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AbstractAbstract

The presented scheme allows electricity users to make use of 
the continuous and simultaneous information communicated on 
the internet by the Australian Energy Market Operator enabling
them to be acting on controlling, deferring or curtailing own 
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them to be acting on controlling, deferring or curtailing own 
demand by using computer-controlled switches. 

This technique is applicable in Eastern and Southern Australia 
where the electricity market is managed by the Australian 
Energy Market Operator. 



The scheme enables users to be averting peak demands by 
deferring loads to low demand/price times. 
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The scheme is inherently restricted to take effect only in frame 
of tariff regimes made to encourage and reward conscious users 
being proactively participating in holistic energy management 
strategies. . 



IntroductionIntroduction
• Figure 1 depicts an example of an actual energy demand and prices 

situation regularly broadcasted on the internet by the AEMO, 2009. 
• The price curve is closely following the demand curve . 
• Electricity prices are typically at their lowest level at night during 

times of low demand (off-peak). 
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Figure 1 Wholesale electricity price in AUD $/MWh and  deman d in MW for a typical day 
in Queensland on 5th May 2009; 

source: The Australian Energy Market Operator AEMO, 2009



Energy Demand Queensland 01 Jan-31 Dec 2008
Total 52.18 TWh/Year, Base-load 4100 MW  

Data source AEMO (2009)
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Figure 2 Occurrence of electrical energy demand Queensland during 2008. 
Peak demand 8413 MW, base-load 4100 MW, average 5941 MW

Total electrical energy supplied 52.18 TWh
Energy supplied above base load 21.52 TWh

Data extracted from the Australian Energy Market Operator AEMO, 2009.



Energy Average Regional Reference Price (RRP) 
Queensland 01 Jan-31 Dec 2008 data source AEMO (200 9)
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Figure 3 Occurrence of the regional reference wholesale pric e RRP in Queensland 
during the year 2008.  

Prices around AUD $20/MWh are occurring at frequenc ies of about 80 %, while prices 
of over $50/MWh have occurrences of less than 10 %.

Data extracted from the Australian Energy Market Operator AEMO, 2009.



Energy cost and Plant Capacity FactorEnergy cost and Plant Capacity Factor

Plant capacity factor (PCF) of a power plant is, by definition, the proportion between 
the actual electrical energy generated yearly by the plant and the electrical energy, 
which would be generated in case the plant is operated at its rated power for a full 
year time (8760 hours). 

PCF has a direct influence on the energy cost as can be deduced from the 
following equations of the fixed charge method:  

cE = ctr FCR / (To PCF)  + cop (1)
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cE = ctr FCR / (To PCF)  + cop (1)

cE cost of energy generation, 
ctr cost of installed power, 
FCR fixed charge rate of the capital, normally 15…18 % a year  and 
To 8760 the hours per year, 
PCF plant capacity factor and 
cop the operation and maintenance cost of the plant. 

For plants operating 24 hour/day, 7 days a week, i.e. 8760 hour/year PCF is a unity, 
which produces the least possible energy cost and best economic conditions. 



 Energy cost ($/MWh) vs. Plant Capacity Factor (PCF)
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Figure 3 shows the impact of the plant capacity factor on the cost of the generated electricity. 
The calculation is made on the basis of the cost of the installed power ctr = $1000/kW, capital 
fixed charge rate FCR = 0.17 and the operation and maintenance cost of the plant cop = 
$0.02/kWh. 
It is evident that a power plant operated at low plant capacity factor e.g. PCF = 0.1 (this is 2.4 
hour/day) will be producing energy at a cost  $150/MWh, while the same plant operated 
continuously for 24 hour it will be producing energy at a cost of $25/MWh. 



MethodologyMethodology

In the scheme electricity users are enabled to control their own 
electric demand responsive to continuous and simultaneous 
information publicly communicated by the Australian Energy Market 
Operator  AEMO, 2009 on the internet. 
Adjustable softwares and computer-controlled switches on user’s 
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Adjustable softwares and computer-controlled switches on user’s 
premises are used to automatically switch on/off loads to satisfy 
user conditions. 
Customers are then being helped undertaking information-based 
decisions for whether to maintain withdrawing electricity, reduce 
consumption or totally cut-off their connection to the supplier at 
certain times, energy demand or price. 
Outlines of this scheme are depicted in Figure 5 .



• Figure 5 Electricity users are 
enabled to computer-control 
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enabled to computer-control 
switches to avoid peak demands 



Results and discussionResults and discussion
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Figure 6 shows customers fully curtailing energy withdrawals at any energy price 
above $55/MWh as example. 



Energy savings in TWh per year as a result of load curtailment over a certain RRP
Queensland 01 Jan-31 Dec 2008 data source AEMO (200 9)
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Figure 7 shows achievable energy savings by curtailing energy demand over a 
certain energy prices, Queensland 2008. 

0
5

10
15
20
25
30
35

10 20 30 40 50

 Regional Reference Price (RRP)  ($/MWh)

E
ne

rg
y 

sa
vi

ng
s 

TW
h 

pe
r 

ye
ar



Energy demand in Queensland 2008 
Total 52.18 TWh/year 

Energy demand in Queensland 2008 
Total 52.18 TWh/year 

Curtail energy price 
$/MWh

Energy demand 
removal TWh/year

Savings %

50 6.1 11.7 
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40 11.1 21.2

30 24.8 47.5
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Figure 8
• Coordinated actions are enabling customers to defer loads from times of peak-demand to 

times of low-demands. 
• Such a procedure shall help flatten the total energy demand to meet a constant average of 

5941 MW for Queensland.
• In such a procedure the scheme enables deferring 3.26 TWh/year from peak to low demand 

times. 
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Figure 9 Energy consumption in Australia, source: RET, 2009 
The scheme offers further the integration of the present electrical supply system 
to supply the transport sector for the use of charging hybrid vehicles at low-
demand times (at night). 
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Figure 10 depicts the possibility to utilize 21.52 TWh/year of electrical capacity, mainly of 
peak-load power stations, otherwise not used. The procedure helps enhancing the utilization 
of present electrical power stations to approach a plant capacity factor close to the unity, 
achieving thus an optimal use of power plants. 



ConclusionsConclusions

• The study introduces the use of computer-controlled switches to control 
peak electrical demand curtailing or shifting loads to different times of a 
day when the demand is less strained.  

• Providing consumers, on the internet, with the information needed to 
control own electricity demand allows them to be consciously and 
proactively reducing and optimizing their energy consumption. 

• The scheme is helping achieving:
– improved electrical supply services, 
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– improved electrical supply services, 
– reduced energy cost 
– Removing price volatility, 
– enhanced grid reliability, 
– optimized energy consumption, 
– reduced additional electrical capacity 
– improved utilization of the existing infrastructure. 

• Referring to the fact that actual load-price curves are presently being 
publicly accessible on the AEMO website the scheme is today readily 
applicable.



ReferencesReferences

• AEMO (2009), Australian Energy Market Operator 
http://www.aemo.com.au/aboutaemo.html

• AEMO (2009), Price & Demand Data Sets,  
http://www.aemo.com.au/data/price_demand.html

• M. H. Albadi and E. F. El-Saadany (2008), A summary of demand 
response in electricity markets, J Electric Power Systems Research
78:  1989-1996

18Fouad Kamel, Alexander Kist and Marwan Marwan, USQ, Dec. 2009

78:  1989-1996
http://ezproxy.usq.edu.au/login?url=http://search.ebscohost.com/login.a
spx?direct=true&db=aph&AN=34090756&site=ehost-live

• J. Berst, P. Bane, M. Burkhalter and A. Zheng (2008), The Electricity 
Economy New Opportunities from the Transformation of the Electric 
Power Sector,  
http://www.globalenvironmentfund.com/data/uploads/The%20Electricity
%20Economy.pdf



• K. Brinkmam (1980) Introduction in the Economic of Electrical Energy, 
Braunschweig, Vieweg Verlag.

• Y. Chobotov and B. Siegel (1978),  Analysis of Photovoltaic Total 
Energy System Concepts for Single-Family Residential Applications 
Proc. 13th IEEE Photovoltaic Specialists Conf., Washington D.C. : 
1179-1184

• A. S. Clorefeine (1980),  Economic Feasibility of Photovoltaic Energy 
Systems, Proc. 14th IEEE Photovoltaic Specialists Conf., San Diego, 
California: 986-989

• E. A. De-Meo (1978), Perspectives on Utility Central Station 
Photovoltaic Applications Solar Energy 21:  177-192
http://adsabs.harvard.edu/abs/1978STIN...7826592D

• DOE (2006), Benefits of Demand Response In Electricity Markets And 

19Fouad Kamel, Alexander Kist and Marwan Marwan, USQ, Dec. 2009

• DOE (2006), Benefits of Demand Response In Electricity Markets And 
Recommendations For Achieving Them, Berkeley Lab Reports
http://eetd.lbl.gov/ea/EMP/reports/congress-1252d.pdf

• DOE (2008), The Smart Grid an Introduction,  
http://www.oe.energy.gov/SmartGridIntroduction.htm

• R. S. Fraser (2005), Demand Side Response in the National Electricity 
Market Case Studies End-Use Customer Awareness Program, Energy 
Users Association of Australia
http://www.euaa.com.au/publications/papers/files/DSR%20Case%20St
udies%20Final%20Draft3.3%20RF%201.8%20Clean%20(LOW%20RE
S).pdf



• F. Kamel and A. Kist (2009), End-user’s Tools towards an Efficient 
Electricity Consumption – The Dynamic Smart Grid, The Society for 
Sustainability and Environmental Engineering (SSEE)
http://www.sustaintheplanet09.com/conference-venue-about-
melbourne/

• S. L. Leonard (1978) Central Station Power Plant Application for 
Photovoltaic Solar energy Conversion Proc. 13th IEEE Photovoltaic 
Specialists Conf. Washington D.C.

• S. L. Leonard, E. J. Rattin and B. Siegel (1977) Mission analysis of 
Photovoltaic Solar Energy Conversion v. 3 - Major Mission for the Mid-
term 1988-2000. Mission analysis of Photovoltaic Solar Energy 
Conversion.

20Fouad Kamel, Alexander Kist and Marwan Marwan, USQ, Dec. 2009

Conversion.
• QLDGOV (2009), ClimateQ: toward a greener Queensland -Transport 

moving towards a low Carbon future, Queensland Government 163-175
http://www.climatechange.qld.gov.au/__data/assets/pdf_file/0013/2406
1/ClimateQ_Report_chapter15.pdf

• RET (2009), Energy In Australia 2009,  ISSN 1833-038:  
http://www.ret.gov.au/energy/Documents/facts%20statistics%20publica
tions/energy_in_aus_2009.pdf

• O. Siddiqui (2009), Assessment of Achievable Potential from Energy 
Efficiency and Demand Response Programs in the U.S.:(2010-2030),  
http://mydocs.epri.com/docs/public/000000000001018363.pdf


