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Abstract: This work deals with the development of a tool for the control and management of a PV/Wind hybrid multi-source system 

with storage and applied to an agricultural farm on the one hand and on the development of an optimal control algorithm making it 

possible to extract the maximum power from the various sources and a control strategy for an optimal management of the energy flows 

within the system on the other hand. 

The optimal control and management of the hybrid system ensures a high level of safety, quality and performance of the system. This 

control should therefore ensure a better functioning of all the elements making up the system by allowing them to operate at their points of 

maximum power and to minimize the unused energy. 

The proposed configuration also allows the different sources to feed the farm separately or simultaneously depending on the 

metrological conditions. Depending on demand, the battery pack allows the storage of excess energy produced or the supply of the load 

under unfavorable metrological conditions. 

The study examined and the results obtained show that the proposed feeding system is a feasible option for a sustainable micro-grid 

application. 
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I. INTRODUCTION 

In Tunisia, the consumption of electric energy in 
the agricultural sector represents a significant part of 
the national consumption. Agricultural farms in the 
Saharian regions or even in the north of the country 
use diesel units to satisfy their electrical needs in the 
absence of a network. The national energy politics is 
oriented towards renewable energies in order to reduce 
fossil fuels and the autonomy of certain isolated sites. 

In recent years, hybrid renewable energy sources 
coupled with a battery pack [1], [8] have been widely 
used for the electrification of isolated sites. The 
advantage of these systems is the combination of 
renewable energy on the one hand and the guarantee 
of the autonomy of the systems on the other. Several 
authors have based their work on the use of solar 
generator, wind generator, gas turbine, diesel 
generator and storage systems to build stand-alone 
hybrid configurations. 

The means or methodology for energy 
management of multi-source hybrid systems is still the 
main asset for making better use of available 
resources. To continue this type of study, it is 
important to be able to manage and control the various 
loops of the system. 

The objective of this article is to study the control 
and management of the energy produced in a multi-

source hybrid system. To illustrate the approach taken, 
the multi-source system consists of a photovoltaic 
generator, a wind generator and a storage system 
based on lead-acid batteries [8]. The simulation model 
is implemented under Matlab/Simulink. 

II. PRESENTATION OF THE HYBRID SYSTEM 

The hybrid system, illustrated in fig.1, represents a 
functional implementation of the studied multi-source 
hybrid system. The sources of energy are derived from 
renewable energies photovoltaic and wind generators 
with a storage system. 

 

Fig.1. Architecture of the hybrid system 
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A DC/DC converter with multiple input source-
interfaces is used to integrate renewable energy 
sources with the main DC bus. A direct drive 
permanent magnet synchronous generator is used with 
a variable speed control method whose strategy is to 
capture the maximum wind energy below the nominal 
wind speed. This analysis considers wind energy and 
solar irradiance change in combination with power 
variations of the load.The Acid-lead battery storage 
system connected to the DC bus is equipped with a 
DC/DC converter for controlling the charge / 
discharge (SOC) level. 

The inverter converts the DC output from the 
unconventional energy into a useful AC power supply 
for the connected load. This converter is controlled by 
the MLI technique in order to keep the voltage across 
the load within acceptable limits. 

Continuous load satisfaction is ensured by the two 
renewable generators and storage batteries. The state 
of charge/discharge of the batteries depends on the 
total power produced by the renewable sources and the 
demand of the load. Thus, in order to control the 
operation of the storage system two thresholds 
(SOCmax and SOCmin) are defined. 

The simulation of the system is based on data from 
a day of July 2016 with a sampling interval of 30 
minutes. This allows to know all the powers provided 
by the generators, the losses and the state of charge of 
the batteries at each sampling step. 

The hybrid system is tested for different operating 
conditions defined by the operating depths of the 
storage bench ( SOCmin = 35%  et  SOCmax =
70%)and a variable load profile. 

III. IMPLANTATION SITE CHARACTERISTICS 

A) Location 

The study of the multi-source hybrid system 
depends essentially on the climatic data of the site of 
implantation and the profile of the load to be fed. 

For our study, we chose the El Hammah region 
located in Gabes-Tunisia as the location where the 
meteorological data and the load profile are presented 
in fig. 2, 3 and 4. 

The metrological data of our project are accessible 
and available on the website [7]. 

The chosen site coordinates are: 

Location: El hamma 

   Latitude: 33.94° N 

    Longitude: 9.79° E 

   Elevation: 142.14 m 

B) Climatic data and load profile 

To test the effectiveness of the hybrid multi-source 
system, we used the following profiles: 

 
Fig.2. Evolution of irradiation during a day of July (2016) 

 
Fig.3. Evolution of temperature during a day of July (2016) 

 

Fig.4. Profile of the wind speed during a day of July (2016) 

 
Fig.5. Consumption profile for a day in July (2016) 

IV. MODELING OF THE HYBRID SYSTEM 

The power delivered by the different energy 
sources depends on several parameters. 

 For the PV generator, the ambient 

temperature Ta and the irradiation E affect 

the supplied power. 

 For the wind generator, the power supplied is 

influenced by the wind speed V. 

 For the storage system, the power supplied 

or stored depends on the satisfaction of the 

load and the levels of charge/discharge of the 

batteries. 

A) Modeling the photovoltaic generator 

In our study, we consider a photovoltaic generator 
made up of 44 KPV215P-60 modules divided into two 
parallel branches (NP = 2) and 22 modules in series 
(NS = 22). The modules are of polycrystalline silicon 
type with an efficiencyηG = 13%. 

The electrical power generated by the photovoltaic 
panels is given by: 

𝑃𝑝𝑣 = 𝜂𝑝𝑣 . 𝑆𝑝𝑣 .𝐸



3 

 

 

With :ηpv  :the efficiency of the modules depends on 

the temperature of the cell and therefore the ambient 

temperature, Spv = 72m2: is the surface area of the 

photovoltaic modules, and E: the irradiation [W/m2]. 

Under standard operating conditions (STC, E = 1000 

W/m2 and T=25 °C), the solar generator supplies a 

voltage Vmp=640V with a current Imp=14.82A. In this 

mode, the peak power is of the order of Pmp=9460 W. 

The typical characteristics I-V and P-V of the solar 

generator are given in fig. 6. 

 

 

Fig.6. I-V and P-V characteristics of the solar generator 

 

B) Modeling of the wind generator 

In our study we consider a wind turbine associated 

with a turbine driving a permanent magnet 

synchronous generator through a shaft and a speed 

multiplier. The electrical power supplied by the wind 

generator is given by the following expression [1] [6]: 

𝑃𝑤𝑖𝑛𝑑 = 1

2
.𝐶𝑝 . 𝜂𝐺 .𝜌. 𝑆.𝑉3                                     (2) 

Where 𝐶𝑝  is the power coefficient of the turbine, 

expressed as: 

𝐶𝑝 𝜆,𝛽 = 0.5176  116.
1

𝜆𝑖
− 0.4𝛽 − 5 𝑒

1

𝜆𝑖 + 0.0068𝜆)         (3) 

With :
1

𝜆𝑖
=

1

𝜆+0.008𝛽
−

0.035

𝛽3+1
 

ηG  : The efficiency of generator ; S[m2]: The surface 

swept by the rotor of the turbine; ρ[kg/m3]:The 

density of air and V [m/s]: The wind speed. 

C) Modeling of the storage system 

Among the models of batteries, that based on the 

observation of the physico-chemical phenomenon of 

the charge and discharge of the storage system [9]. 

This model uses the following equivalent circuit: 

(fig.7). 

 
Fig.7. Battery model 

The mathematical model is therefore: 

𝑉𝐵𝑎𝑡𝑡 = 𝐸𝐵𝑎𝑡𝑡 − 𝑅𝐵 . 𝐼𝐵𝑎𝑡𝑡                               (4) 

With IBatt is the algebraic value of the current 

(positive in the case of charge and negative for the 

discharge). 

The nominal capacity of the storage bench as a 

function of the unit capacity of a battery is expressed 

by equation 5. 

𝐶𝑛 𝑡 =
𝑁𝐵

𝑁𝐵𝑠
.𝐶𝐵 = 𝑁𝐵𝑝 .𝐶𝐵                                       (5) 

With: 

𝑁𝐵: The total number of batteries; 𝑁𝐵𝑠 : the number of 

batteries connected in series; 𝑁𝐵𝑝 : The number of 

batteries connected in parallel and 𝐶𝐵[𝐴ℎ]: Unit 

capacity of a battery. 

The batteries are connected in series to reach the 

desired DC bus voltage 𝑉𝐵𝑢𝑠   (in our case 640V) and 

are connected in parallel to obtain the desired storage 

capacity (in Ah).  

Equation (6) gives the number of batteries to be 

connected in series from the DC bus voltage and the 

nominal voltage of each 𝑉𝐵𝑎𝑡𝑡   battery (in our case 

48V): 

𝑁𝐵𝑠 =
𝑉𝐵𝑢𝑠

𝑉𝐵
                                                                (6) 

Several techniques for controlling the state of 

charge / discharge have been developed, based on the 

voltage measured at the terminals of the battery as the 

only indicator of its state of charge 'State Of Charge-

SOC'. The chosen battery technology allows 35% 

discharge (SOC min = 35%). It has an energy 

efficiency ηB of 100% at the landfill, and 80% at the 

load. 

One of the SOC state control technologies is the 

measurement and calculation of incoming and 

outgoing electricity quantities in both charge and 

discharge processes in ampere-hour thermals. This 

technique is called the metric coulomb measurement. 

The state of charge of SOC batteries is subject to 

the following constraints: 

𝑆𝑂𝐶𝑚𝑖𝑛 ≤ 𝑆𝑂𝐶 ≤ 𝑆𝑂𝐶𝑚𝑎𝑥                                                (7) 

Where: 

SOCmax and SOCmin being the charge / discharge 

limits of the batteries. The state of charge of the 

battery at a given time depends directly on the 

previous state of charge, which must be known 

beforehand. 

𝑆𝑂𝐶 𝑡 = 𝑆𝑂𝐶 𝑡 − 1 +  𝑃𝑟𝑒  𝑡 −
𝑃𝐶ℎ  𝑡 

𝜂𝐷𝐶 /𝐴𝐶
 . 𝜂𝐵

𝑉𝐵𝑢𝑠
.∆𝑡         (8) 
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With : 

𝑃𝑟𝑒  𝑡 = 𝑃𝑝𝑣  𝑡 . 𝜂𝐷𝐶/𝐷𝐶 + 𝑃𝑤𝑖𝑛𝑑  𝑡 . 𝜂𝐴𝐶/𝐷𝐶            (9) 

Where : 

Δ𝑡: the step simulation; 

𝑃𝑟𝑒 (𝑡): Power of renewable generators; 

𝑃𝐶ℎ(𝑡): Power demanded by the load during a time 

instant t; 

𝜂𝐵: Battery charge-discharge efficiency [1] [2]. 

V. CONTROL AND MANAGEMENT OF THE HYBRID 

SYSTEM 

A) Principle of control 

The control system constantly receives all the 

collected measurements from the various nodes of the 

hybrid system, which it must then generate. 

The power fluxes of the different sources must be 

precisely controlled in order to carry out the power 

references imposed by the central micro-network 

controller (Load profile). 

To achieve the objectives of pilotage, one must 

ensure: 

- A fast and accurate management of the power, 

delivered by each source, 

- Checking the charge/discharge of the batteries, 

respecting the limits of their state of charge and 

the maximum charging/discharging currents. 

Due to its clarity of design and organization, we 

used a hierarchical command [3] which is now 

recalled. 

According to the measured values and the power 

demand, the control system gives the command 

instructions to the electronic converters of the three 

sources (choppers) and the load interface converter 

(three-phase inverter) [4]. 

This is done through four levels of control (figure 

8): 

 Control of the operating modes (Mode control), 

 The remote control (Power control), 

 The close control of each converter (Automatic 

Control), 

 The Switching Control. 

The control of the operating modes receives the 

references of power of the operator of the network 

and the information on the states of charge of the 

batteries. Then it calculates the power reference to be 

exchanged with the batteries and transmits them to the 

following level: power control. In this level, the 

power references are transformed into current or 

voltage references and are transmitted at the 

Automatic Control. 

 
Fig.8. Structure of the hierarchical control of the multi-source 

system [5] 

The Automatic Control gives instructions to each 

converter to control the current of the storage 

elements, the voltage at the terminals of the PV panels 

(followed by the maximum or limited power point 

according to the operating mode), the DC bus voltage 

and the consumed current by the load. Finally, the 

switching control block gives the semiconductor 

switching signals to perform the desired command. 

B) Management Strategy 

Depending on the availability of each source and 

the state of charge of the batteries, the mode 

controller selects one of three modes: 

- Normal mode, 

- Limitation mode, 

- Disconnect mode. 

For normal operation, the charge state of the 

batteries must be between the minimum and maximum 

values (SOCmin and SOCmax). In this mode, the PV and 

wind generators operate at maximum power and the 

automatic control algorithm tracks the Maximum 

Power Point Tracking (MPPT). 

If the state of charge SOC is less than the 

minimum, they can no longer perform their function 

of buffer to smooth the power PV and wind; one then 

switches into the "disconnection" mode and charges 

the batteries up to in that they exceed their minimum 

state of charge. 

On the contrary, when the state of charge of the 

batteries is equal to the maximum, the controller goes 

into limitation mode. 
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In this case, the automatic control imposes an 

operating point on the PV panels which corresponds 

to the limited power.  

The selection of the operating modes is presented 

in the form of an algorithm in fig. 9. 

 
Fig.9. Algorithm for selecting operating modes 

VI. SIMULATION RESULTS 

The simulation of the system under the 

Matlab/Simulink environment with the constraints on 

the state of batteries and the demand of the load 

enabled us to obtain the following results. 

Figures 10, 11 and 12 shows the behavior of the 

autonomous hybrid network during a day of July 2016 

and corresponds to a variable load profile. At the 

beginning of the day the powers Ppv and Pwind are 

zero, the charge is fed from the batteries. As soon as 

the power of the renewable generators becomes 

sufficient to supply the load, the surplus is stored in 

the batteries. 

At noon, the production is maximum the load is 

powered by the renewable sources and the batteries 

are in state of charge. In the evening, the powers 

provided by the renewable sources become weak; the 

storage system resumes the succession to satisfy the 

demand of the load. 

 
Fig.10. Power flow during the day 

 
Fig.11. Evolution of Renewable energy during the day 

 
Fig.12. Evolution of Battery energy during the day 

 

The state of charge/discharge of the batteries 

(fig.13) shows that the SOC level is well controlled 

around the limits SOCmin and SOCmax. 

 
Fig.13. Variation of the state of charge (SOC) of the batteries 

during the day 

The evolution of the DC bus, battery and load 

voltage levels is given in fig.14. It will be noted that 

the voltages undergo small variations due to the 

fluctuation of the state of the batteries. The result 

shows that the set point of the voltage VDC is well 

mastered at the value 640V and that the RMS value 

VLoad at the terminals of the load is maintained at the 

value 230V. 
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Fig.14. Evolution of tensions during the day 

The current responses (fig.13) are similar to those 

of the electric powers. We notice that the current of 

the battery is negative during the discharge and 

becomes positive during the charging. 

 
Fig.15. Evolution of the currents during the day 

VII. CONCLUSION  

In this work, we presented a simulation for the 

control of an autonomous multi-source hybrid system. 

The network comprises a photovoltaic generator, a 

wind generator and a battery-based storage system. 

The approach consists in developing an algorithm for 

the control and management of energy flows in the 

system while respecting the demand for the load and 

the minimum state of charge of the batteries. 

The management algorithm is developed to cover 

the energy needs of the facility in case of lack or 

absence of energy from renewable sources. In 

addition, the tool guarantees the optimal use of 

energies from renewable sources and ensures the 

safety of the battery against overloads and deep 

discharges. 

The control algorithm is validated for a day with a 

variable load profile. The simulation curves confirm 

the expected efficiency of the algorithm: battery 

safety, uninterrupted power supply and optimal use of 

renewable sources. 

The algorithm can be improved by adopting other 

unconventional techniques such as neural networks, 

fuzzy logic or genetic algorithms to further optimize 

the energy management of the system. 
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