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ABSTRACT

The total electrical power system is an interconnected system to meet the load demand which is
dynamic in nature and the line losses as the generating units are far away from the load centres. The interconnected
system results in more effective and reliable, apart from that the power generated by the units should be cost effective
to the consumers in view of fuel prices etc.the cost of generating power majorly includes the cost of fuel.So, in this paper
Gradient method is used to solve the economic load dispatch (ELD) problem. The results obtained by using gradient
method are compared with primitive methods like λ-iterative method and graphical method. This problem is solved in
MATLAB environment.
Keywords: Economic load dispatch (ELD), Gradient method, λ-iterative method, MATLAB.

1. INTRODUCTION
The major aim of economic load dispatch (ELD) of realistic power system is to minimize the fuel cost or
operating cost of generating units without violating the system constraints. The electrical load demand is
dynamic in nature. The generating units are to be scheduled to meet the varying load more economically by
using ELD problem. In developing countries like India where the major portion of load demand is met by the
power generating in thermal power plants which make use of coal as fuel. We can not simply switch on and
switch off the thermal units easily. The minimum time required by the thermal units to bring into generating
position is 8hrs. We have to allocate the load to the generating units to meet the load demand more
economically. In addition to the fuel cost, the cost of generating power also includes the labour charges,
salaries, transportation cost etc. The input and output characteristics of thermal power plants are normally
expressed with a convex curve mostly a quadratic equation.Each generating unit has a maximum and
minimum limits which means that the generating unit can’t generate the power less than the minimum limit
and greater than the maximum limit. The minimum power output of the unit is influenced by the technical
factors of boiler and turbine.
A volume of articles are published by the researchers and a large more number of solution
methodologies are proposed. J.Nanda proposed the Genetic algorithm application(GA) to the ELD including
the transmission line flow constraints [2]. K.Brirring proposed the modified GA to ELD [3].T.D.King
proposed and applied the modified Hopfield network algorithm to economic load dispatch problem [4,5]. A
large amount of Neural network based algorithms and fuzzy logic and modified fuzzy logic applications are
applied and tested to this problem [6]. K.P.Wong and C.C.Fung proposed the Simulated annealing based
economic load dispatch in [7]. Swarm intelligence methods are also applied to solve the problem.In this
paper we are using a Gradient method to solve the problem [1].
2. PROBLEM FORMULATION
The main objective of economic load dispatch is to minimize the cost of power generation without violating
the system constraints. The objective function to be minimized as follows:
𝑛

min 𝐶𝑡 =
Where

Ct
n
PGi

𝐶𝑖 (𝑃𝐺𝑖 )
𝑖=1

total fuel cos t
total number of generators
real power output of ith generator

The fuel cost of ith generator is represented by the following quadratic equation
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𝐶𝑖 𝑃𝐺𝑖 = 𝑎𝑖 𝑃𝐺𝑖 2 + 𝑏𝑖 𝑃𝐺𝑖 + 𝑐𝑖
Where 𝑎𝑖 , 𝑏𝑖 , 𝑐𝑖 are cost function coefficients of each generator
Inequality Constraint: PGiMin PGi PGiMax
Equality Constraint: 𝑛𝑖=1(𝑃𝐺𝑖 )= 𝑃𝐷 (While neglecting line losses)
𝑛
𝑖=1(𝑃𝐺 𝑖 )= 𝑃𝐷 +𝑃𝐿 (While considering line losses)
Where,
𝑃𝐷 = Total power demand
𝑃𝐿 = Total line losses
3. SOLUTION METHODOLOGY
3.1. λ-iterative method
The following shows the algorithm of λ-iterative method
Step-1: Initialize the value of λ0 by using cost equations
2
Step-2: calculate the power generation of each unit for initial λ value by using 𝑃 0 𝐺𝑖 = 𝛼𝑖 + 𝛽𝑖 (λ0 )𝑖 + 𝛾𝑖 (λ0 )𝑖
+ …………
Step-3: Calculate 𝑛𝑖=1 𝑃 0 𝐺𝑖
Step-4: check 𝑛𝑖=1 𝑃 0 𝐺𝑖 = 𝑃𝐷or ( 𝑛𝑖=1 𝑃 0 𝐺𝑖 − 𝑃𝐷 ⩽ ἐ (𝑡𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒))

Step-5: if 𝑛𝑖=1 𝑃 0 𝐺𝑖 ˂ 𝑃𝐷 then we have to increase the λ value by λ′ = λ0 + ∆λ and repeat the procedure from
step-2 till the tolerance value is satisfied.
Step-6: if 𝑛𝑖=1 𝑃 0 𝐺𝑖 ˃ 𝑃𝐷 then we have to decrease the λ value by λ′ = λ0 − ∆λ
and
repeat
the
procedure from step-2 till the tolerance value is satisfied.
Step-7: Stop
3.2 Graphical method
The below figure shows the cost incurred while power generation by individual units. From that we
have to evaluate the graph of load versus incremental fuel cost. After that initialize the λvalue and then
calculate the amount of power generated by each individual unit at that respective λvalue and then evaluate
the total power and compare it with the load demand. If the load demand is greater than the total power
generation then decrease the λvalue and repeat the same procedure else vice versa until the power
generation must balance with the load demand.

Figure 1 Load versus cost (Rs/hr) of Individual generating unit
3.3 Gradient method:
The main aim of this method is to minimize the cost function of the generating unit in series of steps. The
sequence of steps of gradient method to economic load dispatch problem is as follows:
Step-1: Select the initial generating values𝑃 0 𝐺1 , 𝑃 0 𝐺2 , 𝑃 0 𝐺3 ,− − − − − − 𝑃 0 𝐺𝑛
Step-2: For each unit compute initial 𝜆𝑖 0 value
𝜆𝑖 0 =

𝑑𝑐 𝑖 (𝑃𝐺 𝑖 )
𝜕 𝑃𝐺 𝑖

, 𝑖 = 1,2,3, − − − − 𝑛

Step-3: Calculate the initial mean incremental fuel cost 𝜆0
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1

𝑛
𝜆0 =
𝜆0
𝑛 𝑖=1 𝑖
Step-4: Calculate the gradient
𝑑𝐶1 (𝑃0 𝐺 1 )
𝑑𝑃𝐺 1
𝑑𝐶2 (𝑃0 𝐺 2 )
𝑑𝑃𝐺 2

∆𝐿1 =

𝑑𝐶3 (𝑃0 𝐺 3 )
𝑑𝑃𝐺 3

− 𝜆0
− 𝜆0

⋮

𝑑𝐶𝑛 (𝑃0 𝐺 𝑛 )
𝑑𝑃 𝐺 𝑛

− 𝜆0

− 𝜆0

𝑃𝐷 − 𝑛𝑖=1 𝑃𝐺𝑖 0
Step-5: if ∆𝐿 = 0, solution converges. Stop the iteration, otherwise go to next step.
Step-6: Select ἐ for getting the convergence.
Step-7: Calculate the new valuesof 𝑃 1 𝐺1 , 𝑃 1 𝐺1 , 𝑃 1 𝐺2 ,− − −𝑃1 𝐺𝑛 , 𝜆1 using
𝑥 𝑁 = 𝑥 𝑁−1-∆L, where N is the iteration number
𝑃 𝑁 𝐺1
𝑃 𝑁 𝐺2
𝑥𝑁 =
⋮
𝑃 𝑁 𝐺𝑛
𝜆𝑁
Step-8: Substitute the new values in equation present in stpe-4 and recalculate the gradient.
4. RESULTS AND DISCUSSION
The below Table 1 shows the cost coefficients of generating units with constraints
Table 1 Cost coefficients and real power limits of generating units
Unit Cost coefficients 𝑷𝑮𝒊𝒎𝒊𝒏(MW) 𝑷𝑮𝒊𝒎𝒂𝒙(MW)
𝒂𝒊
𝒃𝒊
𝒄𝒊
1
0.006 8.45 410
50
250
2
0.007 8.95 620
25
150
3
0.004 6.80 670
250
500
4
0.009 6.95 720
100
300
S.No

Table 2 cost incurred to meet different loads with different methods
Load
Fuel cost (Rs/hr)
Incremental Cost(λ)
Demand(MW)
λ iterative
Gradient
λ iterative
Gradient

method
method
method
method
1
550
6956.6771
6897.8962
9.331
9.309
2
650
7847.2573
7723.9167
9.6314
9.498
3
950
10062.5016
10022.4107
10.5260
10.486
The above table represents the total cost incurred to meet different load demands which are solved
using λ iterative method and gradient method. The results obtained by solving with graphical method are
almost similar with the results obtained through λ iterative method.
5. CONCLUSION
In this paper gradient method is used to solve the economic load dispatch problem and the results obtained
are compared with the primitive methods of λ iterative method and graphical method. Definitely there will
be the saving in fuel cost on allocating the load to generating units through Economic load dispatch by
gradient method, the results are satisfactory. The total work is done in MATLAB environment.
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