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1 Introduction
Australia has the highest emission of carbon per capita in the developed world. The
largest share of its greenhouse emissions is driven by electricity generation. In fact,
Australia has the highest CO2 emission per kWh from electricity and heat generation
(IEA, 2010). This reflects Australia’s electricity generation which depends heavily on
fossil fuels - mainly coal given its abundance and cheap cost.
The electricity market is most likely going to be subject to significant change.
International commitments, change in political environment and the reinforcement of
environmental goals all reflected in the enactment of new policies and institutional
conditions as well as increasing electricity demand are the main factors that could
influence the transformation of the energy sector. (Buckman, 2010)
Renewable electricity generation could play a pivotal role in the reduction of
greenhouse gas emissions in Australia. This potential lies behind the combination of
high emissions from the electricity sector (38% of total emissions in 2009), small
share of renewable electricity generation and the abundance of renewable energy
sources. (Buckman, 2010)
The European Union also faces the challenge of reducing its carbon footprint.
However, the importance of renewable energy in Europe is not only in reducing the
emission but also in assuring energy security and industry development.
In the absence of a carbon tax, the costs of renewable electricity generation are much
higher than the conventional coal-fired generation. In order for renewables to become
competitive, namely, overcome the difference in generating costs compared to fossil
fuels, it is clear that renewables must be supported. This support can be provided
through subsidies, greenhouse gas emission permits and carbon tax.
Policies are both important drivers or barriers for business opportunities and
investments. In fact, the difference in policies has inevitably been reflected in the
different level both of deployment of each type of renewable energy source as well as
the development of the respective technologies. Moreover, policies influence the
growth and competitiveness (development) of industries associated with the various
technologies.
Australia’s renewable electricity is relatively undiversified compared to the European
Union. Since 2001 Australia’s main support to renewable electricity is given through
the Renewable Energy Target (Renewable Portfolio Standard). The RET aspires to
source 20% of electricity from renewable sources. However, in reality, it seeks to
support a specific amount of generation (i.e. 45,000 GWh by 2020) rather than a share
5

of electricity generation. As we shall see, this type of support favors the deployment
of the cheapest renewable energy sources, which in Australia’s case is wind.
In contrast, the European Union has set a target for 2020 to source 20% of gross final
energy consumption from renewable sources. This does not only include electricity
but also heating and cooling and transport fall under the target. The overall target is
broken down to member state targets determined in the National Renewable Energy
Action Plans (NREAP). The instruments used to reach the targets are chosen by each
member state. According to NREAPs electricity consumption alone, it is predicted to
have 34.3 % share of renewable energy1.
For the purpose of this paper, Germany and Italy have been taken as sample member
states. Germany has a well developed and successful feed-in tariff system, whereas
Italy is interesting given its differentiated Renewable Portfolio. In addition, both
countries are among the top EU members in terms of investment and generation of
renewable electricity.
The aim of this paper is to give an overview of the business climate and future
business opportunities in the sector of renewable electricity generation in Australia.
Given the importance of government incentives for the uptake of renewable energy,
the first chapter addresses the respective policy frameworks. In order to provide a
better understanding of the reason policy design plays a crucial role in determining
the economic competitiveness of the different types of RES-E technologies and
consequently their entrance into the electricity market, this paper further introduces
key elements of technical and economic performance of the individual renewable
electricity technologies.
Further, the present paper takes into consideration installed capacity and future
potential as to give some indication of what could be the future developments in the
renewable energy sector in the countries at stake. In the last chapter, one of the
determining elements for the entrance of renewables in the electricity market is
covered – Grid and the electricity market. Finally, conclusions and implications for
businesses and potential investors are given.

1
According to the NREAPs renewable heating and cooling will reach 21.3% in 2020. The transport sector is
estimated to reach a share 11.27% of diesel and gasoline consumption in 2020.
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2 Background
2.1

Carbon profile

Australia’s greenhouse gas emissions amount to about 1.5 % of global greenhouse gas
emissions, placing it among the top 20 polluting countries in the world. Among the
OECD countries Australia has the most emission intensive economy. In contrast, the
majority of European economies have emissions below the OECD average.

Figure 2.1: GHG emission intensity of OECD economies, 2005

Source: WRI (2009), IEA( 2009)
Australia’s critical pollution profile is largely due to its economy strongly relying
upon high carbon intensity energy sources and upon high energy consuming
industries, such as aluminum smelters. Electricity generation is the country’s largest
source of greenhouse gas emissions as it is responsible for just over a third of the total
carbon pollution (Australian Government, 2011b). This is mainly due to the
availability of cheap and abundant coal as well as the relatively modest use of
renewable electricity.
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Figure 2.2: Proportion of OECD nations’ GHG emissions accounted for by the
electricity sector

Source: IEA (2009)
Notwithstanding the existing climate change policies - such as the Renewable Energy
Target and the Carbon Farming Initiative - Australia’s carbon pollution levels are
rising rapidly and are projected to rise even faster in the future. In the case that no
further action is undertaken, Australia’s carbon pollution is projected to grow to 679
million tones in 2020, which amounts to a 22 % increase over the two decades from
2000 to 2020. (Australian Government, 2011b)
Over the next decade the growth of carbon emissions is expected to be mainly
associated with the extraction and processing of energy resources steered by strong
export demand. Almost half of the increase in Australia’s total emissions from 2010
to 2020 is predicted to be from fugitive emissions from coal mines and oil and gas
projects, as well as direct fuel combustion emissions from liquefied natural gas
projects. Emissions from electricity generation are projected to grow 8% in 20102020. (Australian Government, 2011b)
As underlined in the Australian Government’s comprehensive plan for energy, (Clean
Energy Future), “Australia needs to reduce carbon pollution and generate cleaner
pathways to economic growth in order to maintain its international competitiveness in
the future as more countries take action on climate change”. (Australian Government,
2011b)
8

2.2

International Climate Change Commitments

Both Australia and the EU take part in the global effort to avoid dangerous climate
change and have made commitments to decrease their carbon footprint.
In December 2007, Australia ratified the Kyoto Protocol and so became a full member
of the Kyoto Protocol by the end of March 2008. Australia’s legally binding target
for the first commitment period2 2008-2012 was to limit its greenhouse gas emissions
growth to 108 %3 of its 1990 baseline, this amounts close to a 30% reduction from its
'business as usual' projections.
The European Community signed the Protocol on 29 April 1998. The following
decision of the European Council, in December 2001, approved the Protocol on behalf
of the Community and thus confirmed the Union’s intention to put into force the
Kyoto Protocol. A process of coordinating and ratifying of instruments among
member stated followed. Finally, on 31 May 2002 the EU and all Member States
formally committed to the protocol as the ratification was completed. The Kyoto
Protocol required that all 15 current member states of the EU reduce their collective
emissions in the 2008-2012 period by 8% below 1990 levels.
The commitments for the second period under the Kyoto treaty are yet to be agreed.
Australia’s compliance with its post-Kyoto greenhouse gas obligations will likely
imply significant cuts to electricity emissions which in its turn will probably result in
major deployment of renewable electricity.
So far, the United Nations 2009 Copenhagen Climate Change Conference, and the
2010 conference in Cancun, called for limiting global average temperature rise to no
more than 2°C above pre-industrial values, however no agreement has been reached.
On 27 January 2010, Australia submitted its emissions reduction target range to the
Copenhagen Accord: an unconditional target of 5% reduction on 2000 levels by 2020,
and conditional reductions of up to 15% or 25% depending on the scale of global
action. Meeting the 5% target will require abatement of at least 159 Mt CO2-e, that is
to say 23% below 2000 levels by 2020. (2)
Moreover, as part of its plan to secure a clean energy future, the Government has
established a new long-term target to reduce carbon emissions by 80 % compared
with 2000 levels by 2050 (Australian Government, 2011b). This is consistent with the
2

The first commitment period i.e. the time period in which industrialised countries made specific commitments to
reduce emissions is from 1 January 2008 to 31 December 2012
3
Australia was one of three countries—along with Norway and Iceland—granted an increase of its emission levels
on its 1990 base; an argument won on the concept of 'differentiated targets' based on a country's particular
economic circumstance.
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findings of the Intergovernmental Panel on Climate Change’s Fourth Assessment
Report that, to stabilize concentrations of carbon pollution at 450 parts per million
needed to limit the increase in temperature to more than 2 degrees Celsius, developed
countries should set targets for 2050 between 80 to 95 % below 1990 emissions.
Treasury modeling shows this target can be achieved with modest cost to Australia’s
economy (Australian Government, 2011b).
Similarly, as reconfirmed by the European Council in February 2011, the EU has also
pledged to reduce greenhouse gas emissions by 80-95% by 2050 compared to 1990.
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3

Policy framework - Renewable electricity support

3.1

Renewable electricity support mechanisms

There are three main mechanisms to support electricity generation from renewable
sources: subsidization, carbon pricing and GHG emission license trading (Bruckman,
2010). These instruments vary in terms of effects they have on the development of
different technologies.
On one hand, the GHG emission trading systems (ETS) and GHG emission (or
carbon) taxes give the same price incentive to reduce CO2 emissions across all
renewable and non-renewable types of technology.
On the other hand, subsidies provide impetus only for renewable technologies.
Subsidies ensure increased prices to the generators of renewable electricity and are
given either through Feed-in Tariffs (FiT) or Renewable Portfolio Standards (RPS)
(Buckman, 2010). The RPS mechanism discriminates in favor of all renewable energy
sources against all non-renewable sources, but gives the same incentive to all types of
renewable technologies. In contrast, FiT’s give different incentives to the various
types of renewable technologies.
At present, subsidies to the generators of renewable energy are the principal form of
support to renewable electricity. For this reason we shall go more into debt on this
regard. A comparison of the most common form of subsidies i.e. FiT and RPS
follows.

3.2

Feed-in Tariffs (FiT) vs. Renewable Portfolio Standards (RPS)

From an economic perspective the Feed-in Tariff is a price-based mechanism whereas
the Renewable Portfolio Standards is quantity-based mechanism.
With Feed-in Tariffs (FiT) the government determines how much subsidy shall be
paid for each type of renewable energy, leaving the market to determine the amount
of energy that will be produced by the different types of renewable energy. In other
words, the FiT mechanism imposes a government-mandated minimum price that
electricity retailers have to pay for renewable electricity. In general, these prices vary
depending on the renewable electricity type and, in some countries, the price also
depends of the locations of the renewable electricity generators. Three key elements
typically characterize a successful feed-in tariff: (1) guaranteed access to the grid; (2)
stable, long-term purchase agreements (usually, 15-20 years); and (3) payment levels
based on the costs of RE generation (Mendonça, 2007).
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The Renewable Portfolio Standards (RPS), also referred to as quota system, allows
the government to determine the amount or share of renewable electricity that must be
generated but the market determines the level of subsidy that shall be paid for it. The
RPS imposes an obligation on electricity retailers to purchase a minimum, mandated
quantity of their electricity from renewable sources. This obligation is, in most
countries, transferable via tradable certificates. Certificates are granted for a standard
unit, usually 1 MWh, of electricity generated from renewable sources. That is to say,
when the targeted amount of renewable electricity set by the RPS mechanism is
broken down, it basically determines the share of electricity that the retailers are
obliged to source from renewable resources. Therefore, the RPS imposes an
obligation on retailers to source a predetermined share of their electricity from
renewable resources.
The crucial difference between the two mechanisms is the decision making power of
the government versus the market. The FiT gives different financial incentives to
different types of technologies of renewable energy. The market is left to decide how
much energy to produce and with which technology. On the other hand, with the RPS,
the government sets a clear target in terms of the total amount of renewable energy
that must be generated giving an equal treatment to all technologies of renewable
energy. Accordingly, the market can choose which technology to deploy and how
much subsidy to ask for the given amount of electricity.
Since 2001, Australia has mainly subsidised its renewable electricity, a Renewable
Portfolio Standard – currently named Large-scale Renewable Energy Target (LRET)
and Small-scale Renewable Energy Scheme (SRES). Australia’s Renewable Portfolio
Standard is somewhat similar to the ones in UK, Belgium and Italy. However, there
are important differences. The schemes used in these three countries typically provide
different levels of support for different technologies – offshore/onshore wind, solar,
hydro, and geothermal. In contrast, the Australian system provides just one level of
support irrespective of technology.

3.3

Australia – Regulatory Framework

With the aim to cut pollution and steer investment in new clean energy sources the
Government of Australia has developed/adopted a comprehensive plan for a “clean
energy future”. The Plan consists of four elements: introducing a carbon pricing,
promoting innovation and investment in renewable energy, encouraging energy
efficiency as well as creating opportunities in the land sector to cut pollution
(Australian Government, 2011a).
The “Clean Energy Plan” underlines Australia’s need to decouple economic growth
from pollution. In order to achieve this the plan emphasis that Australia “must reduce
12

its dependence on existing pollution-intensive technologies, use cleaner forms of
energy, including renewable energy; learn how to use energy more wisely; make the
most of opportunities to reduce pollution and store carbon on the land”(Australian
Government, 2011b).
The instruments influencing the breakthrough of renewable electricity generation in
Australia are described below and include:
 Carbon pricing and the carbon pollution reduction scheme (yet to take effect)
 Renewable Energy Target (RET) (special attention is devoted to the key
mechanism currently)
 Australia’s application of the FiT is explained.

3.3.1 Carbon pricing
Carbon pricing will change Australia’s electricity generation. Combined with support
for innovation, a carbon price will stimulate research and development into
technologies that lower the costs of renewable energy.
In addition, it will also provide incentives for existing coal-fired generators to invest
in increasing efficiency and decreasing pollution. (Australian Government, 2011b)
According to Treasury modeling estimates the carbon price will induce an overall
reduction in pollution from the electricity sector of almost 500 million tones by 2030,
compared with what would have occurred without a carbon price. (Australian
Government, 2011b)
At present, electricity generation technologies with low or no emission are more
expensive than conventional coal-fired generation. By putting an economic premium
on cleaner technologies a carbon price will reduce the cost differential between
electricity generated from renewable sources and electricity from conventional coalfired generation.
The carbon pricing mechanism will drive significant investment in renewable energy.
According to the Treasury modeling, with the introduction of carbon price energy
from the renewable sector is projected to account for around 40 % of Australia’s
electricity generation by 2050. This represents a significant increase from its present
level of approximately 8 % (Australian Government, 2011a).
For the first three years, the Government plans to implement a carbon price which
will be fixed like a tax. In the fixed price stage, starting on 1 July 2012, the carbon
price will start at $23 a tonne, rising at 2.5 % a year in real terms. After moving to an
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emissions trading scheme in 2015, the carbon price will be set by the market
(Australian Government, 2011b).
3.3.2 Carbon Pollution Reduction Scheme
The Carbon Pollution Reduction Scheme (CPRS) was Australia’s proposed cap-andtrade emissions trading scheme. It was supposed to be the main element in Australia’s
efforts to reduce its greenhouse gas emissions. The CPRS went through a number of
changes as the related legislation was considered by Parliament. However, until now a
similar Bill has not been introduced to Parliament.
The former Rudd Government deferred the CPRS to at least 2013 due to the slow
progress of global emissions control efforts and the political difficulty of gaining
Senate approval for this scheme. The Gillard Government has, to date, promised no
more than to work towards the introduction of a carbon price over an undefined time
frame. Effectively the CPRS, in its last legislated form, is now off Parliament’s
legislative agenda.
3.3.3

Renewable Energy Target (RET)

Over time, it could be expected that the carbon tax and the carbon price which will
follow it will become the main avenue of support for renewable energy. The carbon
tax / price will progressively increase the costs of fossil-fuel electricity generation to
the point where it equals the cost of the cheapest form of renewable energy. At
present, this is wind. However it will take many years until that point is reached. In
the interim, the principal support will come from the Renewable Energy Target
legislation.
The mechanism has changed name and form during the years. First introduced in
2001 as the Mandatory Renewable Energy Target (MRET), in 2009 it was expanded
and slightly changed becoming the Renewable Energy Target (RET), and finally from
2011 the RET target has been separated into the Large-scale Renewable Energy
Target (LRET) and the Small-scale Renewable Energy Scheme (SRES).
As part of Australia’s efforts under the Kyoto agreement, the Mandatory Renewable
Energy Target (MRET) was designed to provide support for renewable electricity
generation and so reduce GHG emissions. However, it did not foresee any special
incentives for less mature and more costly renewable electricity technologies.
With MRET the government aimed to increase the share of renewable electricity
generation by approximately 2 % by 2010 (compared to the share in 1996-97),
however, the mechanism only actually succeeded to slow down its decrease.
(Buckman, 2010) As specified in the Renewable Energy (Electricity) Act 2000 under
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which the MRET operated, the target was set to ensure the generation of 9500 GWh
of extra renewable electricity per year by 2010. Therefore, the announced target of
12.5 % of renewable electricity share was only a government aspiration rather than a
legally binding target given that the 2009 Bill does not specify a generation share.
The renewable energy sources that have experienced the greatest growth under the
MRET are solar hot water, wind energy and, to a lesser extent, solar electricity
(ABARES, 2011).
In 2007, the Labor Party beat the incumbent Liberal Party in a national election. One
of the Labor’s policy commitments was to substantially increase renewable energy
generation. To this end, the Renewable Energy (Electricity) Bill 2009 was introduced
to amend the Renewable Energy (Electricity) Act and replace the MRET with the
RET. This expanded the target from 9 500 GWh by 2010 to 45,000 GWh by 2020. In
addition, the RET differs from the MRET as it included significant customer
exemptions and increased the non-compliance charge. The RET seeks to provide that
20 % of Australia’s electricity be produced from renewable energy sources by 2020.
However, to date, all of Australia’s quota system targets determine amounts of
renewable electricity to be generated, rather than shares of renewable electricity
generation. Thus, the achievement of the renewable electricity share depends on the
growth of electricity demand.
Finally, with the aim to stop the decrease of the Renewable Energy Certificate (REC)
prices during 2009, the RET was split into two separate targets and markets.
Therefore, Australia now has two renewable energy targets. One, the Large-scale
Renewable Energy Target (LRET) pursuing the generation of 41,000 GWh of
renewable electricity by 2020 which applies to large scale generators. The other,
Small-scale Renewable Energy Scheme (SRES) with an uncapped target of 4 GWh
mainly covering household generators such as solar water heaters, heat pumps, solar
panel systems, small-scale wind or hydro systems
The LRET and SRET certificates are similar in that each scheme provides one
certificate for each megawatt hour of renewable electricity generated. The main
difference between the LRET and the SRET is the way the certificates are traded.
LRET certificates are traded in an open market where the price varies in accordance
to the variations in supply and demand. In contrast, the price for SRET certificates is
fixed. Owners of the SRETs redeem the value of the certificate by returning them to
the regulator.
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3.3.3.1 Solar Credits’ scheme
Introduced under the Renewable Energy Target and now operating under the SRES
the Solar Credits’ scheme aims to provide additional support to the installation of
small renewable energy generating units4 by households, businesses and community
groups.
Solar credits are only applicable to the first 1.5kW of on-grid capacity for systems
connected to a main electricity grid and up to the first 20 kW of capacity for off-grid
systems. All generation beyond these limits is eligible for one STC (Small-scale
Technology Certificate). Initially, the scheme was due to last from June 2009 to July
2015 but it is now set to finish in July 2013.
The scheme provides additional support by granting extra certificates (RECs) to small
scaled renewable electricity generators. This is done by setting a “multiplier” that
determines how many times more certificates (RECs) are obtained by the eligible
small generators compared to the standard one certificate for each megawatt-hour
under the LRET. In other words, the multiplier increases the number of certificates
granted for the same amount of renewable electricity generated
The multiplier is set to decrease over time as the cost of the technology falls.
Originally a multiplier providing 5 RECs per MWh was applied, from July 2011 the
multiplier declined to three and will be reduced by one each financial year5 until the
end of the scheme in July 2013.
Even though the Solar Credits’ scheme does not entail the production of additional
renewable electricity, it does contribute to the achievement of the REC target as it
encourages the deployment of renewable energy generators.

3.3.3.2 Large-scale Generation Certificates (LGCs) and Small-scale Technology
Certificates (STCs)
Australia relies upon tradable certificates in order to stimulate additional generation of
electricity from renewable sources and reduce emissions of greenhouse gases in the
electricity sector.
The LRET and SRES targets are basically translated into legal obligations for liable
entities - typically electricity retailers or, in some cases, electricity generation
companies. Namely, all entities making wholesale acquisitions of electricity, so

4
5

Such as rooftop solar panels, and small-scale wind and hydro electricity systems.
In Australia the financial year is from 1 July to 30 June each year
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called relevant acquisitions, on grids6 with an installed capacity of 100 MW are
obliged to surrender certain amount of LGCs and STCs to the Office of the
Renewable Energy Regulator (ORER). Failure to surrender adequate certificates leads
to a non-compliance charge of $65 per MWh .
In order to achieve the predetermined LRET targets by 2020, the Government has set
annual targets for each year of the scheme. This annual target together with the
estimated amount of electricity to be acquired for the year by the liable entities, the
previous year LGCs carried forward surplus or shortfall7 and the estimated amount of
all partial exemptions expected to be claimed for the year, determines the number of
LCGs to be surrendered by the liable entity. The STCs liability is determined in a
similar way but it takes into account the amount of small-scale technology certificates
that will be created for the year rather than the LRET target. LGCs must be
surrendered on an annual basis while STCs on a quarterly basis.
Electricity retailers and wholesale buyers (referred to as ‘liable entities’) can choose
to either generate the electricity from renewable energy sources themselves, or
purchase certificates directly from renewable energy power stations/generators, agents
or other individual registered persons. This creates a market for RECs. The
certificates are traded as commodity in the market.
Liable entities can be purchased on the STC Market, at a fluctuating price determined
by demand and supply, or on the STC Clearing House at a fixed price of $44 per
STC8, which results in setting a cap on STC price. LGCs are sold through the open
LGC market, where the price will vary according to supply and demand, in the past
it has varied between $10 and $60. (ORER, 2011a)
The certificates are created by eligible renewable energy sources. The LREC are
generated based on the amount of eligible renewable electricity produced by
renewable energy power station such as wind and solar farms, or hydro-electric power
stations. On the other hand, the SRECs are created according to the amount of
electricity produced by small-scale solar panel, wind or hydro system; or by the
amount of electricity displaced by a solar water heater or heat pump. One LREC or
SREC is equivalent to one additional megawatt-hour (MWh) of electricity generated
from renewable energy sources (above a 1997 benchmark) (ORER, 2011a).

6

A grid is defined as a network of transmission and/or distribution lines that connects generators to end-users
The liable entity can have a carried forward shortfall into future years if it has surrendered at least 90 % of the
current LGC liability. When the shortfall is greater than 10 % the liable entity must pay the Large-scale
Generation Shortfall Charge (LGSC).
8
See: http://www.orer.gov.au/liable-entities/processes.html#purchasingstcs
7
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The REC Registry, an Internet-based registry managed by the ORER facilitates the
creation, registration, transfer of ownership and surrender of LGCs and STCs,
however all payment negotiations are made outside the REC Registry.
By legislating, the demand for LGCs and STCs a financial incentive is respectively
given for the establishment and growth of existing renewable energy power stations
and the installation of small-scale renewable energy systems.
3.3.4 Feed- in Tariff
Australia does not have feed-in tariffs set on the federal level. State and territory
governments, however, have developed their own FiT mechanisms. Although all of
the currently existing FiTs are dedicated to small-scale generators the tariffs differ in
terms of applicability to type of renewable energy electricity source and the form of
FiT - gross or net.
However, the ACT is planning to introduce in 2011 an auction based capped FiT for
large solar generators, and in July 2010 the Victorian government announced its
intention to introduce a dedicated large-scaled solar FIT that will aim to generate 5%
of the state’s electricity by 2020 (Parkinson, 2010). In addition, the ACT is the only
one that has a FiT scheme with a degression rate.
As for the applicability, Australia’s FiT mechanisms are mainly focused on solar
photovoltaic (PV) generation with two exceptions. The feed-in tariff in the Australian
Capital Territory (ACT) applies an undifferentiated tariff to all Renewable electricity
types and in New South Wales (NSW) applies to both solar and small scale wind.
In contrast, FiTs in Denmark, Germany and Spain which can be applied to all types of
Renewable electricity and to any scale of generation.
Three out of eight states and territories - Australian Capital Territory (ACT), New
South Wales (NSW) and Northern Territory (NT) – apply a gross FiT. This type of
FiT grants a premium for each kilowatt hour produced by a grid connected system
with the system owner buying-back any electricity they need to use from the grid at
the lower retail price. Whereas the net FiT in all the remaining states applies a
premium rate only to the electricity that is not used by the owner i.e. the surplus
electricity.
The first FiT commenced in 2008 with South Australia’s Solar Feed-in Scheme. The
scheme will operate until 2028 and consists of a net FiT of 54 cents per kilowatt hour
for some electricity generated by solar photovoltaic systems fed into the South
Australian electricity grid.
18

3.3.5

Implications of Australia’s Renewable Energy Support

There are four important features to note regarding Australia’s renewable energy
target.
First, unlike the EU, Australia’s renewable energy target is calculated as a percentage
of total electricity generated rather than energy in general. Therefore, the target set by
Australia is not that high. It amounts to around 8% of energy being produced by
renewable sources. This is quite low compared to EU’s aim to source 20% of all
energy from renewables.
Second, the target is expressed in terms of generation hours rather than share of total
electricity generation. Therefore, whether or not Australia will reach the announced
20% target by 2020 depends on the accuracy of the projected growth of electricity
consumption. In other words, if the actual increase in consumption is much higher
than assumed the percentage share of renewable electricity in Australia will be far
from its target.
Third, the Renewable Portfolio Standard is an instrument deliberately designed to
support only the least expensive type of renewable electricity generation - such as
wind. The mechanism foresees that the government sets the target – the amount of
renewable electricity to be generated. However, it is left to the market to decide how
to attain the target and thus fulfill the imposed requirement. The market has no
incentive to deploy but the cheapest type of renewable electricity. This is a major
drawback of the RET i.e. the LRET-SRES as it fails to support a wide range of
renewable electricity technologies. The design of the RET is the main reason why
Australia has had a boom in wind energy.
Fourth, the state and territory feed-in schemes which could be an instrument to
diversify Australia’s renewable energy are restricted to small-scale generators and
prevalently focused on solar photovoltaic (PV) generation.

3.4

EU – Regulatory Framework

Energy security, climate change, growing dependency of imported fossil fuels,
emergence of large new energy consumers and volatile energy prices are among the
main driving forces shaping EU’s energy policy. In this context, the promotion of
electricity from renewable energy sources is a high European Union priority given
that it contributes to the security and diversification of energy supply, environmental
protection and social and economic cohesion.
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In addition, the development of new energy alternatives is also seen as a way to
sustain Europe's competitiveness in growth and job-creating new industries9 (EC
2011a). The European Union’s intention to converge environmental goals with
economic goals is shown by the incorporation of energy and climate goals into the
latest European growth strategy - Europe 202010, adopted by the European Council in
June 2010.
In order to promote a more diverse and secure energy mix the European Union has
been setting throughout the years a Community framework for the promotion of
renewable energy sources. The EU renewable energy policy started in 1997 with the
adoption of the White paper “Energy for the Future: Renewable Energy Sources”11,
that set a target of 12% share of gross inland energy consumption to be supplied from
renewable sources for the EU-15 by 2010.
Following the 1997 White Paper in 2001 the Renewable Electricity Directive12 was
adopted - the European Union’s first renewable energy legislation. The Directive set
an overall target to source 21%13 of electricity from renewable sources by 2010. In
order to reach the target, each member state was given a national indicative i.e. nonbinding target for renewable electricity. It was left to the discretion of member states
which instruments to use in order to reach their targets.
In 2007, the European Council adopted ambitious energy and climate change
objectives for 2020: cutting greenhouse gas emissions by 20% (or by 30% if the
conditions are right14), sourcing 20% of energy from renewable sources and
increasing energy efficiency by 20%. Furthermore, the Council also gave a long term
commitment to reduce its carbon footprint with a target, for the EU and other
industrialised countries, of 80 to 95 % cuts in emissions by 2050. (EC, 2010)

3.4.1 The Renewable Energy Directive
The Directive on the promotion of the use of energy from renewable sources
(Directive 2009/28/EC 15) sets the target of reaching at least a 20% share of renewable
9

“The European industry leads global renewable energy technology development employs 1.5 million people and
by 2020 could employ a further 3 million”. (EC, 2011a)
10
See: Communication from the Commission (doc. 7110/10 of 5 March 2010).
11
European Commission (COM(1997)599 Final): Communication for the Commission. Energy for the future:
Renewable sources of energy. White Paper for a Community Strategy and Action Plan. 1997
12
See: Directive 2001/77/EC of 27 September 2001 on the promotion of electricity produced from renewable
energy sources
13
Initially set at 22.s1% after the 2004 enlargement the overall EU target became 21 %.
14
The European Council specified: "provided that other developed countries commit themselves to comparable
emission reductions and economically more advanced developing countries to contributing adequately according
to their responsibilities and respective capabilities"
15
See: Directive 2009/28/EC of 23 April 2009 on the promotion of the use of energy from renewable sources
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energy in the EU’s final energy consumption by 2020. It is important to note, that the
Directive sets a target covering not only electricity but energy consumption as a
whole, thus including heating and cooling as well as transport. This is a significant
difference between the Australian and European target.
In contrast, to the EU’s previously loose legislative framework which set only
indicative targets, the 2009 Directive sets mandatory i.e. legally binding national
targets for each Member State for the overall share of renewable energy sources
(RES) in gross final energy consumption as well as a mandatory share of 10% RES in
transport. (EREC, 2011) Among the reasons that prompted a change in policy
approach was the insufficient rate of progress towards agreed targets, and the need to
foster renewable energy development in all Member States (EC, 2011a)
The Renewable Energy Directive and the legislative framework ensures the
implementation of this target and required Member States to draw up renewable
energy strategies in the form of National Renewable Energy Action Plans. The
NREAPs set out how each Member State aims to achieve its national target in the
three sectors (electricity, heating and cooling, transport). (EREC, 2011)
“Combined Member States expect to more than double their total renewable energy
consumption from 103 Mtoe in 2005 to 217 Mtoe in 2020 (gross final energy
consumption). The electricity sector is expected to account for 45% of the increase,
heating 37% and transport 18%”16. (EC, 2011a)
According to the NREAPs EU will have a renewable electricity share of 34.3% in
2020.The German NREAP foresees that 38.6% of the country’s electricity will be
generated from renewable sources: Hydropower 3.6%; Geothermal 0.3%;
Photovoltaic 7.4%; Wind offshore 12.9%; Wind onshore 5.7%; Biomass (solid,
biowaste, bioliquid) 4.6% and Biogas 4.2%. Germany has an overall 18% Renewable
Energy Target. (EREC, 2011)
The Italian NREAP aims to achieve a renewable electricity share of 26.4%: Large
Hydro 8%; Hydro (below or equal to 10MW) 3.2%; Geothermal 1.8 %; Photovoltaic
2.6%; Solar Thermal Electricity 0.5%; Wind offshore 0.5%; Wind onshore 4.8%;
Biomass (solid, biowaste, bioliquid) 3.4% and Biogas 1.6%). Italy has an overall 17%
Renewable Energy Target. (EREC, 2011)

16

The estimates are based on preliminary analysis of National Renewable Energy Action Plans
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3.4.2 European Union Emissions Trading System
The European Union Emissions Trading System (EU ETS) will play an important role
in the transformation of Europe’s energy sector as it promotes the entry of low carbon
technologies into the market. In order to change investment paths and operational
strategies the ETS, according to the Commission, must be characterised by sufficient
carbon price signals and long term predictability. The Commission also emphasis that
the revenues from the auctioning of ETS allowances and CO2 taxation could be used
to reduce labor costs. This would also have a positive effect on employment.
However, the effectiveness of the EU Emissions Trading System since 200517, when
it was first launched, has been limited due to the fact there has been an oversupply of
emission allowances. As a result, the carbon prices crashed thus compromising the
credibility of the scheme. Even though, the EU ETS has been revised and the
emission caps have been tightened the prediction, given by climate group Sandbag18,
for the third emission allowance period (from 2013 to 2020) are not promising.
The excess of carbon permits from the previous carbon trading periods as well as the
recession that has allowed companies to accumulate allowances will significantly
reduce the environmental pressure on companies. Needless to say, this will
undermine the investment in low-carbon technologies. The only way seems to be
further tightening of the caps.

3.5

RES-E support instruments in EU Member countries

Within the EU the Renewable Portfolio Standard is currently used by Belgium, Italy,
Sweden, United Kingdom, Poland and Romania. Ecofys (2011)
The Feed-in tariff, in the past as well as now, has been much more widespread among
the European countries. The first modern enactment of an FIT was the Portuguese FiT
in 1988, followed by the German FIT in 1990 and the Danish FIT in 1992 (Mendonça
et al 2010). Currently, FiT is implemented in the following Member States: France,
Germany, Spain, Greece, Ireland, Luxembourg, Austria, Hungary, Portugal, Bulgaria,
Cyprus, Malta, Lithuania, Latvia and Slovakia. Ecofys (2011)

17

To date there have been two phases of carbon trading. The first, lasted from 2005 to 2007. The second phase
started in 2008 and will last until December 2012.

18

See: Cap or trap? How the EU ETS risks locking in carbon emissions, September 2010, Sandbag.
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Figure 3.1: Main RES-E support instruments in EU Member countries

Source: Ecofys (2011)
Figure 3.2 shows the time periods during which different support mechanism have
been implemented by the member states, as well as when they have been adapted or
changed. Germany has a long history of feed-in tariffs even though there have been
significant adaptations. In contrast, Italy has passed from differentiated tariff to a
differentiated quota system and finally to combination of FiT and RPS. Moreover,
there are ongoing reforms as we shall subsequently see.
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Figure 3.2: Overview evolution of RES-E support instruments

Source: Fraunhofer ISI (2011)
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Besides the difference in types of support used by the member states there is also a
significant difference in the amount of money they invest in the promotion of
renewable technologies.
Figure 3.3 depicts the net support expenditures in 2009 for renewable energy
technologies for electricity, heat and transport. For what concerns expenditures in the
electricity sector, Germany undoubtedly leads with approximately €6.2 billion,
followed by Italy and Spain with about €4 billion.
It can also be noticed that in all three countries the investment in renewable
electricity considerably prevails over the amount of money spent on heat and
transport. However, it should be noted that the figure depicts net expenditures in
absolute terms i.e. the total amount of Euros spent.
Figure 3.3: Net support expenditures for RES by sector in 2009 in absolute terms

Source: Ecofys (2011)
When taking into consideration the level of consumption we can see how much the
member states spent in support per MWh (euro/MWh). Spain followed by Italy and
Germany are again the leading countries
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Figure 3.4: Net support expenditures for RES-E in total in 2009 in relative terms
– expressed as RES-E support per unit of overall gross final electricity
consumed.

Source: Ecofys (2011)
Germany and Italy have been taken as sample member states. These two countries
have been chosen for a series of reasons among which: the peculiarity of their support
mechanism; the important role they, and in particular Germany, play for the
development of renewable sector; the level of expenditure in the field of renewable
electricity.

3.5.1

Germany’s RES-E support

Germany’s main support for electricity from renewable sources is provided through a
feed-in tariff scheme. This mechanism was introduced in 2000, as a reaction to the
falling electricity and premium prices due to the 1998 deregulation of the electricity
market.
All relevant technologies are eligible for the FiT. However, in order to receive the
support operators have to register their installation with the federal grid regulator. No
support is granted to co-firing in conventional power plants, new hydropower plants
(with capacity >5MW), biogas plants based on sewage and landfill gas (>5MW),
biomass installations (>20MW), and, as of January 2011, ground mounted PV
installations on cultivation areas (Fraunhofer ISI, 2011).
Feed-in Tariffs are fixed and are granted for a period of 20 years plus the year of
commissioning. The only exception is modernised hydropower plants which receive
the tariff for 15 years.
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Tariff levels are differentiated by technology and size of installation. Furthermore, in
order to foster technical development the tariffs are subject to pre-defined annual
digression for new installations. The digression rates are also fixed and differentiated
for technologies.
Table 3.1: Overview on tariff ranges granted by feed-in tariff scheme per
technology

Source: Fraunhofer ISI (2011)
Since July 2010, solar PV feed-in tariffs have been reduced substantially. Besides
the already fixed digression rate, two additional unscheduled one-time digression
rates of 13% (July) and 3% (October) were applied in 2010. Moreover, a “breathing
cap” was introduced in order to adapt the digression rates to the PV market
development in the preceding year. The reduction of tariffs will most probably be
further tightened by the implementation of the Europa-anpassungsgesetz Erneuerbare
Energien (EAG-EE) which passed the federal council (Bundesrat) in March. On the
other hand, tariffs for offshore wind energy will only be reduced after 2015
(Fraunhofer ISI, 2011).
Tariffs for wind power plants depend on the site quality: All plants receive the high
tariff for the first five years. However, plants at poorer quality sites receive the higher
tariff for a longer period. The length of the period for which the plant is granted the
high tariff depends on the average yield /generation cost of each single plant during
the first five years.
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In contrast, incentives for auto-consumption (direct use) have been increased and
differentiate by the share of direct use and the size of installation. Remuneration for
direct use is granted up to an installed capacity of 500kW for all installations
commissioned after July 2010.
Different additional bonuses are granted based on further quality characteristics, such
as innovative technology, the fulfillment of sustainability criteria, auto-consumption
or high efficiency.
There is no general cap on the feed-in support as the scheme is not financed by
governmental budget but costs are allocated to the final electricity consumers. As a
result, there are no constraints on the available annual budget or volume of new
installations.
Responsibilities for the FiT scheme are divided between the Federal Ministry of
Environment (BMU) and the Federal Grid Agency. The scheme is regulated by the
2009 Renewable Energy Sources Act (EEG), which aims to increase the share of RES
in total energy supply to at least 30% by 2020. However, there is no end-date set for
the feed-in scheme. The Act and the tariffs are reviewed regularly by BMU, in
accordance with the Federal Ministry of Food, Agriculture and Consumer Protection,
as well as the Federal Ministry of Economics and Technology.

3.5.2 Italy’s RES-E support
The mandatory renewable electricity quota was introduced in 2001. It was first
combined with the existing FiT mechanism and then replaced it. The quota imposes
an obligation on producers and importer to source a growing share of their electricity
from renewable sources. Initially set at 2 %, in 2011 the quota increase to 6.8 %. In
order to discharge from this obligation electricity producer or importers had to
surrender tradable green certificates (TGCs).
In case of non-compliance, the GSE which verifies the amount of certificates handed
over by the obligated subjects, informs AEEG (Regulatory Authority for Electricity
and Gas). The AEEG who can impose a sanction, however, the sanctions have not
been adequately defined. As a consequence, there was an incentive not to comply
with the quota system.
Plants eligible to be granted TGCs had to comply with requirement. First, generate
electricity from the following sources: hydro, wind, geothermal, solar, marine,
biomass and waste. Second, have an annual production of more than 50 MWh. Third,
be commissioned after 31 March 1999. The certificates can either be exchanged
through bilateral contracts or traded on a specific market managed by GME
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(Electricity Market Administrator). The value of the certificates is regulated by the
market, although in case of excess or shortfall of certificates on the market GSE
intervene by buying or sometimes selling certificates at a published price (Fraunhofer
ISI, 2011).
As from 2008 the certificates have been differentiated hence attributing different
coefficients to each technology taking into consideration the various generation costs.
However, Italy’s RPS banding is not particularly differentiated when compared to, for
example UK’s banding. This means that even though the level of support varies
according to the technologies, it does not vary significantly .

Table 3.2: Technology-specific certificate coefficients and Feed-in tariffs for
small plants

Source: Fraunhofer ISI (2011)
As an alternative to TGCs, in 2008, a 15 year feed-in tariff for RES-E schemes under
1 MW was enacted. Photovoltaics are not included in the feed-in tariff as it is
supported with a Premium scheme called Conto Energia. Introduced in 2005 and
modified in 2007 and 2010, the scheme grants a constant premium for 20 years for
PV generation. The premium is differentiated according to size and level of
architectural integration. The mechanism has had a big success with more than 2 GW
installed in 2010 and 273 MW installed in the first two months of 2011. However,
after complaints about the scheme being too generous and making consumers,
including companies bear the costs through electricity bills the PV premiums have
been repealed since May 2011. (Fraunhofer ISI, 2011)
In March 2011, Italy began an indepth revision of the support policy with an aim to
reduce its impact on electricity bills. The new law actually requires the adoption of 14
Ministerial Decrees until the end of 2011, the reformed system coming into force
from 2013 for RES-E.
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Starting from 1 January 2013 Italy’s RPS will be replaced by a tender scheme. The
incentives given under the tender scheme will also be differentiated according to
technology and will apply to new plants of generation capacity above the
predetermine threshold of 5MW, with the exception of biomass. For all plants below
the threshold the Feed-in tariff applies.

30

4 Renewable Electricity Technologies
In order to have a better understanding of the present and possible future level of
entry of different types of renewable electricity sources into the electricity market,
this section of the paper gives a brief description of the technical and economic
features of the currently available renewable electricity technologies. The renewable
energy sources and corresponding technologies taken into consideration are: hydro
power, wind power, biomass, solar power (photovoltaics and solar thermal), ocean
energy, and geothermal.

4.1
4.1.1

Technical features of Renewable Electricity Technologies
Hydro power

The generation of hydroelectricity is based on the conversion of mechanical power of
falling water into electric power. This technology is proven, mature, predictable and
cost-competitive. Namely, it is able to compete with fossil fuel technologies without
any support. In addition, “hydropower has the highest conversion efficiency of all
known energy sources (about 90% efficiency, water to wire) as well as a very high
energy payback ratio”. (IPCC, 2011)
There are three main types of hydropower plants: run-of-river, storage and pumped
storage. (IPCC, 2011)
Run-of- river projects have no storage capacity as their intake basins are small. The
generation reflects the changes in water availability and thus can only provide
variables in small streams or base-load electricity supplies in large rivers.
In contrast, plants with a reservoir (i.e. storage hydropower) can be used for a broad
range of energy services such as base load, peak, and energy storage. In addition,
these plants can act as a regulator for other sources.
Finally, pumped storage plants store water and use it to produce electricity on
demand. The response time is very fast. Pumped storage is currently the largestcapacity form of grid energy storage (IPCC, 2011).
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4.1.2 Wind turbine
After hydro-electric generation, wind turbine is the most cost-effective renewable
energy technology. Although wind technology is well established, it is still maturing.
So far, the development of wind turbine has been characterised by a steady increase in
capacity of new machines with a corresponding drop in the investment costs per kW.
The increase of capacity was mainly achieved by upgrading both tower height and
rotor size, namely, by making larger turbines and longer blades. (Ecofys, 2011).
At present, commercial turbines have a capacity of over 3 megawatts (MW) and use
blades of 60 metres or more. Blades are most commonly made of fiberglass
embedded in petroleum-derived resin. As blade size increases there is trend towards
stronger and lighter reinforcement such as carbon fibres. A potential composite, for
example, is also bamboo. (AAS,2010)
Economies of scale have allowed wind power to reduce greatly generation costs by
over the last 20 years. The International Energy Agency (IEA) expects wind power
efficiency to continue to improve and capital costs to decline by 23% by 2050 with
the larger deployment of wind turbines (IEA, 2009).
4.1.3 Solar Energy
Solar energy is transformed into electricity with two types of technology: solar
photovoltaic (PV) and concentrating solar thermal (CST).
Photovoltaic (PV) technology converts the energy of sunlight - solar photons - into
direct electric current using semiconductor materials. The basic unit of this
technology is a PV or solar cell. As photons enter the solar cell, electrons in the
semiconductor material are freed and electricity is generated. Solar cells are made in
different designs and from a variety of materials - most commonly crystalline silicon
and thin films, including amorphous silicon (Jolley, 2006).
The amount of energy that can be produced is directly dependent on the intensity of
available sunshine and the angle at which solar PV cells are oriented. However, PV
cells are capable of producing electricity even in temperate winter conditions and
during cloudy weather, although at a reduced rate. Most current photovoltaic power is
decentralised, being generated on rooftops to power individual buildings. (Needham,
2011)
Concentrating solar power (CSP) electricity generation is based on the principal of
optical concentration of solar energy in order to obtain high-temperature fluids or
materials to drive heat engines and electrical generators (IPCC, 2011).
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Namely, CSP technologies produce electricity by concentrating the Sun’s rays to heat
a medium that is then used (either directly or indirectly) in a heat engine process (e.g.,
a steam turbine) to drive an electrical generator. Given that CSP uses only the beam
component of solar irradiation, its maximum benefit tends to be restricted to a limited
geographical range (IPCC, 2011).
There are four different types of CSP plants depending on the type of concentrator
that is applied. The concentrator brings the solar rays to a point (point focus) when
used in central-receiver (also known as “power tower”) or dish systems and to a line
(line focus) when used in trough or linear Fresnel systems. (IPCC, 2011)
CSP technologies, except for dishes, have the important advantage of being able to
store thermal energy after it has been collected at the receiver and before going to the
heat engine. Commercial CSP plants are being built with thermal storage capacities
reaching 15 hours, allowing CSP to offer dispatchable power. (IPCC, 2011) Solar
electricity generation may play a useful role in meeting peak consumption associated
with the use of air conditioning systems (Needham, 2011).
4.1.4 Biomass
Biomass as an energy source involves two different methods: burning vegetative
material, and burning biogas (methane) produced by the breakdown of organic matter.
Biogas entails harvesting methane from the breakdown of organic material –
principally human or animal sewerage, municipal rubbish, and waste from food
processing. (Needham, 2011)
There is a variety of techniques used for production of bioenergy, however, direct
combustion accounts for around 90 % of modern bioelectricity. The principle is very
similar to the coal-fired electricity generation. The steam from the burning biomass
drives a turbine or steam engine which in turn drives alternator. Biomass can be used
in conventional coal-fired stations without the need for any additional adjusting.
(AAS, 2010)
4.1.5

Geothermal

Geothermal resources consist of thermal energy from the Earth’s interior stored in
both rock and trapped steam or liquid water. Technology for electricity generation
from hydrothermal reservoirs is mature and reliable, and has been operating for about
100 years. Geothermal energy is currently extracted using wells and other means that
produce hot fluids from: (a) hydrothermal reservoirs with naturally high permeability,
or (b) Enhanced or engineered geothermal systems (EGS) with artificial fluid
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pathways. The basic types of geothermal power plants in use today are steam
condensing turbines and binary cycle units (IPCC, 2011).
Electricity generated from geothermal energy is especially suitable for supplying
base-load power, but also can be dispatched and used to meet peak demand.
Therefore, geothermal electric power can complement variable electricity generation
(IPCC, 2011).
4.1.6 Ocean Energy
Ocean energy is derived from six different sources: wave energy, tidal range (tidal
rise and fall), tidal currents, ocean currents, ocean thermal energy conversion (OTEC)
and salinity gradients. Each source requires different technologies for conversion
(IPCC, 2011).
The maturity of currently available ocean energy technologies vary greatly. With the
exception of tidal range barrages, which is the only technology that can be considered
mature, all other ocean energy conversion options have not yet reached technology
convergence.

4.2

Current cost of renewable electricity

As seen above, the technologies for renewable electricity vary greatly. The
differences are determined, among others, by the maturity of the technologies as well
as by the natural characteristics of the source in terms of intermittency and
geographical location. These factors are among the main determinants of the costs of
the different renewable electricity types and thus their ability to compete with
conventional electricity generation.
The level of development of the technology is reflected in investment
location determines the cost of connection to the grid and transmission,
natural resources influence the capacity at which the plant works. These
cost components combined with market demand determine the amount of
to be dispatched and ultimately the capital payback.

costs, the
while the
and other
electricity

Even though the technological developments can be considered as globally available,
the competitiveness of the RES-E depends on the specific country settings: electricity
prices, RES-E support mechanism, availability and location of natural resources,
industry developments, electricity network infrastructure etc. Consequently, a detailed
investigation of an individual country setting is needed in order to assess the actual
renewable electricity prices.
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Having said this, the following table provides a comparative framework for RES-E
technologies as it gives estimates of the cost of capital investment, operation and
maintenance, and fuel and generation. The different levels of maturity of the existing
types of renewable electricity technologies are reflected in capital costs as well as
generation costs.
As shown in Figure 4.1, the individual technologies have wide ranges in costs. It is
also visible that the differences in costs between technologies are significant.
Moreover, each technology has its own unique cost structure.
Figure 4.1: Recent Renewable Energy Cost and Performance Parameters

Source: IPCC (2011)
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As for capital investment costs, these depend on the scale of plants (Small-scale/large
scale); site-specific conditions; and national environmental requirements.
Furthermore, the correlation between economies of scale and the capital cost (e.g.
turbine) is strong. As generation capacity increases, the investment cost per kW tends
to decrease significantly. The degree of reduction in generation costs consequent to an
increase of scale is related to the maturity of the technology.
In other words, with a higher production the less mature technologies benefit from a
significant upgrading of production knowledge i.e. an increase in the learning curve.
Figure 4.2 shows how fast the generation cost decreases with the doubling of
generation. The numbers in brackets represent the percentage of generation costs after
doubling of production before the increase. For example, the costs of generation of
photovoltaics in 1995 amounted to 65% of the cost before the doubling in output in
1985.
Figure 4.2: Changes in electricity technology costs with a doubling of generation

Source: Stern 2008.
For what concerns generating cost, most currently available renewable electricity
technologies have costs above the existing electricity prices. However, in different
settings some types of renewable electricity are already economically competitive.
The ranges are broad as they depend on series of factors among which technology
characteristics and size, regional variations in cost and performance and differing
discount rates (IPPC, 2011).
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Figure 4.3 : Range in recent levelised cost19 of electricity for selected
commercially available RE technologies in comparison to recent non-renewable
energy costs.

Notes: Medium values are shown for the following subcategories, sorted in the order as they appear in the
respective ranges (from left to right): Biomass: 1. Cofiring; 2. Small scale combined heat and power, CHP
(Gasification internal combustion engine); 3. Direct dedicated stoker & CHP; 4. Small scale CHP (steam turbine);
5. Small scale CHP (organic Rankine cycle). Solar Electricity:1. Concentrating solar power; 2. Utility-scale PV
(1-axis and fixed tilt); 3. Commercial rooftop PV; 4. Residential rooftop PV. Geothermal Electricity: 1.
Condensing flash plant; 2. Binary cycle plant. Hydropower: 1. All types. Ocean Electricity: 1. Tidal barrage.
Wind Electricity: 1. Onshore; 2. Offshore.

Sources: IPCC ( 2011)
As already argued a way to bridge the gap between renewable and fossil fuel
dependent electricity generation are support mechanisms. Support schemes not only
allow the national resources, but also allow the national industry to take advantage of
and to develop. In particular, the support given to specific renewables drives
investment to further develop the technology and upscale plants, both driving cost
reduction.
In the context of combating climate change, as it is after all one of the drivers of the
increased deployment of renewable electricity technologies, it is important to have an
overview of the respective GHG emissions. Coal is by far the most polluting source
of electricity, followed by oil and natural gas. In contrast, emission from the different
renewable sources are low and relatively similar.

19

“The levelised cost of energy represents the cost of an energy generating system over its lifetime; it is calculated
as the per-unit price at which energy must be generated from a specific source over its lifetime to break even. It
usually includes all private costs that accrue upstream in the value chain, but does not include the downstream cost
of delivery to the final customer; the cost of integration, or external environmental or other costs. Subsidies and tax
credits are also not included”. (IPCC, 2011)
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Figure 4.4: Estimates of lifecycle GHG emissions (g CO2eq/kWh) for RES-E
technologies

Source: IPPC (2011)
As we have seen there is a wide range of renewable electricity technologies. In this
section, we shall see to what degree the natural potentials of a country determine the
level of deployment of one technology rather than another.

4.3

Australia’s Renewable Electricity Capacity and Generation

The principal electricity generation capacity in Australia was around 51,000
megawatts in 2008–09. The majority of Australia’s electricity generation is supplied
by steam plants, using coal or natural gas as fuels. Renewable electricity generation
capacity was almost 11,000 megawatts. Currently, renewable sources used to
generate electricity in Australia include hydro, biomass, biogas, wind energy and solar
energy.
As can be seen from Table 3.1 the distribution of the installed capacity differs
significantly among the states due to the heterogeneous distribution of natural
resources. However, on the national level it is evident that hydro power is the
principal source of renewable electricity as it represents roughly 80% of renewable
electricity generation capacity. With a big gap of more than 6,000 MW, wind powered
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electricity generation has the second highest capacity. (ABARES, 2011) The
remaining renewable sources, at present, have relatively modest generation capacities.
Table 4.1: Capacity of renewable electricity generation in Australia 2010

Sources: ABARES (2011)
The proportion between renewable and conventional technologies in terms of capacity
rather than generation differs greatly. Renewable electricity generation depends upon
the natural conditions. However, even when available renewable electricity plants are
not always dispatched due to grid capacity limitations as well as possibly inflicting
losses to other market players. Plants offering the cheapest electricity price get
dispatched first. This means that if the cheaper sources such as wind satisfy the
demand the more expensive plants (e.g. coal-fired) do not sell any of their output.
Historically, Australia has been depending on coal for its electricity generation. In
2009 - 2010 coal contributed approximately 75 % to Australian electricity generation,
while renewable energy accounted for only around 8 %. Hydroelectricity accounts
for 5 % whereas wind energy, after a strong growth over recent years, was responsible
for 2 % of the total electricity generation. Solar electricity, while still a small
contributor, experienced the strongest growth in 2008–09, increasing by 40 %.
(ABARES, 2011)
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Figure 4.5 : Australian electricity generation by fuel, 2009–2010 (% GWh)

Oil products; 2.691; 1%
Other NR; 2.496; 1%

Bagasse, wood; 1.220; 1%
Biogas; 893; 0%
Brown coal; 55.968; 23%

Wind; 4.798; 2%
Natural gas; 36.223; 15%

Renewables; 19.711; 8%

Hydro; 12.522; 5%
Black coal; 124.478; 52%

Solar PV; 278; 0%

Source: ABARES (2011)
Figure 4.3 illustrates the electricity mix in the past decades. The overall production
has increased by roughly two thirds. Black and brown coal constantly dominated. The
growth of renewables in the overall electricity mix in Australia has not been
significant. However, if Australia truly wishes for renewable electricity to maintain a
constant or to reach a bigger share in the electricity mix, the renewable electricity
generation will have to grow fast given the significant rise in the electricity demand
in the past decade.
Figure 4.6: Australian electricity mix – evolution (in GWh)
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While the composition of the overall electricity has been somewhat consistent, the
evolution of individual renewable electricity sources has had quite significant changes
in the last 10 years. Hydroelectricity undoubtedly still has the biggest share, however
it has had a downturn. In contrast, wind has a very fast growth. The remaining
renewables have also had some growth but still generate modest output.
Figure 4.7: Australian renewable electricity mix – evolution (in GWh)

Source: ABARES (2011)

4.4

Australia’s Renewable Electricity Potential

4.4.1.1 Hydro
In Australia, hydro currently has the largest RES-E generating capacity. Wind and
biomass follow, though with much smaller shares. Given its inherent flexibility, hydro
power is being increasingly used to meet peak load requirements (Needham, 2011 ).
After the up-rise throughout the twentieth century, particularly in the Snowy
Mountains and Tasmania, hydro is thought to have little scope for significant
expansion in the country (Needham, 2009). However, the potential for development
exists, primarily, in the deployment of small hydro plants as well as some marginal
generation increases from existing large hydro after refurbishment (Harries et al,
2006).
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4.4.1.2 Biomass
In Australia, biomass currently accounts for approximately 7% of RES-E generating
capacity. Australia’s biomass generating capacity is dominated by bagasse (420MW
in 2009) followed by biogas (231 MW in 2009). Biomass feed-stock, municipal waste
and black liquor give only marginal contribution.
Bagasse is a by-product of sugar production. In the last 50 years it has been for
commercial power generation in Queensland and northern NSW, contributing about 1
% of Australia’s electrical generation. (Needham, 2011) So far, bagasse is the only
agricultural residue that has been significantly exploited in Australia. However,
further electricity generation from bagasse may be limited by fluctuating global sugar
prices and ongoing viability of the sugar industry in Australia (Ernst and Young,
2008).
While an increase in landfill gas (biogas) generation in the country is constrained as
most sites have already been developed, biomass in general has potential. Australia’s
long-term biomass resource largely depends on the level of utilization of agricultural
residues, particularly stubble.
By utilizing significant amounts of the waste, in the long run Australia’s biomass
generation could reach 72 TWh/yr (20% of the country’s projected 2030 electricity
demand). The potential is even higher if supplemented with purpose-grown crops.
According to the CSIRO (2006) estimates Australia’s biomass generating potential
amounts to 92 TWh/yr.
As shown in Figure 4.8, most of Australia’s potential biomass electricity generating
resource is focused in the south-east and south-west parts of the country (CSIRO
2006).
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Figure 4.8: Australia’s biomass energy resources20

Source: CSIRO (2006)
4.4.1.3 Wind Energy
Wind energy is the fastest growing large-scale renewable energy source in Australia.
This is largely due to the design of Australia’s Renewable electricity support
mechanism which does not provide support for individual renewable energy
technologies. The mechanism simply provides a level of support for renewable
generation. For that reason, it effectively supports only the lowest cost renewable
generation, which happens to be wind at this point in time.
Wind energy supplied around 5,000 gigawatt hours of electricity in 2010, accounting
for around two % of Australia’s overall electricity needs (equivalent to the annual
electricity consumption of over 700,000 homes).
Around 1,000 megawatts of new capacity is currently under construction and the
Clean Energy Council announced in mid-2011 that there is an additional 9,000
megawatts of large-scale wind farm proposed projects (Australian Government,
2011a).
In Australia, the wind turbine market is expected to benefit from Australia’s new push
for sustainable energy21. It is expected that wind energy will provide the largest share
of Australia’s targeted 20% renewable energy by 2020. (AAS, 2010)
20

Includes: Agricultural in-field resources, agricultural plant oil residue, agricultural trash, forests and plantations

21

United Nations Environment Programme, Media release Economic Crisis Hits EU and US Clean
Energy As Emerging Economy Investments Rise 27% to $36 billion, 3 June 2009.
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As can be seen from Figure 4.9, the windiest locations are mainly concentrated in the
coastal strip of South Australia, Victoria and Western Australia. Consequently, the
development of wind farms tends to be restricted to these regions.
Figure 4.9 : Mean annual wind speed at 80m above ground level across
Australia, 2009

Source: Department of the Environment, Water, Heritage the Arts 2009a.
CSIRO (2006) estimated Australia’s total identified wind resource (in all states,
irrespective of proximity to transmission), that could generate for US 8c/kWh or less,
as capable of generating 200 TWh/yr. If we compare this 200 TWh/yr potential of
wind with the actual 2009/2010 generation of 4.79 TWh/yr it is clear that there is a lot
of space for wind power development. However, it must it is important to note that
the CSIRO estimates do not take account of wind site proximity to grids.
Besides site limitation, wind’s intermittence and issues related to grid connection will
determine the ultimate share of wind power in the national electricity market. As the
market penetration by wind power increases, the impacts of intermittency will become
more evident and will have to be addressed. The costs of coping with intermittency
are likely to be imposed on the wind generator which will result in an increase of
wind generated electricity costs and consequently reduce wind power competitiveness
compare to other less intermittent sources. (Needham, 2011)
While the generating costs in good sites are quite close to the cost of conventional
technologies, additional costs to cope with intermittency and grid integration tend to
increase the generating cost of wind substantially. (Needham, 2011) Options for
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managing intermittency of power supply include reserve power plants;
interconnection with other grid inputs; distributed generation; matching demand to the
intermittent supply; and electricity storage. (Needham, 2011)

4.4.1.4 Solar Energy
The potential of solar energy in Australia, as well as worldwide, is much higher than
its wind and biomass resource. At present, however, solar PV generators currently
account for less than 1% of Australia’s RES-E generating capacity (See: Figure 2.1).
Concentrating solar thermal technology currently has no significant generating
capacity in Australia.
A grid-connected 100 MW concentrated photovoltaics plant is being developed in
Victoria. Pre-commercial development work has been completed. A 2MW
demonstration plant is to be constructed by mid 2013; construction of the full scale
100 MW plant near Mildura is expected to begin in 2014-15 and take around 2 years.
(Needham, 2011)
Given that more energy can be derived from the sun during the summer months, solar
energy in Australia could play a significant role in meeting peak demand consequent
to the intense use of air conditioning systems. (Needham, 2011)
Figure 4.1: Annual average solar radiation

Source: Geoscience Australia
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4.4.1.5 Geothermal
Australia’s concentration of extractable hot rock resource is the largest in the world
(Sandeman 2006: 725). As a result, its energy potential of geothermal, in particular
hot-rock geothermal, is truly enormous. According to results given by CSIRO (2006)
Australia has an identified total hot rock resource of 2,500 EJ. Assuming a 90%
capacity factor and a 15% conversion efficiency, geothermal has the potential to
generate 821,249,460 TWh/yr.
As can be seen in Figure 4.10, Australia’s best hot rock geothermal resource, that is to
say largest and hottest, is concentrated in the eastern part of central Australia, the
north-east of South Australia and the south-west of Queensland. However, the
remoteness of these sites implies a major transmission issue.
Australia also has some hydro-thermal resource with relatively low water temperature
in remote parts of the country (Harries et al, 2006b).Two remote small scaled
electricity generators have been exploiting hydro-thermal energy in the central part of
the country, under the Great Artesian Basin. (Needham, 2009)
Currently, there is one geothermal electricity project in operation in Australia, at
Birdsville in Queensland, and there are several proposed geothermal projects at early
stages of development. ABARES (2011)
Figure 4.10: Australian geothermal energy potential

Source: Geoscience Australia
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4.4.1.6 Ocean energy
Ocean energy is currently the least developed renewable energy source technology
even though it has very big potential. When the technology does develop southern
parts of Australia have suitable coastline conditions to harness ocean energy.
Wave potential is usually measured in kW per metre of wave front. Wave energy
varies enormously from 0 kW per metre in flat seas, to over 1,000 kW per metre in
major storms. A good wave climate is usually considered to have an annual average
of 20 to 40 kW for every metre of wave front. Furthermore, waves tend to be bigger
in the temperate zones between 30 and 70 degrees of latitude. (AAS, 2010)
The Southern Ocean, situated between 60 and 70 degrees of latitudes and with no
interference of the west to east wave fronts, has an ideal wave climate. Southern
Australia, therefore, has some excellent potential to offer very high load factors.
(AAS, 2010)

Figure 4.11: Australia’s wave power

Source: Department of the Environment, Water, Heritage the Arts 2009a.
Currently, only four ocean energy pilot projects have been completed. Several other
proposed projects are in the early stages of development. ABARES (2011)
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4.4.1.7 Distribution of renewable energy plants
The distribution of renewable electricity generation plants in Australia reflects the
climatic characteristics of different regions.
Hydroelectricity is mainly produced in New South Wales, Tasmania, Queensland and
Victoria. Wind farms are mostly located in South Australia and Victoria, while
almost all plants using bagasse for electricity generation are based in Queensland
where sugar production plants are located. In contrast, the distribution of biogas
fuelled facilities is a more evenly widespread across Australia, given that these
facilities mainly use gas generated from landfill and sewerage. ABARES (2011)
Figure 4.12: Renewable energy generators operating plants

Source: Geoscience Australia
4.5

Renewable Energy Capacity and Electricity Mix in Europe

European countries differ significantly in terms of size and composition of their
installed electricity generation capacity. Germany and Italy followed by France,
United Kingdom and Spain have the biggest capacity. As can be noticed from Figure
4.13 Germany’s electricity generating capacity is dominated by coal and gas,
however, renewable sources account for an important share. In the case of Italy, the
electricity production capacity is prevalently reliant/based on gas followed by hydro,
oil and other sources.
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Figure 4.13: EU Electricity Generation Capacity

Source: European Commission (2008), Platts
On the European level, the installed capacity of alternative sources of energy is
dominated by hydropower and wind power. Hydropower accounts for more than half
of the installed renewables-based electricity generation capacity, however, over the
last 10 years its average growth low of 0.3 % is very low.
Growing at an average rate of 20.8 % per annum wind has been responsible for the
major expansion of renewable energy in the electricity sector.
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Even though the current capacity of the photovoltaics is not high, it has been
experiencing a remarkable annual growth rate of 65.2 %. The different technologies
for biomass exploitation have also had significant expansion, with an average annual
growth of 15.6% for biogas, 13.2% for solid bio mass and biogenic waste 13.3%
(BmU, 2011).
Figure 4.14: Installed capacity for renewable electricity generation in the EU,
2008

Source: Eurostat, BmU (2011)
Unlike Australia, the electricity generation mix in the European Union has a big share
of nuclear energy (27,8%). The EU uses almost three times less coal compared to
Australia. Electricity from renewable sources accounted for almost 17% in 2008,
roughly the double of the amount in Australia.
Hydropower strongly dominates as a renewable energy source, with more than a half
of renewable electricity coming from hydro power plants. Wind energy is the second
most used renewable source for electricity generation, followed by biomass.
Photovoltaic power and geothermal have relatively small shares in the renewable
electricity mix accounting respectively only 1.4% and 1% (See: Figure 4.15).
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Figure 4.15: Electricity generation mix at EU level

Source: Eurostat , BMU (2011)
The size and structure of renewable electricity generation varies greatly among the
member states of the EU. Following Sweden, Germany is the second biggest producer
of renewable electricity, with approximately 75 TWh in 2006. Italy is in the fourth
place among the member states, by generating just over 60 TWh of renewable
electricity in 2006.

Figure 4.16: Breakdown by Member state of renewable-based electricity
generation (2006)

Source: European Commission (2009), Ecofys
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4.5.1 Germany’s Renewable Electricity Generation
Germany electricity generation is dominated in the first place by solid fuels (mostly
coal), followed by nuclear energy. However, after the Fukushima nuclear power plant
disaster, the German government took the decision to undertake a faster phase-out of
nuclear power and start “the age of renewable energy”. In this context, the
Government has pledged to close down all nuclear plants not later than the end of
2022, expand renewable energies in all sectors, extend and modernize electricity grids
and increase energy efficiency. (BmU, 2011)
At present, renewable sources contribute by 16 % to the generation mix. Wind is the
prevalent renewable electricity source, followed by biomass.
Figure 4.17: Germany’s Electricity Generation Mix 2009 (TWh)

Source: Eurostat, Fraunhofer ISI (2011)
Hydroelectricity has a quite stable (see) but a relatively small share compared to the
worldwide trends. Solar on the other hand, has very high growth rate and absolute
growth in recent years (BmU, 2011). As depicted in Figure 4.18 all renewable
sources, except hydro, have experienced significant growth.
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Figure 4.18: Generation of different RES-E types in Germany, 1990 to 2009

Source: BmU (2010)
From Figure 4.19 it is visible that renewables are taking an increasingly important
role in Germany’s electricity mix. In contrast, solid fuels are in decline. Nuclear has
had a more or less constant share, however, as said earlier it should be phased out till
the end of 2022. This will open an important window of opportunity for renewables.

Figure 4.19: Gross Electricity Generation (in TWh)

Source: Eurostat
4.5.2 Germany’s Potential
The figures below demonstrate the current and potential electricity generation from
renewable sources in Germany for 2020 and 2030. Germany’s biggest potential lays
in off-shore and on-shore wind followed by photovoltaics. Off-shore wind is predicted
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to have the strongest growth. By 2030 off-shore wind, closely followed by on-shore
wind, will be the main source of renewable electricity in Germany.
Likewise, photovoltaics will account for growing shares of electricity (BmU, 2011).
Biomass will continue to provide an important contribution. Geothermal and ocean
power start to be exploited. Finally, hydro will experience modest growth.
Figure 4.20: Germany’s Potential

Source: Fraunhofer ISI (2011)
54

4.5.3 Italy’s Electricity Generation
In contrast to Germany, Italy has never deployed nuclear energy. Its principal source
of electricity is gas. Renewables are on the second place accounting for 22 % of
electricity. Solid fuels and petroleum products have relatively small shares.
Figure 4.21: Italy’s Electricity Generation Mix (in TWh)

Source: Eurostat, Fraunhofer ISI (2011)
Hydro has the biggest share among renewables and it has lately been experiencing a
strong growth. The electricity generation from other renewable sources i.e.
geothermal, wind, solar and biomass generation has increased, however, their share
remains small compared to hydro. In particular, the PV generation has augmented by
262 % between 2007 and 2009 as a result of the introduction of a separate FIT.
Figure 4.22: Generation of different RES-E types in Italy, 1990 to 2009

Source: EC (2010a), Terna (2010)
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4.5.4 Italy’s Potential
According to the predictions, solar energy has the potential for outstanding growth
and could become very important for Italy’s electricity generation. Wind-off and
biomass also have great potential. Hydro will have quite modest increases compared
to the other renewables, however, it will continue to play an important role.
Figure 4.23: Italy’s Potential

Source: Fraunhofer ISI (2011)
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5 Integration of Renewables in the Electricity Market
Electricity sourced from renewable sources faces challenges that disadvantage them
compared to conventional sources. First of all, they need to be integrated into a
market system that was often designed only for fossil fuels generation. Second,
renewable electricity is more difficult to transport than electricity from fossil fuels.
Finally, they need to be harvested at the sites of renewable source which can be
remote from markets and from the transmission grid network. (Kallies, 2010)
Transmission is a crucial element for the successful integration of renewable
electricity into the market. The upgrade and extension of the transmission system is
just as important as support schemes for the promotion of renewable energy in the
electricity market. The design of grid i.e. capacity and coverage as well as the rules
for access determine the economic viability of renewable energy sources and their
further uptake.
5.1

Australia’s Electricity market and Grid

To understand the issues relating to the integration of renewable energy generators
into electricity market it is important to take into account the specifics of
Australia’s/country’s electricity market and the related transmission infrastructure.
Electricity market
Australia does not have a unique national electricity market. Given their remoteness
Western Australia and Northern Territory have separate markets, whereas the
remaining states – Queensland, New South Wales, Victoria and South Australia - and
the territory of Tasmania are included in the National Electricity Market. The NEM is
the biggest market as New South Wales Victoria and South Australia account for 65%
of the nation’s population alone (Australian Bureau of Statistics 2009b). Covering a
distance of more than 5,000 kilometres the NEM is the largest interconnected power
system in the world (ESAA, 2011). As from this point, for simplification electricity
market will be stated when referring to the NEM.
Australia’s National Electricity Market initially a state owned monopoly was subject
to deregulation and privatization during the 1990s. A clear separation between market
participant/players22 was made. Transmission and distribution became regulated
22

Market participant/players - generators, transmission network service providers, distribution network service
providers and retail companies.
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monopolies whereas electricity generation and retailing were opened to competition
(Kallies, 2010).
Namely, the reform resulted in the formation of a free market governed by the
principle of market efficiency, basically implying the pursuit of least-cost solutions.
In addition, the electricity market design/laws did not foresee the market to serve any
objective but those of the market. More importantly for the current discussion, it does
not incorporate environmental objectives. As we shall see, these two underlying
principles/features of the electricity market have hampered the access to grids of
renewable electricity generators and the successful integration in Australia’s
electricity market.

Existing Grid
At present, Australia does not have a national grid. The country’s transmission
network covers long distances at low density, characterised by no or weak
interconnections/ links between states. The NEM electricity transmission and
distribution networks consist of around 790,700 kilometres of overhead transmission
and distribution lines and around 113,700 kilometres of underground cables
(ABARES, 2011).
As can be seen in Figure 5.1 there are three main grids: (1) the National Electricity
Market (NEM) providing electricity to the majority of population is Queensland, New
South Wales, Victoria, South Australia and southern Western Australia; (2) The South
West Interconnected System (SWIS) supplying Perth and southern Western Australia
and; (3) the North West interconnected system (NSWIS) covering the north of
Western Australia. In addition, separate small grids provide electricity to Darwin,
Alice Springs and some intensive mining areas in Western Australia and Queensland.
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Figure 5.1: Australia’s electricity transition network

Source: ABARES (2011)

The only state/territory interconnectors with any significant capacity are Snowy- New
South Wales, Victoria- Snowy and Victoria–Tasmania (Basslink) interconnectors
(Energy in Aust. 2011). The other transmission lines have relatively low capacities
compared to the state/territory grids they service. This has been reflected in the
independent functioning of the state/territory electricity markets where demand and
supply is determined on the state/territory level.
This low interconnection (capacity) between the NEM states implies that the
electricity markets basically function as separate electricity generation and demand
markets thus deterring the possibilities of different states to benefit from
concentrations of renewable electricity generation in other states. As a consequence,
the individual states are viewed as separate market by investors. Given renewable
electricity generation is characterised by strong economy of scale effects this is an
impediment for the uptake of future large-scale renewable energy projects.
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Grid and Renewables
The existing grid was designed to accommodate centralised coal and hydro power
generation. In order to take full advantage of the dispersed renewable energy sources
and allow a large-scale penetration of renewable energy into the electricity sector
Australia will have to undertake major infrastructural development (Melbourne
Energy Institute, 2010).
Namely, Australia needs to create a national grid that will enable the flow of power
surpluses from one state to another, upgrade the existing grid as to increase its
capacity (amount of power that can be transmitted), extend the grid in order to reach
the sites of renewable energy. In addition, introduce centralised grid management,
including active load management throughout smart grid. (Melbourne Energy
Institute, 2010). However, upgrading requires a significant amount of investment and
the crucial question is who will pay for it.

Getting access to the grid
Access to the National Electricity Market is regulated by national rules – National
Electricity Rules23 . According to these rules all partied need to have “the opportunity
to form a connection and have access to the network” and that network services
providers negotiate in good faith and make a fair and reasonable offer.
Hoverer, no guaranteed right to have access to the grid and the access to grid depends
on the applicant’s compliance with technical requirements as well as ability to bear
the cost of connection. Given that the cost for connection are to be borne by the
developers.
Furthermore, the NER does not specify who should pay for the augmentations to
facilitate the network connection and how the costs should be distributed between
network users and the connection applicants. The final decision on grid extension lays
in the hands of the transmission companies. Given the two introduced above feature
of the electricity market – market efficiency and lack of environmental objectives.

23

The NER fall under the National Electricity Law that sets the legislative framework for the NEM.
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5.2

European Electricity market and Grid

EU Internal Electricity Market
With the aim of ensuring security of supply and reliability of the electricity system
as well as intensifying electricity trade, the European Union has been progressively
moving towards the formation of an Internal Market in electricity. In this respect,
harmonization of the European regulatory frameworks24 and coordination of the
operation and development of the transmission network has been undertaken.
A more integrated regional and pan- European grid is being developed. In fact, an
example of efforts in this direction is European Network of Transmission System
Operators for Electricity25 (ENTSO-E). Established in 2008 in order to promote
cooperation between the European Transmission System Operators both on the panEuropean and regional level, the ENTSO-E has the mission to facilitate market
integration and upgrade the European electricity transmission system.

European Existing Grid
Europe is covered by highly meshed interconnected transmission networks (see:
figure 5.2). There are more than 104,000 km of 380/400kV overhead lines in the
Member States of the European Union, Norway and Switzerland and over 121,000
lines at voltages between 220 and 300kV. In addition, there are around 5,300 km of
underground cables at voltages above 150kV of which 3,200 km are onland. (ICF
2009)
The European transmission grid currently faces fundamental challenges to implement
the Internal Electricity Market, to integrate very significant volumes of new
generation, including fluctuating renewable generation and to undertake the
investments required to replace existing assets and create adequate transport capacity
between generation and consumption areas. (ENTSO-E, 2010)

24

See: (1) Directive 96/92/EC concerning common rules for the internal market; (2) Directive 2003/54/EC
establishing common rules for the generation, transmission and distribution of electricity (repealing the Directive
96/92/EC) and (3) Regulation (EC) 1228/03 regulating access to the network for cross-border exchanges and
setting principles of cross-border congestion management.
25

Currently, Transmission System Operators s from 34 European countries members of the ENTSO-E with a total
of 305,000 Km of transmission lines, 828 GW generation capacity
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Figure 5.2: Europe’s electricity transmission network

Source: Entsoe
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Access to Grid – EU 2009 Directive
The Article 16 of the EU Directive on the promotion of renewable energy26
encompasses detailed provisions regarding the access and operation of grids. In
particular, it ensures that electricity produced from renewable sources has either
priority or guaranteed access to the grid system. What is also important, the Article
requires cost transparency in regards to grid access, reinforcement and transmission.

5.2.1 Germany - RES-E Grid Integration
The Renewable Energy Sources Act (EEG) provides that all renewable energy
generators are statutorily entitled against the grid operator to obtain a connection to
the grid. The grid operator which is the most closely located to the system site and
whose grid is technically suitable to receive electricity is obligated to provide grid
connection. Moreover, the grid operator is obliged to connect systems even where the
purchase of electricity is only possible by optimizing, boosting or expanding the grid
at an economically reasonable expense.
Furthermore, according to the EEG, grid operators are obliged to feed in renewable
energy generators, with priority over conventional generators. Also, electricity
sourced from renewable sources has priority in dispatch meaning that it is granted
priority in the event of grid congestion.
In relation to costs, the RES-E generator bears the costs of connecting either to the
closest or to the technically and economically most suitable connection point. In
addition, the generators have to pay for the necessary measuring devices needed to
record the electricity transmitted and received. However, any incremental costs
consequent to the grid operator assigning a different connection point other than the
closest or technically and economically most one are born by the grid operator.
5.2.2 Italy - RES-E Grid Integration
In Italy, there is no grid connection priority for renewable electricity generators, even
though they are granted priority in transmission. This means that in the case there are
more offers of electricity at the same price, renewable electricity generators will be
granted transmission priority as long as grid security27 can be maintained. Highest
priority is given to electricity generated from fluctuating and non-dispatchable

26

Directive 2009/28/EC of 23 April 2009 on the promotion of the use of energy from renewable sources and
amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC, OJ L 140/19.
27
For national security reasons, a local capacity limit could be imposed by the grid operator.
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sources, such as wind, solar and geothermal energy, run-of-the-river water and biogas,
followed by controllable sources namely CHP and other renewable.
Furthermore, according to the present transmission regulation issued by the Italian
grid operator (TERNA), renewable plants are remunerated as if producing even when
they can not be dispatched for grid security reasons.
Connection costs are borne by the electricity producer. In this case, Renewable
electricity generators are granted lower fees than conventional sources. In areas where
new installations are concentrated TERNA is required to share connection between
different investors. This negotiated procedure sometimes delays investments.
The grid user is entitled to a grid expansion or reinforcement, if this is required to
satisfy the demand for grid connection. The costs of upgrading the grid are distributed
between grid operator and grid user: The applicant will pay for the expansion and get
part of the costs refunded according to grid code (AEEG 281/05, Art. 13).
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6 Conclusion
Australia and Europe differ in many respects in the area of renewable energy. While
reducing carbon emissions for the prevention of further global warming is common
for both continents, the other driving forces of energy policies differ.
Given its natural richness of cheap coal, Australia, unlike Europe, does not see energy
security and price variability of fossil fuels as important issues. Furthermore, in
Europe reducing dependence on fossil fuels is also seen as a promising path towards
industry development. Australia with its significantly more modest incentives, does
not seem to give great importance to this opportunity.
These differences in visions are strongly reflected in the design of policy measures for
the promotion of renewable energy and overall strategy employed to cut emissions.
As a result of the lack of concern over energy security and the greater cost difference
between renewable and fossil fuels given the abundance of the latter, Australia’s
system delivers least cost renewable energy.
Europe has higher targets but is better placed to meet those targets for two reasons.
First, it provides more financial support targeted to various technologies. Second, its
integrated grid can accommodate more intermittent renewable energy than Australia’s
patchwork grid. Moreover, the shown commitments for extending and upgrading grid
are much more pronounced in Europe.
Grid connection and capacity plays a crucial role in the integration of renewables to
the electricity market as many sources are remote and characterised by intermittency.
Namely, in order to derive the full benefit from intermittent sources, grids must be
able to integrate the big loads of electricity when plants are working with high
capacity.
Ultimately, Europe pays more but also enjoys the benefits of industry development
(e.g. Denmark’s wind, Germany’s PV, UK’s off-shore wind). As a world leader in
renewables, Europe will also profit from selling the technologies to the rest of the
world. Australia’s scheme is cheaper but it may never have a homegrown industry and
will be destined to be an importer of technologies.
Finally, let us deduce the implications for companies. Considering that electricity
sourced from renewables is not competitive with conventional sources a good
understanding of the country’s renewable energy support policy is fundamental.
Moreover, apart from the specific market conditions, the support mechanism and grid
conditions determine the investment possibilities in renewable electricity.
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Companies interested to invest in Australia should carefully consider the connection
to grid issue and keep in mind that the current policy framework only makes the
cheapest sources economically sustainable. An alternative for by-passing grid
constrains would be exploring the possibilities of generating electricity that would be
directly supplied to big consumers such as industrial plants and mines.
In reference to Europe, the time is right to build up a market position as strong growth
in renewables is foreseen for the next decades. Germany has committed to a stable
framework to support the stronger deployment of renewables. On the hand, Italy even
though attractive for investment, has a loose framework making more investment
risky. However, the upcoming reforms might change the investment climate.

66

7 Reference
ABARES - Australian Bureau of Agricultural and Resource Economics, 2011. Energy
in Australia 2011. Department of Resources, Energy and Tourism, Canberra.
Australian Academy of Science, 2010. Australia’s renewable energy future.
Canberra.
Australian Government, 2011a. Clean energy Australia: Investing in the clean energy
sources of the future. Australian Government, Canberra.
Australian Government, 2011b. Securing a clean energy future, The Australian
Government’s Climate Change Plan. Australian Government, Canberra.
Australian Bureau of Statistics, 2009. Australian Demographic Statistics: September
2009, Australian Bureau of Statistics, Canberra.
BMU - German Federal Ministry for Environment, Nature Conservation and Nuclear
Safety, 2011a. Grid access in Germany. Retrieved 23 December 2011:
http://www.res-legal.de
BMU - German Federal Ministry for Environment, Nature Conservation and Nuclear
Safety, 2011b. Grid access in Italy. Retrieved 23 December 2011: http://www.reslegal.de
BMU - Federal ministry for the Environment, nature Conservation and nuclear Safety,
2011c. Renewable Energy Sources in Figures. Berlin
BMU -German Federal Ministry for Environment, Nature Conservation and Nuclear
Safety. http://www.erneuerbare-energien.de
Commonwealth of Australia 2006, Uranium Mining, Processing and Nuclear Energy
— Opportunities for Australia?, Report to the Prime Minister by the Uranium Mining,
Processing and Nuclear Energy Review Taskforce, December 2006.
Buckman, G., 2010. Weaknesses and Reform of Australia’s Renewable Electricity
Support. Journal of Australian Political Economy, no. 66:71 - 97
Buckman, G., and Diesendorf M., 2010. “Design limitations in Australian renewable
electricity policies”, 38 Energy Policy.

67

CSIRO - Commonwealth, Scientific and Industrial Research Organisation, 2006. The
Heat is On: The Future of Energy in Australia, Commonwealth, Scientific and
Industrial Research Organisation, Canberra.
DCC - Department of Climate Change, 2010. Australia’s National Greenhouse
Accounts: National Greenhouse Gas Inventory, accounting for the Kyoto target May
2010, Australian Government, Canberra.
Department of Climate Change and Energy Efficiency, 2011. Australian national
greenhouse accounts National Inventory Report 2009, Vol. 1
Ecofys, 2011. Financing Renewable Energy in the European Energy Market, Utrecht.
ENTSO-E, 2010. Ten-Year Network Development Plan 2010-2020. ENTSO-E,
Brussels.
Ernst and Young, 2008. 20-20 Vision: Investment Challenges and Opportunities
Arising from Australia’s 20% Renewable Energy Target, Ernst and Young, Canberra.
European Commission (2010). Energy 2020.A strategy for competitive, sustainable
and secure energy, COM (2010) 639 final. November 10, Brussels.
European Commission (2011a). Renewable Energy: Progressing towards the 2020
target, COM(2011) 31 final. January 31, Brussels
European Commission (2011b). A Roadmap for moving to a competitive low carbon
economy in 2050. COM (2011) 112 final. March 8, Brussels.
EREC - European Renewable Energy Council, 2011. Mapping Renewable Energy
towards 2020. Brussels.
ESAA (Energy Supply Association of Australia). Australian Electricity Market.
Retrieved 21 December 2011,
from:http://www.esaa.com.au/content/detail/australian_electricity_markets
European Union (2011). Renewable energy: the promotion of electricity from
renewable
energy
sources.
Retrieved
29
November
2011,
from:
http://europa.eu/legislation_summaries/energy/renewable_energy/l27035_en.htm
Eurostat, Statistical Office of the European Communities, Luxemburg: Online
Database, http://epp.eurostat.ec.europa.eu/portal/page/portal/energy/introduction.

68

Fraunhofer Institute for Systems and Innovation Research (ISI), 2011. Renewable
Energy Policy Country Profiles. Available at: www.reshaping-res-policy.eu
Harries, D., Mc Henry, M., Jennings, P. and Chacko, T., 2006a. ‘Hydro, Tidal and
Wave Energy in Australia’, International Journal of Environmental Studies, 63:6,
803-814.
IEA - International Energy Agency, 2009a. Statistics: Electricity/Heat. IEA, Paris.
IEA - International Energy Agency, 2009b. Wind Roadmap. IEA, Paris
IEA - International Energy Agency, 2010. CO2 Emission from Fuel Combustion. IEA,
Paris.
IPCC, 2011. IPCC Special Report on Renewable Energy Sources and Climate
Change Mitigation. Prepared by Working Group III of the Intergovernmental Panel
on Climate Change [O. Edenhofer, R. Pichs-Madruga, Y. Sokona, K. Seyboth, P.
Matschoss, S. Kadner, T. Zwickel, P. Eickemeier, G. Hansen, S. Schlömer, C. von
Stechow (eds)]. Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA, 1075 pp.
Jolley A., 2006. Technologies for Alternative Energy. Climate change working Paper
No 7, Centre for Strategic Economic Studies, Victoria University.
Kallies, A., 2010. The Impact of Electricity Market Design on Access to the Grid and
Transmission Planning for Renewable Energy: Can Overseas Examples Provide
Guidance, Renewable Energy.
Melbourne Energy Institute, 2011. Australian Sustainable Energy Zero Carbon
Australia Stationary Energy Plan, 2nd ed. University of Melbourne, Melbourne.
Mendonça, M., 2007. Feed-in Tariffs: Accelerating the Deployment of Renewable
Energy. London: EarthScan.
Needham, S., 2009. Renewable Energy Technologies Update, Parliament of Australia
Parliamentary Library, Canberra.
Needham S., 2011. Parliamentary Library, The potential for renewable energy to
provide baseload power in Australia, Parliament of Australia Parliamentary Library,
Canberra.
ORER - Office of the Renewable Energy Regulator, 2011a. Increasing Australia’s
renewable electricity generation. Canberra.
69

ORER - Office of the Renewable Energy Regulator, 2011b. Obligations and
reporting under the LRET and SRES. Retrieved: 29 November 2011, from
http://www.orer.gov.au/liable-entities/processes.html#purchasinglgcs
Parkison, G., 2010. Climate Spectator: Brumby’s Solar Hit….and Miss, Business
Spectator, 22.7.10.
Parliament of Australia. Renewable Energy Target (RET): Retrieved 8 November
2011,from:http://www.aph.gov.au/library/pubs/climatechange/governance/domestic/n
ational/mandatory.htm
Stern, N., 2008. ‘The Economics of Climate Change: Richard T. Ely Lecture’,
American Economic Review, 98:2, 1-37
WRI - World Resources Institute, 2009. Climate Analysis Indicators Toolkit, World
Resources Institute, Washington.

70

