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Abstract

Renewable and clean energies like a photovoltaic (PV) energy and wind energy (WE), they can
contribute in decreasing the electric energy cost. Energy storage is necessary in PV and WE hybrid
system with the variable nature. A hybrid system (PV, WE and diesel), it uses the aim of minimizing the
total cost and ensuring the energy available. In this paper, the modeling and cost analysis of a hybrid
system (PV, WE and diesel) considering three types systems: First, diesel with a hybrid system. Second,
diesel and battery with a hybrid system. Third, grid, battery and hybrid system. In comparison to all types,
for cost analysis, a mathematical model have introduced for each type. There are two parts of this work.
First by Homer software, it has been used to find the system feasibility and conduct the economic analysis.
Second by Matlab simulation, this paper includes status of grid integration in one day through twenty four.
The power generation by wind turbine, the change of wind speed which effect on values of power
generation. The power generation by solar cell, the change of temperature and radiation which effect in
values of power generation. The battery bank, it uses to energy storage and it is keeping the energy to use
it in next times when the energy generation not enough to run the loads. The presence of diesel to
compensate for the shortfall in generation to meet the required load capacity. The main advantages of
PMSM are high torque density, high efficiency and small size. Photovoltaic power generation system is the
PV generation technology is treated as the most promising technology among renewable energies.
Photovoltaic (PV) power generation system is a promising source of energy with great interest in clean and
renewable energy sources.
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1. Introduction

Renewable-Energy Sources new strategies like PV and Wind, these applications
become more integrated with the grid-based systems [1]. A power-conditioning system used in
a grid connected for photo-voltaic (PV) generation plants [2]. A new power-electronic technology
for the integration of energy sources to develop a mathematical model of a dc/ac full-bridge
switching converter with current control for PV grid-connected system and energy-storage
system for the grid system is disconnected for any reason, and the distributed generation still
supplies to any section of local loads [3].The available power from the PV system is highly
dependent on solar radiation. To overcome this deficiency of the PV system, the PV module
was integrated with the wind-turbine system [4]. These are voltages decrease with wind
penetration and increase with solar penetration [5]. The renewable energy, Wind energy and PV
energy which with power electronics are changing character part in the electricity generation [6].

Increasing orientation for the use of PV in industry and electrical appliances because
PV energy is predictable to play big role in future smart grids as distribution renewable source
[7]. PV system with PMSM drive is investigated. The PV system application is prospected, in
order to highlight the irradiation effect on the PV panel feeding the PMSM [8]. The PV source to
an AC voltage source by inverter have the ability for controlling a PMSM [9]. A way control (PI)
in addition to the controller integral relative formulated and implemented, using speed control
magnet synchronous motor drive system and a permanent pilot phase. While the new strategy
promotes traditional PI control performance to a large extent, and proves to be a model-free
approach completely, it also keeps the structure and features of a simple PI control [10].The use
console mode instead of Fuzzy-PI control to improve the performance of engines PMSM. To
control the speed of PMSM motor using fuzzy logic (FL) approach leads to a speed control to

Received December 13, 2015; Revised February 19, 2016; Accepted February 28, 2016



544 m ISSN: 2502-4752

improve the dynamic behavior of the motor drive system and immune disorders to download
and parameter variations [11]. In the drive systems, and gains from the traditional can’t usually
be set in proportion-integral (Pl) controller speed large enough because of mechanical
resonance. As a result, Performance degradation and speed control. The proposed FLC has
been compared with traditional PI control with respect to the speed of response and dynamic
load Torque. Simulation and experimental results have proved that FLC was proposed is
superior to the traditional PI. This FLC can be a good solution for the high-performance engine
lifts Systems. A modern approach to control the speed of PMSM using particle swarm
optimization (PSO) to improve the algorithm parameters observer Pl-. Simulate the system
under different operating year Conditions are prepared and the experimental setup. Use PSO
algorithm and optimization makes a powerful engine, with faster response and higher resolution
dynamic and sensitive to load variation [12-15]. Grid is a system that would become the
integration of renewable energy sources and while keeping the balance between supply and
demand. Applying hybrid energy systems using renewable energy sources. Renewable
energies, consisting of photovoltaics and wind as energy sources, batteries to store the excess
generated energy and a diesel generator as a back-up system. Hybrid systems based on PV
and WE have a long lifetime and normally low maintenance cost, and the application of
PV/WG/battery-based hybrid systems. The aim of using a WE/PV/diesel system to get low the
total cost and ensuring the energy availability. By using the HOMER software to analysis the
system feasibility and conduct the system economical, it used to obtain the optimal design by
evaluating all the possible solutions. The system consists of WE and PV as renewable power
sources, a diesel for backup power, the batteries to store excess energy and improve the
system reliability.

2. The Mathematical Models for System’s Components

They have, Mathematical Model PV System, Mathematical Model Wind System,
Mathematical Model Diesel System, Mathematical Model Diesel System, Mathematical Model
Battery System, Battery price and worth and Mathematical Model PV/WG/diesel/battery system:

DC bus AC bus
PV —»| DC-DC > » AC Load
Battery (e >—p DC-AC =ple—> Grid
Wind m» AC-DC > Diesel

Figure 1. System Topology

2.1. Mathematical Model PV System

PV System, The energy is produced by the solar panels is directly sent to the consumer
load. The renewable energy conversion systems (PV). The PV generated power by a particular
solar irradiation level and power output, PV output power (W) and solar irradiation (w/m?). The
PV panels are sensitive to temperature which is most influenced by the variations of
temperature is the open-circuit voltage. Solar irradiation level, the variation in ambient
temperature is taken into consideration.
It can be obtained from the solar radiation by the following formula:

Ppv(t) = I() X A X npy (1)
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ppv(t): The output power of each PV system at time t
A : A denotes the PV area (mzz)
I(t): The solar radiation (kW/m®)

Nev: The overall efficiency of PV panels and DC/DC converter

2.2. Mathematical Model Wind System

Wind System, the energy is produced by the wind turbine is directly sent to the
consumer load. The renewable energy conversion systems (wind). The wind turbine generated
power by wind speed and power output, Wind turbine output power (kW) and Wind velocity
(m/s).

Table 1. Power generation & wind speed

power generation wind speed

starts above 3.5 m/s
rated 9.5m/s

stop exceeding 25 m/s

It can be obtained from the wind speed by the following formula:

0 v(t) < Veut_;, or v(t) = Veut_gy,
v(t) — Veut_;,
Pwind(t) = Pr_wing ———— Veut_j, < v(t) < 2
wind () r—Wind v, — Veut_, Ut_jp ®<ve (2)
Pr_wind v < v(t) < Veut_gy

V(t) : wind speed (m/s)

Prwing : rated power of the wind generator (kW)

Veutin: cut-in speed of the wind generator (m/s)

Veutout : CUt-out speed of the wind generator (m/s)

Vv, : rated speed of the wind generator (m/s), respectively
and

Pwind(t) =Nwina X Pwind(t)

Nwina :Number of wind generators

Pwind(t):Overall produced power

2.3. Mathematical Model Diesel System

Diesel system, power generator should be excluded to the battery storage calculation.
To satisfy load when battery storage is deplete and when wind power and solar power fail at this
times operated Diesel generator system.

It can be obtained from the fuel consumption of the diesel generator by the following
formula:

Consp = Bp X PP x Ap X Py (3)

Pp :output power of the diesel

Px° : rated power

Bp = 0.0845 (L/kWh): coefficient of the consumption curve
Ap = 0.246 (L/kWh): coefficient of the consumption curve
And

Cf = Pfuel X CODSD (4)

Cs : hourly cost of the fuel consumption
Pruel: fuel price
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2.4. Mathematical Model Battery System

Battery, The excess energy from wind turbine and solar panels is stored in the batteries
via the bi-directional inverters. To cover the energy deficit by the stored energy in batteries. In
this type system by storing excess energy to maximize the usage of renewable energy. It is
capable of reducing in fuel consumption.

It can be obtained from the state of charge (SOC) (battery bank is in charging state,
battery bank is in discharging state) by the following formulas:
Battery bank is in charging state:

ELoad, _ NBc
EBatt(t) = EBatt(t - 1) X (1 - G) + [(Epv(t) X Ny + Ewind(t) X nzlnv) -—= ] X (5)
Ninv Ninv

Egatt(t) : charge quantities of battery bank at time (t), (kWh)
Egatt(t_1) : charge quantities of battery bank at time (t-1), (kWh)
o : hourly self-discharge rate,

Ninv :denotes the inverter efficiency

nec : charge efficiency of the battery bank

Battery bank is in discharging state:

Egaue(t)

Egarc(t) = Egare(t — 1) X (1 —0) — ([ inv

- (Epv(t) X NInv + Eying X nInv)]/mge X nlnv)  (6)

nee: discharging efficiency of battery bank

2.5. Battery Price and Worth
If the lifetime of each battery (5 years):

1 1 1
Chatt = P (1 ) 7
Batt Batt X + (1 + 1)5 + (1 + i)lo + (1 + i)ls ( )
2.6. Mathematical Model PV/WG/Diesel/Battery System

i(1+ )" [

cpt = m Nwind X Cwind + va X va + Npatt X Cpatt + Nconv X Cgatconv + Cpjesel (8)

Inv Inv

and

CMtn = va X Clr\)/[‘in + NWind X C‘/Mvtirrlld + Cﬁi&sel (9)

2.7. Database with Information System and Algorithm Work

In this work, there are many variables like PV System Variables, Wind System
Variables, Diesel Variables, Battery Variables and Load variables. About discuss these
variables in all this work system each one variable it has code and this code include symbols to
definition these variables suppose the following:

PV Power System = Ppv = Xi (10)
Wind Power System = Pwind = Pw = Xj (11)
Diesel Power System = Pdiesel = Pd = Xk (12)
Battery Power System = Pbattery = Pb = Xm (13)
Load Power System = Pload = Pl = Xn (14)

Using this symbols, to know behavior a system in one day with help status equations:
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i
Pv = ZXi , i=0atT=0to1hours(12p.m — 1a.m)and

0
i=1atT = 1to 2 hours(la.m — 2a.m)and
i=2atT=2to 3 hours(2a.m — 3a. m)and

i=3atT = 3to4hours(3a.m — 4a.m)and
i=4atT=4to5hours(4a.m — 5a.m)and ... ... ... ... ... ...
i =23atT = 23to 24 hours(11p.m — 12p. m)

j
Pw = ZXj , j=0atT = 0tol hours(12p.m — 1la.m)and

0

j=1latT = 1to 2 hours(la.m — 2a.m)and

j=2atT = 2to 3 hours(2a.m — 3a.m)and ... ... .....

j=23atT = 23to 24 hours(11p.m — 12p. m)and
k

Pd = ZXk , k=0atT = 0tol hours(12p.m — 1a.m)and

0
k=1atT = 1to 2 hours(la.m — 2a.m)and
k=2atT = 2to 3 hours(2a.m — 3a.m)and ... ... ... ... ..
k =23atT = 23t024 hours(11p.m — 12p. m)

m
Pb = ZXk , m=0atT = 0tol hours(12p.m — 1a.m)and

0
m = 1atT = 1to 2 hours(la.m — 2a.m)and
m=2atT = 2to 3 hours(2a.m — 3a.m)and ... .. ... ... ...
m = 23 at T = 23 to24 hours(11p.m — 12p. m)

n
Pl = Z Xk , n=0atT = 0tol hours(12p.m — 1a.m)and
0

n=1atT = 1to 2hours(la.m — 2a.m)and
n=2atT=2to3hours(2a.m — 3a.m)and ... ... ... ... ... ...
n=10atT = 21to24 hours(11p.m — 12p.m)

3. Grid Integration

Grid Integration, Renewable-Energy Sources new strategies like PV and Wind are
designed to operate with and interconnected with the electric utility grid. Below are the block
diagrams of Grid Integration system.

3.1. Photovoltaic System

Photovoltaic module consists of solar cells which convert light directly to electricity. PV
system can be classified into two types. They are PV connected with Grid and PV connected
without Grid.

Solar —
AW [l [—
e e e i [ I

j == M| = &

Figure 2. PV connected with Grid Figure 3. PV connected without Grid
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3-2 Wind Turbine Generation System (WTGS)

Wind Turbine Generation System (WTGS) is used to convert kinetic energy into
electrical energy. As wind case varies, the electrical energy produced from the generator needs
to be converted for convenience. An inverter, rectifier, transformer and filter are needed within
the Wind Turbine Generation System (WTGS), in order for utility-grade AC power to be
transmitted over long distances (Figure 4). A transformer is usually installed at the undermost of
the tower to provide voltage diversion from the low voltage by the wind turbine, to medium/high
voltage for transit.

Pras N MACHINE SIDE GRID SIDE
CONVERTER CONVERTER
NN . + i
v @ P I
r
AACHINE SIDE < . -
CONTROL c

Figure 4. PMSM Wind Energy Conversion System

Most modern Wind Turbine Generation System (WTGS) have intelligent feature to
observe and control the system to diverse wind conditions. Like, atmospheric sensors detect
wind speed and direction. Other sensors observe the status and strength of the turbine parts to
bypass run-to-failure. Wind turbines need to resist extreme weather conditions, such as storms
and lightning. In these types of conditions, it is important to ensure that the turbine monitoring
system is designed to provide high voltage.

4. Simulation Analysis and Results
Simulation Result, there are two part in this work, 1% by Homer and 2 by Matlab
simulation:

4.1. Simulation Result by using Homer Software

Models a renewable system, Models a renewable system that satisfies electricity
demand by combining PV, WE and diesel and batteries with grid or without grid. By using homer
software, it use to obtain the optimal design by evaluating all the possible solutions:

4.1.1. Simulation Results of Diesel with Hybrid System

First, diesel with hybrid system, in this part, Model a renewable system that satisfies
electricity demand by combining PV, WE and diesel. By using homer software, it use to obtain
the optimal design by evaluating all the possible solutions:

Homer software of PV, WE and diesel as in Figure 5, Result of PV and WE and diesel
as in Figure 6.

— & +~— |
Primary Load 1 P
48 kKwihdd

E.4 kK peak

Generator 1
—» —

Corverter Generic Tkw

AL (Bl

Figure 5. Homer software of PV, WE and diesel
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Figure 6. Result of PV, WE and diesel

4.1.2. Simulation Results of Diesel and Battery with Hybrid System

Second, diesel and battery with hybrid system, in this part, Model a renewable system
that satisfies electricity demand by combining PV, WE and batteries with diesel. By using homer
software, it use to obtain the optimal design by evaluating all the possible solutions. Homer
software of PV, WE and batteries with diesel as in Figure 7 and Result of PV, WE and batteries

with diesel as in Figure 8.

Generator 1

— |
Primary Load 1
48 kKWwihed

5.4 k' peak

-+
Conwerter
AL

|
W

na———
Generic 1k

-« =)
S4KS25F

oC

Figure 7. Homer software of PV, WE and batteries with diesel

,,‘L i = PV Gi Label | S4KS525P | Conv. | Efficiency Initial Operating Total COE | Ren. Diesel
plecl=) (W) (W) W) | Measures|  Capital Cost (34T) MPC (54 Wh}| Frac. L)
Y =) 55 1 15 Mo 527.350 63.570 5903898 4.036 000 64,316
Adma 1 55 1 15 Mo 532,350 63,376 5912814 4076 000 64,316
F 3E 1 55 1 15  No £32.350 £9.206 $917.037 4085 0.00 64,316
Fhid 1 1 55 1 15  No 537,350 69,512 £925952 4134 000 64,316
mc} 55 No 25,000 79566 51042115 4653 0.00 74,664
s 1 55 10 No 530,900 79526 51052619 4700 0.00 74,664
;5 1 55 10 No 530,900 80256  $1.056.843 4719 0.00 74,664
5 ) 1 1 55 10 MNo 535,500 80562 51085758 4758 000 74 664

Figure 8. Result of PV, WE and batteries with diesel

4.1.3. Simulation Results of Grid, Battery and Hybrid System

Third, Grid, battery and hybrid system, in this part, Model a renewable system that
satisfies electricity demand by combining PV, WE and batteries with grid. By using homer
software, it use to obtain the optimal design by evaluating all the possible solutions.

At

Grid

—> |
Primary Load 1
48 khvwhd
5.4 kW peak

La—p [=]

Corwerker

)

C

|
F“'\.-"

|
Generic 1kWwW

— =]
S4RS25P

oC

Figure 9. Homer software of PV, WE and batteries with grid
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8 e 2 I 1 e = O R == R
- No 1000 50 1.752 £223% 0100 00D
A i 1 1.0 No 1000 £1500 1,844 £25476 0114 0.00
E o 1 10 No 1000 £ 5,500 2112 £32501 0147 0.00
L As 1 1 1.0 No 1000 £ 6,500 2,151 £34351 0154 0.00
A 1 10 No 1000 £ 5900 2443 £37124 0166 00D
Ea 1 1 1.0 Mo 1000 56,500 2.481 £38615 0172 000
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S 1 1 1 1.0 No 1000 211,500 2,787 £47530 0212 000

Figure 10. Result of PV, WE and batteries with grid

4.2. Simulation Result by using Matlab software
By using Matlab, it use to obtain the optimal design by evaluating all the possible
solutions:

4.2.1. Simulation Results of Wind Energy

It has, Simulation of Wind Power response and wind speed profile used for system
simulation.

By using the following values to know behavior a system in one day:
Time=[012345678910111213 141516 17 18 19 20 21 22 23], Wind speed =[9.4 9.3
9.510.41010.2109.510.311.411611.2109.99.38.89.19.184757.47.27.27.2]

“wfind Speed

5 H i i I
o 5 10 15 20

Time offset: 0

a. Wind speed profile used for system rime affast 0
simulation b. Simulation of Wind Power response

Figure 11. Simulation Results of Wind Energy

By analysis simulation results, There are some cases to do it as a following analysis
WTGS By Using PMSM (Speed, Torque, Current) and (Tm(pu),Wind Speed, Vdc, Grid Voltage
and Grad Current). First step, to run the PMSM with different speeds to get a different frequency
to select the frequency on the side generation with the rated speed. The simulation result in the
table (2), it was clearly to get 50Hz side of generation by using rotation speed 1000 rad/sec
which using the simulation system of this work. Simulation Model of PMSM is illustrated in
figures (12, 13) which using this step. Second step, to use different values of wind speed with
selected the simulation model (wind speed). Third step, using these component systems
rectifier, DC bus, Inverter, filter, load & grid with WTG & PMSM. Final step, uses different control
systems, like classical PI controller. Expert System Fuzzy Logic Controller and optimization
PSO Controller of PMSM to analyze all result.

=<G.<7
1 ] -
==
~.v=
-~ —
I ] WWind Speed
== Scopos
,_ll/\ .
1 ]
==
1 ] -
==

Figure 12. Simulation model of wind speed
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Table 2. PMSM with different speeds to get different frequency

Rated Speed(rad/sec) Time(sec) Frequency(Hz)
50 0.42 2.38
100 0.2 5
200 0.1 10
1000 0.02 50
1500 0.01666 60

Figure 13. WTG & PMSM. Simulation model with wind speed

At Speed=200,10Hz generation side and 50Hz at Grid side:

-

Time offset: o

rme offset. 0O

= ; ; ; . ; ; ;

Time offset: 0

Figure 16. Simulation response of Grid vab
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4.2.2. Simulation Results of PV Energy
It has, Simulation of Solar Power response, Solar panel temp profiles used for system
simulation and solar radiation profiles used for system simulation. By using the following values
to know behavior a system in one day:
Time=[01234567891011121314151617181920212223],Ir=[000000
010 120 300 420 690 695 390 200 280 200 1502010000], Temp=[1152525252525
355111827282215171811543210]

40 . . . : 1000

800
600

o

I i i L -200
a

Time offset. 0 Time offset. 0

a. Solar pane| temp prof”es used for System b. Solar radiation prOﬂleS used for System
simulation simulation

a
%10 Solar Power
T

25

Time

c. Simulation of Solar Power response

Figure 17. Simulation Results of PV Energy

4.2.3. Simulation Results of Hybrid System
Simulation Model of hybrid system as show in figure 18. Table 3 simulation Results of
hybrid system and Simulation Results of hybrid system.

Power Wind »- ]
WTGS Wind
-
Power PV - I -1+
=vi PVA l—» +
-l
Power Diesel —L_.EI Wind+PV+D+disch

= Pres
(W+PV+D+disch)-(L+ch.) Scope
=]

Charge L

Dischar.

Battery

Power Load —‘—DE

Load Load1

Figure 18. Simulation model of hybrid system
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Table 3. Simulation Results of hybrid system

Time(h) PV Wind Wind & PV Load Diesel Ch. battery Disch.bat.
(kw) (kw) (kw) (kw) (kw) (kw) (kw)
12-1 0 14 14 10 0 4 0
1-2 0 14 14 15 0 0 1
2-3 0 14 14 10 0 4 0
3-4 0 16 16 16 0 0 0
4-5 0 19 19 21 0 0 2
5-6 0 20 20 19 0 1 0
6-7 0 19 19 20 0 0 1
7-8 0 17 17 19 0 0 2
8-9 3 15 18 19 0 0 1
9-10 10 15 25 24 0 1 0
10-11 15 17 32 35 0 0 3
11-12 23 14 37 40 3 0 0
12-1 23 19 42 54 12 0 0
1-2 23 18 41 49 8 0 0
2-3 15 16 31 32 1 0 0
3-4 7 12 19 23 4 0 0
4-5 9 14 23 24 1 0 0
5-6 7 11 18 21 3 0 0
6-7 5 7 12 19 7 0 0
7-8 25 6.5 9 12 3 0 0
8-9 0 5.5 5.5 8 25 0 0
9-10 0 55 55 7 1.5 0 0
10-11 0 55 55 6 0.5 0 0
11-12 0 5.5 55 5.5 0 0 0
2 H ‘ID5 P

%10 Wind g

1] 5 10 15 20 25 1] =] 10 15 20 25
Time offset: 0 Time offset: 0

5 . 5
=10 Dieszel %10 Load

1

0.5

u]

-0.5
K] : i | ; i) L i | H
a ] 10 15 20 25 a =] 10 15 20
Time offset: 0 Time offset. 0
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5 4
%10 [ +P + D +dizch]-L+ch.)=0 %10 Ch.

Time offset: 0O

4 .
=10 dizch.

rime offset: 0O Time offset: 0

M +PY D +dizch)-[L+ch.]=0

5 ; 1 i :
0 5 10 158 20

Time offset: 0O

Figure 19. Simulation Results of hybrid system

5. Conclusions

National network that transmits power from generating stations in addition to the ability
of renewable energy sources and energy stored in the batteries and the ability of the diesel
generator working together to meet the required load capacity. Photovoltaic/Wind/Diesel System
with Battery Storage Devices, to produce power independently of the utility grid. Energy storage
with the fluctuating nature is necessary in PV/Wind hybrid systems which is considered as a
secondary power source when the demand is high. They found that battery and wind generator
are the most important components of the PV/WG hybrid system to meet demand loads at night
hours. To efficiently use the energy sources integrated in the hybrid system, an appropriate
sizing methodology is essential. For a PV/WG/diesel/Battery hybrid system, optimum sizing
means the determination of number of PV panels, wind generators, Batteries tanks and diesel
generator to satisfy the load demand. PV/WG/diesel/battery systems. The system consists of
wind generators and photovoltaic panels as renewable power sources, a diesel generator for
backup power, the batteries tanks to store excess energy and improve the system reliability.
Optimal sizing of hybrid systems is a very difficult task which needs the development of
mathematical models for the components and using optimization techniques.
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