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ABSTRACT

Equipping renewable energy resources generation units in the distribution network to reduce economical
and emission concerns are the examples of active distribution network(ADN). The other advantages of
utilizing distributed generators (DGs) are improving technical constraints of ADN. In this paper multi-
benefit functions are defined as main functions. Each of functions illustrates the positive impacts of
utilizing wind turbines in the improving technical constraints of the ADN. Voltage stability (VS) is one
of the main technical indices of the ADN. Several VSIs are defined to evaluate voltage stability of the
ADN. The previous indices could not give the proper results about allocating DGs and accurate
evaluating of voltage stability of ADN. This work proposes the new VSI. To this aim active power loss
(APL), reactive power loss (RPL) and voltage stability index (VSI) are considered as technical
constraints. In order to evaluate the presence of WT on improving APL and RPL, WTs are considered
in two operational modes; unified power factor (UPF) and (APF). The main benefit function is solved
by implementing genetic algorithm (GA). Multiplying weights to the APL, RPL and VSI (which are
improved by attendance WTSs) in benefit function formulation, make the multi-criteria decision formation
to the proposed optimization problem. By employing analytical hierarchy process (AHP) technique and
considering each technical constraints as main criteria, the obtained solutions are arranged. To verify the
positive effectiveness of the proposed VSlI, its results are compared with the results of other VSIs in the
33,67 and 118 bus |IEEE radial DN.
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NOMENCLATURE
Index Pi Active power of branch I (kW)
t Time in second Qi Reactive power of branch I (kVar)
i The counter for the number of WT units Intr Interest rate (%)
Parametrs Kagv a
T Planning horizontal (year) DLF,,  Demand level factor
p Price of purchasing/selling of power ($) Kpv Voltage sensitivity coefficient in reactive power
Veut-in The lower bound operational velocity of WT (m/s) Kav Voltage sensitivity coefficient in active power
Vcut-out  The upper bound operational velocity of WT (m/s) Function
Vrated Nominal velocity of WT (m/s) VPI Voltage profile index
T Planning horizon (hour) RPLI Reactive power loss index
PrwT Rated power o WT (kW) VSI Voltage stability index
ICWT The total capital cost of WT APL Active power loss
OCWT The total operational cost of WT DNO Distribution Network Optimization
Lp Purchased power from an upstream network DSM1 Benefits of DNO'When active power loss considered main
technical constraint
LS Sold power from upstream network DSM2 r?wi?ﬁ?éir?;iga?(%x?f;ricuve voltage stability considered
Wi cumntorwt
Infr Inflation rate (%) DSM4 Benefits of DNO when active voltage profile considered

main technical constraint

1. INTRODUCTION

Due to the lack of fossil fuels and their environmental
issues, such as global warming and pollution, energy
administrators think of using alternative cheap, available,
and clean energy resources. The wind is one of the clean
and available resources. By integrating wind turbines
(WT), the necessity to install a new central (fossil fuel)
power plants is diminished. WT operates in both grid-
connected and isolated conditions. Recently equipping
distribution networks with WT to improve system
technical constraints is the main aim of researchers. The
role of WT in improving several technical constraints of
distribution network (DN), such as: reliability, voltage
stability, active and reactive power loss reduction, are
considered in the recent kind of literature. By connecting
DGs in the proper buses of DN, besides improving the
voltage profile of buses, total active and reactive losses
are reduced (1). Optimal integration of distributed
generators (DGs), improved the voltage stability of buses
(2). Mobashsher et al. (3), introduced an optimal voltage
control (OVC) framework for islanded microgrids (MGs)
as a unified hierarchical control scheme. Investing in
private enterprises in the energy section by installing
WTs in the DN was studied by Tooryan et al. (4). Energy
not supplied with considering reliability indices in the
planning horizon is the primary function as introduced by
Yousefipour et al. (5). Integrating WTs and energy
storage systems (ESS) to optimal managing of generation
and demand by considering WT probabilistic behavior
was studied by Wang et al. (6). EImaadawy et al. (7)
studied impacts of utilizing WT on improving voltage
stability and reducing active power loss in the 13 and 69

buses, IEEE system. Non-optimal power flow could be
caused by the voltage drops and blackouts due to voltage
instability of DN (8). An economic dispatch of
generation units to calculate the cost of DG installation
and system technical constraints is called power flow (9).
The destructive effects of installing WT in the DN are;
voltage rise and fluctuation stability and increasing short
circuit capacity level (10). Presenting the voltage stability
index to optimal siting and sizing of DGs are the main
aims of the recent kind of literature (11). Azad et al. (12)
proposed both of VSI and APLI as primary function of
planning problem. Mirjalili et al. (13) also proposed the
new indices to improve voltage stability margin (VSM)
for both of active and reactive power at the weakest bus
after installing WTs. The output power of wind turbines
has been injected into the 30 bus system in the South
Sulawesi network in order to improve the stability of the
network voltage (14). The multi objective performance
index (MOPI) is introduced to optimal siting and sizing
of DG in the DN. By implementing weighted coefficient,
many technical constraints are combined and solved
under various operating circumstance (15). Nafeh et al.
(16) studied changing parking lot (PL) to the intelligent
parking lot (IPL)with installing WT. Onlam et al. (17)
obtained the best allocation buses of WTs, the power
stability index (PSI) which was proposed with
considering 2-bus system with less than the unity margin
for a voltage stable operation. Voltage deviation index
(VDI) is presented as an absolute value of bus voltage
deviation than the unity margin (18). To estimate voltage
drop in a power system, voltage collapse prediction index
(VCPI) is defined based on the system variables such as
the bus voltage magnitude, buses voltage angle, and
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admittance matrix of system (19). Hassani et al. (20)
introduced the new system sensitivity analyze index
(SAI) to measure active and reactive power in the weak
buses. To identify the weak bus of radial DN, the bus
participation factor (BPF) was proposed byn Guerrero et
al. (21). Sundarajoo and Soomro (22) proposed an
optimal method of load shedding under voltage (UVLS)
to optimally predict the amount of shed load and the best
place for load shedding. In this work, the stability index
(SI) and feed forward back propagation neural network
(FFBPNN) are adopted to prevent voltage collapse and
blackout by reducing voltage instability following the
addition of load in the distribution system. However, in
this simulation, the old voltage stability index is still
used. Variations in the power factor of different loads as
well as the presence of distributed generation have not
been investigated in it. Sadeghi and Akbari Foroud(23)
considered line length effects on the voltage stability by
introducing the new VSI. This index could asses the
voltage stability of transmission and distribution network
seperately and together. Effects of tapchenger and
distributed generators on voltage stability of distribution
network is analyzed by presenting the new VSI (24).

As it is reviewed from the last literatures, due to
importance of technical constraints, authors considered
several technical criteria in works. There are different
VSlIs which were introduced. The presented VSI in the
latest researches includes the voltage deviation from the
1 p.u. Therefore, these indices could not give the proper
results about allocating DGs and accurate evaluating of
voltage stability of DN. In this paper impacts of
considering WT in both modes: unity power factor (PF)
and adjusted PF on improving technical constraints as:
voltage stability (VS), voltage profile and technical
constraints such as reactive power loss and active power
loss was studied. Figure 1 depicts the concept of main
aims of this paper .

The main contributions of this paper are listed as follows:
e Introducing the new voltage stability index
e Optimal siting and sizing of DGs in unified and
adjustable power factor
e Applying Analytical Hierarchy Process (AHP) to
solve multi-ceria decision problem
e Considering several kinds of loads (residential,
industrial and commercial)
The other parts of paper are organized as follows:

In the section 2, problem definition and optimization
algorithm has been discussed in details. In section 3, all
of obtained results in the different scenarios have been
demonstrated. Discussion and conclusion are described
respectively in sections 4 and 5.
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Figure 1. Optimal siting and sizing of DGs

2. PROBLEM DEFINITION

In this paper impacts of optimal siting and sizing of DGs
on improving voltage stability, active power loss, line
flow limitation, reactive power loss and voltage profile
index has been studied. Each of indices are defined as
follows:

— disch arg e Load Loss
DSM; = max {BTotal + Brotar T Brotar +

; @
B%Ttal C%"y;al
DSM; = max {Bro "7 + BfSGh + Bigiar + )
BWT . _ cin @
Total Total
DSM5 = max {Bpsch@r9¢ 4 pLoad 4 LFL 4 3
inv ( )
BTotal CTotal
DSM, = max {Wy x DSM; + W, X DSM, + W; X 4
DSM}

Amounts of archived benefits by installing WT is
calculated as follows :
N N N,
B%Ttal Z:l hi1 Zi:bl Zwmr;’rzl( Pi‘ﬂ X Pt.h X

1+InfR\ ¢
Tt-h) (1+1ntR)

The total benefits which are obtained by considering
positive impacts of WT are calculated as follows:

®)

Loss _
BTutal

t=1 thl[(plossx/rithoutWT PlosswzthWT) x ©)
1+InfR
Per X Tep] X (I:I:]:R)t
Amounts of total achieved benefits by reducing the

amount of purchased/sold energy from upstream grid is
determined as follows:

Load T N grid gnd gnd
CTg?al Z L (Pthpuxpth )X
)¢

U]

(1+InfR
1+IntR
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Load _ T Np Load Load Load
R7oter = Xi=1 Zpti(Pngu X PER™ X 1e2%4) X
(1+InfR)t (8)
1+IntR
— Load Load
Brotar = RTotal - CTotal (9)
Load b
Pgrid _ { P + Pross + Pcharge = Pyr (10)
th Load b
Pt.h + PLOSS - Pdischarge - PWT

2. 1. Active Power Loss (APL) Connecting DG’s
to the buses, reduce the amount of active power loss. In
this section to evaluate DG’s role in the reduction of
active power loss, the related index is defined as follows
(25):

APLo1g—APLpyew

APLI = == (11)
where :
APLoig = X R; X I} (12)

2. 2. Rective Power Loss (RPL) Connecting DG’s
to the distribution system buses, reduce the amount of
reactive power loss, by modifying the value of the buses
voltage. The index to evaluate the value of DG’s positive
impacts in reducing reactive power loss is defined as
follows (25):

RPLp1g—RPLNew

RPL = —25 (13)
Where :
RPLgyg = X X; X I? (14)

2. 3. Line Flow Limitation (LFL) In this section the
new voltage stability index and path of achieving its
mathematical model is described. Figure 2 shows the
distribution system with both of sending and receiving
(feeder and load) parts. Branch current and voltage of
receiver section are received by equations (14-17):
Sij
LFL = Max (?) (15)

ij

2. 4. New voltage stability index (VSI) To avoid
occurring overload in the branches, considering the
allowable limit of load flow is important. To evaluate the
impacts of connecting DG’s on the line’s load flow, the
line flow limit index is defined as FOLLOWS (26):

_ [P24iQ:]"
112 - [ Vo268 ] (16)
Vo8 = V120 — (R+JX) Iy, (17)
Pz . N *
V28 =120 = (R+)x) [2LZ] (18)

vlL’U R ix Vzéé‘ Po+jQ,

 —

|12 _—
Figure 2. Radial distribution system

V,28 = V320 — (R +JX) [";;—igz] (19)
By multiplying two sides of Equation 19 in Va 4_5, it

will have:
VF=VV2 =68 = (R+jX)(P; — jQ2) (20)

With rewriting phrase ViVa <-4
below equations have been found:

in complex form, the

VZ =V,V,cos8 — jV;V,siné — (R + jX)(P, —

j02) 1)

V:+ [P,R + QX + j(P,X — Q;R)] =

ViV, cosé — jV;V, sin§ (22)

With separating the imaginary and real parts, it will be
noticed that:
VZ = P,R+ QX =V,V,cos6 (23)

(P,X — Q,R) = —jV,1V,siné (24)

_ P X+V1Vpsiné
Q2

With replacing Equation 25 in Equation 23, it will be
noticed that:

R (25)

P, X+V;V, sin§

sz + PZ + QzX = V1V2 (26)

2

V22+(%5Vl

2

v cosé)V2+(Z—2:+Q2)X= 0 (@7

It’s clear that, buses with stable voltage are received by

employing b2 —4ac >0 as follows:

) 2

EE vy, cos5)2 —4(Z 4 Q,) X 2 0 (28)
Q2 Q2

o)

Py sinéVq
—~——2—V; cos 6)?
(252, cos §)

The new voltage stability index is defined as follows:

P )
4| ==+ X
(Qz Q

Py sinéVq
AL Y 4 8)2
2y, cos 8)

vSI=|1- (30)

2. 5. Wind Turbine To use wind energy and convert
its energy to the electrical energy, WT has been used.
Due to probabilistic behavior of wind velocity, the output
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power of WT is probabilistic. According to the WT
constructions and robustness of WT impeller, lower and
upper bond of velocity are defined as Vyt-in and Veut-out ItS
output power is calculated as follows (2):

POut—WT —
0 V< VCut—in V> VCut—out
Vv 31
Prated# vCut—in <V < v‘ruted ( )
Vratea—Vcut-in
Prated Vrated <V < VCut—out

2. 6. Load Model In this paper, non-linear voltage
dependence load is considered in beside of daily load.
Daily load includes three demand levels (low, basic and
peak load) (27):

PPS, = PP x DLFS, , x (1 + a)t (32)
Gih = Q) X DLFpp x (1 + )t (33)
Sil.)iil = P th +]Q1th (34)

Mathematical model of buses active and reactive power
voltage dependency is defined as follows (28):

P, = PP x (;’)k (35)
Q= Q% x (L) (36)

2. 7. Power Flow In this section the Newton
Raphson-based power flow technique is used to obtain
buses voltages and branches current. For each demand
level and year of planning horizon, power flow equations
are calculated as follows (29):

id
P3" +Pth+PW - P05, —

(37)
Lthz Vi X cos(8fe, —0fen — Qi) =0

id
grl Qlth leth Z lth X (38)
Sln(at.t.h Lt h Ql]) - 0

2. 8. AHP Technique  Analytical Hierarchy Process
(AHP) is the one of most efficient technique to solve
multi-criteria problem. This technique by evaluating the
problem in the three steps, solve the issues as follows:
e  Describing problem
e Listing the wvarious of solving paths with
determining alternatives and attributes of them
e  Selecting the optimum criteria of solutions among
others
Figure 3 illustrates the flowchart of optimization
algorithm. Figure 4 illustrates the stages of AHP. Asitis
seen, the optimization algorithm includes two steps. In
the first steps by utilizing GA, problem is solved and in
the second step, by utilizing AHP, the optimum criteria

Initialization Alcquire the initial
initial size of WT optimal plans for each
abjective
Forming DLF equation as (20-23) and Perfl?r;n :;[Pl
perform them to each of objective function approach fora® prans
through ()

! |

Sort all plans based on
mean distance from
anti-ideal solution

! I

Sorting possible solutions
by GA multi-point
crossover and mufation

)

- -~

s hY
[ Stopconditions |Yes | @
} satisfied |

l No
Perform reproduction by

GA multi-point crossover
and mutation

Perform DSMB for each
of the objective through ()

Final ranking of the
plans

Figure 3. Flowchart of optimization algorithm
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Figure 4. Special chromosome

are selected. Since benefit function is formed by
multiplying weights to each technical functions, GA by
assigning the larger value to the main technical
constraint, start the solving of optimization problem.

2.9. Optimization Algorithm  In this paper, genetic
algorithm (GA) and AHP are used to solve optimization
algorithm. In the first stage, GA obtained the optimal
solutions and in the second stage solutions are arranged
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by utilizing AHP. Both of GA and AHP are defined as
follows :

In this paper to solve multi-criteria optimization
problem, multi objective genetic algorithm (MOGA) is
used. The routine GA includes three main steps as
follows (30):

e |Initializing with coding base chromosome with
problem variables

e Crossover

e Mutation

The special chromosome which is codified with the
problem variables is illustrated in Figure 4. Crossover
and mutation are shown in Figure 5.

All stages of AHP technique are lisred as follows:

Formation a(ij) Pair-wise comparison matrix:

[A11 Q12 Q13 - Qip
QAz1 Q22 Q3 ... Q2n

a; = (39)
1Gn1 Anz QAn3 - Anpn

Modelling normalized matrix as:

Q11 a11 a11 Qin
Yhian Yhia Ihiais T Zhiam |
az1 A2z Q23 Qazn
Nij — |Zhian IEiai Zz 1@z X I (40)
an1 QAn2 anz Ann |
72?:1 Ay Z’il:1 Az Zl 1Qi3 " Zl 1 amJ

Relative matrix is written as:

az1 a2z Q23 Qazn
o
i=1 Qi1 Zz 1Qi2 Zi=1 a3

Iiiain 1
X~ (41)

an3 Ann
E; 1‘111 Zl 1a12 E?:1 aiz Z?:1ain

a11 Ain
Wl] l i=1 Qi1 Zz 1Qi2 Z?:laiS Eln=1ain

Do I posiz DG Site

OF, Paremt] | S U U S ) SR |
‘ \/\J‘

DG SiLe

OF, Parent m/\ ‘ _____ ﬂm ) o ‘/B(-IF“,
\/v‘ ;\/ N
| !
DG Sie DG She
Ofigeig 1 A]_ ‘“/ 0\ /T B )\/ﬁ\ B
A Wv """ N
DG Size DG Site
ﬂn\\\]/ (I BN B B

\/\/""'"\/\, \J """ N4
Figure 5. Crossover and mutation process

Eigenvalue matrix is formed as :

o |
v |
Nij = | W2 | (42)
Vn
Lw, |
Matrix Vi is formed as :
a11 [V Qin
% 1 [Wl+_+'"+_ ]
! Q21 G2 d2n
V.—ﬁ_ W1+W2+ +n (43)
P \w, | — “
In
anJ “W"11+“7”22+ +“":
Evaluation matrix is formed as :
[E Q12 413 Qan 1
w, W, Wy W,
Q21 Q22 G23  Gzn
Ej=("M W% " (44)
wy W, wy W,
Maximum eigenvalue is achieved as :
B LN T/ BV
Tmax = [t o+ ] X5 (45)
Consistency index is obtained as :
= [fmet] 2 (46)

n is number of criteria. Consistence ratio is achieved as :
CI
CR= (46)

RI is random index.

3. RESULTS

In this section all of simulation results are studied in
details. Several kinds of technical constraints are
considered in the benefit functions. with appropriation
the different weights to each function, impacts of
technical constraints in total benefits are evaluated. To
make a comprehensive analyze, four various scenarios
are improvised as follows:
e Scenario 1: Base plan represents the basic structure
of the test cases without any WTs
e Scenario 2: Optimal placement of only 1 WT
e  Scenario 3: Optimal placement of 2 WTs
e Scenario 4: Optimal placement of 3 WTs
For scenarios 2, 3 and 4 two different states are
devised as follows:
e  Case-l: Placing WTs operated in unity power factor
(UPF)
e  Case-ll: Placing WTs operated in APF mode
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3.1.InputData Inthis paper, 33 bus IEEE system is
selected as benchmark system. Figure 6 shows the
presented DN by considering three kinds of residential,
commercial and industrial loads (31). Total active and
reactive power of the mentioned system are 3.72MW and
2.3MVar, respectively. According to the system power,
maximum and minimum installing size of DGs are 50%
system loads and 200kW, respectively.

Table 1 gives the residential, industrial and
commercial loads features. In Table 2, price of
exchanging energy has been given. In Table 3, planning
parameters are given.

Impacts of DG allocation on
APL,RPL,VPILVSI?

I

'H Commercial Load
Residential Load
= industrial Load

Figure 6. The presented DN

TABLE 1. Parameters of voltage sensitivity of loads
Dependency coefficient

Load model

Kpv Kav
Constant 0 0
Residential 15 24
Industrial 0.2 0.7
Commercial 0.5 24

TABLE 2. Price of sold/purchase power

Parameter Value Unit

Ptn 75 $/MWh
pore 65 $/Mwh
Cy 0.001 $/MWh
I1C, 1000 $/MWh

TABLE 3. Parameters of planning problem

Parameter Value Unit
o 3 %
Vinin 0.9 p.u
Vinax 11 p.u
InFR 4 %
INTR 5 %
Oth 0.1 X py -

3. 2. Optimal Siting and Sizing of WTs with
Considering APL as a Main Technical Constraint
In the presented 33 bus system, feeder 1 is considered as
reference bus. Due to budget limitation for operators,
three WT with size in [0.2, 20] MW and PF between
[0.8,1] p.u are considered in the allocation problem.

As it is given in Table 4, the minimum voltage and
active power loss in the base mode is in the bus 18 equal
to 0.9038 p.u and 210.98 kW, respectively. Figures (7-
9), show the voltage profile for scenarios 2, 3, 4 in mode,
respectively. As it can be seen clearly from Figure 8,
installing WT with site and size 1.942 MW in bus 8,
improve the minimum voltage of bus 18 from 0.91 to
0.948 p.u . Figure 7, illustrates the positive role of
installing WT with sizes, 0.857 and 1.204 MW in the
buses 13 and 30, in improving the minimum voltage from
0.91 to 0.991. Installing the WTs with sizes 0.749, 0.879
and 0.408 in the buses 14, 25 and 30 improve the voltage
profile of buses as Figure 8. In Figure 10 power loss in
several scenarios is figured.

Figures 11-13, show the voltage profile for the
scenarios 2, 3, 4 in mode 2, respectively. Installing WT
(1.911 MW) with the tuned power factor (0.87) improve
the voltage profile as Figure 12. Figures 11-13, show the
voltage profile for the scenarios 2,3,4 in mode 2,
respectively. Installing WT (1.911 MW) with the tuned
power factor (0.87) improve the voltage profile as Figure
12. Figure 13 shows the improved voltage profile with
installing WT with the size (1.204 MW and 0.857) and
tuned power factor (0.9 and 0.87). Equipping DN with
three WTs (0.749, 0.879 and 0.408) with tuned power
factor in (0.88, 0.92,0.89) improve the buses voltage
profile as Figure 14. In Figures 15-16, impacts of
increasing the number of WTs on the voltage profile are
figured. In Figures 16 and 17, by installing WTs, the
voltage magnitude of some buses are more than 1p.u.

In Figures 15-16, impacts of increasing the number of
WTs on the voltage profile are figured. In Figures 16 and
17, by installing WTs, the voltage magnitude of some
buses are more than 1p.u.

3. 3. Optimal Siting and Sizing of WTs with
Considering VSI as a Main Technical Constraint
Table 5 gives the results in the conditions which VSI is
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considered as main technical constraints. As it can be
seen, different scenarios and modes are considered to
have a comprehensive study. Results show the positive
impacts of injecting reactive power in the adjustable
power factor condition, on reducing active power loss
and voltage drop. For example, by comparing different
modes of scenario 2, the truth of improving voltage
domain with 1 WT in the adjustable power factor with
injecting reactive power is cleared.
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0.96

0.94

Voltage Profile (p.u)

7

Voltage Profile (p.u)

0.92

0.9

= = =
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Voltage Profile (p.u)
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g g
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Figure 7. Voltage profile in scenario 2

e Series 1wl Series 2

305 7 9 11 1B 157 19N BB T B HB
Bus Number

Figure 8. Voltage profile in scenario 3
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Figure 15. Voltage profile with 1-4 WT in mode 1

3. 4. Optimal Siting and Sizing of WTs with
Considering LFL as a Main Technical Constraint
In this section optimal configuration of the WTs by
solving benefit functions are done with considering LFL
as a main technical constraint. Table 6 gives the obtained
results.
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Figure 16. Voltage profile with 1,2,3,4 WT in mode 2

Amount of achieved benefit functions are given in
Table 7. As it is seen clearly, total achieved benefits by
considering active power loss as a main technical
constraint is more than others.

3. 5. Employing AHP Figure 17 illustrates the AHP
technique to choose the best solution among the obtained
solutions of several scenarios. By considering each of
functions as a main technical constraint, all of plans and
indices are given in Table 8. After employing AHP, the
chosen plans for each of functions are plan 3, plan 2 and
plan 5, respectively.

3. 6. Evaluating the Proposed VSI in the 118 Bus
IEEE System The IEEE 118 Bus Test Case
represents a portion of the American Electric Power
System (in the Midwestern US) (32) as shownin Figure
18. By employing the proposed VSI to this system, the
minimum value is obtained 0.9521 p.u. Optimal site and
size of WTs are obtained buses 12 and 110 with size
0.875 and 1.29 MW, respectively.

TABLE 4. Optimal results with considering active power loss as a main technical constraint

Senario Mode Active Active Power Loss Minimum Voltage  Optimum Siting and Optimum
Power Reduction (p.u) Sizing of WT (MW) Power factor
1 Base mode 210.98 - 0.918(B18) - -
) Mode 1 118 44.07 0.9038 (B18) 1.942(B8) 1.00
Mode 2 83.13 60.6 0.9562 (B33) 1.941(B8) 0.87 (B8)
0.857(B13) 1.00 (B13)
Mode 1 87.17 58.68 0.9670(B33
; ode (B33) 1.204(B30) 1.00 (B30)
0.871(B16) 0.87 (B16)
Mode 2 40.91 80.6 0.9725(B33
ode (B33) 1.214(B30) 0.9 (B30)
1.00 (B14)
Mode 1 80.66 61.77 0.9812 (B25) 0.811(B14) 1.00 (B25)
4 1.00 (B31)
0.749(B14) 0.88 (B14)
Mode 2 28.83 86.33 0.96745 (B18) 0.879(B25) 0.92 (B25)
0.408(B30) 0.89 (B31)
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TABLE 5. Optimal results with considering VSI as a main technical constraint

Senario Mode Active Power Active Power Minimum Optimum Siting and Optimum Power
Loss Reduction Voltage (p.u) Sizing of WT (MW) factor
1 Base mode 210.98 - 0.918 (B18) - -
Mode 1 118 44.07 0.9038 (B18) 1.911 (B8) 1.00
2
Mode 2 83.13 60.6 0.9562 (B33) 1.912 (B8) 0.86 (B8)
0.849 (B13) 1.00 (B13)
Mode 1 87.17 58.68 0.9670 (B33)
1.151 (B30) 1.00 (B30)
3
0.86 (B16) 0.85 (B16)
Mode 2 40.91 80.6 0.9725 (B33)
1.134 (B30) 0.9 (B30)
1.00 (B14)
Mode 1 80.66 61.77 0.9812 (B25) 0.728 (B14) 1.00 (B25)
1.00 (B31)
4
0.733 (B14) 0.86 (B14)
Mode 2 28.83 86.33 0.96745 (B18) 0.847 (B25) 0.9 (B25)
0.378 (B30) 0.86 (B31)

TABLE 6. Optimal results with considering LFL as a main technical constraint

Senario Mode Active Active Power Loss  Minimum Voltage Optimum Siting and Optimum Power
Power Reduction (p.u) Sizing of WT (MW) factor
1 Base mode 210.98 - 0.9038 (B18) - -
Mode 1 112 46.67 0.9472 (B33) 1.911 (B8) 1.00
2
Mode 2 82.15 60.89 0.9560 (B33) 1.912 (B8) 0.88 (B8)
0.849 (B13) 1.00 (B13)
Mode 1 85.41 59.33 0.9643 (B33)
2 1.151 (B30) 1.00 (B30)
0.862 (B16) 0.88 (B16)
Mode 2 39.62 81.13 0.9765 (B25)
1.134 (B30) 0.9 (B30)
1.00 (B14)
Mode 1 79.74 62.03 0.95785 (B18) 0.728 (B14) 1.00 (B25)
1.00 (B31)
4
0.733 (B14) 0.87 (B14)
Mode 2 26.58 87.34 0.9795 (B30) 0.856 (B25) 0.91 (B25)
0.421 (B30) 0.88 (B31)

TABLE 7. Achieved benefits of different benefit functions with considering LFL as a main technical constraint

Senario
Benefits (*107 $)
1 2 3 4
The benefit of reducing dependency on upstream grid 1.015 1.023 1.038 1.075
The benefits of reducing reactive power loss 1.101 1.108 1.109 1.208
The benefit of reducing power loss 1.428 1.475 1.502 1.678
The benefit of improving voltage stability 1.243 1.305 1.375 1.457
Total benefit ($) 1.578 1.605 1.642 1.708
4. DISCUSSIONS determined in 33, 67 and 118 buses IEEE radial
distribution system. As it seen from Table 9, the proposed
In this section the performance of the proposed VSI with VSI has an efficient role in the determining WT sizes in

two other VSIs is compared. Different VSIs are the improving voltage profile.
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Figure 17. AHP technique with 6 plans
TABLE 8. Alternatives and indices of AHP
OF2= Voltage Profile Improvement _ L
OF1= Power Loss Minimization 4(P—%+Q )X OF3=load flow limitation
= 2 = 1o e = Sij )

Pross(eu) = iR vsi [1 o e W] LFL = Max (32
Senario Mode Plans Senario Mode Plans Senario Mode Plans
) Case-1 Plan 1 ) Case-I Plan 7 ) Case-1 Plan 13
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Case-| Plan 3 Case-I Plan 9 Case-| Plan 15
3 3 3
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Figure 18. IEEE118 bus test system

Impacts of new VSI performance in improving voltage

profile of constant, residential, commercial and industrial

loads are shown in Figures 19-22.

Tl 6 — T
T

It’s obviously seen, presence of WT improve the

value of nod’s VSI in compared with base mode in the

several types of load (commercial, industrial and
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TABLE 9. Comparing different VVSI with the proposed index

VSI 33 Bus 67 Bus 118 Bus
The proposed index 0.9725 0.9642 0.9521
Vius—min = max (1 —1,) 0.9652 1143 95.9
4 L. .. . L 2
VSIimay = [Vemny | = 4{Pimay X Gi) = Qunzyr G2} — HPomzy X 7Gi) + Quanzy X G} Vi | 0.9672 0.9601 0.9514
_ 4RPy
VSl = e a 0.9651 0.9589 0.9510
Lys] = A Loy ot 0.9430 0.9521 0.9641
LVSI = /M 0.9285 0.9486 0.9514

residential). The value of minimum VSI in the industrial
load is 1.01 in the bus 18 and that corresponding to the
absence of WT is 0.8081. in the constant, residential and
commercial loads, this value is determined,1.015, 1.018
and 1.017, respectively.
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Figure 19. Impacts of the new VSI in improving voltage

profile of Industrial load
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Figure 20. Impacts of the new VSI in improving voltage

profile of constant load
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Figure 21. Impacts of the new VSI in improving voltage
profile of commercial load
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Figure 22. Impacts of the new VSI in improving voltage

profile of residential load

5. CONCLUSION

In this paper new approach is introduced to calculate the
voltage stability index under installing WT and in various
operational conditions. Besides VSI, active and reactive
power loss and voltage profile indices are used as
technical constraints. Three main functions, which
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include the positive effects of the presence of WT in
improving technical constraints and maximizing benefits
of the demand side, are defined as objective functions. By
multiplying each function in the specified weight and
assigning the weight with a high value to the critical
technical constraint, the total benefit function is formed.
Due to planning problem with the multi-ceria essence,
the obtained results of the genetic algorithm (GA) are
arranged by applying the AHP technique. Various
scenarios are solved in two modes, unified and adjusted
power factors. Results verified the efficiency and
performance of the proposed GA-AHP optimization
algorithm.
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