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Abstract 

The main aim of this paper is to present a modified Maximum Power Point 

Tracking (MPPT) control strategy of a solar-wind hybrid power system, which 

allows producing a maximum of energy while enhancing the produced power 

quality by reducing its fluctuation rate. Indeed, the Photovoltaic System (PVS) is 

based on a PV field of panels connected to the grid through a DC-DC and DC-

AC PWM converters and the Wind Energy Conversion System (WECS) is based 

on a stator field oriented Doubly Fed Induction Generator (DFIG) which its rotor 

is connected to the network via a back to back AC-DC-AC PWM converter. The 

proposed control strategy ensures a conventional Maximum Power Point 

Tracking (MPPT) for the WECS. Furthermore, it guarantees a smooth power 

injected in the grid by applying a modified MPPT technique applied to the PV 

system. This strategy uses a part of the PVS available power to compensate the 

WECS power fluctuations due to wind gusts and generates simultaneously the 

maximum of smoothed power from the residual part. The simulations results 

obtained in the case of the proposed control strategy have been compared to those 

of a conventional MPPT technique and of a Guaranteed Minimum Available 

Power (GMAP) control strategy. It is obvious that the proposed modified MPPT 

keeps a good compromise between the quantity and the quality of the total hybrid 

system produced power. 

Keywords: Back to back AC-DC-AC PWM converter, Boost converter, Field 

oriented DFIG, Power quality improvement, PVS, WECS. 

 

 

1. Introduction 

In recent years, the use of electric hybrid systems has increased in many industrial 
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Nomenclatures 

Cconv Boost capacitor (Fig. 4), F 

Cp Turbine power coefficient 

CS Reference saturation current
   10 tpv VnV

pvsc eI , A 

d Duty cycle of the boost converter (Fig. 4) 

Egap Gap energy, depending on the material of the cell, eV 
Iconv Boost input current (Fig. 4), A 

Icconv  Boost capacitor current (Fig. 4), A 

Iinv  Inverter input current (Fig. 4), A 

Iph Photo-current, A 

Ipv Photovoltaic current (Fig. 4), A 

Ipvsc Cell short-circuit current Ipvsc Iph, A 

IS Reverse saturation current of the diode 
    nTKqE

S
gapeTC

3
, A 

K Boltzmann constant, J/K 

Kconv Boost converter transistor (Fig. 4) 

Lconv  Boost converter inductance (Fig. 4), H 

Lr Rotor inductance, H 

n PV cell ideality factor, 51  n  

q Electron charge constant, C 

R Blade radius, m 

S Surface swept by the turbine blades, m²
 

T Cell temperature, K
 

Vdc  DC bus voltage of the PVS (Fig. 4), V 

Vt Thermodynamic potential qKT , V 

Vpv Photovoltaic voltage (Fig. 4), V 

Vpv0 Open circuit voltage, V 

v Wind speed, m/s 

v0 Average component of the wind speed, m/s 

 

Greek Symbols 

β Pitch angle of the turbine blades, deg 

 Specific speed of the turbine vR t  

 Air density, kg/m3 

 Blondel dispersion coefficient 

Ωt Turbine rotation speed, rad/s 

Ωe DFIG rotation speed, rad/s 

r Rotor pulsation (Fig. 7), rad/s 

 

Abbreviations 

DC Direct Current 

DFIG  Doubly Fed Induction Generator 

GSC  Grid Side Converter 

HS Hybrid System 

MPPT Maximum Power Point Tracking 

PVS Photovoltaic System 

WECS Wind Energy Conversion System 
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and domestic sectors such as embedded systems, cars, planes, boats, the electrical 

power supply of different devices (laptops, mobile telephony, mobile players, toys, 

etc.) and electrical power plants. 

In the near future, the use of these hybrid power systems will become more and 

more important due to their adequacy to industrial developments in several 

countries and to the reduction in oil production, as well as to the increase of 

pollution degree related to continuous emissions of dangerous gases [1]. For these 

reasons, other alternative energy sources that are sustainable and easy to operate 

have been strongly proposed and investigated in the whole world, such as the solar 

energy and the wind energy as presented in Table 1 [2, 3]. Therefore, there is an 

increasing pace of scientific research in the field of hybrid power systems based on 

renewable energy sources [4-9]. 

Table 1. Important global indicators for renewable energy in the world [2, 3]. 

 Unit 2010 2011 2012 2013 2016  

Renewable power installed  

capacity (with hydro) 
GW 1250 1355 1470 1560 2017 

 

Renewable power installed  

capacity (without hydro) 
GW 315 395 480 560 921 

 

Solar PV installed capacity GW 40 71 100 139 303  

Wind power installed 

capacity 
GW 198 238 283 318 487 

 

Concentrating solar thermal  

power installed capacity 
GW 1.1 1.6 2.5 3.4 4.8 

 

It can be seen clearly from Table 1 that the WEC and PV systems are becoming 

important parts of power generation. Their basic energy sources (wind and solar), 

present the right choice due to the world abundance of windy sites and illuminated 

sites as well as windy and illuminated sites in a better combination of the weather 

in the whole world. 

In addition, these sources are clean, economic, sustainable, safe, not expensive 

and easy to operate, especially for the photovoltaic systems, where there is no noise 

and no additional mechanical requirement. 

In the context of a better exploitation of the solar and the wind renewable energy 

sources, several studies have been presented, where the main aim was the 

improvement of the used techniques to ensure the maximization of the produced 

power from such sources while respecting the quality requirement imposed by the 

network or the consumer demand. 

For the PV systems, several previous researches have proposed different 

solutions to enhance the profitability of these systems by methods such as the 

improved MPPT technique, which allows a rapid tracking of the maximum power 

point based on the simultaneous adjustment of the voltage of the panel (Incremental 

Conductance Algorithm) and the position of the panel. Moreover, the technique 

which proposes the improvement of the coupling architecture of the photovoltaic 

panels and the techniques that have been proposed to improve the used static 

converters and their control techniques [10-15]. 
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In addition, other research studies have been focused on the improvement of the 

efficiency and the produced energy quality of the wind power systems. These studies 

use techniques such as the reactive power compensation and the active filtering of 

harmonic currents generated by nonlinear loads, as well as the control loops 

improvement to overcome the influence of the inertia on the frequency [16-18]. 

Kumar and Bhimasingu [19] proposed a new topology of a multilevel modular 

inverter which is characterized by a decreased DC bus voltage and the elimination 

of the diodes and the capacitors in comparison with other conventional topologies, 

where the main aim of this proposed topology was to enhance the produced power 

of a hybrid system based on renewable energy. 

The work presented in this paper focuses mainly on resolving the dilemma of 

the quantity of produced power by a grid-connected HS while ensuring a high 

power quality even in presence of wind gusts. Indeed, this studied HS is composed 

of two systems, the PVS and the WECS that are connected to the power system 

network according to the topology shown in Fig. 1. 

Fig. 1. Description of the studied hybrid system. 

The objective of this work is, therefore, the control of the hybrid plant under 

three operating modes. The first mode is the conventional MPPT mode, where 

the control system aims to ensure in real time the maximization of the HS total 

produced power without considering power quality. While the second mode aims 

to take into account the quality problem of the HS total produced power. In this 

case, a simple standard decoupled control technique of the HS power is used to 

produce a maximum smoothed power. The third mode is proposed to ensure the 

energy production with reduced fluctuations. It is based on a WECS MPPT 

control, accompanied with the PVS that participates in increasing the overall 

power production and ensures at the same time the compensation of the WECS 

produced power fluctuation. 
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2.  Description and Modelling of the PVS 

This research study of PVS is based on a solar plant of 400 kW composed of a field 

of 2000 photovoltaic modules BP SX 3200 (80 parallel branches of 25 modules in 

series) with a power of 200 Wp for each module [20]. These modules are connected 

to the power line via a boost converter and a PWM controlled inverter (SOLAR 

MAX 330 CSV) with a power of 400 kW. This system is equipped with a voltage 

regulation to control the boost converter in order to ensure a given DC bus voltage 

at the input side of the inverter. Moreover, the inverter control can ensure a 

decoupled control of the active and reactive powers (see Fig. 2). 

Fig. 2. Description of the photovoltaic studied system. 

Indeed, several previous works have focused on the development of different 

MPPT techniques to optimize the power extraction of photovoltaic sources. All 

these techniques were based on blind scanning of the MPP. Among these 

techniques, on can find for example the Perturb and Observe (P.O) technique and 

its modified version proposed in [21, 22]. However, in the present work, the PVS 

MPPT control is performed on the basis of an MPP given by a photovoltaic cell 

implemented in the photovoltaic field to read the meteorological conditions and to 

generate the reference power to be produced and injected in the network. The boost 

converter ensures a continuous connection between the PVS and the load (grid) in 

order to avoid the power waste. Moreover, this converter is controlled in such a 

way to guarantee an MPPT operation mode, or a given produced power level 

limited by the weather conditions, whereas, the control of the grid side converter 

ensures the transfer of this produced power to the grid. The duty cycle value of the 

boost converter is limited according to the range values (min-max) of the boost 

converter output voltage (according to input inverter voltage limits). 

 

2.1. Modelling and design of the PV generator 

There are many possible mathematical representations with varying complexity 

that can be used to model the PV cell current-voltage behaviour. However, 

depending on the application, several factors are required to be taken into account 
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to obtain a suitable modelling of the PV cell I-V characteristics. In this work, a 

model with an exponential and four parameters (L4P) is used. Indeed, this model 

has been widely used. It considers the photovoltaic cell as a dependent current 

source of illumination and temperature, connected in parallel with a diode and a 

shunt resistance Rsh and a series resistance Rser, (see Fig. 3). 

 
 

Fig. 3. Equivalent diagram of an L4P cell. 

Based on simplification of the parallel resistance which has generally an 

important value (Ish very small), the current given by the photovoltaic cell can be 

expressed as follows [23, 24]: 

     1
 nVRIV

Sphpv
tserpvpveIII                (1) 

To generalize the above equations to be valid for various meteorological 

conditions temperature and illumination, the short-circuit current and the open 

circuit voltage of the photovoltaic cell are expressed as follows: 

    
 









rvrefpvpv

rcpvscrefrpvsc

TTVV

TTIggI





00

                (2) 

where: g, T, c, v, Ipvscref, Vpv0ref, gr, and Tr are respectively, the illumination value, 

the temperature value, the temperature influence factor on the short-circuit current, 

the temperature influence factor on the open circuit voltage, the reference of the 

short-circuit current, the reference of the open circuit voltage, the rated illumination 

and the rated temperature. 

By considering the inverter input voltage range  900,600dcV  V, the solar 

farm produces a maximum power equal to the used inverter rated power (Pmax= 400 

kW) under a voltage not higher than 900 V. 

Consequently, the number of modules in series Ns and the number of parallel 

braches Np can be calculated as follows: 

 









modmaxmax

modmax

PNPN

VVN

sp

opdcs
                (3) 

where: Vdcmax, Vopmod and Pmaxmod are respectively, the maximum of the DC bus 

voltage, the optimal value of the PV module voltage and the maximum power of 

the PV module. 
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With an optimal modular voltage of 24.5 V and a rated power of 200 Wp in this 

case, a number of 25 modules in series and a number of 80 parallel branches have 

been used to build the PV plant subject of our study, which is containing 2000 

modules of BP SOLAR SX 3200. 

2.2. Boost converter modelling 

It is important to clarify that the PV energy is not like a conventional energy source 

because in a conventional energy source, where the energy which is not delivered 

to the load is not consumed and remains in the source. In PV energy source, the 

energy is wasted since it is available for free. Thus by using the boost converter, 

current flows constantly into the input port of the converter due to use of a parallel 

switch in its topology. Therefore, in PV system, the energy efficiency of the boost 

converter may be higher than of the buck converter for example [25]. 

Figure 4 shows the boost converter circuit topology and its operating principle. 

This converter is used to achieve the required photovoltaic current tracking based 

on the switch control. 

 

 

Fig. 4. Circuit topology and operating principle of the boost converter. 
 

During the two complementary time intervals ton and toff in each period Tconv, the 

boost converter can be modelled as follows: 











convinvpvdc

convdcpvpv

Cididtdv

Lvdvdtdi

))1((

))1((
                (4) 

 

3. WECS Description and Modelling 

3.1. Aerodynamic power captured by the wind generator 

According to Betz theorem and Newton’s second law, the power extracted from the 

wind by a turbine is expressed as follows [26, 27]: 
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3

2

1
SvCP pt                    (5) 

Equation (6) represents the expression of the Cp for a wind turbine of 1.5 MW 

which is used in this study (these wind turbine parameters are summarized in [28]): 

  
 

 
)2)(3(00184.0

23.05.18

1.0
sin200167.05.0 












 




pC

     
(6) 

3.2. Wind turbine modelling 

Considering that the friction coefficients have low and negligible values and that 

the wind speed distribution is uniform over all the blades, the mechanical model of 

the wind turbine can be presented as shown in Fig. 5. 

 

Fig. 5. Simplified mechanical model of the wind turbine. 

3.2.1. Wind speed modelling 

The wind dynamic properties are very important for the study of a wind energy 

conversion system because the wind power evolves with the cube of the wind speed 

in the optimal conditions. Indeed, the wind speed is a three-dimensional vector. 

However, the direction of the wind velocity vector considered in this model is 

limited to the horizontal dimension. Consequently, the behavioural model of the 

wind is simplified considerably. The wind speed v is usually represented by a scalar 

function which varies over time as follows [29]. 

   




m

i

iii tAvtv

1

0 sin       
           

(7) 

where Ai, i and i are respectively, the amplitude, the angular frequency and the 

initial phase of each spectral component fluctuating. 

Table 2 presents the annual mean wind speed in Adrar site subject to the present 

work which is located in the south of Algeria and it presents the windiest zone in 

Algeria. It can be seen that the dominant wind speeds in this site are between 3.5 

and 7.5 m/s. 

Based on the obtained wind speed data of Adrar site, two different wind profiles are 

shown in Fig. 6. The first profile contains wind gusts and reflects the stochastic nature 

of the wind speed. On the other, the second profile is a filtered profile with slow 

dynamics (in this case the fast wind gusts have been filtered from the actual speed). This 

 
  𝑊𝑖𝑛𝑑 
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𝑠𝑝𝑒𝑒𝑑 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 

𝑅𝑜𝑡𝑜𝑟 𝑜𝑓 𝑡ℎ𝑒 𝐷𝐹𝐼𝐺 
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last profile is considered and used to pilot the studied WECS in the MPPT mode (the 

WECS MPPT zone is located almost between 3.5 m/s and 7.5 m/s [28]). 

Table 2. Annual mean wind speed in Adrar site (south of Algeria) [30]. 

Wind 

class 

(m/s) 

Weibull 

frequency 

in (%) 

Wind 

class 

(m/s) 

Weibull 

frequency 

in (%) 

Wind 

class 

(m/s) 

Weibull 

frequency 

in (%) 

0.5 1.7 8.5 8.34 16.5 0.28 

1.5 5.20 9.5 6.54 17.5 0.15 

2.5 8.20 10.5 4.86 18.5 0.07 

3.5 10.58 11.5 3.42 19.5 0.03 

4.5 11.85 12.5 2.29 20.5 0.02 

5.5 12.07 13.5 1.46 21.5 0.01 

6.5 11.39 14.5 0.88 22.5 0.00 

7.5 10.05 15.5 0.51 23.5 0.00 

  

(a) Real profile. (b) Filtered profile. 

Fig. 6. Different wind profiles. 

3.2.2. Turbine model 

The aerodynamic torque developed by the wind turbine is as follows [29]: 

3
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                  (8) 

3.2.3. Dynamic equation of the generator shaft 

By transformation of the mechanical parameters of the turbine to the generator 

shaft, the shaft dynamic model can be defined by the following equation [28, 29]: 

emge
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                 (9) 

where: J, Ωe, D, Tg and Tem are respectively, the turbine inertia brought to the 

generator shaft, the DFIG rotation speed, the turbine friction coefficient brought to 

the generator shaft, the effect of the turbine torque on the generator shaft and the 

DFIG torque. 
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with: 

e
t J

G

J
J 

2
                (10) 

where: Jt, Je and G are respectively, the turbine inertia, the generator inertia and the 

multiplier gain. 

and: 

e
t D

G

D
D 

2
                (11) 

where: Dt and De are the turbine friction coefficient and the generator friction 

coefficient respectively. 

3.3. Relationship between DFIG stator powers and rotor currents 

The two-phase reference (d-q) frame, which is associated with the stator-rotating 

field, is used in this paper. The active and reactive powers of the DFIG stator can 

be obtained based on the Park transformation of the DFIG equations and the stator 

flux orientation on the d axis. Equation (12) presents the expressions of the active 

and reactive powers based on simplification hypothesis due to the high power rate 

of the studied wind turbine where the stator resistors are neglected [15]. 






























drs
sss

s
s

qr
s

ss

iv
L

M

L

v
Q

i
L

M
vP



2

2

3

2

3

              (12) 

where: idr, iqr, Ls, M, vs and s are respectively, the rotor current according to d axis, 

the rotor current according to q axis, the stator inductance, the mutual inductance, 

the statorique voltage and the statorique pulsation. 

From equation (12), it is clear that the control of the stator active power and 

reactive power is decoupled, which means that their control can be achieved 

independently. Indeed, with a constant magnetizing inductance and a powerful 

network, the Ps power will be directly proportional to the current iqr, and Qs power 

will have a linear relation with the current idr as shown in Eq. (12). 

This last equation allows synthesizing the control algorithm of the DFIG 

produced powers based on the generation of the rotor reference voltages (Vdrref and 

Vqrref) from the references of the stator powers (Psref and Qsref) using two control 

loops DFIG, the stator power external control loop and the rotor current internal 

control loop as shown in Fig. 7. 

3.4. Back to back converter control 

The DFIG rotor is coupled to the network via a back-to-back AC-DC-AC PWM 

converter. This converter is composed of the Rotor Side Converter (RSC) and the 

Grid Side Converter (GSC). These two static converters are controlled to track the 
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stator-desired powers and to ensure a rotor energy flow in both directions. The GSC 

and its control block diagram are shown in Fig. 8. 

 

Fig. 7. Control loops of the DFIG stator powers. 

 

 

Fig. 8. Control scheme of the GSC. 

The GSC control ensures a DC bus voltage stabilization and a unity power factor 

in the grid side (iqref=0). Furthermore, the RSC control ensures the flow of the active 

power and the reactive power of the WECS through the DFIG rotor, as it is shown 

clearly in Fig. 9. 
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Fig. 9. WECS powers decoupling control. 

4. Simulation Results and Discussion 

The studied hybrid system in this work is composed of the PVS presented in section 

2, and the WECS presented in section 3. These two systems are electrically coupled 

to be connected to the infinite bus of a powerful balanced three-phase power system 

network. Initially, it is supposed that the hybrid system operates at its optimal point 

corresponding to the initial meteorological conditions (T=25°C and g=1000 W/m2) 

for the PVS and (v=6.5 m/s) for the WECS. In this situation, the PVS and the 

WECS produce the maximum possible power from the transferred powers of the 

solar and wind sources. When the temperature and the illumination change 

according to the profiles presented in Fig. 10 and the wind speed changes according 

to the profile presented in Fig. 6(b), new power references values corresponding to 

this new situation will be obtained according to the considered control strategy. 

  

(a) Temperature profile. (b) Illumination profile. 

Fig. 10. Temperature and illumination profiles applied 

to the studied PVS (According to Adrar site data). 
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The obtained simulation results following these meteorological conditions 

drawn from real data of Adrar site are presented according to each proposed 

operating mode in the following sections. 

 

4.1. Conventional MPPT mode 

The PVS MPPT technique used here is based on the use of a pilot cell implemented 

in the photovoltaic farm. It is used to estimate on-line the illumination and the 

temperature and deduce the PV system command value as shown in Fig. 2. The 

same idea is applied to the wind turbine, where the on-line measurement of the 

wind speed is used to calculate the maximal active power reference that can be 

produced by the WECS as shown in Fig. 9.  

Figures 11 and 12 show the obtained results of the PVS and the WECS under 

the standard MPPT mode. 

As it can be seen, both systems (PVS and WECS) of the hybrid system have 

been successfully controlled to operate in the MPPT mode. In fact, the PVS optimal 

current and voltage track their optimal references for various temperature and 

illumination levels. On the other hand, it can be noted that the DC bus voltage of 

the inverter input is maintained within its limits as shown clearly in Fig. 11. 

In the WECS side, the stator active power and its reference follow the wind 

profile applied to the turbine to guarantee the MPPT operation mode Fig. 12. It is 

noted also that the DC bus voltage remains closer to its reference value of 2000 V 

as shown clearly in Fig. 12. 

 

  

(a) PVS active and reactive powers.  (b) PVS voltage and current. 

  

(c) Photovoltaic current. (d) Photovoltaic voltage. 
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(e) Chopper ratio. (f) Input voltage of the PVS inverter. 

Fig. 11. PVS simulation results in the case of the MPPT mode. 

  

(a) DFIG stator powers.  (b) DFIG rotor powers. 

  

(c) DFIG stator voltage and current. (d) DC bus voltage. 

  

(e) GSC voltage and current.             (f) Zoom of GSC voltage 

                and current.  

Fig. 12. WECS simulation results in the case of the MPPT mode. 
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Globally, the hybrid system injects a fluctuated active power of about 1 MW in 

the grid that may sometimes exceed this value, thanks to the MPPT operating mode 

of the PVS and the WECS as shown in Fig. 13. 

  

Fig. 13. Simulation results of the HS operating in the MPPT mode. 

4.2. Power quality improvement mode 

In this mode, the HS is managed to inject a power with improved quality into the 

power system network according to two techniques. The first technique aims to 

ensure an improved delivered power according to the of available WECS and PVS 

powers. The second technique, which is proposed in this paper, is based on a 

modified MPPT control strategy that guarantees the HS maximum produced power 

of improved quality. 

4.2.1. Improved HS produced power quality based on network-required power 

For the same temperature and illumination profiles that are shown in Fig. 10, and 

for the same wind speed profile which is shown in Fig. 6(b), the total HS produced 

power follows the required power of the network power system demand according 

to the weather condition. In this case, the total active power produced by the HS is 

shown in Fig. 14 (a), while the active powers of the PVS, the WECS and the HS 

are shown simultaneously in Fig. 14 (b). 

It can be noticed that this control technique allows to the hybrid system 

producing a smooth active power. Initially, the PVS and the WECS provide an 

active power of 0.8 MW during 1s. Then, they produce a power of 1 MW between 

1 s and 1.5 s and finally, a power of 0.9 MW is produced after 1.5 s. 

  

(a) HS global produced power. (b) Details of the produced powers. 

Fig. 14. Simulation results (production of different smooth power levels). 
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4.2.2. Modified MPPT mode for power quantity-quality compromise enhancement 

To improve the performance of the HS in terms of produced power quantity and 

quality simultaneously, the previous MPPT operation mode is modified to resolve 

this dilemma. In this case, a part of the PVS available power is used to compensate 

the total HS produced power fluctuations resulting from the WECS power 

fluctuation (due to wind speed gusts). Whereas, another part of the PVS available 

power is exploited to perform the quantity of the total HS produced power. This 

can be achieved by considering a slowly and lightly sun illumination during none 

cloudy days of this Saharan zone comparatively to the rapid and stochastic variation 

of the wind speed. 

In this mode, the PVS reference power is divided into two components. The 

first one is a fluctuating component constituting the oscillating part of the PVS 

reference power, which is used to compensate the rapid changes in the power of the 

WECS that is still operating in the MPPT mode. On the other hand, the second 

component is constant which will contribute to increasing the total HS produced 

power. This proposed technique ensures simultaneously the minimization or even 

the elimination of the fluctuations contained in the total HS produced power and at 

the same time, maximization of the total HS produced power. 

In the next section, the effectiveness of the proposed technique in terms of the 

HS produced power quantity and quality is evaluated and compared to the two cases 

of conventional MPPT operating mode and available power operation mode. In the 

first case, the PVS and the WECS operate in their MPPT mode. Note that the PVS 

contributes to the production of the total HS power production without taking into 

account the power fluctuation minimization as shown in Fig. 15. It is obvious (see 

Fig. 15) that the PVS produces only a constant component (according to the 

constant weather conditions) which is added to the WECS produced power. 

In the second scenario is the guaranteed minimum available power (GMAP) 

control mode (Fig. 16). In this case, both the PVS and the WECS produce smooth 

powers, which correspond respectively to available PVS power and to the guaranteed 

minimum available wind power. In this case, the PVS and the WECS contribute to 

improving the quality of energy to the detriment of the power quantity comparatively 

to the first case. In the third scenario (see Fig. 17), the PVS contributes in improving 

the total HS produced power quality by means of a part of its available power, while 

enhancing the produced power level by the use of the residual available power. This 

technique can be applied during the day, to produce different levels of smooth and 

maximal power according to the weather condition variations. 

 

Fig. 15. Simulation results of the classical MPPT mode 

(with T=25°C and g=1000W/m2). 
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Fig. 16. Simulation results of the guaranteed minimum available power 

(GMAP) control mode (with T=25°C and g=1000W/m2). 

 

 

Fig. 17. Simulation results of the modified MPPT mode 

(with T=25°C and g=1000W/m2). 

To quantify the effectiveness of the three presented control strategies, some 

results and performance indexes (the HS mean produced power, distortion rate and 

exploitation level) are calculated and summarized in Table 3. 

Table 3. Effectiveness of the three studied strategies. 

 
Mean 

Power 

(MW) 

Distortion 

Rate (%) 

Exploitation level 

versus maximum 

available power 

(%) 

Classical MPPT mode -1.043 9.45 100 

GMAP control mode -0.861 0.95 82.55 

Modified MPPT mode -0.932 1.48 89.35 

As it can be seen from the results presented in Table 3 that the last case, 

corresponding to the modified MPPT operating mode, presents the best mode, 

which allows achieving the required compromise quality-quantity compared to the 

other control modes. It means that this control mode can ensure for the HS a high -

level mean produced power with less fluctuation. 

Once more, on the basis of the results presented in Table 3, an economic study 

is achieved. Indeed, Table 4 presents an estimation of the annual financial benefit 

that can be reached by applying the proposed control strategy to the HS (it is 

assumed that the PVS is exploited for an average duration of 6 hours per day and 

the WECS is exploited for an average duration of 20 hours per day, some hours per 

day are left to take into account the probability of wind/illumination absence and/or 

maintenance operation). 
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Table 4. Financial estimation of the studied HS energy system  

production profit for the proposed control strategy (Modified MPPT mode). 

 
Mean 

Power 

(MW) 

Participation 

rate in 

production 

(%) 

Exploitation 

time per 

day (h) 

Price of 

electricity/kWh 

in Algeria 

(USD) 

Annual 

profit 

(USD) 

PVS -0.272 29.2 6 ≈ 0.33 196,574 

WECS -0.660 70.8 20 ≈ 0.33 1 589,940 

HS -0.932 100 / ≈ 0.33 1 786,514 

By considering an electricity price per kWh of energy in Algeria of 5 DA 

(equivalent approximately to about 0.33 USD), the exploitation of the studied HS 

based on real data obtained on site will ensure a financial benefit of 1 786,514 USD 

per year. This result will encourage different actors of electrical energy to exploit 

this studied HS in Algeria. Indeed, this study will motivate different actors in 

Algeria to reach the government scheduled production level of 13575 MW from 

PVS and 5010 MW from WECS on the horizon of 2030 [31]. 

 

5. Conclusion 

In order to resolve the dilemma quantity/quality of energy of renewable energy 

hybrid systems (composed of a PVS and a WECS) due to the intermittent nature of 

this kind of energy sources, a modified MPPT control technique has been proposed 

in this paper. This control strategy has been successfully used to achieve a good 

compromise between the energy production level and the minimization of the 

produced energy fluctuation rate. The studied system, composed of a WECS of 1.5 

MW of power and a PVS with a rated power of 400 kW, has been presented, studied 

and simulated on the basis of actual climate data (wind speed, sun illumination and 

temperature) of the Adrar site (the most important potential in Algeria in terms of 

wind speed and sun illumination) situated in the south of Algeria. Furthermore, the 

results of two classical control techniques have been presented in this paper, the 

first is the conventional MPPT strategy applied to control each system (WECS and 

PVS) independently. The second strategy is the guaranteed minimum available 

power (GMAP) control mode based on the mean values of PVS and the guaranteed 

minimum available power of wind. The modified MPPT proposed control mode 

presented in this work divides the PVS production into two components: a 

fluctuating component, which is used to compensate the fluctuations resulting from 

the WECS produced power, while the second component participates in the overall 

power production increasing. The simulation results have shown clearly the ability 

of the proposed technique to resolve the dilemma power quality-power quantity 

exhibited by this kind of intermittent power systems. 
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