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Abstract
Reducing greenhouse gas (GHG) emissions from the electricity sector will be a central
part of Australia’s efforts to make deep cuts in its national emissions. This is because the
country has high electricity GHG emissions. In turn, renewable electricity (RES-E) is likely to
play a major part in cutting Australia’s electricity sector emissions because it is less resourceconstrained, and more mature, than the alternative low emission electricity techologies of
fossil-fuel carbon capture and storage and next-generation nuclear technologies.
Because RES-E generation is currently dearer than fossil-fuel-generated electricity
(even given a politically likely carbon price), support mechanisms are needed to allow it to
compete with fossil-fuel-generated electricity. In this thesis I show that there is a case for
providing support to RES-E in Australia, above that likely to be provided by carbon pricing;
and that currently high-cost solar and geothermal types of RES-E should receive more support
than currently low-cost RES-E types. The thesis also shows that the largest 2020 GHG
reduction target being considered by the Australian government will make only the least
expensive type of RES-E (wind) competitive with coal generated electricity, and will not make
other RES-E types competitive with it.
In the thesis I examine the lessons Australia can learn from the overseas experience of
RES-E support policy, particularly in Western Europe and the USA. The thesis specifically
examines the generation and subsidy price performance of Renewable Portfolio Standard
(RPS) RES-E support mechanisms (where governments determine how much RES-E will be
generated and RPS tradable certificate markets determine its price), and Feed-in Tariff (FIT)
support mechanisms (where governments determine RES-E prices and electricity generation
markets determine how much will be generated), in the USA, eight Western European
countries and Australia. I also examine RES-E subsidies provided by the federal government
in Australia as well as electricity transmission in the country compared to Europe and the USA.
I show that Australia’s has modest transmission levels which hinders the development of its
RES-E. The cost of transmission expansion in Australia is large, and may need financing
across all electricity consumers. It may also need some government subsidisation, and
regulation, if market-based transmission planning is not effective.
The thesis’s analysis of Australia’s RES-E development, compared to that of the
European Union and the USA, shows that RES-E has a lower electricity generation share
(including a lower non-hydro RES-E generation share), and is less diverse, in Australia than in
the other two regions/countries. I also show that Australia’s current level of RPS RES-E
subsidy compares poorly with equivalent levels of wind and solar subsidisation in Germany,
Spain and the UK.
vi

Two major conclusions in the thesis, which together form its most significant
contribution to knowledge, are that radical RES-E expansion (rapid increases in RES-E
generation share) will require RPS mechanisms to adopt some features normally found in FITs.
The most important of these are 'type-specific support' (different levels of subsidisation for
different types of RES-E), and a high level of RES-E investor certainty about subsidy levels.
Achieving radical RES-E expansion will also require FITs to adopt features normally found in
RPSs, the most important of which are a high level of generation outcome certainty and a close
connection between subsidy levels and electricity generation performance. However, the extent
to which the RPS and the FIT can be hybridised will not be known with certainty for another
three to four years. Until then, recently established RPS banding (variable traded certificate
multipliers), as used in the UK and Italy, carve-outs (RPS submarkets dedicated to a particular
type of RES-E), as used in the USA, and flexible FIT degression (subsidy reductions linked to
RES-E generating capacity changes), as used in Germany and Spain, will not have reliable
generation and price histories.
Institutional inertia means the RPS will very likely remain the main form of RES-E
support in Australia, so the need I have shown for an RPS to adopt features normally found in
FITs means that banding should be introduced into its RPS, so that it gives different levels of
subsidisation for different RES-E types (particularly for solar and geothermal electricity). It
also means that an implicit or explicit price floor is needed to make RPS tradable certificate
prices less volatile than at present.
Comparison of particular features of Australia’s RPS with the equivalent features of the
RPSs used in the USA and Western Europe reveals other major flaws in Australia’s RPS. To
remedy them, the thesis also makes the case that pre-RPS RES-E generation should be
removed from Australia’s RPS; banking of its tradable certificates should be restricted in it;
unusual energy sources (especially solar hot water heaters) should be removed from it; and its
target should be a generation share, not an absolute quantity of generation. In the thesis I also
show that if Australia is to make deep cuts in its GHG emissions, its RPS target needs to be
significantly increased so that it at least absorbs all the projected increase in Australian
electricity demand. I also recommend in the thesis that Australia’s different state and territory
FITs be replaced with a national gross FIT for small to medium scaled RES-E, differentiated
according to location.
In general, I find that while Australia has made a reasonable start in its RES-E
development, significant redesign of its RPS is needed if the country is to make deep cuts in its
electricity generation GHG emissions through radical RES-E expansion.
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Acronym definitions
ABARE

Australian Bureau of Agricultural and Resource Economics

AEMC

Australian Energy Market Commission

AEMO

Australian Energy Market Operator

AER

Australian Energy Regulator

AWEA

American Wind Energy Association

BMU

German Federal Ministry for the Environment, Nature Conservation and
Nuclear Safety

C

Celsius

CCS

Carbon capture and storage

CO2

Carbon dioxide

CO2e

Carbon dioxide equivalent

COAG

Council of Australian Governments

CPRS

Carbon Pollution Reduction Scheme

CSIRO

Commonwealth Scientific and Industrial Research Organisation

CST

Concentrating solar thermal

DCC

Department of Climate Change

EC

European Commission

EEG

Erneuerbare Energien Gesetz (German FIT)

EIA

Energy Information Administration (US energy statistics service)

ETS

Emissions trading scheme

EU

European Union

EWEA

European Wind Energy Association

FIT

Feed-in Tariff

GHG

Greenhouse gas

IEA

International Energy Association

IPCC

Intergovernmental Panel on Climate Change

IRP

Integrated Resource Planning

LRET

Large Renewable Energy Target

MMA

McLennan Magasanik Associates

MRET

Mandatory Renewable Energy Target

NEM

National Electricity Market

OECD

Organisation for Economic Cooperation and Development
xix

ppm

parts per million

PSO

Public Service Obligation

PURPA

Public Utility Regulatory Policy Act

PV

Photovoltaic

REC

Renewable Energy Certificate

RES-E

Renewable electricity

RET

Renewable Energy Target

RPS

Renewable Portfolio Standard

SRET

Small Renewable Energy Target

s

Section

ss

Sub-section

UNFCCC

United Nations Framework Convention on Climate Change

WRI

World Resources Institute
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Units and conversion factors
Energy units
Name
kilowatt hour
gigawatt hour
megawatt hour
terawatt hour
petawatt hour
exawatt hour
kilojoule
gigajoule
megajoule
terajoule
petajoule
exajoule
tonne
gigatonne
megatonne
teratonne
peratonne
exatonne
kilometre

Symbol
kWh
GWh
MWh
TWh
PWh
EWh
kJ
GJ
MJ
TJ
PJ
EJ
t
Gt
MJ
Tt
Pt
Et
km

Value
103 watt-hours
106 watt-hours
109 watt-hours
1012 watt-hours
1015 watt-hours
1018 watt-hours
103 joules
106 joules
109 joules
1012 joules
1015 joules
1018 joules
103 kilograms
106 kilograms
109 kilograms
1012 kilograms
1015 kilograms
1018 kilograms
103 metres

Conversion factors
Type
energy
energy
power
time
temperature

Name
kilowatt hour
terawatt hour
kWh per year
year
degree Celsius

Symbol
kWh
TWh
kWh/yr
yr
˚C

xxi

Value
3.6 x 106 J = 3.6 MJ
3.6 x 1015 J = 3.6 PJ
0.114 W
8,760 hours
( ˚C + 273) ˚K

Glossary
450 CO2e ppm GHG
A global greenhouse gas agreement that agrees to
concentration stabilisation limit the increase in global GHG concentrations to
regime
no more than 450 CO2e ppm.
Absolute generation

The amount of electricity generated from a specific source
(compare to Relative generation).

Banding

A design feature of a Renewable Portfolio Standard whereby
different amounts of tradable certificates are issued for
1MWh of generation from different types of RES-E
according to how expensive, and immature, they are (see also
Multipliers, compare to Carve-out).

Banking

The ability of RES-E generators, or electricity retailers, to
hold RPS tradable certificates before selling or surrendering
them for RPS liability acquittal.

Biomass electricity

Electricity generated, directly or indirectly, from organic
waste: includes generation from the residues of sugarcane,
sewage, landfill and sawmilling.

Capacity

The maximum power that can be generated by an electricity
generator.

Capacity factor

The fraction of maximum generation achieved by the actual
generation from an RES-E generator over a 12 month period
or longer.

Carbon

Sometimes used as shorthand for combined greenhouse
gases.

Carbon Pollution
The Australian greenhouse gas emissions trading
Reduction Scheme (CPRS) scheme once planned to commence in about 2013.
Carbon price

The price of carbon under a carbon tax or (carbon) emissions
trading scheme.

Carbon (emissions) tax

An alternative to an emissions trading scheme where all
greenhouse gas emission sources pay the same tax (compare
to (carbon) Emissions trading scheme).

Carve-out

Part of an RPS that can only have generation from a specific
type of RES-E counted towards it: effectively an RPS submarket (compare to Banding and Multipliers).
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Deep connection charge

Transmission connection charges where the connecting
generator pays for any grid reinforcement that its connection
might necessitate (compare to Shallow, and Super shallow,
connection charge).

Deep cuts

Large reductions in greenhouse gas emissions, generally
consistent with an aim to stabilise global greenhouse gas
emission at about 450 CO2e ppm, or lower.

Degression

A feed-in tariff design feature that reduces the amount of the
feed-in tariff subsidy extended to a generator for each year
that has passed since a baseline year before it begins
operating.

Differential cost

A German RES-E term that refers to the amount of a Feed-in
Tariff subsidy net of the wholesale price of electricity.

Diversity

The use of several RES-E types (at least three) to make up a
jurisdictions’s mix of RES-E sources.

Effectiveness

The ability of an RES-E support mechanism design element
to attain its design goal(s) with a minimum of both
administrative and subsidy cost.

Emissions trading

A scheme that provides for the trading of
greenhouse gas emission rights
(compare to Carbon (emissions) tax).

Feed-in Tariff (FIT)

Government-mandated subsidy paid for RES-E fed into the
grid in order to lower the price of RES-E. Usually paid for by
increasing the price of electricity to all consumers; in rare
cases funded by government. Unless otherwise stated, there
are different subsidy levels for different types of RES-E
(compare to Renewable Portfolio Standard).

Flexible degression

Degression linked to the installation amount of a type of
RES-E in the previous year (compare to Degression).

Generation

The quantity of electricity generated over a particular time
period.

Generation capacity

See Capacity.

Generation cost

The direct cost of generating electricity. Includes three main
types of cost: amortisation of the cost of capital (including
interest), fuel operation and maintenance. Does not include
indirect overhead costs.
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Generation performance

Output of different RES-E types achieved by the RPS or the
FIT mechanism in different jurisdictions (compare to
Effectiveness).

Generating potential

The maximum amount of RES-E a country, or jurisdiction,
can generate (from its natural endowment) before
experiencing significant increases in the marginal generating
cost of RES-E. Sometimes just called ‘resource’.

Generating potential
performance

A country’s generation as a proportion of its
generating potential (compare to Generation performance).

Geothermal electricity

Electricity generated by using water heated by subterranean
heat: can either be hydro-thermal (where water naturally
comes to the surface) or hot rock (where water is pumped
down a well and steam collected at the surface) (compare to
Hot rock and Hydro-thermal electricity).

Greenhouse gas (GHG)

Gases involved in the warming of the earth’s atmosphere and
surface through the absorption and emission of radiation
within the infrared range.

Gross electricity trade

The amount of electricity traded between jurisdictions equal
to export volume plus import volume (compare to Net
electricity trade).

Herfindahl RES-E
concentration index

The sum of the squares of the generation shares of
different RES-E types in a jurisdiction in a given year.
Generally expressed in this thesis as an inverse of the index
(see also RES-E diversity and Portfolio development).

Hot Rock electricity

A type of electricity generation technology that exploits
geothermal energy by pumping water underground then back
to the surface (compare to Geothermal and Hydro-thermal
electricity).

Hydro-thermal electricity

A type of geothermal electricity that exploits energy made
available by heated underground water naturally coming to
the earth’s surface (compare to Hot rock and Geothermal
electricity).

Large-scale Renewable
Energy Target (LRET)

The RPS in Australia that took over from the RET, along
with the SRET, from January 2011. Only includes large
RES-E generation (from generators more than about 5 kW in
capacity) (compare to MRET, SRET and RET).
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Learning curve

A line that describes reductions in an energy technology’s
cost that come with increased production: generally
expressed as the cost reduction that comes with every
doubling of production.

Least-cost RES-E

Those RES-E types that have the lowest generating costs out
of all RES-E types: currently wind and biomass (compare to
Portfolio development).

Liberalised electricity
markets

Electricity markets that have been significantly
deregulated with competition allowed between different
electricity generators and between retailers.

Long-run marginal cost

The direct, incremental costs associated with the production
of the last unit of generation from a specific source in the
long run. Takes into account annualised capital costs.

Mandatory Renewable
Energy Target (MRET)

The RPS mechanism that operated in Australia from
2001 to 2009 (compare to RET, MRET, LRET and SRET).

Mature

The phase in the development of electricity technology,
including RES-E, where major learning curve cost reductions
become insignificant or non-existent.

Merit order

The ranking of electricity generation technologies according
to their different marginal generating costs (starting from
least expensive).

Multipliers

An alternative term for banding. Generally expressed as a
number of certificates issued per 1 MWh of RES-E
generation (see also Banding, compare to Carve-outs).

Net electricity trade

The amount of electricity traded between jurisdictions, equal
to export volume minus import volume (compare to Gross
electricity trade).

Non-compliance charge

The penalty fee applied when an electricity retailer does not
meet its obligations under an RPS, particularly its RES-E
tradable certificate obligations.

Non-hydro RES-E

RES-E generated from sources other than hydro (see also
Non-hydro RES-E generation share).

Non-hydro RES-E
generation share

The percentage of annual electricity generation in a
jurisdiction accounted for by generation from RES-E sources
other than hydro (see also Non-hydro RES-E).
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Portfolio development

RES-E development that includes significant generation from
a diversity of RES-E types, generally more than two types
(compare to least-cost RES-E, see also Herfindahl RES-E
concentratoin index and RES-E diversity).

Potential

See Generating potential.

Premium resources

High quality resources needed for RES-E generation, eg
prime wind sites, high standard biomass feedstock.

Price mechanism

A support mechanism that directly subsidies the generating
price of RES-E, either an RPS or an FIT, but not a capital
cost subsidy, which only provides an indirect subsidy.

Price performance

The total amount of RES-E subsidy used to generate the
output of a given type of RES-E in a given jurisdiction.

Production tax credit

A tax subsidy paid to RES-E generators in the USA per unit
of RES-E generated.

Radical RES-E
expansion

A level of RES-E generation expansion in Australia that
would allow a majority of its electricity to be generated by
renewable energy by 2050.

Regulated Asset Base

The value of transmission assets used by the Australian
Energy Regulator to determine transmission charges
(includes depreciation).

Relative generation

The amount of electricity generated from a specific source
measured as a percentage of another source (e.g. RES-E
relative to total electricity generation) or a reference year
(compare to Absolute generation).

RES-E diversity

See Diversity.

RES-E generation share

The percentage of annual electricity generation in a
jurisdiction accounted for by generation from RES-E sources
(including non RES-E generation).

RES-E types

Different types of renewable electricity eg. hydro, wind,
solar, biomass, ocean or geothermal.

Renewable electricity
(RES-E)

Electricity generated from renewable energy.

Renewable Energy
Certificate (REC)

The name of the tradable certificates in Australia’s
RPS: 1 REC = 1 MWh (see also Tradable certificate).

Renewable Energy

The RPS mechanism that operated in Australia from
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Target (RET)

2009 to 2010 (compare to MRET, LRET and SRET).

Renewable Portfolio
Standard (RPS)

An RES-E support mechanism based on government
mandated quantities of RES-E generation the liability for
which electricity retailers acquit by purchasing RES-E or
RPS tradable certificates. Lowers unit price of RES-E (see
MRET, RET, LRET and SRET).

Repowering

Replacement of old RES-E generators with new RES-E
generators of the same type (eg replacing old wind turbines
with new wind turbines).

Resource

See Generating potential.

RPS target

The absolute amount (in GWh/yr), or generation share
(expressed as % of electricity generation), an RPS
mechanism aims to generate by a specified point in its period
of operation.

Shallow connection charge Transmission connection charges where the connecting
generator does not pay for any grid reinforcement that its
connection might necessitate (compare to Deep and Super
shallow connection charge).
Small Renewable Energy
Target

The RPS in Australia that took over from the RET, along
with the LRET, from January 2011. Only includes small
RES-E generation (from generators less than about 5 kW in
capacity) (compare to MRET, LRET and RET).

Solar photovoltaic
Solar generation technology using semiconductor electricity
(solar PV) cells to convert the sun’s radiation into electricity
(compare to solar thermal electricity).
Solar thermal electricity

Solar generation technology that uses mirrors or lenses to
concentrate the sun’s radiation to generate
electricity (sometimes called ‘concentrated solar thermal
electricity’; compare to solar photovoltaic electricity).

Spillover market failure

An electricity market failure where the benefit of a
company’s development of a technology, or practice, is
exploited by other companies for free. Can include, but is not
restricted to: legal, workplace, social acceptance, research
and development and support sector costs.

Super shallow
connection charge

Where an RES-E generator connecting to a transmission
system pays none of the costs associated with the connection,
not even the cost of connecting to the nearest transmission
line (compare to Deep and Shallow connection charge).
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Tradable certificate

Certificates issued under a Renewable Portfolio Standard or
ETS where one certificate generally equals one megawatthour of RES-E generation or one tonne of CO2e (see also
Renewable Energy Certificates and Emissions trading).

Type (of RES-E
technology)

See RES-E types.

Type-neutral mechanisms Electricity support mechanisms that do not discriminate in
favour of any type of technology, either broadly across all
types, or narrowly across just RES-E types (compare to
Type-specific mechanisms).
Type-specific mechanisms Non-neutral electricity support mechanisms that discriminate
in favour of a particular technology. Used only for RES-E
(compare to Type-neutral mechanisms).
Undifferentiated Feed-in
Tariff

A feed-in tariff that is uniform across all RES-E types
(compare to Feed-in Tariff).

Unlimited banking

The ability to use an RPS tradable certificate to discharge an
electricity retailer’s RPS liability at any time after the
certificate has been created (without time limit).
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