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Abstract- In this study an optimized wind/PV hybrid 
system with battery and diesel back up is designed. The 
optimization is subject to the hybrid system cost 
minimization during its 20-year life time to be allotted for 
covering a fixed load profile. Total cost embraced 
investment, operating, fuel cost and maintenance. Here 
the optimization was done by Particle Swarm 
Optimization algorithm.  Load profile, wind speed and 
solar radiation data are available for Ardabil province in 
North West of Iran. 
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I. INTRODUCTION 
As recently the energy demand is growing 

increasingly, fossil fuel supplies are decreasing rapidly. 
Thus, water and wind have emerged as alternative 
sources of renewable energy supplies. However, the 
uncertainty and unpredictability are the two most 
considerable disadvantageous features of such renewable 
resources. Therefore, these features turn the production 
and detailed power programming rather impossible [1-6]. 
According to renewable energies’ dependability on 
environmental conditions, some back up sources should 
be counted beside them regarding to load covering in all 
time. This will modify reliability of power production 
effectively. Based on previous studying, a precise 
designed back up capacity is essential regarding of power 
changes management. This system can be assumed as a 
micro grid [2, 4 and 5]. 

Bagul et al. (1996) were the first who considered the 
Load Power System Probability (LSPS) to conduct the 
optimal sizing of standalone hybrid system. To this end, 
they plotted the PV array against battery size to obtain the 
desired LSPS and defined the optimal solution, which 
reduced the total system cost, as a point on the sizing 
curve [6]. A methodology for optimal sizing of hybrid 
PV/WG/Battery system is presented by E. Koutroulis et 
al. The total annual cost for each configuration is 
calculated by the hourly average data of wind speed; solar 
radiation and load power profile, many types of 

commercial devices such as PV's, WG's and Batteries are 
considered. In other words, optimization has been carried 
out by genetic algorithm; and the purpose of optimization 
is cost minimization of the system for one year through 
covering the fixed load profile [7]. 

Choosing an optimized system is so complicated, so 
using of intelligent algorithm due to optimizing is 
common. PSO algorithm among all methods makes more 
sense according to its merits [8]. It is based on particle 
swarm optimization and it is newer than others. It was 
initially expressed in 1995 [9]. PSO results faster than 
other algorithm and the possibility of error due to local 
extermums are quite low.  

A short preview of studying was done along this are 
as follows. A wind/DG system was modeled in micro 
point of view. So power electronics was the subject of 
matter in this paper [10]. Another studying analyzed 
reliability in a wind/DG system and modeled wind 
turbine error. This paper didn’t consider maintenance cost 
in optimization [11]. Moreover, Particle Swarm 
Optimization (PSO) algorithm has been employed to 
minimize the total cost of hybrid system in its life time 
(20 year).  The total project cost entailed investments, 
fuel, operation and maintenance. Load profile, wind 
speed and solar radiation data are available for Ardabil 
province in North West of Iran (latitude: 38°17’, 
longitude: 48°15’, altitude: 1345m). Figure 1 depicts the 
general schematic of proposed hybrid system. 

 

 
Figure 1. Block diagram of a hybrid wind/PV/Diesel generation with 

battery back up 
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II. SYSTEM STRUCTURE 
In this study, the proposed system was simulated for 1 

year with 1 hour step time. The PV and wind turbine 
generation considered constant in each step time (1 hour). 
This system made of wind turbine, PV, battery and DG 
(diesel generator) in which expressed as follow: 

 
A. Wind Generator 

The output power from wind turbine versus wind 
speed usually given by manufacturer in hour t of day i, is 
calculated from Equation (1) [11, 13]: 
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Figure 2 depicts the hourly wind speed data along a 
year for the area of Ardabil in North West of Iran. The 
characteristic of the WG is tabulated in Table 1. 

 
Figure 2. Hourly wind speed during a year at a height of 15 meter 

 
B. PV 

The maximum output power of PV, ( )i
MP t , in day     

i (1 365i≤ ≤ ) and hour t (1 24t≤ ≤ ), using of PV 
module properties in STC (Standard Test Constant, 
Tcell=25°C and Ga=1Kw/m2) will be calculated. If 
ambient temperature and irradiation were available, 
module behavior described as equations (2-5) [7]: 
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The real transferring power from PV to battery bank, 
( )i

PVP t  and maximum output power of PV arrays 

( )i
MP t  using of transferring factor of battery charger ns 

derived from Equation (6):  
 

( )
( ) 1 2

i
PV

s i
M

P t
n n n

P t
≡ =  (6) 

where, n1 is power electronics coefficient and n2 is 
transferring factor. Also n2 is related to charge algorithm. 
If battery chargers work based on MPPT, n2 will be 1. 
During bulk-charging PV arrays connect to battery bank 
directly. In this paper it considered that battery chargers 
work based on MPPT. Number of PV battery chargers, 
which equals to PV blocks (each block, one battery 
charger), related to PV modules, (NPV). 

m
PV PV PV
ch m

ch

N P
N

P
=  (7) 

Figure 3 shows the solar radiation data along a year. 
Also the data measured in average of 7 data. Each week 
averaged in 1 day. The characteristic of the PV module is 
tabulated in Table 1. 
 

 
Figure 3. Hourly solar radiation during a year

 
Table 1. Characteristics of the components 

 

Components Capital cost 
(Euro/unit) 

Replacement cost 
(Euro/unit) 

Maintenance 
(Euro/year-unit) 

Life time 
(yr) Efficiency Rated Power 

(kW) 
Wind Generator 12298 10032 130 20 - 50 

PV array 7000 6000 20 20 - 1 
Diesel Generator 15180 14000 160 15 - 60 

Battery 264 200 3 3 - 2.76 kWh 
Inverter 598 500 5 15 90 6 

Battery Charger 518 490 6 15 85 5 
 

C. Battery 
Battery bank with nominal voltage as equal to Cn (Ah) 

is allowed to be discharge to a limited amount and this 
will be determined by designer at the beginning of 
optimization process [12]. 
 

( )min 1 . nC DOD C= −  (8) 
Regarding to PV and WG power and demanded load, 

the battery SOC along simulation time will be derived as 
follows: 
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( ) ( ) ( )
1

i
Bi i

B
BUS

P t
C t C t n t

V
= − + Δ   (9) 

( ) ( )24 0i iC C=   (10) 
where, nB=80% is charge round-trip efficiency and 
nB=100% is discharge round-trip efficiency. 

S BUS
B

B

V
n

V
=  (11) 

The previous equations were applied in a simulation 
process to check if it can cover the load along a year or 
not. The algorithm inputs are solar irradiation, wind 
speed, hourly ambient temperature and demanded load 
along a year. 
 
D. Diesel Generator 

Diesel generator as backup system beside battery 
bank is considered. The fuel-power trend of diesel 
generator is not a fixed function, so it changes by 
different function according to load power. In study 
according to the following trend the optimization was 
done. Figure 4 depicts the fuel consumption of diesel 
generator by its function in load percent as below. 

Equation (12) depicts each diesel generator 
consumption by its parameter as below [14, 15]: 

2
i i i i i iFuel a b PLR c PLR= + +  (12) 

Where, PLR is the load percentage of each diesel 
generator related to its nominal load. Also a, b and c are 
the coefficients of optimal trend and fuel is the fuel rate 
cost by each diesel generator. These coefficients depicted 
in Table 2. 
 

 
 

Figure 4. Fuel consumption ratio versus partial generated power 
 

Table 2. Characteristics of the diesel generators 
 

Fuel Consumption equation Power Rating (kVA) Type 
y = 1.16x2 + 0.834x + 0.712 5 1 
y = 2.76x2 + 0.442x + 1.302 12 2 
y = 6.1x2+11.58x+0.3375 40 3 

y = 9.07x2 + 50.56x + 8.316 60 4 
 
E. Load Demand 

The load profile is based on a bus feeder for Ardabil 
area in North West of Iran. Figure 5 shows the load 
profile for one year. Regarding simplification it is assume 
that the load demand for 20 year of the simulation is 
repeated yearly based on Figure 5. 
 

 
 

Figure 5. Hourly load profile for one year 
 

III. OPTIMAL SIZING 
In the following section, the findings of the optimum 

combination of WG’s, diesels, PV’s and batteries for 
covering the typical load demand over 20 years are 
presented. It should be pointed out that the total system 
cost entails the capital, replacement, operation, 
maintenance and fuel costs. 

In order to simplify, the following assumptions have 
been taken into account: 
• The solar radiation is repeated annually as it is depicted 
in Figure 3. 
• The wind speed is repeated annually as it is depicted in 
Figure 2. 

Systems are simulated in 20 year long time with an 
hour time step for several types of components whose 
devices are commercially available and their parameters 
are illustrated Table 1. Since the load profile is fixed, the 
component design should result in the total cost reduction 
in a year. 
 
A. Optimization Method 

In this method, the numbers of the whole equipment 
remain constant during the power station life span. The 
objective is determining the optimum number of them in 
a way that the total cost and the consumed fuel of diesels 
are minimized and on the other hand the load is supplied. 

Total power of WG and PV that transferred to battery 
banks, ( )i

reP t  in day i (1 365i≤ ≤ ) and hour t                  
(1 24t≤ ≤ ), is as follows: 

( ) ( ) ( ). .i i i
re PV PV WG WGP t N P t N P t= +  (13) 

Then, input power of DC/AC inverter, ( )i
LP t  is 

calculated by (14) using demanded load power. 
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n
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The remain capacity of battery will determined as 
follows: 
- If ( ) ( )i i

re LP t P t=  then battery capacity is remain 
without change. 
- If then the excess power, ( ) ( ) ( )i i i

B re LP t P t P t= − , will 
charge the battery and the battery new capacity derived 
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from (11). But if SOC reached to 100% then the excess 
power won't save. 
- If ( ) ( )i i

re LP t P t< , then the remained demanded power , 

( ) ( ) ( )i i i
B re LP t P t P t= −  will produce by battery bank and 

Diesel Generator, so the battery new capacity derived by 
(11). 

This cycle repeats till simulation time along 365 day 
by 24 hours finished or battery SOC goes under the 
allowable amount in (8). The first state means system 
operates successfully but the second one state shows the 
system function is unacceptable. 

In this proposed method, the optimization outputs 
using PSO are the number of WG, PV modules, diesel 
generator and batteries. These variables should be 
determined in which total cost of the system be 
minimized. Fitness function is the sum of capital cost, 
Cc(x) (€), plus maintenance (Cm(x) (€)) and fuel 
consumption (CF(x) (€)). 

( ) ( ) ( )C m FFitness C x C x C x= + +  (15) 
where x is the number of the component vector which 
describe as below: 

,, ,PV WG BAT DGx N N N N⎡ ⎤= ⎣ ⎦  (16) 
For computation the fitness function the capital cost, 

maintenance and fuel cost can calculate as follow: 
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20

1

1( )
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j

C x N F FuelCost
CRF ir j=
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where FDG is total fuel consumption per diesel which can 
be calculated through the Equation (20): 

365 24

1 1

( , )DG
i t

F Fuel t i
= =

=∑∑  (20) 

The ir is the interest rate (here 12% based on Iran 
Central Bank [16]), CRF is capital recovery factor for 
single payment present worth [13] which can be defined 
as follows: 

(1 )( , )
(1 ) 1

j

j
ir irCRF ir j

ir
× +

=
+ −

 (21) 

According to constants the constraints can be written 
as Equations (22) and (23). 

0
0
0
0

PV
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 (22) 

( ) ( ), , ,  , 1 365 ,  1 24Supply DemandP i t X P i t i t≥ ≤ ≤ ≤ ≤  (23) 
Point: the first installation is included in number of 
replacement.  

The last constants of optimization is regarding of load 
covering. The constant in each step of simulation will be 
tested and if it didn't meet the favorite results, that system 
combination will remove from the other state sets.      
Table 1 expresses the properties of each component 
which is used in the optimization program. 
 

IV. SIMULATION RESULTS 
Regarding simplification, in the following simulation 

it is assumed that the SOC of batteries (if batteries exist 
in hybrid system) is 100% at the start of the simulation. 
In the combined systems with diesel generators the air 
pollutant effect has been ignored according to the 
hypotheses. Figure 6 depicts the convergence of PSO 
algorithm in proposed system optimization. Table 3 
shows yearly total cost, maintenance, wind turbine 
nominal power, PV nominal power and diesel generator 
power. In this PSO process the number of iteration is 150 
and the population considered 50. 

Figure 7 depicts SOC (State of Charge) among 24 
hours of 52 weeks in each year (7 days of a week 
averaged to be 1 day so each hour of 52 weeks 24 hour is 
the average of 7 numbers). Figure 8 shows each diesel 
power as it can be seen when battery SOC reached to the 
minimum value, the rest of demanded power will 
produced by diesel. Also Figure 9 depicts the amount of 
fuel used by each diesel generator. Figures 10 and 11 
show the total power of PV arrays and total power of 
wind turbines. 
 

 
Figure 6. PSO convergence 

 
Table 3. The optimization results 

 

 PSO Result 
Number of wind generator 38 

Number of PV 320 
Number of Battery bank 197 

Number of  Diesel generator 6 
Cost (Million Euro) 4.4446 
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Figure 7. State of charge of battery bank along 52 weeks of a year 

 

 
Figure 8. Power generated per diesel 

 

 
Figure 9. Fuel consumption per diesel 

 

 
Figure 10. Total power generated by PV modules 

 

 
Figure 11. Total power generated by wind generators 
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Figure 12. Total cost variation versus the number of PV modules 

 

 
Figure 13. Total cost variation versus the number of wind generator 

 

 
Figure 14. Total cost variation versus the number of diesel generator 

 
For better analysis and validating the simulation result 

a sensitivity analysis has been carried out for a number of 
solar cells from 0 to 1000 (312% it's optimum value). 
According to the sensitivity analysis illustrated in Figure 
12, it can be concluded that increase the number of PV's 
will increase (maximize) the cost of the hybrid power 
system. In addition, the reduction of the solar cells will 
increase the cost of the power system, as well. This is 
particularly due to the reduction of the solar cells which 
results in the increase of the produced power in every 
diesel which will consequently lead to the increase of fuel 
consumption of the diesels. However, since the load 
covering isn’t carried out, the number of diesels and wind 
turbines cannot reduce from its optimum points which is 
shown in Figures 13 and 14. 

 
V. CONCLUSIONS 

As it was discussed, the present was an attempt to 
benchmark a wind/PV system with diesel generator and 
battery back up in accordance with available industrial 
models. This standalone system was optimized by real 
data of wind speed, PV arrays and load profile of defined 

area. In this system, where battery and diesel generator 
were used as backup system, optimization was employed 
due to total cost of the components, their replacements, 
and maintenance and fuel consumption reduction of 
diesel generator. In this process, the optimization was 
carried out through intelligent algorithm (i.e. PSO) and 
application of diesel generator fuel power. 

According to adequacy of this algorithm and certainty 
of this hybrid system, application of this optimized 
system in specified area is extremely cost effective. in 
addition,  this result can be  generalized and developed to  
other areas with real data. Finally, accessibility and 
diversity of diesel generators turns them into favorable 
systems. Thus, in this study through optimization of 
hybrid power system the demand for application of diesel 
generators beside renewable energies was carried out 
efficiently and economically. 

 
NOMENCLATURES 

yBAT: Number of replacement of battery in 20 years 
FDG: Yearly fuel consumption of each diesel 
FC: Fuel price in a year 
v(t,i): Wind speed of the installation place at the hour t of 
day i 
PWG,max: Output power of WG at the rated speed 
Pfurl: Output power of WG at cut out speed 
VRated: Nominal wind turbine speed 
m: Exponent constant for curve fitting 

( )i
WGP t : The input power of battery bank from turbine in 

hour t of day i 
( )iv t : Wind speed installation place 

( )i
MP t : The maximum output power of PV, in day i        

(1 365i≤ ≤ ) and hour t (1 24t≤ ≤ ) 
STC: Standard Test Constant  

( )i
SCI t : Module short circuit current 

.SC STCI : STC module short circuit current 

( )iG t : Irradiation reached to PV surface 

IK : Temperature coefficient of short circuit current 

( )i
OCV t : Open circuit voltage 

,OS STCV : STC open circuit voltage 

VK : Temperature coefficient of open circuit voltage 

( )i
AT t : Ambient temperature 

NCOT: Nominal Cell Operating Temperature 
( )i

PVP t : The real transferring power from PV to battery    
bank 

( )i
MP t : Maximum output power of PV arrays 

n1: Power electronics coefficient 
n2: Transferring factor 

m
chP : Nominal battery chargers power 
m

PVP : Maximum PV module output power in STC 
SOC: State of Charge 
Cmin: Minimum allowable battery capacity (Ah) during 
discharge 

0 200 400 600 800 1000
3

4

5

6

7

8

9

10

min

↓

Number of PV modules

T
ot

al
 c

os
t,

 M
. 

E
ur

o

0 20 40 60 80 100
3

4

5

6

7

8

9

10

min

↓

Number of Wind Generator

T
ot

al
 c

os
t,

 M
. 

E
ur

o

0 5 10 15 20 25 30
3

4

5

6

7

8

9

10

min

↓

Number of Diesel Generator

T
ot

al
 c

os
t,

 M
. 

E
ur

o

The Load does not supported



IInternational

( )iC t : Acce
VBus: DC bus

( )i
BP t : Batte
S
Bn  : Numbe

VB: Nominal 
NPV: Total nu
NWG: Numbe

( )i
LoadP t : Lo

ni: DC/AC in
yinv: Number 

PV
chy : Numb

years  
 

[1] S. Tarafd
Magnet Line
Hydrofoil in
Conference 
Energy Reso
[2] S. Rehm
Hadhrami, 
Hybrid Powe
Vol. 38, pp. 2
[3]  R. Duf
Objective D
Systems”, R
2008. 
[4] S. Carle
Policies: An
Energy Polic
[5] H.A. Sha
Operation o
Resources”, 
Physical Prob
4, No.1, pp. 9
[6] A.D. Bag
Standalone H
Three-Event 
Energy, Vol.
[7] E. Kout
Kalaitzakis, 
Alone Photo
Genetic Alg
1088, 2006. 
[8] M. Vatan
Profile Imp
Location of D
Physical Prob
4, No. 2, pp. 
[9] J. Kenn
Optimization
Networks, pp
[10] B.Y. E
Optimization
System With
Auxiliary En
pp. 1387-139

l Journal on “

essible battery
s voltage 
ery discharge 

er of battery w
voltage of ba

umber of PV m
er of wind gen
oad power at h
nverter efficien
of replaceme
er of replacem

REFE
dar, M. Abros
ear Synchrono
n a Tidal C
on Product 

ources (ICPDR
man, M.M. A
“Feasibility 
er System for 
258-268, 2012
fo-Lopez, J.L
esign of PV-

Renewable En

ey, “State R
n Empirical 
cy, Vol. 37, N
ayanfar, G. D
of Microgrid

Internationa
blems of Eng
97-102, March
gul, Z.M. Sala
Hybrid Wind
Probability D

 56, pp. 323-3
troulis, D. 
“Methodolog
ovoltaic/Wind
orithms”, Sol

nkhah, S.M. H
provement by
DGs”, Interna
blems of Eng
135-139, Jun
nedy, R. 
n”, IEEE Inter
p. 1942-1948,
Ekren, O. Ek
n of a PV/Wi
h Battery Sto
nergy Conditio
94, 2009. 

“Technical an

y capacity (Ah

input/output p

which is serried
attery 
modules 

neration 
hour t in day i
ncy 
nt of inverter 

ment of PV ba

ERENCES 
shan, M. Mirs
ous Generator 
Current Regim

Development
RE), India, 20
Alam, J.P. M
Study of a 
a Village”, R

2. 
L. Bernal 
-Wind-Diesel-
nergy, Vol. 33

Renewable E
Evaluation o
o. 8, pp. 3071
erakhshan, A

ds Using Re
l Journal on
ineering (IJTP
h 2012. 
ameh, B. Bor

d-Photovoltaic
Density Appr
335, 1996. 
Kolokotsa, A
y for Optima

d - Generato
lar Energy, V

Hosseini, “PS
y Optimizing
ational Journal
ineering (IJTP
e 2012.  
Eberhart, “

rnational Con
 1995. 
kren, “Simula
ind Hybrid E

orage Under V
ons”, Applied

nd Physical Pr

h) at hour t and

power 

d to DC bus 

i 

in 20 years  
attery charger 

salim, “Perma
for an Oscill

me”, Internat
t and Renew
11. 
Meyer, L.M. 

Wind/PV/D
Renewable En

Agustin, “M
-Hydrogen-Ba
3, pp. 2559-2

Energy Electr
of Effectiven
-81, 2008.  
. Ameli, “Opt
enewable En
n Technical 
PE), Issue 10,

rowy, “Sizing
c System Usi
roximation”, 

A. Potirakis,
al Sizing of St
or Systems U
Vol. 80, pp. 1

SO Based Vo
g the Size 
l on Technica
PE), Issue 11,

“Particle Sw
nference on N

ation Based 
Energy Conve
Various Load
d Energy, Vol

roblems of En

 124

d day i 

in 20 

anent 
lating 
tional 
wable 

Al-
Diesel 
nergy, 

Multi-
attery 
2572, 

ricity 
ness”, 

timal 
nergy 

and 
 Vol. 

g of a 
ing a 
Solar 

, K. 
tand-

Using 
1072-

oltage 
and 

al and 
 Vol. 

warm 
Neural 

Size 
ersion 
d and 
l. 86, 

[11]
“Op
Alon
Com
2380
[12]
“Op
Gen
Simu
[13]
Sizin
Part
East
1862
[14]
Sizin
Gen
100-
[15]
Batt
Syst
86, S
[16]

Ph.D
Scie
Tehr
rene
syste

(MIT
Eng
USA
Dep
of T
distr
plan

ngineering” (

 A. Kashefi 
timal Design 
ne Wind/PV

mponent Outa
0-2390, 2006.
 A. Kashefi 
timal Sizing 

neration Unit 
ulation, Issue 
 S.M. Hakim
ng of a Sta
icle Swarm O
t of Iran”, R
2, 2009. 
 R. Belfkira
ng Study 

neration Unit”
-110, January 
 M.A. Elhad

tery Storage 
tems”, Renew
September 19
 http://www.c

D. degree sinc
ence and Rese
ran, Iran, sin

ewable energy
em. 

T), USA in 
ineering from

A in 1984. He
artment of Ele

Technology, T
ributed gener
nt engineering

IJTPE), Iss. 1

Kaviani, G.H
of a Reliabl

V Generatin
ages”, Renewa
 
Kaviani, H.R
of a Stand-
Using Partic
2, Vol. 85, pp

mi, S.M. Mogh
and-Alone Hy

Optimization f
Renewable En

, L. Zhanga
of Hybrid 

”, Solar Ener
2011. 
idy, S.M. Sh

for Hybrid
wable Energy,

99. 
cbi.ir . 

 
BIOGRAP

 
Amir Ahm
B.Sc. degre
from Qazv
University, 
M.Sc. d
Engineering
of Mashhad
He is curre

ce Sep. 2006 
earch Branch,
nce 2006. H

y, optimization

 
Ali Abbas
born in Ir
degree in E
Amirkabir 
(Tehran Pol
1969 and 
Electrical 
Massachuse

1975 and P
m University
e is currently 
ectrical Engin
Tehran, Iran. 
ration, renew
. 

 

12, Vol. 4, No

H. Riahy, SH.
le Hydrogen-B

ng System, 
able Energy, 

R. Baghaee, 
-Alone Wind
cle Swarm O
p. 89-99, Febr
haddas Tafre
ybrid Power 

for Kahnouj A
nergy, Vol. 3

a, G. Baraka
Wind/PV/D

rgy, Issue 1, 

haahid, “Optim
d (Wind+Di
 Issue 1, Vol

PHIES 

marinezhad 
e in Electrica
in Branch, I
Qazvin, Iran,

degree in 
g from Ferdow
d, Mashhad, I
ently working
and is facult

, Islamic Aza
His research 
n and simulat

spour Tehra
ran and ob

Electrical Engi
University of
lytechnic), Te

the M.Sc.
Engineeri

etts Institute o
Ph.D. degree 
y of Californ
an Associate

neering at Sha
His research

wable energy,

o. 3, Sep. 201

M. Kouhsari,
Based Stand-

Considering
Vol. 34, pp.

G.H. Riahy,
d/Photovoltaic
Optimization”,
ruary 2009. 
shi, “Optimal

System via
Area in South-
34, pp. 1855-

ata, “Optimal
iesel Power
Vol. 85, pp.

mal Sizing of
iesel) Power
l. 18, pp. 77-

received the
al Engineering
Islamic Azad
, in 2002 and

Electrical
wsi University
Iran, in 2005.
g toward the
ty member in
ad University,

interests are
tion of power

anifard was
tained B.Sc.
ineering from
f Technology
ehran, Iran in
 degree in
ing from
of Technology

in Electrical
nia, Berkeley,
e Professor at
arif University
h interests are
, and power

2 

, 
-
g 
. 

, 
c 
, 

l 
a 
-
-

l 
r 
. 

f 
r 
-

e 
g 
d 
d 
l 
y 
. 
e 
n 
, 
e 
r 

s 
.  

m 
y 
n 
n 

m 
y 
l 
, 
t 
y 
e 
r 



IInternational

Electrical En
of Technolog
where he is 
are power 
stability, app
operation, an

l Journal on “

Mehdi
degree 
Electric
College
Iran in
and D
College
1976. S

ngineering De
gy, Tehran, Ir
currently a P
system simul
plication of ex
nd planning an

“Technical an

i Ehsan rec
and then 

cal Engineerin
e of Tehran U

n 1963. He o
DIC degrees
e University o
Since then, he
epartment of 
ran, in differe

Professor. His 
lation, dynam
xpert systems

nd control of p
 
 
 
 
 
 
 
 

nd Physical Pr

ceived his B
M.Sc. degre
ng from Tech

University, Te
obtained the P
s from Imp
of London, U

e has been wit
Sharif Unive

ent responsibi
research inte

mic and tran
s in identifica
power system.

roblems of En

 125

B.Sc. 
ee in 
hnical 
hran, 

Ph.D. 
perial 

UK in 
th the 
ersity 
ilities 
erests 
nsient 
ation, 
. 

Eng
Can
Post
Eng
to S
cond
relia
sam
the 
Univ
Pres
Eng
mem
Man
Tech

 

ngineering” (

ineering from
ada in 1993 a
tdoctoral Fe
ineering, Univ
ep. 2000 and 
ducted resea
ability. He wo
e department 
Department 

versity of Te
sently, he is
ineering, Sha

mber of Cen
nagement an
hnology, Tehr

IJTPE), Iss. 1

Mahmud 
(SM’99) w
obtained B
Electrical 
University 
University, 
1989, respe
and Ph.D.

m the Univ
and 1997, res
ellow in D
versity of Sas
from Sep. 20

arch in the 
orked as an 
from Sep. 20
of Electrica

echnology, Te
s head of D
arif University
nter of Exce
nd Control i
ran, Iran. 

12, Vol. 4, No

Fotuhi 
was born i
.Sc. and M.S
Engineering 
of Technolog
Tehran, Iran

ectively. He re
. degrees i
versity of S
spectively. He

Department o
skatchewan fr
001 to Sep. 20

area of po
Assistant Pro
00 to Sep. 20
al Engineerin
ehran, Iran in
Department 
y of Technol
ellence in Po
in Sharif U

o. 3, Sep. 201

Firuzabad
in Iran and
Sc. degrees in

from Sharif
gy and Tehran
n in 1986 and
eceived M.Sc.
in Electrical

Saskatchewan,
e worked as a
of Electrical
rom Jan. 1998
002 where he
ower system
ofessor in the
01. He joined
ng at Sharif
n Sep. 2002.
of Electrical

logy. He is a
ower System

University of

2 

d 
d 
n 
f 
n 
d 
. 
l 
, 
a 
l 
8 
e 

m 
e 
d 
f 
. 
l 
a 

m 
f 


