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Abstract: The wind turbine location is fundamentalpower flow) including both active and reactive powe
to its performance, but there are other factorstthalispatches. It is based on combining the Genetic
should be taken into account when deciding the besigorithm (GA) to obtain a near global solutiondan
position for a wind turbine. This paper gives tlest the package of Matlab m-files for solving powewnilo
wind turbine location according to its influence orand optimal power flow problems (Matpower) to
the optimization of the economic dispatch problam; determine the optimal global solution. This method
genetic algorithm (GA) program is developed taovas tested on the modified IEEE 57 bus test system.
solve this problem and the results are verified byhe results obtained by this method are compared
interior point (IP) method then a moneys profitsvith those obtained with GA or Matpower separately
comparison between obtained results in differef8], other proposition to new methodology for
buses is done and a new condition is proposed $olving dynamic economic dispatch. Comparing with
choose the wind turbine location. other evolutionary methods like genetic algorithm,
particle swarm optimization has been provided for
Key words: Economic dispatch, genetic algorithm,10-generator system with non-smooth fuel cost

interior point, wind turbine location. functions to illustrate the suitability and effeethess
of the proposed method [4], a proposition to a gene
1. Introduction algorithm hybrid method based approach to optimal

In all engineering works, the question of costfis doad dispatch problem. The load flow in electric
first importance. In most case the cost decidemtwork is used to minimize line losses, and,
whether a certain project will be carried or notherefore the cost function of electric power
although political and other considerations magroduction [5]. Dynamic economic dispatch problem
intervene sometimes. The electrical power supierin power system considering valve-point effects of
required to supply power to a large number dajenerators is a non-smooth, non-convex and multi-
consumers to meet their requirement. Whildimensional constrained optimization problem [6], i
designing electrical power generating station arfd] a novel consensus based algorithm is propased t
other systems efforts are made to achieve overatlve the economic dispatch problem EDP in a
economy so that the per unit cost of generatirigas distributed fashion, a multi-objective model foreth
lowest possible [1]. This problem named th&€HPED (combined heat and power economic
economic dispatch problem. dispatch) problem is developed in [8] to converdion

In the literature dedicated to the optimization oénergy stations, where the competing fuel cost and
cost objective function, many researchers proposedvironmental impact objectives are simultaneously
different solutions [2]; a proposition to methodpfo optimized. Others researches are made to study the
(GA-Matpower-OPF) that solves OPF (optimakbconomic dispatch problem in the case where



integrate the wind penetration in the transmissiczonsideration of the power industry as well as
network, they modify then the fithess function oélf mathematical considerations [13].

cost; the work presented in [9] introduces a new -

method for generating correlated wind power values | P; = ZlVillel(Gik cosby, + By sinb;;) (1

and explains how to apply the method When! j

evaluating Economic Dispatch. A case study is

provided to analyze whether considering correlation LQi = ZIViIIVkI(Gik sindyy, — By cos6y ) @)

in the problem has any influence or not. The k=1

Influence of Wind Power Penetration on thé&/i, Vk, are the voltages in the i-th and k-th bus
Economic Dispatch (IWPPED) consists infeéspectively, the Gik are called conductances, and
distributing the active productions between the ow Bik are called susceptanceik is the argument.
stations of the most economic way, to reduce the

emissions of the polluting gases and to maintaén tf2-2. Economic dispatch problem

stability of the network after penetration of wind The optimal power flow OPF problem is to
energy under constraints bound to the machinggnimize the objective function, fuel cost, while
active productions, to the energizing balance [103atisfying several equality and inequality constisi
The penetration of wind power into traditional fue[14].

based generation systems will also cause some Fi(P;) = a;P} + b;P; +¢; 3)
implications such as security concerns due to its o )
unpredictable nature. Thus, in economic power Th_e minimization of_the total_ function c_ost of
dispatch with power penetration, a reasonabﬁJeC”'_C energy production consists of solving the
tradeoff between system risk and operational st Pllowing equation:

desired, a bi-objective economic dispatch problem '

considering wind penetration is formulated, which min F = 2 F;(Py) (4)

treats economic and security impacts as conflicting i=1

objectives. A modified multi-objective particle
swarm optimization (MOPSO) algorithm is adopte

i=1
n

d Wherea;, by andc; are the cost coefficients of the

to develop a power dispatch scheme which is able'f{p generator and n is the number of generators

achieve the compromise between economic afdMmitted to the operating system.is the power

security requirements. The numerical simulationgUtPut of the i-th generator. The economic dispatch

including sensitivity analysis are carried out lthen ProPIem is subjects to the following constrainiS|1
a typical IEEE test power system to show the wglidi Fimin < Pi < Pimax ~ fori=1....ng (5)
and applicability of the proposed approach [11]. In  ng

this paper, a wind power is injected in different ZP-—D—L -0 6)
distribution networks which are connected to the ‘

studied power system; at each time the cost of
optimal power flow OPF is obtained and the profit ng

money is calculated; all obtained money profits afgpere I = z B;P? (7)
compared and discussed to demonstrate the influence =

of wind turbine location in the optimization of the

economic dispatch problem. A genetic algorithm Where D is the load demand and L represents the
program is developed and applied on two differetitansmission losses. B represents coefficients of
typical IEEE networks to calculate the results. Th#ansmission losse®m, and Py, are the minimum
obtained results are validated by the interior poi@nd maximum generation output of  the i-th
method; this validation was done by the lineagenerator.

i=1

programming LP method in [12]. The distribution networks are considered for the
grid system as loads, when the wind power is

2. Problem formulation injected in a distribution network (i.e. in a bus o
transmission network), the load will decrease doed t

2.1.Power Flow Equations objective function remains and don’t change g9,n

The power flow problem may be stated with som&0, 11].
precisions. The formulation is based on operational



2.3.Genetic algorithm Therefore GA can deal with the non-smooth, non
The use of genetic algorithms for problem solvingontinuous and non-differentiable functions which

is not new. GA, invented by Holland [16] in thelgar are actually existed in a practical optimization

1970s, is a stochastic global search method thaioblem.

mimics the metaphor of natural biological evaluatio » GA use probabilistic transition rules, not

Since then, the output of research work in thiklfie deterministic rule.

has grown exponentially although the contributions

have been, and are largely initiated, from acadenBic Characteristics

institutions world-wide. In this work two IEEE typical networks are
considered, 14-bus and 30-bus, the first is with 5
o generators 20 lines; and the second is with 6
generators and 41 lines. The fuel coefficients eslu
and power limits are given in tables 1 and 2.
Input variable ranc Table 1
* The fuel coefficient values and power limits Of EER4-
Bus Network
Generate initial populatic bus a b ¢ Pmin Pmax
¢ 1 0.0430293 20 0 0 332.4
. o 2 0.25 20 0 0 140
Evaluation of individual 3 001 40 0 0 100
6 0.01 40 0 0 100
8 0.01 40 0 0 100
Stopping
criteria Table 2

The fuel coefficient values and power limits Of EEBO-
Bus Network

Create new generation Q bus a b ¢ _Pmin _Pmax
Stop 1 0.00375 2 0 50 200
¢ 2 0.0175 1.75 0 20 80
: — 5 00625 1 0 15 50
Evaluation o new: individuals 8 0.0083 325 0 10 35
* 11 0.025 3 0 10 30
Sort new and old generation 13 0.025 3 0 12 40

Select half best individuals

The wind turbine used in this work is of 2.7MW.

|
Fig. 1. Outline of GA for optimization problems.

4. Simulation Results

GA operates on a population of candidate A genetic algorithm program is developed to
solutions encoded to finite bit string calleccalculate the economic dispatch ED problem and the
chromosome. In order to obtain optimality, eacRrofit money obtained before wind power injection.
chromosome exchanges information by usingl results are validated by IP method. To chose th
operators borrowed from natural genetic to produggest location of wind turbine according its infleen
the better solution. Figure 1 shows outline of @A f on the economic dispatch problem, it is considered
optimization problems. The GA differs from otherhat weather and geographical constraints are ifone
optimization and search procedures in four waysll buses and the integration of a wind power is
[17]: possible.

» GA work with a coding of the parameter set,
not the parameters themselves. Therefore GA can_ For |EEE 14-bus

easily handle the integer or discrete variables. The best values of the fitness function obtained
~» GA search from a population of points, not dor IEEE-14 bus are obtained with the following
single point. Therefore GA can provide globallyyarameters: generation=100, population size= 90,

optimal solutions. crossover= 0.75 and mutation= 0.07 [18].
» GA use only objective function information,

not derivatives or other auxiliary knowledge.



At all times when the ED problem is calculatedpetween those of 14 different places. The money
the equality (equation 6) and inequality (equa®dn profits are calculated by GA method and they
constraints are checked. The fig.3 shows that tleenfirmed by IP method, the results calculated by
powers generated (Pg) by the power stations tose different methods are closed and the small
calculate the best value of ED problem are in thdifferences between them because the mode of
interval specified by the maximum (Pmax) andalculation for each method.
minimum (Pmin) power constraints. The obtained
optimal cost value is then acceptable. Table 3

«10° Best 7986.6703 Mean: 8028.0514 Cost and the money profit before wind penetration i
134 different buses of ieee 14-bus network
e Best fitness
12l ®  Mean fitness a'l;tf;er \c;v?:; Money  Confirmation
bus Type penetration profit by IP method
< 11l ($/h) ($/h) ($/n)
&
‘g 1 Slack 7986,6703 98.7354 98.7171
T‘; 1, 2 PV 7981,8934 103.4705 103.5277
£ 6 PQ 7979,0054 106.3585 107.3334
g 0.9}° 5 PQ 7978,9139 106.4500 107.6043
. 12 PQ 7978,0519 107.3120 109.1565
0.6 e et sateontattmeintotDadent et 7 PQ  7976,9189 108.6450  108.7316
4 PQ 7976,8565 108.5074 108.8202
9 PQ 7976,4175 108.9464 108.8695
7q 20 20 60 80 w0 11 PV 7976,3507 109.0132  108.7839
== Generation 8 PQ 7976,2064  109.1575  108.3901
Fig. 2. Best value of the fithess function for IEEE- 3 PV 7975,9613  109.4026 109.517
Bus by GA method. 10 PV 7975,4976 109.8663 109.4947
13 PQ 7975,3568 110.0071 110.3505
14 PQ 7973,5283 111.8356 111.9412
P(MWESO
300 \\ Table 4
250 \ The line parameters of IEEE 14-bus network
200 T \. Bus bus G 1/X y
150 —4—Pmax
— . from to pu pu pu
100 * ¢ ¢~ Fmin 1 2 51,5996 16,9005 54,3133
>0 - —Pe 1 5 18,5082 4,4835 19,0552
0 '_BU'Sl ' BU'SZ | BU'S3 e B;s? 2 3 21,2811 50513 21,8825
Fig. 3. The state of the generated powers obtdiyed g g gégg; g%ﬁ 121238
GA compared to the constraints for a network oBLi&: 3 4 14:9231 5:8469 16:0324
. . . 4 5 74,9064 23,7473 78,5805
The wind power has been injected from the first 4 7 0,0000 47819  4.7819
bus until the 14th respectively. At each time the 4 9 0,0000 1,7980  1,7980
calculated money profit is confirmed by the IP 5 6 0,0000 3,9679 3,9679
method. The table 3 summarizes the results (listed) 6 11 10,5285 5,0277 11,6674
and gives the type of each bus. The results aesllis 6 12 8,1360  3,9092  9,0264
from the less to the up value of money profits in 6 13 15,1172 7,6764 16,9545
order to determine the constraints that affect the 7 8 00000 56770  5,6770
money profit. 7 9 00000 9,0901  9,0901
According to the results of the table 3, it is g 12 371é4637627 131(’589%453 %%Z%g“
checked that _the money profl'g yalge is positive 10 11 121877 52064 13,2532
whatever the site of wind power injection is. Spgo 12 13 45265 50030 6.7468
always have a money profit in fuel cost when the 13 14 5:8503 2:8734 6:5179

wind power is injected, but what are the constgint
to choose the best location of this wind turbine



The money profit values in different buses are not Each time when the best value of the fitness
equal (Table3), and they vary from a value of 13.14unction is obtained, the equality and inequality
($/h), this variation value is important; it is mesary constraint are checked and the power generated from
than to determine the network parameters influentiee different stations are in the intervals limitey

on the optimal power flow cost. the maximum and minimum power constraints of
The table 4 gives the line parameters of IEEE 14hose stations.
bus. The wind power has been injected from the first

The best profit money is obtained in the 14th busus to the 3D respectively. At each time the money
(table 3), and it is observed in table IV that thiss is  profit is calculated, it is validated by the 1P med.
connected with the 9th and the 13th buses. Thde table 5 summarizes the results (listed from the
conductance and admittance of lines connectecketo fless to the up value of money profits) and gives th
14th bus are less than other conductance atypbe of each bus.
admittance of lines connected to other buses; this According to the results of the table 5, it is
note is true just with load buses PQ but not witbhecked that the money profit value is positive
control PV and slack buses. whatever the site of wind power injection is. S@ on

According to the power flow equations (1 & 2), italways have a money profit in fuel cost, but wirat a
is noted that the active and reactive powers atlee constraints to choose the best location of this
according to the admittance lines, when theind turbine between those of 30 different places
admittance line increases the load power increasascording to the optimal economic dispatch.
too. Now, according to the economic dispatch Similar than the money profit obtained in IEEE
equation (3) and the equality constraint (5), & thl4-bus, the obtained money profit values in diffiere
load power increases, the generated power increabeses of IEEE 30-bus are not equal, and the

and the cost of fuel increases too. difference between the maximum and the minimum
Similarly, if the admittance lines decrease thd comoney profit is 3.9848($/h).
of fuel decreases The table 6 gives the line parameters of IEEE 30-
bus.
4.2.For |EEE 30-bus The best money profit is obtained in thé"31us,

The best values of the fitness function obtaineghich is connected with the ®7and the 28 buses
for IEEE-30 bus are the one obtained with th¢Table 6), where the conductance and the admittance
following parameters: the generation= 100ines connecting them are less than other connextio
population size= 90, crossover= 0.75 and mutationr one bus. This comment is just for load buB€s

0.08 [18]. but not with controPV and slack buses.
Table 5.
Best: 792.8913 Mean: 795.0127 The Cost And The Money Profit Before Wind Penetrati
8309 In Deferent Buses Of IEEE 30-Bus Network
. Best fitness
8251 ° [eanfiness Thecost  profit  confirmation
azol Bus Type afterwind money by IP method
s penetration  ($/h) ($/h)
€ 815, ($/h)
2 ¢ 20 PQ 795,5665 6,28 9,9038
= %0 1 REF 7928913 89481 8,9709
£ a5l . 2 PV 7925346  9,3119 9,3099
8— . 3 PQ 792,3444 9,5021 9,4933
800} . ¢« e * 13 PV 792,2852  9,5613 9,5743
o o .'- * R 12 PQ 792,2791 9,5674 9,5959
7958 WA N0 e AN Py Wi Radodl 4 PQ 792,238 9,6085 9,6349
260 | | | | ) 16 PQ  792,1632  9,6833 9,7214
R 40 60 80 100 6 PQ 792,1467 9,6998 9,7157
Generation 11 PV 792,1444 9,7021 9,6841
Fig. 4. The state of the generated powers obtaiye@A 10 PQ 792,1352 9,7113 9,7102
compared to the constraints for a network of 14:Bus 9 PQ 792,1346 9,7119 9,7061
8 PV 792,1319 9,7146 9,7067

14 PQ 792,1035 9,743 9,7445



28 PQ 792,0946 9,7519 9,8168 12 16 10,5820 5,0327 11,7178

17 PQ 792,0584 9,7881 9,7621 14 15 4,5249 5,0075 6,7491
27 PQ 792,0149 9,8316 10,2132 16 17 12,1359 5,2002 13,2031
22 PQ 791,981 9,8655 9,8436 15 18 9,3197 45767 10,3828
21 PQ 791,9758 9,8707 9,8519 18 19 15,6495 7,7399 17,4589
15 PQ 791,9722 9,8743 9,837 19 20 29,4118 14,7059 32,8834
7 PQ 791,9571 9,8894 9,8626 10 20 10,6838 4,7847 11,7062
5 PV 791,9321 9,9144 9,8687 10 17 30,8642 11,8343 33,0553
18 PQ 791,9304 9,9161 9,9353 10 21 28,7356 13,3511 31,6858
23 PQ 791,8919 9,9546 9,9313 10 22 13,7552 6,6711 15,2875
25 PQ 791,8757 9,9708 19,834 21 22 86,2069 42,3729 96,0577
19 PQ 773,7215 9,9942 9,9622 15 23 10,0000 4,9505 11,1583
24 PQ 791,8327 10,0138 9,9816 22 24 8,6957 5,5866 10,3356
29 PQ 791,7576 10,0889 10.038 23 24 7,5758 3,7037 8,4326
26 PQ 791,7259 10,1206 9,9311 24 25 5,3050 3,0377 6,1132
30 PQ 791,5817 10.2648 10,2042 25 26 3,9308 2,6316 4,7304
25 27 9,1491 4,7916 10,3279

When a wind power is injected to the power 28 27 1/0,00 2,5253 2,5253
system the power generated by the thermal stationsg gg ‘3"?328 igg;g géggi
and the fuel demanded in those thermal stations 30 41684 52060 47162

decrease, because a part of the power generated b o8 157233 5 0000 16.4991
the thermal stations is compensated by this wind g 28 59:1716 1é,6945 61:4816
turbine injected, then the fuel cost decreases too.

According to the power flow equations, it is noted  ~,~sion

that the active and reactive powers are according U The choice of a wind turbine location according to

the admittance lines, when the admittance lings jnfluence on the optimization of the economic

increases the load power increases 100. NOWhaich was presented in this paper, a wind tarbin
according to the economic dispatch equation and t s chosen and connected to different buses of two

equality constraint, if the load power increasé® t yiterent IEEE networks. This wind turbine was

generated power increases and the cost of fyghyeq from a bus to another and at each time the

increases too. _ _ money profit was calculated. The best locatiorhf t
Similarly, if the admittance lines decrease the CO8inqd ~ turbine was determined and discussed
of fuel decreases.

according to the best money profit value. A genetic

Table 6. .

The line parameters Of IEEE 30-Bus Network algprlthm program was developed to calculate Fhe
B e S X optimal economic dispatch before and after the wind
from to 0.u o.U pyu power penetration and the results were checked by

1 > = 6833 17 '3913 54'9102 the interior point method. Finlay this paper prams
1 3 22’1239 5 ég% 22’7733 to add the influence of wind turbine location oe th
> 4 17 5439 57571 184643 Optimization of the economic dispatch problem, with
3 4 75,7576 26,3852 80,2209 constraints, in the choice of the best wind power
2 5 21,1864 50429 21,7783 location.
2 6 17,2117 5,6721 18,1223
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