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Abstract— In the recent years, while energy supply could not
keep pace with the rapid growth of energy consumption the
focus has been now shifted on to the consumer side which has led
to more significant smart grid initiatives associated with energy
management through demand response program. Demand
response helps with paying incentives to the consumers to
reduce their energy consumption during peak hours or when
energy production is down. Also in order to meet the energy
demand, Independent power producers (IPP’s) are introduced
into the electric power market where electricity is purchased by
the Electric power utilities through competitive bidding. In this
paper, economic load dispatch problem is solved by Lagrange
multiplier method for a network of 8 bus system with 4 thermal
units under competitive environment with inclusion of Demand
Response programs with different strategy process for peak load
reduction with the application of fuzzy logic principles and
independent power producers (IPPs).

Index Terms—Energy management, Smart grid, Demand
Response, Peak Load Curtailment, Fuzzy system, Independent
power producer, Lagrange multiplier method, Economic Dispatch
Problem.

I. INTRODUCTION
Energy management is a significant step for the global
need of energy saving in order to reduce our reliance on the
fossil fuels that are not only becoming limited in supply and
also causing negative health and environmental effects.
The smart grid is associated to be an electric grid that
delivers power in a controlled, smart way from generation end
to the consumers. Demand response (DR) encourages
interaction and approachability of the customers which will
offer a wide range of potential benefits on system operation
and expansion in the long term. Lowering peak demand, it
reduces overall plant and capital cost investments and stalls
the need for further upgrades and construction of power
plants.
Methods for engaging customers in demand response
programs include proposing time-basedrates such as time of
pricing, critical peak pricing, variable peak pricing, real time
pricing and critical peak rebates. It also includes direct load
control programs[2] which provide the ability for the utilities
to cycle on and off electrical appliances during periods of
peak demand in exchange of a financial incentive.
Sensors identify the peak load problems and operate

automatic switching to turn away or reduce power. Advanced
metering infrastructure increases the range of time based rate
programs and smart consumer systems such as in-home
displays or home area networks which makes easier for
consumers to reduce peak period consumption based on the
information of the power consumption. Fuzzy system
approach has been considered for peak load curtailment
problem. Various Steps involved in its design are the
fuzzification of inputs, fuzzy rules and inference engine, and
defuzzification[2].
Furthermore, in order to make an efficient electric energy
supply system, deregulation in the electric power industry is
carried in various countries by adding the Independent power
producers (IPP’s) into the system. Electric power is purchased
from IPP’s through competitive bidding, where the evaluation
is done on the basis of the operating cost of the corresponding
generator’s utility for the power purchased. It has also been
observed that inclusion of IPP’s have improved the flexibility
in functioning of the power system in terms of system
blackouts and the loading of various equipment in the power
system.
Optimization techniques are involved in Economic load
dispatch problem for minimization of fuel cost while
satisfying certain constraints. Optimization is done by
scheduling the thermal units in the network according to the
demand with minimum operating cost. In this paper,
comparative analysis of finding the minimum operating cost
is performed using Lagrange multiplier method considering
the inclusion of Demand response and power purchases from
IPP.
II. ECONOMIC LOAD DISPATCH FORMULATION
Economic load dispatch is conducted in order to
determine the minimum generation cost of thermal units,
along with certain operating constraints. The total cost of this
system is the sum of costs of each of the individual units. The
t
generation cost function Fi(Pi ) is usually expressed as
quadratic polynomial (1).
t

t

t 2

Fi(Pi ) = ai + bi Pi + ci (Pi )

(1)
t

Where ai, bi, ci are cost coefficients of generating unit i, (Pi )
is the real power output of generating unit during period t.
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The objective function of the economic load dispatch
problem is to minimize the fuel cost function (2) of all
generating units in the power system. The essential constraint
on the operation of the system is that sum of output powers
must be equal to the load (3).
Objective function:
T
Min FT = ∑
t=1

n
t
∑ Fi (Pi )
i=1

(2)

Loading Constraints:
n
t
Φ = Pload - ∑ Pi = 0
Unit Limits:

i=1

t

t

for t = 1….T

Pi,min ≤ Pi ≤ Pi,max

t

(3)

(4)

III. LAGRANGE MULTIPLIER METHOD
In Lagrange multiplier method, the extreme value of the
objective function is obtained by multiplying the constraint
function by an undetermined multiplier and is added to the
objective function. This is known as Lagrangian function [1]
and is represented as:
£ = FT + λ * Φ

(5)

In order to obtain the extreme values of the objective
function, first derivative of Lagrange function (6) is taken
w.r.t to the each of the independent variables and set the
derivative equal to zero.
D£ = ∂ Fi(Pi) / ∂(Pi) – λ = 0
∂ Fi(Pi) / ∂(Pi) = λ

(6)
(7)

Equation (7) forms the necessary condition for the minimum
operating cost for the power system which says that the
incremental cost rates of all units be equal to some
undetermined value (λ)
Considerable insight can be gained into characteristics of
optimal solutions through use of the Kuhn Tucker conditions.
One important insight comes from our standard economic
dispatch problems i.e., when we recognize the inequality
constraints, the necessary conditions may be expanded
slightly as the shown in the set of equations (8).
∂Fi/∂Pi = λ for Pi,min < Pi < Pi,max
∂Fi/∂Pi < λ for Pi = Pi,max

(8)

Step3: Based on the load for that particular hour, all the
feasible states meeting the load are considered and the
corresponding power generated of the individual generators
are calculated based on the Lagrange function.
Step4: The operating cost of all feasible states is calculated
individually using the quadratic cost function.
Step5: Among all the feasible states, the state with minimum
operating cost is displayed which is considered to be the
economic dispatch of the load for that particular hour.
Step6: Similarly the operating costs are calculated for 24
hours and are added to get the total operating cost.
IV. DEMAND RESPONSE PROGRAM
Demand response helps with two issues. As an alternative for
adding generation capacity, incentives are paid to customer to
use less energy during a given time period. By acting as
―virtual power plants,‖ demand response participants also
help in stabilizing the grid. All categories of customers
(industrial, commercial, and residential) can be made
involved in the Demand response program by introducing
different technologies or strategies for achieving reduction in
load or shifts in demand. Common strategies include
1.reduction or temporary interruption in consumption with no
change in consumption in other periods. 2. Adjustment in
power consumption to less peak periods 3. Temporary
utilization of onsite generation in place of energy from the
grid.
A. Types of DR Programs
DR programs are broadly classified by the manner the
customer is motivated. (i.e., direct control or market price).
Specific DR Programs can be discussed in terms of these two
response programs as discussed below
When the customers are offered incentives by the utilities
for reduction of load during specified periods, the program is
called load response. When customers voluntarily reduce
their load in response to market prices, the program is called
price response. Each of these categories divided in several
subgroups. Here, we have focused on Direct Load Control
which comes under load response
In this paper, load curtailment is done by using a fuzzy
system approach with the application of fuzzy logic principles
[2]. Utilities peak load data consisting of many load demand
scenarios are the inputs to the system, and the corresponding
power reductions during peak load periods are the outputs. In
this paper, the system considers peak load profiles of different
types of customers (industrial, commercial, and residential)
obtained from its load data. For further explanation on
implementation of fuzzy system and its different stages the
membership function for the domestic load is shown in Fig 1.
Similar procedure can be applied for load reduction for
industrial and commercial customers.

∂Fi/∂Pi > λ for Pi = Pi,min
The algorithm for the implementation of economic dispatch
problem is depicted below:
Step1: Read all the generator data and 24 hour load.
Step2: Considering there are n generators, all the possible
n
combinations (2 states) along with ON and OFF conditions,
the maximum and minimum power for all the states are
displayed.

Fig 1. Membership function for Domestic load
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B. Fuzzy System
As mentioned above for the fuzzy system, the membership
function has been developed and is used for the fuzzification
of the input parameters and also during the defuzzification of
output variables of control.
C. Fuzzy System Rules and Inference
Let Pdom be the domestic load of the system and is the
fuzzified input variable. Let m represent the fuzzified values
defined based on the membership function defined from fig 1
and the corresponding fuzzified output values are based on
the algorithm in Fig 2.
D. Defuzzificiation
In defuzzification, the fuzzified output values (P_red) are
related with the domestic load corresponding to the degree of
membership for the power reduction and the output vales are
obtained. The output values obtained are based on the
algorithm shown below.
Step1: Read the load(Pdom) for the particular interval of time
Step2: If (Pdom>=144&&Pdom<=155) then display
off-peak period and go to step 7 for membership function for
fuzzified outputs else go to step3.
Step3: If (Pdom>=155.1&&Pdom<=166) then display
―off-peak period-mid-peak period‖ and go to step8 for
membership function of fuzzified outputs else go to step4.
Step4: If (Pdom>=166.1&&Pdom<=169) then display
―mid-peak period‖ and go to step9 for membership function
of fuzzified outputs else go to step5.
Step5: If (Pdom>=169.1&&Pdom<=172) then display
―mid-peak period-on-peak period‖ and go to step10 for
membership functions of fuzzified outputs else go to step6.
Step6: If (Pdom>=172.1) then display ―on-peak period‖ and
go to step11 for membership function of fuzzified outputs else
go to step 12
Step7: m=1-(0.0454*Pdom-6.5454), corresponding
defuzzified output is Pdom_red=0 and go to step12.
Step8: m=(0.045*Pdom-6.5454), corresponding defuzzified
output is Pdom_red=Pdom*0.06 and go to step 12.
Step9: m=(28.66-0.1667*Pdom), corresponding defuzzified
output is Pdom_red=Pdom*0.06 and go to step 12.
Step10:
m=1-(28.66-0.1667*Pdom),
corresponding
defuzzified o/p is Pdom_red=Pdom*0.06 and go to step 12.
Step11: m=1 and corresponding defuzzified output is
Pdom_red=Pdom*0.12 and go to step12.
Step12: Stop.

V. INDEPENDENT POWER PRODUCER

It is also witnessed that if the inclusion of independent
power producers is done with appropriate choices there is a
significant reduction in production cost and fuel heat
consumption associated with generating units owned by the
utility.
VI. NUMERICAL STUDIES
The network considered is of 8-bus system in Fig.2
consisting of four thermal units[3].The parameters of thermal
units are given in Table I .The 24 hour system load is
specified in Table II. The fuel price is 1$/MBtu. Among the
generation units, G1 is assumed to be committed with
maximum output. Here 4 scenarios are considered where
economic dispatch is done with the present load, with the
implementation of demand response (DR), power purchased
from IPP, both DR and IPP included in which where the total
operating cost of the system is compared in each case. The
dispatch of units of scenario 1 is given in Table III.

Fig.2 8 Bus system

Table I. Thermal units Parameters

Table II. 24 Hour Load Demand

When the electricity is purchased from an IPP, the
incremental generator capacity of the utility is reduced by the
capacity of the IPP. In this paper the Distribution generation
(DG) units of independent producers are considered to be of
wind farms [3]. The maximum price paid for procuring the
power is considered as an assessment for total generation cost
of electric power system. Upon the purchase of power the
reduced generation cost per unit is termed as breakeven cost.

301
ISSN: 2278 – 7798

All Rights Reserved © 2015 IJSETR

International Journal of Science, Engineering and Technology Research (IJSETR), Volume 4, Issue 2, February 2015

Table III. Dispatch Result for Scenario1

Table V. Dispatch Result for Scenario2

A. Implementation of demand response program
The present load is divided into three different ranges: On
peak (430 – 480 MW), mid peak (390-430 MW), off peak
(360-390 MW). All categories of customers are considered
here where domestic consumers constitute 40% of load, while
industrial (25%) and commercial (35%).The incentives for all
customers is assumed to be 10$/MW for 12% of reduction
during peak period while 5$/MW for 6% reduction during
mid-peak period and there is no reduction in load during off
peak period [5].

B. Power purchase from IPP
The 24 hour generation data of wind power is taken from [3]
and the remaining load to be met by the thermal units is shown
in Table VI and the bidding prices of an generation company
are taken from [4] where 5.3055$/MW is the price for
purchase of power.
Table VI. 24 Hour Load Demand after
purchase of power from IPP

As discussed earlier the peak load reduction is done using
fuzzy system and the process is explained in Fig 2 and the new
load after the implementation of demand response program is
shown in Table IV.
Table IV. 24 Hour Load Demand after
implementation of Demand Response

The economic dispatch problem is conducted for the above
load and the dispatch result for the same is shown in Table
VII. The operating cost is calculated also along with this the
amount to be paid on purchase of power is added to the
operating cost of the system which sums to the total cost.
Table VII. Dispatch Result for Scenario3

The economic dispatch problem is conducted for the new
load and the dispatch results are shown in Table V and the
operating cost is calculated also along with this the incentives
which are to be paid to the customers based on the rates given
above and is added to the operating cost of the system which
sums to the total cost and is compared with other scenarios.
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C. Inclusion of both Demand Response and IPP. In this
scenario the economic dispatch is done for the load after the
implementation of Demand response and IPP and the
operating cost is calculated along with the amount to be paid
to costumers and power producer. The new load after the
inclusion of demand response and IPP is shown below in
Table VIII.
Table VIII. 24 Hour Load Demand after
inclusion of Demand Response & IPP

VII. CONCLUSION
The solution for economic dispatch problem of the system
considering different scenarios of load profile is calculated
and the operating cost of the system is compared as shown in
Table X. It can be observed that there is a reduction in
operating cost. In this manner with the application of these
kinds of program, flexibility of the power system can be
improved in terms of managing system outages and operation
of various equipment in the power system.
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