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EXECUTIVE SUMMARY 

Introduction: Reconciling sustainability and affordability  

One of the worldôs biggest challenges is how to address climate change, and in 
particular, how to do so while ensuring energy remains affordable for consumers and 
business.  However, when it comes to finding solutions to major problems, bigger is not 
always better. From population to the size of government; from cities to school class 
size; from mobile phones to motorways; from families to fast food; there is an emerging 
consensus that if size matters, then not over-sizing matters just as much.    

The concept of ñright-sizingò also has significant implications for the electricity sector. 
Stemming from ideas of the 1960ôs and ô70s, such as economist E.F. Schumacherôs 
Small is Beautiful (1973), this paradigm shift has impacted the electricity sector via 
contributions such as Amory Lovinsô Small Is Profitable: The Hidden Economic Benefits 
of Making Electrical Resources the Right Size (2002).  

While the efficient use of local renewable resources was the principal approach to 
meeting energy needs for most of human history, a centralised supply approach based 
on fossil fuels became dominant during the 20th century. We sought to capitalise on 
economies of scale and move the adverse impacts of centralised energy supply further 
away from the communities that use that energy. For decades, this strategy was very 
successful, raising the living standards of billions and (usually) reducing urban 
pollution.  However, in recent decades, as the economic cost and environmental 
impact of the centralised strategy has become less acceptable, there has been growing 
interest in a new paradigm ï one which combines the local, low impact principles of the 
past with the advanced technologies of today. This new ñDecentralised Energyò 
paradigm promises to reconcile environmental sustainability with energy affordability.  

The electricity sector is Australiaôs largest source of greenhouse gas emissions, 
accounting for 36 percent of national emissions. For Australia to prosper in a carbon-
constrained future, it is crucial to change dramatically the technologies and practices 
employed to meet our energy needs. The energy sources used to generate electricity 
must become less carbon intensive and electricity must be both produced and used 
more efficiently.  

Australia currently faces steeply rising energy bills, and it often seems that whatever is 
proposed to reduce carbon emissions would increase energy costs even further.  
Conversely, many measures proposed to reduce energy costs pressures would raise 
emissions. Consequently, proposals to address either issue are contentious and are 
often blocked and community frustration at this deadlock grows.  However, 
Decentralised Energy (DE) offers a potential solution to this dilemma.  Decentralised 
Energy refers to energy technologies and practices that optimise the use of local 
resources and reduce the need for large-scale energy supply infrastructure. The three 
elements of DE are: efficient use of energy, peak load management and Distributed 
Generation.  Each of these elements offers significant potential benefits in its own right, 
but when combined, Decentralised Energy has the potential to offer major cost 
savings and carbon emission reductions while reliably meeting customer energy 
needs. 
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Although the potential benefits of DE are great, tapping these benefits requires a 
fundamental change in many areas of our energy policy, culture and institutions. The 
Roadmap aims to explain where we are, where to go, and how to get there. The 
Roadmap outlines the current status of DE, and the potential benefits of DE.  It seeks 
to inform both the need for and the means to achieve a rapid acceleration of DE 
uptake.  

This Roadmap aims to be both bold and pragmatic. While a roadmap can describe a 
possible future and outline a path towards it, a roadmap cannot by itself make this 
future a reality.  The Roadmapôs value and success depends on how well it serves the 
needs and aspirations of the energy sectorôs stakeholders. 

Decentralised Energy in an Intelligent Grid 

Over $45 billion is being spent on network infrastructure in the five years to 2015. 
Network spending is concentrated most strongly in NSW and Queensland but is 
affecting all jurisdictions. Figure 4 below shows the current and previous approved 
regulatory spend on network infrastructure, highlighting the massive growth in the 
2010ï2015 period. This investment is driving substantial electricity price increases 
around the country. Sydney metropolitan area customers face five-year nominal price 
increases as high as 83 percent. 

Figure 4: Electricity network capital expenditure by jurisdiction, 2006ï2015 

 

Rising peak demand is one of the three primary drivers of this network investment, and 
peak demand growth is projected to continue to outstrip growth in energy consumption 
over the next 10 years, placing continued upward pressure on electricity prices. 

As shown in Figure 6, around one-third of total approved network investment, or almost 
$15 billion, is driven by peak demand growth and is thus considered potentially 
avoidable if demand growth were eliminated through measures such as Decentralised 
Energy. If deployed strategically, Decentralised Energy presents a means of achieving 
substantial reductions in this component of network spending.  
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Figure 6: Avoidable network costs relative to total network capex ($m 2010) 

 

Status of Decentralised Energy in Australia 

Distributed generation is growing rapidly internationally, and in Australia grew by 20 
percent in absolute terms between 2006 and 2010. However, this has not kept pace 
with the national average increase in installed capacity.  At 5.4 percent of total 
electricity generation, Australiaôs use of Decentralised Energy lags the global average 
of 11 percent, as shown in Figure 13. 

Figure 13: Proportion of total power generation from decentralised capacity  

 

Source: WADE (2006, p.31) 
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Australiaôs performance on energy efficiency also lags behind other developed 
economies. While Australia had a 1.5% improvement in energy intensity between 1990 
and 2006, this was almost entirely due to structural changes in the economy, with 
energy efficiency accounting for just 0.2% of Australiaôs improvement. This compares 
to the IEA average of a 1% improvement in energy intensity, and the highest 
performing countries which showed an efficiency improvement of 1.3 to 1.4%. Thus it 
appears that Australiaôs active policy interventions on energy efficiency were largely 
neutralised by other factors. In particular, the gradual decline in energy prices in 
Australia over this period would have tended to offset improvement in energy 
efficiency. Other barriers have also impeded progress on energy efficiency. These 
barriers are described and addresses by the policy measures put forward in this 
Roadmap. Given that the trend of falling energy prices has been reversed in recent 
years, addressing these barriers could trigger a major improvement in energy 
efficiency.    

Australia has a range of electricity network-driven and wholesale market-driven peak 
load management programs in operation. Electricity network-driven load management 
projects delivered peak demand reductions of 85 MW in 2009ï10, rising to 310 MW in 
2010ï11. While this is a steep rate of improvement, it still amounts to just 0.9% of peak 
demand in the National Electricity Market (NEM).  Furthermore, upon closer inspection, 
91 percent of the reported 2010ï11 peak load management occurred in Queensland 
where policy settings are more favourable. Wholesale market-driven projects contribute 
an additional 131-719 MW of peak load management. While it is not clear exactly how 
much load management has been employed in aggregate, it appears to be in the order 
of just 7 to 18% of the available potential load management 5,682 MW identified in this 
research. 

Thus it is clear that while gains have been made in the DE arena, particularly in recent 
years, the overall DE penetration is low relative to the available potential, and therefore 
there are ample opportunities for the strategic application of DE within Australian 
electricity networks.  

Benefits of Decentralised Energy  

The main benefits of Decentralised Energy are: 

 Affordability ï delivering electricity services at lower cost to consumers than 

traditional centralised supply. Finding opportunities for the efficient application 

of DE in the electricity network is vital to this benefit stream. 

Á Sustainability ï reduced greenhouse gas emissions from offsetting emissions 

intensive centralised fossil fuel electricity generation with energy efficiency and 

renewable or low carbon distributed generation, as well as through reduced 

transmission and distribution line losses.  

Á Security and reliability from having a diversified supply base and more 

dynamic demand-side participation leading to a larger range of options to meet 

network and generation constraints. 

Under the current regulatory arrangements, the above benefits accrue ï often unevenly 
ï to energy consumers, energy supply companies and the environment (broader 
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society) and thus care needs to be taken to ensure that the benefits are shared in a 
way that encourages broad participation in DE across the range of stakeholders.  

It is also important to recognise that the cost of providing network services to meet 
growing demand varies markedly in time and space. Figure 25 below shows the 
striking variation in marginal network costs across Greater Sydney in 2010. Policy 
mechanisms to unlock the cost-saving potential of DE needs to acknowledge the value 
of prioritising areas of high avoidable network investment, such as those in shown in 
brown and purple in Figure 25. In these areas there are potential avoidable network 
costs of up to and beyond $1000 per kVA of peak demand reduction per year.  If such 
a peak lasted, say, 10 hours per year, this represents a potential avoidable cost of 
$1000/10 hours or about $100 per kWh.  When this cost is compared to a typical retail 
price of electricity supply of 20 cents per kWh, it highlights how poorly prices currently 
reflect costs and how much potential there is to reduce costs by intelligent use of peak 
load management.  

Figure 25: Network investment deferral value, Sydney 2010 

 

Source: Working Paper 4.4 

Costs and potential of Decentralised Energy 

Australia has very large untapped Decentralised Energy potential as shown in Figure 
28 Decentralised Energy sources could deliver: 

Á 22,608 MW of peak capacity (> 50% of total peak demand); and 

Á 86 GWh per annum energy generation capacity (40% of energy demand). 
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Figure 28: Australiaôs Decentralised Energy potential  

 

Traditionally, cost comparisons of electricity supply tend to exclude the cost of 
electricity network delivery. This is because such costs are often not borne by the 
generator, but by the network business, which in turn passes on costs on to electricity 
consumers in the form of network charges. For this reason many DE technologies are 
commonly considered to be more expensive than centralised generation technologies. 
However, when the network costs of delivering electricity from the point of generation 
to the point of consumption are included, the costs of many of todayôs DE options are 
favourable relative to centralised generation technologies, as shown in Figure 29 
below. It can be seen that the addition of network costs ï the red component of each 
column ï has a large impact on the overall costs of centralised technologies. The most 
attractive options from a cost perspective are on the left side of the graph. In Figure 29 
energy efficiency and industrial cogeneration have the potential to provide up to 60 
TWh of additional supply at lower cost than expanding centralised supply.  
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Figure 29: Levelised cost and potential of supplying new energy demand 

 

 

If all of the DE potential identified in this research was deployed, electricity sector 
emissions could be reduced by up to 73 megatonnes (Mt) per annum, which translates 
to a 35% reduction on 2009 levels. To investigate how cost-effectively DE could be 
applied at scale, a number of scenarios were modelled in the Description and Costs of 
Decentralised Energy (D-CODE) Model developed as part of this research. The results 
found that even in the absence of a carbon price: 

Á The lowest-cost deployment of DE could unlock $2.9 billion of savings per year 

for electricity consumers by 2020, while saving 4.5% of electricity sector 

emissions. An illustrative emissions pathway for this scenario is shown as the 

red line relative to the solid blue ñBusiness as Usualò (BAU) line in Figure 32 

below. 

Á For the same cost as the Business as Usual approach to centralised generation 

(i.e. no net cost), electricity sector emissions could be reduced by 17% through 

the large-scale application of DE and the retirement of 8,700MW of coal-fired 

capacity. This is shown as the green line in Figure 32. The emission reduction 

resulting from the maximum DE potential is shown as the dashed blue line 

below. 
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Figure 32: Australiaôs total electricity sector emissions under DE scenarios

 

Barriers to developing Decentralised Energy 

Large volumes of cost-effective DE potential are not being delivered by the market is 
that there are numerous ñmarket failuresò or ñinstitutional barriersò obstructing the 
uptake of DE. These are shown in Figure 34 below and include a lack of information on 
DE options (yellow), split incentives, where costs and benefits are do not accrue to the 
parties creating them (green), regulatory barriers (red), cultural barriers that favour 
business as usual approaches (orange), inefficient pricing structures (purple), the 
ópayback gapô (blue), and confusion resulting from a lack of coordination (white).  

Figure 34: Institutional barriers to Decentralised Energy  
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According to a survey of energy industry stakeholders undertaken as part of this 
research, the top three barriers to DE are: 

1. A lack of policy coordination and leadership on DE development (confusion)  

2. The lack of an environmental objective in the National Electricity Market 

(cultural ïand partly regulatory- barrier) 

3. A lack of cost-reflective pricing (pricing barrier) 

The top 10 rated barriers represent six of the seven barrier categories shown in Figure 
8, indicating the need for a multifaceted and nuanced policy response. 

Policy tools to develop Decentralised Energy  

An effective policy package to unlock the potential of DE requires a balanced approach 
covering regulatory and pricing reform, information provision, incentives, facilitation, 
coordination and target setting. A list of 20 policy tools targeted at addressing the major 
barriers to DE is shown in Figure 37 below, ómappedô against the relevant policy tool 
category. The policy tool categories broadly correspond to the barriers categories 
shown in Figure 34 above.  

 

Figure 37: Policy Palette with 20 policy options mapped  
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While a well-coordinated response is more efficient, it is also more complex. Moreover, 
building political support for a suite of measures can be more difficult and time 
consuming than for simpler less efficient approaches. Therefore, particularly where 
urgent policy action is required, it is sometimes more effective to prioritise a small 
number of measures even where a more comprehensive approach is called for. So 
with this in mind, the following is a highly simplified approach using the ñtop threeò 
policy priorities for developing Decentralised Energy in Australia: 

1. Coordination Agency (Policy tool #1 in Figure 37 above):  Nominate or 
establish an agency, with the appropriate skills and resources, to coordinate a 
coherent DE strategy.  As a minimum this agency should be responsible for 
identifying DE opportunities and barriers, recommending policy and targets and 
monitoring and reporting on performance of DE policies and programs. 

2.  DE Targets (#6): Government to cooperate with electricity network businesses 
to establish ñcollaborative targetsò for Decentralised Energy, which would 
deliver by 2017 (5 years from initiation) benefits in the order of: 

a. $1 billion p.a. in energy savings (comprising the value of both avoided 
network investment and customer energy savings) 

b. 3000 MW of peak demand reduction, below currently forecast ñbusiness 
as usualò growth 

c. 10 million tonnes of carbon dioxide avoided. 

While this scale of targets falls well short of the likely cost-effective potential for 
DE, they are deliberately modest to be more quickly adopted as policy, but still 
large enough to be have a significant positive impact on customer bills, carbon 
emissions and industry development. 

3. DE Incentive Fund (#16):  Between now and 2016, earmark significant funds 
to provide incentives for energy network businesses to take major actions to 
redirect network investment towards cost effective DE. Given that networks are 
currently spending over $9 billion per annum on capital expenditure, these 
incentives need to be large to have a meaningful impact. For example, the 
achievement of savings of $1 billion per annum (suggested above) would likely 
require incentives to be quickly ramped up to the order of $300ï400 million per 
annum in funding.  There may be scope to earmark such incentives from within 
the various policy initiatives committed as part of the federal governmentôs 
Clean Energy Futures Package (see Appendix 1 for further analysis). Whatever 
the fuding source, these direct incentives could be wound back after 2016 as 
barriers to cost-effective DE are removed and more balanced regulatory 
incentives are created for DE and network investment.  This is particularly 
important in relation to the next round of electricity network economic regulatory 
decisions to be made by the Australian Energy Regulator for the 5-year periods 
commencing in each state (excluding WA) between 2014 and 2016. 

The following pages demonstrate graphically the indicative timeframe over which policy 
reforms need to occur to begin to achieve the targets established in this Roadmap. 
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The road ahead: making it happen 

This Roadmap represents the end of one journey and the beginning of another. The 
Intelligent Grid research program that supported the development of this Roadmap is 
now complete, but the Roadmap has just been released. While this Roadmap draws on 
of three years of research and stakeholder consultation, it is not intended as a final 
definitive statement of the potential, the challenges and the solutions for DE.  Rather, it 
is intended to provide a detailed, considered and substantiated contribution to the 
ongoing conversation. 

There are two other ways in which the Roadmap marks a new beginning.  Firstly, it is 
hoped that this is just the first in a series of Australian Decentralised Energy Roadmaps 
over the coming years.  For this reason, comments and feedback on the Roadmap are 
encouraged. Secondly, the Roadmapôs researchers and authors are eager to continue 
to foster the network of hundreds of stakeholders who have contributed to Intelligent 
Grid Research and the development of the Roadmap. We hope to do this through 
various means including through the continuing research of the CSIRO and our partner 
universities and through public interest organisations such as the Australian Alliance to 
Save Energy. 

As noted above, this Roadmap is both ambitious and modest. It is bold in that it 
envisions a fundamental shift towards Decentralised Energy in the Australian electricity 
sector over the next decade, resulting in both declining carbon emissions and lower 
pressure on energy bills. It encourages the community and governments to embrace 
this vision. But the Roadmap is also modest in that it recognises that ideas, data, 
analysis and policy proposals do not by themselves change the world. Ultimately, the 
value of this Roadmap will depend on how it is received and applied by the wide range 
of stakeholders who will influence and guide the evolution of the electricity sector in 
Australia over the next 10 years. 

This Roadmap describes a set of policy steps that can be adopted by government 
(state and federal), in order to unlock the potential of DE.  These policy steps will only 
be effective if they are embraced by government.  And government will only adopt such 
steps if it is persuaded of their merit and if they are supported by key stakeholders.  

This Roadmap is inspired by the idea that Decentralised Energy provides the missing 
link between sustainability and energy affordability.  It is clear that no single party can 
make the Decentralised Energy revolution happen. But nor can any single party can 
stop it.  It is hoped that this Roadmap will help to build the shared vision and 
collaborative spirit that is essential to allowing Decentralised Energy in Australia to fulfil 
its potential. 
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1 INTRODUCTION  

Key Points: 

Å Decentralised Energy offers major cost savings and carbon emission reductions 

Å Decentralised Energy includes Distributed Generation, efficient use of energy, and the 
management of peak electricity demand 

Å This Roadmap aims to empower decision makers to deliver high levels of Decentralised Energy 
over the next 10 years 

Å This Roadmap represents three years of research and industry consultation and is launched as 
a consultation document upon which comments are welcomed. 

 

1.1 Why Decentralised Energy? 

The interlinked issues of rising energy bills and greenhouse gas emissions are two of the greatest 
challenges facing society today, particularly in Australia. It often seems that whatever we do to 
address one of these challenges exacerbates the other.  As a consequence, effective action to 
address either area is often blocked and community frustration at this inaction grows. 

Decentralised Energy offers a potential solution to this stalemate.  Decentralised Energy (DE) 
refers to energy technologies and practices that optimise the use of local resources and reduce the 
need for large-scale energy supply infrastructure.  The three elements of DE are: the efficient use 
of energy; peak load management and Distributed Generation.  Each of these three elements has 
significant potential benefits in their own right, but when combined, DE has the potential to offer 
major cost savings and carbon emission reductions while securely and reliably meeting 
customer energy needs. 

While making the most of local resources has been the dominant approach to meeting our energy 
needs for most of human history, it has become a less familiar approach over the past two 
centuries.  Since the industrial revolution, we have sought to move the adverse impacts of 
centralised energy supply further away from communities that use that energy.   The cost and 
global environmental impact of this strategy has become less acceptable and a new paradigm is 
called for. 

Although the potential benefits of DE are great, tapping these benefits will require an extensive 
evolution in many areas of our energy policy, culture and institutions.  This document seeks to 
inform both the need for such an evolution and the means to effect it. 
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ñDecentralisedò vs ñDistributedò Energy ï whatôs in a name? 

This Roadmap uses the term ñDecentralised Energyò (DE) to refer to the combination of 
Distributed Generation, Energy Efficiency and Peak Load Management deployed as a means of 
tackling the twin challenges of reducing costs and greenhouse gas emissions in the electricity 
sector. The term that has been used until now within the Intelligent Grid research program is 
ñDistributed Energyò. However, in response to feedback from our consultation processes, we 
have chosen to adopt the term ñDecentralised Energyò instead, as it communicates better and 
more intuitively the paradigm shift away from the current model of large-scale centralised energy 
generation and delivery.  

This terminology is also likely to be less prone to the frequent confusion between Distributed 
Energy and its sub-component of Distributed Generation, which the iGrid research team has found 
throughout the course of this research. Combining these three different supply- and demand-side 
approaches has proven to be conceptually challenging for many stakeholders to grasp. It is 
important to communicate that DE is much more than a local supply-side approach as implied by 
Distributed Generation alone.  

Another collective term that is sometimes used for these three components is ñLocal Energyò.  
While this has the advantage of being a simpler term than Decentralised Energy, it also makes a 
less distinct contrast to ñcentralised energyò.  Whatever the name, the pieces of the puzzle are still 
the same, The authors of this Roadmap welcome any comments on how best to describe this new, 
flexible approach to delivering low carbon, low cost energy services. 

 

1.2  Why a Roadmap? 

Maps generally serve two key functions.  Firstly, they tell us where we are, by informing us about 
what surrounds us: our context and environment. In so doing, maps can inform us of opportunities, 
threats and possible destinations.  Secondly, maps help us decide where to go, and how to get 
there. The Roadmap aims to serve both these purposes. 

A technology roadmap is defined by the International Energy Agency (IEA) as a specialised 
strategic plan that identifies and details the actions that must occur over a specified time frame to 
achieve a stated goal or desired outcome (IEA 2010). Roadmaps provide detailed information and 
tools to stakeholders to enable them to make better informed decisions and to develop priority 
actions. Roadmaps have in recent years become ñtool(s) to help address complicated issues in a 
strategic manner at national, regional and global levelsò (IEA 2010 p1). For examples of similar 
Roadmaps refer to Appendix 2. 

The Australian Decentralised Energy Roadmap provides a concise and practical plan to accelerate 
the deployment of Decentralised Energy across Australia. It defines Decentralised Energy (DE) to 
include Distributed Generation, Energy Efficiency and Peak Load Management (see definitions in 
óWhat is Decentralised Energy?ô section below).  It outlines a set of targets and timeframes in order 
to increase the penetration of DE resources in the electricity sector.   
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The key objectives of the roadmap are to: 

Á provide an overview of the current status of Decentralised Energy in Australia 

Á assess the potential of Decentralised Energy technologies to address rising greenhouse 

gas emissions and electricity prices 

Á present the óbusiness caseô for Decentralised Energy as a basis for advocating the removal 

of impediments to the widespread uptake these technologies; 

Á outline a detailed set of policy actions and milestones to empower decision makers to 

deliver high levels of Decentralised Energy penetration. 

The timeline for the DE policy actions outlined in this roadmap is five years, from 2012 to 2016. As 
the impacts of increased DE uptake flowing from these policy changes is expected to take place 
over a longer period, the timeframe for the DE targets outlined in this roadmap is a decade, 
spanning until 2021. It is anticipated that strongly increasing DE penetration in the electricity 
system over this period will reduce both consumption and capacity growth, and deliver a 
downwards trend in greenhouse gas emissions from Australiaôs power sector.  

Australiaôs contribution to the global effort to rein in the growth of greenhouse gas emissions and 
initiate a steady decline is imperative over the next five years, the period which this Roadmap 
applies to. As noted by the Intergovernmental Panel on Climate Change (IPCC): 

ñ... it is critically important that we bring about a commitment to reduce emissions effectively 
by 2020...ò  

We must do this, the IPCC says, 

ñ... to ensure stabilisation of temperatures at [2oC above pre-industrial temperatures], then 
global emissions must peak by 2015.ò 

Rajendra Pachauri,  Chairman, Intergovernmental Panel on Climate Change (IPCC)  

15 Oct 2009 (Ingham 2009) 

The intended audience for this Roadmap includes energy policy makers, regulators and 
government agencies, Decentralised Energy proponents, network businesses, energy investors as 
well as other key energy sector stakeholders, such as consumer advocates and environmental 
NGOs. 

1.3 What is Decentralised Energy? 

Decentralised Energy (DE) refers to energy supply and management options close to the point 
where the energy is used. Collectively, Distributed Generation, energy efficiency, load 
management (including demand-side response) describe the scope of Decentralised Energy 
options.  This also includes a range of more specific enabling technologies such as smart meters 
that can help to unlock the potential of DE.  
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Figure 1: Decentralised Energy resources  

 

Source: adapted from IPART (2002) 

 

Distributed Generation (DG) refers to generation technologies that are óembeddedô within the 
electricity network, that supply electricity on-site or to the local area, and that may provide other 
services such as heating and cooling from the ówasteô heat associated with electricity generation, 
with a maximum size of 30MW. Technologies include solar PV panels, small wind turbines, gas or 
biomass micro turbines, fuel cells and cogeneration (combined heat and power), and solar or 
biomass heating.  

Energy efficiency measures refer to both technologies and behaviours that deliver the required 
energy services to consumers using less energy input. Energy efficiency behaviours (sometimes 
called óenergy conservationô) can be carried out by individuals or undertaken in an organisational 
context, and generally involve reducing unnecessary energy consumption. Examples include 
individuals turning lights off when not in a room, or organisations adjusting building management 
system settings to reduce total energy consumption while maintaining the desired level of occupant 
comfort. Energy efficiency technologies are appliances and equipment (óhardwareô) that reduce 
electricity or fuel consumption for the same service output.  

Peak Load Management refers to actions that influence the timing of energy use.  This occurs 
when customers are provided with information, technology and/or incentives to shed or interrupt 
their load at times of peak demand and shift it to times of lesser demand. The objective of peak 
load management is generally not to reduce emissions, but to limit unnecessary electricity price 
rises. This could enable greater implementation of other low emission DE options.  

Smart meters are the hardware upon which a more cost-reflective electricity pricing and consumer 
interaction and information relies. To be of value in supporting DE, smart meters must be 
accompanied by time-of-use tariffs that reflect the cost of supply at a particular time and/or 
location. They also need to convey energy use and cost information to the users by, for example, 
interactive displays that enable consumers proactively to manage their electricity usage and 
spending, thereby becoming more active agents in the electricity market.  
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A day in the life of a Decentralised Energy user 

Dena wakes early on a February morning in the year 2030. It has been another record breaking 
hot summer and she likes to swim before work. After a quick shower courtesy her gas-boosted 
solar water heater, she grabs an orange juice from her refrigerator, a fairly average model using 
about a third of the energy of a typical model of twenty years earlier.  She does not notice as the 
fridge quietly hums to pre-cool its freezer, as it has received a signal from the electricity network 
business to power down later that day as a peak electricity demand day is forecast.  

Denaôs working day begins as she sits down in her home office. By working from home, she saves 
energy, commuting time and road charges.  While the widespread shift to battery electric and fuel 
cell vehicles has virtually eliminated urban smog, peak hour traffic congestion is still frustrating. 
While video conferencing is now commonplace, she still likes to go into the city office about three 
days a week for the camaraderie with her colleagues. 

She works for a management consulting firm. On the days she goes into the office, she finds the 
building is designed to provide a pleasant and productive environment.  It maximises the use of 
daylight and natural ventilation. Unlike the most efficient new buildings, her office does need some 
supplementary heating and cooling, provided by a natural gas-powered fuel cell trigeneration unit 
in the basement. The trigen unit was installed with technical and financial assistance from the local 
electricity network business that was seeking cost-effective options to defer an expensive 
expansion in electricity network supply capacity. (This network upgrade, originally scheduled for 
2018, has still not been built, as the network continues to find more cost effective and profitable 
energy efficiency and demand management options to offset peak demand growth.) 

Today, Dena is developing a marketing strategy for a major food company. Her client has already 
invested in efficient refrigeration, lighting, cogeneration, variable speed drives and motors for cost 
reasons, but now they are seeking to capitalise on the marketing advantage of certified ñzero 
pollutionò products. They see great potential to enhance the clean, green image of the company.   

Denaôs brother Julian arrives for lunch. He has used just two litres of natural gas driving the 100 
km from the city in his Australian-made fuel-cell electric car. The car is five years old, so is not as 
efficient as the newest models, but the ultra light vehicle has one fifth the emissions average car of 
the ñnoughtiesò. Julian rolls into the parking bay, and says ñengage vehicle to gridò before leaving 
his car. With this the car connects to Denaôs home gas and electricity supply. This not only refuels 
the car, but also enables the carôs fuel cell to generate power to feed back into the electricity grid.  

Dena welcomes her brother at the door and he is eager to escape the heat outside. Although 
Denaôs 40-year-old house still needs cooling on such a hot day, it achieves this without adding to 
peak electricity demand on the network due its thermal storage system and energy efficient retrofit. 
After lunch, when Julian returns to his car, his utilities account has been debited $2 for the use of 
the gas but credited $5 for the electricity fed back to the grid.   

After work, Dena checks her monthly utilities statement. While her broadband bill makes her wince, 
the credit she earns on selling electricity back to the grid provides some relief.  She is pleased that 
she recently had the solar panels with battery back-up and Home Area Network Demand Manager 
system installed. By setting the system to buy power in off peak periods and sell power back at 
times of high demand and prices, she earns almost enough to cover the network access charge.  

None of the above seems at all remarkable to Dena. Decentralised Energy is simply part of life and 
as far as Dena is aware; it has always been that way. 
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1.4 Developing the Roadmap 

The consultation and engagement of stakeholders is a key element of the development of this 
Roadmap, and of the Intelligent Grid Research Program in general. The roadmap was developed 
through a series of consultations with stakeholders from the energy sector in Australia, which took 
place between 2008 and 2011. The final event was in December 2011 where the Roadmap was 
launched as a consultation document.  

The map in Figure 2 shows the date, location and title of each consultation forum. At these forums 
feedback was sought through panel sessions with audience engagement and also via interactive 
workshops.  

Figure 2: Location, timing and focus of Roadmap consultations 

     

 

To encourage dialogue and collaborative learning, a series of working papers was released to 
coincide with each Intelligent Grid forum. Stakeholders were invited to comment on and contribute 
to the development of these working papers, which have been revised and reissued periodically 
during the research and consultation process.  These working papers will be referred to throughout 
the roadmap document and provide more in-depth analysis on each of the key themes. They can 
be viewed on the Intelligent Grid Research Program website: www.igrid.net.au in the Resources 
and Publications section. 

The Intelligent Grid (iGrid) Research Program was a three-year research collaboration involving 
CSIRO and five leading Australian universities, under the CSIRO Energy Transformed Flagship. Its 
aim was to establish the economic, environmental and social impacts and benefits of the large-
scale deployment of intelligent grid technologies in Australian electricity networks. Figure 3 below 
illustrates the structure of the iGrid Research Program and shows how Project 4 ï under which this 
DE Roadmap was developed ï fits into the wider program context.   

Brisbane, April 2009: Reducing 
Greenhouse Gas emissions now 

Melbourne, July 2009 Decentralised Energy: 
The lowest cost electricity strategy 

Sydney, November 2009, Powering Ahead; Policy 
Tools for the new Decentralised Energy Economy 

Perth, March 2010, Towards an 
Australian Decentralised 
Energy Roadmap 

Brisbane, August 2010: Unlocking the 
potential of Decentralised Energy 

Adelaide, December 2008 
Barriers to Intelligent Grids  

http://www.igrid.net.au/
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Figure 3: Intelligent Grid Research Program structure 
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2 DECENTRALISED ENERGY IN AN INTELLIGENT GRID 

Key Points: 

Å Electricity networks are spending over $45 billion on network infrastructure in the five years to 
2015, leading to strong electricity price increases around the country. 

Å Peak demand growth is one of the three major drivers of this investment, and is projected to 
continue to outstrip growth in energy consumption over the next 10 years, placing continued 
upward pressure on electricity prices. 

Å Up to one-third of network investment, ($14.9 billion in the current five year period), is potentially 
avoidable if peak demand growth could be eliminated through Decentralised Energy. 

 

An unprecedented level of electricity sector capital expenditure is planned over the next five years, 
with over $45 billion in electricity network infrastructure alone planned between 2010 and 2015. 
This represents larger expenditure than the National Broadband Network in less than half the time 
period. This investment is driving substantial electricity price increases around the country. For 
Sydney metropolitan area customers, the five-year nominal price increase will be as high as 83 
percent (Dunstan & Langham, 2010). 

A large component of this investment is to meet growth in total and peak demand, with electricity 
consumption forecast to increase by almost 25 percent in the next 10 years, and peak electricity 
demand slated to rise by more than 30 percent over the same period (AEMO, 2010). These 
impending network constraints can be addressed through two possible approaches. The business-
as-usual approach involves network businesses investing capital into building a bigger network, in 
line with traditional demand forecasting. This reinforces our existing model of large-scale 
centralised and greenhouse gas intensive power supply (Glassmire et al. 2010). The alternative 
approach is that the network provider addresses peak load growth in the network by using low 
carbon Decentralised Energy, including Distributed Generation sources embedded within the 
electricity network, adaptive management of critical peak loads and the implementation of energy 
efficiency measures. 

If implemented strategically, DE options ï also termed óDemand Managementô (DM) when used to 
avoid network constraints ï have the ability to meet the parallel aims of reducing costs and 
reducing emissions by reversing the trend of continuing growth in demand and the dollars spent on 
delivering power from the producer to the end user. 

2.1 Planned Network Investment 

Figure 4 shows the regulator-approved network capital expenditure in each jurisdiction for the past 
two regulatory periods, 2006ï2010 and 2011ï2015. Note that spending in the second regulatory 
period ï with investment totalling over $45 billion ï is a dramatic increase on 2006ï2010. This is 
particularly apparent in NSW and Queensland, which alone account for over 60% of the total 
capital expenditure over the five years to 2015. The proposed annual capital expenditure on 
distribution and transmission infrastructure is highest in NSW, at well over $3 billion annually for 
the next four years (Rutovitz and Dunstan, 2009). 
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Figure 4: Electricity network capital expenditure by jurisdiction, 2006-2015 

 

Sources: AER and WA Regulator decisions, see Working Paper 4.4 (Langham et al, 2011a) for full details. 

2.2 Network Investment Drivers 

There are three primary drivers for this capital expenditure on network infrastructure: replacement 
of ageing infrastructure; increased reliability standards imposed by governments on electricity 
utilities; and growth in peak electricity demand. The final driver of peak demand growth is the key 
area of interest in the context of potentially avoidable costs through the large-scale deployment of 
Decentralised Energy.  

The forecast continuing trend of peak demand outstripping energy demand, as shown by the rising 
trend seen in Figure 5, is most concerning from the perspective of electricity prices. With the 
business-as-usual forecast demand becoming ñpeakierò, this results in greater infrastructure 
intensity and ensuing higher costs for every unit of electricity delivered from centralised power 
stations to end users. This indicates that growth-related infrastructure spending is expected to 
continue strongly for the foreseeable future, placing further upward pressure on electricity prices. 
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Figure 5: Peak demand as a proportion of average demand by state, 2004-2021 

 

Source: iGrid Working Paper 4.4; based on data from AEMO and WA Independent Market Operator 2010 Statement of 
Opportunities documents. Based on summer peak demand at 10% Probability of Exceedance (POE). 

2.3 What is óavoidableô investment? 

A significant benefit of DE is the ability to defer or avoid expensive transmission and distribution 
network investment by reducing peak loads. A central premise of much of Project 4 of the 
Intelligent Grid Research Program is that there are ample opportunities to apply efficient low 
carbon ónon-networkô alternatives to overcome network constraints, thereby saving consumer 
dollars and reducing emissions in the process. 

Implicit in the above proposition is that Decentralised Energy can defer or avoid the building of new 
infrastructure. The distinction between ódeferralô and óavoidanceô of infrastructure investment is 
relatively simple: the difference is merely in the amount of time for which an investment is delayed. 
If there is an impending growth-driven network constraint that would require a $10 million network 
augmentation to overcome, a moderate amount of DM may be available that can reduce the rate of 
underlying growth, and defer the need for that investment for say, two years. If a larger amount of 
DM was available relative to the underlying growth rate, it may be that no augmentation of the 
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network would be required. This is what would be termed óavoidanceô, but is in practice no different 
to prolonged deferral of network infrastructure beyond the current planning horizon. The vision of 
the Intelligent Grid is for DM to be implemented effectively and at scale into the future, slowing and 
eliminating growth in peak demand total and helping to reduce electricity consumption. In this case 
we would see short-term deferral initially, and long-term avoidance of network infrastructure. 

However, not all network capital expenditure (capex) is avoidable. In the context of the application 
of DE or ónon-networkô options, avoidable capex costs are considered to be those costs that are 
ógrowth relatedô ï that is, investments undertaken in response to growing peak demand. 

Extending network capacity, either to address demand growth or to meet new security of supply 
criteria imposed by governments, is considered avoidable if the demand growth driving the 
investment on the network could be sufficiently reduced. In practice, meeting new reliability criteria 
often implies very sudden and large changes in effective capacity, which if implemented quickly 
can be beyond the capacity of DM to address. If implemented gradually, these investments too 
may be avoidable through DM. Nonetheless, the only network infrastructure costs that are 
quantified and quantified as óavoidableô in this research are ónetwork augmentationsô specifically 
addressing peak demand growth. 

2.4 Quantifying avoidable investment 

The results of the Project 4 analysis, shown in Figure 6 below, indicate that over the next five years 
there is $14.9 billion of potentially avoidable capital expenditure if demand growth could be 
eliminated. NSW and Queensland together account for almost 70 percent of this value. Overall, 
around one-third of network capex is considered potentially avoidable over the current five-year 
regulatory period. 
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Figure 6: Total vs potentially avoidable network capex ($m 2010)1 

 

Source: iGrid Working Paper 4.4 (Langham et al. 2011a) based on data from AER and WA Regulator decisions. 

 

Working Paper 4.4 suggests that even if a portion of the $14.9 billion shown in Figure 6 above was 
redirected towards efficient DM measures, substantial economic and greenhouse gas emission 
savings could be achieved relative to the business-as-usual approach. This is covered in the 
benefits of Decentralised Energy in Section 4. 

 

                                                

 

 

1
 In this research network operating costs that would be directly avoided by eliminating the need to maintain new 

additional network infrastructure are not included, but are in the order of a further 20 to 25 percent of the annual deferral 
value (Langham et al. 2010). 
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Case Study 1:  Peak Load Management in Western Australia 

The need to build sufficient electricity supply capacity to meet the very highest peak demand, even 
if this occurs for only a few hours per year adds significantly to electricity costs. It is often observed 
that in Australia, 10% of generation and network capacity is used less than 1% of the time. Peak 
load management can provide a significantly more cost-effective approach to meeting peak 
electrical demand during these short periods. 

Peak load management refers to measures taken by or on behalf of electricity customers in order 
to lower peak demand and thus defer the need to build new network or generation capacity.   

The most developed market for peak load management in Australia is in Western Australia (WA). 
Each year, the WA Independent Market Operator publishes a list of peak load management 
resources that are contracted to provide capacity to support the electricity market two years later.  
For example, the most recent statement indicates that for 2013-14, peak load management 
represents over 276 MW out of a total required contracted capacity of 6,087 MW (WAIMO, 2011).  
By comparison, the total peak load management in the National Electricity Market (ACT, NSW, 
Qld, S.A., Tas and Vic) was estimated at between 171 MW and 620 MW in 2010-11 out of a total 
peak demand of about 35,000 MW (see Table 2 in section 3.1).    

One company participating in the Western Australian peak load management program is BGC 
(Australia) Pty Ltd.  BGC is a large, diversified organisation with operations stretching from the 
quarry to building materials, to residential and commercial construction. BGC is also one of the top 
200 energy users in Australia.    

Figure 7: A BGC quarry that participates in the peak load management program 
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Eight BGC facilities, ranging from quarries to cement mills to manufacturing facilities representing 
around 90 percent of its overall electricity use participate in ñdemand responseò by halting 
operations temporarily to reduce energy use and protect the grid in WA. 

When called upon, these facilities can reduce their electrical load by shutting down equipment 
such as crushers, mills, a packing plant, and lighting - all within half an hour.  These ñDemand 
Responseò events are coordinated through EnerNOC, Australiaôs largest peak load management 
company. 

BGCôs 5 MW peak load reduction earns the company payments of more than $400,000 annually 
fromfunds that go back to the participating facilities. According to Sam Buckeridge, Managing 
Director of BGC, ñThe payments from EnerNOC demand response are significant and stand out on 
the accounting ledger. Weôre doing a lot of projects that eliminate waste, but the financial impacts 
of many of these are not as transparent.ò (EnerNOC, 2011) 

EnerNOC (formerly called Energy Response) estimates that there is 4,000 MW of potential peak 
savings as yet unrealised in Australia, equivalent to almost 10% of Australiaôs peak demand 
(Energy Response, 2009) and many times more than the capacity currently being tapped as 
mentioned above .    

 

 



34 

 

 

INTELLIGENT GRID RESEARCH CLUSTER 

Decentralised Energy Roadmap for Australia 

 

 

3 STATUS OF DECENTRALISED ENERGY IN AUSTRALIA 

Key Points: 

Å Distributed Generation is growing rapidly internationally, but Australia is lagging behind the word 
average, with 8.6% of total installed generation capacity, mostly in the form of industrial 
applications 

Å Australiaôs performance on energy efficiency is lagging behind other developed economies. 
Australia is in the bottom half of the International Energy Agencyôs list of countries ranked 
according to the reductions they have achieved in the energy intensities of their economies 

Å Significant barriers remain to the uptake of DE, many of which stem from the physical, 
commercial and regulatory structures associated with the current Australian electricity system.  

Å Information regarding the current size of the Australian DE sector is a key gap in knowledge and 
addressing this lack is important for the long-term development of a sustainable Decentralised 
Energy sector in Australia. 

 

3.1 Status of Decentralised Energy deployment 

Energy efficiency  

A common comparative measure of energy efficiency performance is the óenergy intensityô of an 
economy, or the amount of energy consumed per unit of economic output. Figure 8 shows the 
whole-of-economy energy intensity of various countries for 1990 and 2007, showing that Australia 
sits in the bottom half of the global rankings for energy intensity, although it has demonstrated a 
reasonable level of improvement over that time period. While having a low energy intensity is 
positive from the perspective of an efficient and low-emissions economy, the measure strongly 
reflects the composition of the economy, and as such a manufacturing-orientated economy will 
generally have higher energy intensity than a service-based economy. Thus the improvement in 
energy efficiency is the factor that should be scrutinised when assessing the effectiveness or 
adequacy of energy efficiency measures undertaken. 
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Figure 8: Changes in energy intensity in IEA countries from 1990 to 2007  

 

Figure 9 shows the composition of energy intensity 
changes of various countries from 1990 to 2006. The 
analysis is broken down into two components: the 
effects of structural change within the economy, such 
as shifts away from manufacturing towards service 
industries; and the effects of energy efficiency 
improvements. The figure shows that while Australia 
had a 1.5% improvement in energy intensity ï just 
lower than the average of IEA countries of 1.7% ï this 
was almost entirely due to structural changes in the 
economy, as energy efficiency only accounted for 
0.2% of Australiaôs improvement. This compares to 
the IEA average of a 1% improvement in energy 
intensity and the highest performing countries such as 
Canada, the USA and Germany, which showed an 
efficiency improvement of 1.3 to 1.4%. While the 
comparison of energy intensity data has some 
limitations, the Australian governmentôs own 
assessment of the available data concludes that the 
rate of improvement is less that of many other 
comparable developed countries (DCCEE, 2010c). 

Improvements to efficiency in the stationary energy 
sector can come from increasing efficiency in the 
generation and delivery of electricity (ósupply-side 
measuresô), or from reducing consumption in the three 
main energy consuming sectors: residential, 
commercial and industrial (ódemand-side measuresô). 
Both residential and commercial energy efficiency 
include the replacement of old building stock with 
more energy efficient new buildings, as well as 
retrofitting of existing buildings with technologies that 
reduce energy inputs.  

Source: IEA, 2009b 
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Figure 9: Energy efficiency vs structural changes in energy intensity, 1990-2006 

 

Source: DCCEE (2010c). Note the following sectors are not included in this analysis: quarrying, fuel processing, 
electricity, gas and water supply. 

 

Many of these demand-side measures are covered to some degree by policy mechanisms at the 
federal or state level. Australia initiated appliance energy labelling efforts in the mid 1980s, and 
after 1999 this was complemented by Minimum Energy Performance Standards (MEPS) for certain 
appliances. The aim of energy labelling is to influence buyers to select more efficient appliances at 
the point of sale, while MEPS require the removal of the least efficient products from the market. 
MEPS have been progressively strengthened and have increased in scope, now covering 
refrigeration, heating, cooling and lighting products as well as motors and some consumer 
electronics. A recent evaluation of the MEPS and labelling program found that the national 
refrigerator and freezer energy use in 2011 was 50% lower than it would have been if no measures 
had been implemented, while air conditioner use was 9% below the business-as-usual baseline. In 
total, the program claims to have reduced Australiaôs carbon emissions by 8.8 megatonnes in 2010 
(DCCEE, 2011), which translates to around 4% of Australiaôs 2010 stationary energy emissions. 
Since 2004, the National Framework for Energy Efficiency (NFEE) has been at the core of 
Australiaôs policy efforts to improve energy efficiency. Under this program of works, in addition to 
appliance efficiency, the suite of policy packages included: 

Á Residential and commercial buildings energy efficiency measures, as part of changes to 

the Building Code of Australia 

Á Commercial/industrial energy efficiency through mandatory Energy Efficiency Opportunity 

Assessments, which to date have identified energy savings which would reduce emissions 

by around 6 Mt per annum if implemented (DRET, 2010). 
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Á Awareness programs and industry training, skills development and certification. 

Stage two of the NFEE, from 2009 onwards, has included measures such as phasing out 
inefficient incandescent lighting, and government leadership though green leases.2 The other 
major developments in the energy efficiency policy arena that have occurred at the state level are 
modest end-use energy efficiency targets mandated by state governments upon electricity 
retailers. As of 2010, NSW, Victoria and South Australia all had such schemes in operation 
(DCCEE 2010c).  

 

This extensive list of policy actions covers to some extent many of the stationary energy sector 
recommendations put forward by the IEA, as shown in the progress review in Figure 10; although 
only a relatively small proportion were found to be fully or substantially implemented as of 2009. 

Figure 10: Australiaôs progress in implementing energy efficiency policy actions  

 

Source: IEA 2009b 

Thus, despite some significant energy efficiency policy efforts, Australiaôs energy efficiency 
performance appears to have been disappointing. To some extent this may be explained by the 
impacts of many of the more recent and cumulative impacts of the NFEE energy efficiency 
measures not being observable in 2006 energy intensity data. Additionally, however, many of the 
measures implemented target new building stock and appliances, which have positive long-term 
impacts, but more limited near-term results. The Australian Government concludes that the 
historically low, and until recently falling, cost of Australiaôs electricity supply has suppressed action 
on energy efficiency. There is also a range of other barriers, many of which are covered in Section 
6 of this report (DCEE, 2010).  

                                                

 

 

2
 For a full list of actions see: http://www.ret.gov.au/Documents/mce/energy-eff/nfee/default.html 
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Thus, while the success of energy efficiency policy measures to date is an important outstanding 
question and matter for review, the above discussion suggests that Australia still has a wealth of 
untapped energy efficiency opportunities. The projection that electricity consumption will increase 
by 25 percent in the next 10 years (AEMO, 2010) ï the same period in which emissions need to 
start declining ï underlines the need for strong action on energy efficiency. However, there are 
positive indications from the 2010 Prime Ministerôs Task Group on Energy Efficiency that a more 
comprehensive and ambitious strategy to improve energy efficiency is on the political agenda.   

Peak load management 

The main purpose of load management is to reduce the need for additional expensive investment 
in electricity network and power station capacity to service occasional extreme peaks in electricity 
demand.  In Australia, load management programs have included direct load control, demand 
response, interruptible loads, load shifting, customer power factor correction, fuel substitution, 
time-of-use pricing and integrated demand management programs.  It should be noted that while 
not the focus of this section, both energy efficiency and Distributed Generation can also help to 
reduce peak load, in addition to providing the benefits discussed above.   

Network-Driven Load Management 

The Institute for Sustainable Futures recently conducted a survey of electricity network businessesô 
demand management programs in Australia.  This survey found that across 19 of the 20 Australian 
network businesses there are 97 load management programs, spread over a range of initiatives as 
illustrated in Table 1 (Dunstan et al., 2011b). 

Table 1: Number and types of peak load management projects in Australia 

Load Management Project Type No. of Projects 

Power factor correction  23 

Direct load control, including hot water, air conditioning 
and pool pumps  

17 

Stand-by generators for peak demand supply, including 
cogeneration and diesel  

16 

Tariff trials, including time of use 10 

Load shifting  8 

Commercial and residential energy efficiency projects  3 

Fuel Switching  1 

Mixed projects, where multiple elements are used in a 
particular location  

8 

Other 11 

Total 97 
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The electricity network-driven load management projects in Table 1 above were reported to have 
delivered peak demand reductions of 85 MW in 2009ï10, and 310 MW in 2010ï11. While the 
2010ï11 load management contribution was a steep increase on the previous years, it amounted 
to just 0.86% of peak demand of the National Electricity Market (shown in Table 2 and discussed 
further below). In addition to load management, smaller contributions were also registered from 
energy efficiency measures (1 MW) and Distributed Generation projects (56 MW). When the total 
DM contributions (including load management, energy efficiency and Distributed Generation) are 
broken down by jurisdiction however, it becomes clear that there are significant disparities in where 
these projects are being implemented (Figure 11). In 2010ï11, Queensland accounted for 91% of 
the reported peak demand reductions, while NSW accounted for 8% of the total. 

Figure 11: Reported peak demand reduction by jurisdiction  

 

Source: Dunstan et al, 2011b 

Wholesale Electricity Market Driven Load Management 

While network businesses are important instigators of load management programs for avoiding 
network congestion, participants in the wholesale and retail energy market also employ load 
management to manage peak period price spikes. This use of load management is generally 
distinct from (and additional to) network load management, except in cases where congestion 
occurs on the network and the wholesale market at the same time and one load management 
approach obtains credit through both mechanisms. Thus there is likely to be some overlap 
between these figures.  

AEMO reports that the level of demand-side participation (which includes load management) in the 
NEM was 131 MW of committed resources in 2010, and 588 MW of uncommitted resources 
(AEMO 2010, p. 70), as shown in Table 2, which translates to between 0.4 and 2.1% of total peak 
demand, depending how many opportunities were actually contracted. The projection for 2010ï11 
was slightly down on this figure if all óvery likelyô and óeven chanceô demand-side opportunities are 
included.  
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Table 2: Electricity peak load management in Australia 

Year Network    

peak load 
reduction 

(MW)  

Energy market 

peak load 
reduction (MW- 
AEMO reported) 

NEM Peak 
Demand 

(MW) 

Networks   

% reduction 
Energy 
market     

% reduction 

2010ï11 310.1 177 (v. likely) 
443 (even chance) 

620 (total) 

35,927* 0.86% 0.49% 
1.23% 
1.72% 

2009ï10 85.1 131 (committed) 
 588 (uncomm.) 

719 (total) 

34,451 0.25% 
 

0.38% 
1.71% 
2.09% 

2008ï09 50.9 192 (committed) 
 559 (uncomm.) 

751 (total) 

35,322 0.14% 0.54% 
1.58% 
2.12% 

* Projection based on medium-growth scenario, 50% POE, in AEMO (2010). 

Source: AEMO, 2010, p. 70; Dunstan et al., 2011b 

 

In the South-West Interconnected System (SWIS), Western Australiaôs main electricity grid, peak 
demand grew by 1.7% to 3,831 MW between 2009ï10 and 2010ï11, with load management 
programs contributing a higher proportion of peak demand than observed in the NEM, with 3.37% 
or 129 MW (IMO 2011). 

International Comparison 

Figure 12 below shows the utilisation of Demand Management in the USA, with 31,000 MW of 
Demand Management in 2009, resulting in peak demand reduction of 4.4% of total demand (US 
Energy Information Administration, 2011).3 If the NEM were to have a similar penetration, demand 
management would contribute over 1,563 MW. In comparison with the figures in Table 2 above, 
Australia appears to be lagging behind the US in terms of uptake of Demand Management. This 
would still be a very small penetration relative to the 22,608 MW of peak reduction potential 
identified in the D-CODE Model (refer to Section 5). 

                                                

 

 

3
 Reporting on DM programs is done in the US by the Energy Information Administration under the US Department of 

Energy in their Electric Power Annual Report. 
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Figure 12: Management ï actual peak load reductions, 1989-2009 

 

Sources: US Energy Information Administration (2011) and AEMO (2011) 

 

Despite an increased uptake in load management programs, summer peak demand is growing by 
3.5% in the NEM or three times the rate of total energy consumption (AEMO, 2010) and by 4.4% in 
the SWIS (WAIMO, 2010).  This increase is the major factor driving $14.9 billion of the more than 
$45 billion of network capital investment to 2015 (iGrid Working Paper 4.4).  Thus there remains 
significant potential for load management and wider demand management strategies to minimise 
the need for network investment.  

While not every network business surveyed reported the expenditure and cost savings of their load 
management programs, those that did reported an average expenditure of $34 million a year over 
three years, or just 0.4% of the annual $9 billion a year being spent on network capital over the five 
years to 2015 (Dunstan et al., 2011b). 

Distributed Generation 

Internationally, Distributed Generation (DG) is growing rapidly; between 2002 and 2006, DG 
accounted for 25% of global new installed electricity generation capacity (WADE, 2006).  However, 
with a continued national focus on centralised fossil fuel energy options, Australia is lagging behind 
the world average. DG accounts for only 5.4% of Australiaôs total electricity generation, which is 
about half of the global average of 11% (Figure 13). Perversely, the lack of action in Australia on 
DG to date means there is still huge potential for growth in DG.   
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Figure 13: Proportion of total power generation from decentralised generation  

 

Source: WADE, 2006. p. 31 

In absolute terms, installed DG capacity has increased in Australia by about 20% between 2006 
and 2010 (as shown in Figure 14), however this has not kept pace with the national average 
increase in installed capacity.  Thus in 2006 DG accounted for 9% of Australiaôs installed capacity 
but by 2010 this figure had declined to 8.6%. 

Figure 14: Australian installed generation capacity: Distributed Generation vs total  

 

Source: IEA, 2010; CEC, 2010; ESAA, 2010, DEWHA, 2010 
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renewable electricity and heat generating technologies smaller than 30MW. In 2010, renewable 
powered DG accounted for 1,654 MW, or 2.95% of total Australian installed electricity generation 
capacity (CEC, 2010; DEWHA, 2010; ESAA, 2010). Table 3 breaks this total down by different 
renewable fuel types, showing that solar hot water makes the greatest contribution, while the 
emerging technology of geothermal accounts for the smallest amount, at just 0.1 MW.  

Table 3: Decentralised Renewable Energy Capacity 2010  

 

Fuel Type Installed 
Capacity (MW) 

% of Total Installed 
Electricity Generation 

Solar hot Water 1400.0  

Hydro 398.1 0.71% 

Bagasse 420 0.75% 

Biomass (mixed) 183.9 0.33% 

Landfill gas 164.2 0.29% 

Sewage Gas 58 0.1% 

Geothermal 0.1 0.00% 

Solar  311 0.56% 

Marine 0.7 0.00% 

Wind 1181.1 0.21% 

TOTAL 1654 2.95% 

Source: (CEC, 2010; DEWHA, 2010; & ESAA, 2010)
4
 

 

Fossil fuel-based DG at 5.64% of total Australian installed electricity generation capacity, accounts 
for a larger percentage than renewable DG. In Table 4, fossil fuel-based DG is broken down by 
plant and fuel type, and by whether or not it is a cogeneration system (where waste heat is utilised 
for productive purposes).  The largest contribution is from gas turbine cogeneration powered by 
natural gas at 1,106 MW, and the smallest contribution at 0.45 MW from natural gas powered 
cogeneration fuel cells.  It should be noted that while Table 4 includes coal-based DG, these are 
not advocated by this Roadmap.   

                                                

 

 

4
 Note the installed solar hot water capacity is not included in the total sum as electricity is not generated.   
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Table 4: Decentralised Non-Renewable Energy Capacity 2010  

 

Plant type Fuel type Installed Capacity (MW) % of Total 
Installed 

Electricity 
Generation 

Cogeneratio
n 

Not-
cogeneration 

TOTAL 

Steam Black coal  91.7 - 91.7 0.16% 

Coal waste methane - 6.00 6 0.01% 

Natural gas  191.2 54.50 245.7 0.44% 

Oil products  109 48.00 157 0.28% 

Waste gas 123.75 60.00 183.75 0.33% 

Gas turbine Natural gas 1106.23 249.85 1356.08 2.42% 

Oil products - 163.30 163.3 0.29% 

Combined 
cycle 

Natural gas 76 26.50 102.5 0.18% 

Coal seam methane 33 - 33 0.06% 

Reciprocating 
engine* 

Natural gas  242.85 242.85 0.43% 

Oil products  308.86 308.86 0.55% 

Coal seam methane  45.00 45 0.08% 

Coal waste methane  218.80 218.8 0.39% 

LPG  1.49 1.49 0.00% 

Fuel cell Natural gas Co-gen 0.45 - 0.45 0.00% 

TOTAL  1731.33 1425.15 3156.48 5.64% 

Source: ESAA, 2010 

 

One of the key impediments to understanding the status and contribution of DE is the lack of 
historical data. However, it is possible to map the growth of installed capacity of decentralised 
bioenergy, wind and solar PV over the past 15 years. Figure 15 shows that in absolute terms 
bioenergy has seen the greatest growth, increasing from 275 MWe in 1995 to 826 MWe in 2010.  
Solar PV has seen exponential growth rates in recent years, spurred by strong financial incentives 
at the federal and state government levels. Small-scale DG wind generation has seen only linear 
growth, as most growth between 2000 and 2010 has been wind farms that are considerably over 
the 30MW definition of for DG. 
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Figure 15: Renewable distributed generation in Australia (1995-2010) 

 

Source: IEA, 2010; CEC, 2010; ESAA, 2010, DEWHA, 2010 

 

3.2 The Australian Decentralised Energy industry 

The Australian DE market covers a range of established and emerging actors. Energy retailers and 
network businesses are starting to develop internal DE teams and associated programs.  One 
example is Ausgrid (formerly the network arm of Energy Australia), which is undertaking a Smart 
Grid pilot study, funded through the federal Department of Climate Change and Energy Efficiencyôs 
Smart Grid Smart City fund.  However, the size and influence of these DE departments in existing 
energy utilities varies. Dunstan, Ghiotto and Ross (2011d) report that the number of full-time 
equivalent staff working on demand management within electricity network service providers 
currently ranges from zero to a team of 45. Demand management (DM) is defined as the 
application of DE for the purposes of managing specific capacity constraints on the electricity 
network and thus the terms are often used interchangeably in this Roadmap. 

Within the DE sector there are also a number of dedicated DE businesses, social enterprises and 
community organisations.  Examples include: 

 Energy Response, an independent company dedicated to aggregating DM potential for 
participants in the Australian electricity markets 

 Hepburn Wind, Australiaôs first community wind cooperative  

 Cogent Energy, which builds, operates and owns cogeneration plants for large, typically 
commercial, energy users 

 Energetics, a consultancy specialising in energy efficiency and climate change response for 
businesses 
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 Moreland Energy Foundation, a not-for-profit organisation that works with the local 
community to create practical demonstrations of local sustainable energy solutions 

 Many hundreds of solar PV installation businesses. 

Other organisations are emerging as key actors in the DE space, such as property developers 
Frasers Property Australia and commercial property trusts such as Investa Property Group.  
Investa has recently turned on Sydneyôs first commercial trigeneration precinct at Coca Cola Place 
in North Sydney, while Frasers are developing a trigeneration system to service their new Central 
Park commercial and residential mixed-use development.  Local councils are also increasingly 
playing a role in the DE sector. For example, the City of Sydney aims to facilitate the development 
of 360MWe of trigeneration across the local government area as part of its Green Infrastructure 
Master Planning process (City of Sydney, 2011). 

In the emerging DE sector there is a push towards an óenergy serviceô orientated business model. 
This model ties the success of an organisation to the quality of an energy service provided, such 
as heat or light, rather than to the amount of electricity or gas sold.  Underlying this business model 
is that consumers do not want electricity or gas as such, but rather the services or outcomes that 
those products provide. Using a services approach, the same supply of a shortfall in energy 
production, for example, can be achieved through either the reduction of demand through 
improved energy efficiency, or an increase in supply through a range of means. The end result to 
the consumer remains unchanged ï a reliable supply of energy services. There are, however, 
many institutional barriers to the widespread adoption of an energy service-based business model, 
which are discussed in Section 6. 

Despite the existence of many examples of DE organisations, very little has been done in the past 
decade to map the DE market both in terms of actors and economic size.  However, in 2002, a 
survey of 570 sustainable energy organisations found that the sustainable energy sector had 
annual sales in the order of $4.5 million in 2002ï03, as shown in Figure 16, indicating a steady 
annual growth rate over four years of 16%. More recently, the Clean Energy Council (2010) 
reported that investment in renewable energy (large and small) for the 2009ï10 financial year 
totalled US$1.8 billion. 

Figure 16: Annual direct sales in sustainable energy  

 

Source: Mark Ellis & Associates (2002, p. 15) 
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3.3 The Australian electricity system and regulatory context 

The Australian electricity sector is made up of three main markets: 

 The National Electricity Market (NEM), which covers most of Queensland, New South 

Wales, Victoria, South Australia and Tasmania; 

 The Wholesale Electricity Market (WEM) in the South West Interconnected System (SWIS) 

of Western Australian; and 

 The Darwin and Katherine Interconnected System (DKIS), which services part of the 

Northern Territory. 

Figure 17: Electricity industry structure in the National Electricity Market  

 

Source: modified from Outhred, 2006 

 

These markets operate not only at the physical level, but also at the commercial and policy level. 
Figure 17 above provides a simplified representation of the key stakeholders, which include large 
centralised generators, transmission and distribution businesses, retailers and customers. They 
are connected physically and commercially within the NEM.  While this diagram uses the example 
of the NEM, the SWIS and DKIS are structured similarly. 

Figure 18 below outlines the key actors involved in regulating electricity markets.  This is a 
complex regulatory and policy area involving contributions from different areas of regulatory 
responsibility: 

 The Ministerial Council on Energy (MCE), which is a Council of Australian Government 

body and is made up of the Energy Ministers from the federal government and each state 

and territory.  The MCE is responsible for all regulatory reform including drafting legislation 

and initial National Electricity Rules (NER) governing the sector.   
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 The Australian Energy Market Commission (AEMC) oversees the NER and manages the 

progressive NER órule changeô process, which can be proposed by any person or body. 

 The Australian Energy Market Operator (AEMO) manages the operation of the NEM 

including development and amendment of procedures governing market participants, 

including generator registration.  Again, procedural changes can be proposed by any 

person or body. 

 The Australian Energy Regulator (AER) is the economic and market/rules compliance 

regulator. The AER determines what DNSPs and TNSPs can charge for their services, 

oversees market participant compliance with the NER, and can issue distribution licensing 

exemptions to embedded generators in certain cases. 

 The Independent Market Operator (IMO) in Western Australia undertakes a similar role to 

both AEMO and the AER for the Western Australian energy market. 

 Retail licensing is currently addressed at the state level, however retail licensing conditions 

are in the process of being standardised across the NEM under the auspices of the AER. 

Detailed discussions of the interacting physical, commercial and regulatory processes of the 
Australian Electricity system can be found in CSIROôs Intelligent Grid Report (2009) the Australian 
Energy Market Operator website and Centre for Energy and Environmental Marketsô website.   

Decentralised Energy is located on the right-hand side of Figure 17, in the form of generation 
ñembeddedò within the electricity distribution network, energy service companies (ESCos), and 
energy efficiency and demand management programs that shift customers from passive to active 
participants in the electricity system.  However, players may operate in more than one area, for 
example, electricity retailers may own and operate DE infrastructure directly or via intermediary 
operators, and are mandated to be involved in energy efficiency provision through schemes such 
as the Victorian VEET or the New South Wales EES.   

The majority of physical, commercial and regulatory infrastructure has been established to facilitate 
and operate the three left-hand columns of Figure 17. That is, a physical structure based around 
centralised generation with a large and one-way electricity grid, connected to passive customers 
who interact only with energy retailers as power purchasers.  As such, there are significant barriers 
at all levels to the integration and uptake of Decentralised Energy.  These are outlined in Section 4 
of this roadmap. The AEMC and AEMO have recognised that many of these barriers exist and 
have undertaken recent reviews and consultations including the Small Generator Design 
Framework Consultation (AEMO) and the Review of Demand Side Participation in the National 
Electricity Market (AEMC).  However, the degree of change resulting from their reviews has been 
limited to date.   
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Figure 18: Decision-making framework of the Australian electricity industry  

 

Source: Modified from Outhred (2006b) 
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Case Study 2:  Electric Vehicles 

Battery-powered electric vehicles use an electric motor to drive the vehicle. Power is drawn from 
electric batteries which can either be the sole power source for the vehicle (standard electric 
vehicles, or EVs), or may be used in combination with a petrol engine (óhybridsô, or HEVs). The first 
large-scale production hybrids on the market, such as the Toyota Prius, do not connect to the 
electricity grid and recharge batteries only by recovering braking energy. However, some hybrid 
models are now being produced specifically for grid connection. These are referred to as plug-in 
hybrid electric vehicles (PHEVs) (IEA, 2011). PHEVs and EVs can either allow one-way (charging 
only) or two-way (charging and energy flow to grid), as in the prototype vehicle shown below). 

Figure 19: Vehicle-to-grid capable plug-in hybrid electric vehicle converted by UTS 

 

 

 

 

 

 

 

 

 

 

EVs offer substantial environmental and other societal benefits ï if charged with renewable energy 
from the electricity grid (for example using 100% GreenPower) they offer zero operational 
greenhouse emissions and air pollutants, in addition to low noise. Even when charged using grid 
electricity with the Australian average grid emissions intensity, the high efficiency of the electric 
motors means that the greenhouse gas emission are  still reduced (Simpson, 2009). The main 
constraint of current EV technology is the reliance on batteries, which have very low energy and 
power densities relative to liquid fuels (IEA, 2011) ï this makes them heavy for the necessary 
power output and places constraints on the possible driving range practically feasible in a 
passenger vehicle.  

EVs as a Decentralised Energy Resource 

EVs have the potential to provide as well as consume resources. Over 44 different electric vehicle 
models are currently, or will soon be, in production worldwide with some models already available 
in Australia (Usher et al., 2010). While EVs require electricity to run, owners can be incentivised to 
adjust the time at which they charge or even allow energy to be returned to the grid from the 
vehicleôs batteries. Using an EV as Decentralised Energy resource ï by allowing discharge of 
power from EVs into the grid ï would involve the creation of a tariff structure that would incentivise 
owners to charge their vehicles in non-peak periods, and discharge when connected during peak 
periods. Thus while electricity consumption will increase with EVs, with significant market 
penetration they could provide a major benefit in levelling demand on both the distribution and 
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transmission systems. More advanced contractual arrangements could also encourage owners to 
allow the network to control their chargers during certain times of the day or year. This would allow 
a network to reduce the charging rate at peak times during a very hot day when the distribution 
system was under stress, as indicated by load shifting from green to red in the figure below. To 
maximise the use of EVs as a DE resource, an inverter could be coupled with the vehicle either on-
board or in a home or office building to dynamically control the two-way flow of energy between the 
vehicle and the grid. 

Figure 20: Load levelling via EV smart charging and Vehicle to Grid discharging 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Usher et al. 2010, p. 60 

EVs are at the early stages of production and still relatively expensive compared to their petrol 
counterparts (Usher et al., 2010), but costs are expected to decline rapidly ï a study undertaken 
for the NSW Government assumed that PHEVs would reach price parity with combustion engine 
vehicles by 2020, while PHEVs and EVs would reach price parity by 2030 (AECOM, 2009). While 
capital costs are higher than for combustion engine vehicles, the operational costs per kilometre 
are around 70% lower, at 2010 NSW electricity prices (AECOM, 2009, p. 48). 

Curtin University estimates that a fleet of one million EVs in Australia (about 6% of Australiaôs 
current motor vehicle fleet) would reduce national greenhouse gas emissions by 0.9 MtCO2Ȥe per 

annum when recharged from the national grid, or 3.8 MtCO2Ȥe when recharged with 100% 

GreenPower (Simpson, 2009). They also suggest that the distributed batteries in the same one 
million EVs would facilitate an additional 45,000 GWh of intermittent renewable energy technology 
such as wind and solar power, resulting in eleven times the reduction in greenhouse gas emissions 
from the just the vehicles on their own.  

 

Smart charging 

Vehicle to Grid 
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4 THE BENEFITS OF DECENTRALISED ENERGY  

Key Points: 

Å Benefits of DE include: 

 Å Affordability ï delivering electricity services at lower cost to consumers than traditional 
centralised supply. Avoidable network costs are key to this equation 

 Å Sustainability ï reduced greenhouse gas emissions from electricity services  

 Å Security and reliability from diversified supply base and more dynamic demand-side 
participation 

Å These benefits accrue ï often unevenly ï to energy consumers, energy supply companies and 
the environment (broader society) 

Å The Dynamic Avoidable Network Cost Evaluation (DANCE) Model developed under this 
research program can be used as a communication tool to identify opportunities in space and 
time to alleviate network constraints using DE. 

 

Decentralised Energy in the context of an Intelligent Grid has the potential to provide energy 

consumers, utilities and the environment with a range of benefits in terms of affordability (from 

improved economic efficiency), sustainability (lower greenhouse gas emissions), and energy 

security and reliability. These three major benefit categories accrue to key stakeholders in 

different ways, as shown in Figure 21 below. Each benefit is then explained in further detail. 

Á Lower greenhouse gas emissions, because of: 

o an overall increase in fuel efficiency 

o the potential for higher penetration of low carbon renewable energy sources  

o the potential for integration of electric vehicles. 

Á Improved reliability of electricity supply, with improved energy security, because of:  

o ñself-healing gridsò via improved monitoring and communications, and automation of 

fault detection resulting in faster restoration of power outages   

o network benefits such as voltage support and reduced reactive power losses  

o improved system ancillary services, such as black start capability and spinning 

reserves. 
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Figure 21: Benefits and beneficiaries of an Intelligent Grid 
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4.1 Improved economic efficiency 

The strategic deployment of cost-effective Decentralised Energy options has the potential to result 
in better economic efficiency, and thus lower overall cost of energy services, due to: 

 unlocking cost-effective alternatives to business-as-usual modes of energy service 
delivery 

 reduced peak load and peak load growth resulting in reduced and optimised network 
investment 

 two-way communication with customers enabling cost sensitive pricing and active energy 
management, including remote switching of customer loads to manage peak demands. 

Unlocking cost-effective opportunities  

The integration of DE technologies in a smarter electricity grid provides a way to deliver a flexible 
energy supply cost effectively. A number of studies have explored the potential for cost-effective 
deployment of Decentralised Energy, however a number of barriers impede this deployment.  One 
such study by McKinsey and Company (2007) found that óalmost 40 percent of emissions 
abatement could be achieved at ñnegativeò marginal costsô, meaning that investing in these options 
would generate positive economic returns over their lifecycle. A similar study undertaken by 
ClimateWorks Australia (2010) concluded that 71 million tonnes of abatement (almost a third of the 
abatement needed to achieve a 25% reduction in Australiaôs 2000 emissions by 2020) could be 
achieved with a positive economic benefit to society of $77 per tonne. More than 70% of these 
ñnegative costò options ï those options beneath zero on the y-axis in Figure 22 below ï are 
Decentralised Energy resources. This could equate to a net societal benefit of at least $3.8 billion 
from implementing DE options (ClimateWorks Australia 2010, pp. 48, 63, 64).5 

                                                

 

 

5
 Industrial efficiency contributes 17 Mt at a benefit of $100 per ton by 2020, cogeneration 5 Mt at a benefit of $63 per 

ton, and energy efficiency in buildings contributes 28 Mt, at a benefit of $99 per ton.  
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Figure 22: Greenhouse gas emission reduction potential 

 

Source: ClimateWorks 2010, p.10 

 

Modelling of the National Electricity Market (NEM) under the CSIRO Energy Transformed Flagship 
calculated the undiscounted value of DE over the period from 2006 to 2050 to be $800 billion, or 
approximately 85% of Australiaôs 2009 Gross Domestic Product. Figure 23 compares the energy 
costs over this period with and without DE (Lilley et al., 2009).  

The cost effectiveness of DE options lies in a range of factors that are specific to each technology. 
Some technologies increase fuel efficiency, for example through the utilisation of waste heat (e.g. 
cogeneration), while others reduce material inputs, through increased energy efficiency and 
renewable Distributed Generation, while all DE technologies eliminate electrical transmission 
losses due to their location within the distribution grid close to the point of consumption. Currently, 
transmission and distribution losses equate to a loss of at least $4.5 billion nationally (Thomas, 
2010, p. 24). All DE technologies also carry the potential to reduce capital-intensive investment in 
electricity transmission and distribution network upgrades, which is covered in the next sub-
section.   
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Figure 23: Comparison of energy costs with and without DE 

 

Source: Lilley et al. (2009) 

 

Avoided network infrastructure costs 

As outlined Section 1, DE reduces the requirement to augment capacity in the transmission and 
distribution system because the energy source is situated close to where it is needed. This is 
particularly important in the current environment of unprecedented projected electricity network 
expenditure, with almost $15 billion ï or $3 billion per year ï of growth-related investment to be 
spent around Australia to 2015. It has been estimated that energy efficiency measures in 
residential, commercial and industrial buildings alone could unlock savings in network 
infrastructure of between $1.6 and $2.2 billion per annum in 2020 (Langham et al., 2010).  

While there are huge opportunities for economic efficiencies to be gained through the deferral of 
network infrastructure, these opportunities are ñhiddenò within a complex electrical network and 
vary greatly in value according to both time and location. This is illustrated in Figure 24 below, 
which shows the spare capacity available at different Sydney zone substations in 2014. The green 
and yellow colours indicate distribution zones that will have sufficient spare capacity in 2014, while 
the pink and red colours indicate distribution zones facing growth-related constraints where 
investment will be needed to ensure reliability is maintained. These constraints occur progressively 
between 2009 and 2014. 
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Figure 24: Available distribution network capacity in 2014 before augmentation 

 

Source: Working Paper 4.4 (Langham et al, 2011a)  

 

To determine the cost below which DM can be applied cost-effectively (or ñefficientlyò in regulatory 
terms), it is necessary to calculate the ñannual deferral valueò. This represents the amount of 
money that the network business would save on an annual basis if it did not need to implement the 
preferred business-as-usual network solution to a capacity constraint. This can be used as a proxy 
for the maximum value that society should be willing to pay for the implementation of DM if the 
same reliability and service criteria are met.  

The calculation of óannual deferral valueô considers both the capital expenditure on network 
augmentation and the annual rate of growth being serviced by the proposed capacity addition. The 
annual deferral value is estimated at around 10% of the capital investment cost, after factoring in 
the Weighted Average Cost of Capital (WACC) and the avoided depreciation. Similarly to the 
network capacity constraints, investment cost and demand growth rates vary dramatically over 
time and space, which results in some geographical areas having zero or very low deferral values, 
while others are over $1000 per kVA per year, as shown in Figure 25. 






























































