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PV uptake in Australia has been growing
(Watt, APVA Presentation to the Australia-Germany 
Solar & Wind Energy Industry Conference, 2010)



…and recently accelerated
� High recent growth in PV deployment – almost all residential systems
� Penetration levels in some regions of the Dx network becoming 

significant – solar cities, demographics, developer strategies
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(Clean Energy Council, Renewables Report 2010)
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(Morris, ATRAA Conf. Presentation, 2011)



A significant recent 
player with growing
penetrations
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(Morris, ATRAA Conf. Presentation, 2011)

(Morris, ATRAA Conf. Presentation, 2011)



… nearly all small-scale domestic systems

� Almost all <5kW, hence 
connected to LV Dx
System

� Regional distribution a 
factor of climate but, 
particularly, also 
jurisdictional policy 
support 
(note: some policies 
now being substantially 
wound back)
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(Morris, ATRAA Conf. Presentation, 2011)



Under a range of policy drivers
� Federal ‘deemed’ Renewable Energy Certificates with a 

(declining) multiplier for small-scale including PV
� Range of State 

feed-in tariffs
� Other programs

including Solar 
Flagships for large 
scale solar
– 100MW+  PV and 

CSP by 2013
– Second round to

follow

� Solar Cities
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(AECOM, NSW Feed-in Tariffs, 2010)



.. and falling PV prices 
rising electricity prices

not unrelated – PV is 
a moderate, but not the 
major, cost-driver
in some regions
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(IPART, Draft Determination on Regulated Electricity Prices, 2011)

(AECOM, NSW Feed-in Tariffs, 2010)



Some ‘high PV’ penetrations now emerging
Mini-grid systems with PV, some regions of Dx network now seeing signifcant
PV penetrations – jurisdictional policy efforts, demographics, mkt strategies
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(AECOM, NSW Feed-in Tariffs, 2010)



Some Dx NSPs 
particularly impacted
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(Watt, 2010)

(AECOM, NSW Feed-in Tariffs, 2010)



Responses – Solar Resource Characterisation
� Very limited ground stations for DNI – developing satellite 

derived spatial + temporal estimates for generation simulation

10Some recent 'high PV penetration' developments in Australia

(Forgan & Grant, Bureau of Meteorology - Improving Solar 
Resource Mapping Data Recommended Plan, 2011)



Responses – Solar Resource Characterisation
Work underway to increase 
ground station coverage + 
improve satellite estimates
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(Forgan & Grant, Bureau of Meteorology -
Improving Solar Resource Mapping Data 

Recommended Plan, 2011)



Operational 
simulations
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High PV mini-grids
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(Darbyshire J., Horizon Power Presentation to Aust. 
Energy Storage Academy, Adelaide, 2011)



Some recent 'high PV penetration' developments in Australia

NEM: Aust’s largest environmental (externalities) market

The Australian
National 

Electricity 
Market

Coal-fired generation in NSW 
(2009-10) Note: supplying >90% 
of state electricity

$/MWh estimate

Direct Long Run Marginal Cost
(new SC plant)

$50-55 (Acil Tasman report to 
AEMO, 2009)

Direct Short Run Marginal Cost 
(fuel, variable O&M)

$10-14 (Acil Tasman as above)

External Health damage costs 
(PM10, SOx, NOx)

$13 (mid-range estimate of ATSE 
Externalities Study, 2009)

External Climate Change damage 
cost

$65 (using Stern Review estimate 
of $75/tCO2)

Environmental externality costs likely 
outweigh direct costs; both likely 
outweighed by social externality benefits
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Two ‘worlds’ for renewables and DE integration
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Wind in South Australia
� A world leading jurisdiction for assessing 

the potential value of complementary 
resources wrt intermittent renewables
– A large and rapid deployment of wind with 

a world leading penetration
– Excellent solar resource
– High wholesale spot/ancillary service 

market transparency

SA wind contribution to 
generation  2009-10

Australia 

(ESIPC, 2009)

(NREL, 2009) 16



Renewable energy forecasting
� Centralised forecasting for Wind, solar under development
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(AEMO, AWEFS Presentation, 2010)
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Renew gen. and price
� In 2008-9, large tracking PV plant 

may have earned spot revenue 
>$100/MWh or 2X Wind $/MWh

� Key driver is correlation with 
demand (key price determinant)

(Boerema, UNSW Eng. Thesis, 2010)
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However, wind gen in SA now a price driver itself 
� Top quartile and bottom quartile average wind gen. for week-days and associated SA prices 

(note that prices capped at $415/MWh to avoid infrequent high price events dominating results)

(Cutler, MacGill and 
Outhred, 2009)
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Wind’s energy value 

Period All wind farms 

($/MWh)

All other generators

($/MWh)

Financial year 2008-9 46.6 73.5

Financial year 2009-10 47.4 90.1
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� Energy value of wind declines as penetrations increase
– An ‘efficient’ market signal – generation without inherent energy 

storage has lower value than conventional generation with storable 
primary energy sources (coal, gas, hydro, diesel)

� Wind in SA currently being managed by conventional 
generation in SA (and NEM more widely)
– Significant ‘storage’ competition in the wholesale space

(Cutler, et al, 2011)
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Tx investment

Options for Tx to 
support wind, solar 
and geothermal 
transfer to major 
load centres

New investment 
arrangements 
under development
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(AEMO, SA Interconnector Feasibilty Study, 2011)



High grid-connected Dx PV penetrations

� A range of potential case studies 
– Alice Springs Solar City (case study near completed)
� Regional (50MW) grid with gas-fired generation

– Townsville Solar City (Magnetic Island)
� PV with major demand management initiative (network constraint)

– Blacktown Solar City, Newington Olympic Village
� Sydney region

– High PV penetration diesel mini-grids

� Relatively low penetrations by some international 
comparisons, but particular contexts to investigate

22Some recent 'high PV penetration' developments in Australia



Dx PV Case studies 
(Lewis, UNSW B.E. Thesis, 2010)
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Conclusions
� PV penetrations growing significantly in Australia at present 

from a small base
� Arrangements for large-scale systems seem relatively sound 

– Relatively sound wholesale market design 
– Formal objectives of equal treatment… although difficult in practice 
– Renewable integration just one of a number of NEM challenges
– A reasonable environment for integrating large-scale renewables –
– Wider environmental, social + industry development value of RE needs 

to be recognised with effective ‘external’ policy support
� Arrangements for distributed renewables far less developed 

– Immature retail market design
– inadequate technical interface 
– Limited institutional capacities for major deployment
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Many of our publications are available at:
www.ceem.unsw.edu.au

Thank you…  and questions
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