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Optimal Location and Size of Solar Farm on Power System Using Bees

Algorithm with Consideration of Solar Radiation
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Abstract

A solar energy is most popular renewable energy source which can reduce usage of fuel in
thermal generation and impact on environment. The solar energy is a clean and sustainable source.
This paper proposed method of finding optimal locating and sizing of PV solar farm on the power
system with minimize fuel costs by considering solar radiation in each location of solar farm. The
bees algorithm (BA) is used to minimize fuel cost of thermal units by changing location and varying
sizes of solar farm with security constraints of power system and solar radiation. IEEE 30 bus test
system is used to verify the proposed method. The results show that the proposed method found

the optimal position of solar farm with minimum economic cost
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1. INTRODUCTION

Pv solar farm is a system which uses many solar modules to convert sunlight into
electricity. It consists of multiple components, including the photovoltaic modules, mechanical and
electrical connections. Solar power has become popular renewable energy due to reducing of
investment cost The advantage of solar power is very low maintenance and operation. One of the
main advantages of a solar power system is the lack of pollution given off by solar panels when
generating during daytime. Moreover; solar energy system operations do not generate air or water
emissions pollutant and do not produce hazardous waste like coal, oil, or gas .

Integration of solar energy in power system is studied to find utilization of an existing solar
farm. But the result of solar farm in economic benefit with considering solar radiation is not still
developed. The goal of this paper is to find best location and sizing of solar farm in IEEE 30 bus test
system with minimum fuel cost with many real constraints and considering solar radiation of each
location of solar farm. The multiobjective bees algorithm is developed to find minimum fuel cost
when the solar farm varies in its location and sizing on IEEE 30 bus power system. The result show

that the best location and sizing of solar farm with minimum fuel cost in system.

2. PROBLEM FORMULATION
The objective of economic power dispatch with varying location and sizing of solar farm is
to minimize the economic cost function of power system while satisfying various equality and

inequality constrains with considering solar radiation. The total fuel cost can be expressed as

N
f(P):(Zaﬂ +deGd+chGZdJ+dPS (1)
d=1
Where &,h,Gandd are the cost coefficients of the i generator units and Solar farm, and
P5 and Ps are the real power output of the i™ generator units and Solar farm. N and Ngis the

number of generators and solar farm respectively.
The system equality constraints g(x,u) include: Power flow equations are:

Power flow equations are:

NB
R + MRy =Ry, :Vlz,\/l[Gu cosfl, —d,) +B; sin¢l _dj)] ()
j=L
NB
Qs — Qo =V, > V,[G, sind, —d,)— B, cos, ~d,)] 3
j=1

where NB is the number of buses. P, Qg are real and reactive power generated at
the i™ bus. V; andV; are the voltage magnitudes at bus i and j.d,andd;are the
voltage angles at bus i and j.mis Solar radiation utilization factor of solar farm at

bus i.



384
MIATIVINITUALITY UNT.NITUAT RUUNLAY
nMsUszyInMINnTIngdemnalulagasuma AN 5

Power balance constraints: Power balance is an equality constraint. The total power

generation must cover the total demand Pp. Hence,

N Ng
D P +> mPy-P,-R =0 @)
= =

Then, power loss in transmission lines can be calculated as
- 2 ,\y2
Rus = 2 0V +V? =20V, cos(@, —d )] ®
k=1

whereV; and V; are the voltage magnitudes at bus i and j.d;andd;are the voltage angles at

bus i and j.

The system operating constraints h(X,uU) include:
(1) Generation constraints:
For stable operation, generator voltages, real power outputs and reactive power

outputs and reactive power outputs are restricted by the lower and upper limits as follows:

VI <V <VE™ ieN (6)
Pi" <Py <Py™.,ieN (7)
QI"<Qy <Q¥* ,ieN (8)

R R e 9

where Vg and Qg is voltage magnitude and reactive power at bus i of generator
(2) Security constraints:
Theses incorporate the constraints of voltage magnitudes of load buses as well as

transmission line loadings as follows:

V"<V, <V i eNB (10)
S, <Si™ ,ieNL (11)

where § and N, are transmission line loading and the number of transmission lines.

3. BEES ALGORITHM

Bees algorithm (BA) was developed by Pham D.T which was used for optimizing numerical
problems in 2006. The algorithm mimics the food foraging behavior of swarms of honey bees.
Honey bees use several mechanisms such as waggle dance to optimally locate food sources and to
search new one. This makes them one of candidate for developing Meta heuristic search

algorithms. It is a simple, robust and population based stochastic optimization algorithm.
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The colony of artificial bees is divided to two groups of bees namely scout and employed
bees. The responsibility of scout bees is to find a new food source. The responsibility of employed
bees is to determine a food source within the neighborhood of the food source in their memory

and share their information with other bees within the hive.

3.1 COMPUTATION FLOW
The population has ngscout bees and each bee is an m-dimensional vector, where m is
the number of optimized parameters. The computation flow of the proposed BA technique is

briefly stated and defined as follows:

Step 1: set P= [PG2 s P s PS]T is control vector bees.

Generate randomly the initial populations of P scout bees as following equation.

P=I +rand(0)x(u-1) ,i=1..n, (12)

where Uand | are upper and lower bound of control vector. These initial populations

must be feasible candidate solutions that satisfy the constraints. Set NC =0.

Step 2: Evaluate the fuel cost fitness value of the initial populations by using Newton power flow.
Step 3: Separate the m best solutions to two groups, the first group are e best solutions by using
random selection and another group is other selected m- e solutions.

Step 4: Determine the size of neighborhood search of each best solutions (ngh).

Step 5: Generate neighborhood solution (B, ) around the selected solutions within neighborhood

size as following equations. For best solutions and

P P, +rand01 xnghx(u —I) (13)

nghe =

For other selected solutions.

P

ngh,m-e

=P, .+rand(0)xnghx(u —1I) (14)

Step 6: Evaluate the fuel cost fitness value of the generated solution by using Newton power flow
and then select best solution.

Step 7: Check the stopping criterion. If satisfied, terminate the search, else NC = NC +1.

Step 8: Assign the n—m population to generate new solutions and add it with last best solution.
Go to Step 2.
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Figure.1: solar farm with inverter connect to bus of power system through power transformer

3.2 Solar farm
Solar farm consist of a large number of solar panel connected to bus of power system
through power transformer. Solar farm uses inverter for converting dc power to 3 phase ac power

into power system. Solar farm is shown in Fig.1

3.3 IMPLEMENTATION AND DATA OF SYSTEM

The parameter of BA can be set as follow. The population of bees is set to be 20. The
number of selected sites and elite site is 3 and 1 respectively. Patch size is 0.1. Number of bees
around elite site and Number of bees around other selected sites is 8 and 1 respectively. Maximum
iteration = 100.The BA technique was tested on IEEE 30-bus 6-generator test system. The detail
data and cost coefficient are given in. The BA is computed by Intel core i5 2.0 GHz processor 2 GB
ram under MatLab program. The BA is tested to 30 runs to obtain best solution.  The utilization

factors depend on magnitude of solar radiation at each bus.

Table I. Solar radiation Utilization factor of bus location

Solar Radiation (MJ/mz/day) Bus Number Utilization Factor
11 1,2,7,8,9,12, 14,15,18,19, 26, 28, ,30 0.7333
12 3,4,5,6,10,11 0.8
13 13,16,17,21,22,27 0.8667
14 20, 24 0.9333
15 23,25,29 1.0

3.4 RESULT AND DISCUSSION

Case 1: best fuel cost of power system without solar farm
Fuel cost is optimized to find the best solution by using BA Algorithm when solar farm is
not penetrated into power system network. In order to confidence the accuracy of the result, the

best solution in this case will be calculated by using Newton power flow of reference in IEEE 30
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bus. Its result is shown in Table Il. At the iteration of 10, the fuel cost of thermal generators is

reduced to 802.38 $/h. This show that solar farm can supply some electric power replacing electric

power from thermal generation

Case 2: best fuel cost of power system with solar farm penetration

Solar farm is penetrated into IEEE 30 bus test system. Its result can be shown in Table Il

and Fig 2. Table Il shows the convergence graph of fuel cost when solar farm is penetrated into

IEEE 30 bus systems. At the iteration of 60, the fuel cost of thermal generators is reduced to 474.13

$/h. This show that solar farm can supply some electric power replacing electric power from

thermal generation

Table II. Results of best solution of the proposed approach without solar farm

Unit (MW) Best solution Convergence graph of fuel cost without solar farm
Pc1 176.5317 Convergence graph of fuel cost without solar farm
Pes 48908 i A A A A
Pes 215192 | S
I I I I I I I I I
Pes 21.8355 e
Pes 12.1108 I I L I I I I I
805-5""'I___'I___'l___T___T___'I'___I'___I'_—_I'__"'
Pcs 12.0035 | | I I ! ! ! I I
Total of thermal units = 805 R e R ST R R PP
292.9055 3 1 1 1 1 1 1 1 1 1
- I I I I I I I I I
(MW) §804.5 4-=-=—-q4-—-—-4-—-—-t—-—-—-ft-—-—-t-—--—t-—--F-—-—-F - — —f
Transmission loss 9.505 T | | | | | | | | |
= 804 B I I I i I S il I
I I I I I I I I I
I I I I I I I I I
803.5 I B B e it e e e
I I I I I I I I I
I I I I I I I I I
803 e L . T T T Iy E e
I I I I I I I I I
Fuel Cost($/h) 802.38 =\: S S S S S S R A
I

802

I I ] I I I I I

-
o

20 30 40 50 60 70 80 90
iteration

100
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Table lIl. Results of best solution of the proposed approach with solar farm on IEEE 30 bus test system

Unit (MW) Best solution Convergence graph of fuel cost with solar farm
Pai 106.282 Convergence graph of fuel cost
Pz 32881 N
Pes 13,070 ] e LR bt R EEEE SRRt R
Pes 13.864 ] P U S S U
I I I I I I I I I
Pes 10.021 ] e g S
P 12047 IO R A S S S SO A
Total of thermal units < |
188.167 B ook |-ttt 11l __v__ |
(MW) § :
Transmission loss 4.739 % 520 ey
Fuel Cost($/h) 474.143 “ 510 H—
I
Solar farm 500 E——
. I
Location (Bus) 5 490 -
I
480 | R e R At Mt Skt ety
Size (MW) 99.971 g+
10 20 30 40 50 60 70 80 90 100
iteration

Table Il shows the power generation and solar farm position optimized by the BA

technique. The result in this case has cost lower than previous case. Solar farm penetrated into IEEE

30 bus test system can reduce fuel cost as 328.23 $/hr and transmission loss as 4.766 MW

respectively

Figure.2: Location of solar farm in IEEE 30 bus tests system
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4. CONCLUSION

BA algorithm has been proposed to find best location and sizing of solar farm on power
system topology with minimum economic with considering solar radiation at location of solar farm.
Solar farm is formulated as active power source to inject real electric power into power system
network during daytime. The bees algorithm is used to search the optimum sizing and location of
solar farm in power system. Then, the power from solar farm replaces some power from thermal
generator in optimum location of solar farm by using the bees algorithm. Consequently, the solar
farm can reduce usage of thermal generator in generating electric power for power system and fuel
cost is reduced. The simulation result demonstrates that solar farm in optimum sizing and location
can reduce fuel cost of generations with many real constrains of power system. In addition, the
result indicated that proposed BA has effectiveness to search optimum point of solar farm on
power system network with minimum fuel cost from thermal generator. Moreover, it will reduce

emission from thermal generator.

5. REFERENCES

P.Phonrattanasak, M. Masafumi; O.Sakamoto, "Optimal location and sizing of solar farm on Japan
east power system using multiobjective Bees algorithm," Energytech, 2013 IEEE , vol., no.,
pp.1,6, 21-23 May 2013

M.A.Riyami, F.A Khalasi,.A.A.Hinai, M.A.Shuraigi, M.Bouzguenda, "Power losses reduction using solar
photovoltaic generation in the rural grid of Hij-Oman," Energy Conference and Exhibition
(EnergyCon), 2010 IEEE International , vol., no., pp.553,557, 18-22 Dec. 2010

T. Key, J.Smith "Enabling Integration of Distributed Renewables” presented at Taiwan Power
Company, Taipei, Taiwan, July 21-22, 2010.

D.T. Pham, A. Ghanbarzadeh, E. Ko, S. Otri, S. Rahim, M. Zaidi, D.T. Pham, E.E. Eldukhri, A.J. Soroka,
“The bees algorithm -- A novel tool for complex optimisation problems,” Intelligent
Production Machines and Systems Oxford: Elsevier Science Ltd. (2006) 454-459.

Y, Zhou, J.A.Ferreira, P, Bauer, "Grid-connected and islanded operation of a hybrid power system,"
Power Engineering Society Conference and Exposition in Africa, 2007.PowerAfrica '07.IEEE ,
vol,, no., pp.1,6, 16-20 July 2007

O. Alsac,;B.Stott , "Optimal load flow with steady-state security," Power Apparatus and Systems, IEEE
Transactions on , vol.PAS-93, no.3, pp.745,751, May 1974

S.Chakrabarti, E.,Kyriakides, "Optimal placement of phasor measurement units for power system
observability," Power Systems, IEEE Transactions on , vol.23, no.3, pp.1433,1440, Aug. 2008



	ปกหน้า_สารอธิการ_รายชื่อผู้ทรงคุณวุฒิ_สารบัญ (สาขาวิศวกรรมศาสตร์).pdf
	20140507 บทความ สาขาวิศวกรรมศาสตร์.pdf
	
	
	

	ปกหลัง (สาขาวิศวกรรมศาสตร์).pdf
	ปกหน้า_สารอธิการ_รายชื่อผู้ทรงคุณวุฒิ_สารบัญ (สาขาวิศวกรรมศาสตร์).pdf
	20140507 บทความ สาขาวิศวกรรมศาสตร์.pdf
	
	
	

	ปกหลัง (สาขาวิศวกรรมศาสตร์).pdf
	ปกหน้า_สารอธิการ_รายชื่อผู้ทรงคุณวุฒิ_สารบัญ (สาขาวิศวกรรมศาสตร์).pdf
	20140507 บทความ สาขาวิศวกรรมศาสตร์.pdf
	
	
	

	ปกหลัง (สาขาวิศวกรรมศาสตร์).pdf
	ปกหน้า_สารอธิการ_รายชื่อผู้ทรงคุณวุฒิ_สารบัญ (สาขาวิศวกรรมศาสตร์).pdf
	20140507 บทความ สาขาวิศวกรรมศาสตร์.pdf
	
	
	

	ปกหลัง (สาขาวิศวกรรมศาสตร์).pdf
	ปกหน้า_สารอธิการ_รายชื่อผู้ทรงคุณวุฒิ_สารบัญ (สาขาวิศวกรรมศาสตร์).pdf
	20140507 บทความ สาขาวิศวกรรมศาสตร์.pdf
	
	
	

	ปกหลัง (สาขาวิศวกรรมศาสตร์).pdf
	ปกหน้า_สารอธิการ_รายชื่อผู้ทรงคุณวุฒิ_สารบัญ (สาขาวิศวกรรมศาสตร์).pdf
	20140507 บทความ สาขาวิศวกรรมศาสตร์.pdf
	
	
	

	ปกหลัง (สาขาวิศวกรรมศาสตร์).pdf
	ปกหน้า_สารอธิการ_รายชื่อผู้ทรงคุณวุฒิ_สารบัญ (สาขาวิศวกรรมศาสตร์).pdf
	20140507 บทความ สาขาวิศวกรรมศาสตร์.pdf
	
	
	

	ปกหลัง (สาขาวิศวกรรมศาสตร์).pdf

