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SS3: Power Electronics for Photovoltaics



Different types of MPPT exist. Their differences depend of the type of implementation, the theoretical control principle and the acquisition parameters. Indeed, this function of control may be realised with analogical or digital implementation. The number of sensors varies function of precision researched. It may be one or more of the input and/or the output parameters of the static power converter. The principle of the control may be established from the mathematical model [1, 2] or using Perturb and Observation algorithm [3-9]. All of them attempt to obtain the maximal power point more or less successfully, and have the solar variation dynamic behaviour more or less acceptable. Since 2000, different versions of MPPT based on Extremum Seeking Control principle had been created [3, 4, and 9]. This paper presents the last version of the digital implementation designed in our laboratory. It was validate for photovoltaic systems and was able to track the optimal PV power point in all of working cases. The control was designed to be implemented through a microcontroller PIC 18F1220 and work with a permanent modification of the duty cycle value delivered to a converter to obtain a high matching. An additional function is integrated in the digital algorithm to improve the efficiency of the MPPT and the PV power production whatever the irradiation level resolving the problems of majority of MPPT which present low efficiency for low irradiations. In section II, the photovoltaic module characteristics are discussed, justifying the utilization of an MPPT control. Section III describes the theory of Extremum Seeking Control principle. In part IV, the digital MPPT algorithm is explained. Experimental results for different operating conditions are shown in Section V. Finally, conclusions are presented in section VI.



Abstract - Maximum Power Point Tracker (MPPT) is often used to increase the energy conversion efficiency for intermittent energy sources. Numerous of research teams work today to improve this type of algorithms. We had developed real-time MPPT controls based on the Extremum Seeking Control principle first implemented on analogical circuit. Today, to be more flexible and adaptive with several structures of power static converters, our new MPPT algorithms are implemented on numerical circuits. Our aim is to obtain high performances. To achieve a high quality matching between sources and loads, our new MPPT control adjusts continually the static converter duty cycle. Transitory effects are immediately detected and new MPP rapidly recovered. In addition, this digital control has an adjustment delay which allows an adaptation to a large power range from high to low points and then a real optimisation. Experimental results validate the global behaviour of this control for photovoltaic systems.



I. INTRODUCTION



To protect the environment from the industrial pollution and the greenhouse effect, several research and development projects have been realised on renewable energy. Indeed, the potential of these energies is focused on their abundance all over the world and their clean treatment. For the solar energy use, the actual drawback stays its high cost. This problem can be resolved through different improvements in term of energy production. For that, different axis of researches can be explored. In fact, a photovoltaic (PV) cells must be improve in their performances and reduction cost. We focused our effort to improve the matching between PV sources and loads through the development of new performing and small elementary conversion chains (i.e. small static converters able to accept MPPT controls). Converters are chosen having high conversion efficiencies and able to be connected in series and/or parallel to feet a large power domain. In parallel, we focused our work on an improvement of matching with a permanent extraction of maximum power electrical energy from solar generators through MPPT algorithms. Indeed, to obtain permanently the maximum power of intermittent sources, a perfect matching must be done between the internal source impedances and loads. The classical solution consists to introduce an adaptation stage between the panel and the load (a static converter) associated with a MPPT working as an impedance matching.
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II. CHARACTERISTICS OF THE SOLAR PANEL A photovoltaic sensor is based on the physical phenomenon called "photovoltaic effect". The principle consists to transform the photons emitted by the sun in electrical energy. The equivalent circuit of PV solar cell is illustrated on the Fig. 1.
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Fig. 1. Static model circuit of PV solar panel.



The output current of a cell is function of the insulation and the temperature, given by the equation below: ,CELL =



CC -ISAT



with VT-=
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Fig. 3. MPPT control block adapted to a PV conversion chain.



This MPP varies according to the sun irradiation and ambient temperature (Fig.2). The maximum power is transferred to the load when the impedance source matches the load one. To accomplish this objective, a switching converter is placed between the PV source and the load (Fig. 3). With a MPPT control it is possible to reach the output panel characteristics around the optimal voltage (VOPT) for extract the maximum energy.
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In the equation (1), ISAT is the saturation current, V,is the thermodynamics potential, K the Boltzmann's constant, T the cell temperature formulated in Kelvin, e the electron charge, n the idealistic factor for a p-n junction. Respectively ICELL and VCELL are the output current and voltage of the panel, I,C the panel short-circuit current depending of the insulation and the temperature, Rp the shunt resistance which characterised the leakage current of the junction and RS the series resistance which represented the different contact and connection resistances. Even, the power delivered by one cell is not enough to supply a load. For medium and high power applications, it is necessary to use several PV cells connected in series/parallel to form a photovoltaic array and reach a desired power. According to (1), static electrical characteristics I (V) of the photovoltaic array is non linear. The panel characteristics (Fig.2) can be assimilated to a current source on the left of the optimal point or to a voltage one on the right of the optimal point. At the Maximum Power Point (MPP), the PV behaviour can be considered like a power source and is characterised by an optimal current and voltage (IOPT7 VOPT). 5.5 5.!
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In a previous work of R. Leyva [4], the stability of the Extremum Seeking algorithm was demonstrated. The theoretical and experimental analyses were realised with a Boost converter. This structure is used as a matching stage (Fig 3). The different blocks of this MPPT method are depicted in Fig.4. The equations describing the system behaviour are composed by an integrator:



where I=±1 and K, a constant (2) dt and a differentiator: g = dy (3) dt A logic circuitry subsystem is associated and implemented according to the following function: -= K
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III. EXTREMUM SEEKING CONTROL PRINCIPLE
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Case 1: Vector a (ax, ay) describes a movement where both horizontal and vertical parts are increasing.
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(dx dt) t->0,



and (dy dt) t->0. Therefore, the controller must keep the sign of the horizontal variation. (dx I dt) t+ = K.
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the sign of £ must change. the sign of £ keeps the same.



Fig. 5 explains the behaviour of the Extremum Seeking algorithm. Four cases can be distinguished.
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Fig. 2. IPV(VPV) static characteristics of a solar panel BP 585 at 25°C function of solar irradiations.
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b Fig. 4. Block diagram principle of Extremum Seeking Control. ~~-~~ f~ ~ j-



Case 2: Vector b (bx, by) describes a movement where the horizontal part is increasing while the vertical one is decreasing.
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