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Abstract: This study proposes a neutral point 

clamped grid-connected transformerless inverter 

for solar photovoltaic (PV) systems. This inverter 

has the capability to function in buck–boost mode. 

Thus the PV voltage level can be chosen to be of 

lesser value as compared to that of the existing 

buck type of inverters. This leads to increment in 

yield of power when PV modules are required to 

operate under mismatched conditions owing to 

possibility of more parallel connection of PV 

modules. Furthermore, buck–boost nature of the 

proposed inverter also facilitates operation under 

considerable variation in PV array voltage caused 

by wide changes in meteorological conditions. The 

other advantages of the inverter include: (a) 

elimination of concerns pertaining to the leakage 

current issues in transformerless grid-connected 

solar PV systems, (b) elimination of grid current 

sensor requirement, (c) elimination of shoot-

through fault etc. The operating principle of the 

developed inverter supported by relevant analysis 

is presented. Control strategy devised for the 

inverter is provided. Results of detailed simulation 

studies carried out on MATLAB/Simulink 

platform are presented to ascertain viability of the 

proposed scheme. Exhaustive experimental 

validation has been carried out by utilizing a 

scaled down laboratory prototype of the proposed 

inverter. 

 

 

1 Introduction 

Grid-connected decentralised electrical power 

generation schemes have gained interest in recent 

years due to their several advantages, namely, less 

inertia, local power consumption, easy 

extendibility, elimination of storage requirement 

etc. Recent trend is to employ renewable energy 

sources (RESs) as the driving input for such 

schemes wherein they are connected to the ac 

distribution network through suitable power 

electronic interface [1]. Amongst the available 

RES, solar photovoltaic (PV) has evolved to be a 

prominent candidate for such schemes as it is 

green, available in abundance and inexhaustible 

[2]. However, the solar PV power being available 

in dc form requires the service of a dc–ac inverter 

to form the interfacing link between the PV source 

and the grid. A single-phase inverter is generally 

employed to form the aforementioned interface 

link as decentralised schemes are typically 

designed for low-power ratings (<5 kW). In recent 

years, the transformerless inverter topologies have 

become a popular choice for realising the 

aforementioned inverter due to their advantages 

such as low weight, less volume, high efficiency, 

low cost etc [3, 4]. However, the transformerless 

inverters lack galvanic isolation between grid and 

the PV source. This results in flow of leakage 

current through parasitic capacitances present 

between the ground and the PV source. The 

presence of the aforementioned leakage current in 

transformerless grid-connected inverters leads to 
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additional losses, distortion of grid current, 

increased safety and electromagnetic radiation 

concern [3]. 

To minimise the leakage current within 

permissible limit, several topologies for 

transformerless grid-connected inverter have been 

reported in this paper. On the basis of the 

strategies employed for leakage current 

minimisation, these topologies can be broadly 

classified into three groups. The first group of 

topologies attempt to maintain the common-mode 

voltage to be constant by ensuring that the PV 

source is made to float with respect to the grid 

during the freewheeling mode of operation [5–14]. 

However, the profile of the common-mode voltage 

in the aforementioned topologiesdepends on the 

parasitic capacitances (including junction 

capacitance of switches) present in the leakage 

current loop, their location and also on the 

magnitude of the grid voltage [15] and hence 

minimisation of leakage current within permissible 

value cannot be guaranteed. Furthermore, these 

topologies are based on H-bridge inverter structure 

which can operate only in buck mode, and hence 

the PV voltage must be greater than the peak 

amplitude of the grid voltage. Considering the 

expected variation in the magnitude of the PV 

voltage with changes in environmental conditions, 

sufficient margin has to be kept for the designed 

value of PV voltage. Higher the voltage level 

chosen, higher number of PV modules needs to be 

connected in series to form the PV array. With the 

increase in the number of series connected 

modules, the power yield from PV array reduces 

when there is a mismatch in environmental 

condition being experienced by the different 

modules of the array [16]. Furthermore, with 

increment in PV array voltage the magnitude of 

PV parasitic capacitance also increases thereby 

increasing the magnitude of the leakage current 

[3]. 

The second group of topologies try to 

minimise leakage current by clamping the 

common-mode voltage to half of the PV array 

voltage [15, 17–20]. These topologies also require 

the designed PV voltage level to be higher similar 

to that of H-bridge-based inverters and hence 

suffer from similar limitations pertaining to 

reduction in power yield from PV array. 

The third group of topologies attempt to 

minimise leakage current by ensuring that either 

zero or constant voltage gets applied across the 

parasitic capacitors of the PV array. This is 

achieved by the following three procedures: (i) 

connecting the neutral terminal of the grid to the 

negative bus of the PV array [21–23], (ii) 

connecting the neutral terminal of the grid to the 

midpoint of the split capacitor connected across 

PV array (standard neutral point clamped (NPC) 

inverters) [24, 25] and (iii) connecting the neutral 

terminal of the grid to the midpoint of two PV 

arrays obtained by splitting the PV array into two 

halves [26–28]. As the neutral point of the grid is 

connected to the ground, the PV parasitic 

capacitors either get shorted or they are impressed 

with constantvoltage equal to half of the PV array 

voltage. This ensures minimal leakage current 

flow through PV parasitic capacitances. However, 

the inverter proposed in [21] is buck-type inverter. 

The scheme reported in [22] requires the presence 

of an additional dc–dc converter. The inverter 

presented in [23] is a buck–boost inverter, but it 

suffers from the drawback of asymmetrical 

operation as seen by the grid. The standard NPC-

based inverter topologies require double the PV 

voltage compared with that of schemes based on 

H-bridge inverter [24, 25] and hence are extremely 

prone to power yield reduction under mismatched 

operating conditions. The inverter segment 

employed in [26] is a buck-type inverter. 

Furthermore, proper care needs to be taken to 

ensure permissible injection of dc current into the 

grid when voltages across the two PV arrays are 

not equal. The schemes reported in [27, 28] 

require that both the PV arrays to operate under 

same conditions to ensure symmetrical current 
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flow and injection of permissible amount of dc 

current into the grid. Furthermore, the energy 

outputs from PV arrays are required to be stored in 

a capacitor connected in parallel to the PV array 

over a half cycle of the grid voltage. This demands 

that two large capacitors be connected across each 

of the PV arrays to ensure maximum power 

extraction from both the arrays by reducing the 

magnitude of voltage ripple across the arrays. 

To overcome the aforementioned 

limitations of transformerless grid-connected 

inverter topologies, a new scheme is proposed in 

this paper. The inverter employed in this scheme is 

based on NPC structure and can operate in buck–

boost mode. This unique combination of NPC 

structure for the inverter and its ability to operate 

in buck–boost mode bestows the scheme with the 

following advantages: 

PV voltage level can be chosen independent 

of the grid voltage owing to the involvement of the 

buck–boost inverter which facilitates to keep the 

designed voltage of the PV array to be low. 

Selection of lower value for the designed PV 

voltage makes the scheme less prone to suffer 

from low-power yield, whereas the individual PV 

modules are subjected to mismatched operating 

conditions. 

 The NPC-based structure of the inverter 

leads to elimination of leakage current 

problem as PV parasitic capacitors will be 

impressed with either zero or constant 

voltage. 

 The inverter is tolerant to shoot-through 

fault. 

 The scheme requires six switches out of 

which four switches operate at grid 

frequency, whereas only two switches 

operate at high frequency. Furthermore, only 

two switches conduct at a given time. 

Grid current is not required to be sensed. 

The operating principle of the proposed 

inverter topology is explained in Section 2. Design 

criteria for various passive elements of the 

proposed topology are provided in Section 3. The 

control strategy devised for the scheme is 

presented in Section 4. To verify the effectiveness 

of the proposed scheme, detailed simulation 

studies are carried out and the simulated 

performance of the scheme is presented in Section 

5. A scaled down laboratory prototype of the 

scheme is developed and exhaustive experimental 

studies have been carried out to confirm the 

viability of the scheme. The measured 

performance of the scheme is presented in Section 

6. 

2 Operating principle of the proposed 

inverter 

The schematic circuit diagram of the 

proposed inverter is shown in Fig. 1a. As shown in 

this figure, a series combination of two capacitors 

is connected across the PV array. The midpoint of 

these two capacitors is connected to the 

neutral/ground terminal of the grid. This ensures 

that either zero or constant voltage is applied 

across the parasitic capacitances which exist 

between the PV array and the ground. The leakage 

current caused by the presence of aforementioned 

parasitic capacitances thus gets eliminated. The 

switches, S2, S3, S5 and S6, are required to have 

reverse voltage and reverse current blocking 

capability. Hence these switches can be realised 

either by employing reverse-blocking insulated 

gate bipolar transistors (RB-IGBTs) or a series 

combination of diode and IGBT/ metal–oxide–

semiconductor field-effect transistor (MOSFET). 
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On

 

Fig. 1 Schematic diagrams associated 

with the proposed inverter 

a Schematic power circuit diagram of the 

proposed inverter 

b Switching pulses for the six switches of the 

proposed inverter along with inductor currents, 

iL1 and iL2 

c Equivalent circuit diagram during the positive 

half cycle 

d Equivalent circuit diagram during the 

negative half cycle 

the contrary, switches, S1 and S4, can carry 

current in forward direction only owing to the 

structure and operating principle of the inverter. 

Furthermore, they need not have reverse voltage 

blocking capability. Hence they can be realised by 

employing IGBT/ MOSFET with or without 

having anti-parallel body diode. The combination 

of inductor, Lf and capacitor, Cf is employed to 

filter the current injected to the grid. The 

switching pulses for the six switches are depicted 

in Fig. 1b. From this figure it can be noted that out 

of six switches, two switches are operating at 

switching frequency and four switches are 

operating at grid frequency. The converter is made 

to operate in discontinuous conduction mode 

(DCM). The operation of the inverter is explained 

as follows. 

 

2.1 Operation in positive half cycle of the 

grid voltage 

 

In this half cycle, S2 and S6 are kept off while 

S3 and S5 are kept on as shown in Fig. 1b. The 

duty ratios of the switches, S1 and S4, are 

controlled such that voltage across each of the 

capacitors C1 and 

 

C2 are maintained to be Vmpp/2, wherein 

Vmpp is the PV array voltage at its maximum 

power point (MPP). The equivalent circuit 

 

diagram of the inverter in this half cycle is 

depicted in Fig. 1c. As gating pulses for S3 and S5 

are provided for the entire half cycle, they are 

represented as diodes, D3 and D5, respectively, 

during this mode of operation. 

 

When S1 is turned on, the current iL1 flowing 

through the inductor, L1, increases thereby 

accumulating energy received from C1. When S1 

is turned off, the stored energy in L1 is transferred 

to the capacitor, C2 through S3 resulting in 

decrement of iL1 . As the voltage across C1 is 

maintained to be constant, the amount of energy it 

receives in a switching cycle from the PV array 

gets transferred to C2 in the same switching cycle. 

Thus all the energy from the PV array in a 

switching cycle is transferred to the capacitor C2. 

A part of this energy is transferred directly from 

the PV array and the remaining portion via C1 

through S1, L1 and S3. 

 

When S4 is turned on, the current, iL2 flowing 

through the inductor, L2 increases and hence it 

stores energy received from C2. When S4 is 

turned off, the stored energy in L2 is supplied to 

the grid through S5 and iL2 decreases. Thus grid is 

fed with the maximum available power of the PV 

array as voltages across these capacitors are 

maintained at Vmpp/2. 

 

2.2 Operation in negative half cycle of the 

grid voltage 
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In this half cycle, S3 and S5 are kept off while 

S2 and S6 are kept on. The duty ratios of the 

switches, S1 and S4, are controlled such that 

voltages across each of the capacitors C1 and C2 

are maintained to be Vmpp/2. The equivalent 

circuit diagram of the inverter in this half cycle is 

depicted in Fig. 1d. As gating pulses for S2 and S6 

are provided for entire half cycle they are 

represented by diodes, D2 and D6, respectively. 

The operation in this half cycle is similar to 

that of operation in positive half cycle, except that 

the roles of C2 and C1 are reversed. Here, C2 

transfers energy to C1 through S4, L2 and S6, 

whereas C1 transfers energy to grid through S1, 

L1 and S2. However, irrespective of reversal of 

roles between these two capacitors, grid is fed 

with the maximum available power of the PV 

array as voltages across these capacitors are 

maintained at Vmpp/2. 

 

The waveforms for the inductor currents, iL1 

and iL2 , along with their zoomed views over an 

arbitrary switching cycle for operation in DCM are 

shown in Fig. 1b. 

The voltage impressed across inductor, L1, is 

given by 

 

vL1  = vC1 , for 0 , t , d1Ts 

 

= vcf k − vc2(1 − k), for d1Ts , t , (d1 + d1′)Ts 

= 0, for (d1 + d1′)Ts , t , Ts 

 

wherein k = 1 in the negative half cycle and k 

= 0 in the positive half cycle. The magnitude of 

the peak current, iL1pk, flowing through the 

inductor, L1, is given by 

vc1 d1Ts (1) 

iL1pk = L1   

The voltage impressed across the inductor, L2, 

is given by 

 

vL2  = vc2, for 0 , t , d2Ts 

 

= −vcf (1 − k) − vc1k, for d2Ts , t , (d2 + 

d2′)Ts 

 

= 0, for (d2 + d2′)Ts , t , Ts 

 

The magnitude of the peak current, iL21pk, 

flowing through the inductor, L2, is given by 

 

IL pk = vc2 d2Ts 

2 L2 

 

From the above discussion, it can be inferred 

that the grid is fed with the maximum available 

PV power in both the half cycles. Furthermore, in 

each of the half cycle, the grid is fed from 

capacitors whose voltages are maintained to be 

equal thereby eliminating the chance of dc current 

injection into the grid. 

 

 

 

 

3 Selection criteria of various passive 

elements 

 

The selection criteria of various passive 

elements for operation of the proposed inverter in 

DCM are as follows. 

 

3.1 Selection of L1 and L2 

 

The values of L1 and L2 are chosen so that the 

proposed inverter operates under DCM, whereas 

L1 and L2 are required to negotiate peak power. 

Following the procedure presented in [1], the 

critical values of L1 and L2 can be expressed as: 

 

Vg2mVc2maxTs (2) 

Lcritical = 4Ppv max(Vgm + Vc max)2  

whereinPpvmax is the maximum power output 

from PV source, Vcmax is the maximum value of 

voltage across C1 (or C2), Vgm is the peak 

value of grid voltage and Ts is the switching 

time period. 
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3.2 Selection of C1 and C2 

 

The capacitors connected in parallel with the 

PV arrays, C1 and C2 are designed, as per 

guidelines provided in [29], as follows 

 

Ppv max (3) 

C1 = C2 = 4p fgVcDVc  

whereinVc is the voltage across C1 and C2; 

Vc is the voltage ripple across C1 and C2; and fg 

is the grid frequency. 

 

3.3 Selection of Lf and Cf 

 

The grid side filters, Lf and Cf are designed 

based on expressions provided in [1] and are as 

follows 

TsPpv max 

 

Cf = VgmDV 

1 

Lf = (2p fc)2Cf 

 

wherein V is the ac voltage ripple in Cf and fc 

is the cut-off frequency of filter. 

 

 
 

Fig. 2 Control structure of the proposed 

inverter for operation in DCM 

 

4 Control strategy 

The control strategy devised for DCM 

operation of the proposed inverter is shown in Fig. 

2. A conventional maximum power point tracking 

(MPPT) algorithm is employed to generate 

reference voltage command for the array to 

operate the array at its MPP. This reference 

voltage command, Vmpp, is then halved and given 

as reference voltage commands for the capacitors, 

C1 and C2. The measured capacitor voltages, VC1 

and VC2 , are then compared with their respective 

references and the errors are processed and 

manipulated to generate suitable duty ratios, d1 for 

switch S1 and d2 for switch S4. The manipulation 

of the duty ratios are carried out with the help of 

signal ‘|A|’. This signal is the rectified version of 

signal ‘A’ which is a sinusoidal signal having unit 

amplitude and is in synchronism with the grid 

voltage. The signal A is generated by employing a 

phase lock loop (PLL) algorithm. The steps 

involved in generation of duty ratios, d1 and d2, 

are as follows. 

4.1 Generation of d1 

The duty ratio, d1 needs to be controlled to 

maintain vC1 at its reference value, Vmpp/2. To 

achieve this, the error between reference command 

and the sensed vC1 is processed through the 

proportional–integral (PI) controller, PI-1 which 

generates the signal, p1 which is subsequently 

manipulated to generate the duty ratio, d1 as 

follows: 

(A) Generation of d1 for positive half cycle: 

During positive half cycle energy is transferred 

from C1 to C2 through S1, L1 and S3 following 

the principle of a standard buck–boost dc–dc 

converter. Hence, the magnitude of d1 for positive 

half cycle is kept same as that of p1. 

(B) Generation of d1 for negative half cycle: 

During negative half cycle, energy is transferred 

from C1 to the grid through S1, L1 and S2 as a 

buck–boost dc–dc converter. As the current 

injected to the grid needs to be made sinusoidal, 

the profile of d1 should also be sinusoidal function 

of time. The time varying sinusoidal profile is 

incorporated in d1 by multiplying p1 with the 

rectified unit sinusoidal function, |A|. 

4.2 Generation of d2 

The duty ratio, d2 needs to be controlled to 

maintain vC2 at its reference value Vmpp/2. To 
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achieve this the error between reference command 

and the sensed vC2 is processed through the PI 

controller, PI-2 which generates the signal, p2 

which is subsequently manipulated to generate the 

duty ratio, d2 as follows: 

(A) Generation of d2 for positive half cycle: 

During this half cycle energy is transferred from 

C2 to the grid through S4, L2 and S5. To ensure 

current injected to the grid is sinusoidal, the 

profile of d2 is made sinusoidally varying function 

of time by multiplying p2 with the signal, |A|. 

(B) Generation of d2 for negative half cycle: 

During the negative half cycle energy is 

transferred from C2 to C1 through S4, L2 and S6. 

Hence, the magnitude of d2 for the negative half 

cycle is kept same as that of p2. 

5 Simulated performance 

To verify the effectiveness of the proposed 

scheme, MATLAB/ Simulink platform is utilised 

to simulate the scheme. Various 

components/elements considered for the simulated 

model are provided in Table 1. The insolation 

level on the PV array is set as 1000 W/m2 from 0 

to 2 s, 800 W/m2 from 2 to 3.5 s and 600 W/ m2 

from 3.5 s onwards. The temperature of the PV 

array is maintained as 30°C from 0 to 5 s and 20°C 

from 5 s onwards. 

 

The variation in power output from the PV 

array with aforementioned values of insolation 

level and temperature is shown in Fig. 3a. The 

profiles of voltages across capacitors, C1 and C2, 

are shown in Fig. 3b. From this figure it can be 

noted that with changes in insolation level and 

temperature, these capacitor voltages also get 

adjusted to ensure that the system operates at 

MPP. Furthermore, irrespective of operating 

conditions of the PV array, both the capacitor 

voltages remain to be balanced. 

 

The inductor currents, iL and iL during the 

starting of the simulation are provided in 1 Figs. 

42a and b, respectively. The steady-state profile of 

iL and iL along with their magnified views are 

provided in Figs. 14c and 2 d, respectively, to 

highlight the operation of the converter in DCM. 

 

The current being fed to the grid is shown in 

Fig. 5a. The magnified views of the grid voltage 

and the grid current during steady-state operation 

is shown in Fig. 5b from where it can be noted that 

the grid current is in phase with the grid voltage. 

The total harmonic distortion (THD) and dc 

component in grid current is shown in Fig. 5b and 

it can be inferred that the THD is about 3% and 

that the dc component is almost zero. 

6 Experimental validation 

To confirm the viability of the proposed 

scheme, detailed experimental validations have 

been carried out on a prototype of the scheme 

developed for the purpose. A single-phase 

autotransformer is utilised to step down the grid 

voltage to the order of 50–110 V in order to 

demonstrate the operation of the inverter in both 

buck and boost modes. The phase information of 

 

 

 

 
Fig. 3 Simulated performance of the 

system 

 

a Power output from the PV array 
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b Voltage across capacitors, C1 and C2 

 

 

 

 
Fig. 4 Simulated performance showing 

the profiles of iL1  and iL2 

a iL1 at starting  

b iL2 at starting 

c Steady-state profile of iL1 along with its 

magnified view  

d Steady-state profile of iL2 along with its 

magnified view 

 

 
 

 
Fig. 5 Simulated performance of the 

system 

a Grid current 

b Magnified view of grid voltage and grid 

current at a given steady-state condition 

c THD and dc current component of the grid 

current. 

 

the grid voltage is obtained by employing 

enhanced PLL algorithm [30]. The PV array is 

realised by Agilent make solar array simulator, 

E4360A. This simulator takes input in the form of 

Impp, Vmpp, Isc and Voc, wherein Isc is the 

short-circuit current and Voc is the open-circuit 

voltage of the PV array. By altering these 

parameters manually, changes in operating 

condition on the PV array can be emulated. Other 

relevant parameters/elements employed to develop 

the laboratory prototype are given in Table 2. A 

photograph of the experimental setup is shown in 

Fig. 6a. 

 

The steady-state response of the inverter while 

it is being operated in buck mode is shown in Fig. 

6b. The grid voltage is set at 50 V. 

 

The MPP values for the PV array are set as, 

Vmpp = 90 V and Impp = 1.5 A. From Fig. 6b, it 

can be inferred that both the 

 

Table 2 Parameters/elements employed to 

realise the laboratory prototype 
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Fig. 6 Experimental validation 

 

a Photograph of the experimental setup 

b Steady-state response of the system in buck 

mode of operation 

c Frequency spectrum of the grid current 

during buck mode of operation  

d Magnified view of steady-state response 

over few switching cycles 

 
Fig. 7 Experimental results 

 

a Steady-state response of the system while 

operating in buck–boost mode with grid voltage 

set at 80 V  

b Steady-state response of the system while 

operating in buck–boost mode with grid voltage 

set at 110 V 

 



October 2016, Volume 3, Issue 10                                                      JETIR (ISSN-2349-5162) 

 

JETIR1610003 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 23 

 

 
Fig. 8 Experimental results 

a Response of the system subjected to step increment in MPP voltage and current 

b Magnified view of the steady-state response of the system before changes in MPP condition were made 

at instant t1 

c Magnified view of the steady-state response of the system after changes in MPP condition were made 

 
 

Fig. 9 Experimental results 

a Response of the system subjected to step decrement in MPP voltage and current 

b Magnified view of the steady-state response of the system before changes in MPP condition were made 

at instant t2 

c Magnified view of the steady-state response of the system after changes in MPP condition were made 
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capacitor voltages are maintained at 45 V 

implying that the PV array is being operated at its 

MPP. The grid current is in phase with the grid 

voltage and its shape is fairly sinusoidal. 

Frequency spectrum of the grid current is shown in 

Fig. 6c which shows that the THD of the grid 

current is about 4% and the dc component present 

is about 0.06%. A magnified view of Fig. 6a over 

few switching cycle is shown in Fig. 6d to 

highlight operation of the inverter in DCM. 

 

Steady-state response of the system when it is 

operating in buck– boost mode is shown in Figs. 

7a and b. In case of Fig. 7a, the grid 

voltage is set at 80 V and the MPP of the PV 

array is set as, Vmpp = 90 V and Impp = 1.5 A. 

For the result shown in Fig. 7b, the grid voltage is 

set at 110 V and the MPP of the PV array is set as, 

 

Vmpp = 90 VandImpp = 2 A. From these 

measured performances, it can be inferred that the 

system operates satisfactorily in buck–boost mode 

ensuring MPPT operation while ensuring that 

sinusoidal current is being injected to the grid. The 

THD in grid current shown in Figs. 7a and b is 

found to be around 4.3 and 4.38%, respectively. 

 

The responses of the system subjected to 

changes in environmental condition are shown in 

Figs. 8 and 9. The changes in environmental 

condition are emulated by changing MPP values 

of the PV array by appropriately changing the 

input commands of the solar array simulator, 

E4360A. The responses of the system subjected to 

step increment and decrement in MPP values are 

shown in Figs. 8 and 9, respectively. The grid 

voltage is set at 110 V for both the cases. For the 

response shown in Fig. 8a, step increment in MPP 

values are given at the instant, t1. Till the 

instant, t1, the MPP values of the PV 

array are set at Vmpp = 

70 Vand Impp = 1.5 A. From Fig. 8a, it 

can be inferred that the 

system is operated at its MPP with capacitor 

voltages being maintained at 35 V. Magnified 

view of Fig. 8a, while the system is operating at 

steady-state condition with the aforesaid MPP 

values, is shown in Fig. 8b. At the instant, t1, the 

MPP values of 

the PV array are changed to Vmpp = 90 

VandImpp = 2 A. It can be inferred from Fig. 8a 

that the system tracks the new MPP 

 

satisfactorily. Magnified view of Fig. 8a 

around a point where the system is operating at 
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steady-state condition with these new set of MPP 

values is shown in Fig. 8c. For the response shown 

in Fig. 9a, step decrement in MPP values are given 

at instant, t2. Till 

 

the instant, t2, the MPP values are set at Vmpp 

= 80 VandImpp = 2 A. At the instant, t2, the MPP 

values are changed to Vmpp = 70 VandImpp = 1.5 

A. From Fig. 9a it can be inferred that the inverter 

is capable of tracking MPP satisfactorily 

irrespective of step 

 

decrement in MPP values. The magnified 

views of Fig. 9a around a point when the system is 

operating at steady state before and after the MPP 

values being changed are shown in Figs. 9b and c, 

respectively. 

 

 
Cin = input capacitance requirement, 

O.S.=operational symmetry in positive and 

negative half cycles of the grid voltage, 

η=estimated efficiency at 1 kW, Vc and Vc = 

voltage and ripple voltage across input capacitor, 

ω = 2πfg, fg = grid frequency and P=total PV 

power (assuming two PV arrays of Aalborg and 

Kasa inverters are operating at same condition). 

 

 

To measure the efficiency of the laboratory 

prototype, the following procedure has been 

pursued. The PV array voltage is maintained at the 

MPP of 90 V as the maximum voltage limit of the 

available solar array simulator, E4360A employed 

for the purpose is 90 V. The grid voltage is 

maintained at 110 V. The power injected to the 

grid is measured by the power analyser, PM100 

which is then divided by the power output from 

the PV array to obtain the overall efficiency of the 

system. Power output from the PV array is noted 

from the display of the solar array simulator, 

E4360A. The efficiency thus obtained is the global 

efficiency of the system including losses incurred 

in all the active and passive components of the 

inverter. The efficiency curves so determined are 

shown in Fig. 10a. As the output voltage of 

E4360A is limited to 90 V, in order to obtain the 

efficiency for the entire range of operation of the 

proposed inverter, efficiency is estimated for the 

system by following the procedure presented in 

[31, 32]. The estimated efficiency curve of the 

system while the PV array voltage is maintained at 

the MPP of 90 V is also plotted in Fig. 10a. From 

this figure, it can be inferred that the estimated 

efficiency curve is in close agreement with the 

measured efficiency curve. Hence it can be 

concluded that the procedure for determining the 

estimated efficiency is quite realistic. 

Subsequently, the overall efficiency curves of the 

system are estimated for the entire range of its 

operation and they are depicted in Fig. 10b. From 

this figure, it can be observed that the efficiency in 

the order of 94.5% is achieved from the proposed 

inverter. A comparison of the circuit losses 

incurred in the proposed inverter with that of three 

traditional transformerless inverter schemes is 

provided in Table 3. From this table and Fig. 10b 

it can be observed that the estimated efficiency of 

the proposed inverter is ∼3% less as compared 

with the existing transformerless inverters. 

However, this marginal decrement in efficiency 
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for the proposed inverter is complemented by its 

several advantages over its traditional counter 

parts which are as follows: (a) capability to 

operate in buck–boost mode thereby allowing 

wide variation in PV array voltage, (b) tolerant to 

shoot-through fault thereby improving reliability, 

(c) elimination of grid current sensor requirement 

and (d) elimination of leakage current. 

 

A comparison of the proposed inverter with 

other NPC inverters which can operate in buck–

boost mode is provided in Table 4. From this 

table, it can be inferred that the proposed scheme 

is advantageous over other two schemes in terms 

of input 

capacitance requirement and assurance of 

symmetrical operation in both the half cycle of the 

grid voltage. However, the efficiency of the 

proposed scheme is slightly less as compared with 

the other schemes mainly due to its operation in 

DCM. 

7 Conclusion 

An NPC transformerless grid-connected 

inverter for solar PV systems is presented in this 

paper. The proposed inverter has the capability to 

operate in buck–boost mode. This feature gives 

freedom to the designer to select optimised voltage 

level for the PV array. Wide variation in PV array 

voltage due to changes in environmental condition 

can also be accommodated owing to buck–boost 

nature of the inverter. Apart from these, the other 

advantages of the inverter includes: (a) elimination 

of concerns pertaining to the leakage current issue 

in transformerless grid-connected solar PV 

systems, (b) elimination of grid current sensor 

requirement, (c) elimination of shoot-through 

problem etc. The operation of the inverter 

supported by relevant analysis is presented. 

Control strategy devised for the inverter is 

provided. The effectiveness of the scheme has 

been ascertained by performing detailed 

simulation studies. Experimental validation of the 

proposed scheme is carried out by utilising a 

laboratory prototype developed for the purpose. 
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