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Abstract-The eim of this paper is to solve thc Unit Commitment
Problcm with Solar Plant nsing Improved Evolutionary
Progremming technique. The objective of this study is to search
for minimum operational cost while setis$ing the rrnging load
demand, to compere the performance of fmprove Evolutionary
Progremming with Evolutionery Progremming before installing
Soler Plant end efter thc installation The constraints considered
in this rcsearch include spinning reserve margiq load demand,
power and reserrye limit, and also start-up cost. The irymve
teclnique is bscd on conwntionel technfupe wherg the only difierence h
that in the inilidiation process instead of geneir:eting 2ll poprlrtion dris
Improve Evolutionrry Programming generetiry fl)ll popularim to
havewide range of data and from this itwi[ sdect thcbestpmdbh data
comffnation It also con$t of three mqin sfup5; inftirllr-fioq mutatfun,
sdecrion The result obtain ere shown in the result end the
performance of Improve Evolutionery Programming are
shown.[1,21

Ke1'words- Evolutionary Programming, Unit Commitmenq
Solar Generrtor, power s1'stem operation planning

I. INTRODUCTION

Nowadays, the increase in load demand gives big problem
tbr generation operation to meet the load demand- If the
generation operation runs all the generators at maximum
operation it u,ill meet the demand" it will increase the cost of
operation. Thus, an efficient Unit Commitment (UC) plays a

significant role in short-term operation in the pou'er system and
in the economy.

This paper proposed Improve Evolutionary Programming
(i-EP) technique to solve UC problem. This technique is based
on conventional Evolutionary Programming (EP). This
technique choose because of its simplicity and easy to develop
and upgrading from conventional EP. Renewable Energy (RE)
implemeotation is one of the td,ay to improvelreduce the
operating cost, since RE required less operational cost compare
to other generation. They are many b,pe of RE such as Solar,
wind, wave, etc. tbr this research the Solar was choose to
implement in this system.[3-5]

A. Unit Commitnrent

UC is defined as a process to determine the best combination
which power plant or generator to turn on/otT to meet the load
demand in order to reduce the operating cost. UC has some

t

pararneter to be meet such as minimum up and down time,
minimum operation point, also fbr economic consideration such
as start-up and operation cost and for social element. which is
the existing of work schemes and staff [6, 7].

The objective of UC is to minimize the production cost,
startup cos! shutdown cost, transirion cost and so on. Also, UC
predicts the suitable set of units to run the generator ttrat will
provide the predicted load to the system[8].

B. Iruprote EvolutionarT- h'og'amming

The EP is defined as optimization process. This method will
oprimize any fifiress that can be represented using mathematical
equations. The objecfive function of this method is either to
minimize or maximize the fitness. This method it will predict
and simulate the best result in order to solve the UC problem

[3]. This technique was introduces by Lawrence j. Fogel at
1960, this method was used to simulate evolution to generate

artificial intelligence (AI) for rhe learning purpose.

i-EP technique consist of three main steps which is
initialization, mutation, and selection. However, the only
difference i-EP and EP in the initialization process, instead of
generated 20 population randomly in EP, the i-EP will
generated 100 population randomly to have wide range of data.
Based on wide range data it will select the best possible
combination to get the lowest cost.

C. Solar Plant

Solar Plant (SP) is the cun'ent technology under RE that
used nature resource to operate. This technology it will reduce
the cost of operation. Since, SP required less cost of operadon,
last longer and need minimal maintenance, but the initial cost
to install SP is high and the profit will show in long-term used.
For this study pur?ose the data are based in Integrated
Renewable Energy Park (IREP) in Pajarq Negeri Sembilan,
Malaysia which is can produce l3MW of solar energy [9]. This
SP will only operate for less than 7 hour continuously and also
depend on weather in installation areas either it will be cloudy
or not because cloud will act as shedding to the SP and it will
not produce the power to it maximum.



II. PROBI.EM FORMULATION

A. Objectitte Functiotr

The objective firnction of this research is to find the
minimum cost of total opeftttron to meet demand posrer, when
subjected to sevcral ofconslraints. The cost functions shows as

below 11).[7, 101

Ftt(P*) = dt t biPis * ciPzil (l)

Where:-
ai, bi, ci

2) Spinning Reserve morgitt Constrain
The total power generated at maximum for all generator
must meet the reserye demand and satisff the following
equation given in (5). This spinning rcserve margin was

set to l07o of demand

\l=, PmaxiUit = Rt (5)

Where:-
R, Forecasted Reserve at hour t (MW)

3) Power and Resem'e lintit
The power generated and reserve must meet the factor in
(G8)

cost parameter of unit i
($/Ivfw2h, $adwh, & sth)
production cost of unit i at a time t ($/h)
output power &om unit i at time t (MUf,

Fi,(Pi)
Pi, Pmini S PiZ Pmaxi

0(Ri ZPmaxi-Pmin1
Ri+& SPma.xt

(6)
(7)
(8)The startup costs depends on the downtime of the unit,

n'hich will vary from a maximum value, when the unit i is
started from cold state, to a much smaller value, if the unit
i has been turned ot} recently. The startup costs calculation
depends upon the treatment method for ,5" t6"1621 trnir during
downtime periods. The sartup cost S i, is a function of the

downtime of unit i as given in (2)[6, l0]

Sit - SI (2)

Where:-
STi unit i cold start-up cost ($)

Therefbre, thc total objective function of thc UC problem is
given in (3)

Fr = XLr Er(rir(&,)Uit + Sit%t) (3)

Where:-
Ui rrnit i status at hour t:1 (if unit is ON), & F0 (if unit

is OFF)
V, unit i starnp status at hour Fl if the unit is staned at

hour t
Sir startup cost of unit i at hour t ($)
Fr total operating cost over the schedule horizon ($/h)

B. Constrains

In this UC problem is considered several consuains, such
as load demand, spinning reserve margin, and power and
resewe limit, etc.
l) Load Dentand Constrain

The power generared must meet the load demand and
satisff the following equation given in (4)

XlLr 4,Uit = 4 t4)

Where:-
Dt Forecasted Demand at hour t (M$r)

Where:-
i: 1,2,3,...,N

III. TESTSYSTEMDATA

A. I0 Unit Thermal Test Slsstem

In this paper, a ten-unit for 24-period system is used to solve
this problem and the data are based on IEEE. Table I show the
Forecasted Load Demand and reserve for 24-hour period. This
load must be cornplying tbr each hour and at the same time take
into consideration the spinning reserve margin and this spinning
reserves margin was set to l0 % and the data are shown in table
2 below.[7]. This margin will be adding to load demand and this
load must meet after the generator run to it maximum. This
reserve is for contingency load.

Meanwhile, Table 2 show unit data for lO-unit test system
consist of power maximum and minimurr. cost in-term of a, b,
c and start-up cost. This data is used to generate pou,er and tbr
costs calculation.

TABI.E, 1

FORECASTED DEMAND AND RESERVE FOR TEN.UNIT 24.PERIOD
SYSTEM

Hour
Forecasted (MW)

Hour
Forecasted (MW)

load Reserve Ioad Reserve

I 700 70 l3 r400 140
, 750 75 l1 l 300 r30
3 850 85 15 l 200 120

4 950 95 l6 r 050 105

5 1000 100 t7 l 000 100

6 I 100 ll0 l8 I 100 ll0
7 I 150 115 19 1200 120

I l 200 120 20 I 400 140

9 1300 r30 2t 1300 130

l0 l 400 t,{0 ,,,
r 100 I t0

ll 1450 145 23 900 90
r2 1500 150 24 800 80

2



Unir I Unit 2 unit 3 Unit 4 Unit 5

Pmax(MW) 455 455 130 130 162
Pmin {MrJ!) r50 150 20 20 25

a ($/i\{Wrh) 1000 970 700 680 450

b ($[\{wh) 16.19 17.26 16.60 16.50 19.70

c {$/h) 0.00048 0.00031 0.00200 0.0021I 0.00398

ST 4500 5000 550 560 900

I

TABI-E 2
UNITDATA 24-PERIOD

B. I Unit Solat'plant

For this study purpose, one-unit of SP was used for the
second case which ate implementation of SP. The data are
based on Integrated Reneq.able Energy Park (IREP) in Pajam,
Negeri Sembilan, Malaysia which is can produce 13MW of SP

[9]. The addition of solar assume to be able to produce l2I\,,fW
per-hour after coosider l07o reserve margin for simplification
of aLnalysis

TABT.E 3

UNIT DATA OF SOLAR GENERATOR)

Unit I

Pmax (M\l) l3

IV. APPLICATION OF IMPROVE EVOLUTIONARY
PROGRAMMING

The goal of this study is to optimize the total operation cost
that the demand is meet without violating any constraint.

i-EP technique involves three mains process which, is
initialization process, mutation process and combination and
selection process. This process will continue until the stopping
criteria satisfied. A summary of this technique shou, in Figure
I detailed descriptions of this technique in solving UCP are as

fbllow.

The detail process for i-EP as describe below.

Step I Produce UC at random
The power produce from each generating unit which
nrn oil without violating any constraint and satisly the
load demand. This population generation process
occur at random.
Test generated population with system requirement
Power produce will be verily wither it comply or not.
If any generated violated ttre requirement the process
will return to step l.
Store the obtain data in parent pool
If all requirement satisfy, the UC and generated power
will be store in parent pool.
Store the obtain data in parent pool

Step 2

Step 3

If the population size not equal to 1ffi, tle process will
back to step l.
Cost calculation and selection
From the data store in parent pool it will be used to
calculate the writ cost, fuel cost, start-up cost and total
cost. After complete the cost calculation it will sort the

total cost in ascending order and will select the best

cost tbr mutation process, P. This, P will be varies.
Perform mumtion process to produce Offspring pool
The mu&uion process will be perform to each parent
pool to produce Offspring pool with the same size as

parent.
Combination of Parent pool and Offspring pool
selection process

The combine pool will be sort ascending order and the
P lowest cost will be selected as new population.
Convergent test
Compare the best fitness to the worst fitness and if the
difference is zero, the solurion is said to be converge
and the process ended. Otherwise step 6 to 8 wiil be
repeated again.

f n ni dl i; a i. rn (Ro, uL, h O)x rd u,,)

YES

YES

Step 5 :

Step 6

Step 7
Step 8

Step 9

A'ES

3

Unit 6 Unit 7 unit I Unit 9 Unit 10

Pmax(MW) 80 85 55 55 55

Pmin (MW) 20 25 10 10 l0
a ($/lltW'1h) 370 480 660 665 670

b ($[uwh) 22.26 2',7.74 25.92 27.2i 27.79

c ($/h) 0.00712 0"00079 0.00413 o.00222 0.00173

ST 170 260 30 30 30

Gocracd IOO populdtioil of random nmbcr of UC
for lO gderer
Prchrc rual Jxrws (I\.lw) d random wilhin rux/frin

bsed N Lrc

generaul
cqual b dcmud (witt

re*we)

Iacl ude in

equl b 100'!
population

Calculate Cost for dd ftod bhl cosr&d

Ruk (d@nding ordq) pool arcrding o itJ fimss an.l
seled P MEbers wi*r lo\*g value

Psfbm muHion olE_ahr on sch mcnbo of patot pool
producing nN offspt'ing pml witLin [rin/max

Combinc Parst Md

Ruk (cending ordo) ombine pol ecording to i ts
fitnBs Md slet P EeDbs vidr low6r Elue

fs mnwugcncc

IiND

Step 4
Figure I i-EP Process in solving UCP



A. Initialization

l) Evolutionary Programming
The first step of EP is to generare random number for the

selected control variables. As for UC problem, the process of
random number generation applied for both cases since tle
purpose of this case is to investigate the original cost without
SP and with SP. In this case, there are constraint that need to be
comply which is UC, power reserve limit" spinning reserve

margin, load demand. The ranges of random numbers generated
are betu'een 0 to I orly since it s'ill indicate either the generator
turn ON/OFF only.

2) Improve Evolulionary Programming
To get the better result the initializarion process was

improved instead generated 20 populations for EP this i-EP will
generate I 00 population.

In initialization, the parent is generated from random
number. This parent consists of 100 popularion. From this it
will calculate the power generated without violating any
consrraint. After that it will calculate &e cost of operation and
from this cost it will select of tJte best cost which, is the lowest
cost.

B. Mutation

Mutadon operator is used to gererate the off-springs (P"') of the
parents (P")., the prerious generated data will be mutating into an

acceptablerange. This is given in cqualion {8)

Pi: po * a.fin (s)

Whete:-
6 = 4.exp(r'.Fo*r.Fr)
$ = N(y,o2)
and,

(e)
(10)

C. Combination and Selection

Combination operator is the combination of random
generated data and the off-springs. Then, it is sorted in
ascending or descending order. In this paper. the data rue

arranged in asceading order since it was purposed to minimize
the cost. Then, the selection process is implemented. Selection
process is determined by the user itself.

D. Convergence test

Convergence test is used to determine the stopping criterion.
Once the system reached the stopping criterion, the result of
convergence test will be displayed. The system is said to be
converge when the control variable is the same for all
population. As tbr this paper, the system is said converged
when the cost of operation is the same after the i-EP process.

V. SIMULATIONRESLILT

Simulations are carried out using two case. The first case is
UC problem without SP and the second case is the UC problem
with SP. All data are available in the Test System Data.
Simulations are classified into two parts. In the first part, the
effect of cost without using SP are simulated using a ten-unit
thermal generator system. In the second part, a nine-unit
thermal generator system is used with additional one-unit of
SP. All simulation results are tabulated and plotted.

A. Analltsis to deternine no. of trial and population size

1) Detennination of'no. ol'Trial
This analysis is to determine no. of rial to be used to get the

best result. In table 4 and 5 below it shows the total operation
cost based on multiple number of trial and the time taken to
complete each trial. Based on table below, it shows 20 trial
produce best result. Since it produce lou,est cost $584707.20
and mke 10.56 hour to complete. Second lowest is l0 trial
$sszzzs.s: fbllou' by 5 trial $ss2265.27 and lastly I trial
$rtsrzz.sl. Therefore, the number of trial that will be chosen
are 5 to get the best result oftotal cost for both cases since there
are not much difference between l0 and 20 trial and the value
are the beginning of saturated based on tigure 2. Apan fuom
that, time aken to complete trial is acceptable (3.46 hour) since
it much laster than l0 trial (5.65 hour) and 20 trial (10.5.6 hour).
Besides that, for analysis of choose no. of population, also will
be using this chosen number of trial. Figure 2, show the
tabulated result in in-term ofgraph figure-

TABLE4
TOTAL OPERATING COST USING i.EP BASED ON MULTIPLE

TRTAL

a- (l l)

r' = + (12)
,l2m

o mutafion factor of n-th individual
p Gaussian random variable
N(p,o2) with meau, p and variance, o2 which are equal to 0 and

I respectively
p" inifial random variable of each individual of the test

system

0" denotes the n-th individual component of Gaussian
random variable

q strategic parameter for mutation of Parents, Po, which
generated randomly with mutation scale 0<161.

m number of decision variable in an individual.

This new mutated data is so-called as the off-springs. Then,
the otl'-spring will be used to replace the old data to compute
the new cost in the system. [n rhis paper, the mutation process
is used to compute the new cost values.

Iffi

4

Cost ($)No.
of

Triel

Pop.
Size Best Average Worst

Meen
Time

(IIour)
I 61 8327.53 0.50
5 592265.27 594539.65 599346. t3 3.46
l0 587778.83 591617.60 592528.01 5.65
20

4

584705.20 585933-86 586 r 56.64 10.56



{ - best cost -tl-. average cost "'rl"'worst cost

Figure 2 Graph of Cost VS No. ofTrial

2) Determination of no. of population

TABLE 5

TOTAI OPERATING COST USING i-EP BASED ON MULTIPIE,

Table 5 above, shows the tabulated result of total operating
cost using i-EP u"ith multiple populadon size u.ithout
implementarion of SP. At first, 100 population generated to
have a wide range of data. Then, the no of population selected

to be consider tbr the next mutation process were varies tiom
2,4,6, and l0 to search the best no of population to be consider
for entire analysis and the result was tabulated as shown above-
This analysis was run 5 consecutite time. Since it is optimize
based previous analysis-

The purpose of this analysis is to determine which
population to be used to solve UCP. Theoretically, the increase
in population size will make the total cost of production
reduced. Based on result obtain, it is proven that, theoretically
and actual analysis is same as shown in table 5 and Figure 3,

show the tabulated result in in-term ofgraph figure..
From Table 5, show that the toral cost ofproduction in term

of best, worst and average for 5 rial and multiple population
size. For this problem, population I 0 ($587778.83) get the lowest
value compare to other population size. Meanwhile, population
4 ($592265.27) is the middle between population 2 and 10.

Therefore, for this UCP population 4 and l0 was chosen to
solve this problem and compare the result. Besides that the
meantime is for population 4 (5.65hour) and l0 (7.59).

B. Best UC ScheduleJbr i-EP with and w'ithout SP

Table 6 show the UC schedule witiout SP using i-EP and
Table 7 show the UC schedule u,ith SP using i-EP both case

the population size set to 4.
In Table 6, shows the UC schedule using all ten-unit of

thermal generator without using SP. This table contain the data
for l0-unit of generator for 24-hours' time period. In this table
tle '0' to indicate that the generator is in OFF state and others
number than '0' shou,s in ON state.

The total operating cost lbr one day are the summations of
Day Cost added up with total start-up cost. The Day Cost is a
summation of fuel cost fbr each hour, while the start-up cost is
the cost associated with interchange of any state from '0' to
number other than '0'. For example, unit 2 for hour 2 to 3 there
is starhrp cost since it change lrom 0 to 422. For detail equation
on Unit cost and start-up show as shown in Problem
Formulation.

In Table ?, it shows UC schedule using only nine-unit of
thermal generator and one-unit will turn OFF with using SP.

For this case, SP does not have start-up cost and also day
cost since it is from nature. Therefore, it only needs to consider
how long it will be available in the system and tle maximum
generated power so the SP is the prioriry for this case. The total
costs calculation is the same in the case without SP since it has

thermal generation only, but it not run all lO-unit since l-unit
will be OFF.
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No.
of

Trial

Pop.
Size

Cost ($) Mean
Time

(Hour)Best Avcrage Worst

5

, 59930,6.60 609433.19 62105',1 .M 3.33
4 s92265.27 594539,65 599346.1 3 5.65
6 588564.12 592742.12 595339.41 6.49

l0 587778.83 591617.60 592528.01 '1.59
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C. Result of Total Operating Cost

OF COST

In Table 8 it show the tabulated rezult of total operation
cost. From this table, it shows two ditlbrence type of
optimization method which aue standerd EP and improve EP
at the same time this method used two population size, which
is four and ten populations. Besides that the operation cost is
in-term ofbest, worst, and average. To get this cost the system
was nln 10 consecutive times. For improve and standard EP
the increase in population size will get the lowest value for
both 3 cost and the meantrme also will increase. Furthermore,
by implemented SP in the system the total cost reduce
significantly.

In this Table show that the cost firr improves EP method
q"ill reduce u,hen the system implemented SP. For exarnple,
the best cost for population size set to 4 show that before
implemented SP the cost is 5592265.27 and after
implementation of SP the cost is $567127.69 reduction by
4.24%. Also, the best cost for population size set to 10 show
that before implemented SP the cost is $587778.83 and after
implementation of SP the cost is $564996.M reduction by
3.88%.

TABLE 8

TOTAL

TABLE 9

POPULATION SIZE,{ND BETWEEN CASE

Table 9, show the comparison of cost reduction between
Irnprove EP and Standard EP method fbr the same case and
also improvement of implemented by reduction of cost before
and after implemented SP. For comparison botl optimization
method for case I and case 2 at population size set to 4, it show
that the best total operating cost will reduce significantly about
0.53% for case I without SP and about l.l7% for case 2 with
irnplemented SP. The improvement by implemented SP are
0.63%. meanwhile for population size set to 10,it shou,s that
the best total operating cost will reduce significantly about
0.451o tor case I without SP and about 0.92% tbr case 2 with
implemented SP. The improvement by implemented SP are
0.46%.

From Table 8 and Table 9 it show that Improve EP is the
best since the total operating cost is much lower compare to
srandard EP. Furthermore, tle initialization was set to generate
more population and from this it will get the lowest cost
compare to the standard EP that the initialization generated
only 20 populations.

T

,l

Cost ($)No. of
Trial Pop Size Case

Best Average \lorst
Mecn Time

(Eour)
Optimization
Method of EP

615508.04 61.4274.60 3.331 (ui&out SP) 595441.34

612297.16 2.282 (wirh sP) 573825.42 599261.694

reduction (7o) 3.63 2.64 0.32

I (without SP) 590442.s9 609643.1 8 610339.39 7.59

2 (with SP) 5702t6.57 59 1,195.3-l 607338.20 3.l8

Stardard

l0

reduction (7o) 3.43 1.36 0.49

I lwithout SP) 592265.27 594539.65 599346.r3 I l.l8
2 (with SP) 56',tr27.69 578713.50 593792.93 9.084

reduction (%) 4.24 2.66 0.93

I (rr{thout SP) 587778.83 591617.60 592528.01 I 1.37

2 (v/ith sP) 564996.04 570270.04 588229.65 '7.M

5

l0

reduction (7o) 3.88 3.61 0.73

Improve

Cmt (%)

Worct
No. of
Triel Pop Size Cese

Best Average

I (without SP) 0.53 3.4r 2.43

2 (with sP) l.r7 3.43 3.$24

Improvemcnt (7o) 0.63 0.02 0.59

I (without SP) 0.45 2.96 2.92

2 (rith SP) o.92 3.59 3. l5

5

l0
lmprovement (o/o) o.46 0.63 0.23



VI. CONCLUSION

This paper presents Improve Evolutionary Progamming (i-
EP) technique to solving UC problem with Solar Plant attached.
The purposes of this study arB to, to solve the UC problem with
minimum cost while satisffing the load demand, power and
reserve limit, spinning resewe. Also, the performance of i-EP
before installing SP and after the installation also being
compared. Based on result obtain , i-EP is able to solve UC
problem with the cost $587778.83 which is better than the cost
$590442.59 using EP technique. The percentage ofreduction is
0.45% using 10 population size. After, irnplementing SP the
operating cost firtherreduce. For i-EP the cost $564996.M and
for EP the cost 5570216.57 with percentage of reduction is
O.92%. tiom this it show that by implement SP it will improve
the operating cost by 0.46%.

For future development, this i-EP technique can be
integrated u.ith other techniques such as Priority Listing (PL),
Multi Agent (MA), and Particle Swan Optimization (PSO).
Other rhan that this system also can be integrated wi*r other
source of energy such as wind" wave, biomass. Also, by
increasing the population size to a bigger number such as 20,
40, or 100" This futrue development is for preparacion of a

bigger system in the future- This, neu, development will
produce better outcome in term of operating cost.
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