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Abstract— The paper is describing dynamic intelligent techrgue
enabling sharing communication network resources ttough the
internet to achieve controlled electrical energy assumption. The
scheme is an endeavour towards achieving a DynamBmart
Grid environment, which allows the users take delibrate and
timely decision to reduce/curtail electrical loadswhen system
contingencies arise. This implies the development nd
implementation of a dynamic intelligent energy mangement
system, which allows the user to withdraw electridaenergy in a
conscious, responsible and cost-effective manner. &hpaper
describes customers demand-side response (DSR) orm of an
economic load model, which represents the changed the
customer’'s demand with respect to changing of elettity price
level. The scheme is enabling electricity end-usets be engaged
in solving the peak-load problem by deliberately (o own
decision, command and at own premises) by curtailgor shifting
load, thus sharing in moderating those peaks. The ethodology
could be considered a parallel intervention to supgper Smart-
Gris technologies aiming to achieve a final natiodagoal of
moderated electricity demand throughout the year. Tk ultimate
goal of the scheme is to achieve flattening the owe of electrical
consumption to achieve optimized economics of elecity
infrastructure. The described system improves theise of energy
consumption around the clock, helps reduced energprice, and
better economic operation of electrical energy sysms.

Keywords-components;, Smart Grid; Electrical Energy; Demand-
Side Response, Electrical Energy Distribution, I nternet
Communication and Control.

. INTRODUCTION

The traditional user-supplier rapport in the elealr
energy market has historically evolved followingstategy
implying whenever a load is switched on it is expdcto be
fulfilled by the supplier at the expected time aqdality.
Growing electrical demands followed by constanttpvging
supply led to troubled electrical services manédstby
technical and economic deficiencies and allegedicati
environmental impacts. Technical and economic diffies
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high-priced energy. At low-demands e.g. at nightsgsulting
low energy cost could be driving power plants termpe at the
limits of economic viability. The situation cameda extent at
which electrical suppliers, at their end, neededoparating
scheme, where they can identify and prioritize deanavhile
users at the other end, needed to be aware of isuppl
capabilities and network conditions in order to digle of
deciding about purchasing electricity at a certtine and
price. Recognizing the limits of user-supplier matgion
conditions helps achieving improved electrical dypp
services.

The basic concept of markets as mentioned by [2Bpp
is that buyers (customers) should be able to madt@oae of
not purchasing if, for example, the price is toghhiln order
to do that, they must be able to see the pricesgane other
signal based on cost) and make a judgment on the \at
foregoing the purchase at that time. This doesnmedn they
go without, but they may advance or delay the usage

The scheme is enabling electricity end-users to be
engaged in solving the peak-load problem by deditady (on
own decision, command and at own premises) by iingaor
shifting load, thus sharing in moderating thosekpealhe
methodology could be considered a parallel inteieanto
supplier Smart-Gris technologies aiming to achievdinal
national goal of moderated electricity demand tgfmut the
year. The presented scheme allows electricity users tkema
use of continuous and simultaneous information
communicated to them by the Australian Energy Mirke
Operator [2] through the internet about electyiaiharket
conditions helping undertaking information-basedisiens.
Additionally, it allows users internally managentm! and at
times curtail own loads as deemed necessary. TieTse is
an endeavor towards achieving @mart Grid where
transparency of the market and informed and engageds
are helping achieving an intelligent grid enviromneThe
smart-grid technology will make use of the interraatd
modern communication systems to minimize the usnefgy

are mainly represented in congestions at peak d#snanat times of peak demand around the clock refleciaghe

associated with compromised quality (e.g. voltagepyl and

benefit of the user and supplier.
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Expanding the scheme shall lead to improved etedtri M.
supply systems characterized mainly by moderate a

AUSTRALIAN ELECTRICITY
n . -
/g. Australian Electricity Market

controlled energy demands and improved system pesface.
The paper describes a model of a smart-grid syt red
by the following: (1) On-premises energy managensentrol

systems to allow curtailment of load during a dethaeak
event making use of the Australian Energy Markee@for
(AEMO)-internet-communicated load profile, (2) miomithe
performance of major equipment in order to contoloff

switching timing and (3) controls that ensure esd-devices
only operate as deemed necessary. Objectivessoivtiik are
to achieve reduced peak demand and improved powsézrs
supply economics by improving the load factor.

II.  BACKGROUND

Since the beginning of the 1990s, Australia’s elect
power industry has undergone a series of structefarms
[9]. One of the electricity reform programs hasateel the
National Electricity Market (NEM), which is respadble for
structure, rules and regulations in the deliveryeagrgy to
customers [10]. AEMO's responsibilities include olgsale
and retail energy market operation, infrastructarel long
term market planning demand forecasting data aetaso
analysis [11].

To improve governance, and enhance the reliakalits
sustainability of the State’s electricity systeime tAustralian
Government has created a collaborative electriaitd gas
industry in the form of the AEMO. AEMO commenced

The Australian Energy Market Operator (AEMO) has aoperation on 1 July 2009 [11] . Therefore, all soland

big responsibility to provide electricity energyrfthe all
consumers. One of these responsibility is managioger
flows across the Australian Capital Territory, NeSouth
Wales, Queensland, South Australia, Victoria andnmania
[3]. In order to achieve the high quality service all
customers in Australia, AEMO send price/demandrimfation
to the public every 30 minutes.

Generally, the electricity supply system has three

interconnected components: generation, transmissod
distribution. Based on data of 31 December 200&eRQsland
total electricity generating capacity was 12487 NWJ This
power generation is used to provide electrical gypeo all
consumers in the Queensland area: residential, evaiah
and industrial. However, the amounts of energy pced
from various generators depend on market demarmck pnd
availability of sources. In 2008, 81 % percent tdcaicity
came from coal-fired power stations, while 15 patceame
from gas and 4 percent came from renewable endigy [
Most of the power stations are directly connectethe
transmission system. The Queensland electrictystnission
system is provided by Powerlink that is licensedoferate
more than 12,000 kilometres of Queensland highagelt
transmission network, transporting electricity frorhe
generators to the distribution networks [5]. Thstritbution
system is carrying electricity from the transmissgystem to

responsibilities of the NEMMCO have been transigido the
Australian Energy Market Operator. In Queenslanie t
electricity industry was restructured on 1 July 890 prepare
the industry for participation in the competitiveEM [10].
The reform was done because of the high levelsnefgy
demand and the rates of population growth in Queeds
every year.

The Market structure of NEMMCO / AEMO can be
presented in figure 1 below.

:- physical electricity ﬂowsk Jistribution
network
plant dispatch instructions load dispatch instructions a

transmission
network

Y

NEMMCO
determines the amount
of power required

generators consumers

A

supply offers

T purchase bids a

electricity settlement payments electricity settlement payments

financial contracts

Figure 1 The Market structure of NEMMCO/AEMO
[12]

consumers. In Queensland, Energex and ERGON energy

distribute electrical energy to the customer. ERGEn¢rgy
provides several tariff options for end users. Eaample,
Tariff 11 for all domestic consumption 18.843 ceet kWh,
while Tariff 31 night rate for all consumption 7%&ent per
kWh and Tariff 33 economy for all consumption 183%nt
per kwh [6].

Based on the data, total Australian energy consiompt

grew at an annual rate of 2.6 % for the 25 yeark9®//1998
[7]. Following the 2007- 2008 period, annual ealedy
consumption in Queensland has grown by over 29epérar

approximately 10,500 GWh making Queensland the rekco

highest consumer of electricity in Australia [8]hi§ has
indicated that Queensland has a significantly greatimber
of high energy users than any other state with rabttese in
regional Queensland.

Electricity demand growth is a main problem in tiela
to the population increase in Queensland State tfer
foreseeable future. This demand growth is expedied
continue with an estimated population growth evgear.

Figure 2 below show an example of an actual energy

demand/price situation in Queensland. The priceectollows
the demand curve closely, reflecting the fact teaterators at
lowest operating cost are in fact providing basadipower,
twenty four hours a day, while peak loads exceetliegbase
load are usually covered by the more expensivatgldor
shorter period [13]. Electricity prices are typlgaht their
lowest level at night following the low demand ahgyioff-
peak session. Prices are rising based on the psalos in the
morning and the evening.
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Figure 2 Wholesale Electricity Price and Demandsfor
Typical Day in Queensland ofi%3™ July 2010 as
broadcasted by the AEMO [2]

Figure 3 demonstrates the fluctuation of electripitice

in Queensland from May 2008 to May 2010. This grap

illustrates that the average of electricity priegidg that time
is in the range of $50/MWh. However, the excesgiviees
exceeded $500/MWh. This indicated that the excesgiices
occur regularly in all states on the interconnectemver
network [14]. Therefore, the customer must bealatiditional
cost for managing these extreme prices.

Average regional reference slectricity price
NSW. Qld, SA, TAS, VIC 2008-09 SIMWh
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Figure 3 Fluctuation of Electricity Price in Quekamsl
[14]

B. Demand Side Response under Smart Grid Technology

The smart grid system is an expression for conteanpo
electrical energy supply system that allows appaber
demand-side-response to control the electricitygeséy

innovative technology. A dynamic demand-side-respon

smart technique is presented, applicable in a parest
electricity market where end-users are enabledsto actual
information about market situations through theerinét and
are acting upon controlling own demand [15]. Thetam is
using computer-controlled switches, which enablersisto
control electricity usage based on the electripiige/demand
information from the AEMO.

The benefits of a demand response program return o

users and electricity providers. Some advantagethéoutility
are: increased economic efficiency of a deregulatedtricity
market, enhanced reliability, relief of congestiomsd
transmission constraints, reduction in price vbtgti and
mitigation of potential market power [16]. In addit, DSR
provides means for users to reduce the power cquisom

saving energy and optimizing energy consumption].[17

Therefore, implementation of DSR programs is exgédb
improve economic efficiency in the wholesale eledtr
market.
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C. Demand Side Response Model

Many different models are used
Response program planning. In the report of thetegjic plan
of the International Energy Agency (IEA) [18], DSR
divided into two basic categories, namely, the tibased
program and the incentives based program. Accorttiri@9]
the specific types of time based program are: toheuse
(TOU), real time pricing (RTP) and critical peakigimg;
While the specific types of incentive based programsist of
direct load control (DLC), Interruptible/curtailabl (1/C),
demand bidding (DB), emergency demand response FEDR
capacity market (CAP) and ancillary service mark@sS)
programs.

In this paper, we will describe some categoriesheke
models, such as: the interruptible/curtailable Xl/Ghe
emergency demand response program (EDRP) and fioeeo

H:Jrogram (TOU) model. Figure 4 describes those nsodel

b) c)
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Curtail able Cemand Resporss T?: o:alife
2rogram Program g
AEMO AEMO AEMO
Send price/ Send prical
damanid damand
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. . i - d d
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reward Ern;d
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Figure 4 Models of Interruptible/Curtailable (I/&mergency
Demand Response (EDRP) and Time Of Use (TOU) Pnugra

Appl1 Apal2  Appl2 Apold

Demand-Side Response programs are able to move a

portion of the inflated electricity load during esessions to
lower load periods, Figure 5.
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Figure 5 Demand Side Response Programs provicdabilisy
to move loads from peak to low sessions; data fifzam
Australian Energy Market Operator AEMO [2]

Marwan Marwan Ph.D researcher at the USQ,

Sponsored by The Department of National EducatioliKTI” Indonesian Government

Page 3 of 7

in Demand Side



UNIVERSITY OF
SOUTHERN QUEENSLAND

= USQ

a). Interruptible/Curtailable Program (I/C)

The interruptible/curtailable service provides imibees/
rewords to encourage customers who are participatn
curtail electricity demand. The electricity providesends
directives to the user for following this prograrn certain
times. The user must obey those directives to ituttair
electricity when being notified from the utility.oF example:
the customer must curtail their electricity constiom starting
from 6:00 pm — 7:00 pm. Those customers who aleviihg
will get a financial bonus/reword to their elecitychill from
the utility. In California the incentive of I/C pgeam was $700
/MWh/Month in 2001 [20]. However, in case the cusé&y
decides not to follow those directives, they wak genalties.

b). Emergency Demand Response Program (EDRP)

EDRP is energy-efficient program that provide inoen
to customer who can reduce the burden on the Eliggtr
usage for a certain time, this is usually conduetethe time
of limited availability of electricity. To particggte on this
program, all customers are expected to reduce #mergy
consumption during the events. The typical payraeat$350-
$500/MWh of curtailed demand [21]. However, utiliyave
requested voluntary curtailments from customerrdygystem
emergencies in the past [21]. Hence, the providt&ndt pay
customer for these curtailments.

Southern Region Engineering Conference
11-12 November 2010, Toowoomba, Australia

For participating in the DSR program, the totaleintives

P(Ad(t)), whenA(t) is paid as incentive to the costumer at the
timet for each kWh load reduction, as the following:

P(Ad(®)) = A(t).Ad(t) 2)

To account the total penaltfPEN-Ad(t) when the
consumer does not commit to the obligations as mhee of
the DSR program, whepen(t)is the penalty per kwh at the
time t and D(t) is the DSR program contract level of
consumption in kWh, will be accounted as the follogy

PEN(Ad(t)) = pen(t).{D(t) — [do(t) — d@®)]} (3)

The contract could be mentioning a benefit frommijug
the action so that e.@g(d(t)) is the customer income during
that period from the use oft kWh and at the same time the

customer could be receiving additional incentiiéald(t)) as
described in eq.(2). The cost of the consumed rigégtand
any penalty for not following the program, if agalble, will
be deducted from the income as the following:

S=B(d())+ P(Ad®)) — d(t).7(t) — PEN(AA(D)) (4)

where, S is total customer’s benefit(t) is the rate the
customer pays per kWh electricity at that time.

Based on the model above, there are some equations 'O Maximize the customer benefit the slop8/od(t)

which can be used by consumers to calculate thegihg of
the electricity price, demand, incentive and cosuirenefits
associated with the implementation of DSR basedsame
previous work reported in [19, 22].

c¢). Time Of Use Program

This program does not provide incentive or penadty
customers. Participant can arrange their elegtricit
consumption based on the information of electripitige from
the utility. Usually the electricity price will béigh during
peak load, and will be low at the off-peak sessitfsers are
able to choose and decide on some appliances raus
particular time. For example: using air conditianiat off-
peak sessions and light in peak session. Custocaersvoid
the use of some equipment during in peak sessidroparate
during in off-peak time.

d). Calculation of the savings in electricity exgdiéuare

In [20, 22], the following approach is used to cddte
the savings in electricity expenditure based ongprdemand,
incentives and costumer benefits associated wélptrtinent
DSR program used.

The change in energy consumptidid (t) at the timet
when the user changes demand frdg(t) to d(t) is:

Ad (t) = do(t) —d(t) Q)

should be equal to zero, so:

as  aB(d(t)) apP(Ad(D) dPEN
ad(t) o) ad(t) T ad()
(5)
This leads to:
aB(d(D))
T(t) = T(t) + A (t) + pen(t) (6)

The benefit function most often used is the quédiagnefit
function [22]:

B(d(t)) = Bo(t) + ro(t)[d(t) — do(t)]
{1 n [a(t)- dO(t)]}

2 B (H)do(t)
B,(t) : Benefit wherd(t) = dy (t) ($)

rot)y : nominal rate for electricity consumption
($/kWh)

B(t) : Elasticity parameter

()

ro(h) ad(t)
do(t) “ar(h)

B(t,h) = — (8)

The elasticity parameter is a unit-less factor éatihg how
strong the energy demand depends on the priceenfgni.e.
the effect the price has to determine the magnitiudmtity of
®

demand. The multiplier 200D

helps transforming the
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parameter into a unit less factor by referringrtitial known
conditions.

By differentiating the above equation and solving—iB—a afid((t;))

and substituting the result in (6)

r(t) + A(t) + pen(t) = ro(t) {1 + M} )

B(t) do(t)

When the customer is participating in a DSR program

the customer consumptiai(t) for a maximized benefit can
be calculated from equation (9) as the following:

d(t) = do(t)
) ) [r(t)—ro(t)+A(t)+ pen(t)
{1 T 'B(t' t) ro(t) }

(10)

The multi period model is summing the total energy

demandl(t) over one day as the following:

d(t)

= do(t)

_{1 N Z B, [r(h) — ro(hi:—(}g(h) + pen(h)}
h=1

(11)

It should be noted that the I/C program implies ams and
penalties, whereas the EDRP involves only rewaruk the
TOU neither rewards nor penalties, see Fig. 3.

Because the technique presented in this work iiged to be
installed and operated at the user premises allath@ve
mentioned DSR schemes are applicable.

At this initial stage, this research will be repmetsng a TOU
program, where users on flat-rate tariffs are megfinancial
benefits just from reducing energy consumptionsetain
times a day; usually averting peak-load periodst@uers on
different tariff, where energy prices differ witlayl time and
national load peak/valley conditions (e.g. nighifts), they
can be reaping financial benefits also from shiffimads from
day- to night-times, where electricity is cheaper.

IV. METHODOLOGY

Southern Region Engineering Conference
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received about AEMO electricity demand/price condi on
the internet. Figure 6 illustrates a simple maagblication,
where four appliances are controlled remotely @reinternet
network through four solid-state switches.

External

WebRelay el

/ﬂf Computer
[Mi

:L__,_fﬂ— Water heating

= :
i ’\_‘“ Lighting

—_— — Laundry

Router

Figure 6 Controlled Scenarios

Consumers use the home computer to set-up their
preferences for appliance profile usage and pigsritThe
profile of appliances identifies when an appliareceun and at
what time. Pursuant to the order, household apgdisrthat
have been linked with a switch can be operateddbasethe
previously set-up time. Table 1 illustrates an eplenof an
appliance profile. All control systems above is lempented
by a shell script under a Linux operation systerigufe 7
shows the pseudo code of the controller that i€ee with
each interaction.

Appliance Start After  |Finish before Session Time
Computer 08.00AM  (08.00 PM Peak Session
Water heating  |06.00PM  {06.00 AM Off-peak session
Lighting 06.00PM  {10.00 PM Off-peak session
Laundry 06.00AM  {10.00 AM Off-peak session

Table 1 Appliance profile

if [$start - $finish):then
case $name in
Computer) turn on relayl State=1::
Waterheating)turn on relay2State=1::
Lighting)turn on relay3 State=1:;
Laundiv)tum on relay4State=1::

This research addresses the problem of excessiv esac

electrical energy usage and peak demand basececotmiaty
demand-price information in Eastern and Southerstralia.
This scheme will enable electricity users to shift curtail
loads in order to avoid peak demand. Time of Us@yy
service is used to develop the model. In orderctuese the
aim and objective of this research, a multi med@deh will
be developed, assisted by the Linux operation sysie order
to allow individual users to effectively and contously apply
the scheme.

To control electricity demand this scheme uses agerp
controlled-solid-state switches, a router and aeriet relay.
The relay is programmed to receive and act upaorhimdition

else
case $name in

Computer) turn on relayl State=0::
Waterheating)turn on relay2State=0.:
Lighting)turn on relay3State=0:;
Laundry)tum on relay4State=0:;
esac

Finish

Figure 7 Pseudo Code of The Control Loop
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V. ANALYSIS AND RESULTS
Scenario | Time (o Time t Load | Day (ariff | Night tarifl | Saving
N | curtall | ™ 4 18.34 11.32 )
In order to evaluate the effect of the proposedsehon lnad 'e‘l""“l“‘ Curtail | ¢/kWh ¢/kWh
electricity energy saving the electricity price/damd in % | O1Wh) | Energy cost | Energy cost
Queensland for period 2nd — 3rd July 2010 has heseud, $) ®)
figure 2. In the following, four scenarios have idermulated 1| 13.00 pm f}ﬁ({f{ﬂ 3051 | 574808 | 361762 | 213046
to demonstrate the results as presented in Figurand® o
summarized in Table 2. 2 to 05:4385[" Wl 3051 | 574808 345373 | 229435
U0 am
Scenario 1 In this scenario users are shifting 3@%h
peak electricity usage occurring between 13:00 g2 pm 3 [dspm °3£3&‘L‘L§° S0SL | STB08 | 34373 | 229435
towards the time period 21:45 pm-.0.1:30 am when gner 4 os0amto | 3051 | 574808 NA NA
demand and prices are low. All participants aregested to 13:00 pm

set-up the electricity profile to stop chosen agmie from
running during that time. For example, air condiiig,
washing machines and dishwashers could be effégtive
operated at optional times of the day. Achievalieirgs VI. CONCLUSIONS

$213046 per day
) o The scheme enables consumers to utilize electricity
Scenario 2 Users are shifting peak demand of 3084hM  demand-prices information received via the inteilwing
occurring between 13:00 pm-21:45 pm to the perietiveen  them to control energy consumption. Generally, $hheme
01:30 am to 04:00 am. Achievable savings $22943% ag achieves the following advantages:

Table 2 Result of operating scenarios

Scenario 3 Users are shifting peak demand of 3084hM « Removed peak demands.
occurring between 13:00 pm-21:45 pm to the perietivben + Reduced energy price volatility.
04:00 am to 06:00 am. Achievable savings $229438%ap « Increased grid reliability
Scenario 4 Users are shifting peak demand of 308hM * Reduced energy cost/price.
occurring between 13:00 pm-21:45 pm to the perietivben + Optimizing energy consumption.
06:00 am to 13:00 pm. No savings in energy cost ue » Delaying investments in new infrastructure.
applicable day-time tariffs. However, the schems gtil able » Provides additional capacity more quickly.
to remove congestions out of peak demand areas. » Provides flexibility.
QLD1 5 minute Demand and Pnce for period 020772010 00:00 to 03/07/2010 12:45 * Lowers “kellhOOd and Consequences Of OUtageS'
7000 » Averts the use of the most costly-to-run power fdan
6800 » Drives production costs down for all users.
22 e Achieves large savings at low investment.
,(-'=‘ e 6200
3 i Y g s
S § REFERENCES
\L-. = ’.' 5500 §
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