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Abstract— The production of electricity by means of a Hybri
Power System (HPS) combining several renewablenergy
sources is of great interest to developingoentries, such as
Algeria. This country has many areas, isolated andemote
networks such as electricity distribution Adrar wilaya, knowing
that the province is considered very windy area. Althis leads us
to think of hybrid systems in this site. We presenin this paper a
problem of proper management of a hybrid system (HB)-based
renewable energy to power an autonomous regiona wind
turbine and a generator is used, this stratyy to balance the
exploitation of these sources. To adapt the prodtion of
renewable source necessary load, we integrate arstge system,
such as battery whose purpose and to ensuedntinuity of
service.

The strategy of the energy sources is managed by antrol unit
providing the opening and closing of the el&onic switches,
depending on weather conditions (wind speed, tqrarature
and pressure). It requires essential to adopt a rearch strategy
of the maximum power point MPPT (Maximum Power Point
Tracking) for the permanent transfer of energy betwen
production and consumption.

Keywords— Modeling, Hybrid network, Energy management
,Wind,Group diesel,(Ni-Cd) battery, inverter NPC muti level.

I. INTRODUCTION

The power plant by several sources must meet ctionec
architecture. Similarly, proper management pbduction
sources vis-a-vis the consumer to cover the gnergeds of
the facility and ensure optimal use of the enengpdpced. In
this context, we propose a study for a judiciousiod of the
network architecture composed by an autonomous diesel
generator, a storage battery.

The first section you should:

-Choose the site of implantation of this teys

-Oversee the strategy adopted system.

-Describe the architecture of the hybrid network.

The second section is devoted to the modeling fééreint
sources. And the equations for each generbtock are
assembled in simulation.

Il. PROBLEMSOFTHE PRODUCTIONOFELECTRICITYBY A

DIESELGROUP

Energy and economic operation of diesel gdnes
supplying autonomous networks conditions ao¢ optimal
and should be improved.

A. Energy
The continued use of diesel

The electric power is an essential factor for tHgPnsiderable pollution caused by fossil fuel "Figkhowing

development and the evolution of the human soci¢tiat it is
in the field of the improvement of the living cotidns that on
the development of the industrial activities. igig- at the
request of electricity, always increasing noswas] and far
from the use of polluting fossil energies likikand the gas,
several countries turned to the new form of enekgpwn as
“renewable energies”. Indeed, a true world llehge is
taken with serious today, as well on theigyobf
reduction of the gas emissions for purpose akfH; while
bringing back them to a tolerable level accordimg the
convention of Kyoto.

The evolution of technologies of the componentsirret
the conversion of these energies increasinglfitpbde and
thus their uses economically become competitivepaoed to
the traditional sources. These energies are erploit mono
source or hybrid and mode autonomous or ected to
the network.

that when because of the lubricating oil viscosigufficient
due to lack of thermal energy released by engimabestion

S [ o p—
L'h -] 2500
T R S e e .
: =
o e 4 o o000,
= - =
-'—:—._‘. <] P o —— - =
® .
= phe PO BERRRO - E7
g28 AL
§=1 =
T T SRl PR e by (e S S = e
b =
o R e T T S B T P S PR o] rooo g
L F NI, it et ] ReE e i e e =
0.5 i et = b=
5 i i i i i
o 2000 A0 BOOG EOO 13000 12009
Ciperation of power (KW

Figure 1. Energy curve of diesel consumption.

consumption causes a
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B. Economic
Carburant 100% de pénétration
oo

Diesel generators are relatively expensive and ireca e
preventive and corrective maintenance. The avecagé of
kWh produced is high enough with important economic ; s o
Iosses . ' excédentaire

I1l. LOCATION OF HYBRID SYSTEM

To be good sites for implementing this system igekia : : | _
must choose a place is characterized (wind speedgemp D P (] e anet
requirements) of “Fig. 2. '

Vitesse de vent (mis)
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Figure 4. Variation of energy covered by a systemd/NDiesel and diesel
consumption as a function of wind speed [5].
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The conditions of the startup of the various sosireee
presented according to the following flow chart:
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Figure 2. Monthly averages speed of wind of Adrar[3

Declaration System Configuration.

For this study, a geographical localization is ddeied
with the wilaya of Adrar “Fig.3", located at the ddrian
western south with coordinates following: Longitu6e28;

Pedap of A lgerin.

i \ Figure 5. Flowchart of the simulation method.
= The diagram of the hybrid global system powering an
| s i electric charge is shown in figure 6.
Figure 3. Map geography of wilaya Adrar [4]. The connection of these elements is carried otheatevel

of a DC bus. This bus has the advantage of mordyeas
The majority of sites in the wilaya of Adrar coulte interconnect the different elements of the hybyistam.
considered as isolated sites to the vast size mtande from From the DC bus is connecting to the network thtoag
the city and each other. The extremely difficultin@itic DC/AC power converter that fits then the voltaged an
conditions are another parameter to be considek#cthis frequency before transforming it into energy to pow
leads us to think of hybrid systems for poweringaaea in alternative that will be passed to the loads.
this region .

IV. PRINCIPLEOFOPERATIONHES

This system consists of a wind turbine with machine
synchronous permanent magnet (GSAP), the genetasel
(GD) and a battery. Depending on the strength efwind, 3
operating modes can be distinguished for systentis kgh
penetration “Fig. 4”.

46

Eergy management,

DC Bus, DCIAC and chopper

Figure 6. Overall system diagram.
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V. MODELING OF SOURCES e : ' T —
- SR S N IR U SR beta = 2
A. Modeling of the turbine of the wind SR i R R beta - ©
= - S SO N LU AR S beta = &
Generator wind farm, consisting of a turbine atiaele E°°[ ; beta - 15
speed coupled with a synchronous generator witm@eent — 5 oap----t----i---/a - o Fhmg i oo =
magnets through a multiplier. TP WA S N S IS S N I SN SO
1) Model Wind:The wind speed is usually represented by 2 R Ve N U L N L]
a scalar function that evolves over time. ' P A : ; ; ;
VV = f(t) (1) Ug 2 ) 5 s 1o IF 14 1:3 Te 20
Ratio de svtesse spéciiguedamdal
The wind speed will be modeled in this part, aigure 7. The characteristic of reactivity poweeffizient according té. and
deterministic as a sum of several harmonics [6]: B.
i
V, = A+ z a,.sin(b, W, .t) The aerodynamic torque on the output shaft can be
n=1 ) expressed by (9):
P 1 1
C, =—==pSCp(A,B)V3i— 9
2) Model of the turbine: Applying the theory of N Q, 2 P P(4.5) Q, ©)
momentum and Bernoulli, we can determine the inttide Q; : Rotational speed of the turbine.
power (theoretical) due to wind [7-8]: Ca: Torque on the slow axis (turbine side).
_1 3
Pocidente = E.p.S.V () 3) Model multiplier : The multiplier adapts the (slow)

S: The area swept by the blades of the turbine surf#ge  SPeed of the turbine at the speed of the generdtois

p : the density of the aip(=1.225 (m% kg) at atmospheric Multiplier may is modeled by the equation:

pressure). Cwr =GLC, (10)

V: Wind speed [m/ s]. _ . 4) Tree modelThe basic equation of dynamics applied to
In wind energy system due to various losses, peabidn o shaft of the generator determines the evoludbrthe

the power extracted from the turbine rotor is lédsan the mechanical speed@m from the total mechanical torque,C

forward power. The power extracted is expressedduation do

(4). Cp=J3—1" (12)
1 dt

Pexrate = E-P-S-Cp (A, B)V? (4)J : total inertia that appears on the rotor of theeyator:

Cp (4/p): power coefficient, which expresses the aerodynamij = (J_IZJ +J, (12)

efficiency of the turbine. It depends on the ratiowhich _ G

represents the ratio between the speed at theftipe blades With: o

and the wind speed, and the angle of orientatidh@blades Jg : the inertia of the generator.

B.The ratiok expressed by (5) Ji : the inertia of the turbine.

) Q,.R The above equations are used to establish the &éoek

v (5) diagram of the turbine speed “Fig.8".

The maximum power coefficient Cp was determined

Albert Betz as follow$9]:
max 16
Cp™ (A,8) = 5= 0.593 (6)

The power factor is the aerodynamic efficiencyhs tvind
turbine. It depends on the shape of the turbinerrahd the
angle of orientation of the bladgsand the ratio of the spead
This coefficient can be written as follows:

116 e .
Cp(A,B) = 0.5176 T 048 -5|r4 + 0.0068 Ai

Figure 8. The wind turbine model block diagram

(7
With: 5) Modeling of permanent magnet synchronous machine
1 1 _0.035 @) Current machines alternating are generally moddigd
Ai A +0.088 pB%+1 equations nonlinear (differential equations). Tlo& finearity

is due to the inductance and coefficients of theadyical

Figure 7 shows the curves of the power coefficiamta €duations which depend on the rotor position amettiin this

function of\ for different values of. article based on simplifying assumptions the maoaofethe
MAS becomes relatively simple.
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A three-phase transformation - two-phase is necgs$sa
simplify the model.

q

Figure 9. Machine in two-phase model

The three fixed stator windings and rotor with panent
magnets are represented on the figure.10.
After simplifications there :

. di
Vy,=Rji,+ L,—%-y, w
d s'd d dt (/lq r
V,=Rii,+ L di +y W
q s’ q q dt d-"tr (13)
With
41/ d Ld ld + w f
Y, = Ly,
(14)
¥: flow of permanent magnets.
The relationship (13) becomes
. di .
V, = R, + Lq d_td_ Lyig-W,
. di .
Vo= Rig+ L d_tq"'(Lde +O)w, (15)

The general expression of the electromagnetic e
after simplification can be found:

Cem = P.(¢g4i, = ¢4iq4)

{16
By replacing®d and®q with their values is:
Cem = P.((Ly — Ly)iy +¢¢)i (17)
The mechanical equation is written:
dQ ~
J E+ fQ=C,, —-C, (18)
w
Q = -
P (19)

With angular velocity Wr (electric pulse)

Magnet synchronous machine standing is used in wios
the traditional methods of electricity generatidh.uses a
MSAP to convert the mechanical energy of the wintb i
electrical energy.

Figure 10. Magnet synchronous machine standing

B. Diesel

The generator consists of a diesel engine and éhsynous
machine “Fig.11”. The diesel engine produces meicikaan
energy by combustion of fuel. Synchronous generator
converts mechanical energy into electrical enerd@pe
frequency is regulated through regulation of theespof the
diesel engine, as the amplitude is controlled k@edxcitation

of the synchronous machine [10].
Synchronous
The trecof the omeh g"“Y“m'

Diesel engine

diesel engine

Figure 11. Configuring the diesel generator.

The torque developed by the diesel engine can lelad
in a simple way by a first-order time constant sfen function
(tc) representing the constant combustion. Knowireg ¢id)
represents the delay on ignition there then thimgqgn:

c - _F
1+7.p

TqPp
diesel

(20)
Or F is a relative gain of the fuel level.

C. Storage system modeling

There are three types of battery models reportethén
literature, specifically: experimental, electrocheash and
electric circuit-based. Experimental and electrocical
models are not well suited to represent cell dyeanfor the
purpose of state-of-charge (SOC) estimations débapacks.

However, electric circuit-based models can be usefu
represent electrical characteristics of batteridse simplest
electric model consists of an ideal voltage sourceeries
with an internal resistance.

In this work, a generic battery model suitable dgnamic
simulation presented in [11] is considered. This deio
assumes that the battery is composed of a cordrotitage
source and a series resistance, as shown in fiRirerhis
tgeneric battery model considers the SOC as the stalie
variable [12].

—

Rp Is

Ve

Figure 12. Generic battery model

The controlled voltage source is described by tilewing
expression [11]:
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- ) Three additional commands can be applied on anairm
+ Aexp (— B, q Ibdt) ups at three ¢ Ievels

Qp _Iibdt 1) : E k
Gu=Gl  Gn=G,

When E is the battery constant voltage (Vj,i& battery

constant voltage (V); is the polarization voltage (V),s35  with: G control switch arm k TKs trigger.
the battery capacity (AH), 4 is the battery current (A); A is

exponential zone amplitude (V). B exponential zone time TABLE 1. EXCITATION OF SWITCHES
Fconstant inverse (AH.

Under Matlab&imulink environment, the battery block,Ga G Gig Gia Vi
used in this study, is of Nickel-Cadmium (Ni-Cd) 0 0 L 1 \z
type“Fig.13". 0 1 0 1 unknown

1 0 1 0 0
1 1 0 0 o

In order to have full control of the three leveiserter must
eliminate the case which gives an unknown response.

current

Wy [ SN By translating this additional order with the coatien of
r— L current the arm k switches functions, can be found:
Battery internal
E resistance
O, i = I Fo=1-F,
i 2
" Fe, =1-F,
Figure 13. Ni—Cd Battery Simulink schematic. . . . .
We define the function of connection of the sermranoted
D. Model of the inverter PWM F.2 with :
1. Structure three levels inverter m = J1forthe half arm top made up of TD,,andTD ,,
The inverter on three levels is composed of threesaand 0 forthe half arm top made up of TD ,,andTD ,,

two sources of Continue tension each arm of theriey

consists of four pairs bidirectional diode-switchdatwo

median diodes make it possible to have level zdrdhe b

output voltage of the inverter. The point mediuheach arm Fkl = FlekZ

is connected to a food continues la figure 14 giwes b _

diagrammatic representation of this inverter. Fro = FiaFua
I

Connection of the semi-arm functions are expresssag
functions of the switches as follows:

e
F VI. RESULTS
T ’ To simulate the hybrid system (wind / diesel getwgjawe
made the simulation scheme of Figure 6 in the Nbatla
- Simulink 7.8 software.
At ;t = 1.2s time coupling between two sources.
T * A. Wind turbine
>

2(

Figure 14. The inverter Structure three levels ‘{' " |
2. Control of static converters

T i
I L]
A converter is said to order mode if the transgidretween a H ” “?6’ ‘, ‘l’lu m MHHM m M “H

|
0,
its different configurations depend on only the eemal ‘h H "lf H’ m m M MM

Q
o

ll

i |
|
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command and no longer the internal commands zoof- ~ I8 ke " Ty T v

0.2 0.4 0.8 1.2 1.4
nme[s]

o

a) Additional order

To prevent short circuits of the conduction voltagerces
and to deliver the three desired voltage levelsnwst operate
in its control mode.

Figure 15. The evolution of the stator voltages.
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B. Diesel group

vabcl[v]

300

Figure 16. Voltages produced by Diesel Group.

C. Diesel Group /Wind turbine
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Figure 17. The evolution of the stator voltages.
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Figure.20 Simple currents generated by inverter MLI

VII. RESULTS

In this article we model a hybrid system in an ased
site.The hybrid system includes a variableeesb wind
turbine is which controlled by the MPPT (Maxim
Power Point trancking) command, a diesel gaperand
battery as an electrochemical storage syst8mulation
management system has been applied to Admarwhere
meteorological data (wind speed, temperature, fjelae
available. According to the results, managementdmabled
us to obtain a technical and economic gain fuehgevity
of the generator, an assurance of servicetimoty and
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removing a portion of greenhouse gas emissianing
operation in wind.
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