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Abstract - This pap€r propose a solution to unit commitment
problem with wind power using artificial immune evolutionary
programming The objective of this paper is to find the suitable
generation scheduling which can minimize the operation cost
with subjmted to various constrain The main idea of this paper
is to integrate the use of Artificial fmmune Evolutionary
Programming as optimization technique towards Unit
Commitment Other than that, this paper also aiming to ieview
the effect of addition wind power to the Unit Commitment
problem solution. MATLAB prugramming lenguage was used to
execute the prngram using l0 set of generator daa with several
constrain like power balancg and generation limit .The process
of Artificid Immure Evolutionary Programming including of
initialization, cloning cost calculation, mutation, sorting and
combine and convergences test The result are shown to verify
the performance of Artificial Immune Evolutionary
Programming technique

Therefore, the concept of unit commitnent is to minimize the
cost like fuel cost, start up cost and shut down cost.

B. Evolutionary Programming @P)

Evolutionary Programming (EP) is a mutation-based
evolutionary algorithm which involves with the real parameter

of the system [6]. This EP objective is to maximize or
minimize fitness equation and can be presented using
mathematical equation. There are several types of EP such as

Meta EP and adaptive EP.
The algorithm of EP is encoded by tlte mutation strength (or

variance of normal distribution) for decision variable and
self-updating rule is used to update the mutation strengttr-

EP is conduct by sequences of operation. The schematic
diagram below shows the overall EP algorithm in Figure 1:

Keywords: Unit Commitmenf Artificial fmmune Evolutionary
Programming (AIEP), optimized, wind power generator

I. INrnooucrrou

Fluctuation of demand everyday will create problem for
generating rmit to fulfill the load or electricity demard.
Theoretically, generating unit will run all the generators in
order to meet with the specific demand but that kind of
stratery will oppose problem in the future and cause a lot of
money. Therefore, an optimization is required. The problem
facing with optimization is it required scheduling of the
generirtors whereby it is also called as unit commiment.

A. (lnitCommitment

Power system rnanagement can be categorized into several
operations which are operational planning improvement,
expansion and last but not least optimization of power system.
Optimization process is crucial part in the rnanagement
because through optimization process, the power supply to the
load or consumer can be always sufficient

Unit commitnent can be define as set of sequence

determine which generator attached in the power system
network to start up and which generator to shut down and for
how long IU, I9l. Basically, the load in power system network
is always changing during per day. Thug the load needs to be
predicted or forecasted in order to meet the demand.
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C. Artificial Immune System (AIS)

The nanral immune system is an intricate biological system
which resolute with the resistance of body agains any harmful
foreign entities. The main objective of immune system is to
recognize all cells and molecules witlin the body and
categorized it rmder self or non self [10]. When antigen or
bacteria invades the human body only few of tlre immune
system cells can recogn2e the irwader peptides. The
recognition with stimulate proliferation and differentiation of
cells in producing matching clones or also known's as

antibody[10]. This process will generate a large amount of
antibody cells tha specified for the antigen

The process known as clonal expansion [10]. The clonal
expansion of immune system will attribute in destroying and
neutralizing the antigen cells and also retains some of these
cells in immunological memory, so that any subsequent
exposure will lead to rapid immune response (second

response)[0]. These biolological principical are mimicked
and incoporated into algoritlm known as Artificial Immune
System (AIS) AIS develop base on three major
immunological principle which is h1'permutation, receptor
edition and cellular memory.

D. Artificial Immune Evolutionary Progamming (AIEP)

Artificial Immune Evolutionary Pragamming is an adaptive
optimization technique whereby its search methodolgy base

on clonal selection model of immune system.

The alogrithm of this technique it works on set of candidate
solution which called as population, cloning process, mutate,
runs through computational iteration and provide an optimal
solution.

E. ll'ind Power

Wind power is one of the renewable enerry available
nowdays. The basic mechanism of wind power by converting
kinetic energy into electrical energ] [4]. It provides a clean
electricity and emission free. Nevertheless, the use of wind
power in Malaysia electricity is not yet uncovers and
monopolized. The depletion and fluctuate prize of coal and
gas give a chance to wind power generation to compete in
electricity business. Given with proper care in desig4
deployment, operation and maintenance, wind power can
compete with gas and coal power plant

In the UC problerq determination of generator sequence is
important because it can affect the total operation cost. The
wind power electrical generation does not have an operational
because the source is free. Therefore, the use of renewable
enerry is applicable in order to minimize the operation or
production cost ofthe system

fI. UNIT CoMMITMENT PROBLEM FORMULATIoN

The objective or purpose of solving UC problem is to
minimize the cost production and detennine the power
scheduling in order to meet the specffic demand at the specific
time with sati$ing set of operational constrain. Mainly the

costs involving with UC problem are the cost generating
power and the other is start up cost. Therefore standard UC
problem fonnulation is to minimize these costs. Constrains are

including power balance and generation limit constrain. The
objective firnction of UC can be wriuen in terms of N
generating units and T hours:

rN
MinF (p;t,u,t) = t Ftrifp,tl + sr,t(1 - u!'')).u! (1)

LI LI
t=L i=7

With zubjecting to consrilin:
l. Powerbalance consrain

IL
!r'l

Pfooa- Lrl -ui:o (2)
i=O

Total power generated by the generator at one time

mustbe same as the demand which been varied from
time to time

2. Spinning Reserves constrain
il

tE-

Pfo,.at*,-LPrt'u!<a (3)
f=1

Additional polver to support for any unit loss to
prevent a far drop in system frequency in case of
unexpected outage or sudden increase in demand.

3. Generation limits constrain

PF'"=P!<Pr"* (4)

Power generated by the generator must be in the

range of minimum and maximurn output limit power
produced must not exceed or below the limit.

Wherg

Ft(p) ls cost of producing p units of power by unit i

STi is starnrp cost

Pfooo isload at time (demand)

Rt is power reserve at time t (unit failure case)

Pf is amorurt of power produce by unit I at time t

U;t is controt variable of unit I at time t
t =1, 2,3,....N and i= 1,2,3,....N

III. TpsrsYsrEMDATA

A. l0 unit generators test system

The data used is a set of 10 genexators with 24 hours operating
time obtained from IEEE in order to solve UC problem.
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Hour Forecasted Demand
(MW)

Forecasted Reserve
(Mw)

I 700 70
2 750 75
., 850 85

4 950 95

5 1000 100

6 1100 110

7 I 150 115

8 1200 t20
9 1300 130

10 1400 140

11 1450 145

t2 1500 150

13 1400 140

t4 1300 130

l5 1200 t20
l6 1050 105

l7 1000 100

l8 ll00 110

l9 1200 120
20 1400 140

2t 1300 130

22 1100 110

23 900 90
24 800 80

TABLE I
FOR.ECASTED DEMAND AND PJ,SERVE FOR IO UNM 2+ PERIOD

SYSTEM

TABLE 2
TJNTTDATA IO LINITS' 24.HOLIRS PERIOD

B. I Unrt Wind Power Generator

For the purpose of this research, one unit wind power
generirtor was added and the effect of wind power to the UC

problem was revierved. The data of the generator is
accumulated from the National Renewable Energy Laboratory
(NREL) Colorado, U.S. [15]

TABLE 3
WIND POWERGENERATOR FOR24 HOIIRS OPERATION

Hours Power (MW)

1 62

2 35

J 28

4 l6
5 38

6 25

7 35

8 28

9 56

10 48

11 36

t2 52

Hours Power (MW)

13 35

l4 42

15 42

16 65

t7 12

l8 28

l9 52

2A '78

2t 84

22 82

23 84

24 72

No

Unit I Unit 2 Unit 3 Unit4 Unit 5
455 130 130 162Pmax

(Mw)
455

Pmin
(MW)

150 150 20 20 25

1000 970 700 680 450a
($/},,{w'?

h)
b

($a{w'?
h)

16. l9 t't.26 16.60 16.50 19.70

c ($/h) 0.00048 0.00031 0.00200 0.0021 I 0.00398
ST 4500 5000 550 560 900

Inibaliation kbt d Pgen
&t &tculadon

No
sdiryd

Cfoniq Te$

Ba(k
clculation

Ste

Psca :

Unit6 Unit 7 Unit 8 Unit I Unit l0
Pmax
(MW)

80 85 55 55 55

Pmin
(MW)

20 25 10 10 l0

a
($AvIW2h)

370 480 660 665 670

b
($a4w'?h)

22.26 27.74 25.92 27.27 27.79

c ($/h) 0.00172 0.00079 0.00143 o.oo222 0.00r73
ST 170 260 30 30 30 Figure 2: Flowchart of AIEP

f

IV. lvrr,trooolocv

Figure above shows the complete cycle of AIEP optimization
technique. The process involves with initializatioq cloning,
cost calculation, mrxatioq sorting and combine and lastly the
convergences test.
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A. Initialization Process

In order to solve the UC problem, the initialization p(rcess
must be executed whereby determining the on and off
scheduling for the 10 generators system and determine the
total cost. The determination of on and off scheduling is done
by randomly.

B. Cloning Process

The value of generated power,Pgen of each population have
been evaluated. Cloning the Pgen in the population will give a
rise to temporary population of clones.

C. Cost Calculation Process

The total cost is equivalent to the cost of generating power
plus with the startup cost of generator. The power produced
must be same as demand and at the same time full filling the
generation limits constrain of the generators as stated above

D. lt{utation Process

Mutation is a process of generate offspring value from the
clone Pgen, whereby tlte value produce in the mut ltion
process must not be the same as cloned Pgen The value
mutated Pgen must also same as demand and does not violate
the generation limits constrain of the generators.

E. Sorting and Combine Process

The total cost obtained from the cloning process and mutation
process will be combine and sort accordingly. It can be done
by in cascade or cascode form. The sorting process can be
done with sorting out from the minimum value to maximum
value or from maximum value to minimum value depending
on the optimization objective.

F. ConvergencesTest

The test itself determines the stopping criterion ard the
accuracy of this test can be determine by the user. If the
stopping citerion is fullfilled under some condition, the search
will be stop.

V. R-EsuLT AND DrscussroN

In order to determine the efficiency of the technique in solving
UC problem, two subjected factor was introduced which is the
number of population need to be use and the nurnber of trial
need to be nrn Thus, those factors are classified into cases
which are case I and case 2.

A. Case l: TrialAnalysis

The objective of trial analysis is to determine the best number
oftrial for tlte program to converge. The analysis was done on
one population which population 6 (Pop 6) while varying the
trial from I to 10. The trial was nm using the AIEP
optimization technique only.

TABLE 4

TOTAL OPERATIONAL COST FOR IO I'NITS TEST SYSTEM USING
AIEP ONLY FOR 6 POPTILATIONS

uJ@

63600

53400

63200

53000

62800

62600

..+worst

+average
best

Figure 3: Ploued Graph l0 unit system using EP plus AIS
with different trial

The result is plotted into a graph as slrown as Figure 3. Base
from the observing convergences occur at nial no 5. Thus,
number of trial equal to 5 is chosen for the next experiment or
analysis.

B. Case 2: PopulationAnalysis

The population analysis is to determine the suitable population
in generating the minimum cost. Base on the theory,
increasing value of population will resulting a better cost.
Therefore, the analysis is begin with 3 rypes of population
which are 6, 8 and 12. These populations is chosen because of
cloning process in the prograrq whereby the total population
used will multiply by 2 and crearing a new population. For
example, population 6 will create 12 populations in the end of
the program.

TABLE 5

TOTAL OPERATIONAL COST FOR IO UNITS TEST SYSTEM USING
AIEP

Trial Pop

Cost($)

Time O)Worst Average Best

5

6 63084 630s7 63034 5.6

8 63547 63353 62986 7.4

t2 64036 63858 62985 13.1

151050

Cost($)

Trial Pop Wors Average Best Time(h)

I

6

63689 63457 63276 3.6

5 63084 63057 63034 5.7

l0 6320r 62986 62895 17.8

4
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Trial Pop

Cost($)

Time (h)Worst Average Best

5

6 60078 60056 58931 7.6

8 60192 6002'7 59',707 12.4

t2 59748 59657 59415 20.6

TABLE 6
TOTAL OPERATIONAL COST FOR IO IJNTT SYSTEM WTTH USING

AIEP WITHWIND FOWER.

Base from Table 5 and 6, it shows the total cost of generating
power with the minimum number of trial and varying numbers
of population The total cost is categorized into 3 parts which
is worst, average and best. The worst cost produces a high
operational whereby the best cost provide a minimum
operational cost for the system.

C. Best power generation usingAIEP optimization technique

Sample of best power generation and total operation cost can
be seen in Table 7 and 8. Both of the tables indicate power
scheduling for 24 hours period of generation. Nrunber 'f in
those table represent generators tlrat are working and still on
operating condition. Meanwhile, number '0' represent the
generators in idle form which does not in working or
generating condition. Base from the observation of both
tables, the most and available generator is unit I afr, 2
whereby the generators have a wide generation limit and its
workingasbase unit.

In Table 7, l0 unit thermal generator working in order to
firlfill the total load demand by hour. The generation power
varies from one unit of generator from the other in order to get
an optimal solution

Meanwhile in Table 8, 9 rmit therrnal generator and I unit
wind power working. The selection of thermal generators
working is by how much is the cost production. If the cost of
production is very high, it is recommended for shut down
Therefore, unit l0 is selected for shut dor*n purpose.

D. Comparison of cost between population size and between
case

cosr DECREM'*, uu*rroi#llJ. ,. AND Ep ,LUS Ars wrrH
WIND

Cost($)

Pop Case w-orst average best

6

AIEP only 63234 63157 63034

AIEP+ wind 60078 60056 58931

reduction(%o) 4.9 4.9 6.5

8

AIEP only 63547 63353 62986

AEP+wind 60192 60027 59707

reduction(Vo) 5.2 5.2 5.2

t2

AIEP only @036 63858 62895

AIEP+ wind 59748 59657 59415

reduction(7o) 6.6 6.5 5.5

TABI-E IO
AVERAGE REDUCTION OF COST BASE ON NO OF POPULATION

No of population Average reduction (7o)

6 5.4
8 5.2
12 6.2

The total cost in every population shows a slight decrement
which resulting a lower and minimal cost compared with the
initial cost. From the observation, by increasing the population
will resulting a high decrement value in the total cost,
whereby population 12 give an average reduction of total
operating cost by 6.2 percent.

Base on the finding that can be obuil from the result" the
implement of wind power can reduce tlrc total cost of
generadng power, wirtd power does not have operational cost
but can provide electrical power.

VI. cot{cl-usloN AND RTcoMMENDATIoN

This paper present Artificial Immune Evolutionary
Prograrnming (AIEP) to solve Unit Commitrnent with Wind
Power
The purpose of this paper to minimize the operational cost in
producing electric power and to see the effect of wind power
in UC problem and operational cost. The technique was
develo@ and tested into l0 units generaton test system and 1

unit wind power generator. The result of the technique shows
tlrat the operational cost has been reduced. Hence, the using
renewable energy into the power system is highly
recommended

For future development, AIEP will be combine with other
optimization technique such as Particle Swarm and Ant
colony. Furthermore, the usage of different kind or
combination of renewable enerry like solar power and ocean

wave into the system will be encouraged.

VII. ecxNowr-EDGEMENT

First and foremosq all praises given to Allah for giving me
strength and guidance in order to complete this paper. I want
to say thank you to my supervisor, Mister Muhamnad Nazree
bin Che Othman for his guidelines and cooperation in
completing this paper. Last but not least, I would like to give
my token of appreciation to my friend and my family

I



-

a

-ln
!

-t
EDr.
rf,
9.o i6

F
,l

z
ll

P
-lF

-
il
t"
-.1

-l
F
o
4,l
Ap€
a

A N)

-lo
t)
;rl
I \o m {

},J
<)

l..J
N)
0a
-t

t')
o.s

-to t.){ \o { tJ o

{
l'.) \o -l-J

!J)

-J

N)
o\
@ t.)

6
o o o s N] A

6
o 56 t.)F r.) s

o\ t) t)6
N

5

\o
o oo o N)\o

5
t..)

As

o o t\)o
\o

@
6
-J

Es

o { o\ E o
5
t-)

\o
-1 {

N)

\o 5{ o 6
@

\o
5
l.JtJ

A
00

N)5 { o
s
\o

55\o \o

5o 5(r\ t'J o\
l.J N)\o

A
!P

5A
h.)

5
o tJ

N)
-t o { \o {

co

5 F
-t

o A s {6 oo ca
o\

tJ
@

5
€

5
t)

5 t)5 N
-J

5\o -J
@ \)

A5 s
\o D

{ {
00

o\
o, 1..)

\os s
s 5

5

tJ
5t) \os

tJ 5 5 o {

a.J
NJ

so 5 O6 5
CN

@
o\

oo hJ
N)

TQ { l.J
l.J 5 l.J

TJ

i.J
5 {

5
u) 6

5{ N) o {
@

A
@

t.J

& N)
6 o o\5 o h)& @ \o

o'
s

\o

AO
o\ A tJ{ \o o5 t'J

t.)
5
o

55
-J

tJ

t.) o t)
(}\
@ s

E55
5s NJ

o 5
@

{
u) o @ --l

s5
-l

1..)
I\)

\o
l.) o\

o. 00
so t.J

N)
t,)

6
\o s

6
tJ

@
5A

D
t\)
TJ

(,
o6 [..)A

E

{o
?
{

,l

)a
o

{
o-

\o 6 -J A o N

\)
1..) O N

tJ U o o o \)

o

P
d

5

{
O

o o \o
o\A

t)\) tJ
t')

oo

o t)
@ o 6 *.:

s i'J
t\)

o\ o O
55 5

5

o6 o tQ O t)
A{ @

N)

tJ 5
\o o & 55 1..) tJ\o \t

t)5A \o(,

o N){ o -.1 \o
-t

t\)&
A 5o -J

t)
N)
6 O 55 -{\o o\ o

55 o\ &

o I'J\o o -Js st) -t
t)
u)

s
t.)& a

o\ \o

5oo A
@ o o -l *l

-J o {s s 5o
t.)

5
t\)

5
O 5 t) -l s{ (,o o\t)

5 5

o tJ -J
€
t.)

{ t.)o 6
5{ 5

o. t)

so N)\o -l s N)
6

-J
st)6

s5 a

o 5
N)

\)\t s {
N)

{
t\)

oo
1..) N)

so @ 5

t.J

o A\) o 5
--l

o\
01

t.){ \os @
A

tJo A

o
o\

--t .a I'J{ o & N
F.)\o
o\

a
tJ

t.J O o l'.Jo o
ca

o\ t)
N)\o
\o -I

t.J
0a

A A5 o\
oo

5 { stJ5 t.)
o\ 6

NJ

tJ a5 {5 o
5
5

5t) \o

s
-)6

5 I,Jo -t
\ot) -J

5
5

As t.J

cas t.)
5
@ 6

s
-J

6
E

tJ
-.I

oD
\o

A
\o t.)

o @
1..) o +|5 5 { s

N)o\
5
t\)

b,)tJ

\o
6
A

N
o\

}J
o\ o N -:5

55-: t.)

a
o -lt\) o o O us l.Js o s N)s

a



tll

t21

t3l

14l

tsl

ll0l

ll ll

VIII. nrrERxNcEs

M. Bavafa H. Monsef, andN. Navidi, "ANew
Hybrid Approachfor Unit Commitment Using
Lagrangian Relaxation Combined with Evolutionary
and Qradratic Programming," itPower and Energt
Engineering Conference, 2009. APPEEC 2009. Asia-
Pacific,2009, pp. f4.
W. Chengiiaq Y. Susrl andH. Zhenya, "Amodified
er,'olutionary prograrnming," in Evolutionary
Computation, 1996., Proceedings of IEEE
I nternati on al C onfere nce on, 1996, pp. I 35- I 3 8.

E. J. Contreras-Hernandezand J. R Cedeno-
Maldonado, "A Sequential Evolutionary
Programming Approach to Profit-Based Unit
Commitrnent," in Tran smi ssion & Di stributi on
Conference and bposition: Latin America, 2006.
TDC'06. IEEE/P85,2ffi6, pp. 1-8.

T. Dang "Introductiorq history, and theory of wind
power," 'tnNorth American Power Symposium
(NAPS), 2009, 2009, pp. 16.
M. Elhadef, S. Das, and A. Nayak, "A novel
artificial-imrnune-based approach for system-level
fault diagnosis," in Availability, Reliability and
Security, 2006. ARES 2006. The First International
Conference on,2OO6, p. 8 pp.
D. B. Fogel, L. J. Fogel, and J. W. Aunar, "Meta-
evolutionary programming' in Sjgzals, Systems and
Computers, 1991. 1991 ConferenceRecordof the
Twenty-Fifih Asilomar Conference on, 1991, pp. 540-
545 vol.1.
W. Gao, "Study on genetic algorithm and
evolutionary prograrnming," in Parallel Distributed
and Grid Comptting (PDGC), 2012 2nd IEEE
International Conference on, 2012, pp. 762-766.
L. Gwo-Ching and T. Ta-Peng, "Hybrid immune
genetic algorithm approach for stmrt-term unit
commitment problem," in Power Engineering Sociely
General l[eeting, 2 A04. IEEE, 2004, pp. 1075-108 1

Vol.1.
W. Jianhui, M. Shahidetpour, andL. Zuyi, "Security-
constrained ulft commiunent with volatile wind
power generation," inPower & Energt bciety
General Meeting, 2009. PES'09. 1E88,2009, pp. l-
1.

K. Lakslrmi, S. Vasantharathna and C. Muninj,
'Clonal Selection based Artificial Immune System to
solve the Unit Commitnent Problem in restructured
electricity sectors," itrPower ond Energt @ECon),
2010IEEE International Conference on, 2010, pp.
259-263.
P. J. Luick& E. D. Delanre, and W. D. DTlaeseleer,
"Effect of the generafion mix on wind power
introductior!" Renewab le Power Generation, IET,
vol. 3, pp. 267-278,2009.
M. Moghimi t{adji and B. Vahidi, "A Solutionto the
Unit Commitrnent problem Using Imperialistic
Competition Algorithm," Power Systems, IEEE
Transactions on, vol. 27 , W. ll7 -124, 2012.

C. C. A. Rajan and M. R. Moharl "An evolutionary
progamming method for solvingthe rmit
commitment problem," in Power Engineering Society
General Meeting, 2004. IEEE,2004, p. 1149 Vol.1.
R. L. R Singhand C. C. A Rajaq'Ahybrid
approach based on PSO and EP for proficient solving
of Unit Commitment Problem," in Utility Exhibition
on Power and Energt Systems:,Isszes & Prospects

for Asia (ICUE), 201I International Conference and,
2011,pp.1-7.
Y.-H. Wan, "Wind Power Behavior:Analyses of
Long-Term Wind Power Data,' september 2004.
W. Zrendong C.Ilao-zhong, Y. Liang-zhong, and
M. Bazargan nResearch on unit commitrnent
considering wind power accommodation," irt Power
and Energl Society General Meeting 2012 IEEE,
2OI2,pp. l-7.

t13I

tl4I

IlsI

t16l

t6I

171

t81

teI

t12I


