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Prices for key energy commodities (BP Review 2007) 

• Consistent with the ‘peak-oil’ scenario 
• Gas & coal also affected but not so much 
• Price differences leading to a shift to coal 
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Actual emissions 
at or above “BAU” 
(Raupach et al,  
PNAS, April 2007) 
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Issues for enhancing EI sustainability 

Energy security & rapid climate change are 
challenging problems 

Response tasks must largely be delegated to 
industry participants (companies & individuals) 

Policies must correctly assign incentives & penalties 
to deliver a rapid, coherent response: 

– Through “socially-organised decision-making” 

– Emphasizing frugality, enhanced end-use efficiency & low 
emission generation technologies 

Must overcome fierce vested-interest opposition  
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What is 
technology? 
(www.iiasa.ac.at) 

Software & 

orgware are 

critical issues in 

complex 

technological 
systems such as 

an electricity 

industry 
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Characteristics of renewable energy 

Energy fluxes with limited storage: 

– Solar, wind, hydro, biomass, geothermal, ocean 

Characteristics of renewable energy forms: 

– Geographical distribution is a function resource type 

– Energy fluxes may be time-varying & uncertain 

Characteristics of renewable energy technologies:  

– Electricity generation, direct end-use or fuels  

– May have economies of scale 
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Drought & electricity gen’n (coal & hydro) 

(www.bom.gov.au) 
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Flat annual CFD prices for NSW (NGF, 2007) 

Prices apparently reflecting the impact of  
drought on coal & hydro power stations 
(may also be affected by speculation) 
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(Carbon capture:  
The Future of Coal,  

MIT, 2007) 
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Integrated coal gasification & combined
 cycle with carbon collection & storage 
(Simhauser, 2004) 
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CO2 sequestration options in Aust. 

(Owen Inquiry Report, App. 3, 2007)  

depth > 
2,000m 
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Key findings of IPCC CCS report
 (www.ipcc.ch, 2005) 

A portfolio of mitigation measures will be needed
 (CCS alone not sufficient) 

Large-scale CCS power plant don’t yet exist 

By 2050, 20-40% of fossil fuel CO2 technically
 suitable for CCS at cost of 13 to 67 A$/MWh 

Deployment needs CO2 price of 25-30 US$/MWh 

CCS might contribute 15-44% of cumulative
 mitigation effort to 2100, may be limited beyond
 that (identified storage sites would then be full) 
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Geothermal energy - 
radioactive rock 

Australia has 
plentiful 
radioactive rock 
at ~3,000m 
covered by 
insulating 
layers:- safe 

nuclear energy 
eg: Geodynamics 

trial at Cooper 

Basin, SA 

(www.greenhouse.gov.au) 

(www.geodynamics.com.au)  
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Geothermal energy - grid connection 
(Geodynamics, 2006) 
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Australian wind resource 
(Estimate of background wind (m/s) – Australian Greenhouse Office)  

Approx. 4500 km 
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Emu Downs, Geraldton, WA: 
80 MW, 48x1.65MW 

Rottnest Island, WA:
 600kW 

Alinta, Geraldton, WA:  
90 MW, 55x1.65MW 

Albany,WA: 22MW,
 12x1.8MW 
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Wind farm response to varying wind conditions 
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This approach may be 

valuable for predicting 

the timing of large 

changes in summated 

wind farm output 
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PV Case Study for NSW Dept of Planning: 
Newington Solar Village (PV+SWH) 

Photo:  BP Solar 
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PV output variability (30 houses) 
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Decision-making framework for a
 restructured electricity industry (EI) 
Governance 
regime 

Formal institutions, legislation & policies 

Informal social context including politics 

Security 
regime 

Responsible for core integrity on local or 
industry-wide basis, with power to override 

Technical 
regime 

Engineering design to allow industry 
components to function as single, industry-
wide machine when connected together 

Commercial 
regime 

Decentralised decision-making according to 
commercial criteria within a market context 

Includes formally designed markets 

Needs adequate competitive pressures 
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Future state space managed 
by decentralised decisions 

Security & commercial regimes (global & local) 

Present 
state 

Growing uncertainty 

Time 

5 min 

Unreachable or 
unacceptable 

futures 

Emergency control 

Secure  
operating limits 
(probabilistic) 

Commercial  
regime  

Possible futures 
managed by 
decentralised 

decisions 

Security  

regime  
Possible  
futures 

managed by 
centralised 
decisions 

Renewable energy 
increases future  
uncertainty but 

forecasts can help 
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Commercial 
Physical 

Commercial 
Physical 

Enhanced industry structure 

Generation 
Sector:- 

large 
generators 

Transmission 
Sector 

Energy flow 

Derivative trading 

Distribution 
sector Energy flow 

Multi-region 
five-minute  

energy  
& FCAS 
markets 

Intentions, 
offers & 

payments 

Intentions, 
bids & 

payments 

End-use 
sector 

(including DR) 

Energy flow 

End-users 

DR  
providers 

Generation 
Sector:- 

large 
generators 

market & system operator 
(eg NEMMCO) 

cash flow 

Kinetic energy 

cash flow 
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ESCO’s 
cash flow 

Services 

ESCOs: the missing players in the  
restructured electricity industry 

AMI: the missing interface in  
the restructured electricity industry 
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Key electricity industry issues for high- 
penetration renewable energy #1 

Structural issues: 

– Robust security regime with security-constrained dispatch 

– Efficient commercial regime (operation & investment) 

– Effective regulation of network services 

– Compatible arrangements for gas industry 

Development issues: 

– Innovation in renewable energy technologies 

– Forecasting for security & commercial regimes 

– Active end-user participation (value, timing, efficiency) 

– Education & training in all relevant areas 
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Key electricity industry issues for high- 
penetration renewable energy #2 

Auction-style, security-constrained markets: 

– For spot energy, ancillary services & derivatives  

– Active end-users supported by ESCOs & equity policies 

Efficient network service regime: 

– Augmentation; availability & quality; distributed resources 

Renewable energy forecasting tools for: 

– Security, commercial & governance regimes 

Internalisation of un-costed fossil fuel externalities: 

– Carbon taxes 

– Development & deployment of low emission technologies 
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Email: h.outhred@unsw.edu.au 

Many of our publications are available at: 

www.ceem.unsw.edu.au   


