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Abstract— The main purpose of this paper is to observe the system performance under solar irradiation and temperature 
variation of grid-connected photovoltaic system. The photovoltaic generator is connected to the boost DC-DC converter to 
get the DC link constant voltage, and then integrated into the AC utility grid by DC/AC voltage source inverter via the step 
up transformer. The boost converter control is based on the maximum power point tracking (MPPT) with incremental 
conductance algorithm. Pulse width modulation with phase lock loop control technique is applied for controlling the 
performance of the three phase three levels voltage source inverter which interfaces with the utility grid line. The technical 
characteristic of photovoltaic array is simulated for the proposed system capacity of 80 kW, and then, the power converting 
performance of the system components are observed under variation of solar radiation and temperature. The overall system 
output which injected into the utility AC grid line is investigated by simulating with MATLAB/ SIMULINK, and the 
proposed system performance is analysed for the input variations which depend on weather conditions. 
 
Index Terms— DC-DC boost converter, Grid connected photovoltaic system, MPPT Algorithm, System performance, 
Three phase three level inverter. 
 
I. INTRODUCTION 
 
Today’s fuel crisis and issues of global warming has 
increased the demand for renewable energy sources. 
Among all the usable alternative energy sources, 
power generation using solar power had increased 
dramatically because it does not cause in fuel costs, 
pollution, maintenance, and emitting noise compared 
with other alternatives used in power applications. 
Solar cell or photovoltaic (PV) cell converts solar 
energy into electrical energy. 
 
Solar energy obtained from a solar PV cell is not 
constant all the time. Solar energy is affected by 
external conditions like solar irradiance and 
temperature. Solar irradiance and cell temperature are 
pointed out to be affecting PV cell output to a much 
greater extent than the other conditions. The 
performance of solar cells is dependent on 
environmental conditions and their output parameters 
such as output voltage, current and power vary by 
temperature. Solar cell performance decreases with 
increasing temperature. The operating temperature 
plays a key role in the photovoltaic conversion 
process. Since the maximum power point varies with 
radiation and temperature, it is difficult to maintain 
optimum matching at all radiation levels. The 
variable power flow due to the fluctuation of solar 
irradiance, temperature and choice of power 
semiconductor devices are some of the parameters 
that affect the power quality of photovoltaic systems. 
Grid connected photovoltaic system requires 
interfacing power converters between the PV arrays 
and the grid. There are two types of grid-connected 
PV system structure: those that contain only DC/AC 
converter, and those that contain both DC/AC 

converter and DC/DC converter. The proposed grid-
connected solar PV system consists of two parts: the 
first stage is the DC/DC boost converter which will 
raise the relatively low solar voltage to a level 
suitable for the DC-link directly connected to the 
inverter. The second stage is the DC to AC converter 
that operates in a current controlled mode which will 
inject the current at unity power factor to the utility 
AC grid line. 
 
The capacity of power generation from the PV system 
is mainly depended on the efficiency of solar cell 
technology. The maximum power operating point 
changes with irradiation level and cell temperature. In 
order to operate the system at its highest efficiency, 
maximum power point tracking controllers are used 
to improve the system performance. The power 
conversion for traditional multilevel inverters include 
cascaded H-bridge inverter, diode clamped inverter, 
and flying capacitors inverter. In the case of 
interconnecting with grid line, an accurate control of 
synchronism is required between the converter and 
the grid line. Therefore, it is chosen for this research 
work to use the three-level neutral point clamped 
inverter (NPC) topology since it has the advantages 
such as: (i) DC-link capacitors are common to three 
phases; (ii) switching frequency can be low and (iii) 
output voltage with very low distortion. 
 
II. CONFIGURATIONS OF GRID-
CONNECTED SOLAR PHOTOVOLTAIC 
SYSTEM 
 
Several components are needed to construct a grid 
connected PV system to perform the power 
generation and conversion functions, as shown in 
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Fig.1. In this system, a DC-DC boost converter is 
connected to the PV array which is controlled with to 
increase its terminal voltage. The output power from 
the array is stored temporarily in large capacitors to 
hold power before DC/AC power conversion. A three 
phase three level inverter is then connected to convert 
the DC power from the PV array into a suitable AC 
power for injection into the grid. A harmonics filter is 
added to reduce the harmonics in the output current 
which result from the power conversion process. An 
interfacing step-up transformer is set up for matching 
the output AC voltage of the inverter with the grid 
voltage level. 

 
Fig. 1 System components of grid connected PV system 

 
The proposed system contains two control systems: 
one for maximum power point tracking on the DC 
side, and the other for grid interface control on the 
AC side. Both control functions influence the overall 
system performance through power electronic 
converters. 
 
A. Photovoltaic cell equivalent circuit model 
The PV module used in the proposed system is 
Kyocera KD205GX_LP, and it is simulated using a 
current-input model. In this model, a PV cell is 
represented by a current source in parallel with a 
diode and a series resistance as shown in Fig. 2. A 
typical PV cell generates an open circuit voltage 
around 0.5V to 0.7V depending on the semiconductor 
and the built-up technology [4]. Therefore, the cells 
must be connected in series configuration to form a 
PV module and then modules are connected in series 
and parallel to form an array of desired voltage and 
current. 

 
Fig. 2 Electrical equivalent circuit model of a PV cell 

 
The electrical equivalent ckt model is represented by: 

 
 

Where, Iph is photon current; Id is diode saturation 
current; q is electron charge (1.602 × 10-19) C; k is 
Boltzmann’s constant (1.381 × 10-23); T is the PV 
cell temperature; A and B are PN junction ideality 
factor; Rs is the series equivalent resistance; Rp is the 
parallel equivalent resistance, V and I are the 
photovoltaic output voltage and current respectively 
[3]. 
 

 
Fig. 3 P-V characteristics of Kyocea KD205GX-LP module 

 
The manufacturer’s specifications described in Table 
I is used to evaluate the characteristics of P-V and I-V 
curves. These curves are validated under varying 
solar radiation intensity from 250 W/m2 to 1000 
W/m2 under cell temperature of 25ºC as shown in 
Fig. 3 and Fig. 4 [11]. 
 

TABLE I 
PARAMETERS OF KYOCERA KD205GX_LP 

MODULE [11] 

 
 

 
Fig. 4 I-V characteristics of Kyocera KD205GX-LP module 
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III. DC-DC BOOST CONVERTER 
 
The boost converter is a medium of power 
transmission to perform energy absorption and 
injection from solar panel to the DC-link. The circuit 
components of the boost converter consist of 
inductor, electronic switch, diode, output capacitor 
and load resistor as shown in Fig. 5. 
 

 
Fig. 5 Circuit diagram of DC-DC boost converter 

 
The IGBT switching devices are preferred for this 
work due to its operating characteristic. The average 
output voltage is controlled by the pulse width 
modulation (PWM) switching at constant switching 
frequency which adjusts the on and off duration of 
the switching device. The converter will perform in 
either continuous conduction mode (CCM) or 
discontinuous conduction mode (DCM), depending 
on the waveform of the inductor current. The output 
voltage of the converter is controlled by the PWM 
modulator. The output voltage of the converter in the 
case of continuous conduction mode is given by; 

 
 
The filter components namely, L and C values of DC-
DC boost converter under CCM operation are 
determined as; 

 
 
Where, D is the duty cycle of the boost converter, 
which is defined as the ratio of the time in which the 
IGBT is turned-on to the period of a complete 
switching cycle [6]. 
 
A. Control of DC-DC Boost Converter 
The DC-DC converter needs to control for raising the 
low solar output voltage to the optimal system design 
voltage while tracking the maximum power operating 
point. There are some methods used for maximum 
power point tracking (MPPT): Perturb and Observe 
(P&O) method, Incremental Conductance (INC) 
method, Parasitic Capacitance method, Constant 
Voltage method, Constant Current method. Of all 
these methods, Incremental Conductance method 
tracks rapidly changing irradiation conditions more 
accurately than P&O method, whereas the basic of 
INC method comes from P&O algorithm. The 
converter will perform in either continuous 

conduction mode (CCM) or discontinuous conduction 
mode (DCM), depending on the waveform of the 
inductor current. The output voltage of the converter 
is controlled by the PWM modulator. In this research 
work, the MPPT algorithm with incremental 
conductance method is used for taking into account of 
the change in current, change in voltage, 
instantaneous voltage and instantaneous current 
values to get the necessary duty cycle variations. In 
incremental conductance method the array terminal 
voltage is always adjusted according to the MPP 
voltage which is based on the incremental and 
instantaneous conductance of the PV module. The 
PWM control signal is applied to the gate terminal of 
IGBT switching device. The MPPT regulates the 
PWM control signal of the boost converter until the 
condition: (dI/dV) + (I/V) = 0 is satisfied. The flow 
chart of incremental conductance MPPT is shown in 
Fig. 6. 
 

 
Fig. 6 Flow chart of MPPT incremental conductance method 

 
IV. THREE PHASE THREE LEVEL INVERTER 
 
The general structure of the multilevel inverter is to 
synthesize a sinusoidal voltage from several levels of 
DC voltage sources. A three-level inverter consists of 
two capacitor voltages in series and uses the center 
tap as the neutral. One leg consists of two pair of 
IGBTs/diodes and two diodes. Three phase three 
level diode clamped inverter is shown in Fig. 7 [5]. 
 

 
Fig. 7 Three phase three level voltage source inverter 
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TABLE II 
SWITCHING STATES IN A 3L-NPC LEG 

 
 
Based on the structure of the diode clamped 
converter, there are three different possible switching 
states which apply the stair case voltage on output 
voltage relating to DC link capacitor voltage rate. In 
this system the balanced voltage feed to the three 
phases of grid is given as: 

Where Vp is the peak voltage. Switching states for 
phase A of three level converters are summarized in 
Table II. 
 
A. Interface with the Three Level Grid Inverter 
The use of multilevel converter to control the 
frequency, voltage output (including phase angle), 
and real and reactive power flow at DC/AC interface 
provides significant opportunities in the control of 
distributed power systems. The voltage source 
inverter is controlled in the rotating dq frame to inject 
a controllable three phase AC current into the grid. 
To achieve unity power factor operation, current is 
injected in phase with the grid voltage. A phase 
locked loop control is used to lock on the grid 
frequency and provide a stable reference 
synchronization signal for the inverter control system, 
which works to minimize the error between the actual 
injected current and the reference current obtained 

from the DC link controller. A resistive load and an 
RL load are connected to the grid to simulate the grid 
voltage and current injected to the distribution system 
network. The LC low pass filter connected at the 
output of the inverter will attenuate the high 
frequency harmonics and prevent them from 
propagating into the grid system [10]. 
 
B. Sinusoidal Pulse Width Modulation 
Sinusoidal Pulse Width Modulation technique 
(SPWM) is an effective technique which is 
commonly used to reduce the harmonic contents as 
compared to any other PWM technique. Comparison 
for fundamental sine wave of 50 Hz and high 
frequency triangular wave of 2 kHz is as shown in 
Fig. 8. The triangular wave or the carrier waves and 
the desired sine wave or reference waves are 
compared in a comparator, and the output of the 
comparator is applied to the switching devices of 
IGBTs. The comparator output is high when the 
magnitude of the sine wave is higher than the 
magnitude of the triangular wave and vice-versa. To 
generate three level pulse width modulated wave 
forms, sine carrier PWM is generated by comparing 
the three reference control signals with two triangular 
carrier waves. 

 

 
Fig. 8 Comparison of reference and carrier waves with SPWM 
 
The three reference control signals are phase shift 
1200 each other with same amplitude. Two carrier 
waves are in phase each other with DC voltage offset. 
Two important parameters of the design process are 
amplitude modulation index ma = Vr/Vc, where Vr is 
the amplitude of reference control signals, Vc is the 
peak amplitude of the carrier wave, and the frequency 
modulation index mf = fc/fr where fr is the reference 
frequency of the carrier wave and fc is the carrier 
frequency [10]. 
 
V. FILTER 
 
The output current of grid connected inverter includes 
higher order harmonics due to the switching of PWM 
inverter. High frequency harmonics generated by the 
inverter are substantially filtered by using a low pass 
second order LC filter [1]. To calculate the value of 
the NPC three level inverter side inductance, 
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Where L1 is the inverter side inductor, Vph is phase 
voltage of inverter output, the duty cycle is 0.5, fsw is 
switching frequency. The base impedance and base 
capacitance are defined as; 

 
Where En is line to line (RMS) voltage, Pn is rated 
active power, Vdc is DC link voltage, ωg = 2πf is grid 
angular frequency. For the design of the filter 
capacitance, it is considered that the maximum power 
factor variation seen by the grid is 5%, so the filter 
capacitance of the system is Cf = 0.005 Cb. 
 
VI. SYNCHRONIZATION TO GRID 
 
For the grid connected inverter, compared to inverters 
that operate in isolated installations, it needs the 
implementation of additional functions such as 
synchronization and protection functions. The 
synchronization between inverter and grid means that 
both will have the same phase angle, frequency and 
voltage magnitude. The accurate control of 
synchronism can be done noise proof with respect to 
the grid by sensing the grid voltage in a Phase Locked 
Loop (PLL). The PLL output is the actual angle 
position of the grid voltage. Since the angle is 
possible to control the phase difference between 
inverter and grid by controlling δ. This allows the 
power flow to be controlled according to; 

 
 
Where, Vinv is the inverter voltage, Vgrid is the grid 
voltage, XL is the connection impedance, and δ is the 
phase angle between grid and inverter. In this PLL, 
the phase angle is detected by synchronizing the PLL 
rotating reference frame and the utility voltage vector. 
Setting the direct axis reference voltage to zero 
results in the lock in off the PLL output on the phase 
angle of the utility voltage vector. The output of the 
PI controller is the inverter output frequency that is 
integrated to obtain the inverter phase angle θ. In 
addition, the instantaneous frequency and amplitude 
of the voltage vector are also determined [9]. 
 

Fig. 9 Schematic diagram of the Phase Locked Loop control 

VII. SIMULATION MODEL AND 
PERFORMANCE RESULTS OF GRID 
CONNECTED PV SYSTEM 
 
The grid line voltage levels used for power 
distribution and transmission network in Myanmar 
are 500 kV, 230 kV, 132 kV, 66 kV, 33 kV and 11 
kV lines. This research work is implied for 
distribution level, and 11 kV is chosen for testing the 
system performance with Matlab/simulink model. 
The grid-connected PV system performance under 
variation of solar irradiation and temperature has 
observed by the simulation results. 
The 80 kW PV array is connected to a 11 kV power 
grid with the line frequency of 50 Hz through a 100 
kVA 400 V/11 kV three-phase coupling transformer. 
The array composed of 39 parallel strings with each 
containing 10 modules in series to obtain a terminal 
voltage suitable for grid connection purposes. The PV 
array formed by Kyocea KD205GX-LP modules 
provides maximum power of 79.27 kW and 255.2 V 
under standard test conditions, but the increase cell 
temperature upto 75°C makes the voltage drop to 50 
V as shown in Fig. 10. 
 

 
Fig. 10 P-V characteristics of PV array output with influence of 

temperature variation 
 
Furthermore, the unsteady level of solar radiation 
strikes on the array suface provides the unstable 
output voltages as already shown in Fig. 4. The 
system performance under these circumstances needs 
to control not only for getting stable condition but 
also for synchronizing with the grid line. The 
proposed system parameters are described in Table 
III. 

 
TABLE III : SYSTEM PARAMETERS 
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The over all simulink model of the 80 kW grid-
connected PV system is depicted in Fig. 11. For this 
system, 600 V DC voltage is chosen for the DC link 
between the boost converter and three phase 
inverter.The 5 kHz DC-DC boost converter increases 
the DC voltage from PV maximum generated voltage 
of 255 V to 600 V, and the 2 kHz three-phase three-
level VSC converts from 600 VDC to 400 VAC 
while keeping unity power factor. A series 
combination of RC load is connected as a three phase 
balance load.The active and reactive powers absorbed 
by the load are proportional to the square of the 
applied voltage. The inductance of the filter using the 
maximum inductor value of 0.25 mH is used. In this 
simulating process, the electrical circuit is discretized 
at 1µs sample time, whereas sample time used for the 
control systems is 100 µs. 

 
Fig. 11 Simulation model of 80 kW grid connected solar PV 

system 
 

 
Fig. 12 Simulation results with mean value of PV generator 

output 
 
By taking simulation results as seen in Fig. 12, the 
system performance under temperature and solar 
radiation changing condition can be investigated for 
the required power conversion process to connect to 
grid line. Because of MPPT algorithum, it can be 
seen that the mean voltages gets stable atmaximum 
operating voltage although the radiation level is down 
and rise again between 0.6s and 1.7s. 
The DC-DC converter boosts the voltage to get the 
desire constant DC-link voltage by making adjust 
with its duty cycle. The boost performance of the DC-

DC converter gets constant DC voltage at 600V as 
shown in Fig. 13. The capacitor’s voltage is regulated 
using a DC link controller which monitors the VSI 
operating at constant input voltage and generate the 
required output currents. It took about 0.3 seconds for 
the capacitor to reach a steady state voltage of 600 
V.When the three level voltage source inverter is 
supplied with constant DC source, the DC to AC 
power converting process is performed using nine 
pairs of IGBT and diode. The PLL control 
synchronize the output frequency and phase angle of 
the three phase inverter current and voltage as shown 
in Fig. 15. 
 

 
Fig. 13 DC link capacitor voltage and modulation index 

 

 
Fig. 14 Line voltage of three level inverter 

 
The harmonic contents of the inverter output currents 
is 1.41% which is found by FFT analysis. After 
filtering harmonic contents, the inverter output line 
current and voltage observed at the input terminal of 
the step-up 400 V/11 kV transformer are simulated in 
Fig. 15. The overall injected power to the grid is 
plotted in Fig. 16 which gives the overall system 
efficiency of 87.5. 
 

 
Fig. 15 Line current and voltage at input terminal of 

400V/11kV transformer 
 
After injecting the PV generated power to the utility 
grid line of 11 kV, the line voltage and current are 
simulated, and the synchronized phase angle and 
magnitude of voltage, and current are observed as 
shown in Fig. 17 and Fig 18. The maximum available 
power can be injected to the grid when the PV array 
is striked with full sun under 25 ºC of cell 
temperature. 
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Fig. 16 Injected power to the grid 

During that period, the current flowing on the grid 
line gets its maximum value. But for the duration of 
increasing cell temperature upto 75ºC, the system 
generates lower power than its maximum value due to 
temperature effect. Therefore, the possible effects on 
the performance of grid connected system are 
clarified in this research work by simulating the 
voltage and current change due to the different levels 
of solar irradiance and the variation of cell 
temperature. 

 

 
Fig. 17 Simulation results of synchronization voltage on 11kV 

grid line 
 

 
Fig. 18 Simulation results of synchronization current on 11kV 

grid line 
 
CONCLUSION 
 
This paper presents an investigation of possible 
effects on system performance of grid-connected PV 
system under varying solar irradiance and 
temperatures. The simulating results prove that the 
proposed system performs to maintain the way for 
grid connected options during unsteady conditions. 
The output voltage of the PV system is highly 

dependent on the temperature. Under constant solar 
irradiation 1000 W/m2, the maximum power 
decreases from 79.2 kW to 54 kW as the cell 
temperature is rising up to 75ºC. The impact on the 
solar irradiance lower than 250 W/m2 has not 
observed in the simulation as it is assumed the system 
has not to operate for very low irradiance level. The 
drop PV generated voltage due to cell temperature 
increase and low solar radiation effects are regulated 
with boost converter control. The use of MPPT 
system is of great value to the PV array output as its 
INC algorithm optimizes the output while the 
generated PV voltage is boosted by the DC-DC 
converter. The DC-AC power conversion and the grid 
synchronization process are performed well by the 
three level grid inverter. From the simulation results, 
it is found that there is almost no effect on grid 
voltage and frequency synchronization under 
variation of the cell temperature and solar radiation 
level, but there is a significant fluctuation in injected 
power to the grid. In conclusion, it can be said that 
the system performance provides an acceptable grid-
connected options under unavoidable circumstances 
which fluctuate the power generation from the 
proposed PV grid-connected system. 
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