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Abstract  

The paper presents a reactive power control technique for single-phase Photovoltaic (PV) 

inverters, especially unfolding inverters. The proposed system retains the benefit of the unfolding 

inverters having low material cost and semiconductor losses and tackles the drawback of the 

standard unfolding inverter not having capability of reactive power injection. It is important to 

note that reactive power delivery is mandatory for PV inverters according to the recent 

announced regulations. The concept is based on changing the shape of the grid current waveform 

but keeping the same zero crossing points as in the unity power factor condition. The current 

waveform is governed by real power and reactive power, at the price of an acceptable 

deformation. The operating principles of the proposed technique and mathematical derivations of 

the grid current function are provided in the paper. Experimental results in a grid-tie inverter 

prototype have shown a good agreement with the derived theory, and they confirm the feasibility 

of using the proposed technique in grid-tie inverters. 

 

INTRODUCTION 

Unfolding grid-tie inverters are 

generally used in Photovoltaic (PV) and 

Fuel Cell (FC) applications. This is because 

a simple controller can be applied and it can 

minimize the number of high frequency 

switching semiconductors, e.g. MOSFETs. 

This leads to low component cost and high 

efficiency. Fig. 1 shows a typical system  

 

 

 

block diagram of an unfolding grid-

tie inverter [4]. The front stage is a dc-dc 

converter, which converts a dc current from 

a voltage source, such as PV Cells, to a 

rectified sinusoidal inductor current. The 

second stage is a line frequency inverter to 

unfold the inductor current into a bipolar 
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sine wave current, which is synchronized 

with the grid voltage. 

Typically, semiconductor switches in 

the line frequency inverter are SCR 

thyristors. It is well-known that SCR are 

turned off at zero current with relatively 

long commutation time which makes 

difficult for the injection of reactive power. 

Thus, the impossibility of injecting reactive 

power is the main drawback of unfolding 

inverters. However, a new regulation has 

been recently published to require that PV 

inverter products must have the capability to 

adjust Power Factor (PF) up to 0.95 in either 

inductive or capacitive modes. 

 In consequence, a lot of already 

designed commercial products are facing the 

problem of not passing such a regulation. 

Some advanced modulation methods have 

been proposed recently to satisfy the PF 

regulation [15], [16], but they cannot be 

applied to unfolding inverters since the zero 

crossing points of grid voltage and current 

are not the same. Thus, manufacturers have 

to redesign PV inverter system completely 

using different semiconductors or changing 

topology to be more complicated and 

expensive such as Neutral Point Clamped 

(NPC) inverters to satisfy the regulation in 

their future products. Beside the regulation, 

unfolding inverters give a high efficiency 

when using MOSFETs in the line frequency 

inverter stage instead of SCRs. A 

commercial single phase PV inverter system 

can achieve 97.8% European efficiency with 

using Silicon MOSFETs only in the inverter 

stage. 

     The MOSFETs effectively reduce the 

conduction loss comparing to SCRs. 

However, the zero crossing points of grid 

current and gird voltage have to be 

synchronized, otherwise it will produce a 

short circuit path by the body diodes, 

otherwise, a cascaded blocking diode is 

required for each MOSFET. The high 

efficiency advantage does not exist anymore 

due to a high conduction loss at the diodes. 

Nevertheless, reactive power cannot be 

delivered to the grid. A manufacturer has 

provided a solution which changes the shape 

of the gird current waveform to give a 

capability of generating 0.95 power factor . 

However, there are no further literatures to 

provide the operating principles and the 

performance evaluations by using the 

method This paper follows up the idea in the 

literature s to propose a control technique 

for grid-tie inverters, especially unfolding 

inverters. The delivered grid current is 

modified to the proposed Quasi Sinusoidal 

Waveform (QSW) to carry reactive power, 

and thus satisfying the PF regulations. The 
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modified current keeps the same zero 

crossing points as the grid voltage.  

 The injection of reactive power is 

thus possible at the expenses of an 

acceptable current shape deformation. 

Although it contains harmonics during 

reactive power delivering and it is the 

drawback of the proposed waveform, the 

total harmonic distortion (THD) is relatively 

low. Recall that, during unity power factor, 

the current satisfies the THD regulation such 

as IEC61000-3-2. This paper provides the 

mathematical derivation of the proposed 

grid current reference function. Numerical 

and experimental results of the proposed 

technique applied to a grid-tie inverter are 

presented to verify the theoretical findings. 

In order to reduce THD while 

generating reactive power, three different 

types of waveform were analyzed and 

compared as shown in Fig. 6. For Quasi 

Sinusoidal Waveform (QSW), we have 

discussed in detail before. The method for 

controlling reactive power is to insert a 

control factor α that can shift the first order 

harmonic of the current signal by adjusting 

the shape slant. By using the same control 

technique, it might be also possible to use 

four parts of line segment or four parts of 

parabola to achieve that are equations for 

Parabola Combined Waveform and Line 

Segments Combined Waveform, 

respectively. Corresponding waveform. By 

using the same approach in Section II with 

the equations (4) - (20), the Steady-state 

characteristics of THD and PF can be 

determined for those two waveforms, 

Parabola Combined Waveform and Line 

Segments Combined Waveform, with 

different Shows the shape of those three 

benchmarked waveforms when all three 

waveforms have the same peak value, A, 

and control factor, α. And it can be observed 

that the current value of QSW waveform is 

always in between another two waveforms 

beside the zero-crossing and the peak points. 

Fig. 7 shows the α-THD relationship of 

those three waveforms. It can be seen that, 

in the region near α=0.5, QSW has a 

significant lower THD. It means that only 

QSW can generate pure sinusoidal 

waveform. Fig. 8 shows the α-PF 

relationship of the benchmarked waveforms. 

Though Line Segments Combined 

Waveform has a larger controllable PF 

range, it cannot reach PF=1. It means it 

cannot generate unity power factor since 

THD of Line Segment Combined Waveform 

is The concept of proposed control is to keep 

the zero crossing points of grid current and 

voltage to be the same, but shift the first 

order component of grid current to carry 
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reactive power. The ideal grid current 

waveform was shown in Fig. 2. Since the 

zero crossing points are the same as those of 

grid voltage, this same reference can be 

applied to various types of inverter to inject 

reactive power into the grid show two 

typical grid-tie inverters, an unfolding 

inverter and a unipolar switching full-bridge 

inverter , respectively. The typical gate 

signals of two converters are identical, SA 

and SB switch with the line frequency, e.g. 

60 Hz, and S1and S2 switch at a high 

frequency, e.g. 20 kHz, to shape the inductor 

current.  

It is well known that these inverters cannot 

delivery reactive power or generating 

considerably large switching losses under 

standard controllers. By using the proposed 

technique, these topologies do not require to 

change any hardware components. In fact, it 

is only required to add a current reference 

generator in the control loop to produce the 

QSW current reference.  Is a typical control 

diagram for inverters in with no reactive 

power control. 

The current reference is given by a 

sinusoidal waveform which is generated by 

a Phase- Locked-Loop (PLL) with a 

synchronization of grid voltage, and 

sometimes the current reference is from 

sensed grid voltage direct, shows the 

proposed controller block diagram, where 

QSW current reference generator has been 

introduced. The dash-line blocks illustrate 

the modifications of the original control 

loop. Firstly, a QSW reference generator 

replaces the simple sinusoidal wave 

generator. There are two parts in the 

generator, a sinusoidal wave generator. 

Photo voltaic 

Photo voltaics (PV) is a term which covers 

the conversion of light 

into electricity using semiconducting 

materials that exhibit the photovoltaic effect, 

a phenomenon studied 

in physics, photochemistry,  

and electrochemistry. 

A typical photovoltaic system employs solar 

panels, each comprising a number of solar 

cells, which generate electrical power. PV 

installations may be ground-

mounted, rooftop mounted or wall mounted. 

The mount may be fixed, or use a solar 

tracker to follow the sun across the sky. 

The operation of solar PV generates no 

pollution. The direct conversion of sunlight 

to electricity occurs without any moving 

parts. Photovoltaic systems have been used 

for fifty years in specialized applications, 

standalone and grid-connected PV 

systems have been in use for more than 
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twenty years. They were first mass-produced 

in 2000, when German environmentalists 

and the Eurosolar organization got 

government funding for a ten thousand roof 

program. PV systems have the major 

disadvantage that the power output is 

dependent on direct sunlight, so about 10-

25% is lost if a tracking system is not used, 

since the cell will not be directly facing the 

sun at all times. Dust, clouds, and other 

things in the atmosphere also diminish the 

power output. This may be made up by other 

power sources, usually hydrocarbon. 

Advances in technology and increased 

manufacturing scale have reduced the cost, 

increased the reliability, and increased the 

efficiency of photovoltaic installations. Net 

metering and financial incentives, such as 

preferential feed-in tariffs for solar-

generated electricity, have supported solar 

PV installations in many countries. More 

than 100 countries now use solar PV. 

After hydro and wind powers, PV is the 

third renewable energy source in terms of 

globally capacity. In 2014, worldwide 

installed PV capacity increased to 

177 gigawatts (GW), which is two percent 

of global electricity demand. China, 

followed by Japan and the United States, is 

the fastest growing market, 

while Germany remains the world's largest 

producer, with solar PV providing seven 

percent of annual domestic electricity 

consumption. With current technology (as of 

2013), photovoltaics recoups the energy 

needed to manufacture them in 1.5 years in 

Southern Europe and 2.5 years in Northern 

Europe 

Grid-Tied With Battery Back-Up:-  

     A grid tied with battery back-up 

sun oriented electric framework 

consolidates segments and usefulness 

of a network tied framework and a 

remain solitary battery-based 

framework. As a "half breed" 

framework, it is the most complex 

framework with the most parts. The 

inverter for this framework is likewise 

more precisely called an 

inverter/charger since it can associate 

with an AC source to charge the battery 

bank when the sun can't carry out the 

activity. Be that as it may, on account 

of a mixture framework, the utility grid 

is available so the essential AC source 

used to charge the batteries is the 

network. A few models permit an 

auxiliary AC source (a generator) to be 

associated too. Like a matrix tied 

inverter, this cross breed inverter 

additionally sends overabundance sun 

https://en.wikipedia.org/wiki/Eurosolar
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https://en.wikipedia.org/wiki/Solar_power_in_the_United_States
https://en.wikipedia.org/wiki/Solar_power_in_Germany
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powered delivered power back to the 

network (as long as the batteries are 

completely charged). What's more, 

when the network goes down, the half 

breed inverter detaches from the utility 

framework (like a matrix tied inverter 

does) and pulls DC power from the 

battery bank, upsets it to AC and sends 

to a unique "crisis" or "back-up" stack 

focus or board. To evade exorbitantly 

extensive and costly battery banks, a 

mortgage holder must be specific and 

just pick vital burdens to be upheld up. 

 

PULSE WIDTH MODULATION 

PWM is a technique that is used to reduce 

the overall harmonic distortion (THD) in a 

load current. It uses a pulse wave in 

rectangular/square form that results in a 

variable average waveform value f(t), after 

its pulse width has been modulated. The 

time period for modulation is given by T. 

Therefore, waveform average value is 

given by 

y¯=1T∫T0f (t) dty¯=1T∫0Tf (t) dt 

 

                                          Fig:-3.1 Pulse-

Width Modulation 

SOME MODULATION TECHNIQUES 

:- 

• Single Pulse-Width Modulation (SPWM) 

• Sinusoidal Pulse-Width Modulation (sin-

PWM) 

• Modified Sinusoidal Pulse Width 

Modulation. 

• Multiple Pulse-Width Modulation 

(MPWM) 

CONCLUSION 

This project presented a control technique 

for single phase grid-tie inverters. The 

control technique allows reactive power 

injection to unfolding topologies, which 

were limited to unity power factor operation. 

The idea was to provide a Quasi Sinusoidal 

Waveform as a grid current reference to 
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inject reactive power. The mathematical 

models were provided and explained. A 

prototype of a unipolar switching full-bridge 

inverter was built and evaluated for the 

QSW technique. Working principle of new 

controller was explained. By comparing 

measured values and theoretical values, 

simulation results showed a good agreement 

with the theory. It was shown that reactive 

power injection is possible by generating 

quasi sinusoidal waveform current through 

the inverter, without changing any hardware 

components. 
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