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Abstract— Worldwide environmental issues and the 

escalating call for energy, coupled with constant progress in 

renewable energy technology, give rise to the new 

opportunities for utilization of renewable energy sources. 

This paper focused on a literature survey of power 

generation of photovoltaic (PV) modules. This paper covers 

all the aspects of power generation system control using 

solar energy as input which seems to be missing or not fully 

covered or may be not up to date in all the literature seems 

date. 
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I. INTRODUCTION 

Photovoltaic conversion is the direct conversion of sunlight 

into electric energy. Photovoltaic gadgets are rugged and 

easy in design requiring very little preservation and their 

largest gain being their construction as stand-alone and grid 

structures that can give outputs from microwatts to 

megawatts. Subsequently they may be used for power 

source, water pumping, remote buildings, solar home 

structures, communications, satellites and area vehicles, 

reverse osmosis flora, and for even megawatt scale 

electricity plant life. With this kind of significant array of 

applications, the demand for photovoltaic is growing every 

year. It’s far technically feasible for renewable strength 

technology (RETs) to replace the existing fossil fuel energy 

infrastructure; but, monetary boundaries stay the primary 

obstacle to a renewable-powered society. PV is considered 

as a clean, sustainable, renewable energy conversion 

technology that can help meet the energy demands of the 

world’s growing population, whilst reducing the 

unfavourable environmental impacts of fossil gas use [1]. As 

of 6 April 2017, the country's solar grid had a cumulative 

capacity of 12.28 GW [2] India quadrupled its solar-

generation capacity from 2,650 MW on 26 May 2014 to 

12,289 MW on 31 March 2017. The country added 3.01 GW 

of solar capacity in 2015-2016 and 5.525 GW in 2016-2017, 

the highest of any year [3]. 

Full-size quantity of studies and improvement work 

on the photovoltaic/thermal (PVT) technology has been 

achieved since 1970s. Many innovative systems and 

products had been put forward and their great evaluated with 

the aid of lecturers and experts. A range of theoretical 

fashions has been delivered and their appropriateness proven 

by way of experimental records. 

This paper starts with the modelling of solar PV 

panel followed by different Maximum power point tracking 

(MPPT) algorithm under different environmental condition 

for increasing the output power efficiency. Next section 

gives a review on types of existing inverter topology for 

power conversion. The last section of the paper is the ac 

power distribution connected to the transmission network. 

The generated power is stored in the battery for standalone 

condition is also discussed in this paper followed by the 

conclusion. 

The basic model of solar PV power generation is shown 

below. 

Sun can work as a renewable power source had 

been revealed as early as in 19th century. History for the 

work progress of solar power generation has featured in 

timeline below. 

A. PV History timeline [4] 

 1839 PV Effects as one of the Renewable Energy 

Source first observed by Henri Becquerei 

 1880 PV effect in solids with 1-2% efficiency 

 1880 Single crystal PV structure 

 1954 PV cell produced 14% efficiency 

 1958 PV as a commercial application 

 1970 Energy crisis-interest in terrestrial application of 

PV begins 

 1980-90 use of PV increases 

 2000 PV interfaced in grid application 

 2010 PV used as standalone device 

 2014 Non-residential PV application 

 2016 PV at present has an exponential (relation) 

between costs versus MW generation PV   module 

price.  PV growth in India is at rate of 100MW capacity 

per day. 

B. Section I 

1) Modelling of PV: 

The electrical output from a photovoltaic panel depends on 

the incident solar radiation, the cell temperature, the sun 

incidence angle and the parasitic resistance. The 

manufacturers generally provide only limited operational 

records for photovoltaic panels, such as the open circuit 

voltage (Voc), the short circuit current (Isc), the maximum 

current (Imp) and maximum voltage (Vmp), the temperature 

coefficients at open circuit voltage and short circuit 

contemporary (Voc and Isc , respectively) and the nominal 

operating cell temperature (NOCT). Peak watt is a key 

performance measurement of PV module. The peak watt 

(Wp) is the ratting determined by measuring power of a PV 

module under laboratory standard test condition (STC). But 

the average power of a whole day is considered. So under 

this circumstance the PV performance are classified as – 

Work on solar power efficiency improvement has been done 

by many researcher using different platform are placed 

below. Some of the new simulation algorithm & software 

for solar modeling parameter estimation are discussed in 

table 1. 

References New technique Results 

07061390(2015) 

Photovoltaic-oriented nodal analysis (PVONA) 

is a general and flexible tool for efficient 

spatially resolved simulations for photovoltaic 

It reduces the performance time, saves memory space 

and accelerates the simulation procedure 



A Survey on Solar PV Power Generation 

 (IJSRD/Vol. 6/Issue 01/2018/513) 

 

 All rights reserved by www.ijsrd.com 1870 

(PV) cells and modules 

05438785 

An in situ calibrator in LABVIEW platform is 

used for multilevel calibrator of temperature 

and irradiance 

The calibrator minimizes both technician interference 

and calibration time. 

06151143 Monte Carlo Simulation for PV modelling 
It gives a combination of deterministic and 

probabilistic techniques for PV modelling 

07492262(2016) Levenberg Marquardt algorithm low computational  time 

01268133(2004) 
A real weather conditions real-time digital 

Simulation (RTD) 

cost-effective and stability of PV generation systems is 

possible using the built-in simulator 

06823188 

A real-time software tools in 

combination  with digital Signal 

Processing(DSP), hardware tools 

and MATLAB 

Settling time reduces and the designing process is less 

complex 

0775203(conf.) 
Flower Pollination Algorithm(FPA), 

a new accurate I-V curve 

robustness, accuracy, speed of 

response is fast. 

07442830(2016) Fin FET and Silicon Nanowire technologies 

The method is capable of dealing with mixed Gaussian 

and non-Gaussian parameters and can select more 

precise parameter under statistical nonlinear 

dependencies among input and output parameters 

04401146 PSCAD/EMTDC 

Supervisory-control strategies give dynamic 

characteristics of the proposed control scheme, which 

gives idea for quantitative and qualitative analysis 

before a real hardware implementation 

07182794 Lyapunov stability function 

The stability and convergence to the equilibrium and 

high standard performances for distributed solar power 

generation 

Batzelis2014 Lambert W Function 
An efficient and accurate method of PV string gives 

under nonuniform irradiance conditions 

Table 1: 

PV modeling also depends on weather conditioning 

and on cell connectivity i.e. parallel [Goa 2013] and series 

connection. HenkOldenkamp [PV wirefree] has studied in 

details between series and shunt connected PV system and 

experimentally shows that in shaded PV shunt system have a 

higher energy yield than PV modules connected in string (in 

series). Roger Gules [glues2008] has shown that the parallel 

association of the MPPT framework decreases the negative 

impact of energy converter misfortunes in the general 

efficiency PV control era. 

Yun Liu [07130800] has designed a virtual grid 

connected PV system. Cheng-Wei Chen [chen 2014] has 

designed a PV model that works in Differential MPPT 

(DMPPT) condition. Goa 2013 has made a portable model 

that function better in complex partial environment gives the 

power output at an increase rate by factor of 2. 

Below table 2 shows the effect of different 

parameters on PV modelling. 

References parameter Advantage 

07042254(2015), chatterjee 

2011 

Five unknown parameters, Rs, 

Rsh 

PV models with different methods are studied. 

Gaussian iteration method produced more accurate result. 

07355389(2016) Five parameters 
Roboust, cost-efficient easy to implement. Accuracy 

verified. 

07455099(2015) 
Five parameters and four 

parameters. 

Newton –Raphson and Halley’s method (Non-iterative 

method) is used,accuracy is increased. 

04806084 
Three parametrs (Voc, Isc, 

maximum power) 

The model give accurate I- V graph at any point of the 

changing paramerters 

05422790, 

07293088,073108538 
Open circuit voltage (Voc) Increase the efficiency of power generation. 

Table 2: 

C. Environmental Measurements 

LoredanaCristaldi has designed a model that can support 

and control a large power plant generation factors 

[06210382]. A model is designed by Hiren Patel that works 

in partial shading [04453994]. Manoj Datta [04783112] has 

designed PV panel that give constant output power 

irrespective of environmental changes. Eduardo F. 

Fern´andez [07114207] has studied different solar cell 

material based on perovskite cell at selected different 

locations with varying parameter. PavelsSuskis [suski2013] 

has designed a PV model which includes voltage change 

coefficient to the temperature and an included PV-panel 

capacitance. The model give advantages as absence of the 

coupling subsystems between the Simscape blocks and 

Simulink blocks which takes the calculation capacity of the 

computer which gives inaccuracies in the calculations as 
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well as possible convergence problems and other errors 

during simulation of different circuits. 

After modelling come the Maximum Power Point 

Tracking (MPPT) that helps in the improvement of the 

power generated efficiency. Many authors have done their 

research on improvement of constant power. 

II. PV STANDALONE SYSTEM 

The model of the stand-alone PV system as shown in Fig. 1 

represents the interconnection of typical stand-alone 

photovoltaic power system components 

Fig. 1 Standalone PV power generation 

A. Storage Batteries 

The power output from PV source is stored in the form of 

charge in the battery. The batteries used for PV standalone 

are Lead Acid, Nickel Cadmium, Nickel Metal Hydride and 

Lithium-Ion. The battery management system proposed by 

many authors is discussed below. 

The recommended batteries for stand-alone 

photovoltaic power system are deep-cycle lead-acid 

batteries because of their high performance [2]. Shane 

Duryea [13] has designed a complete integrated battery 

management system (BMS) prototype that functioned as a 

basic data logger to record variables during testing time of 

the user and also intelligently controls the charging and 

discharging of a lead acid battery from a PV generator. 

Xiangjun Li has discussed on battery energy storage station 

(BESS), a control strategy that smooth and regulate the wind 

or solar power generation fluctuations [14]. Sherif A. 

Abdelrazek [17] has managed the output of Battery Energy 

Storage System (BESS) so as to reduce the PV station 

output fluctuation. Jincy Philip [18] has designed an 

admittance based control technique for a PV-diesel-battery 

hybrid system for an uninterrupted power supply that can 

mitigate harmonics, provide load balancing and neutral 

current compensation by incorporating four-leg VSC in the 

system. Jen-HaoTeng has proposed a mathematical model 

for battery storage systems (BSSs) that function for the 

charging procedure of constant current to constant voltage 

(CC-CV) charging method, the discharging procedures and 

the state of charge (SOC) [19]. JeroenTanthas [22] proposed 

a multiobjective optimization method between voltage 

regulation, peak power reduction, and annual cost to 

visualize the future scenario of a residential area. Masaaki 

Takagi [23] has calculated the marginal value of a battery 

and an inverter using the Optimal Generation Mix Model 

(OPTIGEN) and stated that the marginal value of the 

inverter/battery decreases with increasing inverter/battery 

capacity. 

B. Charge Controller 

The charge controller (also known as voltage regulator) 

coordinates the power flow between the components of the 

system and the load, and ensures that the system voltage is 

regulated to specified range. The basic function of a charge 

controller is to prevent the storage battery from being 

overcharged and also from over discharged. The charge 

controller has sub sectioned as 

A.Bruno Belvedere presents a microcontroller-

based power management system (PMS) that is designed for 

the online operation of the battery state-of-charge (SoC) [5]. 

Bogdan S. Borowy has used a methodology for calculating 

the optimum size of a battery bank and the PV array for a 

standalone hybrid wind PV system are developed 

considering both wind speed and irradiance under 30 years 

of data consideration [6]. 

C. Controller 

An on-line energy management using a hierarchical 

controller between photovoltaic (PV) panels, battery storage 

and proton exchange membrane fuel cell is established by 

Emad Maher Natsheh [8]. The proposed method give a feed 

forward, back-propagation neural network controller to 

achieve the maximum power point for the different types of 

PV panels. MiloudRezkallah has used a fuzzy logic 

controller to optimise performance by distributing the power 

inside the hybrid system and by managing the charge and 

discharge of the current flow. MiloudRezkallah has 

accurately analysed the system stability of dc–dc boost 

converter and the current controlled-voltage source 

converter (CC-VSC) are controlled to maximize the power 

from the PV, also to protect the battery energy storage 

system (BESS) from overcharging, and to regulate the 

voltage and frequency at the point of common coupling 

(PCC) is presented in [9]. T. V. Thang [11] has proposed a 

supervisory controller a PV power conditioning system with 

energy storage which contains a boost converter (BC), a 

single-phase inverter, and a bidirectional dc/dc converter 

connected to the PV side of the BC battery bank 

charge/discharge control and PV maximum power point 

tracking (MPPT). A system control strategy based on 

sliding-mode control (SMC) ensures a reliable output 

voltage regulation such as fast dynamic response, small 

steady-state error, and low total harmonic distortion (THD) 

under step changes and nonlinear loads condition.  Xue Lin 

[15] has predicted a real-time embedded system with energy 

harvesting capability (RTES-EH) that comprises of 

photovoltaic (PV) panel for energy harvesting, a 

supercapacitor for energy storage, and a real-time sensor 

node as the embedded load device is used and a global 

controller performs with optimal operating point tracking for 

the PV panel, SoC management for the supercapacitor and 

the result shows 63% compared with the baseline controller. 

PhatiphatThounthong has designed an Intelligent Model-

Based Control on the above mentioned system[21] . Sherif 

A. Abdelrazek [16] has used a complete active power 

management scheme for the control of Battery Energy 

Storage Systems (BESSs) for two main applications- PV 

capacity firming and Energy Time Shift (ETS). 

SuwatSikkabut [24] has designed a control structure to 

avoid from the fast transition of the battery and fuel cell 

(FC) powers, and then reducing the battery and FC stresses 

using two storage devices a Li-ion battery module and a 

supercapacitor (SC) bank. 

1) Stand-alone Photovoltaic System: 

PV generated power is stored in form of charge (battery) AC 

and DC power depending on load. They are independent 

power source that can supply AC and DC power depending 

on load. The below table 3 gives in details of different types 

of stand-alone MPPT technique 
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Method used Technique apply 
Control 

parameter 
Benefits/drawbacks 

 

Indirect 

Control 

1.Curve-Fitting Technique [2,3] Voltage Average tracking efficiency of 89.2%. 

2.Fractional Short-Circuit Current 

(FSCC) Technique[4] 

Voltage or 

Current 

FSCC needs only a current sensor, so inexpensive 

and easy  implementation 

3.Look-up Table Technique[6,7] 
Voltage and 

Current 

Tracks the MPP faster than the conventional 

algorithms under changing illumination conditions 

and reduces simulation time. 

 

 

Sampling           

Method 

1.Differentiation Technique [11] 

Voltage  or 

Current 

 

Technique is very difficult and time consuming to 

calculate I and V. Expensive method. 

2.Feedback Voltage or Current 

Technique [12] 

Voltage  or 

Current 

 

High performance converter design is required to 

avoid the power losses. 

3.Gauss-Newton Technique [47] 
Voltage  or 

Current 
It is the fastest algorithm. 

4.Steepest-Descent Technique[48] 
Voltage  or 

Current 
The structure is simple and provides good accuracy 

5.Perturbation and Observation 

(P&O) And/Hill-Climbing 

Technique [16-20] 

Voltage  or 

Current 
Expensive and minimum settling time 

6.Incremental Conductance (Inc-

Cond) Technique [23-25] 

Voltage and 

Current 
Tracking efficiency is low and inexpensive 

 

Modulation 

method 

 

 

1.Load Current/Load Voltage 

Maximization Technique[32] 

 

Voltage 

 

Hardware simple by no use of sensor 

2.Forced Oscillation Technique[26] 

Voltage or 

Current 

 

Settling time is small. 

 

3.Ripple Correlation Control (RCC) 

Technique[27] 

Voltage or 

Current 

Implementation is simple, cost is inexpensive but 

tracking accuracy is low. 

Table 3: PV MPPT techniques used in Standalone PV system

 


