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ABSTRACT 

This  paper propose a hybrid ac/dc solar power deliver 

to home with a system of reconfigurable single phase 

inverter and three phase inverters. This inverter 

performs a single stage operation which includes dc-dc, 

dc-ac and grid connected one, thus mitigating system 

losses, cost and size of the converter. Single stage 

system can avoid unnecessary power conversions and 

improves the efficiency with better harmonic profile by 

isolating dc loads to dc supply side and remaining to ac 

side. The main concept of proposed system is to use a 

single stage three phase grid connected solar PV 

converter to perform dc-dc and dc-ac operations 

effectively using a fuzzy logic controller. The proposed 

analysis validates through MATLAB/SIMULINK 

environment. Such type of PV System equipped with a 

new inverter topology could become a basic building 

block for future energy efficient micro and smart grid. 

Index Terms—Harmonic mitigation, hybrid ac/dc 

home, single-phase single-stage inverter, solar 

photovoltaic (PV), Fuzzy logic controller. 

 

I.INTRODUCTION 

THE current century has witnessed an unprecedented 

evolution and growth of renewable energy worldwide 

[1]. There has been a substantial increase in the capacity 

and production of all renewable technologies and also 

growth in supporting policies. Between 2009 and 2013, 

solar photo voltaics (PVs) experienced the swiftest 

growth rate in added power capacity among all the 

renewables. In particular, rooftop solar PV are gaining 

more popularity in distribution system due to reduction 

in cost of solar panel, appropriate government policies 

such as feed in tariffs promoting renewable energy 

utilization, modularity, less maintenance, etc. However, 

the intermittent nature of the renewable causes the 

significant stability and reliability issues in the 

distribution system. The restructuring of the electric 

supply industry has pro-mpted the situation, where 

customer is a critical business player. To mitigate the 

uncertainty in solar PV generation, storage options such 

as battery system and fuel cells, etc., are introduced. To 

improve the productivity and comfortability, the 

modern household adds more and more nonlinear 

equipment, which are also main source of generating 

harmonics current in distribution feeder. This further 

adversely affects power quality, power losses and 

creating a significant challenge for electrical engineers. 

Modern household loads have different characteristics 

compared to loads present in earlier stage. However, 

harmonic mitigation and/or its minimizations are big 

challenges in distribution system. Many literatures 

works have been reported to address aforementioned 

problems as follows. Harmonic mitigation in the 

distribution system using solar inverter by virtual 

harmonic damping impedance method is discussed in 

literature [2]. In [3], PV-battery storage system is used 

to control the voltage stability in distribution system. 

The control of solar powered grid connected inverter for 

electric vehicle charging is suggested in [4]. Patterson 

[5] has proposed the dc micro grid and shown its 

advantages and challenges of making a complete dc 

home micro grid. Further, this paper has analyzed by 

considering all buildings in 2050, 80% of buildings are 

already built. So, focus is more on improving the 

efficiency of existing buildings than making a new 

complete dc home. Viscose al. [6] has analyzed the 

efficiency of residential building when it is converted 

into dc house over the conventional ac distribution 

house. They analyzed the data of 14 states in the USA, 

which used 380- and 24-V voltages for dc distribution 

in homes. There is a 33% savings when the ac 

equipment is replaced with dc equipment. But replacing 

all existing home appliances with its dc equivalent is 

not possible due to the high price and unavailability of 

the required standards/flexibilities of equipment. 
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Sasidharan et al. [7] propose a novel solution to mitigate 

some of the harmonics related problems and efficiency 

issues by proposing a hybrid ac/dc home grid system. A 

solar home is discussed as a case study and a 12% 

improvement in efficiency and a 20% reduction in 

harmonics are achieved by shifting dc loads to the dc 

supply side. Conventional grid connected inverter uses 

high dc link voltage, which will be the peak magnitude 

of the line–line grid voltage [8]. For this particular 

purpose, two stage conversions are required to boost up 

the dc voltage and to invert it. However, this will 

increase the cost, size, and loss of the system. To avoid 

this, single-phase single-stage topologies of inverter are 

suggested in [9]–[12]. In the single-phase inverter 

topology, transformer less inverter gained significant 

research interest as suggested in [13]. Transformer less 

inverter has the advantage of low size and cost by 

avoiding the transformer but this will eliminate the 

galvanic isolation and inverter will become very 

sensitive to grid disturbances. The solar PV is limited 

by its inherent intermittency aspects and, hence, battery 

storage (assumed here) is required to supply the power 

when there are not enough solar radiations. But having a 

separate converter for battery’s power management 

system will increase the cost and size of the converter as 

well. Hence, a three-phase topology of recon- figurable 

solar inverter is introduced in [14] and [16] for utility 

PV system with battery storage. This reconfigurable 

system issuitable to solar and wind farm applications. 

This topology is tested with a new algorithm and 

validated the results. Normally, every solar powered 

household have a battery system to provide a reliable 

supply system. These batteries are charged when 

connected to ac system or they need a separate 

converter to manage the charging operations when it 

connected to dc supply side. Though Parkhideh and 

Kim [16] provide very brief info but no 

details/outcomes are available about single-phase 

single-stage topology, which can supply both ac and dc 

loads in literature. 

                   The main contribution of this paper is to 

implement a single-phase single-stage solar converter 

called reconfigurable solar converter (RSC) in the solar 

powered hybrid ac/dc residential building with energy 

storage devices. The basic concept of the RSC is to use 

a single power conversion system to perform different 

operational modes such as solar PV to grid (Inverter 

operation, dc–ac), solar PV to battery/dc loads (dc–dc 

operation), battery to grid (dc–ac), battery/PV to grid 

(dc to ac) and Grid to battery (ac–dc) for solar PV 

systems with energy storage. This inverter is tested in a 

solar powered hybrid ac/dc home,which contains both 

ac and dc household loads. Individual appliances are 

selected according to the harmonic contributions they 

are injecting to the distribution grid from a typical 

modern house. Apart from the aforementioned, other 

additional contributions are as follows. The electrical 

components and sensors are different from [14], and 

normal inductor only used for dc/dc operation. The 

variation in solar radiation is also considered and solar 

PV-battery operation is verified. The circulation current 

is mitigated due to operation of the switches in the 

topology for dc/dc operation. Control logic and 

sampling of input quantities are also different in this 

paper. 

 

II. Topology of RSC: 

The circuit diagram of reconfigurable solar inverter is 

given in the Fig.2.1 Though it will reduce the no of 

power conversion stages but mechanical switches and 

cable requirement are more for this topology. The 

modes of operations of the proposed single-phase 

single-stage converter 

 
Fig. 2.1. Schematic of the proposed RSC circuit. 

A. Mode-1 

The mode of operation as shown in Fig.2.2 is directly 

connects PV to the grid. Maximum power point 

tracking (MPPT) controller is used to extract maximum 

power from the solar 

panel. Inverter controller is used to synchronize with 

grid and transfer active power to the grid. 

 
                   Fig. 2.2. PV to grid. 
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B. Mode-2 

In Fig. 2.3, the mode of operation is to supply power to 

the grid from both solar PV and battery. This mode 

operates when there is a shortage of power from the 

solar PV due to external conditions, e.g., weather, etc. 

One of the drawbacks of this connection is that the 

battery voltage and PV voltage should always be 

matching each other. Since battery voltage is stiff, 

MPPT controller cannot be used for this configuration. 

 
               Fig. 2.3. PV-battery to grid. 

C. Mode-3 

Fig. 2.4 shows dc/dc operation of the proposed 

topology, where battery is charged by a chopper action 

of the converter. The extra inductor is optional to reduce 

ripple in the charging current further. When there is an 

excess energy available, the battery is charged for the 

night time usage.

 
        Fig. 2.4. PV to battery charging. 

D. Mode-4 

From Fig. 2.5, the energy stored in battery can be 

released to the appliances or grid during the night hours 

or when there is no solar radiation due to clouds or 

rainy conditions. Battery can supply stable power to the 

inverter. Thus, it can be very helpful in power quality 

improvement and ancillary services provision. 

 
 

                Fig. 2.5. Battery to grid. 

 

III. CONTROL OF THE PROPOSED 

CONVERTER: 

For controlling this proposed single-phase inverter, PQ 

controller is used considering the advantage that it will 

control the active and reactive power according to the 

reference signal. Since the controlling elements for the 

ac system are very difficult due to their time-varying 

nature, the ac control variables are converted to a 

stationary reference frame from a rotating reference 

frame for effective control [15]. 

 
 

Fig3.1 DC/AC inverter operation. 

The control diagram for different modes of operations 

of the RSC is given in Figs.5.6 ,the inverter operation of 

the RSC is explained. From voltage and current 

measurement from the solar panel, voltage is set to 

extract maximum power from the panel using MPPT 

algorithm. This voltage is compared with the set dc-link 

voltage and error is given to a PI controller for DC link 

voltage regulation. This PI controller will produce 

reference current, which is compared with reference 

current produced using PQ controller. This error is 

given to a PI controller, which will generate reference 

voltage for active power control. Reactive power is 
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separately controlled using another PI controller. These 

reference voltages are converted to rotating reference 

frame voltages and given to space vector pulse width 

modulation (PWM) to drive the inverter. Battery is 

charged from solar panel using dc/dc conversion mode 

of RSC, which is given in Fig.3.1 One of the MOSFET 

switch is used to obtain required voltage level for the 

battery.  Here, constant voltage charging is used. MPPT 

controller will produce the required current which is 

given to a PI controller to produce the reference voltage. 

This voltage is compared with the battery voltage and 

duty cycle is generated. From this duty cycle, PWM 

pulses are generated, which is given to the MOSFET 

switch. Thus, both ac and dc loads are given supply 

using a single reconfigurable inverter. 

 

1V.FUZZY CONTROLLER : 

 

The word Fuzzy means vagueness. Fuzziness occurs 

when the boundary of piece of information is not clear-

cut. In 1965 Lotfi A. Zahed propounded the fuzzy set 

theory. Fuzzy set theory exhibits immense potential for 

effective solving of the uncertainty in the problem. 

Fuzzy set theory is an excellent mathematical tool to 

handle the uncertainty arising due to vagueness. 

Understanding human speech and recognizing 

handwritten characters are some common instances 

where fuzziness manifests. 

 Fuzzy set theory is an extension of classical set theory 

where elements have varying degrees of membership. 

Fuzzy logic uses the whole interval between 0 and 1 to 

describe human reasoning. In FLC the input variables 

are mapped by sets of membership functions and these 

are called as “FUZZY SETS”. 

Fuzzy set comprises from a membership function which 

could be defines by parameters. The value between 0 

and 1 reveals a degree of membership to the fuzzy set. 

The process of converting the crisp input to a fuzzy 

value is called as “fuzzificaton.” The output of the 

Fuzzier module is interfaced with the rules. The basic 

operation of FLC is constructed from fuzzy control 

rules utilizing the values of fuzzy sets in general for the 

error and the change of error and control action. Basic 

fuzzy module is shown in fig.4.1The results are 

combined to give a crisp output controlling the output 

variable and this process is called as 

“DEFUZZIFICATION.” 

 
                                          

Fig 4.1: Block diagram fuzzy logic 

 

V.SIMULINK BLOCK DIAGRAM AND RESULTS 

 

5.1 Simulink Diagrams: 

 
Fig5.1:Simulink Block Diagram 

In order to synchronize the solar inverter with grid, the 

magnitude and phase of the grid supply voltage must be 

known. PLL is system which will track a signal with 

other signal system. PLL is actually a servo mechanism 

which will reduce the difference between phase and 

frequency of incoming signal to a reference signal. 

Active power transfer to the grid is possible if there is a 

difference between the phase of the inverter and the grid 

supply system. PLL will capture the phase of the grid 

supply and required phase shift is generated using an 

inverter controller for power transfer 
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 5.2 Simulation wave forms based on PI controller: 

 
Fig5.3 Simulation Wave forms of Vdc,Ig,Ig(rms) 

. The phasor diagram of inverter and grid supply during 

the power transfer is shown in Fig.. Battery charged 

through the proposed topology. Here, constant voltage 

charging method is followed. Li-ion battery which is an 

inbuilt block of MATLAB/Simulink is used as battery 

storage. The output voltage during the charging is given 

in Fig.. Thus, all operations of the converter are tested 

in simulation and results are analyzed. The control 

algorithm works perfectly in the simulation in 

MATLAB. 

 

 
Fig5.4 Simulation Wave forms of Vpv and Grid current 

5.3 Simulation wave forms based on Fuzzy logic 

controller: 

 

 

Fig.5.5 Fuzzy Controller 

 
Fig 5.6 Simulation Wave forms of Vpv, Vbat, Ib and 

Grid current 

 

 

CONCLUSION 

This paper suggested a more suitable converter 

topology for a solar powered hybrid ac/dc home. The 

main idea of this topology is to utilize single conversion 

of ac power to dc and vice versa, which improves the 

efficiency, reduces volume, and enhances the reliability. 

The fuzzy logic controller implemented to validates that 

the suggested converter topologies would be helpful to 

reduce significant amount of harmonics in the 

residential feeders of the future smart grid. Though, 

here only solar PV is considered as source of power, 

this topology could be equally applicable to wind, fuel 

cells, etc. 
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