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Abstract: The Algerian south is very vast where théndustrial activities.Vis-a-vis at the request of
presence of a broad community seen far from thetrede electricity, always increasing nowadays, and famfr
distribution several hundreds of kilometers .Cuthgnthe the use of polluting fossil energies like oil ar t
power is provided by generators for domestic conqgion  gas, several countries turned to the new form of
and the pumping for irrigation of farmland. Thislsion ~€nergy known as “renewable energies”. Indeed, a
is not beneficial in the long term from the economnd true world challenge is taken with serious today, a
technical point of view where the integration ohybrid Well on the policy of reduction of the gas emission
system will be useful by the diet based on windepavill  fOr purpose of greenhouse, [1], while bringing bac
be interesting because the wind speed covers tieritga €M 10 a tolerable level according to the conwenti

of these sites throughout the year as the citydv&A This of Kyoto. ) )

article examines a strategy for the management of aThe evolution of _technologles of th? C(_)mpone_nts
system ensuring optimum use of renewable energy inretu!fns the conversion .Of these energies increlgsing
System of Energy Hybrid (SEH) using a wind turbime, profltab!g and thus their uses econo.mlcally become
diesel generator and a battery storage system aﬂ(bacompetltlve compared to the traditional sources

i technol hich the technical . [2].These energies are exploited in mono source or
representing a technology which the technical -meeoiC g and mode autonomous or connected to the

aspects will be more profitable. Operating condigo network [3, 4].The power plant by several sources
depend on performance and weather conditions (Wingst meet connection architecture. Similarly, prope
speed, temperature, terrain) which have an inflgeno management of production sources vis-a-vis the
the performance of the wind turbine but the chaggstics  consumer to cover the energy needs of the facility
of other equipment (rectifier, inverter, controlletype and ensure optimal use of the energy produced. In
filter, etc...); for this reason we present in tipaper a this context, we propose a study for a judicious
suitable management of a hybrid system (SEH) haaingchoice of the network architecture composed by an
strategy to balance the exploitation of these sesirand autonomous wind diesel generator, a storage battery
the permanent transfer of energy between the scamde  After this introductory Sectionl, this article is
the load ensuring a continuity of adequate apprieleia organized as follows: a Section 2 present problém o
service at an economic cost. the production of electricity in Algeria by the g
diesel, Section 3 presents location of hybrid syste
Key words: Wind, Diesel generator, Battery, Energy  and the good sites for implementing this system,
management, Control, Inverter multi level. Section 4 the component wind diesel generation
system, Section presents the control strategy of the

The electric power is an essential factor for th'éc’lated hybrid system, Section 6 shows the

development and the evolution of the humaH1OOIeIIIng of th_e Wind Diesel Hypnd System
societies that it is in the field of the improverhei componentsSection 7 presents the simulation and

the living conditions that on the development o thresults. Conclusions have been made in section 8.

1. Introduction



2. Problemsof the production of electricity in
Algeria
In most isolated regions irlgeria, the Diesel
Generator (DG)is the main soiwce of supply
electrical energy Fig.1.
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Fig. 1. Distribution of diesel generators in remote Alge
in the regions.

For these regions [b]the fuel is usually mor
expensive because it must provide additic
transport costso these isolated places, sometir
inaccessible. This is why the use of diesel genes
combined with a renewable energy source at
storage system is recommended. It is with
objective that fits my article with the use of nipike
sources for enigy supply system adopit

3. Location of hybrid system

Good sites for implementing this system
Algeria, we must choose a place which characte
(wind speed, power requirements).

For this study [6] a geographical localization
consideed with the city of Adrar Fig, located at the
Algerian western south with coordinates followi
Longitude 0.28)Latitude 27.82 and covering a to
surface of 427.96Bn?.
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Fig. 3.Monthly averages speed of wind of Ac [7].

The majority of sites irthe city of Adrar could be
regarded as isolated sitéar the area is huge and
their distance is far fornone anothe. The weather
conditionsare extremely difficu which is another
parameter to be consideredl these leads us to think
of hybrid systemsor feeding this regic .

4. Schematic of theisolated power system

Fig.4 shows a remotarea power ystem and its
components. The Wind Diesel Hybric
System(WDHSpresented in this article consists ¢
Diesel Engine (DE), a Synchronous Machine (S?
Wind Turbine GeneratQTG), the consumer
load(R), a (Ni-Cd) Battery based Energy Store
System (BESS) [8].
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This system is classified as being High Penetrati@torage, such as the battery to ensure the catytinui
(HP) as shown in Fig.5 .Hybrid Wind-Dieselof service; that is necessary to feed the loadaie

Systems with high penetration of wind powervh
(HWDS-HP) have three plant modes: Diesel Onlins

en the generator diesel fails and the wind is
ufficient (low) for the operation of the wind

(DO), Wind-Diesel (WD) and Wind Only (WO). turbine.

power
(1,'1:-1121‘)1 [kw] 100% of penefration

of wind turbme

Surplus wind power

power produced ) )
by the Diesel ' Diesel engine
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Fig. 5. Variation of energy covered by a systenmilVi
Diesel and diesel consumption as a function of wind

speefo].

5. Theproposed control system strategy

For a multi-source energy system, a powel
flow management strategy is needed. According t
wind speed values/() and the power demanded by
the consumer load. The power system has thre
operation modes, as follows [10].
* Weak winds ¥<3)m/s: (DO)in service
* Moderate winds(3¥/,,<10)m/s: (WD)in serviced
» Strong winds (10¥/,,<17)m/s: (WO)in service

To adapt the production of the renewable source t
the need for the load, we integrate a system of

L1}

The power management strategy used in this
study is according to the flow chart shown:

Saige Data : Wind, Diesel,
Application, load..

iilarmon System Configuration |
application selection

Diesel operation

in Bervice

Fig. 6. Main flow chart.



Cp @/p): power coefficient, which expresses the
6. Modeling of sources aerodynamic efficiency of the turbine. It depends o
6.1.Modeling of the turbine of the wind the ratioA, which represents the ratio between the
Generator wind farm, consisting of a turbine afpeed at the tips of the blades and the wind speed,
variable speed coupled with a synchronous generagid the angle of orientation of the bladesThe

with permanent magnets through a multiplier. ratio . expressed by the following formula:
6.1.1. Mode Wind

The wind speed is usually represented by a scalﬁtr _ Q,.R
function that evolves over time. - Ty (5)

V, = f(t)
v 1
@ The maximum power coefficient Cp was

The wind speed will be modeled in this part, adétermined by Albert Betz as folloWA]:
deterministic as a sum of several harmonics [11]: 16
Cp™ (A,B) = 5= 0.593 (6)

V, = A+ a, .sin(b, W, 1) 2
n=1 (2) The power factor is the aerodynamic efficiency of
the wind turbine. It depends on the shape of the
Fig.7 represents the speed of the wind by a simdilatturbine rotor and the angle of orientation of the

random"” (2)" bladess and the ratio of the spe@dThis coefficient
can be written as follows:
¥ = | | | | 116 il
zorerTTTT T T Cp(A, /z):o.517€/1_—0.4/3—5)w-' +0.0068i (7)
9F-—-—-— - - - - - A - - - - - - = — - — — |
I~ N with
doo N N 1 1 0.035
S i O A e A Al A+0088 pBP+1 (8)
25 2 4 6 8 t[S:]Lo
Fig. 7. Speed versus time. Fig.8 illustrates the curves of the power coeffitie
as a function ok for different values of.
6.1.2. Model of theturbine 7717 7 T T
Applying the theory of momentum and Bernoulli, TR
we can determine the incident power (theoretical) 0577~~~ =< E::é 1
due to wind [12, 13]: | w beta = 8
1 04 : — beta=15
— 3 | beta = 30
Pincidente - EPSV (3) 03 i b= ==

o
)

S: The area swept by the blades of the turbine
surface[m?Z].

p : the density of the airp(=1.225 (nikg) at |
atmospheric pressure). ;

V: Wind speed [m/s]_ 0 2 4 6 8 10 12 14 16 18 20
In wind energy system is related to various losses, Ratio de wtesse specifue(lamda) .
provided on the power extracted from the turbinehg'& The character|st_|c of reactivity power camént

rotor is less than the forward power. The power according ta. andp.
extracted is expressed by the following formula:
P =

extraite

Coefficent de puissance(C

The aerodynamic torque on the output shaft can be
P.SCp(A,B)V? 4) expressed by the following formula:

P, _1 ;s 1
= el = — 5 S.Cp(A,B)V:. 9
R4 p(A,B) o 9

N |~




Q) : Rotational speed of the turbine. c dQ ,

e urbmne. - vz (11)
Ca: Torque on the slow axis (turbine side). dt
6.1.3. Mode multiplier J: total inertia that appears on the rotor of the

The multiplier is characterized by its gais”. It  generator:
adjusts the speed of rotatian of the turbine to the J
generator speedq: J= (_tzJ +J, (12)

Cr =GLC, (20) _
With:

6.1.4. Treemode 3

The basic equation of dynamics applied to the shaﬁ_

of the generator determines the evolution of the:
mechanical speed2m from the total mechanical

: the inertia of the generator.
the inertia of the turbine.

The above equations are used to establish the servo
block diagram of the turbine speed Fig.9.

torqueCy,
rliwéga nom
;
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Cp (lambda,beta) <I‘
lambda
cp
beta
1
wind speed = p( 1 )'
omega
Integratorl
Wind
L | wind
omega ref r
lambda opt
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Fig . 9. Diagram of control of the speed of théime unit.

To capture the maximum power of the incidenthe maximum power (and keep constant), we adjust
wind.It continuously adjust the rotational speed dahe angle of the blades to the wind speed.
the wind turbine. Optimal mechanical turbine speed
is Lopt andp = 0°. The speed of the Permanent 6.1.5. Modeling of Permanent Magnet
Magnet Synchronous Generator (PMSG) is used as a Synchronous Maching(PM SM)
reference for a controller proportional-integrapey ~ Current machines alternating are generally
(Pl phase lead). It be determined that the contrBlodeled by equations nonlinear (differential
target is the electromagnetic torque that should §&uations). The non linearity is due to the inducta
applied to the machine for rotating the generator @nd coefficients of the dynamical equations which
its optimum speed. The couple that is determined gigpend it is on the rotor position and time. Irsthi

the controller is used as a reference torque of tR&licle based on simplifying assumptions the model
turbine model Fig.9. of the MAS which becomes relatively simple.

A three-phase transformation - two-phase is
Variation of the system of the orientation angle afiecessary to simplify the following model.
the blades (variation of the angle of incidence) to
change the ratio between the lift and drag. Toaektr



Fig. 10. Machine in two-phase model

V, =Ry + g —-—Lgd,w
| di,
V,=Ri+ L,—+(Lyiy +P)w,
dt (15)
The general expression of the electromagnetic

torque and after simplification can be found:

CenxP.(@i, ~ %) (16)

The three fixed stator windings and rotor with ) ) ) )
permanent magnets are represented on the Fig.11. BY replacing®d and®q with their values is:

After simplifications there [15]:

, di
Vo =Ry + de_:_‘//q-wr

| di,
Vq :Rs|q+ an'l'l//d.wr

With
Yy =Lyldy v
Y, = Lq.iq

¥: flow of permanent magnets.
The relationship (13) becomes

(13)

(14)

CenrP.((, -L)is +@)i, an

The mechanical equation is written:

dQ
J—/—+fQ=C_-C
dt em ~ 1 (18)
w
Q=
5 (19)

With angular velocity\r (electric pulse)

The permanent magnet synchronous machine
(PMSM) is used in most conventional methods of
electricity production. A PMSG is used to convert
the mechanical energy of the wind into electrical
energy.

The schema of the PMSG is represented in the
following figure.

7

pat_inv_stator2

Fig. 11. Magnet synchronous machine standing



6.2. Diesel Generator (DG) of state-of-charge (SOC) estimations of battery

The generator consists of a diesel engine andp%gks' o
synchronous machine Fig.12 .The diesel engine owever, electric mrcwt-pased models'cgn be
produces mechanical energy by combustion of fu q;eful_ to reprgsent electrlpal characterl_stlcs of
Synchronous generator converts mechanical ene?éztte”es' The simplest electric model consistarof

into electrical energy [16]. The frequency id ‘.”" voltage source in- series W'th an internal
hrgsustance. In this work, a generic battery model

Suitable for dynamic simulation presented in [18] i
considered. This model assumes that the battery is
composed of a controlled-voltage source and asserie

regulated through regulation of the speed of t
diesel engine, as the amplitude is controlled ki@ t
excitation of the synchronous machine [17].

Synchronous
Diesel engine The trec of the clutch generator resistance, as shown in Fig.13. This generic hatter
diesel englne ] model considers the SOC as the only state variable
\ [19].
| —— I_I—_.,'.

l | J]‘_F Rp Is
) (?1‘— E@ Ve

Fig. 12. Configuring the diesel generator (DG).

The torque developed by the diesel engine can be Fig. 13. Generic battery model
modeled in a simple way by a first-order time
constant transfer functiontd) representing the The controlled voltage source is described by the
constant combustion. Knowing thatdf represents fo|lowing expression [2]:

the delay on ignition there then this equation: V. Q, -
E E:EO—”—.+Aexp(—B[D_[ibdt)
— Ty p Q, - _[ i,dt
C diesel €
1+7.p
(20) (21)
Or F is a relative gain of the fuel level. When E is the battery constant voltage (\),i€
_ battery constant voltage (V);,Ms the polarization
6.3. Storage system modeling voltage (V), Q is the battery capacity (AH),iis the
There are three types of battery models reportedigattery current (A); A is exponential zone ampléud
the literature,  specifically:  experimental,\) B, is exponential zone time F constant inverse

electrqchemlcal and elect_rlc circuit-based AH™).Under MatlabBimulink environment, the
Experimental and electrochemical models are n

t . . . .
well suited to represent cell dynamics for the psgp Pattery block, ‘used in this study, is of Nickel-

Cadmium (Ni-Cd) type Fig.14.
Fen 0.04h Gain  Integrator

i
1 EO-K"(CHC-u 1)})4+A exp-Bu{ 1)) P \lrf T "—‘.

current

' W 0

0.2E0 W - Current

Battery intarnal

* I £ resistance —-._— R > 1]
@ Controlled _.
b

» . JVoltage Source Voltage tage

<2

Fig. 14. (Ni—Cd) Battery Simulink schematic.



6.4.Mode of theinverter PWM diode-switch and two median diodes make it possible
64.1 Structurethreelevelsinverter to have level zero of the output voltage of the
The inverter on three levels is composed of thrdBVErter. The middie point of each arm is conneicte

arms and two sources of Continue tension each al’?rha D(;. supply follo}/_vmg Fig.15 giving following
of the inverter consists of four pairs bidirectibna>c€Matic representation.

I

Fig. 15. The inverter Structure three levels

6.4.2. Control of static converters In order to have full control of the three levels
A : : : .. inverter must eliminate the case which gives an
A converter is said to order mode if the transtion nknown response. Bv translating this additional

between its different configurations depend on only Jer with thlz con.nec}[/ion of thegarm K switches

the external command and no longer the intern]a[

unctions, can be found:
commands. B
6.4.2.1. Additional order iFkl =1-Fy,
To prevent short circuits of the conduction voltagg F, =1—F,;
sources and to deliver the three desired voltagede (23)

we must operate in its control mode. , . : :
" , We define the function of connection of the semi-
Three additional commands can be applied on an

b .
arm of ups at three levels. arm noted— ., with :

Gk3 = le, sz = le, Gk4 = le 1for thehalf armtopmadeupof TD,,andTD,

Gk4 = sz Gk4 = Gk3 Gkg = sz 0 for thehalf armtopmadeupof TD,,andTD,,

(22) Connection of the semi-arm functions are
) ] ) expressed using functions of the switches as fallow
With: Gcontrol switch arm k & trigger. b
o _ Fa =FaFe
Table. 1. Excitation of switches b _
I:kO - I:k3|:k4 (24)
le sz Gk3 Gk4 Vko
0 0 1 1 \ez 7. Results
0 1 0 1 unknown

To simulate the hybrid system (wind / diesel
1 0 1 0 0 generator), we made the simulation scheme of Fig.6
in theMatlab-Simulink 7.&oftware Fig.16.
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time [s] According to Fig.17 representing the three-phase
simple tensions where the feeding of the consumers
is only assured by the wind generator(WO), when the
speed of the wind is included [ 10m/s with 17m/s ]
until the time(t=1.2 s) according to the conditioh
adapted management; for this mode, | note that a



surplus of wind power which can stored be in the
battery with a system of regulation to ensure thé.
continuity of service: this is necessary to feed th
load of which in the case when the power generator
unit falls down and the wind insufficient for
operation of the wind(see it Fig.23 and Fig.24) .

In case where 1.2 s) the DG ensures only the 5
feeding of the load concerned, knowing that the
speed of the wind is lower than 3m/s (see Fig.1P an
Fig.20).

8. Conclusion and per spectives

In my research, | have based in the integratioa of
hybrid system with a storage facility located in a™
remote site. The hybrid system includes a variable
speed wind turbine which is controlled by the MPPT
(Maximum Power Point tracking) command, a diesel
generator and battery as an electrochemical storage
system. Simulation management system has been
applied in Adrar site where meteorological dates.
(wind speed, temperature, relief) are available.
According to the results, management has enabled us
to obtain a technical and economic gain fuel,
longevity of the generator, an assurance of service
continuity and removing a portion of greenhouse ga@-
emissions during operation in wind.

To have a permanent solution is power problems in
isolated perspective (technical, economic and
environmental) in Algeria the country is moving
towards a new form of energy called "renewable,
energy" by launching an ambitious program of these
energies and including energy efficiency will have
strategic role. The program is to install a rendwab
power in the order of 22,000 MW between 2011 and
2030 to meet national demand for electricity. lis th 8.
context, the city of Adrar has received a draftdvin
farm power generation capacity of 10 MW, the first
of its kind nationally and 2020, the province ofrad
will be reinforced with a new 175 MW power plant
which is in progress, and whose studies are iR
progress, too.

References

1. Tarak Ghennam Supervision d'une ferme éolienne
pour son intégration dans la gestion d'un réseau
électrique, Apports des convertisseurs multi nivea 1q
au réglage des éoliennes a base de machine
asynchrone a double alimentation (Supervision of a
wind farm for its integration in the managemenaof
electrical network, multilevel converters
contributions to setting the basic asynchronous
machine double-fed wind turbinesEcole Militaire
Polytechnique d’Alger, AlgérieSeptembre 2011.

Galdi, V., A. Piccolo, and P. SiandExploiting
maximum energy from variable speed wind power
generation systems by using an adaptive Takagi—
Sugeno—Kang fuzzy mod&nergy Conversion and
Management 50.2 (2009): 413-421

MERZOUK, N. Kasbadji et MERZOUK, M:
Estimation du potentiel énergétique éolien utilisab
Application au pompage dans les Hauts Plateaux
(Estimated usable wind energy potential pumping
Application in the Highlands)Review of renewable
Energies , 2006, vol. 9, no 3, p. 155-163.

Stoyanov, L, Notton, G, & Lazarov, V : Optimisation
des systemes multi-sources de  production
d’électricité a énergies renouvelabl@ptimization

of multi-sources of electricity generation systems
renewable energy Review of renewable energies
, 10(2), 1-18, 2007

Sonelgaz Group Société Algérienne de Gestion du
Réseau de Transport de L'électricB&RTE (Algerian
Society of Electricity Transmission System
Management)Algeria, 2010.

D. Aguglia, P. Viarouge, R. Wamkeue and J. Cros :
Determination of Fault Operation Dynamical

Constraints for the Design of Wind Turbine DFIG
Drives Mathematics and Computers in Simulation,
Vol. 81, N°2, pp. 252 — 262, 2010.

F Chellali, A Khellafb, A Belouchranic, A Reciouk
contribution in the actualization of wind map of
Algeria. Renewable and Sustainable Energy Reviews
2011 (15); 993-1002.

R. SebastianModelling and simulation of a high
penetration wind diesel system with battery energy
storage. Electrical Power and Energy Systems 33
(2011) 767-774.

Ibrahim, HusseinEtude et conception d'un
générateur hybride d'électricité de type éoliensdie
avec élément de stockage d'air comprin8tudy and
design of a hybrid power generator Wind Power type
Diesel-element with compressed air storage)
University of Quebec with Chicoutimi, 2010

H. lbrahim, R. Younés, T. Basbous, A. llincaada
M. Dimitrova ©Optimization of diesel engine
performances for a hybrid wind diesel system with
compressed air energy storagé&nergy, vol.36,
3079-3091,2011.



11.

12.

13.

14.

15.

Slotine, Jean-Jacques E., and Weiping Ajplied
nonlinear control Vol. 60. Englewood Cliffs, NJ:
Prentice-Hall, 1991.

A. Alesina, M.Venturini :Intrinsic Amplitude Limits

and Optimum Design of 9 Switches Direct PWM AC-17.

AC Aonverter In :Proc. of PESC con. pp. 1284-

1290, Rec. April 1988.

Seyoum, D, Rahman, M. F., & Granthdmarminal

Voltage Control of a Wind Turbine Driven Isolated 18.

Induction Generator using Stator Oriented Field
Control . In: Applied Power Electronics Conference
and Exposition, 2003. APEC'03. Eighteenth Annual
IEEE (Vol. 2, pp. 846-852). IEEE

M. Budinger, D. Leray, and Y. Deblezer : Eoliennes
et vitesse variable Wind turbines and variable
speed) The review 3El, vol. 21, 2000, pp.79-84.

Hunter, R, & Elliot, G. (Eds.)Wind-diesel systems: a
guide to the technology and its implementation
Cambridge University Press, 1994

16.

19.

Tiberiu Tudorache, and Cristian Romarthe
Numerical Modeling of Transient Regimes of Diesel
Generator SetsActa Polytechnica Hungarica, vol.
7(2), 2010.

Chedid, Riad B., Sami H. Karaki, and Chadi El-
Chamali : Adaptive fuzzy control for wind-diesel
weak power systems energy ConversidBEE
Transactions on 15.1 (2000): 71-78.

H. L. Chan and D. Sutanté& new battery model for
use with battery energy storage systems and eatectri
vehicles power systers Proc. IEEE PES Winter
Meeting, vol. 1, Jan. 23-27, 2000, pp.470-475.

Ding, F., Li, P., Huang, B., Gao, F., Ding, C., &
Wang, C. (2010,)Modeling and simulation of grid-
connected hybrid photovoltaic/battery distributed
generation  system In: Electricity  Distribution
(CICED), September 2010 China International
Conference on (pp. 1-10). IEEE.



