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Abstract: In this Paper introduced a Converter which is called as Reconfigurable Solar Converter (RSC) for photovoltaic
(PV)-battery application, particularly utility-scale PV-battery application. The concept of this new converter is to use a Threephase single-stage grid-tie solar PV converter to perform dc/ac and dc/dc operations. This converter solution is appealing for
PV-battery application. This RSC finds wide application in grid connected solar system since it utilizes single stage conversion
rather than multistage conversion, reduced losses, low cost, simple in construction, improved efficiency and reduced volume.
Combination of analysis is used to demonstrate the attractive performance characteristics of the proposed RSC. SOLAR
photovoltaic electricity generation is not available or sometimes less available depending on the time of the day and the
weather conditions. When even a small portion of a cell, module, or array is shaded, while the remainder is in sunlight, the
output is falls dramatically. Therefore, solar PV electricity output significantly varies. Solar PV electricity output is also highly
sensitive to shading. From an energy source standpoint, a stable energy source and an energy source that can be dispatched at
the request are desired. As a result, energy storage such as batteries and the fuel cells for solar PV systems has drawn
significant attention and the demand of energy storage for solar PV systems has been dramatically increased, since, with
energy storage, a solar Photovoltaic system becomes a stable energy source and it can be dispatched at the request, which
results in improving the performance and the value of solar PV systems.
Keywords: RSC Converter, energy storage, photovoltaic (PV), solar system, MPPT.
I.

INTRODUCTION

Photovoltaic (PV) generation shows a currently one of the most promising and important sources of renewable
green energy. For the purpose of environmental and economic benefits, PV generation system is preferred over other
renewable energy sources, since they are clean, inexhaustible and require little maintenance. PV cells are generating
electric power by directly converting solar energy to electrical energy. PV panels and arrays, generate DC power that has
to be converted to AC at standard power frequency in order to feed the loads. The solar cell V-I characteristic is
nonlinear and varies with irradiation and temperature. In general, there is a unique point on the V-P or V-I curve, called
the Maximum Power Point (MPP), at which the entire PV system operates with maximum efficiency and produces its
maximum output power. The location of the MPP is not known, but can be located, either through calculation models or
by search algorithms. Therefore Maximum Power Point Tracking (MPPT) techniques are needed to maintain the PV
array’s operating point at its MPP [5] Thus PV systems require interfacing power converters between the PV arrays and
the grid. Photovoltaic-generated energy can be delivered to power system networks through grid-connected inverters.
One critical issue in PV systems is the probable mismatch between the operating characteristics of the load and the PV
array. The system’s operating point is at the intersection of the I-V curves of the PV array and load, when a PV array is
directly connected to a load.
The Maximum Power Point (MPP) of PV array is not attained most of the time. Thus this problem is overcome
by using an MPPT which maintains the PV array’s operating point at the MPP. MPP occurrence of in the I-V plane is not
known priory; therefore it is calculated using a PV array model and measurements of irradiance and array temperature.
Calculating of these measurements is often too expensive and the required parameters for the PV array model are not
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known adequately. Hence there are several MPPT continuously searches algorithms that have been proposed which uses
different characteristics of solar panels and the location of the MPP [3].
MPPT is used to extract the maximum power from the solar PV module and transfer that power to the load. A
dc/dc converter (step up or step down) transfer’s maximum power from the solar PV module to the load and it acts as an
interface between the module and the load. Maximum power is transferred by varying the load impedance as seen by the
source and matching it at the peak power of it when the duty cycle is changed. In order to maintain PV array’s operating
at its MPP, different MPPT techniques are required. Many MPPT techniques are proposed such as, the Perturb and
Observe (P&O) method, Incremental Conductance (IC) method, Fuzzy Logic Method etc. the two most popular MPPT
techniques.
1) Perturb and Observe (P&O) and
2) Incremental Conductance methods) are studied [2].
There are various choices for integration energy storage into a utility-scale solar PV system. Energy storage can
be integrated into the either ac or dc side of the solar PV power conversion systems which may consist of multiple
conversion stages [4]. Every integration system has its advantages and disadvantages. Different integration solutions can
be compared with regard to the number of power stages, storage system flexibility, efficiency, storage system flexibility,
control complexity, etc.
This paper has been introduced in the following manner. The proposed RSC circuit, different mode and system
benefits of operation discussed in paper.
II.

RECONFIGURABLE SOLAR CONVERTER (RSC)

2.1 Introduction
The schematic of the proposed RSC circuit is presented in Fig.1.

Fig.1 Schematic of the proposed RSC circuit

Fig.2 All operation modes of the RSC (a) Mode 1: PV to grid (b) Mode 2: PV to battery (c) Mode 3: PV/battery to grid (d) Mode 4: battery to grid.

IJSTMR © 2017 | All Rights Reserved

7

International Journal of Science Technology Management and Research
Volume 2, Issue 3, March 2017
www.ijstmr.com

Fig.3 Utility-scale PV-energy storage systems with the RSC and the current state-of-the-art solution

The Reconfigurable Solar Converter has some modifications to the conventional three-phase PV inverter
system. RSC include the charging function in the conventional three phase PV inverter system. Consider that the
conventional utility-scale PV inverter system consists of a three-phase voltage source converter and its associated
components, so the RSC requires additional cables and mechanical switches, as shown in Fig.1.

Fig. 4 Example of system operation different modes of a RSC-based solar PV power plant.

2.2 Operation Modes of the RSC
All possible operation modes for the RSC are presented in Fig.2.
In Mode 1: In this mode 1, the PV is directly connected to the grid through a dc/ac operation of the converter with
possibility of maximum power point tracking (MPPT) control and the switches S1 and S6 remain open.
In Mode 2: In this mode 1, the battery is charged with the PV panels through the dc/dc operation of the converter by
closing the switch S6 and opening the switch S5. In this mode, the MPPT function is performed; therefore, maximum
power is generated from PV.
In Mode3: In this mode 3, there is another mode that both the PV and battery provide the power to the grid by closing the
switch S1. This operation is shown as Mode 3. In this mode 3, the dc-link voltage that is the same as the PV voltage is
enforced by the battery voltage; therefore, MPPT control is not possible.
In Mode 4: In this mode 4, represents an operation mode that the energy stored in the battery is delivered to the grid.
In Mode5: There is another mode, Mode 5 that the battery is charged from the grid. This mode is not shown in Fig.2.
2.3 System Benefits of Solar PV Power Plant with the RSC Concept
The RSC provides various benefits to system planning of utility-scale solar PV power plants. In Fig.3 shows
examples of the PV energy storage solutions with the RSC and the current state-of-the-art technology. The benefits of the
RSC solution is able to provide are more apparent in larger solar PV power plants. Specifically, using the RSCs a large
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solar PV power plant can be controlled more effectively and its power can be dispatched more economically because of
the flexibility of operation. However, various system controls as shown in Fig.4 can be proposed based on the requested
power from the grid operator Preq and available generated power form the plant Pgen. RSC-based solar PV power plants
are as follows:
1) System control 1 for Pgen>Preq;
2) System control 2 for Pgen<Preq;
3) System control 3 for Pgen = Preq;
4) System control 4 for charging from the grid (Operation Mode 5).
III.

RSC CONTROL

The RSC Control in 4 different ways in briefly1. Control of the RSC in the DC/AC Operation Modes (Modes 1, 3, 4, and 5)
2. Control of the RSC in the DC/DC Operation Mode (Mode 2)
3. Design Considerations and Modifications to the
4. Conventional Three-Phase PV Converter Mode Change Control

Fig.5 Overall control block diagram of the RSC in the dc/ac operation.

The RSC dc/ac operation is used for delivering power from PV to grid in mode 1, battery to grid in mode 3, PV and
battery to grid in mode 4, and grid to battery in mode 5. The overall control block diagram of the RSC in dc/ac operation
is shown in Fig.6.
The RSC dc/dc operation is used for delivering the maximum power from the PV to the battery in mode2. The overall
control block diagram of the RSC in dc/dc operation is shown in Fig.6.

Fig.6 Overall control block diagram of the RSC in the dc/dc operation.

3.1 PV array Characteristics
For a good solar cell, the series resistance (Rs), should be very small and the shunt (parallel) resistance (Rp),
should be very large. For commercial solar cells (Rp) is much greater than the forward resistance of a diode. The I-V
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curve is shown in Fig.7. The curve has three important parameters namely open circuit voltage (Voc), short circuit
current (Isc) and maximum power point (MPP). In this model single diode equivalent circuit is considered. The I-V
characteristic of the photovoltaic device depends on the internal characteristics of the device and on external influences
such as irradiation level and the temperature.

Fig.7 I-V and P-V characteristics of PV cell

IV. MPPT ALGORITHMS
4.1 Perturb and Observe (P&O) Algorithm
A slight perturbation is introduced in this following algorithm. The perturbation causes the power of
the solar module to change continuously. If the power increases due to the perturbation then the perturbation is continued
in the same direction. The power at the next instant decreases after the peak power is reached, and after that the
perturbation reverses. The algorithm oscillates around the peak point when the steady state is reached. The perturbation
size is kept very small in order to keep the power variation small [3]. The algorithm can be easily understood by the
following flow chart which is shown in Fig.8.

Fig.8 Perturb and Observe Algorithm

4.2 Incremental Conductance (IC) Algorithm
In this Incremental Conductance (IC) method overcomes the disadvantage of the perturb and observe method in
tracking the peak power under fast varying atmospheric condition [2]. The disadvantage of this algorithm is that it is
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more complex when compared to Perturb & Observe methods. The algorithm can be easily understood by the following
flow chart which is shown in Fig.9.

Fig.9 Incremental Conductance Algorithms

CONCLUSION
In this paper introduced a new converter called RSC for PV-battery application, particularly utility-scale PV-battery
application. The basic concept of this RSC is to use a single power conversion system to perform different operation
modes such as PV to grid (dc to ac), PV to battery (dc to dc), battery to grid (dc to ac), and battery/PV to grid (dc to ac)
for solar PV systems with energy storage. The solution requires minimal complexity and modifications to the
conventional three-phase solar PV converters for PV-battery systems. This model is used for the maximum power point
tracking algorithms. It is proved that Incremental conductance method has better performance than P&O algorithm.
These proposed algorithms improve the dynamics and steady state performance of the photovoltaic system as well as it
improves the efficiency of the dc-dc converter system.
REFERENCES
1. C.J. Hatziadoniu, Member, F.E. Chalkiadakis, Student Member andV.K.Feiste, Life Member “A Power Conditioner For A GridConnectedPhotovoltaic Generator Based On The 3-Level Inverter” IEEE Transactions on Energy Conversion, Vol. 14, No. 4, December 1999.
2. Abu Tariq Mohammed Aslam Husain Mohammad Ahmad Mohd. Tariq,“Simulation and study of a grid connected Multilevel Converter (MLC)with
varying DC input” IEEE conference 2011.
3. Soeren Baekhoej Kjaer, Member, IEEE, John K. Pedersen, Senior Member, IEEE, and Frede Blaabjerg, Fellow, IEEE,” A Review ofSingle-Phase
Grid-Connected Inverters for Photovoltaic Modules.” IEEE Transactions On Industry Applications, vol. 41, no. 5, September /October 2005
4. C. Photong C. Klumpner P. Wheeler, “A Current Source Inverterwith Series Connected Ac Capacitors for Photovoltaic Application With Grid Fault
Ride Through Capability.” IEEE conference 2009.
5. J. S. Lai and F. Z. Peng, “Multilevel Converters—A new Breed of Power Converters, IEEE Transactions on Industry Applications, Vol. 32, No.
3,1996, pp. 509-517.
6. Matlab -based Simulation & Analysis of Three -level SPWM Inverter. Kapil Jain, Pradyumn Chaturvedi, International Journal of SoftComputing and
Engineering (IJSCE)ISSN: 2231-2307, Volume-2, Issue-1, March 2012.

IJSTMR © 2017 | All Rights Reserved

11

International Journal of Science Technology Management and Research
Volume 2, Issue 3, March 2017
www.ijstmr.com
7. Ehsan Esfandiari, Norman Bin Mariun, “Multi-Winding TransformerBased Diode Clamped Multilevel Inverter.” IEEE symposium onindustrial
electronic and applications October 2010 Penang Malaysia.
8. E.S Deepak, C.S Anil, S Sanjay, C Febi and K.R Sajina, “A NovelMultilevel Inverter Topology Based on Multi-Winding Multi-TappedTransformers
for Improved Wave Shape Requirements” IEEE Conference 2011.
9. AdilSarwar, Mohammad S. J. Asghar, “Simulation and Analysis of A Multilevel Converter Topology for Solar PV Based Grid ConnectedInverter.
Smart Grid and Renewable Energy, 2011. 2, pp. 56-62.
10. Adil Sarwar, Mohammad S. J. Asghar, “Multilevel Converter Topology for Solar PV Based Grid-Tie Inverters.” 2010 IEEE International.
11. W. Li, J. Xiao, Y. Zhao, and X. He, “PWM plus phase angle shift control scheme for combined multiport dc/dc converters,” IEEE Trans. Power
Electron., vol. 27, no. 3, pp. 1479–1489, Mar. 2012
12. P. Barrade, S.Delalay, and A. Rufer, “Direct connection of super capacitors to photovoltaic panels with on-off maximum power point tracking,”
IEEE Trans. Sustainable Energy, vol. 3, no. 2, pp. 283–294, Apr. 2012.
13. I. Sefa and S. Ozdemir, “Multifunctional interleaved boost converter for PV systems,” in Proc. IEEE Int. Symp. Ind. Electron., Jul. 2010, pp. 951–
956.
14. J. Jung and A. Kwasinski,“A multiple input SEPIC with bidirectional input for modular distributed generation and energy storage integration,” in
Proc. IEEE Appl. Power Electron. Conf. Expo., Mar. 2011, pp. 28–34.
15. H. Konishi, T. Iwato, and M. Kudou, “Development of large-scale power conditioning system in Hokuto mega-solar project,” in Proc. Int. Power
Electron. Conf., 2010, pp. 1975–1979.

IJSTMR © 2017 | All Rights Reserved

12

