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Abstract— The need for renewable energy sources is on the 

rise because of the acute energy crisis in the world today. 

India plans to produce 100 Gigawatts Solar power by the year 

2020 under JNNSM. Solar energy is a vital untapped 

resource. The main hindrance for the penetration and reach of 

solar PV systems is their low efficiency and high capital cost. 

In this, we examine a schematic to extract maximum 

obtainable solar power from a PV module and use the energy 

for a DC and AC application. Integration of photovoltaic 

system with the diesel generator as a backup system is being 

escalated worldwide to minimize the consumption of fossil 

fuel resources. The hybrid power generation bring into 

productive action only by employing a suitable strategic 

control in operation of connected system. In this dissertation, 

the main objective is to deal with a control strategy that was 

developed to control the operation of diesel generator and 

charging/discharging of the battery storage system. The 

controlling action was detailed in such a way that it 

coordinates when the power is generated by the solar panel 

and when to operate the diesel generator and the battery so 

that the demands of the local utilities in the remote areas 

should be met with the installed generating system. The main 

focus in the management strategy of PV/diesel-battery hybrid 

system is to make the maximum usage of the renewable 

resource with battery storage system while making the 

operation of diesel generator in adverse conditions. The 

management strategy is described in detail through the data 

flow chart that narrates the different modes of operation 

considering the variant solar radiations. 
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I. INTRODUCTION 

The hybrid systems involve combination of different energy 

sources with wind, PV, mini hydro, Biomass, fuel cells, diesel 

generators etc. It was shown that the hybrid systems of energy 

can in a significant way reduce the total cost of energy 

produced, while providing a more reliable provisioning of 

electricity by the combination of Electrical energy plays 

crucial factor in development of economic and technological 

of present society [1]. Every year the demand of electrical 

energy is growing rapidly throughout the world. In India it is 

very difficult and also uneconomical to transmit power over 

long distances through transmission lines for special remote 

villages. Also 70% of its population lives in rural areas [2]. 

Generally, the production of electrical energy generally 

depends on fossil fuels. So, the use of standalone Hybrid 

systems using Renewable energy for production of electricity 

is more economical in remote areas.  

 There are many renewable energy can be 

implemented in hybrid systems like solar, wind, hydro, 

geothermal, biomass etc. Remote rural areas are in great need 

of affordable and reliable electricity to achieve 

development[3]. Likewise, an overview through the most 

important literature on rural electrification proves that 

renewable energies are one of the most suitable and 

environmentally friendly solutions to provide electricity 

within rural areas. Renewable energy resources like hydro, 

solar, wind, biomass, geothermal, tidal etc. have many 

advantages over conventional sources[4]. 

 Earth is blessed with profusion amount of solar 

energy. The amount of solar energy incident on the earth’s 

surface is approximately1.5 x 1018 kWh/year, which is about 

10,000 times the current annual energy consumption of the 

entire world [5]. Solar power is produced by collecting 

sunlight and converting into electricity, heat and lighting. 

This is done by using solar photovoltaic panels, collectors and 

other technologies to convert sunlight into electricity[6]. 

II. RELATED WORK 

D. Saheb-Koussa [7], studied the “Economic and technical 

study of a hybrid system (wind–photovoltaic–diesel) for rural 

electrification in Algeria.” The reliable dimensions of the 

system are defined for six locations in Algeria. In this case, a 

complete optimizing model is developed in Matlab/Simulink 

to analyze the sizing of system configuration. It had been 

concluded by study that the hybrid system is the best option 

for all the sites considered. Also, it allots higher system 

performance than photovoltaic or wind alone. 

 Ani Vincent Anayochukwu [8] had studied 

“Feasibility Assessment of a PV-Diesel Hybrid Power 

System for an Isolated Of-Grid Catholic Church.” showed 

that establishing a stand-alone hybrid power system is more 

cost effective and reliable for remote applications instead of 

running stand-alone diesel generators. Various system 

configurations have been considered like Diesel generator 

only; Diesel generator, PV array and inverter (no battery); 

Diesel generator, PV array, control system, and battery ban 

and control system for the hybrid PV - diesel energy system 

is proposed to meet the load demands. It has been observed 

that hybrid system saves $22,247,359 for the church when 

compared with the diesel only. 

 Hongmei Tian, Fernando Mancilla–David*, Kevin 

Ellis, Eduard Muljadi, Peter Jenkins [9] studied, “A Detailed 

Performance Model for Photovoltaic Systems.” An 

equivalent circuit and voltage-current relationship for a single 

solar cell was derived using the single diode model which 

include the effects of parallel and series connections in a PV 

array. This model can be modified to a string of any number 

of cells in series or parallel and then to PV array. The 

advantage of this model derives from the fact that it produce 

all important parameters and V-I and P-V characteristics for 

arrays of any size 

 Seiichi  Arai,  Kevin  Davis,  Chaitanya  Poolla,  and  

Abraham  K.  Ishihara [10] presented paper on, “Cell 

Parameter Variability Analysis and MPPT Control of 
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Photovoltaic Modules” In this paper, by considering the non-

uniform distributions of cell parameters a variable PV module 

model was developed in the Simulink. The variable PV 

module model integrated with DC-DC buck-boost converter 

and MPPT controller are together and also a variable MPPT 

simulation system is developed. The analysis was made on 

MPPT due to parameter variations occurring over variant 

time-period because the parameters can be dynamically 

changed over period. 

III. PV/DIESEL HYBRID SYSTEM 

A photovoltaic panel output depends upon the solar radiations 

fall on the panel and which in turn depends on the direction 

of the Sun[11]. But this dependency of the solar energy 

should be reduced by implementing some storage system 

such as batteries and back up supply like diesel generator to 

make the continuity of the supply. Integration of photovoltaic 

system with the diesel generator is the better option for the 

remote areas which is not coupled to the grid, whereas add-

on of the national grid is not a cost-effective option. In case 

of insufficient solar irradiation and after day time, a large 

amount of budget will be needed for the setup of large storage 

system. Hybrid systems capture the best features of each 

energy resource and can provide grid quality electricity with 

power range of 1 Kilowatt (KW) to several hundred [12]. 

Also they can be developed as new integrated designs within 

mini grids and can also be combined with diesel based power 

generating system as shown in fig.1. 

 

Fig. 1: PV/Diesel hybrid system 

By combining these two sources, a variety of shifting load 

profiles can be met. The combination of various renewable 

sources simply makes sense in many layouts[13]. 

Furthermore, a combination of energy sources can assist 

seasonal resource fluctuations, with solar PV collectors 

complementing wind power during the months with less 

wind, or picking up when hydro generation drops during the 

dry season [14]. Where daily energy variations are taken into 

consideration, solar energy has a maximum production 

around noon, while wind power facilities can operate 

whenever the wind is blowing. Batteries store the energy for 

peak consumption when there is insufficient production from 

renewable sources (i.e., to offset lack of solar power during 

nighttime hours) and hence add stability to the system. 

IV. MODELLING AND SIMULATION OF HYBRID SYSTEM AND 

ITS CONTROL 

A. System Description 

The hybrid model of PV/diesel/ battery hybrid system 

designed in the Simulink/ MATLAB software shown in the 

fig 2. The three power generating resources are 

interconnected through power electronic interfacing for the 

coordinated operation of the system. Photovoltaic power 

conversion system comprised of the converters, charge 

controller, inverter and filters for supplying to the ac load[15]. 

In case of a stand-alone hybrid system, a storage system and 

a backup system is necessary to maintain the continuity of the 

supply as the input to the panel is inconsistent in nature and 

hence other resources are necessary under critical condition 

for the supply continuity. By varying the input radiations to 

the panel, the behavior of the model is studied 
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Fig. 2: Simulink model of PV/diesel/battery hybrid system 

B. Simulink result: 

The results shown below in the fig.3 are the output from the 

solar panel obtained under normal operating conditions and 

at that time diesel generator will be switched off and is not 

supplying to the load and can be properly understood by the 

result shown below. 

 

(a) 

 
(b) 

Fig 3: (a) Output from PV panel (b) diesel generator output 

under normal operating condition 
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C. Battery Charging and Discharging Control in Simulink 

 
(a) 

 
(b) 

Fig. 4: (a) Simulink model of the battery control system (b) control scheme for battery operation control. 

The fig. 4 (a) depicts the detailed modelling of the battery 

connection system and its control in the hybrid system 

designed in the software. The battery is connected through 

circuit breaker switching action in between the converter and 

the inverter so that it can charge up to its limit through panel 

and converter output as well as discharged to load when 

needed through the three-phase inverter[16]. The battery 

controller in the fig 4 (b) is for the controlling action of the 

switches by which the battery is connected in the system. The 

charging and the discharging control of the battery is done by 
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the controller so that the battery operates only within its limit 

i.e. 0.4<SIC<0.8. In this way the battery can be prevented 

from undercharging and the overcharging problems[17]. The 

output results of the battery are shown in the figure given 

below. 

 
Fig. 5: Battery SOC, voltage and current 

D. Simulink Model of Diesel Generator 

The model of the diesel generator unit is mainly comprised of 

a diesel engine governor for the fuel power control and speed 

of the generator, excitation system and the synchronous 

machine[18]. The mechanical energy must be converted into 

the electrical energy by the diesel engine. The SIMULINK 

model of the diesel generating unit is shown in the fig.6. 

 
Fig. 6: Simulink model of diesel generator set 
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Fig. 7: Output results of the diesel generator set in Simulink 

 The connection of the Diesel generator in the 

designed hybrid model with its switching action control is 

shown clearly in the Simulink diagram given below in the 

fig.8 and fig.9[19]. The switching control Sd and Sb are given 

to the three phase breakers that will connect the dgset and the 

respective system to the ac load. Whenever the generated 

voltage from panel as well as battery is less than the power 

demands, the three-phase breaker connected to the Sd closed 

and ensure the continuity of supply to the load whereas the 

Sb control will be given to the another breaker that will make 

the respective system to get disconnected from the respective 

system so that the reverse power flow in the system is 

avoided[20]. 

 
Fig.8: Connection of Diesel generator in hybrid Simulink 

model 

 
Fig. 9: Controlling action for Diesel generator 
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E. Simulation Results at Different Modes of Operation of 

Hybrid System 

The different modes of operation according to the power flow 

strategy scheme with the variation in the solar radiations 

already discussed in the previous chapte[21]r. The 

comparative results under different cases are shown below 

obtained while simulating the designed model under different 

operating conditions. Various considered parameters in the 

system like irradiation, panel output power, output from 

converter, battery SOC and load power are shown within the 

results with their specification[22]. 

 MODE 1: When (panel output power>load power) 

 
Fig. 10: Simulink result for mode 1 operation 

 MODE 2: When (panel output power ≤ load power) 

 
Fig. 11: Simulink result for mode 2 operation 
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 MODE 3: (When panel output power < load power, battery SOC >0.4) 

 
Fig. 12: Simulink result for mode 3 operation 

 MODE 4: (When panel output power is negligible, battery SOC<0.4, diesel generator ON) 

 
Fig. 13: Simulink result for mode 4 operation 

V. CONCLUSION 

Hybrid power systems can supply environment friendly and 

cost-effective power solutions with higher reliability and 

power quality. Instead of conventional power, stand-alone 

solar-diesel supported Hybrid power system can supply 

proper supply of electrical power in distant locations. In these 

days, Hybrid power systems are an economic fact to lessen 

the dependency on a diesel fuel for off-grid communities. 

Furthermore, Hybrid power systems can essentially lessen a 

fuel loss and emission compared to the conventional power 

systems[21]. The variable radiating conditions are taken on 

the basis of which the system decides in which mode of 

operation it has to work for that period. The PV/diesel/battery 

hybrid model grants the management strategy that is intended 

to maximize the use of the non-conventional energy resource 

by proper switching control given to the battery and the diesel 

generator so that the power must be supplied to local utilities 

for certain period under any circumstances. The controller 
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systematizes the different power generating resources in the 

hybrid configuration. In this way, the consumption of the fuel 

is also minimized as well as the operating life of the battery 

is increased by a proper control coordination in between the 

power generating resources integrated together in a system 

for continuity of the supply. A diesel driven power generator 

is often provided in distant Hybrid power systems in case of 

unavailability of electrical power from renewable energy 

sources. 
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