their sum for 31/03/06
farm ~ 60MW : ; : . 220
spike in . ok I { “‘ ) 200
output S th§ r}‘ ul'( L ¥ s <
50 M| i 4160 =
. I | g
= 1140 2
?, 40 1 8
3 - y J "Y1 120 s
3 4 100 E
20 4 80 g
60 @
120 MW jump {40
in output for 5 ; " ; : 20
wind farms 00:00  04:00 08:00 12:00 16:00  20:00  00:00
Date/Time
The sum of wind farms is assuming Farm 1 ——— Farm 3 Farms ——
no significant network constraints Farm2 ——  Farm4 —— Wind Sum ——
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Normalised Changes in 5 wind farms
5 wind farms outputs & theirgjm for 31/03/06
1
09 |
08 | Summed output of 5
07 | wind farms
S o6 | smoother than that
=l of each wind farm
§ 04 but large & rapid
03 bi] changes still occur
02 Y ,
0.1 "_' ;
o L\ . .
00:00 04:00 08:00 12:00 16:00 20:00 00:00
Date/Time
Farm1 —— Farm3 ——  Farm5 ———  The sum of wind farms is assuming
Farm 2 Farm4 —— Wind Sum no significant network constraints
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= Presently ~1GW, but 8GW likely in <10 years,
including ~2.5GW in South Australia (diag below)

= NEMMCO is installing an Australian Wind Energy
Forecasting System purchased from Anemos

= AWEFS will be integrated into the NEM forecasting
process (pre-dispatch, STPASA, MTPASA, SOO0O)
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f e e T
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¥ ‘ W
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NEM commercial & security processes
1 hr ahead, 5 min res. 10 yr ahead, 1 yr
5 min update update
Statement of
Opportunities
5 min dispatch &
pricing Medium Term (MT) PASA
(4 sec AGC, online
security processes) Short Term (ST) PASA
30 min predispatch
5 min predisp.
i upto 40 hr ahead, 30 1 wk ahead, 30 min upto 2 yr ahead, 1 day
5 min min res. 30 min res., 2 hr update (MD) res., 1wk
disp. update update
time
now 5min 1 hour 40 hours 8 days 2 years
(PASA: Projected Assessment of System Adequacy)
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Installations of small wind turbines
in the USA, 2007 (www.awea.org/smallwind/)

Application (Units, 2007)

Application (kW, 2007)

1,167 oo
13% 1% 2,400
25% 4,017
41%
7,800 3,295
86% 34%

0O Renote, off-grid (<1kW)
0O Residential-scale, on-grid (1-10kW)
0 Commercial/lnstitutional, on-grid (11-100kW)

0 Remote, off-grid (<1kW)
O Residential-scale, on-grid (1-10kW)
0 Commercial/Institutional, on-grid (11-100kW)
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Small wind
turbines

= Defined by AWEA as <100kW

= Market growing more slowly than for large turbines:

— More expensive ($/W); turbines less reliable; less suited
to grid connection; lower & more turbulent winds;
concerns about noise, accidents & visual impacts

= |nternet resources for small wind turbines:
— www.awea.org/smallwind/: www.nrel.org/wind/

— www.bergey.com/School/Primer.html

Hugh Outhred, Prospects for wind energy in Australia
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Vertical axis
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Section view of the
three and two bladed
Savonius rotors

Section view of Ancient
Persian Panamone drag
wind machine
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Conclusions

= Sustainability challenges are of global-scale:
— Fossil fuel availability & pricing
— Climate change
— Also food, water and other resources

= Electricity industries must contribute to solutions:
— Efficient & frugal end-use
— Low-carbon, locally available primary energy resources

= Wind energy has an important role to play:

— Active community participation to align projects with
community attitudes & expectations

— Enhanced forecasting & power system security regime
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Email: h.outhred@unsw.edu.au
Many of our publications are available at:
WWW.ceem.unsw.edu.au
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