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a b s t r a c t

In recent years, most of the countries around the world have gone through the power system restructur-
ing process. Along with this restructuring in power market there are some issues like LMP problems that
need to be solved base on demand response. In this article, demand-side management (DSM) programs
have been effective to address LMPs in the market and system operators experience throughout their
day-to-day activities. In particularly, these programs can help independent system operator (ISO) to
reduce price volatility during peak demand hours. For achieving this purpose, a multi-objective optimal
power flow is proposed to study the impact of a model for a demand response program on price spikes.
Actually a new framework using demand response program was presented for price spikes reduction. As
a case study for the formulation, the IEEE 9-bus, load curve of Mid-Atlantic region of the New York net-
work is used to compare local prices in the system with and without emergency demand response pro-
gram (EDRP). The study results demonstrate the effectiveness of these programs in an electricity market
and showing them as appropriate tools in managing the LMPs of the power market more efficiently.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

RESTRUCTURING and privatization of assets, when managed
properly in conformance with sound socioeconomic principles per-
taining to specific cultures across the globe, could lead to better
services, technological improvements, improved reliability, and
the reduction in customer costs [1]. Independent system operator
in restructured power system tries to control reliability and secu-
rity of the system while maximizing social welfare. To have reliable
grid not only having enough generation reserve in system can help
the system, but also having demand response on the other hand
can lead to controlling LMPs.

Consequently, in addition to supply offers, participation of cus-
tomers in electricity market increase the competitiveness overall.
In response to price volatility, customers would normally modify
their demand, which results in smaller price spikes, i.e. some cus-
tomers can response to price spikes and hence shift their demand
to cheaper hours [2].

Demand Response (DR) is defined as the changes in electric
usage by end-use customers from their normal consumption pat-
terns in response to changes in the price of electricity over time.
DR is divided into two basic groups and several subgroups:
ll rights reserved.
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A: Incentive-based programs:

(A-1) Direct load control.
(A-2) Interruptible/curtail able service.
(A-3) Demand bidding/buy back.
(A-4) Emergency demand response program (EDRP).
(A-5) Capacity market program.
(A-6) Ancillary service markets.

B: Time-based programs:

(B-1) Time-of-use program.
(B-2) Real time pricing program.
(B-3) Critical peak pricing program.

The benefits of DR include increased static and dynamic
efficiency, better capacity utilization, pricing patterns that better
reflect actual costs, reduction of price spikes, decentralized mitiga-
tion of market power, and improved risk management [3,4]. EDRP
is a DR program that provides incentives for customers to reduce
loads during power system emergency states; however the curtail-
ment is voluntary and no penalty applies if customers choose not
to curtail, also the rates are fixed pre-specified and no capacity
payments are paid [5]. Some of the EDRP currently used in electric-
ity markets can be found with details in [6]. Bulk power system
operators primarily rely on adjustments in generator’s MW output
to maintain system reliability [7]. In principle, changes in
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Nomenclature

Indices
E elasticity of the demand
q the demand value (MWh)
q electricity energy price ($/MWh)
q0 initial electricity energy price ($/MWh)
q0 initial demand value (MWh)
i, j indexes for bus

Variables
Dd(ti) demand changes in time interval ti

Dq(ti) price changes in interval ti

Dq(tj) price changes in time interval tj

d(i) customer demand in ith hour after EDRP
d0(i) customer demand in ith hour before EDRP
q(i) electricity price in ith hour after EDRP
q0(i) electricity price in ith hour before EDRP
EDLC incentive value in ith hour ($/MWh)
E(i) self elasticity of the demand in ith hour
E(i, j) cross elasticity of the demand between i and jth hours
Ci(Pgi) cost function for generator i
Pgi active power produced by generator i
Pdi active power consumed by demand i

Qgi reactive power produced by generator i
Qdi reactive power consumed by demand i
Vi voltage magnitude in bus i
Vmin

i minimum voltage magnitude in bus i
Vmax

i maximum voltage magnitude in bus i
di phase angle in bus i
dmin

i minimum phase angle in bus i
dmax

i maximum phase angle in bus i
Pmin

gi minimum active power output of generator i
Pmax

gi maximum active power output of generator i
Qmin

gi minimum reactive active power output of generator i
Qmax

gi maximum reactive active power output of generator i
Sij power flow in line i–j
Smax

ij maximum power flow in line i–j
L(Pi,Qi) Lagrange function
LMPi local marginal prices of real powers at bus i
Ci(PEDRPi) EDRP cost for ISO
PEDRPi EDRP power values in bus i
QEDRPi EDRP power values in bus i
Pmin

EDRPi minimum EDRP active power value
Qmin

EDRP minimum EDRP reactive power value

Fig. 1. Effect of demand variation on the electric energy price [11].
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electricity demand could serve as generator movements in meeting
the reliability requirements [8]. So, customer loads could be able to
participate in these markets. The participation of these resources
will enhance reliability and lower costs of maintaining reliability
for all customers hence saving money for participating customers.
At peak hours in which the demand is high, the electric prices are
normally high. For a contingency in power system or a sudden de-
mand increase of these hours, the electric prices would increase
quickly. Therefore in these conditions, by means of EDRP, consum-
ers could act as new sources. These new sources, hence benefiting
by both ISO and customers reducing system cost to as well as
maintaining reliability [9,10]. Moreover, to improve power system
security, load management can be implemented [11].

In this paper, in Section 2, an EDRP model is presented. The ef-
fect of incorporation of the EDRP model into an electricity market
price is discussed in Section 3. Sections 4 and 5 are case study for
numerical results and conclusion respectively of this research.

2. Demand response economic model

Before deregulation, most consumers were non-dispatch-able
loads and did not have effective participation in power system
operation and dispatch process. Therefore, they were not able to
response to the prices effectively. A significant portion of those
loads have been turned into dis-loads as a result of deregulation.
Fig. 1 shows how the demand elasticity could affect both electricity
prices and demand [12–14].

The Elasticity shown below is defined as a ratio of the relative
change in demand to the relative change in prices.

E ¼ @q
@q
¼ q0

q0
� dq
dp

ð1Þ

Self elasticity (nii) and cross elasticity (nij) can be written as:

nii ¼
DdðtiÞ=d0

DqðtiÞ=q0

nij ¼
DdðtiÞ=d0

DqðtjÞ=q0

ð2Þ
Self elasticity and cross elasticity are negative and positive values,
respectively. If the relative change in demand is larger than the rel-
ative change in price, the demand is said to be elastic. On the other
hand, if the relative change in demand is smaller than the relative
change in price, the demand said to be inelastic. So the elasticity
coefficients for hours of a day can be arranged in a 24 by 24 matrix
E. The detailed process of modeling and formulating how an EDRP
program affects the electricity demand and how the maximum ben-
efit of customers is achieved have been discussed in [15]. Thus, the
corresponding responsive economic model of the load is presented
by:

dðiÞ ¼
d0ðiÞ þ

P24

j¼1
E0ði; jÞ � d0ðiÞ

q0ðjÞ
�

AðjÞ þ EðiÞ½qðiÞ�q0ðiÞþAðiÞ�
q0ðiÞ

8>><
>>:

9>>=
>>; i ¼ 1;2; . . . ;24 ð3Þ

Detail of demand response economic model and impact on the elec-
tricity demand, which is based on maximizing the benefit of cus-
tomers and social welfare, is presented in [15] that can be used
for more explanation. Eq. (3) shows how much the customers de-
mand should be in order to achieve maximum benefit in a 24-h
interval. This model also includes the impact of time-of-use pricing
which is not discussed in this work. Therefore, the following model
is deployed instead:
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dðiÞ ¼ d0ðiÞ þ
X18

j¼14

E0ði; jÞ �
d0ðiÞ
q0ðjÞ

� AðjÞ
( )

ð4Þ

In Eq. (4) i = EDRP Non Event Hours.

dðiÞ ¼
d0ðiÞ þ

P18

j¼14
E0ði; jÞ � d0ðiÞ

q0ðjÞ
�

AðjÞ þ EðiÞ�AðiÞ
q0ðiÞ

8>><
>>:

9>>=
>>; ð5Þ

In Eq. (5) i = EDRP Event Hours.

3. New formulation for LMP calculating with EDRP in normal
and emergency sates

Local marginal pricing (LMP), which is based on the short run
marginal cost of supplying energy, was developed in the 1980s
and has grown to be the dominant method of pricing energy in
electricity markets. The use of LMPs has grown because the phys-
ical constraints of the system and economic realities are accurately
represented. For instance [16,17] utilized LMP for real-time control
of power system and optimum placement of distributed genera-
tions. Local marginal prices (LMPs) are the Lagrangian multipliers
associated with power flow equations in an optimal power flow
problem, The Lagrangian multiplier values are calculated by solv-
ing the first-order necessary condition of Lagrangian, partial deriv-
atives of the Lagrangian with respect to every variable concerned.

Mathematically, the normal dispatch problem with a cost min-
imization can be written as:

Min
X
i2ng

ðCiðPgiÞÞ ¼
X
i2ng

agi þ bgiPgi þ cgiP
2
gi

� �
ð6Þ
3.1. Equality constrains

Power flow equations corresponding to both real and reactive
power balance equations as load flow constraints can be written
for all the buses as:

Pi ¼ Pgi � Pdi ¼
XNb

j¼1

ViVj½Gij cosðdi � djÞ þ Bij sinðdi � djÞ�

8i ¼ 1; . . . ;Nb

Q i ¼ Q gi � Q di ¼
XNb

j¼1

ViVj½Gij sinðdi � djÞ � Bij cosðdi � djÞ�

8i ¼ 1; . . . ;Nb ð7Þ

System real and reactive power balance equations can be written
as:

Ploss ¼
X
i2Nb

Pgi �
X
i2Nb

Pdi

¼
XNb

i¼1

XNb

j¼1

Rij

ViVj
½PiPj cosðdi � djÞ þ QiQ j cosðdi � djÞ�

PiQ j sinðdi � djÞ þ PjQi sinðdi � djÞ�

( )
ð8Þ

Qloss ¼
X
i2Nb

Qgi �
X
i2Nb

Q di

¼
XNb

i¼1

XNb

j¼1

Rij

ViVj
½PjQ i cosðdi � djÞ � PiPj sinðdi � djÞ�

Q iQj sinðdi � djÞ � PiQ j cosðdi � djÞ�

( )
ð9Þ
3.2. Inequality constrains

Real power generation limit includes the upper and lower real
power generation limits of generators at bus i:
Pmin
gi 6 Pgi 6 Pmax

gi ð10Þ

Reactive power generation limit includes the upper and lower reac-
tive power generation limits of generators and other reactive
sources at bus i:

Qmin
gi 6 Q gi 6 Qmax

gi ð11Þ

Voltage limit includes the upper and lower voltage magnitude lim-
its at bus i:

Vmin
i 6 Vi 6 Vmax

i ð12Þ

Phase angle limit includes the upper and lower angle limits at bus i:

dmin
i 6 di 6 dmax

i ð13Þ

Line flow limits constraints represent maximum power flow in a
transmission line and are based on thermal and stability consider-
ations. Sij is MVA line flows from bus i to bus j. The line flow limit
can be written as:

Sij 6 Smax
ij ð14Þ

The Lagrangian function for the local marginal price determination
can be written as a function of Pi and Qi as:

LðPi;QiÞ ¼
X
i2ng

ðCiðPgiÞÞ þ
X
i2Nb

ðLMPpiÞ

� Pi �
XNb

j¼1

ViVj½Gij cosðdi � djÞ þ Bij sinðdi � djÞ�
" #

þ
X
i2Nb

ðLMPqiÞ � Qi �
XNb

j¼1

ViVj½Gij sinðdi � djÞ � Bij cosðdi � djÞ�
" #

þ bPloss

X
i2Nb

Pgi �
X
i2Nb

Pdi �
XNb

i¼1

XNb

j¼1

Rij

ViVj
½PiPj cosðdi � djÞ

� 

þQiQj cosðdi � djÞ � PiQj sinðdi � djÞ þ PjQi sinðdi � djÞ�
��

þbQloss

X
i2Nb

Qgi �
X
i2Nb

Qdi �
XNb

i¼1

XNb

j¼1

Rij

ViVj
½PjQi cosðdi � djÞ

�(

�PiPj sinðdi � djÞ � Q iQ j sinðdi � djÞ � PiQj cosðdi � djÞ�
��

þ
XNg

i¼1

xmax
i Pmax

i � Pi
� �

þ
XNg

i¼1

xmin
i Pi � Pmin

i

� �

þ
XNg

i¼1

rmax
i Q max

i � Q i

� �
þ
XNg

i¼1

rmin
i Q i � Q min

i

� �

þ
XNb

i¼1

mmax
i Vmax

i � Vi
� �

þ
XNb

i¼1

mmin
i V i � Vmin

i

� �

þ
XNb

i¼1

cmax
i dmax

i � di
� �

þ
XNb

i¼1

cmin
i di � dmin

i

� �

þ
XNl

ij¼1

amax
ij Smax

ij � Sij

� �
ð15Þ

Knowing Lagrangian function, real local marginal price at any bus i
can be determined as the partial derivative of the Lagrangian func-
tion with respect to injected real power equated to zero as:

LMPi ¼
@LðPi;Q iÞ

@Pi
¼ 0) LMPi

¼
@
P
i2ng

ðCiðPgiÞÞ
 !

@Pi
þxmax

i �xmin
i þ bPloss 1� @Ploss

@Pi

� 	

� bQloss
@Qloss
@Pi

� 	
ð16Þ

A new objective function as well as equality and inequality condi-
tions that take EDRP into consideration can be represented by:
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Min
X
i2ng

ðCiðPgiÞÞ þ
X

i2NEDRPi

ðCiðPEDRPiÞÞ ð17Þ

Subject to:

Pi ¼ Pgi � Pdi þ PEDRPi ¼
XNb

j¼1

ViVj½Gij cosðdi � djÞ þ Bij sinðdi � djÞ�

8i ¼ 1; . . . ;Nb

Q i ¼ Q gi � Q di þ Q EDRPi ¼
XNb

j¼1

ViVj½Gij sinðdi � djÞ � Bij cosðdi � djÞ�

8i ¼ 1; . . . ;Nb ð18Þ

Ploss ¼
X
i2Nb

Pgi �
X
i2Nb

Pdi þ
X

i2NEDRPi

PEDRPi

¼
XNb

i¼1

XNb

j¼1

Rij

ViVj
½PiPj cosðdi � djÞ þ Q iQ j cosðdi � djÞ�

PiQ j sinðdi � djÞ þ PjQi sinðdi � djÞ�

( )
ð19Þ
Qloss ¼
X
i2Nb

Q gi �
X
i2Nb

Q di þ
X

i2NEDRPi

QEDRPi

¼
XNb

i¼1

XNb

j¼1

Rij

ViVj
½PjQ i cosðdi � djÞ � PiPj sinðdi � djÞ�

Q iQ j sinðdi � djÞ � PiQ j cosðdi � djÞ�

( )
ð20Þ
Pmin
gi 6 Pgi 6 Pmax

gi ð21Þ

Q min
gi 6 Q gi 6 Q max

gi ð22Þ
Vmin

i 6 Vi 6 Vmax
i ð23Þ

dmin
i 6 di 6 dmax

i ð24Þ
Sij 6 Smax

ij ð25Þ
Pmin

EDRPi 6 PEDRPi 6 Pdi ð26Þ
Q min

EDRPi 6 Q EDRPi 6 Qdi ð27Þ

The Lagrangian function incorporating with EDRP for the local mar-
ginal price determination can be written as a function of Pi and Qi as:

LðPi;QiÞEDRP ¼
X
i2ng

ðCiðPgiÞÞ þ
X

i2NEDRPi

ðCiðPEDRPiÞÞ þ
X
i2Nb

LMPEDRP
pi

� �

� Pi �
XNb

j¼1

ViVj½Gij cosðdi � djÞ þ Bij sinðdi � djÞ�
" #

þ
X
i2Nb

ðLMPEDRP
qi Þ � Qi �

XNb

j¼1

ViVj Gij sinðdi � djÞ � Bij cosðdi � djÞ

 �" #

þ bEDRP
Ploss

 X
i2Nb

Pgi þ
X

i2NEDRPi

PEDRPi �
X
i2Nb

Pdi

�
XNb

i¼1

XNb

j¼1

(
Rij

ViVj
½PiPj cosðdi � djÞ þ QiQj cosðdi � djÞ

�PiQj sinðdi � djÞ þ PjQi sinðdi � djÞ�
)!

þ bEDRP
Qloss

(X
i2Nb

Qgi þ
X

i2NEDRPi

QEDRPi �
X
i2Nb

Qdi

�
XNb

i¼1

XNb

j¼1

(
Rij

ViVj
½PjQi cosðdi � djÞ � PiPj sinðdi � djÞ

�QiQj sinðdi � djÞ � PiQj cosðdi � djÞ�
))

þ
XNg

i¼1

xmax EDRP
i Pmax

i � Pi
� �

þ
XNg

i¼1

xmin EDRP
i Pi � Pmin

i

� �

þ
XNg

i¼1

rmax EDRP
i Qmax

i � Qi

� �
þ
XNg

i¼1

rmin EDRP
i Q i � Qmin

i

� �

þ
XNEDRP

i¼1

wmax EDRP
i Pmax

i � Pi
� �

þ
XNEDRP

i¼1

wmin EDRP
i Pi � Pmin

i

� �

þ
XNEDRP

i¼1

umax EDRP
i Qmax

i � Qi

� �
þ
XNEDRP

i¼1

umin EDRP
i Q i � Qmin

i

� �
þ
XNb

i¼1

mmax EDRP
i Vmax

i � Vi
� �

þ
XNb

i¼1

mmin EDRP
i Vi � Vmin

i

� �

þ
XNb

i¼1

cmax EDRP
i dmax

i � di
� �

þ
XNb

i¼1

cmin EDRP
i di � dmin

i

� �

þ
XNl

ij¼1

amax EDRP
ij Smax

ij � Sij

� �
ð28Þ

Accordingly, the LMPs at each node considering EDRP cost are given
as follows:

LMPEDRP
i ¼ @LðPi;Q iÞ

@Pi
¼ 0) LMPi

¼
@
P
i2ng

ðCiðPgiÞÞ þ
P

i2NEDRPi

ðCiðPEDRPiÞÞ
 !

@Pi
þxmax EDRP

i

�xmin EDRP
i þ wmax EDRP

i � wmin EDRP
i

þ bEDRP
Ploss 1� @Ploss

@Pi

� 	
� bEDRP

Qloss
@Qloss
@Pi

� 	
ð29Þ

Dispatch problem with a cost minimization considering lines and
generators outages be written as:

Min
X

i2Ng�Ngeneratorsoutages

ðCiðPgiÞÞ þ
X

i2NEDRPi

ðCiðPEDRPiÞÞ ð30Þ

With before inequality and equality constraint except lines which
was outage. The Lagrangian function incorporating with EDRP in
emergency state for the local marginal price determination can be
written as:

LðPi;Q iÞEDRP
EmergencyState¼

X
i2Ng�Ngeneratorsoutages

ðCiðPgiÞÞþ
X

i2NEDRPi

ðCiðPEDRPiÞÞ

þ
X

i2Nb�Ngeneratorsoutages

LMPEmegState
pi

� �

�
"

Pi�
XNb�Ngeneratorsoutages

j¼1

ViVj Gij cosðdi�djÞ



þBij sinðdi�djÞ
�#
þ

X
i2Nb�Ngeneratorsoutages

LMPEmegState
qi

� �

�
"

Q i�
XNb�Ngeneratorsoutages

j¼1

ViVj Gij sinðdi�djÞ



�Bij cosðdi�djÞ
�#

þbEmegState
Ploss

 X
i2Nb�Ngeneratorsoutages

Pgiþ
X

i2NEDRPi

PEDRPi

�
X
i2Nb

Pdi�
XNb

i¼1

XNb

j¼1

Rij

ViVj
½PiPj cosðdi�djÞ

�

þQiQj cosðdi�djÞ�PiQj sinðdi�djÞ

þPjQi sinðdi�djÞ�
)!

þbEmegState
Qloss

( X
i2Nb�Ngeneratorsoutages

Q giþ
X

i2NEDRPi

Q EDRPi

�
X
i2Nb

Q di�
XNb

i¼1

XNb

j¼1

(
Rij

ViV j
½PjQ i cosðdi�djÞ

�PiPj sinðdi�djÞ�QiQj sinðdi�djÞ

�PiQj cosðdi�djÞ�
))
þ

XNg�Ngeneratorsoutages

i¼1

xmaxEmegState
i Pmax

i �Pi
� �

þ
XNg�Ngeneratorsoutages

i¼1

xminEmegState
i Pi�Pmin

i

� �

þ
XNg�Ngeneratorsoutages

i¼1

rmaxEmegState
i Qmax

i �Qi

� �

þ
XNg�Ngeneratorsoutages

i¼1

rminEmegState
i Q i�Qmin

i

� �



Fig. 2. IEEE 9-bus test system.

Table 1
Self and cross elasticies.

Type Peak Off-peak Low

Peak �0.02 0.0032 0.0024
Off-peak 0.0032 �0.02 0.002
Low 0.0024 0.002 �0.02
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þ
XNEDRP

i¼1

wmaxEmegState
i Pmax

i �Pi

� �

þ
XNEDRP

i¼1

wminEmegState
i Pi�Pmin

i

� �

þ
XNEDRP

i¼1

umaxEmegState
i Qmax

i �Qi

� �

þ
XNEDRP

i¼1

uminEmegState
i Q i�Qmin

i

� �

þ
XNb�Ngeneratorsoutages

i¼1

mmaxEmegState
i Vmax

i �Vi
� �

þ
XNb�Ngeneratorsoutages

i¼1

mminEmegState
i V i�Vmin

i

� �

þ
XNb�Ngeneratorsoutages

i¼1

cmaxEmegState
i dmax

i �di

� �

þ
XNb�Ngeneratorsoutages

i¼1

cminEmegState
i di�dmin

i

� �

þ
XNl�Nlineoutage

ij¼1

amaxEmegState
ij Smax

ij �Sij

� �
ð31Þ

The LMPs at each node in emergency state are given as follows:
LMPEmegState
i ¼

@
P

i2Ng�Ngeneratorsoutages

ðCiðPgiÞÞ þ
P

i2NEDRPi

ðCiðPEDRPiÞÞ
 !

@Pi

þxmax EmegState
i �xmin EmegState

i þ wmax EmegState
i

� wmin EmegState
i þ bEmegState

Ploss 1� @Ploss
@Pi

� 	

� bEmegState
Qloss

@Qloss
@Pi

� 	
ð32Þ
Fig. 3. Load curve of Mid-Atlantic region of New York.
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4. Case study

4.1. Test case results of DRP

The IEEE 9-bus system as depicted in Fig. 2 is used here to show
the effect of EDRP program on LMPs and operation cost.

The elasticity coefficients of the loads are shown in Table 1 sim-
ilar to [14]. The load curve of Mid-Atlantic region of New York net-
work as shown in Fig. 3 was selected for testing and analyzing the
effect of EDRP program look like [6].

The load curve is divided into three intervals. Low load period
(12:00 am to 9:00 am), off-peak period (10:00 am to 1:00 pm
and 7:00 pm to 12:00 am) and the peak period (2:00 pm to 6:00
pm). Fig. 4 shows the load curves before and after implementation
of demand response program.

As it shown in Fig. 4, by implementation of DRP based on the
difference between elasticities in different periods, loads are
shifted from peak periods to valley periods. Without DRP, the sys-
tem peak load is 315 MW. However, as a result of DRP it is reduced
to 303.64 MW.

Figs. 5 and 6 show how implementing DRP helps reduce LMP
spikes and operation cost. Note that the highest and lowest LMP
without DRP are 24.998 $/MWh and 16.233 $/MWh, respectively.
With the introduction of DRP, they are changed to 24.099 $/MWh
and 16.889 $/MWh. Also, the total operation cost of the system
for the 24-h period with DRP was 98510.32 $/MW, however, with-
out DRP is 99427.18 $/MWh.



Table 2
Line number.

Line from bus
to bus

1–4 4–5 5–6 3–6 6–7 7–8 8–2 8–9 9–4

Line number 1 2 3 4 5 6 7 8 9
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4.2. Test case results of EDRP

Independent System Operators (ISOs) are particularly inter-
ested in EDRP during emerging events as a tool to reduce price
spikes. During the system peak hours, in which emergency events
such as branches and generators outages occur, the ISO uses EDRP
resources in order to prevent system instability and sudden
increase of market prices. In this section, the effect of the EDRP
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during emergency events when market prices go high is studied
and simulated. The amount of incentive in EDRP program formula-
tion is assumed to be 500 $/MWh used incentive in this study.
Several emergency states were created by means of line outage
and the corresponding scenarios were simulated with and without
EDRP leading to LMPs as shown in Table 2 and Figs. 7–9.
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Note that in case of line 2–8 outage, the EDRP has reduced the
price spikes by 10.8%. In order to create high price scenarios, the
cost characteristics of generation units have been modified. At
the end, previous created emergency cases were simulated leasing
to LMPs as depicted in Figs. 10–13. In this case, the EDRP has re-
sulted in a significant reduction in price spikes (on average 30%
reduction).
5. Conclusion

As a conclusion, in this article the demand respond programs ef-
fects with considering an economic model for this program in
restructured systems reviewed. At first the effects of this model
on spike prices at peak hours in power system with contingency
has simulated and analyzed. Actually a new framework using de-
mand response program was presented for price spikes reduction.
The results show that by using the effects of consumer’s participa-
tion, price spikes can be reduced and electric prices increase will be
avoided.

Moreover, this paper discussed the effects of demand response
program on local marginal price (LMP) spikes and operation cost
reduction are evaluated by using emergency demand response
program (EDRP) and economic load model, AC-OPF formulation,
and local marginal price evaluation techniques. The study results
demonstrate the effectiveness of these programs in an electricity
market and showing them as appropriate tools in managing the
LMPs of the power market more efficiently. Consequently, we
can say that solving the problems of electric prices volatility and
power supply reduction at system peak hours without interfering
of the customers in market is not possible. Consumer participation
makes power markets more competitive and enhances market
performance.
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