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ABSTRACT: In the modern world, rapid growth in urbanization & in Industrialization electrical power utility
increased exponentially. The Economic Load Dispatch (ELD) is one of the modern classical optimization problems of
electric power system deals with power generation to minimize the fuel cost and transmission losses to meet the
particular load demand. Lagrange Multiplier is used to calculate the optimal combination of generation level of all
generating units. All generating units operate within the limits of constrains. The economic load dispatch problem,
which has non linear cost function solved by using variable control method to calculate Lagrange multiplier where the
optimum value of power generation is possible. The total loss of the transmission system is minimized.

KEYWORDS: Economic load dispatch (ELD), Lagrange Multiplier, Variable Control Method, Transmission Power
Loss, and Cost.

I.LINTRODUCTION
Nomenclature:
Fn(P,) - Fuel cost of n™ generating unit in Rs./Hour
Pn - Power Generated from n™ unit in MW
a, B, v — Linear Quadratic Cost coefficients
B - Loss coefficient Matrix
B;; — Loss coefficient of i" bus/row and j™ bus/column of loss coefficient Matrix
)\ - Lagrange multiplier in Rs./ MW
P — Power Loss in MW
S — Value within the limits of convergence in MW
T — Total power generated from all stations in MW
Ay - Minimum of B;
LL — sum of minimum power limits of the system in MW
UL — sum of maximum power limits the system in MW
PIl — minimum power loss the system in MW
Plu — maximum power loss the system in MW
z —variable. Taken z =10.
Consider a system consisting of n thermal power generating units interconnected to share the load. To operate at
minimum generating cost all generating units [1-4] must run with in constrains limits [1-2]. The cost of generation
will depend upon the system constraint for a particular load demand [1-3]. This means the cost of the generation is
not fixed for a particular load demand but depends upon the operating constrains of the generator [1-3].
Total Economic Fuel cost

Minimum Fr = XL, Fi(P;) @
Total Generated power from all units
Xl Pi=Pp +PL (b)
Inequality Constraints of each generating unit real active power output for economic operation
pmin < p < pmax fori=1,2,....n (©)
The quadratic cost function of unit n™ is given by:
Fi(P)) = a; P2+B; P+ i fori=12,...n (d)
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Using the B-coefficient method, network losses are expressed as:
PL=PT[B] P+ P"By +Byo (e)
Where [B], Boand Bgo are the generalized loss formula coefficients

[B] is nxn matrix

P and B, are nx1 matrices

By is constant 1x1
By and By are not given assume that they are null matrix and Zero, the equation rewritten as
P.=PT[B]P

(e1)
1. VARIABLE CONTROL METHOD

The initial value of Lagrange multiplier (1,) is minimum of B; , i=1,2,3....n
Aq = min (B;)
From equation (d) the quadratic cost function of unit n™ is given by:
Fi(Pi) = o P2+Bi P+ i fori=1.2,...n
S = B4 2* P =2 fori=12,.n )
Assume S = -1
Calculate minimum & maximum power losses

LL = 21{;1 Pmini (fl)
UL = 27{;1 P_maxi . . (f2)

PII = pmin T [] pmin, + pmin T By 4By, (13)
Ply = pmax T [B] pmax 4 pmax T By +Bgo (f4)

Power demand must be within the limits of

LL-PIl < Py < UL-Plu

Otherwise, Convergence is not possible

The power generation of each unit is

P. = (Ao+2)— Bn (g)

n
2%ay

z varies linearly till the convergence is done.
Convergence criteria, S must be within predefined minimum & maximum limits.
Taking, Smin =0 & Spax = 0.01
S= 2 Pn - P|_ - PD
Smin <§< Smax
In this method, iterations are eliminated by varying z.

I1l. TEST SYSTEM AND RESULTS
IEEE 3-Generating Units [5]
The Power loss is
P1os=0.00003P;2+0.00009P,%+0.0003P52
THREE GENERATORS, 6 BUS TEST SYSTEMS CHARACTERISTIC

Unit | a B y pmin [ pmax
($/MW?hr) | ($/MWhr) | ($/hr) (MW) | (MW)

1 0.001562 7.92 561 150 600

2 0.00194 7.85 310 100 400

3 0.00482 7.97 78 50 200

Table:1 three generators, 6 bus test system characteristics
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Variable control method | Classical Method | Hopfield  Neural  Network
(VCM) (CM) (HNN)

Pa1 152.67 152.19 152.27

Pgo 140.559 140.58 140.1

Pgs 50 50 50.4

Total Gen 342.72 342.76 342.76

Total Loss 2.722 2.76 2.76

Total Cost 3742.59 3742.9 3742.9

Table:2 Comparison of VCM with CM and HNN , Power Demand = 340

Bold & Italic Underlined numbers shows minimum cost calculated by VCM with Power Demand = 340MW

Below given figures for three generators, six bus test system. Power Demand = 340MW

Figure:1 Generator Output vs Iteration of three generators, six bus test system
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Figure:2 Generator Output with in specified values vs Iteration of three generators, six bus test system
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The Total cost calculated by variable control method is less than Classical Method (CM), Hopfield Neural Network
(HNN) [5]

NogakrwphE

IV. MERITS OF VCM

Modulus of S converges within specified convergence limitsi.e., S™ & S ™

Convergence limits can be taken up to 3 decimal values for faster convergence.

Very accurate Convergence

Simple for formulas for Power calculations

The output power of all units depend on variable, z in equation —(g)

The output of all generators varies as variable, z

Low cost of generation compared to Classical Method (CM), Hopfield Neural Network (HNN) and Conventional
Genetic Algorithm (CGA) and greater than Micro-Genetic Algorithm (UGA).

Variable control method i.e., previous values cannot be substituted in present or future values. Hence requires less
time to converge

V. CONCLUSION

In this paper variable control method is compared with Classical Method (CM), Hopfield Neural Network (HNN)

for three generator system. From the results variable control method is advantage over Classical Method (CM),
Hopfield Neural Network (HNN) [5]. The limitations are power demand must be within the limits of LL-PII and UL-
Plu. The MATLAB programming of the method is very easy. The program was executed on 3.30 GHz Computer. The
taken to converge is inversely proportional to the maximum convergence limit. In the examples, B, matrix and By are
taken as zero. From the given it is proven that the method is applicable small and large network systems. The main
advantage of the method is high reliable convergence.
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