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Abstract- This paper proposes a high performance grid connected Photovoltaic (PV) system based on a three-phase 
transformerless three level Active Neutral Point Clamped (3L-ANPC) inverter. The ANPC is one of the derived topologies 
from the Neutral Point Clamped (NPC) one, which is widely used for transformerless grid connected PV applications thanks to 

its inherent advantages such as: reduced voltage stress on its power switches, reduced output current THD, low dv
dt

, high 

efficiency, and loss and heat balancing capability. The 3L ANPC topology has mainly been proposed to overcome the NPC 
major issue of unbalanced loss and temperature distribution among its power devices. Furthermore, the modulation strategy is 
a key issue for loss and temperature balancing inside the ANPC topology. In this paper, the 3L-ANPC PV inverter is controlled 
by a Thermal Balancing PWM (ThB-PWM) strategy. This strategy allows an efficient balance of the loss and temperature 
distribution inside the inverter and a reduced total dissipated losses when compared with the conventional PWM strategies. 
The effectiveness of the proposed grid connected PV system based on a 6 kW 3L-ANPC inverter controlled by the ThB-PWM 
strategy is proven through simulation tests performed on PSIM simulator. 
 

Keywords- NPC inverter; ANPC inverter; ThB-PWM strategy; thermal balancing; transformerless PV inverter.  
 

1. Introduction 

The PV systems have become one of the most mature 
technologies and the fastest growing energy generating 
systems among various renewable energy resources [1-2]... 
Nearly  75% of installed PV systems in the world are grid 
connected [3]. Nowadays, the most efficient commercial PV 
panels available on the market are characterized by an 
efficiency of around 17% to 22.5% [4]. Hence, it’s crucial to 
efficiently transform and consume the power produced by 
these panels. This can be guaranteed using highly reliable and 
efficient power electronics systems. The performance of the 
PV inverters is improved by employing three phase 
transformerless inverter topologies. Compared to their 
counterparts with transformers, the transformerless 
configurations have the advantages of smaller weight and 

size, lower cost, reduced installation complexity, in addition 
to the increase of the total efficiency of the whole PV system 
by nearly 2% [3-5]. However, the lack of the galvanic 
isolation causes the generation of ground leakage currents 
flowing between the grid and the PV system. Several 
transformerless power configurations have been proposed to 
reduce the leakage current for PV grid connected systems [6-
10]. The multilevel converter topologies are the most mature 
and commonly used ones for such applications [11-13] due to 
their intrinsic advantages which are: 1) Reduced voltage 
stress on its power switches due to the voltage sharing 
between the series connected switches, 2) More than two 
output voltage levels leading to a perfect sinusoidal shape, 
and thus lower THD, 3) Reduced output filter size thanks to 
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lower dv
dt

, 4) Lower switching losses, since lower voltage 

power switches are used leading to the improvement of the 
overall system efficiency [12,16-18]. Among various 
multilevel topologies, the three level Neutral Point Clamped 
(3L-NPC) was one of the mostly used topologies in three 
phase transformerless grid connected PV systems [6]. 
However, this topology has a major drawback of the unequal 
loss and heat distribution among its power devices [17] 
which limits the inverter switching frequency and the 
maximum achievable power and reduces sensitively its 
reliability [20-21]. To overcome this drawback, the 3L-
ANPC topology was introduced in 2001 [22]. The ANPC is 
derived from the NPC topology where the clamping diodes of 
this later are replaced by active switches allowing additional 
degrees of freedom for its control. These degrees of freedom 
can be explored to propose original modulation strategies in 
order to evenly distribute the power losses and the junction 
temperatures among the inverter power devices. In fact, if an 
equal loss and heat distribution are realized inside the 
inverter, then the power range of the system will not be 
limited by one or two single switches and the operating area 
of each power switch will be optimally used. Therefore, the 
3L-ANPC topology-based transformerless grid connected PV 
system can improve the efficiency and extend the service 
lifetime of the overall system [23]. 

This paper introduces a high performance three phase 
grid connected PV system based on a transformerless 3L-
ANPC inverter controlled by a proposed ThB-PWM strategy. 
This strategy provides a better loss and heat distribution 
inside the inverter and a reduced total loss dissipation, 
compared with conventional PWM strategies [24]. The paper 
is organized as follows: in section 2, a brief state of the art of 
the most widely used three phase transformerless PV 
inverters is presented. Then, the proposed PV system 
configuration and its control architecture are detailed in 
section 3. Finally, in section 4 the performance evaluation of 
the investigated PV system is highlighted through the 
discussion of the obtained simulation results of a 6 kW grid 
connected PV system performed on PSIM simulator. 

2. Three Phase Transformerless Grid Connected PV 
Inverters: State of the Art 

The transformerless grid connected PV installations are 
characterized by lower cost and reduced weight and size 
compared with their counterparts with transformers. 
However, the absence of galvanic isolation will generate a 
highly switching Common Mode Voltage (CMV), resulting 
in a high ground leakage current flowing between the PV 
system and the grid as shown in Fig. 1. This current raises the 
current harmonics injected into the utility grid and the system 
losses, in addition to serious Electromagnetic Interference 
(EMI) issues. Cp is the parasitic capacitance formed between 
the conductive layers, polymers, glass, and frame of the PV 
system, VCp is the CMV, and Icm is the leakage current. The 
value of Cp can achieve 1µF/kW depending on the PV cell 
technology.   
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Fig.1. Leakage current in PV Grid connected system 

  The generated power by a transformerless grid 
connected PV system has to respect specific standard 
requirements. The most important norms concerning the 
connection of a PV system to the utility grid in a 
transformerless way are the grid current Total Harmonic 
Distortion (THD) which has been limited by the IEEE 1547 
and the IEC 61727 standards to less than 5%, and the leakage 
current, that has been limited by the German standard VDE-
0126-1-1 to less than 300 mA, else the disconnection from 
the grid is mandatory within 300ms.  

The amplitude of the ground leakage current depends on 
the inverter topology and the modulation strategy [25]. 
Several topologies and control strategies have been proposed 
in order to reduce or eliminated the leakage current [26-30]… 

2.1. Transformerless two level inverter 

The conventional two level inverter is the simplest and 
the most commonly used topology for grid connected 
applications. However, the use of this topology without 
galvanic isolation leads to the generation of high amplitude 
leakage current flowing between the PV system and the grid 
caused by the high fluctuations of the CMV. Accordingly, the 
two level topology is not suitable for the transformerless grid 
connected configurations. Various topologies have been 
derived from the conventional two level one to reduce the 
leakage current by separating the PV system from the grid, 
such as the High Efficient and Reliable Inverter Concept 
(HERIC) where the AC side is disconnected during the zero 
switching state, the H5 and H7 topologies where the DC side 
is disconnected [8]… Furthermore, numerous modulation 
strategies permitting the reduction of the CMV fluctuations 
have been introduced, such as the Active Zero State PWM 
(AZSPWM) [28], the Near State PWM (NSPWM) [31], and 
the Remote State PWM (RSPWM) [32]. These modulation 
strategies are able to reduce the oscillation of the CMV and 
the leakage current. However, they generate overvoltage 
transients, high current ripples through the output filter, and 
high switching losses [33], which affect the whole system 
performances. Moreover, for high power applications, the PV 
system surface is huge, which increases its parasitic 
capacitance and hence, significantly increases the leakage 
current.   

2.2.  Transformerless NPC inverter 

The NPC inverter is widely used for transformerless grid 
connected PV systems [6, 34-36]… It has proven to be of 
high efficiency and well suited for transformerless grid 
connected PV applications [6] since it’s connected to the grid 
neutral and phases through the DC link neutral point and the 
output phase nodes, respectively. Thus, the problem of the 
high frequency commutations in the CMV is solved. 
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Consequently, there are no risks of high leakage current and 
Electromagnetic Interference (EMI). 

Although, the major drawback of the NPC topology is 
the unbalanced power loss and junction temperature 
distribution inside the inverter [19]. Such a drawback can 
limit the inverter switching frequency and the power range of 
the whole system, and it can sensitively reduce its reliability 
and service lifetime. Therefore, the ANPC topology has been 
proposed [20] to overcome this issue. With its additional 
degrees of freedom, the ANPC inverter presents more 
controllability, which allows a better loss and junction 
temperature distribution among the inverter power devices. 

2.3. Transformerless ANPC inverter 

The three-phase 3L-ANPC topology is depicted in Fig. 2.  
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Fig. 2. Three-phase 3L-ANPC inverter topology 

The additional degrees of freedom allow additional 
switching states and commutations [20] that can be exploited 
by the control strategy to balance the loss and the junction 
temperature distribution among the inverter power devices. 

The inverter can generate three output voltage levels: 
2
dcV− , 

0, 
2
dcV  and it has six switching states summarized in Table 1, 

where Iout is the inverter output current.   

According to Table 1, the 3L-ANPC inverter presents 
four possible zero state configurations designed, " 1

uz " and 
" 2

uz ", if the output current flows through the upper path of 
the neutral point N and " 1

lz " and " 2
lz " if the output current 

flows through the lower one. The states "+" and " − " 
correspond to a direct connection of the output to the DC 
voltage source. It can be clearly observed from Table 1 that, 
even if there are more than two devices are turned off or on, 
only one diode and one active switch experience essential 
switching losses [12]. 

The selection of the commutation type may help to 
release the overheated devices and then balance the switching 
losses and the junction temperature distribution inside the 
inverter. The distribution of the conduction losses can be 
controlled by selecting the upper or the lower neutral path of 
the inverter. Thus, and as it has been proven in [21], the 
modulation strategy is the key factor that deeply influences 
the power loss and junction temperature distribution inside 
the 3L-ANPC inverter.  

 

Table 1. The 3L-ANPC inverter switching states 

Switching 
state 

Output 
voltage 

ON state 
device 

Current 
direction 

Most 
stressed 
devices 

" "+ 
2
dcV 

T1(a,b,c), 
T2(a,b,c), 
T6(a,b,c) 

 0outI > T1(a,b,c), 
T2(a,b,c) 

 0<outI D1(a,b,c), 
D2(a,b,c) 

1" "uz 0 
T2(a,b,c), 
T4(a,b,c), 
T5(a,b,c) 

 0outI > D5(a,b,c), 
T2(a,b,c) 

 0<outI D2(a,b,c), 
T5(a,b,c) 

2" "uz 0 T2(a,b,c), 
T5(a,b,c) 

 0outI > D5(a,b,c), 
T2(a,b,c) 

 0<outI D2(a,b,c), 
T5(a,b,c) 

1" "lz 0 T3(a,b,c), 
T6(a,b,c) 

 0outI > T6(a,b,c), 
D3(a,b,c) 

 0<outI T3(a,b,c), 
D6(a,b,c) 

2" "lz 0 
T1(a,b,c), 
T3(a,b,c), 
T6(a,b,c) 

 0outI > T6(a,b,c), 
D3(a,b,c) 

 0<outI T3(a,b,c), 
D6(a,b,c) 

" "− 
2
dcV− 

T3(a,b,c), 
T4(a,b,c), 
T5(a,b,c) 

 0outI > D4(a,b,c), 
D3(a,b,c) 

 0<outI T3(a,b,c), 
T4(a,b,c) 

3. Proposed 3L-ANPC Based Grid Connected PV 
System Configuration 

The investigated three phase grid connected PV system 
is depicted in Fig. 3.  
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Fig. 3. Proposed 3L-ANPC based grid connected PV system 

It compromises a PV power generation system 
connected to the utility grid through a three-phase 
transformerless 3L-ANPC inverter and a low pass LCL filter 
that reduces the current ripple, resulting in low harmonic 
distortion. To be connected to the utility grid, the inverter DC 
link voltage magnitude has to be greater than the peak value 
of the rms value of the AC line to line grid voltage. 

Fig. 4 shows the proposed control of the considered PV 
system, which mainly compromises the proposed ThB-PWM 
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strategy that generates the three phase inverter power device 
gate signals ( ), ,  i a b cC , i=1..6.  

	

Power devices 
Thermal Balancing 
PWM (ThB-PWM) 

strategy 
	

PV side 
measurements 

PVI 		 PVV
		

G
rid

 s
id

e 
m

ea
su

re
m

en
ts

 

, ,a b cV
		

*
aV 		
*
bV 		

*
cV 		

*
dI 		

*
qI 		

θ 

( ) ( ), ,  ;  1..6i a b cC i = 		

SOGI-FLL 

Current control 

MPPT & DC bus 
control 

 
Fig. 4. Proposed control of the 3L-ANPC based grid 

connected PV system 

The Maximum Power Point (MPP) is tracked using a 
suitable P&O based MPPT algorithm for a maximum power 
extraction from the PV system. The whole power produced 
by the PV system is injected into the grid. The P&O based 
MPPT algorithm inputs are the current Ipv and the voltage Vpv 
delivered by the PV system and it generates the DC bus 
reference voltage *

dcV  for the DC bus controller. This latter 
generates the reference current *I  for the current controller. 

The simulation results of the MPPT of a 6.37 kW 3L-
ANPC based grid connected PV system are depicted in Fig. 
5. Where Pmax is the maximum power point of the PV system 
and Ppv is the power absorbed by the grid.  

 
Fig. 5. Simulation result of the maximum power point of the 

proposed PV system 

Fig. 6 shows the current IPV and the voltage VPV delivered by 
the PV system. 

 
 

Fig. 6. Output current and voltage of the PV system 

The Second Order Generalized Integrator - Frequency 
Locked Loop (SOGI-FLL) which is one of the most efficient 
grid synchronization techniques is employed. This technique 
permits not only the extraction of the grid voltage angle θ that 
will be used to synchronize the inverter output signals with 
the grid voltage, but it also permits a real time and accurate 
grid frequency adaptation [37]. Fig. 7 shows the waveform of 
the grid voltage angle θ and frequency ω generated by the 
SOGI-FLL. 

	

ω(rad) 

θ(rad) 

 
Fig. 7. Grid voltage angle and frequency generated by the 

SOGI-FLL 

For the current control, the Voltage Oriented Control 
(VOC), which is one of the most commonly employed 
current control configuration for three phase grid connected 
PV inverter [37-38] is used in this paper. For a simplified 
control system design, VOC uses a rotational dq reference 
frame transformation oriented with the grid voltage vector in 
order to transform all the AC quantities to DC signals, so that 
it enables the use of the PI controller. It contains two main 
loops: an external voltage control loop that controls the DC 
link voltage dcV  via a PI controller to generate the reference 
currents in the dq frame, and an internal current loop, which 
delivers the reference voltages converter to the abc frame *

aV , 
*
bV , and *

cV  to the modulation strategy.  

The output current Ia and the grid voltage Vga of the 
phase “a” of the 3L-ANPC inverter and their harmonic 
spectrum are shown in Fig. 8.  

 

 

Fig. 8. Inverter output current and voltage and their harmonic 
spectrum of the phase a 
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According to Fig.8, the harmonic spectrum of the inverter 
output voltage and current shows the existence of a single 
high level harmonic at the switching frequency of the 
inverter, which reflects the perfect sinusoidal shape of the 
two signals.   

An LCL filter is connected to the inverter output to 
reduces the current ripple; resulting in low harmonic 
distortion. The filter input voltage Va_in and output voltage 
Va_out are depicted in Fig 9. 

 
Fig. 9. LCL filter input and output voltages 

The LCL filter input voltage is the inverter output 

voltage, which presents three different levels:
2
PVV− , 0, and 

2
PVV .  The inductance and capacitance values of the LCL 

filter are calculated based on the mathematical development 
and analysis proposed in [40].    

4. Proposed Thermal Balancing PWM (ThB-PWM) 
Strategy 

The Thermal Balancing PWM (ThB PWM) strategy has 
been firstly proposed in [21]. This proposed strategy is a 
combination of two classical PWM strategies named PWM1 
and PWM2 taking benefits from their advantageous to evenly 
distribute the junction temperatures inside the inverter. The 
principle of the PWM1 and the PWM2 and their resulting gate 
signals Cia, where 1..6i =  are depicted in Fig. 10 and Fig. 11 
respectively. 

These two modulation strategies are based on a 
comparison between a sinusoidal reference voltage Vref 
switching at a low frequency (50 Hz) and two triangular 
carriers Tri1 and Tri2 switching at a high frequency (1 kHz). 
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Fig. 10. Principle and resulting gate signals of the PWM1 
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Fig. 11. Principle and resulting gate signals of the PWM2  

In contrary to all the conventional PWM strategies, the 
proposed strategy allows not only an even junction 
temperature distribution, but also it offers a significant 
reduction of the inverter total loss dissipation.  

Fig. 12 presents the flowchart of the proposed ThB-
PWM strategy.  
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Fig. 12. Flowchart of the proposed ThB-PWM strategy 

The gate signals generated by the proposed ThB-PWM 
strategy for the switching devices of the phase a are presented 
in Fig 13. 
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The algorithm of the proposed ThB-PWM strategy is 
based on two main functional units: the first unit is 
responsible for the real-time estimation of the power losses 
and the junction temperatures of the six converter active 
switches iT

jT  and their inverse diodes iD
jT , where 1..6i = . 

The junction temperatures Tj of all the inverter power 
devices are estimated using an RC based Foster network as 
reported in [21]. Tj is a key factor describing the thermal 
behavior of the power semiconductors. The instantaneous 
junction temperature of the junction j is calculated by (1).  

( )( ) ( ) ( ) ( )j tot th j c ambT t P t Z t T t−= × + (1) 

It depends on the device’s total dissipated power losses 
Ptot, which are also estimated using the loss models presented 
in [21], the ambient temperature Tamb, and the transient 
thermal impedance from the junction to the case Zth(j-c), which 
is available in the device datasheet.  

 The second unit is responsible for the generation of the 
gate signals, either by the PWM1 or the PWM2, according to 
the estimated junction temperature behavior in order to 
release the overheated device. Therefore, the junction 
temperatures of the most stressed power devices in the case 
of the two conventional PWM strategies are compared to a 
certain carefully chosen threshold. Thus, if one of these 
power devices junction temperature exceeds the threshold in 
the case of one of the PWM strategies (PWM1 or PWM2), the 
algorithm allows the other PWM strategy to generate the gate 
signals, and so on.  

5. Simulation Results and Performance Evaluation  

The PV system is made of a series connection of 
SUNPOWER E19/425 solar panels [41]. Fifteen solar panels 
are used in this work because for the grid connection 
applications the DC link magnitude has to be greater than the 
rms value of the AC line to line grid voltage. The electrical 
characteristics of a single solar panel are depicted in Table 2. 

Table 2. Electrical characteristics of a a single SUNPOWER 
E19/425 solar panel [41] 

Open circuit voltage (Voc)  85.6V  
Maximum power point voltage (VMPP)  72.9V  

Short circuit current (lsc)  6.18A  

Maximum power point Current (IMPP)  5.83A  
Maximum power  (PM)  425W  

 The simulation tests are performed on the PSIM 
simulator. The PSIM simulation diagram of the proposed 
system is shown in Fig. 16 and the simulation parameters are 
presented in Table 3.  

 

 

Table 3. Simulation parameters 

Parameter Values 

DC link capacitance 9 mF 

Three phase 
grid parameters 

Impedance 
Inductance gL 2 mH 
Resistance  gR 1 Ω 

Line to line voltage 400 V 
Frequency 50 Hz 

LCL filter Inductance L 4 mH 
Capacitance C 35 µF 

Inverter switching frequency  swf 10 kHz 
PV system parasitic capacitance 300 nF 

All the depicted simulation results are presented at the 
steady state. The performance evaluation of the grid 
connected PV system under investigation is performed 
through a comparative study made between a conventional 
two level inverter controlled by a traditional PWM strategy, a 
3L-NPC inverter controlled by a DP PWM strategy [18], a 
3L-ANPC inverter controlled by a high efficient and widely 
used PWM strategy [21], and a 3L-ANPC inverter controlled 
by the proposed ThB-PWM strategy. The compared inverter 
topologies are three phase transformerless ones and they are 
used to interface a 6.37 kW PV power generation system and 
the three phase utility grid. The comparison between these 
four inverter topologies is performed in terms of the injected 
power quality (grid current THD), the loss and junction 
temperature distribution inside the inverter, the CMV 
behavior, the leakage current, and the total efficiency η 
calculated by (2): 

out out

in PV

P P
P P

η = = (2) 

Where Pout is the output power and Pin or PPV is the input 
power delivered by the PV system.  

In terms of grid current THD, the simulated proposed 
grid connected PV system presents a THD of about 27% in 
the case of the two level inverter. This THD value is very 
high and exceeds the limit fixed by the standards. Whereas, 
the current THD is reduced to about 4.7% when using the 3L-
NPC inverter, which is quite below the limit, fixed by the 
IEEE and the IEC standards. In the case of the 3L-ANPC 
inverter controlled by the conventional PWM strategy, the 
grid current THD is about 9%. This value is significantly 
reduced compared with the two level inverter but it’s higher 
than the 3L-NPC case and it exceeds the fixed limit. Finally, 
the THD in the case of the 3L-ANPC inverter controlled by 
the proposed ThB-PWM strategy is about 2.7%, which is 
well below the fixed limit and is very well improved 
compared to the previously mentioned topologies.  

The simulation results shown in Fig 14 present the 
CMVs and the leakage currents for the four inverters.  
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Fig. 14. CMV and leakage current in the case of the two level 
inverter (a), the 3L-NPC inverter (b), the 3L-ANPC inverter 

controlled by the conventional PWM strategy (c), and the 3L-
ANPC inverter controlled by the proposed ThB-PWM 

strategy (d) 

The CMV shown in Fig. 14.a corresponds to the two 
level inverter case. It’s highly fluctuating causing a high 
leakage current that achieves 1.16 A. This value is 
significantly exceeding the limit fixed by the German 
standard. In the case of the 3L-NPC inverter, however, and 
according to Fig. 14.b, the CMV is nearly constant and its 
oscillations are significantly reduced compared to the 
previous case of the two level inverter. Thus, the leakage 
current is reduced to 0.33 mA, which is well below the fixed 
limit. According to Fig. 14.c, the oscillations of the CMV in 
the case of the 3L-ANPC inverter controlled by the 
conventional PWM strategy are significantly reduced 
compared with the two level inverter but not well improved 
compared to the case of the 3L-NPC inverter, and the leakage 
current is about 0.33 mA. For the 3L-ANPC inverter 
controlled by the proposed ThB-PWM strategy, the CMV 
shown in Fig. 14.d is nearly constant with more reduced 
fluctuations. Thus the leakage current is further reduced to 
about 0.27 mA. Summarily, with the 3L-NPC and the 3L-
ANPC topologies, a small leakage current is generated, and 
this current is under the limit fixed by the German standards. 
Moreover, it also can be clearly observed that the use of the 
proposed ThB-PWM strategy to control the 3L-ANPC 
inverter can further reduce the leakage current.  

 The junction temperature distribution inside the inverter 
is a key criterion since it deeply affects its performances and 
the delivered power quality. The simulation results of the 
junction temperature distribution inside a single leg of each 
one of the considered inverters are presented in Fig 15.  

	

(°C)	

 
(a) 

	

(°C)	

 
(b) 

	

(°C)	
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(°C)	
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Fig. 15. Junction temperature distribution inside the two level 
inverter (a), the 3L-NPC inverter (b), the 3L-ANPC inverter 

controlled by the conventional PWM strategy (c), and the 3L-
ANPC inverter controlled by the proposed ThB-PWM 

strategy (d) 
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Fig. 16. PSIM simulation diagram of the proposed system

TjT1, TjT2, TjD1, and TjD2 shown in Fig. 15.a are 
respectively the junction temperature distribution among a 
single leg of the two level inverter power devices, which are 
two IGBTs: T1 and T2 and their inverse diodes: D1 and D2. 
Fig. 15.b presents the junction temperature distribution 
among a single leg of the 3L-NPC inverter power devices. 
The junction temperatures of the four IGBTs T1, T2, T3, and 
T4 are TjT1, TjT2, TjT3, and TjT4, respectively. Those of the 
IGBTs inverse diodes D1, D2, D3, and D4 are TjD1, TjD2, 
TjD3, and TjD4, respectively, and for the two clamping diodes 
D5 and D6 are TjD5 and TjD6, respectively. The junction 
temperatures of the 3L-ANPC inverter power devices are TjTi 
and TjDi, (i=1..6) corresponding to the six IGBTs Ti and their 
inverse diodes Di, TjT5, (i=1..6), respectively. As the 3L-
ANPC inverter is symmetric; the power devices T1, T2, T5, 
D1, D2, D5 have the same junction temperatures as T4, T3, T6, 
D4, D3, D6, respectively.   

 As shown in Fig. 15.a, the gap between the highest 
and the lowest temperature inside the two level inverter is 
about 7 °C, whereas inside the 3L-NPC inverter, and 
according to Fig. 15.b, this gap achieves 17°C, which is a 
high value highlighting the major drawback of the 3L-NPC 
inverter of the equal loss and junction temperature 
distribution among its power devices. In the case of the 3L-
ANPC inverter controlled by the conventional PWM strategy 
shown in Fig. 15.c, this gap is reduced to about 8.9 °C due to 
the control strategy that allows an even loss and junction 
temperature distribution inside the inverter compared with 
the 3L-NPC case. The proposed ThB-PWM strategy allows a 

better loss and junction temperature distribution inside the 
3L-ANPC inverter according to Fig. 15.d that shows that the 
gap between the highest and the lowest temperature is 
reduced to about 6 °C. Furthermore, the proposed ThB-PWM 
strategy permits a significant reduction of the maximum 
junction temperature to less than 40 °C, obviously the 
reduction of the total loss dissipation inside the inverter.  

The efficiency is calculated by (2) for each inverter 
topology. For the conventional 2L inverter, the efficiency is 
about 94%. However, it achieves 98% for the 3L-NPC 
inverter, 98.5% for the 3L-ANPC inverter controlled by the 
conventional PWM strategy, and 99.8% in the case of the 3L-
ANPC inverter controlled by the ThB-PWM strategy. These 
results can further prove the effectiveness and the high 
performances of the proposed transformerless grid connected 
PV system based on the 3L-ANPC inverter controlled by the 
ThB-PWM strategy.  

The performance of the proposed system in terms of grid 
current THD, efficiency, leakage current, and junction 
temperature distribution among the inverter power devices is 
analyzed and compared with those of a traditional two level 
inverter, a 3L-NPC inverter, and a 3L-ANPC inverter 
controlled by a high efficient conventional PWM strategy. 
The simulation results are summarized in Table 4.  
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Table 4. Comparative summary of the performances of the 
four inverters topologies  

PV inverter Two level  3L-NPC  
3L-ANPC + 
conventional 

PWM strategy 

Proposed 
topology 

Grid current 
THD 27% 4.7% 9% 2.7% 
CMV 

fluctuations very high low low very low 

Leakage 
current 1.16 A 0.33 

mA  Am0.33 0.27 mA 

Efficiency  94% 98% 98.5% 99.8% 
 Equal Tj 

distribution high very 
low high very high 

Total 
dissipated 
losses  

very high very 
high low very low 

6. Conclusion  

A high efficiency grid connected PV system based on a 
transformerless 3L-ANPC inverter controlled by a thermal 
balancing PWM strategy is proposed in this paper. Besides, a 
brief review of the most widely used transformerless inverter 
topologies for grid connected PV applications is presented. 
The 3L-ANPV topology is an excellent candidate for such an 
application, with improved efficiency and injected power 
quality and reduced leakage current. The ThB-PWM strategy 
allows an even loss and junction temperature distribution 
among the inverter power devices, which improves the whole 
system performance.  

The simulation results prove that the proposed PV 
system based on the 3L-ANPC inverter controlled by the 
ThB-PWM strategy presents the best performances since it 
provides high power quality with a reduced THD, a reduced 
leakage current flowing between the PV system and the grid, 
and a high efficiency achieving 99.8%. Furthermore, the 
considered 3L-ANPC controlled by the proposed ThB-PWM 
strategy provides the best junction temperature distribution 
among its power devices and a significant reduction of the 
total loss dissipation. 
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