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Abstract: With the rapidly changing technologies in the
power industry, new power references addressing new tech-
nologies are coming to the market. So there is an urgent
need to keep track of international experiences and actions
taking place in the field of modern unit-commitment (UC)
problem. in this paper A work on fuzzy logic based tech-
nique for solving the problem of unit commitment in any
electric utility is presented in this paper. Fuzzy logic is se-
lected because of its capability of qualitative representation
of the results in terms of input variables. The most economic
operating schedule and all the feasible schedules and their
respective cost of operation are estimated. A four-unit sys-
tem is considered as an example and the above mentioned
values were computed.
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I INTRODUCTION

People use less electricity on saturdays than on weekdays,
less on sundays than on saturdays, and at a lower rate be-
tween midnight and about 7: 00 a.m. Than during the day.
Faced with this situation, electric utilities usually have fewer
steam-electric generating units in service during lighter load
periods [T, 2]. The problem is to determine which, if any,
generating units should be removed from service to get max-
imum economy. If the generating units were all the same,
the problem would be rather simple. Generally, however,
the generating units have been placed in service over a long
period of time, perhaps 20 to 30 years. Usually there are
no more than two identical units on a utility’s power system
3].

If sufficient generation to meet the peak is kept on line
throughout the day, it is possible that some of the units will
be operating near their minimum generating limit during
the off-peak period. The problem confronting the system
operator is to determine which units should be taken offline
and for how long.

The load variation is continuous and the load must me
met with the available resources economically. This is done
by committing (switching ON) and de-committing (switch-
ing OFF) of the units in the power station. By only running
the most economic units, the load can be supplied by those
units operating closer to their best efficiency. Thus com-

mitting the correct number and kind of units such that the
load is met at least operating cost is the problem of unit
commitment [4].

II GENERAL BACKGROUND AND (CON-
CEPTS

Various approaches have been developed to solve the optimal
UC problem. These approaches have ranged from highly
complex and theoretically complicated methods to simple
rule-of-thumb methods. The scope of operations scheduling
problem will vary strongly from utility to utility depending
on their mix of units and particular operating constraints
[BHT].

The economic consequences of operation scheduling are
very important. Since fuel cost is a major cost component,
reducing the fuel cost by little as 0.5% can result in savings
of millions of dollars per year for large utilities [8] @].

A very important task in the operation of a power sys-
tem concerns the optimal UC considering technical and eco-
nomical constraints over a long planning horizon up to one
year. The solution of the exact long-term UC [I0, 1] is
not possible due to exorbitant computing time and, on the
other hand, the extrapolation of short-term UC to long-term
period is inadequate because too many constraints are ne-
glected such as maintenance time and price increases, etc.

The problem of unit commitment is difficult to solve be-
cause of the uncertainties associated with it. For example,
the availability of fuels, imprecise load forecasts, variable
costs affected by the loading of generating units of different
fuels or water rates, and losses caused by reactive flows are
some of the unpredictable issues. Such problems of uncer-
tainties and inconsistencies pose a problem to the economic
operation of the utility under consideration. Further, there
are different constraints that are associated with the unit
commitment problem [IZ, [I3]. They are discussed in detail
below

Power Generation - Load Balance

Generation should meet the load demand and the spinning
reserve plus transmission losses [? |. In this work, transmis-
sion losses are neglected.

P; = PD + Spinning Reserve (1)
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where P is the real power generation of i*" plant and PD
is the total power demand.

Operating Constraint

Operating constraint is the real power limits on the gener-
ator output. The generator output should not exceed the
specified limits in the problem. i.e.,

Pi—min - P’L - Pi—ma:v (2)
where P;_,,;, is the lower limit of the real power output
of " unit and P;_,,.5, the upper limit of the real power
output of the #** unit.

Minimum Up Time

Once the unit is running, it should not be turned off imme-
diately.

Minimum Down Time

Once the unit is decommitted, there is a minimum time
before it can be recommitted.

Spinning Reserve

Spinning reserve is the term used to describe the total
amount of generation available from all units synchronized
on the system minus the present load plus losses being sup-
plied. Spinning reserve must be carried so that the loss of
one or more units does not cause too far a drop in system
frequency.

Start Up Cost

A simplified time dependent start up cost is taken as follows
hot start up cost if down time is less than or equal to cold
start hours start up cost = cold start cost, otherwise.

Shut Down Cost

The shut down cost has been taken equal to zero for every
unit.

IIT Fuzzy SETS ASSOCIATED WITH
UNIT COMMITMENT

After the identification of the variables associated with unit
commitment, the fuzzy set associated must be formulated.
This forms the second step in fuzzy based solving of a prob-
lem [I4], 15]. The selected fuzzy sets are normalized between
0 and 1. The fuzzy sets associated with the four fuzzy vari-
ables are given below:

1. Load capacity of generator (LCG):
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LCG(MW) = {Low(low), Below average(bavg), Aver-
age(avg), Above average(aavg), High(high)}

2. Incremental Cost (IC):

IC(R) = {Zero(zero), Small(small), Large(large)}

3. Start-up Cost (SUP):

SUP(X) = {Low(low), Medium(med), High(high)}

4. Production Cost (PRC):

PRCR) = {Low(low), Below average(bavg), Average(avg),
Above average(aavg), High(high)}

Based on the fuzzy sets, the membership functions are cho-

sen for the fuzzy variables (Figure 1| through

Membership function plots
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Figure 1: Membership Function of Load Capacity of Gener-

ator
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Figure 2: Membership Function of Incremental Cost
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input variable "start-upcost(Rs)"

Figure 3: Membership Function of Start-up Cost

IV Fuzzy RULES

In a fuzzy logic based approach, decisions are made based on
a set of If-Then rules relating the input and output variables.
The If(condition) is an antecedent to the Then(consequence)
of each rule [16]. The relation between input and output
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output variable "productioncost(Rs)"

Figure 4: Membership Function of Production Cost

variables is given as follows:

Production Cost = {Load capacity of generator} and
{Incremental cost} and {Start-up cost}

In fuzzy set notation this can be written as:

PRC =LCGNICNSUP (3)
Using the above notation, fuzzy rules are written associating
fuzzy input variables with fuzzy output variable. The total
number of rules that can be generated is 45 (since there are
5 subsets for load capacity of generator, 3 for incremental
cost and 3 for start-up cost) [I7, [I8]. The rules are com-
posed in the following manner:

If Load capacity of generator is (*) and

Incremental cost is (*) and

Start-up cost is (*) Then

Production cost is (*)

For example the first rule in the rule base consisting of the
45 rules is

If Load capacity of generator is low and

Incremental cost is zero and Start-up cost is low

Then Production cost is low.

After relating the input variables to the output variable,
the fuzzy result must be defuzzified through a defuzzifica-
tion process to get crisp numerical values. One of the most
commonly used defuzzification method is centroid method.
In this work the centroid method is used for defuzzification.
In this, the production cost is obtained as:

S, u(PRC); * PRC;

IS

Production Cost =

where, u(PRC); is the membership value of the clipped
output; PRC);, the quantitative value of the clipped out-
put; and n is the number of the points corresponding to the
quantitative value of the output.

V EXAMPLE PROBLEM AND SIMULA-
TION RESULTS
The above-mentioned approach is applied to a sample sys-

tem [1] comprised of four generating units whose character-
istics and load patterns are listed in Table 1 and 2.
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Table 1: Unit Characteristics

Unit Max Min Inc. Cost Start | No Load
No. (MW) | (MW) X /MWh) | -up }) Cost (%)
1 80 25 21.88 350 214.00
2 250 60 19.00 400 586.62
3 300 75 18.46 1100 685.74
4 60 20 24.80 0.02 253.00

Table 2: Load Pattern

Hour 1 2 3 4
Load 450 | 530 | 600 | 540
Hour 5 6 7 8
Load 400 | 280 | 290 | 500

A MATLAB code developed for solving fuzzy logic based
unit commitment problem is used to solve the sample prob-
lem. The results obtained using the fuzzy logic approach
is tabulated against that obtained using the dynamic pro-
gramming in table 3.

Table 3: Results
Optimal Dynamic | Fuzzy Logic
Load Combination Approach Approach
450 0110 10718.36 8162.86
530 0110 10658.36 10892.50
600 0111 12460.36 13089.32
540 0110 10838.36 10892.50
400 0110 8318.36 8096.55
280 0010 5583.54 5568.17
290 0010 5758.14 5933.30
500 0110 10518.36 —
1111 — 10167.44
Total Cost of Operation () 74853.86 72812.63

A comparison of the results in[Table 3]indicates that fuzzy
logic approach is comparable to the dynamic programming
approach. Further, fuzzy logic gives a lesser operating cost
taking into account the start-up cost at the time of calcula-
tion unlike dynamic programming where the start-up cost is
taken as constant and is added to production cost to obtain
the total cost.

VI CONCLUSIONS

Unit commitment is a problem where ambiguity exists and
such problems can be easily addressed to using fuzzy logic.
The method used to solve the sample problem shown above
can be applied to a problem with any number of units, each
with entirely different costs and other parameters. It is also
clear that the output can be explained easily in terms of the
logical representation of the rules.

This paper gives an overview of the concept of UC prob-
lem, with practical requirements, the historical events, the
present state, and techniques. The citations listed provide a
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rep-resentative sample of current engineering thinking per-
taining to the next generation UC problem.
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