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Abstract—In this paper, the authors propose supervision for 

Hybrid Renewable Energy Systems (HRES), integrating fixed 

speed wind generator, variable speed small hydro power plant 

and a storage unit. This supervisor must improve the grid 

insertion of Renewable Distributed Generation (RDG) by 

associating it with a short and medium term storage unit. The 

supervision system is structured in four levels. Two levels are 

considered in this paper. The fuzzy logic based supervision of 

Level1 provides an instantaneous reference power for each 

component of the hybrid system. The supervisor for Level2 based 

on forecasting method provides a total reference power for the 

hybrid system. A detailed methodology to build this supervisor is 

proposed. The performance of this supervisor is shown with help 

of simulations. 

 
Index Terms-Supervision, Hybrid renewable energy systems, 

Fuzzy logic supervisor, Hydro generator, Wind generator, a short 

term and medium term storage systems. 

 

I. INTRODUCTION 

he “Europe 2020” strategy, presented by the Commission 

in March 2010, incorporated the 2020 climate goals in its 

flagship initiative to promote a resource efficient Europe. 
The profound change of electrical power networks, not 

designed for the decentralized production development, leads 

to many new technical and scientific challenges. The major 

problem associated with the renewable energy sources is that 

their output power is unpredictable and very fluctuating [1]. 

This is particularly true for the win energy. 

The concept of hybrid system must improve the grid 

insertion of renewable energy system by associating them 

together and with a storage system. In this context, it appears 

interesting to associate the wind generator and variable speed 

hydropower station, using power electronic devices [2], [3]. 

The idea of associating wind and small-hydro power plants 

comes from the difference in primary natural energy 

behaviour. These do not evolve at comparable time scales. 

Beyond this first approach appears a more general problem, 

which is the energy management in a plant composed of 
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several renewable sources [4]. The supervision is multi-

objective (the HRES must provide a smooth power and 

maximize the energy output of the hydroelectric plant) and the 

considered hybrid system has several components evolving at 

different time scale, we propose a multi-level supervision 

structure [5]. Table1 proposes four levels with different time-

scale horizon from the short-term level to the very long-term 

one. Each level is responsible of the achievement of several 

objectives. 
 

Table1. Energy management in hybrid systems, featuring 

multiple time-scales and multiple objectives. 

Time scale Problems associated with energy management for hybrid system

Level 4

Very long-term

(Beyond 24h)

Examples of associated problems :

• Production and consumption forecasts for (week, month, season)

•Reserve management plan

•Optimization of economical system

Level 3

Long-term

(Few hrs to 1 day)

Examples of associated problems :

•Production and consumption forecasts for next day

•Daily reserve management

•Coordination with external production facilities

Level 2

Medium-term

(Few mn to1 h)

Examples of associated problems :

•Primary frequency and voltage control

•Islanding management

Level 1

Short-term

(Few seconds to few 

minutes) 

Examples of associated problems :

•Smoothing of instantaneous power

•Primary frequency and voltage control

•Performance system in case of network failure

 
In this paper, only Level1 and Level2 are studied. The 

supervisor (level2) based on forecasting method provides 

hybrid power reference while maximizing the power output of 

hydroelectric station, and the fuzzy logic supervisor (Level1) 

provides an instantaneous power reference for each component 

of the hybrid system [6], [7]. A graphical modeling tool [8] is 

used to develop the fuzzy logic supervisors. The performance 

of this supervisor is shown with the help of simulations. 

II. MODELING OF THE SYSTEM UNDER STUDY 

Figure1 shows the hybrid system to be managed. It is 

composed of a variable speed hydropower station [3], [9], a 

fixed-speed wind generator, and a storage system. 
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Figure1. System under study 

 

A. Wind generator (WG) model 

The considered fixed speed wind turbine is based on an 

Induction Generator (IG) connected to AC grid, according to 

Figure1. The squirrel-cage induction generator is a 4-pole 

machine. This kind of wind generators [1] are used for small 

or medium power wind generators 

 

B. Hydro generator (HG) model 

The HG is composed of a Kaplan hydropower turbine 

associated with a Doubly-Fed Induction Generator (DFIG) 

whose excitation is supplied on its rotor by a Permanent-

Magnet Synchronous Machine (PMSM) mounted on the same 

shaft (Figure1). Two back-to-back PWM power electronic 

converters, through a DC bus, carry out the electric link 

between the machines. PWM1 controls the DC-link voltage 

leading to the balance between the DFIG-rotor active power 

and the PMSM one [3]. PWM2 is dedicated to the control of 

the DFIG, in order to achieve operation of this generator on 

isolated loads or on a power grid. 

As the water flow variation is very slow compared to the drive 

dynamics, the turbine model can be simple, no blade pitch 

control nor upstream guide vane included. According to these 

assumptions, hydro-power turbine behaviour may be taken into 

account by means of simplified static mechanical 

characteristics, as these presented in (Figure1) for a given rate 

of flow. 

 

C. Storage system (StorS) 

In this paper, as the focus is set on the supervision, the 

structure of the supervisor should be independent of the 

technology used for the storage system [6]. Therefore, a 

generic model of a storage system is proposed. 

 

III. SUPERVISION DESIGN 

The supervisor shown in Figure2 is composed of two 

levels. 
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Figure2. Structure of the multi level supervisor under study 

 

Pw is the power generated by the wind farm, 

Phyd is the power output of hydroelectric station, 

Pstor1 is the power of the short term storage, 

Pstor2 is the power of the medium term storage, 

Pw-prev is the wind power forecast, 

Phyd-prev is the hydro power forecast, 

Phyd-ref is the reference power of hydroelectric station, 

Pstor1-ref is the reference power of short term storage, 

Pstor2-ref is the reference power of medium term storage 

Phyb-ref is the reference power of hybrid system, 

Phyb- is the power of hybrid system, 

P is the power error 

IV. SUPERVISION STRATEGY LEVEL1 

In order to develop a supervision of hybrid energy sources 

based on storage systems, a methodology based on six steps is 

considered: 

1. The determination of work specifications of the system; the 

characteristics and the objectives of the system must be clearly 

identified; 

2. The supervisor design; the required inputs and outputs of 

the supervisor must be determined; 

3. The determination of the “functional graphs”; a chart 

representation of operating modes is proposed based on the 

knowledge of the system; 

4. The membership functions are defined; 

5. The determination of the “operational graphs”; a chart 

representation of fuzzy operating modes is proposed; 

6. The fuzzy rules are extracted from the “operational graphs”. 

The supervisor (level2) is based on forecasting method. 

The detailed analysis of the methodology description has been 

shown in [8]. 
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Table2. Parameters of the system 
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Hydro turbine
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Figure3. Uncontrolled HRES output power 
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Figure4. Wind, hydro and storage system powers 

V. SIMULATIONS 

The most important parameters are given in Table2. 

Simulations are carried out with the help of Matlab Simulink. 

The available hydropower is considered constant and equal to 

Phyd-max and the wind turbine power varies from Pw-max to zero. 

Figure3 shows the hybrid output power without control. 

Figure4 shows the wind, hydroelectric and storage powers 

Figure5 shows the HRES output power. Before implementing 

the control strategies, the dynamic model of HRES is run 

without control. Figure 3 shows that the HRES output power 

follow the wind speed variations. At t = 55 sec, the hybrid 

generator produces 880 kW power, for which the generators 

structure is not designed. Figure 4 shows wind, hydro and 

storage system powers. As shown in figure 5 the forecast of 

wind/hydro power generation can be estimated by using the 

weather predictions and water flow variation. In the planning 
 

Figure5. HRES output power 
 

period it is possible to perform by step of 75 seconds at each 

300 sec. 

VI. CONCLUSION 

In this paper, supervision for a wind hydro power plant and 

storage system is proposed. The supervision is composed of 

four levels. Level1 and Level2 are considered. A model of 

graphical representation is used to develop a fuzzy logic 

supervisor. These supervisors provide a smooth reference 

power and maximize the power output of hydroelectric station.  

In our analysis, the inclusion of forecasting in the system is 

justified and applied in the simulation of a hybrid energy 

system. The model is able to predict the wind speed and hydro 

flow with marginal prediction errors. In our analysis, we show 

that is possible to guarantee continuous availability of electric 

power by means of wind/hydropower plant and a storage unit 

to compensate the wind fluctuations. 
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