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Abstract— Electricity generation through Photovoltaic (PV) for power 

supply in rural areas is one of the best solution to solve many problems. 

The standalone power supply by using PV system is attracting by many 

scholars. However, storage systems like batteries are mandatory to 

maintain energy management as well as power quality in PV based 

standalone systems due to random variations in both solar irradiance as 

well as load. However, the operation of AC loads requires an inverter. 

Similarly, a bidirectional DC to DC converter is necessary to handle the 

discharging and charging process of the battery based on the power 

difference between generation and load. Even during nighttime when there 

is no power available from PV panels, the battery must supply the power 

demanded by the loads. To ensure high-quality power supply at the load 

bus, a novel control system for the inverter has been implemented. 

Additionally, this paper proposes a novel energy management system to 

maintain power balance between generation and load. A maximum power 

point tracker (MPPT) converter has also been integrated into the PV 

system using the perturbed and observe (P&O) algorithm. Extensive 

results, obtained through the MATLAB/Simulink package, are presented to 

demonstrate the significance of the proposed controllers under various 

operating conditions. The performance of the proposed control schemes 

remains satisfactory even when the standalone system undergoes various 

changes.  

Keywords— Standalone power supply system, Photovoltaic, renewable 

energy source, energy management systems. 
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1. INTRODUCTION  

Many number of remote and island locations are there in majority countries worldwide. In 

such locations, establishment of power grid is too expensive or impractical [1-3]. There is 

an alternative way to supply electricity in such locations through a diesel generator, but 

these engines release harmful gases into atmosphere as well as not an economical for long 

run. Therefore, establishment of a standalone power supply system through Photovoltaic 

(PV) panels is a best solution for many problems [4-5]. Supplying reliable, quality and 

stable power at load bus are the main challenges in such standalone systems. 

A maximum power point tracking (MPPT) circuit is required to harvest maximum energy 

from PV panels [5] for increasing efficiency of the overall system. Electrical power 

produced by PV panels is depending on solar irradiance which varies randomly. As a result, 

an energy storage system should be required to maintain energy balance between the source 

(PV) and the load (PCC). Batteries are one of the best energy source devices due to their fat 

response characteristic during random changes. Hence, a battery bank is considered in this 

paper to manage power balance between PV and load at PCC. Batteries connected in 

battery bank should be charged during availability of surplus power and discharge during 

high load demand than source. To enable an effective method for draining and changing the 

battery bank, a bi-directional DC to DC converter is connected between the dc link and the 

battery bank. To do this, the error between the RMS voltages of distinct phases is compared 

to their reference values, yielding three-phase error signals. This converter can able to work 

as buck during charging process and boost when required discharging of the battery [5]. 

Therefore, the bidirectional converter can maintain power balance through battery bank.  

A power discrepancy between the load and the PV might create voltage fluctuations at the 

dc-link [4]. As a result, voltage at the dc-link influences the operation of a bidirectional DC 

to DC converter. A reference dc-link voltage signal is set using the under modulation 

technique based on the demand for AC voltage. The reference dc-link voltage is compared 

with actual voltage at dc-link to decide the action of charging or discharging process of the 

battery bank. As a result, energy management of the standalone system may be obtained 

using a bidirectional DC to DC converter with an effective control approach. The inverter 

can able to produce required voltage at PCC once stabilized the voltage at dc-link. 

However, majority operating load at PCC are single phase. These single phase loads leads 

unbalanced voltages at PCC. Hence, an effective inverter control is required to produce 

counter modulation indexes during unbalanced voltage at PCC to make them balancedThis 

study on a PV-Battery-based standalone power supply system presents a novel approach to 

energy management and inverter control in order to preserve power quality at PCC. These 

proposed methods can able to deliver quality power at PCC during all possible changes 

happened in the standalone system.  

The following sections comprise the document. Section II contains a description of the 

standalone system with component modeling. Section III describes an energy management 

system based on the control of a DC to DC bidirectional converter. Section IV discusses the 

relevance of inverter control. MATLAB/Simulink based results are listed and discussed in 

Section-V. The conclusion and references are given at the end of the paper.  

2. DESCRIPTION 

A PV-Battery based standalone power supply system is considered in this paper to maintain 

power quality through proposed control schemes. Before presenting the model diagram of 

standalone system, detailed modeling of main components used in the standalone system 
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are discussed. Detailed mathematical modeling of various components is presented as 

follows:  

A. PV power geenration system [5] 

Solar energy can be directly converter in electricity through PV panels by photoelectric 

effect. A single PV cell model is depicted in Fig. 1. A large number of PV cells must be 

connected in parallel and series to form a module that can provide a specific voltage and 

current. The PV array can be created by connecting few of PV modules in series to produce 

required voltage to operate loads. The fundamental mathematical expression used for 

modelling f a PV system is presented below.  
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However, proper operating point should be identified to achieve the best utilization of PV 

system due to its nonlinear characteristics of power vs voltage as per curves depicted in Fig. 

2. The best operating voltage point is considered as voltage corresponding to maximum 

power point ( mppV ). The location of mppV  will vary according to solar irradiance. 

Therefore perturb and observe (P&O) mechanism is implemented to identify proper mppV  

during random changes in solar irradiance. This mppV  signal will be given as reference 

voltage signal of boost converter to make it as MPPT converter of the PV system [13-15]. 
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Fig. 1: Model diagram of a single PV cell. 

The basic principle with eq.(2) is used to implement P&O algorithm and a feedback control 

loop helps to track the voltage to extract maximum power from PV system during any value 

of uniform irradiances.  
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Fig. 2: MPPT identification under different solar irradiances. 
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B. Modelling of a generic battery bank 

The battery bank is setup by connecting multiple batteries in the combination of series and 

parallel according to requirements of the standalone system. The mathematical approach on 

modeling of battery is attempted by references [4-5, 6-10]. A temperature based modeling 

of battery system is developed in this paper for achieving responses near to real time. 

Further a state of charge (SoC) is also incorporated to achieve dynamic behavior of the 

battery model. A controlled source constant voltage block is considered while doing 

modeling of the battery. The following fundamental equations are used to try a general 

model of the battery, and the associated block diagram is presented in Fig. 3. 
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Fig. 3: Model diagram representation of a battery model. 

C. Inverter and Distribution System 

Generally the distribution power supply system compressed with a three phase system. 

Hence, a three phase inverter is employed between dc-link and PCC. Single phase loads are 

operated at PCC which consumes unbalanced load currents from inverter. Usually a small 

distribution lines are employed along with LC filter between inverter and PCC, hence these 

unbalanced currents caused unbalanced voltages at PCC. These unbalanced voltages create 

poor power quality and even becoming dangerous for three phase loads. Therefore, an 

effective control mechanism of inverter is proposed in this paper to supply good quality of 

power at PCC during even under unbalanced load scenario. The complete PV-Battery based 

electrical power supply standalone power system is depicted in Fig. 4. The MATLAB 
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model of a MPT algorithm is also depicted in Fig. 5. Remaining components are modeled 

by using [6-18].  

 
Fig. 4: Hybrid Stand-Alone Power Generation System based on PV. 
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Fig. 5: P&O-based MPPT controller for PV system. 

 

3. CONTROL OF DC VOLTAGE  

The primary objective of the control mechanism in a bidirectional DC to DC circuit is to 

maintain voltage stability at the dc-link. Additionally, it ensures efficient energy 

management by accurately managing battery charging and discharging in order to address 

any power imbalances between the load and generation. Usually the second frequency 

oscillations will be imposed into voltage at dc-link due to operation of unbalanced load at 

PCC. These oscillations increase the heat across the terminals of the P system. A novel 

control method for bidirectional DC to DC circuit is adopted in this paper to suppress these 

oscillations. Figure 6 depicts the suggested control method of a DC to DC bidirectional 

converter for adjusting voltage at the dc-link..  

The Vdc is filtered by a low pass filter to get the dc component (Vdc0), which is 

approximated by subtracting it from the oscillating component. The voltage at the dc-link is 

compared to its reference value to generate the reference battery current. Two PI controllers 

are employed in the suggested control approach to provide correct charging and discharging 

of the battery as well as oscillation suppression. First PI controller is used to produce 

reference current from the error )( *
dcdc VV   to maintain voltage at dc-link at its reference 

value. The second PI controller is help to make oscillation to zero by comparing them with 

zero reference value i.e., )0( dcoV . To create the final reference battery current )( *
batI , 

Both PI controller outputs are combined. This reference current is then compared to the 

actual battery current to generate the needed pluses for (Q1 & Q2) using a hysteresis loop.  
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Fig. 6: Proposed control method of bidirectional circuit. 

4. CONTROLLER OF INVERTER 

An inverter control approach is developed to generate different modulation indices in order 

to maintain balanced voltage at the PCC during unbalanced load currents. As already 

mentioned, majority loads operated at PCC supplied by inverter are in unbalanced nature. 

Due to unbalanced load being connected at PCC, which causes unbalanced voltages at PCC 

since unbalanced drops across LC filer. Hence, it is mandatory to produce counter 

modulation indexes of the inverter through proposed control method of the inverter tom 

make it balanced voltages at PCC. To do this, the error between the RMS voltages of 

distinct phases is compared to their reference values, yielding three-phase error signals.. 

These error signals are further treated as inputs of corresponding PI controllers to produce 

counter modulation indexes. The generated modulation indexes of each phase is multiplied 

by an unit sine wave to produce the reference voltage signals for generating pulses through 

an PWM strategy. Figure 7 illustrates the suggested inverter control technique for offsetting 

unbalanced voltages. 
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Fig. 7: Inverter Control method. 

5. RESULTS 

A standalone power supply system powered by PV-Battery presented in Fig. 4 is simulated 

using MATLAB/Simulink platform to present results. Various responses are observed 

under different operating conditions. Various rating of components used in standalone 

system are obtained from [19-23]. Results are carried out and presented under below cases.  

Case-1: under meteorological changes. 

The standalone system is tested under changes in solar irradiance and load. High load is 

connected at PCC at t=2.0 sec. and irradiance is increased at t=3.0 sec. Responses of 
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voltages at dc-link and PCC are depicted in Fig. 8(a) and (b) respectively. From Fig. 8, 

there are no much changes in both voltages. A constant RMS voltage is maintaining at PCC 

during above changes. It seems the power quality is achieved at PCC through proposed 

control methods. For a better visualization, instantaneous voltage and current of a line is 

presented in Fig. 9(a) and (b) accordingly. From these results, observed that the control 

schemes are giving satisfactory performances during changes in source and load.  

Case-2: Considering unbalanced load. 

An unbalanced load is considered at PCC by connecting single phase loads with line 

current of (Fig. 10 (a)) as: ila = 3.53A; ilb = 9.55A; ilc = 8.45A. Under this situation, the 

RMS voltages at PCC become unbalanced due to unequal drops across each phase with 

normal control of inverter. However, the proposed control method of the inverter helps to 

maintain balanced voltages at PCC by producing counter modulation indexes. 

Corresponding line voltages after compensation through proposed method is shown in Fig. 

10(b). Balanced voltages are obtained by proposed control method, hence it is stated that 

the proposed method can improve the quality of the power at PCC during unbalanced load 

conditions. This happened by producing different modulation index for each phase of the 

inverter.  
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Fig. 8: Voltages at a) PCC RMS, b): dc-link. 
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Fig. 9: instantaneous waveforms of a) line-line voltage, b) current flowing through line. 
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Fig. 10: a) Unbalanced currents at PCC, b) balanced line-line voltages at PCC. 

6. CONCLUSION 

Hybrid PV-Battery powered standalone power supply system is presented in this paper for 

improving power quality. A bidirectional circuit is integrated between the dc-link and 
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battery to efficiently handle the fluctuations and discharge.Novel control schemes are 

implemented on bidirectional converter and inverter to achieve both energy management 

systems as we; as quality power supply at PCC. A boost converter operated by a MPPT 

algorithm is integrated to PV system to extract maximum energy. The proposed control 

scheme of the three phase inverter is designed in such a fashion that, to maintain balanced 

voltages at PCC during unbalanced load scenario. Detailed modeling of various 

components is also presented in this paper. Extensive results using MATLAB/Simulink are 

presented under various operating conditions to enhance the significant of proposed 

method. 
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