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Abstract- This paper concerns the power management of an isolated hybrid micro-system for residential electricity supply, 

comprising a variable speed wind turbine (VSWT) and a photovoltaic (PV) panel as principal sources. A super-capacitor (SC) 

bank is considered as a storage system. These sources are connected to a three-phase load via a unidirectional inverter and an 

RLC filter. Taking into account the fluctuating nature of renewable sources and the variation of the required power, a diesel 

engine which is considered as a backup source and a dump load which is regarded as an auxiliary load, are connected on the 

AC side to ensure balance between the generated and the requested powers. In fact, a control strategy is developed to manage 

the power flows between the hybrid system devices and to make decision to choose the optimal operating mode ensuring the 

continuous supply of the load and maintaining the SC state of charge (SOC) at acceptable levels. Simulation results are 

presented to show the effectiveness of the proposed control system under six operating modes. 

Keywords Photovoltaic, Wind, Super-capacitor, Diesel engine, Micro-system, Standalone mode, Control strategy, Power 

management. 

 

1. Introduction 

Energy and environmental problems are the most 

international concerns today. On the one hand, excessive 

consumption of fossil fuels threatens the energy reserves of 

our future generation. On the other hand, it causes a huge 

quantity of CO2 gas which is the most cause of global 

warming [1]. Therefore, the interest was to search another 

source for producing electricity. It seems that renewable 

energy sources are one of the most reliable and efficient 

solutions for sustainable and proper energy [1,4]. Nowadays, 

wind and photovoltaic sources are the most commonly used 

energy sources all over the world [5- 7]. In some remote 

regions, where the electrical network connection is 

impossible or expensive, an autonomous hybrid system is the 

most attractive solutions for these electrical problems. It is 

proved that an isolated hybrid system gives a higher 

efficiency with a low cost, compared to the system with a 

single source, by the mixture of various renewable sources 

and different converters [8,9-12]. So, many authors proposed 

many methods to control the duty cycles of the DC / DC 

converters which extract the maximum power from the 

renewable sources and to regulate the DC bus [11]. The most 

used methods are fuzzy logic, artificial neural network[13, 

14] and PI controllers using PWM switches [15]. The weak 

point of renewable sources is its random production character 

which is strongly related to fluctuation nature of weather 

conditions. That’s why, it is difficult to implement these 

sources in an autonomous system without a storage element 

and very often without a backup source. It is shown that the 

choice of diesel engine as a backup source for standalone 

system was considered as the most efficient and economical 

solution [2]. In this case, several authors elaborated the 

behavior of autonomous hybrid energy system. They make 

different combinations of renewable sources (PV-wind 

turbine (WT)) with storage systems (battery-SC-flywheel- 

pumped hydro energy storage) and backup power sources 

(diesel-fuel cell). Therefore, they proposed various power 

management strategies to control these systems taking into 

account the variation of weather conditions and required 

power [12, 16],
 
the most used strategies are fuzzy logic and 

neuronal networks [17, 18]. 

The storage systems control is the subject of much 

research such as reference [19] which compares two methods  
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Nomenclature 

       wind speed (m/s)  SC resistance( ) 

 Pitch angle (°)  SC capacitor (F) 

       tip speed ratio   SC voltage (V) 

 optimum value of the tip speed ratio  SC modulated voltage (V) 

 power coefficient SOC State of charge of the SC 

 maximum value of the power coefficient  DC bus capacitor (F) 

 air density (1.22 kg m_3) 
 

DC bus voltage (V) 

 blade radius (m)  filter resistance ( ) 

 
rotational speed (rad/s)  filter inductance (H) 

 
stator winding resistance ( )  filter capacitance (F) 

 stator winding inductance (H) 
 

d and q filter currents (A) 

 number of pole pairs 
 

filter current (A) 

 d and q components of the stator voltages (V)  Current in the AC bus (A) 

 d and q components of the stator currents (A)  line-to-line voltages (V) 

 permanent magnetic rotor flux (Wb)  inverter voltages (V) 

 Friction coefficient  
 

d and q regulated voltages (V) 

 wind turbine generator current (A) 
 dump load resistance ( ) 

 photovoltaic current (A) 
 

dump load inductance (H) 

 
current in the photovoltaic capacitor (A)  dump load current (A) 

 
current in the photovoltaic inductance (A) 

 

K1 dump load switch 

 
Voltage across the photovoltaic inductance (V) 

 
diesel current (A) 

 
Photovoltaic voltage (V) 

 
rotational speed of the diesel engine (rad/s) 

 

Photovoltaic modulated voltage (V) K2 fuel switch 

 

photovoltaic modulated current (A) 

 

K3
 

diesel switch 

 

inverter input current (A) 
 load resistance ( ) 

 super-capacitor current (A) 
 

load inductance (H) 

 
super-capacitor modulated current (A) 

 
load current (A) 

 SC inductance (H)  load voltage (V) 
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(PI control, sliding mode) to control the DC / DC converter 

of the SC in a hybrid storage system and shows that the 

sliding mode presents greater robustness. Reference [9] 

describes an isolated PV/WT/battery/diesel hybrid system, 

where, the battery can be charged from the diesel engine, so 

the inverter acts as a rectifier. Authors in reference [20] 

describe a hybrid energy storage system (battery and 

hydrogen system) in photovoltaic energy system operating in 

stand-alone mode. But this unit presents a problem when the 

sum of the generated power (by photovoltaic source, battery 

system and hydrogen system) is lower than the one required 

by the load. Reference [21] compares four supervisor 

strategies to control the storage and/or dissipation system to 

maintain the DC bus constant in DC power distribution 

system according to two criteria: the voltage performance 

and efficiency. 

In this work, the model and the control of the hybrid 

micro system devices were developed for Tunisian country. 

In the beginning, the model of a horizontal axis VSWT 

driving a permanent magnet synchronous generator (PMSG) 

is presented. A vector control of this generator has been 

established to extract the maximum power (MPPT) of the 

turbine. The generated power is transmitted to the DC bus 

via a PWM rectifier. Besides, the model PV generator 

connected to the DC bus through a boost chopper is 

developed. The DC-DC converter ensures the maximum 

power of the PV generator using the P&O algorithm [22]. In 

order to regulate the DC bus, an SC module is associated to 

the intermittent sources to absorb or supply the power 

difference, for that it is linked to a buck boost converter in 

order to control the exchange when SOC limits are respected. 

These sources supply a three- phase balanced load via a 

unidirectional inverter and an RLC filter. A diesel engine, 

turned at a fixed speed, is considered as a backup source and 

a dump load is considered as an auxiliary load. Both are 

connected to the AC bus to compensate the variation of 

production and consumption powers in all operating modes. 

A Phase Locked Loop (PLL) ensures the synchronization 

between the different sources established in the hybrid unit. 

Finally, for each simulation time, according to weather 

variable values (irradiation, temperature and wind speed), 

load energy consumption and SC state of charge, the 

supervisor strategy takes the decision to choose which the 

functional component is and what the amount of energy 

absorbed and/or supplied by the SC is, the diesel engine and 

the dump load, to achieve two purposes: the continuous 

supply of the load and the maintaining of the SC state of 

charge at acceptable level. The obtained simulation results 

are presented and discussed and the control strategy is 

validated under different scenarios. 

2. Description of the hybrid unit 

For small hybrid systems having power below 100 kW, 

two connection modes (AC bus and DC bus) are widespread 

[23]. In this context, the studied system connects renewable 

sources and storage system to the DC bus. In the AC side, 

the main load, the dump load and the diesel generator are 

connected to the system through an inverter. And in order to 

eliminate the harmonics generated by this latter and to get a 

sinusoidal voltage at its terminals, an RLC filter should be 

inserted between the inverter and the load, as shown in 

“Fig.1”. 

The unit-sizing procedure was established to justify the 

size of the stand-alone hybrid power micro system 

components with the proposed structure for residential 

electricity supply.  “Figure 2” depicts the evolution of hourly 

average required load that shows the specific values: the 

maximum load power
maxLP , the minimum load power 

minLP which is assumed equal to the permanent and priority 

load power value. 

The hybrid system is designed to supply power to two 

homes. According to the studied site and standards applied, a 

4 kW wind turbine and a 1 kW photovoltaic panel are 

assumed to be available for this hybrid power micro system. 

The following unit sizing process is used to determine the 

size of the SC and the diesel engine. Our objective in this 

sizing procedure is to reduce the gap P  between REP and 

LP such that: 

Where REP is the average renewable power and LP is the 

average load power estimated at 3.1 kW.  

In order to not oversize our system and to ensure 

technical economic objective, the SC is sized to store the 

maximum generated renewable power
maxREP when the 

required power is minimum. Thus, the size of the SC is 2 kW 

according to the following equation: 

Where 
minLP = ,L priorityP  = 2 kW.  

The diesel engine is sized to supply priority loads 

,L priorityP where the renewable power is missing (
REP = 0) 

and the SC is fully discharged (SOC=SOCmin). So, the size of 

the diesel generator is 2 kW according to the following 

equation:  

2.1. Model and control of the wind system  

The aerodynamic power generated by the wind turbine 

rotor can be written as follows [3, 24]:  

 

RE LP P P    (1) 

, max minsc rated RE LP P P   (2) 

, ,d rated L priorityP P  (3) 

2 31
( , )

2
w p wP C R V    

(4) 
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Where  is the air density (Kg/m3), R is the radius of the 

rotor of the VSWT (m) and 
wV is the wind speed (m/s).  

 

 

The power coefficient pC depends on the tip speed ratio 

  which is the ratio between the peripheral speed of the 

blades, the wind speed and the pitch angle  (°) .It is given 

by the next expression [25]:  

 

 

 

Where:

 

 

The electromagnetic torque
emT applied to the wind 

turbine shaft is given by the fundamental equation as 

follows:  

Where  is the rotational shaft speed of the VSWT (rad/s) 

and 
mT is the turbine torque (Nm) defined by:  
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Fig. 1. Architecture of the studied system. 

 

Fig. 2. Hourly average demand of two typical homes  
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The model of the MSAP in the Park reference frame is 

given by the following equations [3, 4]: 

To extract the wind turbine maximum power, the tip 

speed ratio should be kept to an optimum value opt for all 

wind speeds values. The vector control of the PMSG must 

maintain 
sdi equal to zero and adjust the torque by the 

quadrature current sqi . The stator current 
*

sqi is calculated 

from the MPPT block which sets the torque reference 
*

emT  

to operate at maximum power point tracking (MPPT) as 

shown in control conv. 1 section A in “Fig.3”. It’s expressed 

by:  

2.2. Model and Control of the PV System  

The photovoltaic generator converts the solar 

energy into electrical energy through photovoltaic 

cells connected in series or/and in parallel to obtain the 

desired value of the voltage and current at the output of 

photovoltaic panel (PV) [9, 26]. The solar power as a 

function of solar irradiation E can be predicted by the 

equation given below:  

a , b and c are constants that can be obtained from measured 

data. 

The photovoltaic power increases when the irradiation 

increases and decreases when the temperature increases [7].  

The duty cycle pv of the DC/DC photovoltaic 

converter is calculated from the reference voltage
*

pvU   

provided by the MPPT and two PI regulators as shown in 

control conv. 2 section A in “Fig.3”. These PI regulators are 

defined by the following equations:  

 

2.3. Model and control of the SC storage system  

The power management requires a storage system 

which has a high dynamic response to compensate the 

difference between generated and required powers. The SC 

storage system appears to be the solution because it presents 

an evolution in its dynamic performance, reduced 

manufacturing costs and more time service life compared to 

other storage systems [27]. 

The model of SC comprises a capacitor
tC , an 

equivalent series resistor ESR  representing the charging and 

discharging resistor and an equivalent parallel resistor  

ERP representing the loss of self-discharging. The energy 

quantity drawn from the super-capacitor bank is proportional 

to the capacitor
tC and the square of the voltage variation 

[28]. This energy 
SCE can be positive or negative depending 

on the super-capacitor state (discharge / charge) according to 

the following equation:  

Where 
iV  and fV represent the initial and the final voltage 

of the super-capacitor. 

The total resistor and the total capacitor of the bank are 

given by the following expressions [28]:  

Where 
sn  and pn are the number of super-capacitor units 

placed respectively in series and in parallel. 

The aim of the SC control is to set the 
SCi current to its 

reference value
*

SCi . This reference current is imposed by the 

control algorithm of the hybrid system. So a current loop is 

developed to regulate the SC current using a PI regulator as 

shown in control conv. 3 section A in “Fig.3”. This current is 

given by the following differential equation:  

 

w
m

P
T 


 

(9) 

wd
wd s wd s s wq

di
V R i L p L i

dt
     

(10) 

wq

wq s wq s s wd m

di
V R i L p L i p

dt
       

(11) 

*
* em
sq

m

T
i

p
  

(12) 

cbEaEPpv  2  (13) 

* *( )Lpv Lpv LpvU PI i i   (14) 

* *( )cpv pv pvi PI U U   (15) 

)(
2

1 22

fitSC VVCE   
(16) 

sc total S

P

ESR
R n

n
   

(17) 

t
sc total P

S

C
C n

n
   

(18) 

SC
sc SC mSC

di
L U U

dt
   

(19) 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
Randa Kallel et al., Vol.4, No.1, 2014 

215 
 

The power exchanged by the SC is given by:  

The management of the SC power ensures the control 

of the DC bus voltage which is maintained constant. The DC 

bus control loop is represented in control DC bus section A 

in “Fig.3”.  

The DC bus current 
dci depends on the current flow 

management as follows:  

2.4. Control of the Inverter  

The control signals of the DC/AC converter are 

generated from two resonant regulators which control the 

voltages across the load 
1cU and 

2cU  using the transfer 

function of the RLC filter, as shown in control conv. 4 

section A in “Fig.3”. This transfer function connects the 

composed voltages
1 2,c cU U to the modulated voltages 

1 2,m mU U which are measured at the inverter output as 

follows:  

The transfer function of the resonant regulator is 

expressed by [29]: 

0 1 2 3 0, , , ,c c c c d  and 
1d  are the parameters of the resonant 

correction and pw is the pulse of the reference voltages.  

The current and the voltages across the RLC filter are 

given as follows: 

 

The modulated inverter current 
minvi  is given by the 

following equation:  

The AC bus resulted current 
si is given by the follow-

ing equation:  

As shown in section B figure 3, and according to the SC 

power and its state of charge, the supervisor determines the 

reference power values of each device connected to the AC 

bus: the dump load reference power
*

dLP , the load reference 

power
*

LP and the diesel fuel consumption control. The 

supervisor decides the on or the off times of the switches K1 

and K2.  

2.5. Model of the Diesel Generator  

The diesel generator is currently used in several 

applications [30]. It is used to cover the needs of peak 

consumption and especially for the electricity supply in 

isolated sites, in particular in emergency cases. This 

generator is composed of a diesel engine associated with a 

synchronous generator. 

A simplified model of the diesel generator is comprised by a 

first order actuator linked to a time delay which represents 

the fuel combustion delay
c and the ignition retard

d . If we 

consider F  as the fuel level gain, the torque 
dT  associated to 

the diesel generator is expressed as follows [26]:  

When the supervisor takes the decision to close the switch 

K2, the rotational speed 
d of the considered diesel 

generator begins to grow (starting engine) until it reaches its 

nominal value 
dn after one minute. In this moment, the 

switch K3 will be closed to ensure that the diesel generator 

operates at its rated power 
*

dP . 

2.6. Model of the load  

In this study, the hybrid unit is used to supply a three-phase 

isolated load. Its characteristics are given by the following 

equations:  
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Fig. 3. Control scheme of the hybrid system. 
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Where 
cV is is the simple voltage across the RLC filter. 

The loads are supplied by priority. In critical cases, 

which are well explained in the control algorithm, the 

required load power can be decreased by the elimination of 

non-priority load. 

2.7. Model of the Dump Load  

Usually, in the case of a surplus power in an isolated 

hybrid unit, the wind power should be reduced by acting 

on the pitch angle  or by operating the photovoltaic 

generator without MPPT control. In this study, the 

degraded power is used to supply water pumping system 

as a dump load especially for domestic applications. So, 

this power is not lost. Therefore, apart from the load, a 

hybrid may also contain auxiliary loads to achieve energy 

balance. The dump load currents in dq frame , ,,dL d dL qi i

are calculated from the reference power 
*

dLP  set by the 

management algorithm as follows:  

Where
dV and qV are the composed voltages 

1cU  and 
2cU    

in dq frame, respectively.  

The reactive power is calculated from the active 

power:  

Where   is the phase angle between the current and the 

voltage at the terminal of the RLC filter.  

3. Power Management Supervisor 

The purpose of the proposed system is to supply 

small sites of houses with predicted power consumption 

around an average of 3.1 kW and a water pumping system 

as an auxiliary load. A power management supervisor is 

designed for hybrid solar-wind-diesel power system, to 

guarantee the required load power under various weather 

conditions. In this case, the SC has been used as an energy 

buffer in the hybrid system, i.e. maintaining constant the 

bus voltage following any change of the transited power 

[26]. Therefore, during its operation, the SC can undergo: 

overcharging for exceeding its SOC at 90% and deep 

discharge for a decrease of the SOC above 30%. In the 

case where the load is sufficiently supplied and the SC is 

fully charged, the integration of a dump load as an 

auxiliary load is necessary to dissipate the surplus power. 

And in the case where the generated power is not enough 

to supply the load and the SC is completely discharged, the 

implantation of diesel generator is the optimal solution to 

compensate the energy deficit. Thus, we propose an 

algorithm to manage the power flow in the hybrid 

autonomous system under various conditions: wind speed, 

irradiation and temperature fluctuation, load power 

consumption and SOC level. This algorithm is based on 

several constraints which are: 

 Continuous supplying of the load. 

 Using in priority the SC as storage/backup system 

when the diesel generator and the dump load operate in the 

last case, ensuring a balance between generated and 

consumed powers. Thus, the power balance equation can 

be written as follow: 

 Charging the super-capacitor only from 

renewable sources.  

 Minimizing the diesel generator operation. 

 Preventing SC deep discharge (SOC>SOCmin) and 

SC overcharge (SOC<=SOCmax). 

This study is carried out to ensure the system 

autonomy and to meet the established energy constraints. 

Then, the developed algorithm associated to the power 

management supervisor requires the knowledge of 

produced and consumed powers and the SC state of 

charge, to control the dump load reference power, 

operating diesel power and the reference load power 

consumption, according to six operating modes as shown 

in “Fig.4”. In addition to these references, the buck boost 

converter controls the exchanged power by the SC to 

regulate the DC bus voltage. 

 SC charge power mode (mode 1): in this case, 

according to the system power balance, the SC power is 

negative i.e. the generated renewable power is greater than 

the required power (
RE LP P ). The excess power must be 

stored in the SC module while the maximum state of 

charge level is not reached. Therefore, the diesel power 

and dump load power, both are equal to zero. 

 SC discharge power mode (mode 2): in this case, 

according to the system power balance, the SC power is 

positive i.e. the generated power is not enough to supply 

the load (
RE LP P ). Thus, the SC must cover the missing 

power when the SOC does not achieve its minimum value 

SOCmin=0.3. So, neither the diesel engine nor the dump 

load is operated. 

Two modes appear when the SC state of charge 

reaches its minimum or maximum level: the diesel engine 

operating mode and the dump load operating mode. 

 Diesel engine operating mode: in this case, there 

is an under production and the SC is fully discharged 

(SOC=SOCmin and 
*

SCP =0). Thus, the K2 switch is turned 

* *

_ 2 2

dL d dL q

dL d

d q

P V Q V
i

V V





 

(31) 

* *

_ 2 2

dL q dL d

dL q

d q

P V Q V
i

V V





 

(32) 

* * ( )dL dLQ P tg   (33) 

SC dL L RE dP P P P P     (34) 
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on ensuring the diesel engine starting. This latter must reach 

a certain rotational speed 
dn to be able to operate in its 

nominal power. According to the diesel rotational speed, two 

new modes will appear that will be explained later.  

 Power demand decrease mode: in this case, the 

rotational speed is less than its nominal value: 
d dn   

(mode 3). Under this condition, there is not diesel power 

production, the non priority loads are turned off. So, the 

power sent to the load is 
*

L REP P  and 
*

dLP =0.  

Otherwise, when the  rotational speed  reaches its nominal 

value after one minute 
d dn  (mode 4), the K3 switch is 

turned on and the diesel engine operates at its rated power
*

dP = 2kW. However, if there is a high load power peak, the 

generated power is not enough to supply the load (
*( ) PRE d LP P  ), the required power will be decreased by 

eliminating the non priority loads. The reference load power 

is 
* *

L RE dP P P  and the dump load power is equal to 

zero. 

 Dump load operating mode: the dump load can be 

supplied by the diesel engine when 
d dn   and 

*( ) PRE d LP P  (mode 5). So, the difference power must 

be sent to the dump load
* *

dL RE d LP P P P   . Also, it 

can be supplied by the renewable sources when there is an 

over production 
RE LP P  and the SC is fully charged 

SOC=SOCmax=0.9(mode 6). Thus,
* 0SCP  , and 

*

dL RE LP P P  . 

4. Simulation Results and Discussion 

The hybrid energy system model and the developed 

control strategy are implemented in MATLAB/Simulink 

software using the studied system parameters illustrated in 

“Table 1”. In order to validate the proposed control 

management strategy and the convergence of the adopted 

algorithm, the system is simulated according to the weather 

variable conditions and to the required power level that are 

given by “Fig.5” during 450s.  

Start 

PRE, PL, PdL, Pd, PSC 

PSC>0 

SOC<SOCmin SOC>SOCmax 

Ωd<Ωdn 

PL>PRE+Pd 

OR 

SC discharge 

power 

Operation of the 

diesel engine 

SC charge 

power 

Operation of the 

dump load 
Power demand 

decrease  

Yes 

Yes 

Yes 

Yes 

Yes 

No  

No  No  

No  

No  

Mode1 Mode2 

Mode 6 Mode 5 Mode 4 Mode 3 

OR 

P
*

L, P
*
dL, P

*
d 

Fig. 4. Power management system algorithm. 
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The wind and the photovoltaic generators are the principal 

energy sources in the studied hybrid system. Then, the wind 

turbine is controlled by the pitch control, and the 

photovoltaic generator is controlled by the MPPT controller.  

 

 

 

 

To ensure the wind turbine protection, a mechanical 

device "Pitch Control" is developed to limit the turbine 

rotational speed. This mechanism is available to control the 

blades angle at a reference angle
* when the wind speed 

reaches its rated value
wrV =10.2 m/s as shown in “Fig.6”.  

Therefore, this control system operation reduces the 

power coefficient pC and decreases the speed ratio  as 

shown in “Fig.7”. 

 

 

“Figure 8” shows the different power of the hybrid 

system devices. This figure proves the effectiveness of the 

developed control management supervisor according to the 

profiles of the six operating modes which are presented in 

“Fig.9”. 

Between the intervals [0, 58.5 s] and [415, 450 s], the 

hybrid unit operates in mode 2: the discharge mode. The 

generated renewable power is less than the required power. 

So, the SC must cover the missing power in order to satisfy 

the load  *

SC RE LP P P   when the SOC does not 

achieve its minimum value. During the interval [58.5, 

118.5s], mode 3 is activated, the SOC reaches its minimum 

value as shown in “Fig.10”.  

Therefore, the intervention of the diesel engine as a backup 

source is necessary. During its starting time, the diesel 

rotational speed 
d begins to grow exponentially to achieve 

after one minute its nominal value.  
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Fig. 5. Simulation constraints. 

Fig. 6. Mechanical speed and pitch angle of the wind 

turbine. 

Fig. 7. Power coefficient and speed ratio. 

Fig. 8. Power assessment. 
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In this gap of time, the switch K3 is turned off and 

consequently the diesel current is equal to zero. The power 

correction is made by eliminating the non-priority load. So,
* 0SCP  , 

* 0dP   and 
*

L REP P .  

 

 

 

 

When the diesel speed reaches its nominal as shown in 

“Fig.11”, two modes will appear: mode 4 and mode 5. In the 

interval [118.5, 150 s], mode 4 is activated, we observe a 

high peak load power demand, in fact  *

RE d LP P P  . 

The required power must be decreased. So, 
* 0SCP  , 

* 2dP kW  and 
* *

L RE dP P P  . During the interval 

[150, 190 s], the hybrid system operates in mode 5, there is 

an excess power 
*( ) PRE d LP P  . The existing solution to 

balance the system is supplying the dump load. So, 
* 0SCP  , 

* 2dP kW , 
*

L LP P   and  

* *

dL RE d LP P P P    . 

In the interval [190, 367 s], the hybrid unit operates in 

mode 1: the recovery mode. The generated power is greater 

than the required power. The SC must store the excess power 

while the maximum SOC level is not reached. So, the power 

forwarded to the SC is the difference power 
* ( )SC RE LP P P   . During the interval [367, 415 s], 

mode 6 is activated when the SOC achieves its maximum 

value. So, the SC is fully charged. Therefore, the excess 

power is sent to supply the dump load. Thus, 
* 0SCP  , and 

*

dL RE LP P P  .   

 

 

The power balance between the different hybrid system 

devices enables the adjustment of the DC bus voltage and 

maintaining it at its reference value 
* 700dcU V is shown 

in “Fig.12”. This figure shows the effectiveness of the 

elaborated control strategy. 

“Figure 13”, “Figure 14”, “Figure 15”, and“Figure 16”, 

show the load reference current 
*

Li ,  the dump load 

reference current 
*

dLi , the diesel reference current 
*

di and 

the resulting current in the AC bus 
*

si , respectively. The 

zooms applied for each current prove the effectiveness of the 

implemented PLL control ensuring the synchronization 

between the hybrid system devices.  
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Fig. 9. Different operating modes. 

Fig. 10. State of charge of the SC. 

Fig. 11. Diesel rotational speed  . 
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“Figure 17”, “Figure 18” and “Figure 19” show 

respectively: the two voltages at the RLC filter output 
1cU  

and 
2cU with the associated references 

*

1cU  and
*

2cU , the 

voltage 
1cV and the current 

1Li at the first phase of the load 

and the regulated voltages across the load 
*

1mU and
*

2mU . 

These figures validate the load control system and the zoom 

during 0.08 s on each figure shows the stability of the system 

control during load variation. 
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Fig. 12. DC bus voltage. 

Fig. 13. Load current. 

Fig. 14. Dump load current. 

Fig. 15. Diesel current. 

Fig. 16. AC bus current. 

Fig. 17. Voltages at the RLC filter output and its references. 
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5. Conclusion 

This paper presented an optimal control management 

strategy of an autonomous (VSWT/PV/SC/diesel) unit 

supplying a small site comprising several houses as a main 

load and a water pumping system as an auxiliary load. The 

diesel engine is operated as a backup source by supplying 

load in the emergency cases. A supervision strategy is 

developed to manage power flows between the different 

energy sources and the SC storage system. Then, the 

supervisor makes decision to choose the operating mode in 

order to guarantee the continuous supply of the load  and 

maintain the state of charge of the SC at an acceptable level. 

Simulation results show the effectiveness of this management 

strategy depending on the weather conditions and the required 

load variation using a six-mode operating algorithm. 

 

 

 

 

Table 1. Studied system parameters. 

Wind turbine  Number of blades 3 

PMSG Blade radius 2 

 Nominal power 3.850 kW 

 Number of pole pairs 4 

 Stator winding resistance 0.82Ω 

 Stator winding inductance 15.1mH 

 Permanent magnetic rotor flux 0.45 Wb 

 Inertia 99.10-4 Kg m2 

 Friction coefficient 10-3 N m s rad-

1 

PV generator Number of modules in series 15 

 Number of modules in parallel 1 

 Number of cells in series 36 

 Number of cells in parallel 1 

 Maximum power / module 130 W 

 Open circuit voltage / module 22.1 V 

 Short Circuit Current /module 8.06 A 

SC [BMOD0094] Capacitance 94 F + 20-0% 

 Rated voltage 75 V 

 ESR 12.5 mΩ 

 Leakage current 0.15 A, 75 h, 

25°C 

 Operating temperature -40°C to 

+65°C 

 Maximum DC current 50 A 

DC bus Capacitance 2200 µF 

RLC filter Filter resistance 0.1 Ω 

 Filter inductance 25 mH 

 Filter capacitance 9 µF 

Diesel generator 

[DG 2500 L] 

Rated power 2 kW 

 Maximum power 2.2 kW 

 
Fuel combustion delay 

c  
0.2 s 

 
Ignition retard 

d  
0.003s 

 Rated rotational speed 
dn  157 rad/s 
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