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A B S T R A C T 

The inverter technologies used to connect photovoltaic (PV) modules to a single-phase grid are the main topic of this review.The Maximum Power 

Point Tracking (MPPT) algorithm and a new single phase grid linked cascaded multilevel inverter with the fewest possible switches for PV-based power 

conversion systems is the main area of concern.This inverter uses the fewest possible switching elements to produce a greater variety of voltage levels.The 

quantity of gate driving circuits is decreased, which results in a reduction in the size and power usage of the driving circuits. The output waveform's THD is 

decreased. The control of single-phase grid interactive inverters with nonlinear loads is also discussed in this study. Both stand-alone and grid-connected 

modes of operation should be possible for the utility-connected inverter.Photovoltaic (PV) inverters, which can run in the low voltage ride through mode with 

reactive current injection, in the non-unity power factor, or with maximum power point tracking on overcast days. The study is done on single-phase PV 

systems, and the mechanism of the harmonic current injection from grid-connected single-phase inverter systems is thus examined in this work. The 

investigation is particularly concerned with how the feed-in grid current quality from single-phase inverters is affected by the power factor and feed-in grid 

current level. All these things we discuss in this review paper. 

 

 

Keywords:Single-Phase Grid-Connected Inverters,Fifteen-level grid-connected inverter,Inverters with Nonlinear Loads, Current control, Harmonics 

control, Resonant Control. 

1. Introduction 

Due to rising energy demand, the depletion of fossil fuels, and their environmental effects, non-conventional energy sources have recently gained 

popularity as sources of energy. Photovoltaic (PV) solar energy stands out as a very intriguing choice among the clean and green power source. Solar 

energy is directly converted into electricity by a PV system, through inverters. Power produced by PV sources can be transmitted to the electrical single-

phase grid typically, low-power applications with requirements under 10 kW inverters. In these applications, full-bridge three-level inverter topologies are 

frequently used. 

1.1. Modelling and simulation of a PV system  

Modelling and simulation of a PV system that is connected to the grid is based on the assessment of key PV module parameters. These kinds of 

applications rise in the number of PV systems installed globally and created a need for supervision and control algorithms [1-3] as well as design and 

simulation tools. Among the several methods for designing and simulating PV systems that are now in use [4,5] and PV system [6,7] are the most widely 

used commercial programmers for this purpose.More in-depth simulation is required to a deep understanding of the PV system design and behaviour 

under various working situations. 
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1.2. Analysis of inverter topologies and control methods for grid-connected solar systems. 

A thorough analysis of inverter topologies and control methods for grid-connected solar systems plays an important role in system design. The 

inclusion of a line frequency transformer (running at a low frequency) in a single stage inverter adds a significant contribute to the 2% peak efficiency 

losses as well as add weight to the inverter [8]. The most effective converter designs are those who are high-frequency transformer both economical and 

lightweight. The line frequency transformers are being replaced more frequently now [9–22] presents a number of inverter topologies, including the buck-

boost and boost converter designs with certain advantages and disadvantages. The MPPT voltage amplification and DC to AC conversion[9–22] consist of 

a single stage. In these topologies, the energy storage component is either an inductor or an extremely high-frequency transformer. 

1.3. Single-Phase Grid-Connected Inverter Current Harmonics.   

The European Photovoltaic Industry Association (EPIA) reported that the global capacity of solar energy for the first time exceeded 100 GW 2012 

[23], and it is now approaching 180 GW in 2014 [24]. More photovoltaic (PV) systems will likely be installed in the future due to the pressing need for 

clean energy [25]. The availability and power quality are both impacted by the grid's rapidly expanding PV integration. [26– 29] the PV system's emerging 

reliability as a whole, given its significant intermittency. Consequently, particular grid demands and specifications (such as IEEE Std 1547-2003 [30] and 

It is anticipated that (IEC Standard 61727 [31]) will be enhanced to better control grid-connected PV systems, particularly in terms of power quality and 

ancillary services [32].  

Future single-phase grid-connected PV systems will be more active in various operating modes, have the capacity to provide Low Voltage Ride-

Through (LVRT) in the event of a grid fault, and have functionality for reactive power adjustment [32–35]. In that situation, this operational mode may 

cause the power quality to deteriorate with a chance of creating resonances across the board. In order to preserve the power quality both during normal 

operation and at Maximum Power Point, the control system should be improved. To satisfy current or prospective grid regulations or needs [34–39], 

tracking (MPPT) and in other ancillary service modes (for example, non-unity power factor) are used. One crucial measure of power quality for grid-

connected inverter systems, including PV systems, is the current distortion level [40, 41]. For example, it is specified in both the IEEE Std 1547-2003 and 

the IEC Standard 61727 that the Total Harmonic Distortion (THD) for the grid current should be lower than 5% to prevent negative effects on other 

equipment that is linked to the grid [31], [32], [42], [43]. 

Additionally, the limitation is 4% for each odd harmonic from the third to the ninth while also limiting the even harmonics to 25% of the limits of odd 

harmonics [31]. These clauses in the grid requirements need to be re-examined in order to guarantee a satisfactory current distortion level for grid-

connected inverter systems in various operation modes, at the very least in the normal operation [33], [44], [45]. A virtual orthogonal system should be 

developed for single phase inverter systems, such as PV inverters, where a Proportional-Resonant (PR) controller [37], [46] is widely used. This can in 

fact be changed into a PI controller [47]. 

However, the PR controller can provide several advantages, such as much less computational burden and complexity due to its lack of Park 

transformations and simple to implement. Thus, the PR controller becomes a popular current regulator for grid connected single-phase systems [36–38], 

[46], [48–54]. It is well known that odd harmonics (e.g., the 3rd, 5th and 7th) are dominant in the spectrum of the output current of single-phase grid-

connected inverters. In order to eliminate the current harmonic distortion effectively, Multi-Resonant Controllers (MRC) are plugged into the PR 

controller [48]. However, such a control scheme will increase the computational burden, particularly when high-order harmonics (e.g., 11th and 13th) are 

required to be compensated. This might also trigger the system resonances, if the phase lead compensators are improperly designed. In contrast, a 

Repetitive Current (RC) controller with a simple phase compensator can track or reject all harmonics below the Nyquist frequency [55–59], but it presents 

a much slower dynamic response than what a PR controller or a resonant controller does [60–63]. 

 In order to suit power system specifications, high-performance control strategies should achieve a minimum steady-state error while maintaining a 

fast transient response, and also being feasible in practical implementations. To tackle these issues, a hybrid controller by combining the PR, the RC, and 

the MRC controllers is developed for a single-phase cascaded multi-level converter [64, 65]; a general parallel structure RC scheme is also introduced to 

multi-phase converters [63]. However, there is a still a gap to fill in on how to ensure single-phase grid-connected inverters (e.g., PV systems) to produce 

high quality currents in different operation modes. The root causes of harmonics from single-phase grid-connected inverter systems remain of high 

interest. 

1.4. The integration of photovoltaic (PV) systems into the electrical grid    

The integration of photovoltaic (PV) systems into the electrical grid has significantly increased as a result of technological advancements that have 

reduced the cost of power electronics devices and several incentive schemes launched by governments [66]. The most crucial goals for grid-connected PV 

systems are cost reduction and increased PV panel and converter efficiency and dependability [67, 68]. Utility-scale high-power PV systems appear to 

work best with single-stage three-phase dc-to-ac power converter systems to achieve these [69]. These megawatt-sized PV systems' constant 

interconnection with the distribution network necessitates research into the effects of PV systems on the distribution network and controller performance 

in both steady-state and dynamic situations. 
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2. Inverter Topology 

2.1. Technological development in PV inverters 

• Centralized structure: Past developments were focusing on a centralized concept, as shown in Fig. 1(a). In such structure a large number of solar 

modules are connected to the grid by an inverter. 

• Single-string structure and AC modules: According to Fig. 1, the current technology consists of string inverters and an AC module (b). A single 

string of PV modules is incorporated into the inverter in a string inverter, whereas an AC module consists of a single module and an inverter as a single 

electric device.  

• AC cells, modules, and multi-string structures: These constructions, as depicted in Figs. 1(c) and (d), combine old and new technologies. A single 

DC-DC converter is connected to several strings. Large PV cell integrated into a DC-AC inverter (AC module), or DC-AC inverter (multi-string). Unlike 

earlier technology, each string can be controlled separately. Compared to present technologies, there is an inherent flexibility to incorporate upcoming 

advancements into established systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 – PV power system classification(a) Past centralized technology (b) Present string technology (c)Present and future multi-string technology 

(d)Present and future AC module and AC cell technology. 

2.2. Divisions of inverter topology  

The following criteria are used to group the different grid interface inverter topologies for PV systems: 

 Conversion topology for power: Fig. 2(a) shows the topology of a single-stage inverter. Maximum Power Point Tracking (MPPT), inverter 

current, voltage boost, etc. are all controlled by the inverter. It is imperative that the inverter used for this single-stage conversion be built to 

withstand peak power that is twice the normal power. In Fig. 2, a two-stage topology is shown (b) the DC-AC converter controls the inverter 

current while the MPPT is produced by the DC-DC converter. In Fig. 2(c), which is part of multi-string technology, DC optimizers are DC-DC 

buck-boost converters that can interact with one another, equalize each panel output current in a series string, offer MPPT, and are coupled to a 

common DC-link. A DC-AC is used for grid interface. 

 The use of transformers and transformer less systems:When PV voltage is low, the transformer can be used in two distinct ways. The first 

method involves using a high-frequency DC-DC converter (also known as a DC-DC converter that is isolated, as seen in Fig. 3(a). Another 

option is to use a line frequency transformer at the inverter output, as shown in Fig. 3(b). Using a line frequency transformer increases system 

size and weight, prevents DC current injection, and lowers efficiency. High frequency (HF) transformer utilization results in smaller, lighter, 

more modular, and more efficient devices, but it does not stop DC current injection. Consequently, the transformer is considered an additional 

element when the PV voltage is high enough. 

 A power conditioner: The PCU, also known as an inverter or converter, serves as the connection point between PV systems and the grid. 

Suitable for PV systems is the grid interface or converter technology. 
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Fig. 2 – Grid interface topologies.(a) Single-stage power processing (b)two-stage power processing(c)Two-stage power processing with common 

DC-link. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 – Grid-tied PV system.(a) With HF transformer(b)With line frequency transformer (c)Wit transformer configuration. 

3. Photovoltaic Module Single-Phase Grid-Connected Inverters 

3.1. Multi-String Inverters 

The average or rms currents and peak voltages that semiconductors must be able to withstand are used to determine their ratings, together with a de-

rating factor of 0.23 (consisting of a 0.75 and a 0.23).For instance, the PV side transistors in the inverterof Fig. 4 must tolerate 90 V peak and 7.6-A rms, 

thus their VA ratings are computed as 3.0 kVA apiece. This is because they must also withstand a 0.30 de-rate factor for the rms value of the current and a 

0.10 de-rate factor for the peak voltage. Based on the geometrical core constant technique in [24] for the transformers. 
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Fig. 4 –Soladin 120 commercial inverter 

 

 

 

 

Where, 

ρ= winding resistivity, 

λ= Primary Turns (Volt-Sec), 

Itot = Total winding current, 

Fsw=Switching frequency, 

KU =Copper fill factor, 

Ptot =Total power loss in transformer, 

Kfe = Coefficient of core losses, 

α =Coefficient of Peak flux density, 

β=Coefficient of frequency. 

3.2. AC Module Inverters: 

For the VSI, a tiny electrolytic capacitor can be used. When studying the European efficiency, just two circuits—the inverters in Fig.4 Shows  high 

current flows in the circuit at the same time as high voltage ratings for the semiconductors on the PV side are the cause. Compared to the other inverters, 

the push-pull inverter in Figure 4 is more efficient. This is mostly because the PV-side converter, which uses just two transistors to transport current, has a 

low conduction loss. The push-pull inverter in Fig. 4 would be a better option if one were to choose an inverter architecture based on this comparison 

because it delivers high efficiency and is reasonably inexpensive, but care should be taken because the decoupling capacitor is the weakest link. 

 

4. Conclusion 

The above discussion includes some of the requirements for inverters used in PV and grid applications, including power quality, injection of dc 

currents into the grid etc. In particular, the function of power decoupling between the modules and the grid has been explored. The demands made by the 

PV modules have also been reviewed. A significant finding is that for a PV module to achieve a 98% utilization efficiency at full generation, the ripple's 

amplitude should not be greater than 3.0 V. Last but not least, the operator's fundamental requirements such as affordability, effectiveness, and 

longevity—have also been taken into consideration. 
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