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Intelligent Grid Working Papers
Engaging with stakeholders is a key element of the Intelligent Grid Research Program. In order
to encourage dialogue and collaborative learning, a series of working papers is being published
during the course of the three-year program. It is intended that these working papers will be
revised and reissued from time to time as the research and consultation proceeds.
Stakeholders are invited to comment on and contribute to the development of these working
papers. At the conclusion of the program, the working papers will be formalised as final
reports.
At the time of writing, the proposed working papers for Project 4 include:
4.1. Institutional Barriers to Intelligent Grid (Version 1 published June 2009)
4.2. 20 Policy Tools for Developing Distributed Energy (Version 1 published November 2009)
4.3. Evaluating Costs of Distributed Energy (Version 1 published November 2009)
4.4. Evaluating Avoidable Network Costs (yet to be published)
4.5. Australian Distributed Energy Roadmap (yet to be published)

This background paper is written to encourage dialogue and explain the applicability of the
Intelligent Grid research to Western Australia. This background paper is supplemental to the
on-going working paper series.

Submissions invited
This report is a background paper to explain the features of an Intelligent Grid in the Western
Australian context. We invite feedback, suggestions, or other enquiries on all working papers.
To comment on Intelligent Grid working papers, please email: louise.boronyak@uts.edu.au or
refer to the Intelligent Grid website: www.igrid.net.au.
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Disclaimer
While all due care and attention has been taken to establish the accuracy of the material
published, UTS/ISF and the authors disclaim liability for any loss that may arise from any person
acting in reliance upon the contents of this document.

Please cite this background paper as:
Glassmire J, Christie S, Dunstan C, Distributed Energy in Western Australia:
Options and Opportunities, CSIRO Intelligent Grid Research Program by the Institute for
Sustainable Futures, University of Technology Sydney.
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1 Introduction
The interlinked challenges of addressing climate change and improving energy security are
prompting a shift away from an electricity sector based on large-scale, fossil fuel power stations and
transmission networks. In its place is the emerging potential of an ‘Intelligent Grid’ that will use lowemission, “distributed energy” technologies and advanced electricity network control systems to
create a more sustainable and resilient electricity sector. Distributed energy (DE) is defined as the
use of energy supply and management options close to where the energy is used and includes: local
generation, end-use energy efficiency and peak load management (also called ‘demand side
response’, or DSR).
There are many potential benefits associated with the expansion of distributed energy technologies
and the uptake of an intelligent grid. These include:










lower greenhouse gas emissions
improved fuel efficiency
lower network system losses
managed peak load
reduced and optimised network investment
other network benefits such as voltage support and reduced reactive power losses
increased reliability
enhanced social equity and delivery of social benefits
reduced fuel poverty (reduced harm to disadvantaged consumers unable to afford
energy bills)

Western Australia has already begun to experience some of these benefits from DE, but there is
room for much greater uptake in the market.
Of course, there are also costs associated with the use of distributed energy and technical issues that
need to be addressed. However, numerous studies have concluded that the large cost effective
potential of distributed energy is not being realised. One prominent such study by McKinsey and
Company (McKinsey & Company 2007) found that ‘almost 40 percent of [greenhouse gas emission]
abatement could be achieved at ’negative’ marginal costs, meaning that investing in these options
would generate positive economic returns over their lifecycle’. A similar study undertaken by
McKinsey and Company Australia (McKinsey & Company 2008) reached similar conclusions – it
found that by 2030, greenhouse gas emission reductions of 35 per cent are achievable at no net
cost.
One of the most significant benefits mentioned above is the ability of distributed energy to avoid or
defer network infrastructure augmentation. Whenever power stations are built some level of
associated network investment is needed to deliver power to customers. In Australia, as in many
other countries, network investment currently far exceeds generation investment. For example, in
NSW alone, proposed annual capital expenditure on distribution and transmission infrastructure is
well over $3 billion annually for the next four years (Rutovitz and Dunstan 2009). If centralised
generation capacity can be avoided through investment in distributed energy, then some level of
transmission and distribution network capital expenditure can also be avoided.
A significant barrier to the uptake of distributed generation is that power stations are often costed in
isolation and network augmentation costs that are crucial to any robust analysis of electricity supply
costs are often neglected. To assist in overcoming this barrier and realising the potential of
Intelligent Grid in Western Australia
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distributed energy, the Description and Cost of Distributed Energy (D-CODE) Model has been
developed.
For more information about the potential benefits of distributed energy and an intelligent grid see
the first working paper in this series – Institutional Barriers to Intelligent Grid (Dunstan and Daly
2009).
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2 Electricity Sector in Western Australia
The majority of households in Western Australia are supplied by the South West Interconnected
System (SWIS). The SWIS is an electrical supply system that, like most electricity systems, is
comprised of generators that supply electricity to the grid, network operators that manage the
transmission & distribution of electricity to customers, and retailers that manage the billing &
purchasing of electricity for customers.

Figure 2-1: Diagram of the state government owned SWIS market players, formally part of Western Power (Western
Power website 2008)

Verve Energy is the largest energy generator in WA. It is a state-government owned electricity
producer that competes with privately owned generators to produce electricity in the WA electrical
generation market. Current regulations limit Verve to 3000 MW of power generation capacity to
encourage private competition, and in 2008/09 Verve produced about 94% of the energy produced
in the SWIS. (Government of Western Australia Office of Energy 2010 and Verve Energy 2009) The
electrical generation market is regulated by the Independent Market Operator (IMO).
Western Power (WP) is a state-owned monopoly that manages the transmission and distribution
(T&D) network that connects the electrical generators to the customers. The network business and
pricing is regulated by the Economic Regulatory Authority (ERA).
Synergy is a state-owned electricity retailer that is responsible for purchasing the electricity
generated, managing the fees charged by the network provider WP, and billing the customer. There
are numerous other private retailers that compete with Synergy in the market. The Minister for
Energy sets the prices for small, residential users, although Synergy is responsible for purchasing
electricity in the market.
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Horizon Power provides electricity, network and billing services to all customers in WA not on the
SWIS.

2.1

WA Supply Demand Forecast

Across Australia, electrical power and energy demands are growing and Western Australia is no
exception. Increasing population and increasing demands for more energy services have led to
historically high growth in both overall annual energy consumption and instantaneous peak power
draw.

Figure 2-2: Historical consumption of energy by state (ABARE Energy Statistics 2009)

The distinction between peak power drawn and energy consumed annually is critical to
understanding the electrical supply system. In Figure 2-3, the relative growth between peak demand
and annual energy demand can be seen. The power demand represents how much power is
consumed by all customers at a given time. Although peak power demand is difficult to forecast and
typically only lasts for a few hours each year, this instantaneous power draw has major implications,
as the network and generation infrastructure of the power system must be built in advance to meet
it. The energy demand represents the total energy that is used throughout the year, in contrast to
the instantaneous nature of the peak power demand. Energy is calculated by multiplying the power
demand at a given time (not necessarily the peak power) by the amount of time that power is
consumed throughout the year. As the large majority of power stations in Western Australia (and
Australia in general) are power by coal and gas, the energy consumed has a strong correlation to the
amount of greenhouse gas emissions produced.
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Figure 2-3: South West Interconnected System forecast annual peak demand compared to annual energy demand. The
two axes are scaled to a similar ratio for ease of comparison. (WA Independent Market Operator 2009)

2.2

Transmission and Distribution Expenditure

The peak demand on an electricity network is the primary factor for expensive network expansions.
Recognising that customers want a stable power supply, this leads to two possible approaches: the
network supplier invests capital into the network to expand in line with traditional demand
forecasting, or the network provider addresses peak load growth in the network by using Distributed
Energy (DE) to reduce the power that needs to be transferred through the grid. If the former
approach is taken and DE is not leveraged where it is cost effective to do so, this peak power draw
will lead to avoidable and expensive network upgrades.
In Western Australia, the peak demand occurs only on the hottest summer days between 4pm and
9pm, largely driven by power draw from air conditioners, which from 2008 were in 92% of Western
Australian households, the highest percentage of any state in Australia (Western Power 2010b). As
seen in Figure 2-4, electricity demand is below 2,812 MW for the great majority of the year. In fact,
as noted by the Independent Market Operator, “The load exceeded 80% of the annual maximum, i.e.
2,812 MW, for only 1.7% of the year.” This effectively means that network upgrades are being
deployed to meet power demand for only a few hours each year.
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Figure 2-4: Power demand across the SWIS plotted against percentage of annual occurrence in 2008/09. The majority
of the bulk power demand is below 80% of the maximum power, 2,812 MW. (WA Independent Market Operator 2009)

In 2005, the Office of Energy estimated that the cost of meeting the growth in demand at peak times
can be very high, as much as $3000/kW, including both network and generation costs (WA
Department of Treasury and Finance 2005). Now, five years later, and in a substantially different
operating regime, it is likely that this cost is even higher.
Planned expenditure on transmission and distribution in the SWIS has increased significantly in the
past five years. In its 2004/05 budget, Western Power planned to invest $1.2 billion in network
capital expenditure over the three year planning cycle, or roughly $0.4 billion annually. Planned
investment increased by roughly 30% the following year to $1.6 billion for the three year 2005/2006
planning cycle, or roughly $0.5 billion annually (WA Department of Treasury and Finance 2005). The
most recent 2009/10 planned capital expenditure investment in transmission and distribution is $3.6
billion over three years. $1.4 billion dollars in T&D investment is planned in 2011/12 alone,
representing a growth in planned investment from 2004/05 of approximately 300%. (Western Power
2009) See Table 2-1 for a breakdown of the annual forecast costs in the 2005/06 planning cycle and
2009/10 planning cycle. The costs represented are forecast budget costs, rather than actual final
expenditure.
2005/06 Forecasts

2009/10 Forecasts

(in nominal 2005 $ Millions)

(in real 30 June 2009 $ Millions)

2005/06

2006/07

2007/08

2008/09

2009/10

2010/11

2011/12

400.4

382.1

393.7

426.8

918.1

1282.5

1359.5

Table 2-1: Comparison of forecast (not actual expenditure) capital investment in transmission and distribution between
2005/06 (WA Department of Treasury and Finance 2005) and 2009/10 9 (Western Power 2010a)

Much of the proposed network infrastructure has a planned life of 60 years (Western Power 2007a).
This means that missing viable opportunities to develop Distributed Energy now effectively
reinforces a centralised power supply system, and creates an unfair and inefficient cost advantage
for traditional generation technologies for decades to come.

2.3

Greenhouse Gas Emissions

It is well established that the global climate is changing, and that human activity is a principal
contributor. Human production of greenhouse gases (GHG) such as carbon dioxide and methane are
Intelligent Grid in Western Australia
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warming the planet and leading to more extreme climate events. The United Nations
Intergovernmental Panel on Climate Change (IPCC) among others has produced numerous reports
describing the contributing factors and has recommended that if global average temperature rise is
to be minimised, the atmospheric concentration of carbon dioxide equivalent (CO2-e) needs to be
stabilised to no more than 450 parts per million (ppm). Globally, we are on a trajectory to exceed
this recommendation if major emission reduction measures are not undertaken. The
recommendations on global emissions from the IPCC are summarised in Figure 2-5.

Figure 2-5: Projected global emissions contributing to climate change versus emission scenarios recommended by the
United Nations Intergovernmental Panel on Climate Change (IPCC) (Stern review of the economics of climate change
2006)

The International Energy Agency (IEA) has proposed worldwide aggregate recommendations for
meeting the 450 ppm GHG emission targets outlines by the IPCC. See Figure 2-6 for the breakdown
of technologies. It is noticeable that the IEA has recommended that 65% of the worldwide energy
supply-demand gap can be bridged by efficiency measures in 2020, and 57% in 2030. These end-use
efficiencies include improved building design to reduce heating and cooling costs, behaviour change
to prevent avoidable energy wastage, improved residential appliance efficiency, and improved
industrial process efficiency.
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Figure 2-6: International Energy Agency recommendations for meeting worldwide energy needs (International Energy
Agency 2009)

While it is important to use energy efficiently, in order to meet a 450 ppm GHG future, supply must
also be adjusted to be less carbon-intensive. This includes building renewable energy generation,
and can potentially include incorporating more biofuels into the energy supply.
The energy sector in WA faces similar challenges (see Figure 2-7) to the worldwide energy sector.
Annual GHG emissions have increased roughly 69% from 1990 to 2007, the last year with complete
Australian Greenhouse Emissions Information System (AGEIS) records on emissions.

Figure 2-7: Annual greenhouse gas emissions from public heating and electricity in WA (AGEIS 2010)
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It is clear that the types of technologies selected and approaches employed to meet electricity
demands needs to shift within a carbon-constrained future. Sources of energy must become less
carbon intensive and the electricity produced must be used more efficiently.

2.4

Regulatory Framework

The Independent Market Operator (IMO) opened the Western Energy Market (WEM) in 2006,
establishing the rules and mechanisms that enable customers to purchase electricity from
generators. The WEM includes a broad suite of regulations to facilitate the efficient purchasing of
power, however in the context of Distributed Energy (DE), the two most relevant objectives of the
WEM are:
•

“To encourage the taking of measures to manage the amount of electricity used and when it
is used.” (IMO 2006)

•

“To avoid discrimination in that market against particular energy options and technologies,
including sustainable energy options and technologies such as those that make use of
renewable resources or that reduce overall greenhouse gas emissions.” (ibid)

The WEM encourages renewable generators on the grid and demand management by customers
through mechanisms devised when the market was being established. The three fundamental
elements of the market and their approach to promoting DE are:
•

Energy Trading. Energy trading is split along two types of generators: consistent base load
generators and short-term generators. The base load generators contract through the WEM
with long-term contracts the selected generators and retailers to meet forecasted,
consistent electricity demand. The Short Term Energy Market (STEM) allows short-term
generators to offer their electricity at a low price to the grid, arranged by the Independent
Market Operator (IMO) into half-hourly contracts. The STEM generators can deal exclusively
with the IMO, which is particularly important for new, small renewable generators, who can
now fully sell their power production while building up a customer base for long-term
contracts. There are special rules for intermittent generators such as wind and landfill gas
plants. Intermittent generators are exempt from having to give the IMO a plan of their
output each day, and are allowed to put their sudden bursts of power straight into the grid
and be paid for it, without having arranged contracts with retailers/clients.

•

Reserve Capacity Mechanism. Payment is arranged for both generators and demand
management providers who can guarantee to provide capacity to the grid when required.
Payment is designed to allow intermittent generators in the grid. In 2006, SWIS had 50% of
its reserve capacity supplied by interruptible loads, i.e. customers whose load could be
quickly removed from the system for a payment in return, and so return capacity to the grid.
Plants operating at only part load in case a major generator elsewhere on the grid cuts out
and extra capacity is needed quickly (“spinning reserve” plants), supply most of the
remaining reserve capacity. Spinning reserve plants are often a less efficient way to balance
the electricity supply than DM.

•

Energy Balancing Services. The balancing services ensure security and reliability, and
smooth out fluctuations in generation and demand. It allows generators to input generation
into the grid that is not immediately matched to changing customer demand. This allows
intermittent generators such as wind farms to enter their power into the grid when they
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generate through the balancing service and do not need to become a retailer themselves. In
effect, it accommodates real-time variation in supply and demand.
See Figure 2-8 for a schematic representation of the WEM market mechanisms.

Figure 2-8: Schematic representation of the WEM market mechanisms to meet electricity needs (IMO 2009)

Western Power operates under a “revenue cap” pricing model, in which the target revenue is
reported to the Western Australian Energy Regulatory Authority who then approves the submission.
This promotes DE within the WEM because it abstracts profits from the amount of energy passed
through the network. Other jurisdictions, such as South Australia and Victoria, operate under a
“price cap” or a per unit energy pricing model. This means that the network business’s revenue
stream is directly tied to the amount of electricity delivered, creating a perverse financial reward for
network providers to increase the supply of electricity, to discourage Distributed Energy and
therefore to increase greenhouse gas emissions from generators.
Many of the existing IMO and the WEM mechanisms encourage incorporation of some DE into
Western Australia’s electrical system. However, there are additional steps that could be taken to
reduce costs, increase power stability, and at the same time reduce greenhouse gas emissions from
the energy sector. See section 3.2 for further details.
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3 Developing Distributed Energy in Western Australia
3.1

Current Western Australia Initiatives

Western Power has already shown significant leadership in developing DE technologies to meet the
future energy supply needs of WA, as illustrated in subsections i and ii below. The Green Towns and
Beat the Peak programs have engaged customers to undertake behaviour change, supported them
in energy efficiency measures, and promoted peak demand management. These programs
demonstrate that DE can be successful in the WA context.
i. Green Towns
The Green Town program targets edge-of-SWIS load areas and aims to reduce peak power
consumption, particularly in the evenings, and to improve power reliability. The program has been
piloted in the Denmark and Walpole areas through the South Coast Power Working Group. The
program includes (Western Power 2010c):
•

Free replacement of incandescent light bulbs with Compact Fluorescent Light (CFL) bulbs.
600 homes and businesses have participated, saving approximately $730 per household
over the bulbs' lives, and the greenhouse gas emission equivalent of taking 700 cars off the
road for a year.

•

Energy audits, including surveys of appliances, leading to more possible demand
management programs.

•

Energy education

•

Rebates for switching from electric hot water systems to gas boosted solar hot water
systems

ii. “Beat the Peak” and “Power Down”
The “Beat the Peak” and “Power Down” campaign (see Figure 3-1 below) are behaviour change
schemes begun by Western Power to reduce power demand on the network during peak times,
from 4pm to 9pm daily. The program is targeted at residential customers and promotes turning off
appliances and shifting demand to other times of day. Particular focus is given to shifting pool pump
operation times, increasing air conditioner thermostats to 24°C, and operating other home
appliances at lower demand times.

3.2

Developing Distributed Energy Opportunities in Western Australia

Like Australia in general, Western Australia and the SWIS are sitting at a critical juncture in planning
the future of the electricity sector. The recent increase in annual network capital expenditure
coupled with concerns of mitigating global climate change create a unique opportunity to reevaluate options and ensure that long-term costs incurred now are in alignment with future societal
needs.
i. Australian Distributed Energy Roadmap
The Intelligent Grid Research Program is seeking to assist in the consideration of future options for
the electricity sector through the development of an Australian Distributed Energy Roadmap. The
Intelligent Grid in Western Australia
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Roadmap is intended to examine a number of key issues relating to the development of DE. These
issues include:
1. Barriers to the development of DE
2. Policy options to overcome these barriers
3. The cost and potential of DE
4. The potential for costs savings in centralised generation and network capacity
5. Scenario analysis to integrate these issues
6. Recommendations for effective action to develop DE.
A simplified illustration of the Roadmap Structure is shown below in Figure 3-2. Each of the above
issues is discussed briefly below and in greater detail in the Working Papers that are being published
through the iGrid website: www.igrid.net.au

Figure 3-1: Simplified Structure of the Australian Distributed Energy Roadmap

Barriers to Distributed Energy
There are a range of barriers that retard the development of DE options. Some of these are
technical barriers intrinsically related to the specific technologies and costs of the options. Other
barriers are not intrinsically related to the DE options, but are created by the cultural, organisational
and regulatory environment in which they are applied. These “institutional barriers” cannot be
overcome simply by technological change. Both types of barrier are illustrated below in Figure 3-3.
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Figure 3-2: Barriers to Distributed Energy (Dunstan & Daly 2009)

The recent iGrid Working Paper, Institutional Barriers to Intelligent Grid, discusses these barriers
according to a simplified classification of seven categories:
1. Imperfect information – lack of access to relevant information
2. Split incentives – the challenge of capturing benefits spread across numerous stakeholders
3. Payback gap – the gap in acceptable payback periods between energy consumers and
suppliers
4. Inefficient pricing – failure to reflect costs (including environmental costs) properly in energy
prices
5. Regulatory barriers – the biasing of regulation against distributed energy resources
6. Cultural values – insufficient attention given by individuals and organisations to energy use
7. Interaction between barriers – the additional barriers created by the interplay of the other
six types of barriers.
Policy Tools for Distributed Energy in WA
Well-designed and implemented policy measures can be used to help overcome the above
institutional barriers. Another recent iGrid Working Paper, 20 Policy Tools for Developing Distributed
Energy reviews the types of policy tools that governments can apply to support the deployment of
Distributed Energy technologies and services and presents a set of 20 such policy options for
discussion. The types of policy options for influencing the market are presented in that Working
Paper in the form of a ‘policy palette’, as illustrated below. Types of policy options include the
primary drivers of regulation, incentives and information which are complemented by the
secondary drivers of targets, facilitation and pricing. In addition, coordination is a further
crucial tool in ensuring an efficient policy response.
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Policy Palette

Information
Information 15

17

12

16

Targets

19

13
14

20

18

Facilitation

10

Coordination

3

Regulatory
Reform

9

7

2
6

1

5

11

Incentives

4

8

Pricing reform

1: Decouple electricity sales
from network profits
2: Reform National Electricity
Rules
3: Streamline DG Licensing
4: Carbon Price
5: Cost reflective pricing
6: Network support payments
7: Distributed Energy Fund
8: Reform feed-in tariffs
9: Public recognition & awards
10: Streamline network
negotiation process
11: DE Ombudsman
12: Annual DE Review
13: Training & skills
development
14: Energy audits & technical
support
15: Network planning info
16: DE handbook & advisory
service
17: Resource assessments &
case studies
18: Extend retailer EE targets
19: DE targets & reporting
20: DE Coordination Agency

Figure 3-3: Policy Tools for Developing Distributed Energy (Dunstan, Langham & Ison 2009)

Just as there is no single institutional barrier to Distributed Energy, there is no single policy tool that
can effectively address the barriers. For example, as important as putting a market price on carbon
is, this alone will not lead to an efficient level of Distributed Energy adoption. An intelligent grid that
delivers low-carbon, affordable electricity will need to harness the benefits available from both the
supply and use of electricity, as the traditional distinction between generators and consumers of
power breaks down.
Western Australia has already made significant progress towards addressing the institutional
barriers by adopting many of the above policy tools. This bodes well for the rapid development of
Distributed Energy in the state.
Avoidable Network Costs and Distributed Energy
The Dynamic Avoidable Network Cost Evaluation (DANCE) tool currently under development uses
Geographical Information System (GIS) tools to examine geospatial congestion in an electricity
network. The DANCE model builds upon work from (Dunstan and White 2009). In Figure 3-5, each
substation region in the Sydney metropolitan area is analysed to determine the amount of network
over- and under-utilisation during peak power demand periods in winter and summer. The
pink/purple colouring indicates there is a projected need for capacity in that area, whereas a
lime/green colouring indicates that according to predicted demand growth there is expected to be
sufficient capacity.
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Figure 3-4: Network/Distribution Investment Opportunity Map (Dunstan and White 2009)

This map shows current substation firm capacity (as of 2006) minus forecast peak demand in 2011/12 in the
greater Sydney Metropolitan area. The red/pink indicates that capacity will be required to meet projected
demand and the green indicates forward surplus capacity. Darker colours indicate a larger deficit or surplus.
Red location name font represents summer peak dominance and blue location name font represents winter
peak dominance.

The network capacity analysis in Figure 3-5 can be combined with localised information to generate
an expected cost of network expansion map (see Figure 3-6). The costs are shaded from red to
purple to gray to green to beige showing decreasing expected costs of network augmentation. Beige
indicates areas without proposed network investment or where insufficient information is available
to estimate costs. As in the figure above, Figure 3-6 indicates whether a summer or winter peak
demand is the dominant contributing factor. The areas with high expected network augmentation
cost colour indicate that the nearby zone substation has insufficient capacity to meet the projected
demand in the coloured area served and that a network augmentation or Distributed Energy
intervention will be necessary. Plotting the network expansion costs into an area allows decision
makers to evaluate whether a demand management or alternate DE strategy could be deployed
more cost-effectively than network expansion.

Intelligent Grid in Western Australia

15

Institute for Sustainable Futures, UTS

March 2010

Figure 3-5: Map of potential avoidable network investment costs (Dunstan and White 2009)

This map shows the annual deferral value of deferring capital expansion in the greater Sydney
Metropolitan area in 2011/12 (based on 2006 information). Red represents an area with 401-7411
$/kVa⋅yr, purple 201-400 $/kVa⋅yr, grey 101-200 $/kVa⋅yr, green 51-100 $/kVa⋅yr, and beige 0-50
$/kVa⋅yr. Red location name font represents summer peak dominance and blue location name font
represents winter peak dominance.
The SWIS is currently planning extensive transmission & distribution network upgrades (see Section
2.2). There is substantial potentials savings possible by deferring network expansions even for a few
years. The DANCE mode, if applied to WA, could assist in clarifying and communicating areas in
which a properly developed DE program could be most effective in reducing unneeded network
expenditure.
Cost and potential of Distributed Energy
In mid-2007, Western Power held a forum “to engage customers and stakeholders in a genuine
dialogue on the future direction of the state’s energy infrastructure and consumption.” (Western
Power 2007b) The forum engaged attendees in a range of issues, but a key piece of feedback was
that “participants believed it was hard to get a comparative analysis between different technologies
and the benefits they present to consumers. For example, how does the ceramic fuel cell compete
with green power electricity? They believed it was time to expose the real costs of the different
technologies by revealing all externalities.“ (ibid)
The Description and Cost Of Distributed Energy (D-CODE) model and working paper developed as
part of the Intelligent Grid CSIRO flagship program seeks to do precisely that. D-CODE is designed to
be a transparent and easily understood model that transcends a simple Benefit Cost Analysis (BCA)
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of different energy technologies and instead compares the true societal costs of meeting society's
energy needs. The model attempts to itemise and make clear the various explicit and implicit cost
factors for electrical grid planning, including network costs to deliver electricity and greenhouse gas
emission reductions. It allows energy specialists, policy makers and interested laypeople to conduct
their own analysis, by comparing different technologies from a true cost perspective. The
technologies modelled in D-CODE include (Dunstan, Glassmire, Langham, and Ison 2009):
•

Centralised generation technologies (including fossil and large-scale renewable energy)

•

Distributed generation technologies (such as cogeneration and solar PV)

•

Energy efficiency and peak demand management

The current version of D-CODE models shows costs of DE on a nationwide scale. See Figure 3-7 for
an example output. The generation capability for a given technology (in Terawatt-hours, or
1,000,000 MWh) is shown along the horizontal axis, and the cost per MWh (or 1,000 kWh) is shown
along the vertical axis. The costs are annualised and broken down into four major areas: fixed cost
of installing and running the technology, variable cost of fuel, expected average cost of expanding
the network to deliver the electricity to customers, and expected cost of greenhouse gas emissions
under a carbon pricing scheme such as the CPRS. In this example, it can be seen that investment in
Industrial Energy Efficiency is the least expensive option, followed by Commercial and Residential
Energy efficiency, then Residential Hot Water investment. Local, distributed cogeneration
technologies are the next most cost-effective, followed by combined cycle natural gas turbine
generation. Coal is more expensive due to the high network costs associated with transmitting and
distributing the electricity long-distances.
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Figure 3-6: Example cost comparison output from the D-CODE model, showing the whole-of-society, least-cost solution
for meeting energy needs on a nationwide Australian scale. (Glassmire, Ison, and Dunstan 2009)

The D-CODE model provides a similar analysis and ranking for technologies that can meet peak
demand (see Figure 3-8). The model compares annualised capital & fixed costs with the annualised
network costs of installing technologies to meet peak power demand. In the whole-Australia
context, the lowest cost solutions for meeting peak demand are commercial & industrial standby
generation and commercial & industrial demand management, followed by industrial, then
commercial, then residential energy efficiency. Local industrial, commercial and residential
cogeneration are the next least-cost and the least cost supply-side technologies. Open cycle gas
turbines (OCGT) supply and demand-side residential hot water schemes round out the top ten
lowest cost technologies for meeting peak demand.
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Figure 3-7: Example cost comparison output from the D-CODE model, showing the whole-of-society, least-cost solution
for meeting peak power on a nationwide Australian scale. (Glassmire, Ison, and Dunstan 2009)

The working, interactive D-CODE model can be found online on the Intelligent Grid website at
http://igrid.net.au/sites/igrid.net.au/files/images/D-CODE_Working_Model_v1_0.xlsm.
The current model only provides aggregate Australian pricing and modelling, however the model has
been designed to adapt easily to other jurisdictions include state, regional, and city scales. The SWIS
would be an ideal case study for creating a region specific analysis of closing the supply-demand
energy and power gap.
The Western Australian context provides an excellent case study and area for analysis in a range of
areas in the electricity sector. WA, in addition to a distinct network arrangement in the SWIS, has
unique geographic and regulatory systems. Contextualised analysis using the tools already
developed within the Intelligent Grid cluster could serve to understand the barriers that are faced in
the market, expand the range of policy tools available to address these barriers, determine the
optimal areas to focus DE to prevent unnecessary network expenditure, and describe the costs of
the various DE technologies to meet the growing demand for electricity services in WA.
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