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Abstract 

In this paper a very fast and effective non-iterative “A- 
logic based” algorithm for Economic Dispatch of Thermal 
units has been presented. As this is a direct or non- 
iterative method it does not demand any initial guess value 
of A for ED (Economic Dispatch) of units for given Pdemond 

(=Po). Many of the existing conventional methods fail to 
impose P-limits at violating units. Improper selection of 
initial value for il may cause slow convergence or at times 
leads to divergence for the conventional algorithms. 
Further, each specrfied Po the problem is to be attempted 
afresh with new guess value of A. If the load various from 
(Po)mln to (PD)nla  on the plant having K-units, the solution 
time becomes significantly large for higher values of K. 
Unlike to this. the proposed algorithm always offers the 
solution in an non-iterative mode with very low solution 
time as it is computationally very fast. The proposed 
algorithm is tested on K=38 units and results reported in 
the paper. 

Kev words: 

ED = Economic Dispatch 
PD = Power demand on a plant 
PPD = Pre-prepared power demand data 
dF,/dPi = incremental fuel cost of ith-unit. 

11. PROBLEM FORMULATION 

The proposed algorithm for ED consists of two 
stages i.e., (i) Pre-prepared power demand data 
(=PPD) using Llogic and (ii) calculation of solution PI, 
P2, ...., Pk for specified Pdemand (=Po). The first step 
involves a systematic approach with fixed number of steps 
and offers unique PPD (pre-prepared Power Demand 
Data) for K units. 

This PPD acts as a big source in reducing the 
computational burden of ED of K-units. This PPI) 
remains unaltered for all values of PD variations (ranging 
from PDmin to PDmax). 

The above two steps are illustrated for K=3 unils 
case and the test results of K=38 units are also presented. 

For Economic Dispatch of K Thermal Units o f  plant, the 
ED condition is 

dFl/dPI = dFz/dPZ = ... ...., dFk/dPk = h .... ( I )  

& P , + P * +  ...... Pk=Po .... (2) 

At i” unit, Fi(Pi) = ai + biPi + ciPi2 $/hr. .... (3) 

dFi/dPi = h = c(i + pip, $/Mwhr. .... (4) 
I. INTRODUCTION 

Economic dispatch (ED) is the scheduling of 
generators to minimise the total operating cost depending 
on equality and inequality constraints. Many techniques 
have been applied to ED to obtain better solutions [ I ]  to 
[ 1 11. These include the lambda-iteration method, the base 
point and participation factors method, gradient method, 
Artificial Neural Network (ANN) method and Genetic 
Algorithm (GA) method. The ANN based and GA based 
methods employ pre-prepared data to obtain the solution 
very fast for a specified power demand (=P,). The actual 
support for such fast sblution is the pre-prepared data in 
both ANN and GA methods. The present paper presents a 
very fast and effective non-iterative h-logic based 
algorithm for Economic Dispatch with ‘pre-prepared data’ 
as big support for obtaining the solutions for any specified 
PD in the range Of (PD),,, to (PD)max 

This eqn. (4) gives linear variation of incremental fuel cost 
with respect to output power Pi 

Then Pi=(h-c( i ) /p i ,  i = l  tok. 

Data of 3 units: 

FI(PI) 
Fz(P2) 
F3(P3) 

= 510 + 7.20PI + 0.00142 PIz  
= 310 + 7.85P2 + 0.00194 P? 
= 78 + 7.97P3 + 0.00482 P3’ 

dFl/dP1 = 7.2 + 0.00284 PI = a l+PIPI ,  

dFz/dPz = 7.2 + 0.00388 Pz = az+p2P2, 

dF3/dP3 = 7.97 + 0.00964 P3 = a3+p3P3, 

150 I PI I600MW 

100 I Pz I 400M W 

50 I P3 I 200MW 

(5) 

$/hr. 
$/hr. 
$/hr. 
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(i) Steps for Dre-prepared Dower demand data 
JPPD): 

Step a) Calculate 
= (dFi/dPi) a t  Pi=Pi ...- (6) 

& = (dFi/dPi) a t  Pi=Pi .... (7) 
i = 1 to 3 (=K) units. 

Table - 1. 

Pimax = 600 himax = 8.904 
P h ”  = 100 hZmin = 8.238 
Pzmax = 400 = 9.402 1 1 P3,,,in=50 1 h3mln = 8.452 
P3max = 200 h3max = 9.898 

Step (b) Arrange hvector  in Ascending order as below 

Table - 2 

J=S. ’1 
I 4  

a.asc=h- 
Vector 

7.626 

8.238 

8.452 

8.904 

9.402 

9.898 

Unit- 
index 
vector 

1 

2 

3 

1 

2 

3 

300.00MW 

5 15.49MW 

646.00MW 

968.54MW 

1148.55MW 

1200.00MW 

2.8400~1 O 3  

1.6397~10-~ 

1.4014 x ~ O - ~  

2.7665 x103 

9.6404 x I O - ~  

Step (c). Now calculate total power Demand a t  each 
hj of the &,,-vector. For this, the following 
fundamental observation of ED (Economic 
Dispatch) condition is used. 

If hJ 5 & then, Pi = Pi ,,,in .... (8) 
If hj 2 & ,,,then, Pi = Pi max .... (9)  
and for & 
the Pi = (9, - ai)/ pi .... (10) 

< AJ < 

J=1; LJ = 7.626, 
i = 1 ; AJ = ~ l l n l l l ,  PI = 150MW 
i = 2; hJ < h2mln, P2 = IOOMW 
i = 3; hJ I h3,,,,,,, P3 = 50MW 

Thus, pre-prepared power demand 
for hJ is (PPD(J)) = PI +P2 +P3 = 300MW 

Similarly for J=2, hJ = 8.238, 
i=l; ~ I , I , < ~ J  < hln iax ,  

then PI = ( h ~  - al)/ PI = 365.49MW 
i=2; hl 5 hzmin, Ps= IOOMW 
i=3; hj 5 h2mln, P3 = 50MW 
Thus. the pre-prepared power demand 
for I., is PPD(J) = P,+P,+P~515.49 

These calculations of the PPD(J) are performed 
only once and tabulated against corresponding values 
increment ,fuel cost. This information can be treated as 
static system data and can be supplied as input data 
along with the coeficients offuel cost functions. 

A close observation of has, Vector of step-b clearly 
indicates that unit-1 is having lower incremental cost 
compared to unit 2 and 3. Thus, unit-I governs the h - 
value till the demand reaches to 515.49MW from 300MW. 
This implies that the graph between any two entries of h,,,, 
and PPD(J) is a straight line. Thus, the following figure 
shows the relationship between has, and PPD(J). 

PPD(J) Parw PPI )I .I ‘ I 
I 

We can calculate the slope between any two intervals and 
the A.,,,,, corresponding PDnew which lies between PPD(J) 
and PPD(J+l) is given by 

The slope between various intervals also remoins 
The constant and needs to be evaluated only once. 

calculated slopes are shown in table-2 of step-b. 

The steps a,b and c completes the first step of the 
proposed h-logic method, i.e., pre-prepared power demand 
data (=PPD(J)). This part can be done off-line (und 
similar to the part oj’Network training of Artijkial Neiirul 
Network approach) and Ao,yc(J), PPDfJ) and slope m(J) 
vectors would remain as static data. 

Step (ii). Estimation of PIS2,  ...., PI, for specified PE 

Say, PI, = 800 MW = PDnew 
Scan PPD(J) and identify the interval J and J-I I 
corresponding to Pollew. 
J = 3 ; J + 1  =4;  

APD = 800-646 = 154, Slope = 1.4014 x IO” 
Then from Eqn. (1 I ) ,  
Le,= (1.4014~10”) (154.00) + 8.452 = 8.6678 $/MWh. 

ha,,(J) = 8.452, PPD(J) = 646.00MW, Phew= 800MW 

Using this k,,,,, and equations ( S ) ,  (9) and ( I  0), the values 
of PI,P2. and P3 are : 
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0 
S.N 

This is mainly due to the pre-prepared data (PPD) using h- 
Logic. 

2 3 4 5 6 7 8 9  I 

In all cases, though the PD is in a random order, the Pl,P:, 
and P3 are computed accurately and reliably. 

36 
37 
38 

1II.RESULTS 

25 60 103,519 1,633.9 23.9 I5 P3,=25.0000 
20 38 13,547 694.7 8.482 P37=2 1 .OOOO 
20 38 13,518 655.9 9.693 P38=2 I .OOOO 

The above algorithm i s  tested on 38 units test system data. 
The results of PI,P2, .... P38 are reported in this paper for 
PD = 6000.00MW in Table No.3. 

Table 3. 

Fi(Pi) = ai + biPi + ciPiz, Data for Thermal Generating units of 38 units Test System. IRef.21 
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IV. CONCLUSIONS 

The proposed h-logic method is new contribution in the 
area of economic dispatch. It has two stages. At first 
stage, pre-prepared power demand (PPD-Vector) is to be 
calculated only once. At second stage solution vector 
(PI,Pz, .... Pk) is calculated with very little computation as h 
is directly calculated for specified PD from eqn. (1 1) 
without any iterative approach. Pmin and P,,, limits are 
automatically accounted. Further, for any number of PD 
values the solution vector can easily be computed with 
negligible CPU time. Thus, the proposed technique is 
superior to many of the available methods of Economic 
Dispatch. 
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