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Abstract – In an electrical power system, the ultimate aim is to 
generate and deliver electrical energy to consumer side with 
minimum cost involved. Thus, least fuel cost, effective unit 
commitment and minimum transmission losses are desirous to 
achieve economic dispatch in a distributed generation network. In 
this research, economic dispatch considering transmission losses 
in a distributed generation network of Bahawalpur is reported. A 
MATLAB algorithm is designed which gives optimum division of 
power between two power plants and their transmission losses. 
Power plants considered here are thermal power plant 
Muzafargarh and Kot Addu Power Company (KAPCO), the 
former being located at smaller distance from Bahawalpur 
district. Finally, load trend of Bahawalpur district, optimum 
generation verses power demand, associated transmission losses, 
penalty factor and fuel cost economy are shown in the Results 
Section through graphs and tables. It is concluded that thermal 
power plant shares higher contribution of load power due to 
smaller distance from load and, thus, smaller transmission losses 
ensuring minimum cost operation. 

 
Keywords – Cost benefit analysis; Cost function; Iterative 

algorithms; Optimization methods; Power generation dispatch; 
Power system economics. 

I. INTRODUCTION 
With increasing power demands, the sizes of electric power 

systems are increasing rapidly. To meet this rapidly increasing 
power demand, many power plants are connected 
simultaneously to supply loads in the power system. Therefore, 
the economic operation of these power plants in the grid is of 
paramount importance. Online load dispatch and unit 
commitment are two basic steps in the problem of economic 
load dispatch [1]. The unit commitment selects the units from 
the available options, which satisfy the system load for a 
specified period of time at the optimum cost [2]. Then total load 
is divided into the already committed units through an online 
load dispatch technique to reduce the total supply cost. 

Economic dispatch is actually the determination of the 
optimal output of the number of power generating units to meet 
system power demand at the lowest cost, considering other 
operational and transmission constraints and distribution 
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required for generation among power generating units 
economically. Optimization goals include reduction of 
production cost, total power loss in the system, lower voltage 
deviation and increased reliability of the power system [3]. 
While designing optimization techniques, one or more of these 
objectives are considered. 

 

 
Fig. 1. Load demand trend of Bahawalpur. 

Figure 1 shows the trend of power demand in the city of 
Bahawalpur across one calendar year (2018). The peak demand 
takes place during summer [4], and the maximum load is 
605 MW in August. To overcome shortage of electricity and 
meet the load requirement, which is increasing sporadically in 
Bahawalpur, integration of multiple power generating units is 
essential. Most manufacturing units are of the following three 
types: hydro, nuclear and thermal (using fossil fuels such as 
gas, oil and coal). Nuclear plants operate at specified 
production energy levels. While the operating cost of 
hydroelectric units does not vary greatly with production, the 
operating cost of thermal energy varies considerably with 
production power [5]. 

There are two distinct phases of economic load dispatch: unit 
commitment and unit dispatch. Unit commitment gives a set of 
manufacturing units that are best in considering economy and 
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executed before real-time operations. Unit dispatch gives the 
required output from each available product unit and this 
happens when the system is in operation [6]. 

In this paper, economic load dispatch algorithm is designed 
to get an optimum generation level from multiple thermal 
power plants, which are feeding electrical load connected to a 
single bus as shown in Fig. 2. The block diagram framework 
shows N thermal units composed of unique fuel cost functions, 
turbines and generators, and these thermal units are treated as 
analogous to the practical units providing electricity to 
Bahawalpur. While assigning a generation level to ensure 
optimum operation for a particular load, transmission losses 
and the resulted penalty factors are also taken into account. 
Fuel cost equations, incremental fuel cost equations and loss 
coefficients matrix of transmission lines are determined and 
utilized in the algorithm to find out an optimum solution. At 
the end, a cost comparison is made to describe benefit in Rs/h, 
which can be achieved by utilising this algorithm for economic 
dispatch compared to the regular operation when equal sharing 
is considered. Practically, there are two power plants supplying 
electricity to Bahawalpur: 1) thermal power plant 
Muzaffargarh and 2) Kot Addu Power Company (KAPCO). 

 
Fig. 2. Single bus-bar connected to N thermal units. 

The paper is organised as follows. In Section 2, the economic 
load dispatch with and without transmission loss consideration 
is discussed. In Section 3, problem formulation is addressed 
and Section 4 deals with the classical dispatch technique in 
detail. In Section 5, the economic load dispatch in Bahawalpur 
is formulated. Finally, results and conclusions are presented in 
Sections 7 and 8, respectively. 

II. ECONOMIC LOAD DISPATCH WITH AND WITHOUT 
TRANSMISSION LOSSES 

Economic load dispatch (ELD) means that the active and 
reactive power of the generator can be varied to meet the load 
demand with minimal fuel costs and without violating the 
specified limits. The optimization is carried out on cost 
functions, so only active power components are included since 
the cost of electricity is determined from kWh consumed. 
When some generating units are physically located close to 
each other and participate in the same bus bar, then we may 
neglect transmission losses while solving an economic dispatch 
problem. 

 
1

N

i d
i

P P
=

=∑ .   (1) 

Fuel cost Rs/h is a quadratic function of output power as 
represented below: 

 2  
2

i
i gi i gi i

af P b P c= + + .  (2) 

Incremental fuel cost of units Rs/MWh can be denoted by λi 
which is defined by 

 λ i
i i gi i

gi

f a P b
P
∂

= = +
∂

.  (3) 

where ai, bi and ci are the constants. The appropriate 
incremental fuel cost is actually the additional fuel cost we 
have to bear if we increase output of a selective plant or unit by 
1 MW. Incremental fuel cost can be obtained by measuring the 
slope of the input-output curve and then multiplying with cost 
per Btu in proper units. 

If we consider transmission losses while looking for ELD 
solution, then the power balance equation or constraining 
equation may be shaped as follows: 

 load
1

0
N

L gi
i

P P P
=

+ − =∑ ,  (4) 

where Pload is the total power received at the load end, PL is the 

transmission loss and 
1

N

gi
i

P
=
∑  is the total generation. It is 

worthwhile mentioning that the solution of this method yields 
an exact solution since the power balance constraints are 
verified after each iteration step. A system with N generating 
units with different costs associated with them, the total cost 
can be represented as follows: 

 1 2 3
1

N

N i
i

f f f f f f
=

= + + =+ ∑ . (5) 

III. PROBLEM FORMULATION 
Bahawalpur is a district of Punjab, Pakistan located in the 

south of the province. The overall load demand of Bahawalpur 
district varies depending on different seasons and ranging 
between an average of 400 MW to 600 MW according to the 
load demand data of 2018. To meet this load demand 
effectively, we have to arrange an appropriate generation level 
through generating units keeping in view the losses occurred 
during transmission as well. The selection of generating units 
among available generating units to meet a specific demand 
level is done through the unit commitment process. After the 
units are selected through unit commitment called committed 
units, the generation among these committed units is 
distributed through ELD algorithms, which consider economy 
and transmission losses at the same time to find out an optimum 
solution of the given generation level [7]. 

Mathematically, the problem can be defined as to minimise 
fuel cost associated with generation by Eq. (2) subject to power 
balance equation given in Eq. (4) and inequality constraint 
given below: 

( ) ( )min maxii iP P P≤ ≤ .  (6) 
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After combining total fuel cost and constraint equation, a 
new cost function is obtained as given below: 

( )1 2 3 load
1

   λ ,  
N

N L gi
i

F f f f f P P P
=

 
= + + +… + + − 

 
∑ (7) 

where the parameter λ is known as Lagrange multiplier and 
F is the Lagrangian function. To obtain minimum cost, 
derivative of F with respect to each Pgi is calculated and put 
equal to zero. 
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As PD is a fixed and it varies only if output of any unit varies, 
so the above equation is reduced to the form below: 
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As fi depends only on Pgi, the partial derivatives become full 
derivative and the parameter λ can be found as follows: 
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Li in the expression above is a penalty factor for any plant, i. 
The penalty factor in simple words is the ratio of cost 
experienced when transmission losses are taken in 
consideration to the cost experienced without taking 
transmission losses. Genetic algorithm [8], Cuckoo search 
algorithm [9], linear programming [10], particle swarm 
optimization [11], interior point method [12], Tabu search [13], 
Artificial Bee Colony algorithm (ABC) [14], Mine blast [15], 
gradient projection algorithm [16], Grey wolf [17] and dynamic 
programming [18] are the commonly used algorithms for ELD 
problems. 

IV. LAMBDA ITERATION METHOD: THE CLASSICAL  
ECONOMIC LOAD DISPATCH 

It is an optimization method based on the principle of equal 
incremental fuel cost λ. As shown in Fig. 3, the algorithm starts 

with an estimate of λ to calculate the difference between the 
total generation and total load added to the transmission losses. 
The error ϵ is calculated after each iteration and compared with 
the tolerance to narrow the search scope and to find out the 
most feasible solution. After number of iterations, when total 
cost, λ, is equal among all the generating units, the fuel cost at 
that time will be the lowest [9]. There are two possible 
arrangements used to optimize the problems of ELD. One is for 
generating units situated locally or supplying power to the same 
bus bar. Here, we may ignore transmission losses and find out 
an optimum solution. Other possible scenario is for generating 
units situated far away from each other and also feeding 
different bus bars. In this case, we have to consider 
transmission losses as well while looking for an optimal 
solution to ELD problems [19], [20]. The applied method is a 
universal algorithm valid for any number (say n) of distributed 
generation plants with their unique incremental cost functions. 
In that case, the required impedance or admittance matrices, B 
matrix and incremental cost matrix [shown in Eq. (18)] will be 
nth order. The cost of computations will be different which may 
not be straight forward to predict since the underlying system 
is nonlinear and the number of iterations for each value of 
power may vary depending on the state variable behaviour. 

While determining ELD solution, the penalty factor is unity 
if we neglect transmission losses. When we include 
transmission losses in ELD strategy, it can be solved through 
the iterative process by solving nonlinear coordination 
equations illustrated below: 

 d       0.
d

i L

i i

f P
Pg Pg

∂
−λ+λ =

∂
  (13) 

The partial derivative term in Eq. (13) is incremental loss 
which is a measure of the sensitivity of losses occurred in the 
system to an additional amendment in output of power plant i, 
while keeping all the outputs of other plants constant. As we 
are discussing system for two plants, so for unit 1, the 
incremental loss expressions can be given as follows: 

 11 1 12 2 10
1

2 2  L
g g

P B P B P B
Pg
∂

= + +
∂

. (14) 

Putting values of incremental fuel cost and incremental loss 
expression into Eq. (13), we find 

( ) ( )1 1 1 11 1 12 2 10      2 2   0.g g ga P b B P B P B+ −λ+λ + + = (15) 

After solving and dividing equation by λ, we get 

 ( )1 1
11 1 12 1 102 2 1   .g g

a bB P B P B + + = − − λ λ 
 (16) 

In the same fashion, we can find an analogous expression for 
unit 2 as given below: 

( )2 2
21 1 22 2 202 2 1   .g g

a bB P B P B + + = − − λ λ 
 (17) 
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For plants 1 and 2, we can rearrange Eqs. (15)–(17) into 
vector matrix form as follows: 

( )

( )

1
11 12
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22
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 − − λ 

        (18) 

 
Fig. 3. Flowchart of Lambda iteration method. 

The power balance equation of the whole system in terms of 
plant loading, loss coefficients and the total load in a 
generalized form can be given as below: 

1 0 00
1 1 1 1

    0.
K K K K

g ij gj i gi D gi
i j i i

P B P B P B P P
= = = =

 
+ + + − =  

 
∑∑ ∑ ∑  (19) 

ELD technique is actually based on solving Eq. (18) in such 
a way that the output of Eq. (19) also remains satisfied. The 

transmission line loss equation of power network can be given 
as follows: 

 T T
loss 0 00BP P .P P B B= + +       (20) 

In Eq. (20), P is a vector of net outputs of all generator buses, 
B is a square matrix, B00 is a constant and B0 is also a vector of 
length equal to P. The B terms in the expression above are 
called B coefficients or loss coefficients and K×K matrix B is 
commonly known as a B matrix. The B matrix for two power 
plants as we discussed above can be given as follows: 

11 12 10

21 22 20

10 20 00

/ 2
B / 2

/ 2 / 2

B B B
B B B

B B B

 
 =  
  

. (21) 

To achieve ELD of some specific area, we have to go 
through the following six steps. 

 
Step 1: Set the system load or power demand level. 
Step 2: Set some initial values for system lambda to start the 
iterative process. 
Step 3: Put the value of lambda into Eq. (18) and solve itto 
find out the value of Pgi through some effective means. 
Step 4: Calculate transmission losses by Eq. (20) using Pgi 

values obtained in the previous step. 
Step 5: Compare the power generation with power demand 
using power balance Eq. (19) and if the power balance is not 
achieved, then update the system lambda as given below: 

 ( ) ( ) ( )1         k k k+λ = λ +∆λ ,           (22) 
where 

( )
( ) ( )

( ) ( )
( ) ( )

1

1
1

1 1
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k k k
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P P P
P P

−

−
=

= =

 λ −λ
λ = + − 

−  
∑

∑ ∑
. (23) 

In the equations above, the superscript (k + 1) shows the 
iteration level being started, the superscript k shows the 
iteration level completed and the superscript k − 1 shows the 
previous iteration. 

Step 6: Go back to Step 3 and compute results for Steps 3–5 
until final convergence is achieved within specified limits. 

V. ECONOMIC LOAD DISPATCH IN BAHAWALPUR 
The power load requirements of Bahawalpur district vary 

between 38 MW and 605 MW as per data of 2018 [3]. We will 
do ELD by using two thermal power plants, which are feeding 
Bahawalpur district in this research. 

The first power plant we will consider is thermal power 
station Muzafargarh, which is comprised of two units with 
727 MW capacity in overall and located about 107 km away 
from Bahawalpur. The second power plant is Kot Addu Power 
Company (KAPCO), which is comprised of fifteen units with 
overall power capacity of 1600 MW and located 150 km away 
from Bahawalpur. Thermal power station Muzafargarh uses 
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furnace oil as its fuel while KAPCO power units are multi-fuel 
fired type. 

 
Fig. 4. Quadratic regression model for fitting on-site recorded data for  
(a) plant 1 and (b) plant 2. 

The fuel cost equations [Eq. (2)] of these two thermal power 
plants considered in this paper are constructed by recording on 
field data which are shown by dotted curve in Fig. 2. The data 
contains cost of electricity (COE), which is a sum of capital, 
fuel, operations and maintenance cost of the plant. The 
corresponding coefficients (ai, bi, ci) in the fuel cost function 
are evaluated by performing quadratic regression to best fit the 
recorded data. The evaluated coefficients are plugged into the 
fuel cost equations for both the plants and plotted on top of the 
recorded data as shown in Figs. 4(a) and 4(b) for plants 1 and 
2, respectively. Clearly, the evaluated coefficients are 
absolutely satisfying the recorded data. These evaluated 
coefficients are given in Table I. The final incremental fuel cost 
equations of the two plants are given in Eqs. (24) and (25). 

TABLE I 
EVALUATED VALUES OF COEFFICIENTS AFTER QUADRATIC REGRESSION 

Coeff. Value Coeff. Value 

a1 0.0072 a2 0.0110 
b1 13.9216 b2 13.0487 
c1 0.2118 c2 281.7390 

1
1

1

0.0072 13.9216g
g

f P
P
∂

= +
∂

.  (24) 

2
2

2

0.0110 13.0487.g
g

f P
P
∂

= +
∂

  (25) 

Equation (24) is the incremental fuel cost equation of 
thermal power plant Muzafargarh, while Eq. (25) is the 
incremental fuel cost equation of thermal power station Kot 
Addu (KAPCO). 

The transmission loss matrix B is evaluated in two steps. The 
first step involves power invariant transformation on Zbus 
matrix to express the loss in terms of generator currents. In the 
second step, generator currents are transformed into power 
outputs of the plants. Each transmission line is represented by 
its π equivalent circuit with half of the line charging 
susceptance. For a 4-bus system with buses 1 and 2 being the 
generator buses, the resistance and reactance matrices and 
power flow data are used to compute the load currents and 
transformation matrix C. The values of α1 and α2 are calculated 

using the expression αi = (1 − jsi)/Vi
*. Here si = Qgi/Pgi. The 

following operation is carried out to obtain Hermition matrix 
Tα: 

[ ] [ ]*T
1 2 0 bus 1 2 0 ,T diag , , diag , ,n nI C R C Iα = α α α α  (26) 

where, In0 is the no load current and diag represents a diagonal 
matrix. The on-site data consisted of Pgi, Qgi, Vi, In0, length of 
the transmission line and bus connectivity to construct 
impedance matrix. The final B matrix of transmission lines is 
evaluated by taking the real part of the Hermition matrix in 
Eq. (26) [B = (Tα+ Tα

*)/2] as given below: 

7.385783 0.050448 0.375102
B 0.049518 5.983568 0.198971

0.395082 0.204971 0.089121

− 
 = − 
  

.  (27) 

VI. RESULTS AND DISCUSSION 
The algorithm of ELD problem will give optimum 

generation levels for power plants considering transmission 
losses as well. Through this algorithm, most optimum 
combination of power from the generating units considering 
economy can be determined as a function of total demand. 
Furthermore, the transmission losses associated with that 
power demand and optimum value of λ are also obtained. It is 
notable from Fig. 1 that the demand changes drastically 
throughout the year and throughout the day as well. Therefore, 
optimum generation levels are required essentially at every 
instant for the most economic operation. For the sake of brief, 
different values of power demand with regular intervals within 
a power demand range of Bahawalpur district are taken and the 
results of the algorithm are shown in Fig. 5. The sum of Pg1 

optimum and Pg2 optimum is slightly greater than power 
demand with the surplus power representing the transmission 
losses. 

 
Fig. 5. Power division vs power demand between generating stations. 
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Fig. 6. Power demand vs lambda optimal. 

Figure 6 shows λoptimal achieved while looking for an optimal 
solution to ELD problem against different power load 
requirements. The λoptimal value changes from 14.75 Rs/MWh 
for demand power of 100 MW and increases almost linearly as 
the demand increases. For demand power of 600 MW, λoptimal 
value is found to be 18.27 Rs/MWh. 

Figure 7 shows the transmission losses incurred as the power 
load demand varies from minimum to maximum requirements. 
For demand power of 100 MW, 1.44 MW is the total 
transmission loss, which increases almost quadratically with 
the increase of load. For a 600 MW load, transmission loss of 
27.12 MW is evaluated as shown in Fig. 5. Transmission losses 
and efficiency are major factors involved in the selection of 
power plant for economic operation of the power system if they 
are located at different locations from the load centre. 

 
Fig. 7. Power demand vs transmission losses. 

Figure 8 shows the penalty factor, L1, of power plant 1 
faced in shape of penalized extra generation because of 
transmission losses associated with it against different power 
generation level of Pg1. The value of L1 increases linearly with 
the increase of load since the generation of the plant has to 
compensate the increased transmission losses. The value of L1 
is 1.034 for output power of 344 MW. 

 
Fig. 8. Penalty factor L1 vs Pg1, optimal. 

Penalty factor, L2, for the second plant is shown in Fig. 9 
whose maximum value is 1.06 at the output power of 
283.5 MW. Clearly, this value is greater than L1 shown in 
Fig. 6 due to the fact that plant is located at a smaller distance 
as compared to plant 2 from the load centre offering higher 
transmission losses. This implies that plant 2 will bear higher 
penalty and will contribute smaller as compared to plant 1. This 
contrast can be observed in Fig. 5, where Pg1 can be seen bigger 
than Pg2 to fulfill the demand power. 

 

 
Fig. 9. Penalty factor L2 vs Pg2 optimal. 

Finally, an analysis is carried out considering equal 
sharing of generation from plant 1 and plant 2 to fulfill the 
demand power and to compute the cost. The cost with equal 
operation and optimum operation at each generation level is 
compared and their difference is computed to evaluate the 
savings in Rs/h, which is plotted in Fig. 10. The savings in Rs/h 
vary from 15.20 for demand of 100 MW and increase up to 
26.58 for power demand of 600 MW. 
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Fig. 10. Power demand vs savings. 

VII. CONCLUSION 

The presented research has primarily focused on achieving 
economic load dispatch in Bahawalpur district by evaluating 
the most optimum operation of two power plants. In this work, 
a numerical algorithm has been developed and executed for two 
thermal power plants, which are feeding Bahawalpur, while 
considering transmission losses as well using the classical 
economic dispatch algorithm. The success of convergence at 
each iteration raises questions when modelling multimachine 
systems owing to the complexity associated with high 
dimensional loss, admittance and cost matrices. The fuel cost 
functions are found by recording the real-time data from both 
sites and performing quadratic regression to approximate the 
mathematical fuel cost functions. These functions are 
differentiated to obtain incremental fuel cost functions for both 
the plants and calculating the penalty factor and λ parameter. 
The loss or B matrix of transmission lines is evaluated by 
building a bus impedance matrix based on the power system 
network of the region and then doing some fundamental 
calculations. This procedure is utilized in the developed 
algorithm to find out optimum levels for two thermal power 
plants used and to find out transmission losses for different 
supposed values of power demand within a range of power load 
trend of Bahawalpur district.  

The research results imply that power plant 1 located in 
Muzaffargarh at smaller distance bears less penalty as 
compared to power plant 2 located in Kot Addu. This smaller 
distance causes smaller transmission losses and more 
contribution for feeding the load. Graphs exhibit the optimum 
generation levels and load sharing trend of two thermal power 
plants considered against power demand, the value of λoptimal 
and transmission losses associated with that power demand in 
achieving economic load dispatch of Bahawalpur district. To 
benefit from the economic load dispatch algorithm, fuel cost in 
Rs/h is calculated and plotted, which we can save using the 
economic load dispatch algorithm verses equal sharing of 
power demand among power generating units. This saving will 
greatly benefit the consumers and power companies over a span 
of several months and even more over a period of years in a 
developing country. 
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