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Abstract 

In this paper a new market based analytical model is proposed for optimal placement 
of Wind Turbines (WTs) in power systems. In addition to wind turbines, thermal 
units (THUs) and Pumped Storage Hydro Power Plants (PSHPPs) owners partici-
pate in power market. Objective function is defined as participants’ social welfare 
achieved from power pool and ancillary markets in yearly horizon. Wind turbines 
have been modeled by probability-generation tree scenarios based on statistical in-
formation. We concentrate on investment profits of WTs numbers and its generation 
capacity beside to PSHPPs and THUs power plants in power systems due to increase 
in high flexible tools for Independent system operator into the planning and opera-
tion planning time interval. For effectiveness evaluation of proposed model, simula-
tion studies are applied on 14-Bus IEEE test power system. 
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1. Introduction 

Optimal placement of distributed generations (DGs) has a great importance. In a power 
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system, optimal placement of wind turbines at the presence of PHESS is of high impor-
tance for improving objectives such as maximizing profits of owners and investors of 
wind turbines and turning into a market with perfect competitive conditions, loss re-
duction to a considerable extent, increasing reliability levels of network, improving 
voltage profiles of network, etc. Distributed generation units of wind turbines can par-
ticipate in energy sale or reserve market independently, or they can act in an integrated 
way with a company that has PHESS or traditional thermal units or both of them. One 
of very common techniques is using optimal placement of DGs in sub-transmission or 
distribution networks. Application of wind turbines as a type of DGs for generating 
energy has a high capital cost, but its operation cost is very low. In PHESS, electrical 
energy is converted to potential energy and is stored in the upper reservoir in the form 
of water, and during the peak load times the stored water flows back through turbine 
path and like a usual hydroelectric system the energy is again converted to electricity. 
Compromise between incentives for DG developers and distribution network operators 
(DNOs) is evaluated in [1] by using multi-objective OPF. Reconfiguration of the net-
work is used in [2] in order to assess the maximum installed capacity of DGs in an op-
timal way. Authors in [3] proposed a hybrid optimization method for finding optimal 
locations and sizes of WTs, which reduces the annual loss amount to its minimum val-
ue. The proposed method combines genetic algorithm, gradient-based constrained 
nonlinear optimization and Monte-Carlo iterative simulations. A Tabu search method 
is proposed in [4] for determining optimal location and size of DGs. In [5] wind cha-
racteristics are analyzed using data collected wind speed for five weather stations in 
Lebanon and available for at least one year. The Weibull distribution is used to model 
the wind speed at these five locations in Lebanon. Shape parameters and scale were es-
timated using four methods, the variability of the method, the method of standard dev-
iation, the method of power density and the Moroccan method. The purpose of this ar-
ticle is to compare the methods of assessment of wind energy potential, as well as eval-
uation of the power density at different altitudes. In [6] the simulation and evaluation 
of a renewable hybrid power plant for off-grid fully autonomous operation on an in-
termediate-sized island in the Aegean Sea has been presented. A stand-alone energy 
system including storage facilities is simulated, optimized and analyzed relying on 
real-case weather and demand data of a relatively large remote community. Optimiza-
tion of the power plant structure shows that to ensure continuous off-grid energy gen-
eration, even under extreme conditions, the combination of more than one renewable 
technology is required. Recent trends of differing electricity market design and in-
creasing amounts of variable renewable generation have allowed for pumped storage 
hydro to provide other services to support the power system, and earn additional reve-
nue. While the market design topics have been evolving since their inception, there are 
still ways that the designs can be improved to better value all of the capabilities that 
pumped storage hydro has to offer, while still maintaining a fair and impartial perspec-
tive. In [7] some of the issues that may limit the ability to fully value pumped storage 
hydro plants in today’s markets has been presented and propose some solutions to 
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those problems. It is essential that the safe operation guidelines of the hydropower 
plants be defined accurately, in advance. To achieve that, detailed numerical simula-
tions should be done with reliable software. In some cases, even physical modeling may 
also be necessary. In the present study, water-hammer problems in [8] are investigated. 
Time-dependent flow conditions in the penstocks are simulated by the help of comput-
er software. It solves nonlinear differential equations by using the method of characte-
ristics that uses the principles of finite difference method. Firstly, hydraulic transients 
for various operational cases are investigated using some scenarios. The objectives of 
[9] [10] are to investigate the associated costs of stand-alone renewable hybrid power 
plants on a Greek island and compare them to the cost of the currently used fossil- 
fuel-based conventional plant. The plants examined here are designed to fully cover the 
electricity needs of the island. Islands may face numerous energy problems and rely 
heavily on foreign and environmentally-harmful fuels. It is shown that the relatively 
high cost of electricity of such a remote region can increase the competitiveness and 
promote the wider incorporation of technologies based on renewable energy sources 
that may, in other cases, seem economically inferior to business-as-usual energy solu-
tions. In this paper, in order to avoid problems in coding and decoding of problem pa-
rameters in intelligent methods and also due to nonlinear equations of power balance 
in constraints of optimal power flow (OPF) equations based on energy and reserve 
market conditions, mixed Integer Nonlinear Programming (MINLP) analytic method is 
used for optimizing the problem of allocating optimal number, location and installation 
capacity of WTs from the viewpoint of the WTs investment owners and with regard to 
the presence of PHESS. For DG resources placement, mathematical formulation of the 
objective function of mentioned optimization problem should be defined in such a way 
that both owners of these resources with regard to installation-operation costs. In addi-
tion to the resulting income of circulating money in the market for investment and 
more active attendance in the electricity market are justified. Finally, the profits of the 
other partners of reserve and pool-based markets such as thermal and PHESS units are 
determined in an optimal way. 

2. Mathematical Formulation of Proposed Model 
2.1. Objective Function 

The first term of objective function is as “Equation (1)”, WTsNPV  index will address 
the analysis of profitable investment for horizon of several years, which is carried out 
by owners and investors of WTs; owners net profit value (NPV) is defined as difference 
between obtained currents from electrical energy sale and investment cost of these DGs. 
The second term, TH PSHPPsSW −  index, is social welfare of remaining market partners, 
i.e. owners of PHESS and thermal units, which models the obtained profit of presence 
of these resources in pool-based energy market by simultaneous clearing of energy and 
reserve during an annual horizon. Net profit value of xi-th owner of WT in the several 
year planning horizon yiN  regarding optimal capacity allocation of this DG installed 
in an appropriate location in the network, is defined as “Equation (2)”. Index  
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( )FC Bi,Xi  which is obtained by selling electrical energy to pool-based market under 
different levels of consumers load demands Li in yearly horizon, is calculated using 
“Equation (3)”. Where, ( )WTr Bi,Xi  is investment profit rate and ( )WTIC Bi,Xi  is 
capital cost of Xi-th owner of WT connected to bus Bi of power system, and yiN  index 
is the number of years accounted for optimal placement of WTs in the planning hori-
zon. Index ( )WTE Bi,Xi,Li  is wind energy sold by Xi-th owner of WT installed in bus 
Bi to pool-based market in electrical form in load demand level of Li. ( )DT Li  is time 
and ( )WTsMCP Li  is market clearing price corresponding to load demand level of Li at 
the presence of DGs such as WTs in addition to the other energy generation resources 
including thermal and PHESS units, and WTsN  is the total number of identified and 
candidate buses for WTs installation. Therefore, investment net profit value of all de-
velopers of DGs such as WTs at the presence of PHESS is calculated based on Equation 
(4). During the solving process of proposed analytic model, NPV of owners of WTs will 
be assessed considering the installation location and amount of electrical energy gener-
ation amount in different levels of load demands with regard to the predicted veloci-
ty-power scenarios based on statistical data of climate patterns during the several years 
planning horizon. Prediction of daily or monthly velocity-power curve of wind energy 
for WTs developers during the annual planning horizon in different places affects the 
market clearing price and obtained income from energy sale to electricity market, and 
finally has impacts on NPV of WTs developers in various buses of the network. As a 
result, acceptance or rejection of proposals of present generators (manufacturers) in 
supply section of energy market is determined by independent system operator (ISO) 
based on OPF and considering supply conditions and different levels of load demand in 
pool-based market during yearly planning horizon, as “Equation (5)”. Since consumers 
load demands in different buses of inelastic network are assumed to take the energy 
price, therefore, social welfare can be attributed to sum profit of generations including 
PHESS and thermal units, where indexes ( )THR Li  and ( )PSHPPsR Li  are profits of 
thermal and PHESS units respectively, obtained from energy sale to pool-based market 
in load level of Li. In next sections, the accurate modeling of WTs owners’ behaviors, 
PHESS and thermal units to attend the energy and reserve day- ahead pool-based mar-
ket is presented assuming different load levels during an annual horizon. 

( ) WTs TH PSHPPsOF : MAX Benefit NPV SW −= +                (1) 

( ) ( )
( )( ) yiWT N

WT

FC Bi,Xi
NPV Bi,Xi

1 r Bi,Xi
=

+
                  (2) 

( ) ( ) ( ) ( )( )
liN

D WT WT
li 1
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=
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2.2. Analytical Algorithm for Optimal Placement of Wind Turbines 

The algorithm procedure for optimal placement of WTs owners in power system is as 
Figure 1. First, one of candidate places is selected randomly with regard to predeter-
mined probabilistic scenarios for wind turbine installation. Optimal power flow has 
been performed based on market conditions and if convergence condition is satisfied 
problem variable can be concluded and next wind turbine location and capacity is se-
lected same as previous method. If convergence condition is not satisfied then algo-
rithm from step 2 will be restarted. 

3. Simulation Studies and Numerical Results 

At last, in order to verify the effectiveness and validation of the proposed algorithm in 
finding optimal location and size of wind turbines in power systems, the algorithm is 
carried out on a 14-bus power network. Single-line diagram of this power system is 
shown in Figure 2. 

As it is seen from the figure, generation part of the power system includes 4 thermal 
units respectively connected to Bus 2, Bus 3, Bus 5 and Bus 9, where all of them have 
permission of presence in energy and reserve market. Technical and economic data of the 
mentioned thermal units in terms of active and reactive power capacities and the way 
prices are proposed in the energy market and ancillary services are listed in Table 1. 
 

 
Figure 1. New analytical model for optimal placement of WTs on power network. 
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Figure 2. Single-line diagram of the studied 14-bus network. 

 
Table 1. Thermal unit owner information for power pool and reserve markets. 

Technical  
information 

GENCOs 

Genco 1 Genco 2 Genco 3 Genco 4 

PGmin 15 15 10 5 

QGmin −65 −40 −25 −35 

PGmax 135 75 40 65 

QGmax 85 55 35 40 

KGL (L1-L3) (55 - 95 - 135) (35 - 55 - 75) (20 - 30 - 40) (25 - 45 - 65) 

SGL (L1-L3) (3.18 - 3.37 - 3.57) (3.15 - 3.55 - 3.87) (4.18 - 4.48 - 4.67) (5.20 - 5.33 - 5.42) 

 
One PHESS unit connected to Bus 7 is available in the network, which has only per-

mission of presence in the energy market from the operator. PHESS unit connected to 
Bus 7 in the 14-bus network under study has 4 turbo units, which have both pump and 
generator modes of operations. In generator mode, maximum capacity for generating 
active and reactive powers are 100 MW and 85 MVar, respectively, and minimum ac-
tive and reactive powers injected to the network are 10 MW and 5 MVar, respectively. 
For operation in pump mode, the maximum consumption level of active and reactive 
powers are 80 MW and 55 MVar and its minimum is 10 Mw and 5 MVar, respectively. 
All technical and economic data of these PHESS systems including initial energy and 
min/max stored energy behind the upper reservoir, efficiency and fixed cost of opera-
tion of power plant are given in Table 2. 
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Table 2. Pump storage hydro power plant owner information for power pool markets. 

Technical information 

PSHPPi  

PGgp-min 
PGgp-max 

PGpp-min 
PGpp-max 

E0 
Emin 
Emax 

η 

PSHPP 1 
N = 4 

(C = 2 $/MWh) 

10 
80 

5 
55 

800 
500 

1200 
67% 

 
In addition, there will be the possibility of presence and investment of two owners of 

WTs on predetermined buses Bus 7, Bus 12, Bus 13 and Bus 14, which are good choices 
to install these DG resources from the aspect of climate pattern studies. Owners and 
investors of WTs, considering possible scenarios of velocity-power and net profit value 
in circulation resulting from attending daily energy pool-based market during an an-
nual horizon, are able to install a predetermined capacity and utilize it which in this 
study, these values for Bus 7, Bus 12, Bus 13 and Bus 14 are estimated 80, 100, 150 and 
50 MW, respectively. Also, wind turbines as price taker resources for presence in power 
pool-based market during the annual horizon, benefit from incentive and penalty plans 
by ISO, respectively during excess and lower capacities of network requirements. As it 
can be seen from single-line diagram (SLD) of 14-bus studied power system, transmis-
sion network comprises 17 transmission lines: line 12, line 15, line 23, line 26, line 27, 
line 34, line 37, line 710, line 78, line 48, line 49, line 56, line 510, line 711, line 712, line 
813 and line 914. Data related to admittance of transmission lines, Gij-jBij, and thermal 
limit capacity of transmission lines P line of 14-bus studied power system are shown in 
Table 3. 

Demand of network consumers that is assumed to be constant power loads are lo-
cated on buses Bus 5, Bus 7, Bus 9, Bus 10, Bus 11, Bus 12 and Bus 14 in the network. 
These consumers are modeled as inelastic and are presented in a unipolar pool-based 
market that only thermal generation resources compete for energy sale and determin-
ing market clearing price (MCP). Active and reactive power demand of these network 
buses is listed in Table 4 for three load levels of low, average and peak loads during an 
annual time horizon. 

Here, thermal units propose their no-load synchronous capacity by a price equal to 
10% of marginal cost of energy generation by that unit in order to present spinning re-
serve to deal with the uncertainty of network such as utilization of wind turbines in-
stalled by private owners, random load changes and sudden loss of units and lines, so 
certain criterion equal to 10% of total load demand is met. Then, the proposed analytic 
algorithm is used for wind turbine placement optimization problem at the presence of 
PHESS for a 14-bus power system. Based on network load demand situation at each 
level under pool-based market condition during the annual horizon, the proposed ana-
lytic algorithm chooses the whole cases of allocating size and placement capacity of 
these resources from the candidate places, iteratively, and carries out OPF on the 
transmission network by the aim of maximizing sum net profit value in circulation of  
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Table 3. Transmission lines information for power pool and reserve markets. 

Transmission Lines 
 Lines 

Gij (P.U.) Bij (P.U.) Pline-max (P.U.) 

line 12 1.15 2.05 30 

line 15 1.02 2.10 25 

line 23 1.05 2.02 35 

line 26 1.08 2.06 25 

line 27 1.11 2.07 100 

line 34 1.14 2.09 40 

line 37 1.12 2.11 75 

line 710 1.45 2.27 35 

line 78 1.26 2.23 55 

line 48 1.20 2.14 45 

line 49 1.24 2.25 70 

line 56 1.30 2.35 25 

line 510 1.40 2.22 55 

line 711 1.32 2.12 25 

line 712 1.22 2.35 35 

line 813 1.42 2.17 65 

line 914 1.01 2.29 30 

 
Table 4. Load demand information offers to power pool markets. 

14-Bus Test Power System 
Load Demand 

Load-level 01 Load-level 02 Load-level 03 

Pd (MW) 

Bus 5 10 15 20 

Bus 7 30 55 80 

Bus 9 30 35 45 

Bus 10 35 45 55 

Bus 11 10 15 20 

Bus 12 15 20 30 

Bus 14 10 15 25 

Qd (MW) 

Bus 5 5 7 10 

Bus 7 8 10 12 

Bus 9 12 15 18 

Bus 10 15 20 25 

Bus 11 3 5 10 

Bus 12 5 10 15 

Bus 14 6 8 10 
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market partners including thermal and PHESS and WTs owners. Among the whole 
studied cases, the only case where WT placement problem at the presence of PHESS 
converges to an optimal solution is when two WTs are installed on Bus 7 and one bus is 
connected to Bus 13. It has to be noted that these two resources are modeled in place-
ment problem by using probability tree scenarios in Table 5. Results of simulation stu-
dies for optimal placement of wind turbines during the annual horizon shows that for 
installation and investment, optimal capacity of WT 1 and WT 2 on Bus 7 and Bus 13 
are obtained 80 MW and 66 MW respectively, which give net profit value in circulation 
equal to 38,056.33$ and 23,532.47$ for the owners. But dispatched active and reactive 
powers of thermal units according to the price-power proposals of piecewise linear 
curve and constant cost of PHESS are as follows. 

The generated active and reactive powers and the sold spinning reserve to energy 
market and ancillary services of thermal units connected to Bus 2, Bus 3, Bus5 and Bus 
9 during the annual horizon for three low, average and peak load levels are listed in 
Table 6. It is worth noting, however, after solving the placement problem by the pro-
posed analytic algorithm based on iteration of market clearing price for each of load le-
vels, Load-level 01, Load-level 02 and Load-level 03 are assessed as 5.20$, 5.33$ and  
 
Table 5. Technical data of probabilistic generation capacity scenarios of owner of WT 1 con-
nected to Bus 7 and WT 2 connected to Bus 13. 

Wind Turbines (Active power) 
Scenarios (Power-probabilities) 

Probability Generation 

WT 1 (Bus 7) 
80 MW 

Scenario 1 0.02 10 

Scenario 2 0.03 15 

Scenario 3 0.04 20 

Scenario 4 0.06 35 

Scenario 5 0.12 50 

Scenario 6 0.13 65 

Scenario 7 0.23 80 

Scenario 8 0.18 35 

Scenario 9 0.15 25 

Scenario 10 0.04 5 

WT 2 (Bus 13) 
150 MW 

Scenario 1 0.02 10 

Scenario 2 0.03 35 

Scenario 3 0.06 85 

Scenario 4 0.08 115 

Scenario 5 0.12 125 

Scenario 6 0.18 150 

Scenario 7 0.33 100 

Scenario 8 0.18 50 
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5.42$, respectively. As it can be seen in Table 7 from the simulation results, the PHESS 
installed on Bus 7 is used only for pump mode application with 3 units which has con-
sumption equal to 375.45 MW. Under the assumed load demand conditions of 
pool-based market in different levels and configuration of remaining generation re-
sources such as thermal units and wind turbines, considering the structure of transmis-
sion system it was expected that due to cheaper generation of these resources compared 
to PHESS, as long as capacity of these resources are not completely loaded, generation 
of hydroelectricity energy resource will not be used, and the numerical results are proofs 
for this claim. Based on optimal conditions of pool-based market’s supply and demand 
during the annual time horizon, OPF of system is carried out in three load demand le-
vels and its results for magnitude and phase angle of bus voltages, active and reactive 
powers flowing through the lines are presented as follows. Numerical results of simula-
tion for voltage magnitude and phase angle of network buses are given as Table 8.  
 
Table 6. Dispatching active and reactive generation/spinning reserve by thermal units. 

14-Bus Test Power System 
Thermal units generation 

Load-level 01 Load-level 02 Load-level 03 

PGth (MW) 

Bus 2 135 63.21 123.99 

Bus 3 75 15.98 15.98 

Bus 5 40 10 11 

Bus 9 6 6 6 

QGth (MW) 

Bus 2 26.76 85 −23.28 

Bus 3 32.14 −34.11 55 

Bus 5 −25 2.69 24.49 

Bus 9 40 40 40 

QGth (MW) 

Bus 2 0 71.7 11 

Bus 3 0 59 59 

Bus 5 0 30 29 

Bus 9 59.01 59 59 

 
Table 7. Dispatching active and reactive generation by PSHPPi. 

14-Bus Test Power System 
PUMP STORAGE HYDRO POWER PLANT 

Load-level 01 Load-level 02 Load-level 03 

PSHPP Bus 7 (MW) 

N 3 0 0 

PGgp 0 0 0 

QGgp 0 0 0 

Ppp 237.45 0 0 

Qpp 15 0 0 

Eu 959.09 959.09 959.09 
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Table 8. Voltage magnitude and Phase angle results after wind turbins placement in 14-bus net-
work. 

OPF Results 
Voltage magnitude and Phase angle 

Load-level 1 Vm and Vangle Load-level 2 Vm and Vangle Load-level 3 Vm and Vangle 

Bus 1 0.97 (−0.005) 0.972 (−0.010) 0.98 (−0.030) 

Bus 2 1 (0.00) 1 (0.00) 1 (0.00) 

Bus 3 1.005 (−0.046) 0.946 (−0.00001) 1.011 (−0.072) 

Bus 4 0.994 (−0.093) 0.952 (−0.050) 0.977 (−0.118) 

Bus 5 0.939 (−0.012) 0.945 (−0.023) 0.968 (−0.063) 

Bus 6 0.968 (−0.006) 0.971 (−0.012) 0.983 (−0.033) 

Bus 7 0.919 (−0.136) 0.931 (−0.006) 0.966 (−0.075) 

Bus 8 0.985 (−0.072) 0.977 (−0.016) 0.995 (−0.061) 

Bus 9 0.996 (−0.156) 0.937 (−0.132) 0.935 (−0.224) 

Bus 10 0.901 (−0.094) 0.903 (−0.038) 0.925 (−0.097) 

Bus 11 0.905 (−0.150) 0.909 (−0.025) 0.933 (−0.096) 

Bus 12 0.900 (−0.157) 0.900 (−0.029) 0.920 (−0.108) 

Bus 13 1.050 (0.00001) 1.050 (0.00002) 1.050 (0.00003) 

Bus 14 0.980 (−0.167) 0.914 (−0.152) 0.90 (−0.260) 

 
The obtained numerical results for OPF in 14-bus power system show the fact that vol-
tage static range is also accurately satisfied. 

Similar to the previous studies, the positive direction for current flowing through the 
lines is assumed as from a bus with lower number toward a bus with higher number. 
Table 9 illustrates the active and reactive power flows in power system lines under a 
certain supply and demand condition for the day-ahead market during the annual time 
horizon. 

Numerical results of the study show that allocation of optimal size and location of 
wind turbines in the network can lead to better OPF, in addition to increasing competi-
tion, and as a result, both technical and economical improvements in power system 
operations. According to the simulation results, social welfare level, i.e. total profit of 
market partners is optimally obtained as 150,900.64$. 

4. Conclusion 

In order to verify the effectiveness and application of the proposed iteration-based ana-
lytic algorithm for optimal placement of wind turbines at the presence of PHESS in ad-
dition to thermal units, simulation studies of 14-bus power system under pool-based 
power market with simultaneous clearing of energy and reserve during the annual time 
horizon, was performed. Behavior modeling of wind turbines based on generation ca-
pacity scenarios has been realized by applying probability tree structure. In addition, to 
study the loss values and active and reactive power flows through the lines for different  
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Table 9. Optimal power flow results after wind turbins placement in 14-bus test network. 

OPF Results 
Active and reactive power flow 

Load-level 1 Load-level 2 Load-level 3 

Bus 1. Bus 2 −11.09 − j13.78 −13.11 − j10.99 −20.33 + j0.117 

Bus 1. Bus 5 10.82 + j13.78 12.86 + j10.99 19.98 − 0.117 

Bus 2. Bus 3 −22.41 − j14.04 −14.07 + j27.07 −34.30 − j23.25 

Bus 2. Bus 6 11.98 + j15.03 14.09 + j12.01 21.63 + j0.276 

Bus 2. Bua 7 89.50 + j11.51 21.94 + j34.46 47.72 − j0.800 

Bus 3. Bus 4 −27.75 − j6.99 −22.53 − j14.99 −34.29 + j5.682 

Bus 3. Bus 7 69.09 + j24 6.77 + j6.50 14.60 + j23.38 

Bus 4. Bus 8 −8.25 + j11.35 −24.27 − j3.16 −34.93 + j7.940 

Bus 4. Bus 9 35.34 − j19.54 46.14 − j13.03 68.27 − j4 

Bus 5. Bus 6 −11.41 − j13.99 −13.57 − j11.04 −20.92 + j1.048 

Bus 5. Bus 10 51.99 − j2.731 21.20 + j17.27 31.57 + j12.69 

Bus 7. Bus 8 −51.06 − j13.88 −8.46 − j27.22 −16.66 − j11.55 

Bus 7. Bus 10 −13.83 + j22.74 25.07 + j4.75 25.16 + j15.05 

Bus 7. Bus 11 10.11 + j3.181 15.25 + j5.411 20.48 + j10.78 

Bus 7. Bus 12 15.21 + j5.41 20.43 + j10.82 30.92 + j16.78 

Bus 8. Bus 13 −62.01 − j7.31 −33.99 − j32.60 −53.01 − j6.126 

Bus 9. Bus 14 10.09 + j6.207 15.22 + j8.506 25.57 + j11.30 

 
load levels during a year, optimal power flow is used considering voltage constraints, 
thermal limit of lines and power plant constraints of generation resources present at the 
energy and reserve market under demand and supply conditions. The obtained numer-
ical results from simulation studies can be categorized as follows: the main result 
achieved from the placement study of wind turbines at the presence of PHESS with the 
aim of maximizing investment profit of these resources and other partners under mar-
ket conditions is obvious and clear that always when solution is converging to an opti-
mum, a fixed installation place for wind turbine is considered on a bus where PHESS is 
installed, and overall, with regard to remaining optimal installation places, maximizing 
net profit value in circulation of all investor owners happens on these resources in the 
electrical energy sale market. The reason for this is providing high flexibility in system 
operation planning under pool-based market during the annual horizon; in such a way 
that PHESS by pumped operation in low load times of the network, will be able to pre-
vent reduction of suboptimal load dispatching on some thermal units, or in some peak 
load times, working in its generation operation, avoid increase of suboptimal load dis-
patching on other resources present at pool-based market and in fact, it plays load ad-
justment role in the mentioned bus and network. For this purpose, analytic formulation 
of thermal and PHESS units considering the tree structure of power-velocity probabil-
istic scenarios under pool-based market conditions is included in this paper to accurately 
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evaluate the effect of proposed model parameters on optimal placement of wind turbine 
and the required amount of spinning reserve. At last, simulation results show the fact 
that by allocating optimal number, place and capacity of wind turbines under pool- 
based conditions, in addition to maximizing the profit of investors on these resources 
and other present partners in the energy market during the annual horizon, simulta-
neously with modeling OPF with regard to demand side being inelastic, energy market 
will thrive more and as a result social welfare is increased and energy market will be-
come closer to a perfect competitive market. 
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