4

Energy-Shaping Control of the Wind-Solar Power Plant with a Hybrid Energy Storage System
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Abstract - In this paper, the one of variants of construction of a wind-solar power installation with a hybrid energy storage system (HESS) is presented. Energy-shaping control systems with and without injection of additional interconnections and damping are synthesized for such object. A computer comparative study of the efficiency of the obtained systems was conducted. 
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Introduction
The modern development of scientific and technological progress puts the task of finding efficient energy sources to meet the needs of humankind, taking into account the environmental friendliness of their use [1]. Among the green energy sources, also called alternative energy sources or renewable energy sources, the most popular are solar energy, the source of which is solar radiation, and wind, the source of which is wind power [2].

However, one of the major disadvantages of both solar and wind power plants is that the generation of electricity from these sources is not permanent. This aspect determines the feasibility of using solar and wind power plants together, increasing the chances that the energy received from the collaboration of these sources will be sufficient to meet the needs of the consumer.

At the same time, the use of such a wind-solar power plant creates the need for proper, effective control of this system, which is the relevance of this scientific work.
Energy-shaping control 
One of the important trends in modern theory of automatic control is the physical theory of automatic control, based on physical laws, and based on these principles the system of energy-shaping control is designed [3]. The basis of such control is the equation of the total energy function (Hamiltonian), which has the form [4]:
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where H(x) is the total energy function, x is the state vector, D is the diagonal matrix of the inertia coefficients of the system. 
The purpose of the energy-shaping control is to ensure that the system operates at the desired equilibrium point x0, which is defined by the task signal. This is achieved according to the equation [5]: 
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where Ha(x) – control system energy correction function.

If we consider the system as a Hamiltonian with controlled ports (inputs and outputs), it will have the following form [6]:
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(2)
where G(x) – port matrix.
The process of synthesizing any ESCS starts when mathematical model of the controlled object, which is usually depicted by differential and algebraic equations, is reduced to the form (2), what means – to form vectors and matrices[7]. 
The next step is to equate the desired system with injected additional relationships and damping to the system equation according to the mathematical model of the object [3]:
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(3) 
Synthesis of Energy-shaping control for the wind- solar power plant
Based on [7-13], we take the mathematical model of the wind-power plant with HESS in the following form:
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(4) 
where Lb, Lsc, Ll, Lpv, Lw,– inductances in battery charge, supercapacitor, load, solar and wind circuits, respectively; Rl  – active load resistance; El– load EMF; γb, γsc, γpv, γw – DC-DC impulse fill factors for the corresponding electrical circuits (similar to inductances); Vdc – voltage applied to the load.
Since the energy stores in such a system are inductors and capacitors, the vectors of state, input and output coordinates, as well as port matrix will be as follows:
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(5) 
where x1…x7 – elements of the state vector; D = diag [Lb Lsc C Csc Ll Lpv Lw]– diagonal matrix of inertias of the system.
 Based on the selected vector of state x and according to (1), the Hamiltonian of the system takes the form:


 
(6)


Then the matrix of interconnection of the mathematical model in the form of a port-controlled Hamiltonian system will be as follows:
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Damping matrix R will have only one not zero element –  
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Substituting the matrix into equation (3), we will synthesize the non-generating control system and obtain dependencies for the task signals. Synthesis was performed twice, for one system without the introduction of additional interconnections and damping (ESCS1), and for other with additional interconnections and damping (ESCS2).

Therefore, for ESCS1, the matrices Ja(x) and Ra(x) will be zero. Thus, we obtain the following laws for the formation of impulse fill factors for DC-DC converters:
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(8)
For ESCS2 there was additionally interconnections by the coefficient J13  та J23 of the matrix Ja(x) and damping by the coefficient r22 of the matrix Ra(x), the following results were obtained,   respectively:
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(9)
In order to investigate the efficiency of obtained systems, comparative studies were conducted. The computer model elements have the following parameters: Lb = Ll = 0.001 H, Lsc = 0.0005 H, Lpv = Lw = 0.003 H, С = 0.01 F,  Csc = 45 F, Ub0 = 24 V, Udc0 = 48 V, Usc0 = 30 V. The system has three external perturbations: the voltage from the solar panel (Fig. 1), the voltage from the wind power plant (Fig. 2) and load EMF (Fig. 5). The task signals are designed so that the impact of each of them can be evaluated individually and in combination, which makes it possible to investigate the operation of the system and the processing of the task signals under different operation modes. 
The following parameters were selected for the ESCS2:

J13 = 0.7 – it was investigated that this parameter influences the transient forcing, it is useful for maintaining the voltage Vdc at the desired level, and does not ensure the smooth flow of transients of the battery current.

J23 = 0.5 – according to studies, this parameter smooths out the transient of the current through the battery and forces the transient of the current through the supercapacitor.

r22 = 0.005 – the factor maintains the Vdc voltage at a given level and does not allow drawdown when the load is changed.

As can be seen from Fig.6 both systems ESCS1 (solid line) and ESCS2 (dotted line, Fig.3) provide the basic requirement - load voltage, namely, around 48V. Based on the obtained results, it can be said, that ESCS2 (dotted line, Fig.6) with the addition interconnections, better fulfills the task, both when changing the voltage from the power sources and when changing the load.
Conclusions

Using energy-based approaches, new ESCS have been obtained. Both ESCSs, with and without additional interconnections and damping, provide stable voltage on the load. The same applies to load current, the pulsations of which are slightly smaller over the entire operating range. The introduction of additional interconnections and dumping gives an opportunity to influence certain processes in the system. Despite a certain drawdown of the drive voltage when using System 2 with additional interconnections, the transients of the current through the battery are smooth and is maintaining at a certain level, which significantly increases the life of the batteries and makes it possible to reduce their required power.
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Fig. 1. Solar panel voltage
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Fig. 2. Wind turbine voltage
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Fig. 3. Battery voltages
[image: image17.jpg]10





Fig. 4. Supercapacitor voltages
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Fig. 5. Load EMF
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Fig. 6. Load voltage
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Fig. 7. Battery currents
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Fig. 8. Supercapacitor currents
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Fig. 9. Load currents
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