
Optimal system operation 



INTRODUCTION 

• One of the earliest applications of on-line centralized control was to 
provide a central facility, to operate economically, several generating 
plants supplying the loads of the system.  

 

• Modern integrated systems have different types of generating plants, 
such as coal fired thermal plants, hydel plants, nuclear plants, oil and 
natural gas units etc.  

 

• The capital investment, operation and maintenance costs are 
different for different types of plants 



The operation economics can again be subdivided into 
two parts. 

• i) Problem of economic dispatch, which deals with determining the power 
output of each plant to meet the specified load, such that the overall fuel cost 
is minimized. 

 

• ii) Problem of optimal power flow, which deals with minimum – loss delivery, 
where in the power flow, is optimized to minimize losses in the system.  

 

• In this chapter we consider the problem of economic dispatch. 



During operation of the plant, a generator may be in 

one of the following states: 

 
i) Base supply without regulation: the output is a constant. 

 

ii) Base supply with regulation: output power is regulated based on 

system load 

 

iii) Automatic non-economic regulation: output level changes around a 

base 

setting as area control error changes 

 

iv) Automatic economic regulation: output level is adjusted, with the area 

load 
and area control error, while tracking an economic setting. 



PERFORMANCE CURVES 

 
INPUT-OUTPUT CURVE 



HEAT RATE CURVE 



INCREMENTAL FUEL RATE CURVE 



INCREMENTAL COST CURVE 



The incremental fuel cost is given by 



ECONOMIC GENERATION SCHEDULING 

NEGLECTING LOSSES AND GENERATOR 
LIMITS 

where  FT = total cost. 

 PGi = generation of plant i. 

 PD = total demand. 

This is a constrained optimization problem, which can be 
solved by Lagrange’s method 



LAGRANGE METHOD FOR SOLUTION OF ECONOMIC 

SCHEDULE 

The problem is restated below: 



The minimum is obtained when 

The augmented cost function is given by 



The second equation is simply the original constraint of the problem.  

 
The cost of a plant Fi depends only on its own output PGi, hence 

Using the above, 

The above equation is called the co-ordination equation. Simply stated, all 

plants must operate at equal incremental production costs, subject to the 

constraint that the total generation be equal to the demand.  



Example 1. 

The fuel costs of two units are given by 

 

F1 = 1.5 + 20 PG1 + 0.1 PG12 Rs/h 

F2 = 1.9 + 30 PG2 + 0.1 PG22 Rs/h 

PG1, PG2 are in MW. Find the optimal schedule neglecting losses, when the demand 

is 200 MW. 



Solution: 



Example 2 

 

The fuel cost in $ / h for two 800 MW plants is given by 

F1 = 400 + 6.0 PG1 + 0.004 PG12 

F2 = 500 + b2 PG2 + c2 PG22 

where PG1, PG2 are in MW 

(a) The incremental cost of power,  is Rs 8 / MWh when total 

demand is 550MW. 

Determine optimal generation schedule neglecting losses. 

(b) The incremental cost of power is Rs 10/MWh when total 

demand is 1300 MW. 

Determine optimal schedule neglecting losses. 

(c) From (a) and (b) find the coefficients b2 and c2. 



Solution: 

a) 

b) 

c) 





ECONOMIC DISPATCH INCLUDING 
TRANSMISSION LOSSES 



When transmission distances are large, the 

transmission losses are a significant part of the 

generation and have to be considered in the generation 

schedule for economic operation.  

 

The mathematical formulation is now stated as 

 
Minimize 



Where,  PL is the total loss. 

 

The Lagrange function is now written 
as 

The minimum point is obtained when 





The term 

 

 

 

 

is called the penalty factor of plant i, Li.  

 

The coordination equations including losses are given by 



The minimum operation cost is obtained when the product of 

the incremental fuel cost and the penalty factor of all units is 

the same, when losses are considered. 

 

 

A rigorous general expression for the loss PL is given by 



Where,  Bmn, Bno , Boo called loss – coefficients , depend 

on the load composition.  

 

The assumption here is that the load varies linearly between 

maximum and minimum values. 

 
A simpler expression is 



The expression assumes that all load currents 

vary together as a constant complex fraction of 

the total load current.  

 

Experiences with large systems has shown that 

the loss 

of accuracy is not significant if this approximation 
is used. 



An average set of loss coefficients may be used over 

the complete daily cycle in the coordination of 

incremental production costs and incremental 

transmission losses. 

 

In general, Bmn = Bnm and can be expanded for a 
two plant system as 



Example  

 

A generator is supplying a load. An incremental change in 

load of 4 MW requires generation to be increased by 6 MW. 

The incremental cost at the plant bus is Rs 30 / MWh. What 

is the incremental cost at the receiving end? 

 



Solution: 





Example  

 

In a system with two plants, the incremental fuel costs are 

given by 

The system is running under optimal schedule with PG1 = PG2 = 
100 MW 



Solution: 

For economic schedule, 



Example 

A two bus system is shown in Fig. If 100 MW is transmitted 

from plant 1 to the load, a loss of 10 MW is incurred. 

System incremental cost is Rs 30 / MWh. Find PG1, PG2 

and power received by load if 



Solution; 

Since the load is connected at bus 2 , no loss is incurred when 

plant two supplies the load. 

Therefore B12 = 0 and B22 = 0 

From data we have PL = 10 MW, if PG1 = 100 

MW 

10 = B11 (100)2 

B11 = 0.001 MW-1 

Coordination equation with loss is 





Reliability Considerations 



DERIVATION OF TRANSMISSION LOSS FORMULA 

An accurate method of obtaining general loss 

coefficients has been presented by Kron. The method 

is elaborate and a simpler approach is possible by 

making the following assumptions: 

 

(i) All load currents have same phase angle with 

respect to a common reference 

 

(ii) The ratio X / R is the same for all the network 
branches. 



Consider the simple case of two generating plants 

connected to an arbitrary number of loads through a 
transmission network as shown in Figure; 



Let’s assume that the total load is supplied by only 

generator 1 as shown in Figure.  

 

Let the current through a branch K in the network be IK1. 
We define 

It is to be noted that IG1 = ID in this case. Similarly with 

only plant 2 supplying the load current ID, as shown in 
Figure, we define 



NK1 and NK2 are called current distribution factors and their values 

depend on the impedances of the lines and the network connection. 

They are independent of ID.  

 

When both generators are supplying the load, then by principle of 
superposition 

where IG1, IG2 are the currents supplied by plants 1 and 2 

respectively, to meet the demand ID. Because of the assumptions 

made, IK1 and ID have same phase angle, as do IK2 and ID. 

Therefore, the current distribution factors are real rather than complex. 
Let 









The loss – coefficients are called the B – coefficients and have unit 

MW-1. 

 

For a general system with n plants the transmission loss is 
expressed as 



In a compact form 

B – Coefficients can be treated as constants over the 

load cycle by computing them at average operating 
conditions, without significant loss of accuracy. 



END 


