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Abstract: This paper presents an optimal sizing method adwtonomous hybrid wind photovoltaic system. Thénnadjective of
this study is to determine the optimal charactessof a system able to cover the energy demandscohsumer for a given specific
location. This method is essentially based on tvainrphases. The modeling of the autonomous hylygtem is considered the first
phase in the process of optimal sizing. The seprage is to optimize the dimensioning of the sydtesed on the lack of energy to
generate probability (LEGP), percentage of the lssrpf energy produced (PSEP) and the cost of tlesv&tt-hour produced
(Ciewn)-

From these two phases, a simulation code has teexioped as a working tool able to perform the ymigland optimization of a
hybrid system for given load and location.

Therefore, a case study that uses this code wasmiesl to determine the optimal configuration afystem that meets the energy

requirements (5kWh/jour) of a house located in Sfanisia.
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1. Introduction technical models based LPSP (Loss of Power Supply

. L Probability) and models based on the levelized obst
Global problems of the environment, the significant

rowth of energy needs, the rapid depletion of glob energy (LCE).
; > ’ g b g Tina [3] presented a probability approach based on
resources fuels and steady progress of renewable

. ) . technique that incorporates the variable nature of
energy technologies have provided new opportunities

resources and demand. The performance of a hybrid
for the use of renewable resources. However, soldr

i ) .. (PV-wind) has been studied for the case where
wind resources are considered the most promising

autonomous and connected to the network.
generators and more. To use these energy resources

. ) i . The comparison of different types of power
more efficiently and economically, the optimal sxi ) ) ; L
. conversion chain has been the main objective of the
of renewable energy systems is important.

L ) ) work of O. Gergaud [4] for the search of management
Several optimization techniques of hybrid systems )
strategies of the flow of energy produced by the

have been reported in the literature. For exanfple, )
i ) ) system. These approaches have been used to achieve
Diaf [1, 2] presented through its research a simapig ) , L
the technical and economic optimization of theesyst

useful methodology of optimization design of a hgbr
9y P g iy Yang [5, 6] proposed an optimization technique that

autonomous system (solar wind). The main objective
i i ) ) follows the model of LPSP (Loss of Power Supply
of the study is to find the optimal size of theteys.

o ) Probability) for a hybrid wind photovoltaic system.
The optimization model developed consists of , L ) )
Therefore, the main objective of this study is the

selection of the necessary power photovoltaic mesjul
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demand. This technique is developed based on &his estimate is the most
genetic algorithm (GA). determining the characteristics of
Other researchers such as A. Singo [7] have focusedomponents.
their research in the storage modes associated with Indeed, the daily energy neegrBpresents the sum,
autonomous energy systems for optimizing thefor N devices, of the rated power of each device
management of the energy produced. The authorseceiver, B, multiplied by the number of hours of use
compared several types of storage system trying tger dayt
combine different types for better performance. 5. =Z'N ( q )
Indeed, in this paper, a new method of optimanhsjzi J i=1 Ji
_of autonomous hyb_rl_d syst(_ems (wind/photovoltaic) 21 Mathematical model of the wind turbine
intended for a specific location has been developed
based on the lack of energy to generate probability Choose a suitable model is very important for the
(LEGP), percentage of the surplus of energy produce simulation of the power produced by a wind turbine.
(PSEP) and the cost of the kilowatt-hour producedThere are three main factors that determine power
(Ckwh). A simulation code has been developed as autput: the distribution of the wind speed of the
working tool that can analyze and optimize systemselected location (where the machine is locatdd), t
configurations. The objective of this optimization power curve of the turbine chosen and the heigttief
process is to find the optimum configuration thiaeg tower.
the best compromise between the three considered The power transmitted by a wind iB given by the
factors: LEGP, PSEP and Ckwh. following formula:

important factor in
the system

P

an 1)

)

A hybrid energy system is composed of a wind The power coefficient, ¢ is a nonlinear function of the
turbine, a photovoltaic generator, a storage unitspecific raté\ and setting anglp.
(typlfzally batteries) a_nd a control system Whlch 151 0.585- 0,0002%- 13 o 184) (3)
provides control of various components. A schematic
presentation of the system is shown in Figure 1. In addition, it is clear that the height of thebime
installation has a large effect on the energy pcedu

. . 1
2. Presentation of the hybrid system R =§EC'° pv3

Cp=07

Data Control

Wind Speed ] ’ . . . .
Wind SPeeQ wind Turbine l so the wind profile adjustment for height may be
Control System {«—»{ Consumption considered. Therefore, the wind velocity at a djeci
sunshine| oy, o oltaic Generator I height is expressed as follows:

Storage Unit

Z
Zref

Vref

a
} (@)
In general thea value’'s is between 0.1 and 0.4

depending on the nature of the environment of the

-l

Fig. 1 Presentative diagram of an autonomous hybrid
system

3. Hybrid system modeling

In our study, three main sub-systems are include
wind turbine, PV generator and the unit of storage.

dinstallation and its roughness.

2.2 Modeling of the photovoltaic generator

In fact, the optimal design of such a system starts

with an estimate of the daily consumption of therus
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Modeling of the photovoltaic generator is based on
the determination of recoverable solar energy. édde
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the total solar energy, recoverable on an incliplade,
is expressed as follows: R (Rr

2 .
Esri =—[G hi ) : .
m Bjp where is the daily need of consumer ampere-hour,
with hi is the maximum duration of sunshine (hours) taking into account losses (batteries have losses ¢
and G is the global radiation received by an inclined reach 10% of the daily consumption).

Bip (N
_PipNj ©)

plane calculated using this formula [8]: Every day, the state of the storage unit, durirey th
coslH—,Bs _5| time t-1 to t, depends on the previous state ofgeha
G =Gy, ke Eﬁm] (6) of the batteries, the amount of energy and the
consumption of the user.
where: During the charging process, the amount of energy
* Gy is the global horizontal radiation, available in the storage unit on day t may be desdr
* Bs is the angle of inclination of the photovoltaic by the following function [9]:
panel, B. (t)
- ke is a correction factor of sunshine. It is often Eg(t)=Eg (t-l)Eﬂl-U){Eh (t)- J ; ]DVbat (10)
on

equal to 0.9.
Therefore, the electrical energy produced by Moreover, in a discharge state, the energy availabl
photovoltaic inclined surface is calculated throtdlglé  in the storage unit to date t can be expressed, &:[

following formula: B (t)
Eg(t)=Eg(t-1)1-0)+| L -E,(t) | (11)
Epv = Esri U BSpy (1) B( ) B( )[q ) (Uond h( )J
with n, is the total efficiency of a photovoltaic panel Eg (t) and E (t-1) are the amount of energy available
and Sy is the used photovoltaic surface. in the storage unit on days t and t-1 respectivigly

Thus, we denote by Eh the total energy produced bys the efficiency of the inverteny is the efficiency of
the generators of the system calculated as follows:  batteries and is the rate of self-discharge.

En=Ee+Epy (8) 4. Criteria of choice and optimization

with Eg is the energy produced by the wind turbine It is noted that the total energy produced by the
and E, is the electrical energy produced by the system can satisfy or not satisfy daily energy deina
photovoltaic generator. Therefore, different situations may occur.
In the first case (E<B)), the lack can be arranged
by the energy stored in the batteries. The energy
The storage units are introduced into the available in the batteries is calculated using the
autonomous energy systems to respond to the usexpression (11).
energy consumption during periods of unavailability But if the amount of energy available in the sterag
of the renewable energy source. In this study, theunit reaches its minimum,gkin, the control system
batteries are the storage units used. disconnects the consumer and the lack of energy to
Battery capacity expressed in ampere-hour is define generate, LEG, can be expressed as follows [10]2, 1

as follows: LEG(t) = B; (t) ~(En() + Eg(t-1)~ Eg, ) Bona (12)

2.3 Mathematical model of the storage unit
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In the second case {E Bj), the excess energy is calculate the cost per kilowatt hour produced by th
stored in batteries and the amount of energy in thesystem:
storage unit is calculated using equation (10)! timé

total capacity of the unit of storageg. & is reached. Cwh :% (16)
In this time, the control system stops the charging ha
process. The rest of energy is not used. The configuration that has the lowest,Cis taken

Therefore, we can define a new factor of the sstplu as the optimal configurations that guarantee th&€RE
The surplus of energy produced, SEP, is defined asequired.

follows: The total actualized cost is calculated by the
_ _ following equation [11, 12]:
B (t E Eg(t-1
SEP(t)= Eh (t)— ﬁ.g. BmaX—B() (13)
TTond TTbat Ca=falGj+Chn+C 17)

From these two factors (LEG and SEP), we canwith Ci;is the initial investment cost,,ds the value
identify two main criteria of choice for autonomous of maintenance costs during the life of the syst€m,
hybrid system which are the LEGP and PSEP. is the value of cost of replacement of some
The LEGP during a fixed period T, can be defined ascomponents of the system andid the actualization
the ratio between the sum of the total lack and thefactor. This factor is defined by:

total need of the consumer. It can be given by the r

following expression: fa = _ (20)
g exp 1- (1+ r) d,
LEGP ==—2—— (14) d, is the duration of system life and r is the
Zt:lBj (t) actualization rate, r is usually equal to 8% fas tiype
where T is the period of study (in our case, T = 1of system.
year). From the situations described above, an algorithm

Similarly, PSEP is defined as the ratio between thehas been developed. Data input of the algorithm are
sum of the excess energy and the total need of theomposed of the values of the wind speed, the numbe

consumer: of hours of sunshine, the LEGP required, daily gner
ZtT—lsEP(t) needs throughout the year and the technical
PSEP ="—= (15)  characteristics of the various components of the
=185 (1) system.

The optimal configuration of the system should
make the best compromise between the two objectiveg - Case Study
considered: the energy produced by the systemhendt  As previously mentioned, the objective of this stud
cost of this energy. is to analyze, from the techno-economic point efwi
Indeed, an economic approach based on the concept hybrid autonomous system. The method mentioned
of total cost per kilowatt hour of the system is above is used for this analysis. By exploiting the
developed to analyze the cost of the system in thislgorithm, a FORTRAN simulation code has been
study. On the economic point of view, the developed.
gualification of this system are the total actusdiz As a case study, this method is applied to analyze
cost, G, and the annual energy produced by theproject that is designed to guarantee the energy
hybrid system, E, These two criteria are used to demands of a house in the region of Sfax in Tunisia
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For this reason, we relied on the daily data ofdwin
speed and sunshine duration in the region of Sfax 600
provided by meteorological services in the region. 5000
addition, it was determined that for a modern home,
the daily energy needs are estimated at 5kwWh/jour.

Using these data in the simulation algorithm,
different characteristics have been studied foessv
combinations of the system.

A comparative analysis of different combinations of 0 : 0 o " " B "
system components was performed to lead to the bes. Puissance Photovotaique kW]

choice of optimal autonomous system. Fig. 2 Variation of the annual energy produced by dybrid
system (wind turbines installed at 12 m)

——Pe =1kW —=—Pe=2kW Pe=3kW —<Pe=4kwW

4000

w
o
o
o

Ena [KWh/an]

n
o
o
o

6. Results and Discussion 6.1. Energy efficiency of hybrid system configurations

The determination of the energy produced by the After determining the amount of energy produced
hybr_ld sys_tem Is important for the study of differe by the hybrid installation (solar and wind), we gged
configurations. The total energy generated by the,[o study the concept of autonomous hybrid systems

hybrid system is obtained by the summation of theproductivity based on the energy optimization ciite
energy produced by the two generators. (LEGP and PSEP)

In what follows, we present a comparative study of Figure 3 shows the variation of criteria LEGP and
several configurations of the hybrid system by wayy
the installed capacity of each type of wind and
photovoltaic energy respecting the specificity loé t
enerqy potential of the sie. 5 Tonioe Tovrom eecses —ovram

Four types of wind turbines of different powers are O’BL |
studied (R = 1-4 kW) coupled to a photovoltaic
generator to a power varying between 0 and 1.2 kW.
Note: We recall that the method of analysis of the &

PSEP according to the photovoltaic power and a
variety of wind power.

S Rt el Sty

wo,4
hybrid system remains valid for different ranges of |
wind and solar power. 021
The annual energy produced by a hybrid system o1 1 :
for different configurations is shown in Figure 2. 0¥ , - ' ; , » 0
0 0,2 0,4 0,6 0,8 1 12
We find that the evolution of annual energy Photovoltaic Power [kW]

produced by the hybrid system follows a linear seur Fig. 3 variations of MPTP and PSEP according to the
by varying the bottom photovoltaic power and also Photovoltaic power for different wind power

wind power. The evolution of the energy produced is Ac.cordlng to the variations of the curves presented
more important than wind power is high. in Figure 3, we see that the values of LEGP
significantly reduced by increasing the proportimh

installed photovoltaic capacity. For all power fnds
studied, energy demands of consumers loads are
covered from a photovoltaic power about 1.1 kW.
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In addition, the variation of PSEP is harmonic with

decrease is more important for lower wind power

the evolution of LEGP: a decrease in the values of(between 1 and 2 kW).
LEGP causes an increase of PSEP values for the sameTo highlight the impact of the lack of energy to

fields of variation of photovoltaic energy.
Comparison of different configurations of the

generate probability LEGP on the& we have
shown the variation of the minimum cost of the

hybrid system, according to the criteria LEGP andkilowatt-hour produced for different value of LEGP.
PSEP, has shown that in different cases we can findrigure 5 shows the simulation results on the vianat
combinations of wind and photovoltaic generatorsof Cy according to LEGP for the considered
able to fully cover the energy demands of the configurations of the hybrid system.

consumer since we have reach a zero value for LEGP.

However, it remains to confirm the appropriate
combination by applying the third criteria of cheic
the cost of the kilowatt, (G Which is the economic
criterion.

6.2. Cost of configurations

After a purely technical analysis of different
configurations, determining the cost of the
kilowatt-hour (Gwn) is now regarded as the
optimization criteria in order to affirm the econiom
results. In this context, we tried to compare, thoe
four wind power already studied, the variation loé t
cost of the kilowatt-hour, &n depending on the

installed photovoltaic capacity and LEGP.

Pe=3kW——Pe=4kw al2m

——Pe = 1kW——Pe = 2kW

04 0,6 0,8 1
Puissance Photovoltaique [kW]

12

Fig. 4 Gun variation according to the wind and photovoltaic
energy

From Figure 4, we find that the cost of the
kilowatt-hour, Guwn considerably decreases while
increasing the installed power (wind and solar)isTh
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Fig. 5 Evolution of Gy, depending on the LEGP for
different cases of the hybrid system

We note from this curve that the cost of the
kilowatt-hour is relatively reduced when LEGP iwlo
This result is very satisfactory for our study thaeks
the technical-economic optimization of hybrid
systems.

7. Conclusion

To use wind and photovoltaic energy efficiently and
economically, an optimal sizing method is developed
in this paper based on a simulation algorithm that
able to reach the best results overall sizing ddriay
wind photovoltaic systems.

The main objective of the presented method is to
estimate the optimum size of a system capable of
performing the energy requirements of a given
consumer with minimum cost and high accuracy and
analyze the impact of different parameters on the
characteristics of the system components.

The proposed method was applied to analyze a
hybrid system that provides energy for a housdén t



Zghal et al. / IIME, Vol. 1, Issue 1, pp. 47-53

region of Sfax in Tunisia. Optimal configurations o
the autonomous system are obtained by taking intch]
account the requirements of desired energy criteria
and cost of the kilowatt-hour produced.

This dimensioning method can be applied to allssite
taking into account the meteorological data and the[s]
application of any installation.
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