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Abstract
This paper deals with the selection type and capacity of hybrid DGs in a stand–alone distribution system considering random behavior of loads and generators in augmenting renewable energy sources. Two methods were used to determine
the capacity: by using Deterministic Parameters irrespective of stochastic behavior of loads and generators; the other was
by considering the random behavior of renewable energies and loads. The objective is to minimize the cost and reliability
constraint problem. In fact, the problem of capacity determination is expressed as a non-linear optimization problem. The
combination of considered DG is wind, solar and battery that is independent from the network. The capacity was determined with respect to random behavior of DG and load. We used the Probability Density Function for DG and sequence
Monte Carlo Method for load determination. Intelligent Algorithm (PSO) was used to find out the optimal capacity of DGs.
All of the simulations were made in MATLAB software.
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1. Introduction
Due to environmental issues and efforts to reduce green
house gases, the renewable energy approach gains
importance. Among renewable energy sources, wind
and solar energies are considered much. These renewable
energies are used in two forms [1]: Grid Connected Mode
and Independent Electricity Network. In Grid Connected
Mode, these units are used in order to strengthen the
power grid, compensate voltage drop and line loss. But
renewable generations are having problems as they
have dependence on climatic conditions. This in turn
leads to fluctuations in output. To resolve this problem
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a combination of energy sources are used together. This
combination creates greater reliability and less fluctua
tion [2]. For example, a combination of wind and solar
units. During winter and autumn, solar energy becomes
less but sufficient wind energy does occur. In spring and
summer, there would be more solar energy but less wind
energy. Thus the mix of such renewable sources could
complement each other. The problem of determining
capacity of hybrid wind, solar and storage battery has
been resolved with minimization cost, pollution index
and reliability supply [3]. The problem of determining
capacity of hybrid renewable units is expressed as a multi
objective optimization problem [4].
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In this paper, electric power is supplied by inde
pendent network composed of wind, solar and battery
units. The objective function is minimization of the
annualized cost system and the minimization of the
Loss of Power Supply Probability (LPSP) [4]. We used
an optimal sizing model to optimize the capacity
sizes of hybrid photovoltaic/wind power generation
system using a battery bank. The objective function
is ‘cost’, which is expressed as a levelised unit electric
ity cost model [5]. The power generation is calculated
using hourly data of wind speed and solar radiation.
The combination of wind units, electrolyzers and bat
tery independent of network were used to provide the
needed hydrogen transport in Norway and the prob
lem of uncertainty of distributed generations was
investigated [6].
The capacity of independent DG was determined by
considering the stochastic behavior of load and energy
resource. Two methods were used to determine the capac
ity; one by using deterministic data without considering
the random behavior of renewable energies and loads; the
other was by considering the random behavior of renew
able energies and loads.

2. Method of Solution
The variable optimizations considered in this paper are:
number of wind plants, solar plants and batteries. The
primary function of optimizing the capacity determina
tion is the cost function. Providing favorable reliability is
considered as an optimization constraint. The objective
of this optimization algorithm is to determine capacity
of renewable units and storage system, so as to provide
considered reliability with minimum cost. Reliability
constraint that was considered in this paper is equal or
less than reliability index from a constant value.

2.1 Load Modeling using Monte Carlo
Method

For analysis of stochastic renewable energies and loads
with proposed method, we require the probability distri
bution of wind speed, solar radiation and loads. In order
to consider stochastic power generation of renewable
energies, probability distributions of wind speed and sun
radiation are analyzed. In order to analyze probability
change of these parameters such as wind speed and solar
radiation, PDF of parameters is used. In this section, wind
speed and solar radiation are considered as suitable model
of PDF for hourly data and parameters of considered PDF
model for per hour determination. Firstly, the algorithm
for determining PDF wind speed is described, and then
density function of solar radiation is analyzed. For deter
mining density function, model of Gaussian Distribution
Method or other methods were used [7].

2.2.1 Wind Energy Distribution Model
The following method for Wind Speed Data was per
formed and log normal distribution is selected according
to Figure 1, as a suitable model for hourly wind speed den
sity function. This model has minimum error compared
to other distribution and maximum suitable estimate in
hours.

2.2.2 Solar Energy Distribution Model
The determining procedure for PDF of solar radiation is
like, determination of the wind speed probability density
function. With the difference that solar radiation rate in
some hours of day is zero, there is no need to calculate
the probability density function for these hours. Figure 2
shows this distribution.

2.2.3 Load Distribution Model
Sometimes for expressing the Power Demand Probability
Model, previous studies used Normal Distribution [8].
We consider the uncertainty of load and the normal
0.12

0.1

Probability Density

Monte Carlo method was employed in modeling the
behavior of the system. Ascertained algorithms for
Monte Carlo method is as follows: after generation of the
Probability Density Function (PDF): wind speed, solar
radiation and load, which are the first population, were
determined in a way that all of the particles in a feasible
space should be the answer to the capacity determination
problem.
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2.2 Distribution of Renewable Energies
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Figure 1. Distribution of lognormal estimates for an hour
wind speed data.
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( )
kg

In this equation, ρ is an air density, its unit being m3 ,
A is the place where change by blades and its unit
is (m2),
V is the wind speed with unit of ( ms ),
Cp is called the rotor efficiency.
Table 1 shows the parameters of the wind turbine and
unit costs.
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Figure 2. Distribution of normal estimates for an hour
solar radiation data.

 istribution changes for hourly basis over a period of one
d
year.

2.3 Combination of Wind–photovoltaic
and Battery
One of the useful and applicable combination struc
tures for renewable energies, non–renewable energies
in combination of wind, solar and battery is consid
ered. Figure 3 illustrates this proposed combination
method.
The Wind Turbine Model used, is of the type BWC
Excel-R/48. Required changes in power–wind speed curve
is considered by environmental situations from place
of installed turbine according to Figure 4 and following
equations. Wind speed data are measured in height of 25
meters from earth, average temperature 300 (k) degrees,
kg
air density 1.225 m3 and average air pressure 100.814
(KPA). Output power of wind unit is calculated according
to following equation:

( )

v − vc

 PR . v − v
R
c

Pw ( v) =  PR
0



Table 1.

Speed 
limit
over
(m/s)

Nominal
speed

Output
power
maximum
(kW)

Power
over
speed
limit
(kW)

Vcutin

Vcutout

Vrated

Pmax

Pfurl

3

25

13

8.1

6

Height
of WGs
hub
(m)

Capital
cost
($/
Unit)

Replacement
cost
($/Unit)

Operation
and
maintenance
cost
($/Unityear)

life
time
of
wind
unit
(Year)

H

CCW

RCW

O&MCW

YW

19.9526

16400

13000

75

20

DC BUS

vR ≤ v ≤ vF
v ≤ vc and v ≥ vF

(1)


where, Vc is cut in speed, Vf is the cut–off speed and VR is
the rated speed and PR is the rate power. So, at first, it indi
cates how to calculate the output power of the wind and
then effects of the independent variables relating to the
relations of power output can be explained. These factors
have a significant influence to obtain maximum power
from wind units. Output power of wind unit is calculated
as follows:
Pwind = 0.5.r .A.V 3 .C p (l ,b )
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(2)

AC BUS
Power
Management

AC/DC

Pwind
Inverter

Wind Generator

Pgen
Pinvload
P genbat

DC/ DC

Pload

Pbatinv

AC Load

DC/ DC

Ppv

PV Array

vc ≤ v ≤ vR

Parameters and costs of wind [13]

Lower
speed
limit
(m/s)

Dump
Load
Battery Bank

Figure 3. Hybrid renewable sources.
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Figure 4. Wind turbine power curve.
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There are different equations for calculating power
generation photovoltaic unit. One of the equations for
calculating output power of PV cell is as follows:
Psolar =

G
P
.h
Gref solar .ref solar

(3)



In this equation, Gref is solar radiation at standard
condition and Psolar,ref is rated power of each array(KW)
and ηsolar is the DC/DC converter efficiency installed
between each cell and DC bus bar. In the above equations,
the amount of the radiation is the total radiation that has
been treated to an array. If the horizontal and vertical
components of the radiation array are present in every
moment, radiation can be calculated with the following
equation [9]:

( )

( )

G = Gv cos q pv + GH sin q pv

(4)

here, GV and GH, respectively, the horizontal and verti
cal radiation levels hourly and θpv, the angle of the solar
panel towards the horizon which varies in the range of
0 to 90. Maximum Power Point of the PV cell in stan
dard situation or the Rated Power of used PV cell in this
simulation is 1 (KW). Table 2 illustrates parameters and
costs of PV cell.
The model battery used in simulations is from type
Surrette- 6CS25P [10, 11]. Parameters and costs of this
battery are illustrated in Table 3.
Table 2.

Parameters and costs related to solar units

Radiation Nominal
at standard
conditions
(W/m2)

Gref

1000

Efficiency of
inverter DC/DC

h solar

%90

Solar power
nominal (kW)

Psolar⋅ref

1

Capital cost
($/Unit)

CCS

7000

Replacement cost
($/Unit)

RCS

6000

Operation and
maintenance cost
($/Unit–year)

O&MCS

20

Life time of
photovoltaic array
(Year)

YS

20
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Table 3.

Parameters and costs related to battery units
V

6

Rated battery capacity (kWh)

EBatrated

6.94

Depth of Discharge

DOD

%80

Replacement cost ($/Unit)

CCB

1250

Replacement cost ($/Unit)

RCB

1100

Operation and maintenance cost
($/Unit–year)

O&MCB

Life time of battery (Year)

YB

Rate voltage
(Volt)

20
4

3. Formulating Problem
The cost minimization of combined system and reliability
improvement is considered as an objective function.

3.1 Combination System Cost Analysis
Net Present Cost (NPC) was used for modeling all the
costs [12]. NPC is calculated by using equation (5). [13]
L

NPC = ∑ N i (CCi + RCi ∗ K i + O & MCi ∗ PWA (ir .R ))
i =1


(5)

L is the number of used units in combination of units. For
example, in combination of wind units, solar and battery,
L is assumed to be equal to 3. Ni is the number of renew
able units or ith storage unit, and this parameter is
determined by optimization algorithm. CCi is the cost of
S
S
ith unit by unit
, RCi is the cost of ith unit changing by unit
and O&MCi is the cost of ith unit operation and mainte
nance by unit −S year . In NPC Model, all of the costs should
be adapted to first year project. In order to change the cost
to first year of project, Ki coefficient is used. In fact, Ki is a
coefficient of ith unit that changes the cost in future to
equivalent cost of the future. Ki is illustrated by using the
following equations [13]:

( )

( )

(

)

L1

1
n.L2
n =1 (1 + ir )


Ki = ∑

(6)

where, ir is the interest rate, considered as a constant value
equal to 0.06 [13] in this paper.
L2 is total life time of ith renewable unit by year and
L1 is the number of time that unit replaced in its life
time.
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If Project Lifetime (R) per year, over the life time of
unit (L2), is desirable, L1 is calculated according to (7) and
if these two parameters are non-dividable, L1 is calculated
according to (8).
If the unit life time is greater or equal to project life
time, the value k1 is considered to be 0. It means that
replacing cost is not considered.
R
L1 =   − 1
 L2 


(7)

R
L1 =  
 L2  

(8)

Cost of operation, repair and maintenance are
expressed annually. For returning this cost to its equiv
alent cost in its initial year projects in order to use on
the cost model of coefficient PWA is used. In fact, this
coefficient converts annual operation cost, repair and
maintenance over the life of project to equivalent cost in
startup of project. PWA is defined as follows. This coef
ficient depends on Interest Rate (IR) and the project life
time (R). [13]
PWA (ir , R ) =

(1 + ir )R − 1
ir(1 + ir )R

(9)



According to equation (5) for each unit, capital cost,
replacement cost, operation and maintenance is calcu
lated from the above equations and the number of units
from the proposed optimization algorithm is calculated.
The total cost for all units creates net present value.

3.2 Reliability Index
Reliability Indexes such as Equivalent Loss Factor (ELF)
is used. Equation (10) will represent this index.
ELF =

1
N

N

Q (t )

∑ D (t )
t =1

(10)



In this equation,
D(t) is the load demand at time step tth
Q(t) is the not provided load at time step tth and
N is the total number of time steps.
This index contains information such as, the number
of supply interruptions and no supply of energy at each
time step. Advantage is taken of this index in algorithms
that determine their capacity with regard to uncertainty or
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without regard of uncertainty is possible. For this reason,
equivalent loss factor is appropriate index for such issues.
The maximum equivalent loss factor allowable rate equiv
alent for system for grid connected system in developed
countries is 0.0001 and this index is considered to be 0.1
for independent grid systems [14].

3.3 Power Management
To evaluate supply loads and changes in charge and
discharge mode of storage system, energy management
strategy is required. In combination of renewable units
with storage elements and non–renewable units, energy
management is often considered, so that priorities in
supply load are the use of renewable units of electric
power generation. If generated power of renewable units
is more than consumption load, excess electric power
production is stored in battery with regard to limita
tions of storage battery. If generated power of renewable
units is less than consumption load, shortage of electric
power consumed is supplied by considering limitation of
storage elements; if these elements are not able to supply
enough electric power consumption, some of the load is
disconnected.

4. Proposed Method
In this section, after describing model and required
indexes to evaluate this algorithm the proposed algo
rithm for determining the capacity of renewable energies
is expressed. In proposed algorithm, hourly data of con
sumed power is used and study is based on hourly data for
a period of one year. Limitations of battery charge mode,
maximum and minimum of battery charge has been con
sidered and also equality constraints of battery charge
mode in early and last hours is considered. A sequential
Monte Carlo method was used to determine the capacity
of hybrid wind, solar and storage battery units consider
ing uncertainty of wind and solar power.
Proposed algorithm for Monte Carlo method after
generation of probability density function of wind speed
and solar radiation and consumption load, initial popula
tion is determined. The initial population must be defined
so that all particles in feasible space should determine the
capacity problem. For this reason, after the production
of each particle, first reliability index with considering
uncertainty of distributed generation units is calculated.
If the reliability index is in the feasible space problem,
this particle is in total population. This process continues
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until the desired initial population. For determining the
reliability index, the algorithm starts from the first hour
of the day in year. At the beginning of algorithm the
assumption is that the battery is fully charged. In this
method to calculate Q/D, the average of Q/D and aver
age of new state battery charge are adopted per hour. For
the first hour, wind speed and sun radiation are gener
ated using probability density function of wind speed, sun
radiation, consumed load.
Using the relationship between wind and solar power
units and from number of units that has been established
from the optimization algorithm, total production of each
unit is calculated.
Ratio of not supplied load to supplied load and new
state of battery charge mode are explained by energy man
agement and generated power data is calculated. Then this
process is repeated several times per hour. At any time the
average ratio of not supplied load to supplied load and new
state of battery charge is calculated. The average difference
for each of these factors was calculated in two successive
iterations. If the difference is less than 0.0001, find average
value if these two factors are considered as the ratio of not
supplied load to supplied load and new mode of battery
charge for this hour. This process is repeated for next hours
and in any hour ratio of not supplied load to total supplied
load and new state of battery charge is determined. At last
reliability index is described using equation (11).

ELF =

1
N

N

Q(t )

∑ E D(t )
t =1



(11)

Q (t )

In this equation, E D(t ) is the average ratio at not sup
plied load to supplied load in t seconds. After determining
reliability index and cost for any particle, the best experi
ence of particles and best experience of group is designated.
Then considering illustrated equations for determining
new position particle, new state of particle is determined.
Reliability index is calculated for new particle. If the new
particle is not in the feasible place of answer, it will be
updated to occur then. This process is repeated for all par
ticles for any iteration and in the final iteration, optimal
number of wind, solar and battery are determined.

In PSO algorithm, after finding the best location (Pbest)
and the best experience group (Gbest) that the particle
(i+1)
experiences, new speed(Vn )and new location ( Xn(i+1) ) is
determined by these relationships [1, 3].
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(

+C2rand Gbestn

)

(12)

i
n



Xni+1 = Xni + Vni +1

(13)



i
In this equation, Xn position of nth particle in ith itera
tion, Vni particle speed nth in ith iteration, rand is a random
number between zero and one and, C1 and C2 is accelera
tion coefficient and ω is inertia coefficient. ω represents
the inertia of particle. The high amount inertia makes it
easy to explore (searching in new areas for increasing reli
ability) and small amount for increase accuracy (accurate
search in a specific area). In PSO algorithm used in this
paper, the inertia coefficient is calculated from the follow
ing equations:

 w − wmin 
w = wmax −  max
∗ iter
 itermax 

(14)



In the above equation ωmin and ωmax is the maximum
and minimum coefficient considered for ω, iter represent
number of repeat, itermax illustrates maximum repeat con
sidered for algorithm. Coefficient C1 and C2 are Learning
rate or increasing speed (particle acceleration) that
pushed the particle to Gbest and Pbest. Table 4 shows the
parameters of PSO optimization algorithm.

5. Simulation Results
In this paper, the hybrid of solar, wind and battery for
supply the load as shown in Figure 5 is considered.
Maximum power consumed and project life times
are assumed to be 500 KW and 20 years respectively.
Analysis of capacity determination with Monte Carlo
method, result optimized combination have an equiva
lent loss factor equal to 0.1. 22 years hourly data of wind
speed and sun radiations are used with time speed twohour and this study is done for the region near shore in
North America.
Table 4.

4.1 PSO Algorithm

(
−X )

Vni +1 = wVni + C1rand Pbestn − Xni

Parameters for PSO optimization algorithm

Population

number
of repeat

C1

C2

ωmax

ωmin

k

50

100

1.5

1.5

1

0.1

0.5

Indian Journal of Science and Technology | Print ISSN: 0974-6846 | Online ISSN: 0974-5645

Masoud Ghazipour Shirvan and Ali Asghar Ghadimi

5.1 Simulation with Loads of Sources of
Uncertainty

5.2. Simulation without Considering
Uncertainty Load and Sources

The simulation was performed several times using
different initial values and converging optimization
algorithm with three different implementation is shown
in Figure 6. As can be seen from this figure, the response
is independent of the initial value obtained which is the
same in each case. Table 5 shows the optimum values
obtained for the total cost of wind, solar and storage
battery. The problem of determining the capacity of
the Monte Carlo method, the optimal combination of
Equivalent Loss Factor (ELF) is 0.1 and repeat until
convergence of the optimization algorithm have been
few signs of 35 repetitions.

The averages of two hours of wind speed and solar
radiation data have been used to calculate wind
and solar power generation units. Then by utilizing
Modified Particle Swarm Optimization Algorithm
(MPSO), cost model, energy management strategy
and reliability indices which have been previously
defined, the calculation of the optimal number of
units of wind, solar and battery storage, is conducted
regardless of the uncertainty of output powers of wind
and solar units.
Figure 7 and Table 6, respectively, shows the con
vergence optimal algorithm and optimizing parameters
such as the units of wind, solar and battery storage
in a state of determining capacity problem, without
considering uncertainty in the renewable energy. The
optimization algorithm in this method in the repeat of
48th with reliability index 0.1 is converged to the opti
mal values.

500
450
400

Load(kW)

350
300

7

250

1.68

x 10

200

1.66

150
100
0

1.64

Figure 5. Electric power consumption for one year.
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Figure 7. Convergence of the PSO optimization
algorithm without considering the uncertainties of
renewable energy.
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Figure 6. Convergence of PSO optimization algorithm.

Table 5. Optimized parameters and cost of hybrid
wind, solar and battery with Monte Carlo method
Number of
wind unit
NW

Number of
solar unit
NS

Number of
battery
NB

Total
cost
(106 $)

350

301

912

11.884
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Table 6. Optimized parameters and cost of hybrid
wind, solar and storage battery without considering
uncertainties of renewable energies
Number of
wind unit
NW

Number of
solar unit
NS

Number of
battery
NB

Total
cost
(106 $)

375

823

721

15.321
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5.3 The Analysis of the Effect of Equivalent
Loss Factor on the Determining Capacity
Determining the capacity of hybrid wind, solar and bat
tery storage for equivalent loss factor of 0.05, 0.08, 0.1 and
0.15 is done with the use of method Monte Carlo and the
results shown in Table 7.

5.4 The Analysis of the Sensitivity of
Determining Capacity than Parameters
Change Probability Density Function Wind
Speed and Solar Radiation
With the 1 percent and 10 percent changes on Coefficients
Probability Density Function of wind speed and solar
radiation, the decrease in cost was 4.2 and 28.7 percent
respectively and Equivalent Loss Factor (ELF) calculated
for Optimal hybrids with using Monte Carlo method
was 13/87 and 114/75 percent respectively which is more
than equivalent loss factor of 0.1. The results are given in
Table 8. Interestingly, the method proposed here is not
restricted to the units combining wind, solar and battery
storage but also applicable to any combination of renew
able and non–renewable units.

6. Conclusion
The optimal determination capacity problem of distrib
uted energy resources of stand–alone power system was
proposed. The uncertainty of wind turbine and solar array
output power on determining capacity of hybrid wind,
solar and battery is taken into account. Simulations are
performed in two methods. In the first method, the uncer
tainty of wind speed and solar radiation is not counted
while in the second one it is taken into consideration. To
compare the above-mentioned methods, cost and reliability
are taken as indices. Objective function for these methods
is cost, which is calculated with NPC procedure and ELF
as the constraint of the optimization algorithm. Simulation
results point out that if renewable energy uncertainty is not
considered, the project cost will be 29 percent higher than
the state cost when uncertainty is taken into account (with
specific Environmental and climate conditions).
Considering the uncertainty of the determining capac
ity of renewable energy is a realistic vision. In this study, the
analysis is conducted on determining capacity of hybrid
wind, solar and storage battery. The obtained results are
as below:
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Table 7. Optimized parameters and cost of hybrid
wind, solar and storage battery with method Monte
Carlo for equivalent loss factor different
Equivalent
Loss Factor
ELF

Number
of wind
unit
NW

Number
of solar
unit
NS

Number
of
battery
NB

Total cost
(106 $)

0.05

430

353

1063

14.244

0.08

407

260

967

12.792

0.1

350

301

912

11.884

0.15

271

349

704

10.031

Table 8. Optimized parameters and cost of hybrid
wind, solar and storage battery determining by
probability method with considering changes in the
coefficient of probability density function of wind and
solar units
Increase
Coefficient

NW

NS

NB

Total cost

0.01

414

56

954

11.386

0.1

307

0

787

8.4631

The cost change rate of solving the specifying capacity
problem with regard to different reliability indices (ELF)
indicates that, it is feasible to spend less expanse in com
parison with the total expenditure and on the other hand,
it is possible to get a concrete increase in system reliability
(i.e, ELF is less) results paper show that considering the
uncertainty decrease the cost with the same reliability
index When the uncertainty is not considered.
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