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Australia could nearly double energy productivity by 
2030 and boost competitiveness with other countries

Improved energy consumption

Electrification
Enabling the same 
or greater output with 
less energy by switching 
to more efficient forms 
of energy, in particular 
to electricity.

Optimisation and 
structural change 
Continued shift to lower 
energy intensity activities 
and innovative work 
practices like more 
efficient use of floorspace.
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Energy efficiency
Enabling the same 
or greater output 
with less energy 
through more 
efficient equipment 
and processes.

Energy distribution
Reducing energy losses 
from distribution, including 
through decentralisation 
of energy generation.

RAW SOURCES OF ENERGY 
NEED TO BE CONVERTED INTO 
USEFUL FORMS

ENERGY IS LOST IN THE 
PROCESS OF CONVERSION

FURTHER 
ENERGY IS LOST 
IN DISTRIBUTION

THE 
DELIVERED 
ENERGY 
IS USED 
TO FUEL 
ECONOMIC 
ACTIVITY
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Improved energy supply

Energy conversion
Switching from old fossil 
fuel generation to more 
efficient technologies such 
as gas co-generation, 
nuclear and renewables.

Energy, like labour and capital, is a significant and growing input cost to Australia's economy

ENERGY
INPUTS

ECONOMIC 
OUTPUT

$GDP
$1,487bn 

in 2011-12

$120bn
in 2011-12
 (5915 PJ)

LABOUR, CAPITAL AND OTHER INPUTS

We can improve energy productivity through…

ECONOMIC 
ACTIVITY

$ LABOUR COST
$714bn 

in 2011-12

$ INVESTED
$419bn 

in 2011-12

It can help boost overall productivity
Energy is becoming a more material economic 
input, and energy efficiency in particular has 
been linked to increase in GDP.

It can improve energy security
Australia is highly dependent on oil imports, 
but vehicle fuel efficiency could dramatically 
reduce imports.

It can contribute to Australia’s emissions 
reduction task
Improving energy productivity is key to 
decarbonising Australia's economy while 
maintaining economic growth.

Energy is a significant and growing cost
Australians spent $120 billion on energy in 
2011-12, a 67% increase from 2001-02 and 
close to total private sector labor costs for 
the whole of Queensland.

See the report Australia’s Energy Productivity Potential via 
www.climateworksaustralia.org for more detail

Why is energy productivity important?

* For China, the latest available data was from 2011

2012*2010 2030 BAU 2030 Potential

CHINA
$ 0.33

Australia's energy productivity 
compared $GDP / MJ primary energy

USA

AUSTRALIA

UK

$ 0.27

$ 0.48$ 0.34
$ 0.26

$ 0.24

2 x increase

$ 0.51

$ 0.41 $ 0.67

$ 0.18

Corresponds 
to 2030 GDP 
of $2,360bn
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Energy is a fundamental input to any modern 
economy, and governments around the world are 
taking steps to ensure that energy - like labour, capital 
and other economic inputs - is used productively.

ClimateWorks’ research shows that the potential 
exists to nearly double the energy productivity of 
the Australian economy by 2030 by investing in the 
modernisation of our energy system and taking 
advantage of recent technological developments. This 
would mean almost double the economic output (in 
terms of GDP) for every unit of energy consumed in 
2030.

Improving energy productivity is an increasingly 
important approach to increase the overall 
productivity of an economy. In Australia, energy costs 
have grown by 67 per cent over the past decade, from 
around $72 billion in 2001-02 to around $120 billion 
in 2011-12. Energy costs are now equivalent to 8.2 
per cent of total GDP, and approaching total labour 
costs for the whole of Queensland ($137 billion). 
Given the increase in energy costs, improving energy 
productivity can make a material contribution to 
increases in overall national productivity.

Improving energy productivity could also address 
issues related to energy supply chains, helping 
to reduce the risks and pollution associated with 
extraction of coal and gas, and the potential for supply 
interruptions for oil-based fuels. Finally, improving 
energy productivity could contribute to achieving 
emissions reductions, which will be particularly 
important as countries move towards post-2020 
emissions reduction targets at the international 
climate change meeting in Paris this year.

While Australia has made some progress in energy 
productivity, it currently lags behind other G20 
countries, both developed and developing, and the 
lag will increase if nothing is done to accelerate 
improvement. ClimateWorks’ research shows that 
the potential exists to bridge this gap and ensure 
that Australia keeps pace with improvements being 
targeted in other countries.

This report shows that around 64 per cent of the 
potential improvements can be achieved by improving 
the way energy is used in the economy, through:

 > Energy efficiency: Adoption of more efficient 
technologies and processes.

 > Electrification: A shift to electricity for certain 
activities, such as electric vehicles, and conveyor 
belts rather than trucks on mining sites.

 > Optimisation and structural change: Optimisation 
of systems and continued structural shifts in the 
economy towards less energy intensive activities.

The remaining 36 per cent of the opportunity is in 
improving the way energy is supplied, through:

 > Energy conversion: Switch to more efficient forms 
of energy generation.

 > Energy distribution: Reduction in losses from 
distribution of energy to end users.

This analysis builds on comprehensive energy and 
emissions modelling of a potential pathway for 
Australia to transform its energy system and almost 
completely decarbonise its economy by 2050, while 
continuing strong economic growth of around 150 
per cent by 2050. This scenario was developed as 
part of the international Deep Decarbonisation 
Pathways project. It involves a major transformation 
of the energy system, but relies on technologies that 
are already available or in development. Further 
innovations or technological breakthroughs could 
increase the potential even further.

The development of a national Energy White Paper, 
including a proposed Energy Productivity Plan, 
presents the opportunity to establish a co-ordinated 
approach to improve Australia’s energy productivity.

Executive Summary
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1.2. The potential for improvement

Australia has the opportunity to invest in a 
modernised energy system and nearly double the 
energy productivity of the economy by 2030
New analysis by ClimateWorks shows that Australia 
has the potential to nearly double primary energy 
productivity by 20302 by investing in the modernisation 
of its energy system (see Exhibit 1). This investment 
- which is achievable using technologies that are 
available or under development today - would help 
Australia to generate almost twice as much output 
(in dollars of GDP) from every unit of energy in 2030 
compared to today.

This is illustrated in Exhibit 1, which shows that in 
2010, $0.24 was generated for every MJ of energy 
consumed, whereas in 2030 we could be generating 
$0.48 for the same energy input. In this scenario, 
Australia’s GDP in 2030 would be 58 per cent 
higher than in 20123, while energy consumption 
would decline by about 15 per cent. Even greater 
improvements in energy productivity are possible 
by 2050, leading to an almost tripling4 in energy 
productivity compared to 2010 levels.

Further potential to improve energy productivity 
could arise if, for example, there were technological 
breakthroughs, innovations, or further structural 
changes in the economy towards less energy 
intensive activities such as services. The scenario 
modelled in ClimateWorks’ Deep Decarbonisation 
Pathways report (see Box 2, page 8) involves 
large changes in electricity generation, resources 
extraction and land management, but no major 
structural changes to the economy or substantial 
lifestyle changes5. 

1.What is the potential to 
improve energy productivity?

1  Recently, studies have begun to look at other types of value such as 
improved comfort, quality or experience, and investigate how these 
forms of value can be taken into account when assessing overall pro-
ductivity (Stadler et al, 2014; Smith, 2014).
2  A 97 per cent improvement compared to 2010 levels. 
3  GDP in 2011-12 was $1,487 billion (ABS, 2014), while GDP in 2030 
under ClimateWorks’ Deep Decarbonisation Pathways scenario would 
be $2,360 billion (ClimateWorks, 2014b).

4  A 178 per cent improvement.
5  In our model, some technologies and activities decline, but others 
rise and contribute to continued economic growth. The largest changes 
occur in electricity generation, resources extraction and land man-
agement. More detail on these changes can be found in the Pathways 
to Deep Decarbonisation in 2050 project report (ClimateWorks 2014b, 
page 31).

1.1. What is energy productivity?

Energy productivity is increasingly regarded as 
an important component of a country’s overall 
productivity and competitiveness. 
Energy productivity is a measure of the amount of 
productive output or value derived from each unit 
of energy consumed. Productive output or value is 
usually measured at a national level in terms of GDP1.

At the national level, energy productivity is usually 
measured using ‘primary’ energy - namely the total 
amount of energy used throughout the economy, 
including energy that is lost in energy conversion 
and distribution. For example, this approach means 
that the total amount of energy embodied in the 
coal and gas that is used to generate electricity is 
measured, rather than only the amount of electricity 
consumed by end users. Throughout this report, we 
assess energy productivity in terms of primary energy 
productivity, as illustrated below.

Energy productivity
($/MJ) =

GDP ($)

Primary energy 
use (MJ)

Box 1: Primary and final energy
Energy analysts use the concepts of primary and 
final energy to explain the difference in energy 
before and after the process of conversion and 
distribution.

Primary energy generally refers to total energy 
embodied in the raw sources of energy such as 
coal, gas and oil.

Final energy refers to the amount of energy 
consumed by the end users of energy, after any 
losses that have occurred in conversion.
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* Primary energy consumption was estimated based on final energy consumption results, using conversion losses estimates from BREE’s 
energy statistics. Energy productivity values for 2010 and 2011 were also extracted from BREE’s energy statistics, aligning our 2012 modelling 
data with 2012-13 statistics.

0.68

0.48

0.24

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

2010 2015 2020 2025 2030 2035 2040 2045 2050

+181%

+97%

Estimated historical values
Modelling results

Exhibit 1 Energy productivity*, $ GDP / MJ primary energy use

Box 2: Modelling the energy system transformation
The findings in this report are derived from comprehensive modelling of a potential pathway for Australia 
to transform its energy system and almost completely decarbonise its economy by 2050, while continuing 
strong economic growth of around 150 per cent by 2050 (see Exhibit 2). The modelling was undertaken by 
ClimateWorks and the Australian National University, combining detailed energy and emissions models 
developed by CSIRO with the whole-of-economy MMRF model developed by the Centre of Policy Studies at 
Victoria University. Under this scenario - just one of many possible pathways to zero net emissions by 2050 - 
Australia’s energy system is transformed through ambitious energy efficiency and a shift to almost 100 per 
cent renewable energy, while emissions are reduced to net zero. This is achievable using technologies that 
are available today or are under development, and while major technological transitions are needed in some 
industries and many activities, no fundamental change to Australia’s economic mix is required.

This modelling was undertaken as part of the Pathways to Deep Decarbonisation project, a globally co-
ordinated research effort by 15 research teams from countries representing major greenhouse gas emitters 
and over 70 per cent of global greenhouse gas emissions. Each country has modelled a pathway to near 
zero net carbon energy systems by 2050, all of which involve major energy system transformations through 
ambitious energy efficiency, electrification and decarbonisation of electricity generation6.

In all countries, decarbonisation is achieved 
alongside continuing economic growth. 
These pathways have been developed in 
recognition of the need to decarbonise 
globally by 2050 while continuing to improve 
economic growth, development and 
prosperity. They will help inform decisions 
currently being made by all governments on 
emissions reduction targets and trajectories 
ahead of the international climate change 
negotiations in Paris this year. 

6  SDSN & IDDRI, 2014.
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1.3. The gap 

If current trends continued, less than half of the 
potential improvement in energy productivity would 
be achieved
If recent rates of improvement in Australia’s energy 
productivity were extrapolated to 2030, then an 
improvement of 44 per cent would be achieved 
between 2010 and 2030 (solid blue line below).

Recent energy use projections by the Bureau of 
Resources and Energy Economics (BREE)7 suggest 
that these rates of improvement may not in fact be 
sustained, and even less improvement in energy 
productivity could be achieved. According to BREE 
estimates, a 40 per cent improvement would be 
achieved in a 20 year period between 2014-15 and 
2034-35, and if this rate of improvement is applied

to the 2010 - 2030 time period, it would lead to a 44 
per cent improvement between 2010 and 2030 (dotted 
blue line).

As illustrated in Exhibit 2, ClimateWorks’ research 
indicates that Australia could improve much faster, 
achieving a 97 per cent improvement between 2011 
and 2030 (solid red line). This would be almost 
equivalent8 to the US target of doubling energy 
productivity between 2010 and 2030 (dotted red line). 
The US target is described further in Box 3.

Exhibit 2. Energy productivity in Australia to 2030, $ GDP / MJ primary energy
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Energy productivity in Australia to 2030, $ GDP/MJ primary energy

109%

97%

44%

40%

2010-2030 2014-2030*

Improvement, %

90%

79%

31%

27%

* 2014 data estimated based on extrapolation of recent improvement rates

7  BREE, 2014a.

 
 

8  The US target is a doubling of energy productivity from 2011 to 2030. 
We are using a base year of 2010, and so the Australian equivalent of a 
doubling between 2011 and 2030 is slightly higher than a doubling (109 
per cent), because we have an ‘extra’ year.
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Box 3: US Accelerate Energy Productivity 2030
Accelerate Energy Productivity 2030 is an initiative of the U.S. Department of Energy, the Council on 
Competitiveness, and the US Alliance to Save Energy. It is aimed at creating a roadmap to double US 
energy productivity from 2011 levels by 2030. The program is intended to save energy and boost economic 
output. Delivering twice as much economic output from each unit of energy is estimated to save US$327 
billion annually in avoided energy costs and create 1.3 million jobs. Energy 2030 is a set of energy policy 
recommendations that urges policy makers at all levels of government to take action. It also engages 
stakeholders in the private sector. Initiatives focus on energy efficiency in the building, education, industry 
and utilities sectors as well as internationally.  The Department of Energy (DoE) and the Energy 2030 On 
the Road Outreach Effort will provide resources and technical assistance to businesses and state and local 
government for increasing economic output while lowering energy costs. DoE will also undertake research 
into more efficient energy production, transmission, buildings and transportation technologies.9

9   See energy.gov/epsa/accelerate-energy-productivity-2030.
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2. How can we achieve this 
potential?
2.1. Drivers of energy productivity 
improvements

A range of factors contribute to energy productivity, 
and energy efficiency in particular can play a big 
role in driving improvements
Improvements in energy productivity result from 
improvements in both energy consumption and 
energy supply. For example, it is possible to both 
reduce the amount of electricity required to power 
our homes and businesses, and to reduce the volume 
of raw materials such as oil, coal and gas which are 
required to generate that electricity. The formula 
below explains this relation.

 

A country’s energy productivity is determined by a range 
of factors (illustrated on pages 4-5). Energy productivity 
can be increased through improvements in:

 > Energy supply

 > Energy consumption

Each of these is discussed further on the following 
pages.

Energy 
productivity

(MJ/$)
=

Primary energy 
use (MJ)

Final energy 
use (MJ)

Final energy 
use (MJ)

GDP ($)
x=

Primary energy 
use (MJ)

GDP ($)

Energy supply Energy consumption

The energy we 
consume in our 
homes, cars and 

businesses

The energy inputs which are used to 
generate the energy we consume, for 

example the coal or gas used to 
generate electricity

Measure of energy productivity
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Energy supply
Improvements in energy productivity on the supply 
side can be achieved through:

 > Improved energy conversion

 > Reduced energy distribution losses

Energy conversion

In the process of conversion of raw sources of energy 
such as coal, gas and oil into useable forms of 
energy such as electricity, energy is lost. On average, 
it takes 3 units of fossil fuels to generate 1 unit of 
electricity. In other words, 2 units of energy are lost 
in the process. The energy lost in the conversion can 
be reduced by using more efficient power generation 
assets. For example, a CCGT (combined cycle gas 
turbine) plant only needs 2.5 units of gas to generate 
1 unit of electricity, whereas on average current 
gas plants use 3.5 units of gas to generate 1 unit of 
electricity. Switching to these more efficient forms of 
energy conversion results in an energy productivity 
benefit.

By convention, renewable electricity generation 
assets are assumed to generate 1 unit of electricity 
from 1 unit of input, and therefore switching to 
renewable energy generation delivers an energy 
productivity benefit. It is important to note that 
while this convention is used by the International 
Energy Agency (IEA)10 and the Australian Bureau of 
Resources and Energy Economics (BREE)11, there 
is no consensus on how to measure the conversion 
efficiency of renewables.

An alternative approach is used, for example, in the BP 
Statistical Review12, whereby the conversion efficiency 
of renewables is regarded as the same as the average 
conversion efficiency of the existing fossil fuel 
generation mix. If this approach were taken, switching 
to renewables may still deliver an energy productivity 
benefit, but this would depend on the extent to which 
the switch led to an overall improvement in the 
average conversion efficiency of the existing fossil 
fuel generation mix - for example if the oldest most 
inefficient fossil fuel plants were displaced by the new 
renewable generators. It is also important to note that 
switching to renewables can deliver a range of other 
benefits, as discussed in Box 4.

10  See IEA Statistics, available via http://www.iea.org/statistics/.
11  BREE 2014b.
12  BP, 2014.

Box 4: Benefits of shifting to renewables
Increasing the proportion of energy generated 
from renewable sources can deliver other benefits 
beyond improving energy productivity. These 
include:

 > Moving from from variable opex to fixed 
capex: A large proportion of the costs 
involved in traditional energy generation 
through fossil fuel energy sources comes 
from variable ongoing operating expenditure 
(opex), including the cost of purchasing or 
extracting the raw fuels (e.g. coal, gas, diesel, 
oil) and the ongoing running costs of the plant, 
including labour costs. Many of these costs 
are variable, and in some cases, particularly 
oil can fluctuate substantially depending on 
unpredictable local and global factors. The 
cost of renewables, by contrast, is mostly in 
the capital expenditure (capex). This reduces 
the risks and uncertainties presented by 
variable opex and can help limit fluctuations in 
prices for delivered electricity. In addition, the 
cost of renewables is continuing to reduce as 
technologies advance.

 > Improving the energy supply chain: Fossil 
fuels need to be found, extracted, in some 
cases refined and transported to the site at 
which they are burnt to create energy. These 
supply chains create the risk of interruption – 
particularly for imported oil-based fuels – as 
well as pollution in the process of extraction 
and combustion. Switching to renewables 
reduces these issues because the fuel (e.g. 
wind, sunlight) is clean, free, essentially 
unlimited and received directly at the site at 
which energy is generated.

 > Job creation: There are considerable 
employment opportunities in the construction 
and deployment of renewables that could 
add to the domestic economy, as well as 
opportunities to develop new manufacturing 
industries to supply renewable technologies 
and components, and hybrid and enabling 
technologies and services such as batteries 
and renewable energy prediction and 
integration services.
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Energy distribution

Some energy is also lost in the transportation and 
distribution of energy. For example, about 8 per 
cent of electricity sent-out by generators is lost in 
transmission and distribution networks13. These 
losses are driven in large part by factors which can 
not be influenced, such as external temperature 
and the load carried, but they can be reduced 
through interventions such as increased line voltage 
or decreased transport distances. For example, 
increasing distributed electricity generation from 
solar PV or cogeneration technologies can eradicate 
transmission and distribution losses for the 
consumers of this electricity. Losses also occur in the 
pipeline transmission and distribution of natural gas, 
which can be reduced through improved inspection 
and maintenance.

Energy consumption
Improvements in energy productivity on the 
consumption side can be achieved through:

 > Energy efficiency

 > Electrification

 > Optimisation and structural change

Energy efficiency

Useable energy (‘final energy’) such as electricity 
is used to power our activities in our homes, 
offices, businesses, vehicles and industries. Energy 
efficiency can improve energy productivity by 
reducing the amount of energy required for these 
activities, and thus reducing the amount of energy 
required to produce the same amount of economic 
value. 

For example, the installation of an efficient boiler 
could allow a company to produce the same volume 
of heating for a building with much less energy input, 
and improving the building itself (insulation of the 
walls, shading, sealing cracks and gaps that allow 
air to escape etc.) would further reduce the energy 
inputs required to maintain the building at the 
desired temperature and comfort level. 

Energy efficiency can also be improved through 
improved energy management and optimisation. 
For example, a large office building could reduce 
the volume of energy consumed by installing 
better electricity metering to identify energy-using 
equipment in the building that is performing sub-
optimally, and then optimising that equipment to 
reduce wastage, for example by installing variable 

speed drives on fans to allow them to run at less 
than full speed if less air is required at particular 
times.

Electrification

End users of energy can also reduce the volume of 
energy required to deliver a particular task or service, 
by switching to use more efficient forms of energy or 
fuels.

In some cases, switching to electricity can deliver 
significant energy productivity benefits. For example, 
an electric car uses about four times less energy than 
a new internal combustion engine car today14, while 
switching from some fossil fuelled activities such as 
trucking ore on mine sites to electric alternatives 
such as conveyor belts for moving ore can deliver 
substantial reductions in energy requirements. 

The degree to which a switch to electricity improves 
energy productivity will in part depend on the 
efficiency of the conversion of fuel into electricity and 
the extent to which energy is lost in this process - it 
is important to consider this, as the losses on the  
conversion side can potentially outweigh the benefits 
on the energy consumption side.

Optimisation and structural change

Optimisation of systems such as innovative work 
practices and processes can affect productivity. Floor 
space intensification is one example, where improved 
layout and office design can enable more staff to 
work in a smaller area. This kind of change has in the 
past driven reductions in the amount of floor space 
required to produce a dollar of value added in the 
commercial sector, and some of this decrease will 
lead to reductions in energy use, for example because 
with more staff in a smaller area, the heating and 
lighting required per person is reduced. 

Another related example is a shift towards online 
sales, which can allow the same amount of stock 
to be sold with less retail floorspace. There are 
a range of other possible innovations that could 
occur between now and 2030 and deliver potentially 
substantial improvements in energy productivity, 
however these have not been included in this 
modelling exercise.

Energy productivity is also affected where the 
economy shifts towards less energy intensive forms 
of economic activity. For example, mining and heavy 
manufacturing can be highly energy intensive, 
requiring a large volume of energy for every dollar 
of GDP produced (i.e. low energy productivity), as 

13  ClimateWorks, 2013 14  ClimateWorks analysis
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opposed to services, which generally have low energy 
requirements. In the past 38 years, the share of GDP 
coming from services has increased by 7 percentage 
points in Australia15. Other structural changes that 
can affect energy productivity include large-scale 
changes in infrastructure, for example large-scale 
shift towards more efficient modes of transport such 
as bus and rail, or changes to urban design aimed at 
minimising transport needs. 

The analysis underpinning this report assumes 
no structural changes other than a continuation 
of current trends (e.g. the trend towards a greater 
share of services), and those changes required for or 
resulting from decarbonisation of the global energy 
system. Additional structural changes could increase 
the potential energy productivity improvement 
achievable by 2030.

15  ABS, 2014
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2.2. Relative contribution of each factor 
ClimateWorks’ analysis shows that all factors have a 
role to play, and that energy efficiency in particular 
can deliver over half of the potential improvement
Each of the factors described above contribute to 
the modelled improvement in energy productivity by 
2030 and 2050, with improvements in the efficiency 
of energy consumption contributing more than 60 
per cent of the improvements in energy productivity 
over both timeframes (Exhibit 4). The contribution of 
each of these factors is described in greater detail 
below.

The model assumes that improvements in energy 
consumption occur before improvements in energy 
supply. Reducing the amount of electricity required 
throughout the economy first - in particular through 
energy efficiency measures, many of which are 
profitable - can reduce the effort required to improve 
the productivity of electricity generation, as fewer 
assets need to be built or retrofitted.

Exhibit 4 - Factors contributing to improvements in energy productivity in the Pathways to Deep Decarbonisa-
tion modelling, $ GDP / MJ primary energy
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Energy consumption
As discussed above, a range of factors can increase 
the GDP output per MJ of energy input, and thereby 
deliver improvements in energy consumption (also 
referred to as ‘final energy productivity’ - see formula 
below).

All of these factors can reduce the volume of final 
energy required to create each dollar of GDP. The 
modelling shows that improvements in energy 
consumption could drive an improvement in energy 
productivity of 54 per cent by 2030, and 100 per cent 
by 2050 (Exhibit 4, page 16). The relative contribution 
of each factor is illustrated in Exhibit 5.

As shown in Exhibit 5, all of the energy consumption 
factors make a contribution to improved energy 
productivity in our modelled pathway.

Both in 2030 and in 2050, energy efficiency provides 
the majority of improvements in final energy intensity. 
In addition, while energy efficiency often requires 
capital investment, most opportunities deliver a 
financial return to householders and businesses who 
implement it, and can deliver a number of co-benefits 
(see section 3.6). Consequently, improvements in 
energy efficiency are critical to improving energy 
productivity.

Electrification also makes a positive contribution, 
especially through very efficient electricity-based 
technologies in the transport and industry sectors. A 
good example is electric cars as discussed above, or 
switching from mining trucks to conveyors. Indeed, 
a conveyor uses about 20 per cent of the energy 
used by a diesel truck to move the same amount of 
material, although there are other considerations 
such as additional upfront costs and restrictions on 
operational flexibility.

Exhibit 5 - Factors contributing to improvements in energy consumption in the Pathways to Deep Decarbonisa-
tion modelling, $ GDP / MJ final energy
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Some of the modelled structural changes - including 
floor space intensification, a continuation of the 
shift from industrial activity towards services and a 
reduction in the amount of very heavy manufacturing 
within the manufacturing sector - will result in 
improvements in energy productivity. 

However, these improvements will be more than 
offset by changes in mining energy intensity, resulting 
in an overall worsening in energy productivity from 
structural change factors. Historical trends suggest 
each year, around three per cent more energy is 
required to extract a similar volume of minerals as 
the year before, due in particular to a degradation 
in ore quality, and increasingly difficult access to 
good resources. This is only partially compensated 
by improvements in energy efficiency. Over 38 years, 
an annual increase in energy required of 3 per cent 
results in a tripling of energy intensity (corresponding 
to a worsening of energy productivity) before 
improvements in energy efficiency. These factors are 
separated in Exhibit 5.

The overall improvements in energy productivity 
described above represent a significant improvement 
compared to today. This level of improvement can 
be achieved in large part by taking advantage of 
technologies that are already known, commercial or 
emerging. The major technology changes which take 
place in this scenario are summarised in Exhibit 6.

It is worth noting that, in a decarbonisation scenario 
such as the one on which our modelling is based, 
there are some changes which can lead to a 
worsening in the primary to final energy ratio. For 
example, our scenario is based on an increase in 
uptake of biofuels, and there can be large losses in 
the conversion of biomass into usable forms of energy 
such as biofuels (usually the conversion ratio is 
around 45 per cent), whereas there are few losses in 
the refining of some fossil fuels such as petroleum.

Exhibit 6. Major technology changes enabling improvements in energy intensity
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Energy supply
Improvements in energy supply increase the amount 
of final energy delivered to end users for every unit 
of primary energy consumed, as illustrated in the 
formula below.

Most of the modelled improvements in energy 
productivity from energy supply are from switching 
the production of electricity from fossil fuels to 
renewable energy sources. This corresponds to the 
‘100 per cent renewable grid’ scenario from the 
Deep Decarbonisation Pathways report, and sees a 
reduction in the share of fossil fuel energy inputs from 
88 per cent in 2011-12 to 31 per cent in 2030 and only 
4 per cent in 2050 (Exhibit 7). 

This delivers an improvement in energy conversion 
of 19 per cent by 2030 and more by 2050 (noting that 
there are alternative approaches to calculating energy 
conversion that could reduce this figure, as discussed 
on page 13 above).

Reductions in electricity transmission and distribution 
losses make a small contribution to the overall 
improvement, with distributed generation in our 
model increasing from 12 per cent of total generation 
today to 17 per cent in 2030, driven by growth in 
rooftop solar panels.

This scenario represents a major transition from 
fossil fuel generation to renewable energy generation. 
To make this possible, the variable electricity supply 
provided by renewable energy generators is supported 
by battery and thermal storage, with a significant 
contribution through the uptake of batteries in the 
transport sector. More detail on the technologies 
required to enable this switch is provided in section 5 
of the Deep Decarbonisation Pathways report16.

Exhibit 7. Electricity generation mix for 100% renewables grid scenario, % of generation (left side) and Over-
all improvement in energy conversion, GJ output for each GJ input (right side)

Final to primary 
energy ratio =

Primary energy 
use (MJ)

Final energy 
use (MJ)

Measure of improvements in 
energy supply

16  ClimateWorks, 2014b.
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Exhibit 8 - Factors contributing to improvements in energy productivity in the Pathways to Deep Decarbonisa-
tion modelling, $ GDP / MJ primary energy
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Summary of contribution from all factors
Exhibit 8 summarises the relative contribution of all 
factors discussed above, and shows that over both 
timeframes, energy efficiency contributes around half 
of the modelled improvements in energy productivity.

Electrification contributes around 15 per cent of the 
improvement, while other factors on the energy 

consumption side are largely offset by a worsening in 
mining energy intensity. 

The reminder of the increase in energy productivity is 
driven by energy supply.

Technology trends and developments
As mentioned above, the model underpinning this 
analysis includes only technologies that are available 
today or in development. The following pages provide 
examples of these technologies.

A number of studies have explored the types 
of technological and operational innovations 
and advances that could deliver even greater 
improvements in energy productivity17. Examples of 
emerging technologies that could potentially increase 
the energy productivity improvements that could be 
achieved by 2030 are also provided on the following 
pages.

17. See, for example, Smith, 2014.



20 21

18   Some of these were included in our 
modelling but not all, depending 
on the level of development and 
commercialisation.

19  AGWA, undated 
20  Rio Tinto, 2014
21  Sydney Morning Herald, 2015
22   AIRAH, 2014.
23  NatHERS, 2014
24   See www.cityofsydney.nsw.gov.au/vision/

towards-2030/sustainability/carbon-
reduction/led-lighting-project.

25  McKenzie, 2013 & Zenlea, 2012.
26  Nissan, 2014.
27  ATA, 2014, p 94.
28  Casey, 2014.
29  ABC Environment, 2014 
30  The Fifth Estate, 2014.
31  Van Noordan, 2014.
32  Vorrath, 2014.

Examples of technologies 
that could help deliver 
improvements in energy 
productivity18 Data collection and analysis Enables companies to better understand where energy is being used, 

and undertake better analysis opportunities for improvement. 
After installing a range of monitoring equipment, Murray Goulburn Co-
operative identified projects estimated to save over $400,000 annually, two 
of which required only operational changes and no capital expenditure.19

Improved controls and  
automation systems

Variable speed drives can reduce wasted energy by enabling 
equipment to run faster or slower depending on the need for the 
service. Remote control and automation can help remove the need for 
direct human control of equipment, improving accuracy and removing 
human error.

Rio Tinto has hauled over 200 million tonnes of material with its fleet of 53 
autonomous vehicles, which can be more accurately controlled by operators 
in central locations.20 This also reduces staff numbers and avoids the need to 
fly operators to remote mining sites.

Advanced manufacturing The use of new materials and manufacturing techniques 
could offer breakthroughs in production that could 
significantly reduce the inputs of energy and materials 
required for production and transportation of goods and 
provision of services, while driving innovation.

The potential of advanced manufacturing techniques such as 3D printing 
was recently illustrated when Melbourne-based engineers used 3D printers 
to construct a jet engine in just three months. This could help reduce the 
time required for engineers to build and test new prototype equipment in all 
fields.21

Heat pumps or ‘geoexchange’ 
technologies

Reduce energy required for heating and cooling by drawing heat or 
cold from outside or underground and pumping it into the conditioned 
environment.

In January 2014, the Tumut Shire Council in New South Wales installed  
a ‘geoexchange’ system on one of its ageing properties, delivering energy 
savings of 66 per cent and cost savings of over $215,000 per year, as well  
as noticeable improvements in the comfort levels inside the building.22

Innovative building design The energy efficiency of buildings can be dramatically improved 
through innovative design, which can in particular reduce the need for 
heating and cooling energy consumption.

Ten star homes (examples of which have been built in Australia) have 
almost zero need for energy to keep homes and buildings at a comfortable 
temperature and with good natural air flow throughout the year.23

LED lighting LED lights use almost 80 per cent less energy than halogen globes 
and 25 per cent less than CFLs. Their price has dropped by almost 
90 per cent over the past decade while light output has increased 
almost five-fold. LEDs are also dramatically improving the efficiency 
of televisions, computers and other screen-based devices.

The City of Sydney recently announced that it has saved $370,000 and cut 
energy use by 34% by installing 4,100 LED street lights.24

Electric vehicles Hybrid vehicles are up to 65 per cent more fuel efficient than 
traditional vehicles8 and are now becoming well-established 
in Australia and in other markets. Electric vehicles offer 
even greater efficiency, using about 4 times less energy than 
a new internal combustion engine car today.

Tesla’s Model S is a fully electric, high performance vehicle with acceleration 
of zero to 100 in three seconds and a range of 440 kilometres without 
charge.25 The more affordable Nissan LEAF has a base price of $39,990, 
a range of up to 170 kilometres and recently passed 110,000 units sold 
worldwide.26

Electric appliances Most non-electric appliances in the home can be replaced 
with electric alternatives, such as electric induction 
cooktops and high efficiency electric water heaters.

Induction cooktops can deliver the same energy output for around half the 
energy input, and have the additional benefit of better heat distribution and 
less heat loss into the room.27

Solar technologies Production of Solar PV has skyrocketed, with production 
increasing 30 per cent per year over the last 30 years and 
prices reducing by around 10 per cent per year. A range of 
new technologies are under investigation to further increase 
efficiency and find new applications.

Rooftop solar panels are currently able to convert between 15 and 18 
per cent of the energy in sunlight into electricity, but scientists from the 
University of New South Wales have developed a panel that can converts 
over 40 per cent, more than doubling efficiency.28

Emerging thin film solar technologies are cheaper to manufacture and 
conducive to high volume commercial production. PV provider First Solar 
have developed thin films with over 20 per cent efficiency and are continuing 
research and development.29

Even windows can potentially produce solar energy, with researchers 
at Michigan State University in the US working on Luminescent Solar 
Concentrator (LSC) technology, a transparent layer which can be placed 
over windows to create solar energy, potentially opening up enormous new 
spaces for energy production.30

Storage technologies Many renewable energy technologies provide variable power output 
depending on the extent to which the sun is shining or the wind is 
blowing. Storage technologies, including batteries, can help ensure 
that energy is available even when output drops. Battery technologies 
are expected to more than halve in cost by 2050.

Today, lithium-ion batteries hold more than twice as much energy by weight 
and are ten times cheaper than the first commercial versions sold in 1991. 
Researchers believe capacity could be improved by a further 30 per cent.31

Battery technology is rapidly scaling up, with Tesla and Panasonic partnering 
to develop a $5 billion ‘gigafactory’ in Nevada, US, which will double the 
global lithium-ion battery production capacity, producing up to half a million 
lithium-ion battery packs annually by 2020.

Battery technology is also advancing in Australia. In 2014, ASX-listed 
RedFlow’s share price increased 150 per cent after it signed a manufacturing 
agreement with US giant Flextronics to make its zinc-bromide module (ZBM) 
battery the world’s first to enter large scale production.32

ENERGY EFFICIENCY

ELECTRIFICATION

RENEWABLES

TECHNOLOGY DESCRIPTION EXAMPLES
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2.3. Opportunities to capture this 
potential

 
The development of an Energy White Paper and 
proposed Energy Productivity Plan presents the 
opportunity to take a co-ordinated approach to 
improving Australia’s energy productivity
The Australian Government is considering the 
development of an Energy Productivity Plan as 
part of its Energy White Paper. There are a number 
of measures that could be included in this plan, 
including the introduction of a national energy 
productivity target. As shown in Section 1 of this 
report, ClimateWorks’ research suggests that 
Australia could achieve a near doubling of energy 
productivity by 2030, which would align well with the 
US target and help Australia close the gap with its 
peers (see Section 3.3). As a comparatively small 
market, Australia can benefit from the technology 
research and development undertaken in other 
countries, as well as the cost reductions from 
commercialisation and mass-production of high 
efficiency appliances and equipment such as LEDs 
and high performance heat pumps.

Targets are a well-recognised tool used by 
companies, governments and other organisations to 
help meet future objectives. Targets are particularly 
useful for achieving long-term goals, by sending a 
signal from the government to the market, or from 
senior management to the staff in a company (see 
Box 5), about long term objectives and providing 
a level of certainty about future direction in a way 
that helps in planning future activity. In this way, 
targets can actually stimulate activity that would not 
otherwise occur. When government sets a target, the 
direction it provides can support increased research 
and development for new technologies and business 
models to deliver on the target.

A national Energy Productivity Plan could also 
help ensure that all energy sector initiatives are 
coordinated, including aligning potential adjustments 
to energy market regulations. Alongside this 
opportunity, other work is being undertaken or 
proposed, including the Australian Energy Productivity 
Roadmap proposal (see Box 6).

Box 6: Energy Productivity Roadmap
The Australian Energy Productivity Roadmap is an 
initiative of the Australian Alliance to Save Energy 
(A2SE) to double Australia’s energy productivity 
by 2030. The Roadmap will be developed through 
engaging with a broad range of leaders from 
business, government, academia and other 
stakeholder groups. It will define the scope and 
mechanisms required, evaluate costs and benefits 
and set out achievable actions for government 
and business. The Roadmap is intended to guide 
priorities in public policy and business operation to 
transform Australia’s energy productivity.

ClimateWorks conducted this analysis 
independently of the A2SE project, using separate 
analysis undertaken in partnership with the 
Australian National University, CSIRO and the 
Centre of Policy Studies at Victoria University. 
Climateworks supports the A2SE project, 
and is pleased to share these new findings to 
demonstrate a pathway for how a doubling in 
energy productivity could be achieved.

Box 5: Simplot Australia’s ‘25 in 10’ target 
Simplot Australia is a wholly owned subsidiary of 
the J R Simplot Company, a privately held food and 
agri-business corporation based in Boise, Idaho. 
It includes some of Australia’s best known food 
brand businesses including Edgell, Chiko, Birds 
Eye, Harvest and Leggo’s.

Simplot’s global “25 In 10” energy program has 
a goal of improving energy intensity (energy 
consumption per tonne of production) by 25 
per cent between 2008 and 2018. A doubling of 
energy productivity to 2028 could be achieved with 
the same volume of improvements after 2018. 
Simplot’s 2014 Sustainability Report32 shows that 
a 12 per cent improvement has already been 
achieved through a range of activities, including:

 > Collaborating with their parent company to 
share opportunities on energy efficiency

 > Identifying site-based energy champions and 
energy teams, supported by a corporate Energy 
Efficiency Steering Committee

 > Issuing weekly and monthly energy reports to 
allow visibility of performance

 > Publishing monthly energy efficiency newsletters

 > Undertaking energy audits across their sites

 > Implementing a number of energy efficiency 
projects, including lighting, refrigeration and 
boiler upgrades.
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3. What are the benefits?
3.1.Reducing the cost of energy 

Improving energy productivity is important because 
a significant amount is spent on energy every year 
by Australian businesses and households.

Australians spent $120 billion on energy across the 
economy in 2011-12. This represented 8.2 per cent 
of Australia’s GDP in that year. Energy expenditure 
increased by 67 per cent over the period 2001-02 to 
2011-12 (see Exhibit 9), driven in particular by strong 
increases in the average price of energy (38 per cent 
increase) which were not compensated by moderate 
improvements in the energy productivity of the 
economy (16 per cent improvement). This means total 
expenditure increased significantly as a percentage of 
GDP - from 6.7 per cent in 2001-02 to 8.2 per cent in 
2011-12.

It is important to note that energy expenditure is a 
function of the volume of energy purchased and the 
price of the energy, so it is exposed to changes in the 

price and consumption of oil and electricity, which 
fluctuate in accordance with economic cycles. 

Energy productivity improvements - in particular 
through implementation of the many profitable energy 
efficiency opportunities - can help reduce expenditure 
on energy, or ensure that for every dollar spent on 
energy, there is a greater economic return. 

ClimateWorks is currently assessing the potential 
total energy cost savings available through energy 
efficiency by 2030 and the findings will be the subject 
of a future report.

Exhibit 9. Estimated total energy expenditure in Australia, $ billion and % GDP33 

33  ClimateWorks estimates, based on multiple data sources. 
The energy expenditure presented covers all energy used 
throughout the economy, including energy used for energy 
conversion itself (eg. energy used in petroleum refining and 
electricity generation sectors). This differs from some other 
analyses of energy expenditure, for example see A2SE, 2014. 

Note also that all segments other than electricity present data 
for direct use of coal, gas, oil and biomass - all use of these 
fuels to generate electricity is included in the ‘electricity’ 
segment.
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3.2. Boosting Australia’s productivity 

Improving Australia’s energy productivity can make 
a material contribution to increases in overall 
productivity 
Improving productivity is important because, as noted 
by the Productivity Commission:

Productivity performance is a key source of long-term 
economic growth, business competitiveness and real 
per capita income growth. Hence, it is an important 
determinant of a country’s living standards and 
wellbeing34.

 
Productivity refers to the amount of economic output 
(traditionally measured in terms of GDP) delivered 
with a certain amount of inputs35. Economic output 
(or GDP) can be increased by increasing the amount 
of inputs into the economy, for example attracting 
more capital investment or increasing the level 
of employment, but it can also be increased by 
improving productivity. Productivity improves when 
the use of economic inputs becomes more efficient, 
delivering more economic output for every unit of 
input.

Two inputs have traditionally been the focus of 
discussions about how to improve a country’s 
productivity, namely labour inputs and capital inputs. 
These factors together represented $1,133 billion in 
2011-12 ($714 billion for labour costs and $419 billion 
investment)36, equivalent to around 76 per cent of GDP 
in that year.

Energy is not typically singled out as a key input in 
the measurement of productivity, however there 
is a growing consensus that energy productivity 
is an important driver of economic growth. This is 
particularly the case given that many developed 
countries, including Australia, have seen limited 
improvements or declines in labour and capital 
productivity37, suggesting that future improvements 
in productivity may need to come from other factors 
including energy productivity. In addition to the 
headline agreement by major economies at the 2014 
G20 summit in Brisbane to boost global economic 
growth by two per cent above business-as-usual, 
countries also agreed to collaborate to improve 
energy efficiency as a way to drive “economic activity 
and productivity, strengthen energy security and 
improve environmental outcomes”.38

 
As discussed above, energy efficiency is a key 
component of energy productivity, and studies have 
begun to explore the economic impact of improved 
energy efficiency. A study in 2013 by Vivid Economics 
found that a 1 per cent increase in energy efficiency 
in a year results in a 0.1 per cent increase in GDP in 
that year39. The study was based on statistical analysis 
of energy and economic data from 28 OECD countries 
over the preceding 30 years. For Australia, the study 
found that an annual 1 per cent increase in energy 
efficiency would increase 2030 GDP per capita by 
2.26% or $1,200 per person, and total GDP by $26 
billion.

As described in section 3.1 above, energy is now a 
substantial and growing cost across the Australian 
economy. Energy costs are now comparable to other 
major costs in the economy such as labour costs. In 
2011-12, total labour costs were $714 billion40, while 
energy costs in that year were around $120 billion and 
growing. Energy costs are now approaching to total 
labour costs across Queensland ($137 billion in 2010-
1141), and are equivalent to almost 80 per cent of the 
total revenue from individual income tax ($151 billion 
in 2011-1242).

This suggests that the efficient use of energy is 
becoming an important determinant of overall 
productivity, alongside efficient use of labour and 
capital, and improving energy productivity can make a 
material contribution to improving overall productivity.

Improvements in energy productivity can also drive 
improvements in productivity in other areas, including 
capital and labour productivity. For example, studies 
have shown that energy efficient buildings provide 
a higher return on investment, while efficient 
manufacturing equipment and processes can mean 
greater output for the same number of human hours 
worked.43

34  Productivity Commission, 2014
35  Productivity Commission, 2014 
36  ABS, 2014.
37  McKinsey, 2012, p 2.
38  G20, 2014

39  Vivid Economics, 2013
40  ABS, 2014
41  ABS, 2014
42  Australian Government, undated.
43  Stadler et al, 2014, p v-vi
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3.3. Enhancing Australia’s energy 
productivity competitiveness

Australia has made some progress in energy 
productivity, but currently lags behind other 
countries and the lag will increase if nothing is done 
to accelerate improvement. 

Leading states in the G20 have already implemented 
significant steps to improve energy productivity, and 
Australia is regarded as lagging many of its peers in 
energy productivity measures. Exhibit 10, produced by 
the Australian Alliance to Save Energy, illustrates that 
Australia’s current energy productivity is 24 per cent 
below the G20 average, and that Australia is falling 
further behind, with one of the slowest rates of energy 
productivity improvement. 

 

 
 
Looking forward, if Australia’s current rate of 
improvement in energy productivity continues, 
it would reduce our competitiveness with other 
G20 countries, particularly those that have made 
significant commitments or implemented substantial 
initiatives to improve energy productivity in the future. 
This is illustrated in Exhibit 11.

Exhibit 10. Energy productivity and rate of improvement of G20 countries, $/koe, %/yr44

44  Stadler et al, 2014, p v-vi.
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Exhibit 11. Australia’s energy productivity compared, $ GDP / MJ primary energy

* The latest available data for China was from 2011.
** 2011 values for UK, US and China are calculated based on the relative energy productivity values for the countries shown. 
*** 2030 projections for US and China are extrapolated based on 2012 values and not adjusted for exchange rate modification in the future. The 
US value is based on their target of doubling energy productivity by 2030 compared with 2011 levels. The Chinese and UK values are based on 
their historical improvement rates, which are extrapolated to 2030.

* For China, the latest available data was from 2011

2012*2010 2030 BAU 2030 Potential

CHINA
$ 0.33

Australia's energy productivity 
compared $GDP / MJ primary energy

USA

AUSTRALIA

UK

$ 0.27

$ 0.48$ 0.34
$ 0.26

$ 0.24

2 x increase

$ 0.51

$ 0.41 $ 0.67

$ 0.18

United Kingdom: All of the 
European G20 countries 
already derive much more 
GDP from every unit of energy 
consumed that Australia does, 
and nearly all are improving 
energy productivity significantly 
faster than Australia’s current 
1.1 per cent annual rate of 
improvement. 

The UK in particular has the 
third highest GDP to energy 
ratio of all G20 countries, and is 
improving rapidly at 2.7 per cent 
per year.

China: China has already made 
considerable improvements 
in its energy productivity, 
increasing by 153 per cent 
between 1990 and 2009, and 
targeting a further improvement 
of 19 per cent by 2015 alone45. 

If China and Australia continue 
to improve their energy 
productivity at recent rates, then 
China will have nearly caught up 
with Australia by 2030.

United States: Australia 
currently lags slightly behind 
the US in energy productivity, 
and has been improving at a 
slower rate over the past two 
decades. 

In addition, the US has adopted 
an ambitious target to double 
energy productivity by 2030 
relative to 2011 levels as 
part of its Accelerate Energy 
Productivity 2030 plan. By 2030, 
this target is estimated to 
save US $327 billion per year, 
save households more than 
US$1,000 per year, boost GDP 
by up to 2 per cent, create 1.3 
million jobs and reduce the 
energy imports bill by US $100 
billion per year46. Achieving 
this target would widen the gap 
between the US and Australia 
by 2030, with US energy 
productivity around 70 per cent 
higher than Australia, assuming 
we do not increase our own rate 
of improvement.

45  Stadler et al, 2014, p v-vi. 46  Stadler et al, 2014, p v-vi.
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3.4. Protecting Australia’s energy 
security

Improving energy productivity will also improve 
energy security, reducing Australia’s vulnerability to 
fuel supply interruptions

Australia is increasingly reliant on crude and fuel 
imports, with imports having grown from around 60 
per cent in 2000 to over 90 per cent today47. A recent 
report by the International Energy Agency warns that 
future oil supplies are not necessarily secure48. It is 
clear that in Australia an interruption to fuel supplies 
could have major implications. For example, a report 
by the NRMA estimates that average stockholdings of 
food in supermarkets are seven days for refrigerated/
frozen foods and about nine to ten days in the case of 
packaged foods (see Exhibit 12)49.

Improving energy productivity through energy 
efficiency can reduce these risks by reducing reliance 
on fuel imports, particularly in the transport sector. 
Improving the efficiency of Australia’s light vehicle 
fleet, which accounts for much of the consumption of 
imported crude and fuel, could for example reduce 
demand for imported oil by up to 66 billion barrels 
by 2024, equivalent to 50 per cent of all automotive 
fuel used in Australia in 201250. Electrification - 
particularly of transportation - can also help reduce 
reliance on imported oil.

Exhibit 12. Australia’s estimated stockholdings at point of sale

47  NRMA, 2014.
48  van Renssen, 2014.
49  NRMA, 2013.

50  ClimateWorks, 2014a.
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3.5. Contributing to Australia’s 
emissions reduction task

The same actions that can be taken to improve 
energy productivity will also help to deliver 
emissions reductions

Energy use accounts for over 65 per cent of 
Australia’s greenhouse gas emissions51, and investing 
in energy system improvements that boost energy 
productivity can also help Australia to achieve its 
emissions reduction goals. Indeed, the scenario 
modelled for this analysis would put Australia on an 
achieveable pathway towards zero net emissions by 
2050.

The same activities that can improve Australia’s 
energy productivity can also deliver emissions 
reductions, including:

 > Energy conversion: Much of the improvement in 
energy conversion comes from switching from 
fossil fuels to renewables or lower emissions 
electricity sources. This directly reduces 
greenhouse gas emissions.

 > Energy efficiency: Energy efficiency can reduce 
the amount of energy required to deliver a 
certain level of economic output and services, 
which can deliver a direct reduction in emissions 
resulting from the production of that energy. 
More importantly, investment in energy efficiency 
delivers financial savings that offset the additional 
capital cost of efficient equipment, and, by 
reducing overall energy demand, it reduces the 
need to develop new energy supply assets such as 
power plants and oil fields, which avoids further 
emissions.

 > Electrification: Electrification of activities that are 
currently fuelled by fossil fuels makes it possible 
to power those activities with renewable or other 
low emissions electricity. Examples include 
replacing gas cookers with electric induction 
cooktops, and petrol passenger vehicles with 
electric vehicles.

Countries have agreed that to avoid dangerous 
climate change, global warming must be limited 
to 2°C. The scale of emissions reductions required 
to achieve the 2°C limit means that energy and 
industrial emissions must more than halve by 2050, 
and net greenhouse gases must then approach 
zero during the second half of this century52. The 
good news that can be drawn from this analysis is 
that improving energy productivity and achieving 
the required level of emissions reductions are 
complementary and mutually supportive.

51  ClimateWorks, 2014. 52  Edenhofer et al, 2014; SDSN & IDDRI, 2014.
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53  IEA 2014

3.6. Other benefits

Improving energy productivity - and energy 
efficiency in particular - can deliver a range of 
other benefits in addition to a reduction in the cost 
of energy as a production or service delivery input

There is a growing body of literature on these 
benefits, including the recently completed in-depth 
study of the Multiple Benefits of Energy Efficiency 
undertaken by the International Energy Agency 
Energy Efficiency Unit, which found that these ‘co-
benefits’ can be worth as much as 2 and a half times 
the value of the energy cost savings themselves53.

For households or businesses that invest in energy 
efficiency improvements, benefits include:

 > Reduced exposure to energy price increases

 > A reduction in attraction and retention costs for 
office-based businesses resulting from improved 
staff satisfaction with a more high-performing 
efficient workspace

 > Reduced health costs for households resulting 
from a better indoor environment in the home, 
and reduced absenteeism resulting from better 
air quality in particular in workplaces

 > Increased property values resulting from the 
improved attractiveness of efficient buildings to 
residential and office tenants

 > Reduced maintenance costs for efficient 
equipment, in particular for LED lights which are 
estimated to require replacement only after ten 
years or more

 > Reduced exposure to emissions-related costs if 
there is a cost associated with carbon emissions 
in the future
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4. Next steps
Globally, the systems that have been relied upon to 
produce energy are being transformed. Australia 
has the potential to ride this wave of technological 
innovation and invest in a more efficient and 
productive energy system that will underpin future 
prosperity.
ClimateWorks’ research shows that there is ample 
opportunity to invest in the renewal of Australia’s 
energy system, with a doubling in energy productivity 
achievable by 2030 alongside strong economic 
growth. This would keep Australia competitive with 
other OECD countries, most of whom currently exceed 
Australia in energy productivity, and are improving at a 
faster rate.

Of the factors that can contribute to improvements 
in energy productivity, our analysis reveals that 
energy efficiency can deliver the largest share, and 
in most cases deliver financial returns to the investor 
and potential economic benefits for the country as 
a whole. However, our research also shows that 
many of even the lowest cost opportunities remain 
uncaptured. In the coming year, ClimateWorks will 
focus on the significant low-cost energy efficiency 
opportunities identified in this report and the options 
available to governments and businesses to drive 
increased levels of energy efficiency in buildings, 
industry and transport.
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