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Decision-making framework for an electricity industry 

What is 
technology? 
(www.iiasa.ac.at) 

Software & 

orgware are 

critical in complex 

technological 

systems such as 
electricity 

industries 
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Making decisions about technology 

Decision-making (DM) is a characteristic behavior of 
humans 

Technology is a specific result of human DM: 

– Accumulated, path-dependent decision-making 

A technological system is a complex collection of 
technological components 

– An electricity industry is a large technological system 

A Decision-making framework for an electricity 
industry is a systematic tool for analysis or design: 

– For example, the issues involved in integrating renewable 
energy or improving end-use efficiency 

Decision-making framework for an electricity industry 3 

Decision-making framework for an electricity industry 

Decision-making framework for an 
electricity industry 

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 

To allow connected industry components to 
function as industry-wide machine 

Commercial 
regime 

To coordinate decentralised decision-making 
according to commercial criteria 

Includes formally designed markets 
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Decision-making framework for an electricity industry 

Broad governance issues for an 
electricity industry 

Social issues - electricity as an essential good: 
– How can we secure access to primary energy resources? 

– How can we make essential residential energy services 
affordable? 

– Commercial & industrial energy services: 
What is the appropriate role of subsidised electrical energy in 
regional, industry and corporate development? 

Environmental issues - local, regional & global: 
– What environmental impacts are acceptable? 

– How can adverse impacts be minimised? 

– What do we mean by “essential” - should we be more 
frugal in energy use? 
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6 Electricity industry governance, ownership & regulation 

Stationary energy sector governance in Australia  
(ESIC of SA, 2008) 
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7 Renewable energy & efficiency certificate trading in Australia 

Australian 
electricity 
markets  
(AER, 2008) 

Australian 

National 

Electricity 

Market  

(NEM) 

Western 

Australian 

Market (WEM) 

~1000 km 

Renewable energy & efficiency certificate trading in Australia 

Scope of the National 
Electricity Market 
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(AER, 2008) 

Registered gen capacity (2008) 44390 MW 

No. of registered generators 275 

No. of end-users 8.7 million 

NEM turnover 2007-08 $11.1 billion 

Energy generated 2007-08 208 TWh 

Max winter demand (18/7/08) 34 GW 

Max summer demand (14/1/08) 32 GW 

Participating jurisdictions: 
• Qld, NSW, ACT, Vic, SA, Tas 
NEM market regions: 
• Qld, NSW, Vic, SA, Tas 

(based on AER, 2008) 



APEC workshop on financial mechanisms that support renewable energy & energy 
efficiency 

Hugh Outhred: the Australian experience 5 

Renewable energy & efficiency certificate trading in Australia 

Managing supply-demand balance in NEM 

Spot market,
Pre-dispatch

&
Derivative markets

Frequency control
ancillary service

markets for period t
Supply/demand

projections, security
& FCAS

derivative markets

FCAS markets
for period t+1

Spot market
for period t 

Spot market
for period t+1 

time

spot
period t

spot
period t+1

increasing uncertainty 

Physical issues 

Commercial issues 

Spot market implements  
security-constrained dispatch 
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5/30 min dispatch/clear 
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Structure of the Australian National Electricity Market 

Gen 1 

Gen 2 

Gen X 

Generation 
Sector:- 

large 
generators 

Gen 3 

Transmission 
Sector 

NSW 
Victoria 

South Aust. 
Queensland 
& Tasmania 

Electricity 

Financial instrument 
& REC (emission) trading 

Distributor 1 

Distributor 2 

Distributor Y 

Distribution 
sector 

Electricity 

Multi-region 
National 
Electricity 

(spot) Market 
(NEM) 

Intentions 
offers & 

payments 

Retailer Z 

Retailer 2 

Retailer 1 

Retail 
sector 

Intentions 
bids & 

payments 

Tx network 
pricing 

Tx network 
pricing 

Network 
access End-use 

Equipment 
& 

Distributed 
resources Electricity 

End-use 
sector 

Contestable 
end-users 

Franchise 
End-users 

Retail 
Markets 

Embedded 
generators 
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Renewable energy & efficiency certificate trading in Australia 

Commercial 
Physical 

Commercial 
Physical 

Potential future NEM structure with 
more active end-user participation 

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 
(AEMO) 

cash flow 

Kinetic energy 

cash flow 
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ESCO’s 
cash flow 

Services 

ESCOs: the missing players in the  
Australian NEM 

AMI: the missing interface in  
the restructured electricity industry 

cash flow 

Financial & environmental derivatives 
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12 Performance of the Australian National Electricity Market 

87.5th quartile price - 12-5th quartile price 
Median price 

NEM quarterly spot energy price & peak-period 
price volatility index since market start  

(AER long term analysis) 
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Australian greenhouse emissions, 2006 
(Carbon Green Paper, 2008) 

Stationary energy sector emissions 
are mainly electricity-related 

13 Global energy - security, price & climate change 

AEMC Review of energy market frameworks in 
light of climate change policies (2008-2009) #1 

Renewable energy & efficiency certificate trading in Australia 14 
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AEMC Review of energy market frameworks in 
light of climate change policies (2008-2009)  
#2: The energy market decision-making context 

Renewable energy & efficiency certificate trading in Australia 15 

The AEMC does not see 
climate change as a problem 

specific to energy markets 

Renewable energy, efficiency & 
emission trading in Australia 

Australia-wide (tradable instruments): 

– Mandatory renewable energy target - MRET (since 2001) 

– Carbon pollution reduction scheme (proposed for 2010) 

New South Wales (tradable instruments): 

– Greenhouse gas reduction scheme – GGAS (since 2003) 

– NSW energy savings scheme - NEET (from 2009) 

Victoria (tradable instruments): 

– Victorian energy efficiency target – VEET (from 2009) 

South Australia (NOT tradable instruments): 

– Residential energy efficiency scheme – REES (from 2009) 
16 Renewable energy & efficiency certificate trading in Australia 
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MRET Scheme – Renewable Energy Certificate  
(REC) Market (ORER, 2008) 

Eligible Parties 
• Accredited power 

stations 
• Eligible solar water 

heaters 
• Eligible small 

generation units 

Liable Parties 
• Wholesale electricity 

retailers 
• Other liable parties 

Registry 

Markets 

Regulator Supply Side:  
REC creation 

Demand Side:  
REC retirement 

External parties: 
• Anyone can buy then  

retire RECs voluntarily 
• GreenPower providers 

meeting GP obligation 

1 REC = 1 MWh of  
eligible electricity 

generation 

Initial target: 
9500 GWh/yr 
 for 2010-20  

Renewable energy & efficiency certificate trading in Australia 

Non-zero  
baseline if  
generator  

pre-1997 

18 

MRET performance to date 

Strengths: 

– Investment in new renewable energy generation: 

About half income from energy and half from RECs 

REC target easily met 

– Reasonable efficiency – low cost by international standards 

– Technology flexibility valuable: 

Biomass less than expected but wind + others more 

Weaknesses: 

– Windfall gains for ‘old hydro’ 

– Boom-bust cycle due to policy uncertainty & early scheme 
end-date (2020) 

Renewable energy & efficiency certificate trading in Australia 
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REC spot & derivative market prices 
(Nolles, Garnaut Review Presentation, 2007) 

19 Renewable energy & efficiency certificate trading in Australia 

20 Non-storable renewable energy in a competitive electricity industry 

Renewable energy generation in Australia, 

2004-05 (18.7 TWh or ~ 9%) (NGF, 2007) 
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Investment to November 2008 (ORER, 2008)  

Eligible Renewable Energy 
Source 

Investment 

$M 

Estimated 
RECs 

GWh/year 

Wind 2530 3500 

Hydro 300 1600 

Solar Water Heaters 710 1210 

Wood Waste 50 450 

Landfill Gas 160 510 

Bagasse 600 600 

Other 450 300 

TOTAL 4800 8650 
Renewable energy & efficiency certificate trading in Australia 

Wind 
penetration  
(%energy)  

globally & for  
South Australia 

22 Hugh Outhred: Integrating renewable energy into electricity industries 

Expected renewable 
energy  penetration in 

South Australia 
(ESIPC-SA APR, 2008) 

(Wiser & Bolinger, 2008) 
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Wind generation in South Australia, Aug 08 

23 Hugh Outhred: Integrating renewable energy into electricity industries 

NEM income for SA wind & other generators 
(ESIPC-SA APR 2008) 

24 Hugh Outhred: Integrating renewable energy into electricity industries 
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MRET target: existing & proposed expansion 
(CEC, 2009) 

25 Renewable energy & efficiency certificate trading in Australia 

26 

Expanded MRET target of 20% or 45 TWh by 2020 

Rules still to be finalised 

A scenario for resulting renewable energy generation shown below 

Possible high wind penetration in SA + Vic 

Renewable energy & efficiency certificate trading in Australia 
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NSW Greenhouse Gas Reduction Scheme (at Sept 08) 

27 Renewable energy & efficiency certificate trading in Australia 1 NGAC = 1 t CO2e 

28 Renewable energy & efficiency certificate trading in Australia 

GGAS per-capita emission 
target & key rules 

Demand-side abatement 
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Default DSA NGACs (Crossley,08) 

29 Renewable energy & efficiency certificate trading in Australia 

Sources of NGACs & LUACs to June 2008 
(Introduction to GGAS, Sept 08) 

30 Renewable energy & efficiency certificate trading in Australia 

DSA primarily give-away CFLs in 2006, for which the 
regulator later reduced NGAC value from 0.5 to 0.2 



APEC workshop on financial mechanisms that support renewable energy & energy 
efficiency 

Hugh Outhred: the Australian experience 16 

31 

Challenges of GGAS design 

Degree of abstraction: 
– Large gaps between policy objectives, commercial 

arrangements + physical outcomes 

Broad scope 
– Adds complexity, dilutes accountability for policy 

makers & participants 

– Risks creating a ‘market for lemons’ 
eg. give-away CFLs & showerheads  

???   
Imputed  
       linkage  

Green-

house 

policy 

intent 

Imputed  
       linkage  

NGAS  

Legislated 

objectives  Imputed  

       linkage 

Liable 

party 

require -

ments  

Imputed  

       linkage  

‘Baseline 

and 

Credit ’ 

rules  

 
Actual 

abatement 
activities  
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Price history – NGAC & REC (ANZ, 2008) 

32 Renewable energy & efficiency certificate trading in Australia 

NGAC-REC price relationship should be 

more stable if both schemes working well 
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Emerging global carbon markets (ANZ, 2008) 

33 Renewable energy & efficiency certificate trading in Australia 

34 Renewable energy & efficiency certificate trading in Australia 

GGAS 
transition 

with 
introduction 

of CPRS 
(Crossley, 2008) 
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NSW Energy Savings Scheme from July 2009 

To replace DSA feature of existing NGAC scheme 

To operate alongside national ETS (CPRS) 

An entity that improves efficiency of electricity use  
in NSW can create equivalent NEET certificates 

Liable parties: elec retailers & non-trade-exposed 
direct end-users (annual certificate obligation) 

Target: ramp from 0.4% to 4% of elec sales by 2014 

Terminate in 2020 or before if national NEET starts 

IPART to be NEET scheme regulator 

35 Renewable energy & efficiency certificate trading in Australia 

Victorian efficiency (VEET) scheme 
(www.dpi.vic.gov.au/energy)  

Modelled on UK energy efficiency trading scheme 

Liable parties will be energy retailers (elec & gas) 

To commence in 2009 & operate in 3-year phases, 
may run for 20 years, will use tradeable certificates: 

– 1 VEEC = 1 tonne CO2-e;  

– Initial target = 2.7 Mt CO2e reduction per year 

Eligible activities prescribed in regulations:  

– 25 in initial list all in household sector 

– List to be reviewed every 6 months 

36 Renewable energy & efficiency certificate trading in Australia 
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Initial list of VEET eligible activities (Crossley, 2008) 

37 Renewable energy & efficiency certificate trading in Australia 

SA REES components (Crossley, 2008) 

38 Renewable energy & efficiency certificate trading in Australia 
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Carbon Pollution Reduction Scheme (CPRS) 

Australia-wide emission-trading cap & trade scheme 

– All Kyoto gases – CO2, CH4, N2O, SF6, HFCs & PFCs 

– Entities with facilities that emit  25,000 CO2-e pa (~1000) 

– Entities that supply certain fuels & synthetic GHGs 

Target: 5-15% reduction from 2000 level by 2020 

Permits & allocations: 

– 1 Australian Emission Unit (AEU) = 1 tonne CO2-e 

– Up to 131 million AEUs allocated to coal-fired generators 

– Assistance to Energy Intensive Trade-Exposed Industries 

– Price cap of AUD 40 with 5% pa increase 

39 Renewable energy & efficiency certificate trading in Australia 

40 Renewable energy & efficiency certificate trading in Australia 

Timeline for key CPRS decisions (Hatfield-Dodds, 2008)  
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Conclusions from the Australian experience 

In the Australian context (may not be transferrable): 

– The National Electricity Market works well 

– The Tradeable Renewable Energy Certificate Scheme 
has worked well for low-cost RE: wind, hydro & biomass 

– Grid-connected PV still uncompetitive: 
FiTs used instead but are a form of middle-class welfare 

– Tradeable Energy Efficiency Certificate Schemes are not 
yet working well  

– Emissions-Trading Scheme yet to be implemented: 

Unlikely to act fast enough for Australia to make an  
equitable contribution to avoiding dangerous climate change 

41 Renewable energy & efficiency certificate trading in Australia 

Renewable energy & efficiency certificate trading in Australia 

Hugh Outhred, CEEM, UNSW: h.outhred@unsw.edu.au 

Many of our publications are available at: 

www.ceem.unsw.edu.au   
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