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This paper studies the impact of large-scale photovoltaic (PV) generation, up to 50% penetration level, on
distribution system voltage regulation and voltage stability. The system voltage profiles are computed
using power-flow calculations with load variation of a 24-h time scale. The steady-state voltage stability
is examined at different times of the day using a developed continuation power-flow method with
demand as continuation parameter and up to the maximum loading conditions. The load-flow analysis,
implemented for both voltage regulation and voltage stability analysis, is performed by using the for-
ward/backward sweep method. The secant predictor technique is developed for predicting the node volt-
ages which are then corrected using the load flow solver. Three models of the PV interface inverter are
implemented in this study with full set of data representing environmental conditions. The voltage pro-
files are regulated using the PV interface inverters, where the available inverter capacity is utilized for
regulating the system node voltages. The most possible scenarios of system voltage collapse are investi-
gated at different times of the study period. The developed methods and models are used to assess the
performance of a 33-bus radial distribution feeder which operates with a high level of PV penetration.
The results show that the PV interface inverters operate for reactive power support in distribution system
resulting in improved voltage profile, secure power systems operation, and increasing the lifetime of the
online tap changing transformers due to minimizing the total number of switching operations.

� 2014 Elsevier Ltd. All rights reserved.
Introduction

Nowadays, renewable energy sources become a more signifi-
cant source of energy in the new millennium. Among these renew-
able energy sources, PV energy resources are attracting a growing
amount of interest due to the gradual development of technology
and the reduction of PV system cost. Besides assisting in the reduc-
tion of the emission of greenhouse gases, they add the much-
needed flexibility to the energy resource mix by decreasing the
dependence on fossil fuels. Therefore, the installed capacity of
grid-connected PV power system installations has grown dramati-
cally over the last five years [1]. The PV directly converts sunlight
into electricity using the photoelectric effect. The production of
electricity from solar sources depends on the amount of light
energy in a given location. Solar output varies throughout the
day and through the seasons. Grid-connected PV systems are
designed to inject all of the real power produced by PV modules
[2]. They are represented as negative power loads. The size of the
negative PV load is dependent on the environment conditions,
i.e., radiation and temperature. Large-scale PV generation has been
considered as an important new alternative energy in the 21st cen-
tury’s energy structure [3].

Furthermore, most of the new PV capacity has been installed in
the distribution grid as distributed generation. As PV penetration
levels increase, its integration impact on electric networks draws
researchers’ concern around the world [4,5]. The size of the PV sys-
tem, its location on the circuit, the impedance of the system, and
the way the PV inverter operates, will determine its impact on
the system voltage [6]. One of the important issues is to under-
stand the impact of large-scale grid-connected solar PV genera-
tions on system voltage [7,8]. As the penetration level of PV
generation increases, it will have impact on the voltage stability
and regulation of distribution systems. Because its operation
depends on environmental conditions, the characteristics of PV
systems may be different from those of typical synchronous gener-
ators [9].
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Fig. 1. A typical PV curve.
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Voltages at the customer service entrance are maintained by
utilities within an acceptable range to ensure adequate operation
and lifetime of customer equipment. This is achieved by on-load
tap changing transformers (OLTC) and reactive power support
[10]. Reactive power supply is also essential for reliable operation
of the electric power systems. The shortage of reactive power sup-
ply can contribute to voltage collapse, as reported in several recent
major power outages [11]. It has been proved that inadequate reac-
tive power compensation during stressed operating condition can
lead to voltage instability [12]. Capacitor banks are widely used
in power systems for voltage regulation. However, capacitor banks
are switched on or off, which are not a continuous variable real-
time source of reactive power. Moreover, the reactive power from
capacitor banks decreases as the system voltage decreases (by volt-
age squared) when reactive power is most needed [13].

Without or with small penetration of PV generation, fluctua-
tions in loads and voltage levels in most distribution systems are
relatively small and predictable and so the relatively slow opera-
tion of OLTCs and VAR devices is acceptable [14]. However, the
fluctuations are not predictable when distribution systems are
subject to large scale PV generation. In this situation, OLTCs and
VAR devices will not be sufficient to ensure adequate voltage reg-
ulation because the variability of PV generation can occur on a
timescale much shorter than the present equipment can deal with.
The output of a PV module can be reduced dramatically when even
a small portion of it is shaded by cloud. For instance, cloud tran-
sients can cause ramps in PV generation on the order of 15% per
second at a particular location slowing to perhaps 15% per minute
for an entire distribution circuit due to its spatial diversity [1].
Therefore, for PV generation resources to maintain the voltages
within the acceptable limit, they should have the capability of pro-
ducing reactive power in addition to the active power for voltage
support.

A number of publications [13,15,16] are available that address
the benefits of using inverter-based distributed generation for volt-
age support. Several studies have been conducted to examine the
possible impacts of high levels of utility penetration of this type
of PV system. One of the first issues studied was the impact on
power system operation of PV system output fluctuations caused
by cloud transients [1]. Cloud transient effects on voltage profile
were investigated in large scale transmission level [17]. Due to
the special characteristics of distribution networks, performance
achieved in a large-scale transmission system does not necessarily
mean the same performance in distribution systems. The PV power
support may lose most of its power within a short period in distri-
bution systems due to cloud coverage. Cloud transient effects on
voltage profile in small scale three-phase distribution system were
investigated in [18].

Voltage stability steady-state analyses can be assessed by
obtaining voltage profiles of critical buses as a function of their
loading conditions. These voltage profiles, or shortly P–V curves,
provide considerable insight into the systems behavior and operat-
ing conditions for different loading levels, and have been used by
the electric power industry for assessing voltage stability margins
and the areas prone to voltage collapse [19]. The gradual load
increment will lead to a saddle-node bifurcation (SNB) point which
corresponds to the maximum loading point (MLP), as shown in
Fig. 1 [20,21]. Under these conditions, the Jacobian matrix becomes
singular.

In this paper, the steady-state voltage profile and voltage stabil-
ity of a large scale grid-connected PV power station is discussed
under clear sky condition and cloudy sky condition at 50% PV pen-
etration level. Moreover, effects of irradiance and temperature are
studied. The PV power station applies a maximum power point
tracking (MPPT) strategy where the generated real power of PV
system depends mainly on weather conditions. The flow of reactive
power in the feeder was investigated with different assumptions of
inverter participation. The reactive power is also varying with the
weather conditions whereas the constraint is satisfied at all time.
Different models of PV inverter were studied together with differ-
ent cases during the time of the day with clear sky and cloud inci-
dents. These studies were performed on the IEEE 33-bus radial
distribution system.

For voltage regulation analysis, the target is to hold all custom-
ers within the band of �5% voltage during the 24 h of the day [22].
The voltage stability analyses are examined at different times of
the day by continuation power-flow (CPF) as the load increment
up to the MLP. The PV power station was divided between bus
18 and bus 33 as they are the weakest buses in the distribution sys-
tem under study. Results for voltage regulation and voltage stabil-
ity were plotted for bus 18 only to avoid repetition. The
simulations were done by MATLAB M-file programming.

The organization of this paper is as follows: ‘Reactive power
support by PV conditioning unit’ describes the reactive power sup-
port by PV inverter. ‘Continuous Power-Flow Analysis’ describes
the continuous power-flow analysis. ‘Modeling of PV array power’
describes the modeling of PV array power. ‘Results and discussion’
analyzes the simulation results and discussions. Finally, ‘Conclu-
sion’ provides conclusions regarding this work.

Reactive power support by PV conditioning unit

Currently, standards such as IEEE1547 [23] state that the PV
inverter shall not actively regulate the voltage at the PCC. There-
fore, PV systems are designed to operate at unity power factor
(i.e., must not inject or consume reactive power or in any way
attempt to regulate voltage). The inverter should be designed for
this contribution in the first place in order not to cut into the real
power capability of the PV because cutting into the real power
capability has negative economic consequences for the owner [6].

To mitigate the above problem, it has been proposed that the
interconnection standards for inverter based PV generation be
changed in such a way to enable the inverters to assist with high
speed voltage regulation [1,4,6]. In this case, the PV inverter will
be required to have a maximum apparent power capability larger
than the maximum power output of its PV array and the excess
capability will be dispatched by the distribution utility for voltage
regulation. Inverters with modern digital signal processor-based
control systems have the potential to offer an economical, highly
flexible means to control both real and reactive power flows under
normal operating conditions. These inverters have quicker
response and a larger reactive power adjustment range at rated
real power than the excitation circuit of the synchronous machines
[10].
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Modern inverters used for PV are typically pulse-width modu-
lated (PWM) units with switching bridges composed of insulated
gate bipolar transistors (IGBT) [6]. In theory, this type of switching
technology is able to operate in all four power quadrants, as shown
in Fig. 2. Active participation of the PV inverters with system volt-
age regulation will be helpful to manage system voltage condi-
tions, so inverters will need to provide reactive power control to
do this. By adjusting reactive power output, system voltage regula-
tion can be assisted; positive reactive power raises the voltage and
negative reactive power lowers the voltage. For active regulation,
the inverter will usually operate in quadrants 1 or 2 for grid-con-
nected operation or perhaps even in 3 or 4 if equipped with some
form of energy storage for stand-alone operation.

Active system regulation features embedded within inverters
will be helpful for high-penetration PV situations to help regulate
voltage. A key factor that determines the capability of inverters
to assist with system regulation is the number of quadrants in
which they operate. Two-quadrant operation (the topic of this
paper), as shown in Fig. 3 includes positive real power with lagging
VARs or positive real power with leading VARs, and this is fine for
many voltage regulation needs of the 21st century power system
[6].

The reactive power capabilities of PV inverters can be used to
offset the reactive load. This reduces the reactive power flow on
the distribution feeder, and in turn reduces the voltage drop along
the feeder. Although conventionally the range of the reactive
power supply from such devices is limited, it is possible to upgrade
the inverters to supply reactive power in a much larger range.
Oversizing of the inverter will significantly increase the range of
reactive power supply. In all the studied cases, inverters with
10% increased ratings were used, to allow for ample reactive power
capability. Implementing this feature would require modifications
to the traditional PV inverter hardware design. For example, the
required rating of the PV power electronics would have to be suit-
ably oversized to support reactive needs and maintain full real
power service [4].

The inverter’s ratings are represented by a vector with magni-
tude S, i.e. the magnitude of the apparent power, the power pro-
duced by PV array is Ppv , and the reactive power is Qg . By
Fig. 2. Quadrants of inverter operation.

Fig. 3. Inverter devices capable of two-quadrant operation.
increasing the inverter size by 10%, making S ¼ 1:1PPVmax , the reac-
tive power capability can be increased from zero to nearly 46% in
the maximum PV power generation condition. However, the losses
in an inverter are expected to rise as power factor drops because as
the inverter’s power factor drops, the inverter must source more
current. Thus, the inverter switching losses as well as the conduc-
tion losses are proportional to the current and its square respec-
tively [24]. Consequently, Modes 2 and 3 of operation may affect
the inverter’s power conversion efficiency and this is fully
exploited in the developed method.

Continuous power-flow analysis

The continuous power-flow is performed for the stable part of
the P–V curve up to the MLP. The procedure consists of two steps
as follows [25,26]:

The predictor step

The stable part is calculated using the secant predictor tech-
nique, the first order (linear) of Lagrangian interpolating polyno-
mial [27], which is widely used in continuation power-flow
methods. In this technique, the first two points are calculated using
the power-flow analysis method. These two points forms the base
for predicting the next points using extrapolating beyond the sec-
ond point. In this method, the straight line equation of this line
connect the two points is used to estimate a third point on the line.
This point is a predictor point and is entered as an initial point for
the power-flow solution to find the corrected solution. This tech-
nique decreases the number of iterations as the predicted point
in each step is not far much from the corrected one. The aforemen-
tioned is generalized as exhibited in Fig. 4. Suppose a non-linear
function FðxÞ, is expressed as follows:

Y ¼ FðxÞ ð1Þ

For given two points ðxk�1; yk�1Þ and ðxk; ykÞ on the function Y, the
straight line equation connected between them is given by:

SL ¼ yk � yk�1

xk � xk�1 ¼
Dyk;k�1

Dxk;k�1 ð2Þ

where
SL
 refers to the slope of the line.

k
 refers to the point serial on the curve.

x; y
 are state variables of the function F.
The predicted solution at the point ðxkþ1; ykþ1Þ is given as
follows:

SLk;kþ1 ¼ ykþ1;PR � yk;CR

xkþ1 � xk
¼ ykþ1;PR � yk;CR

Dxk;kþ1 ð3Þ

ykþ1;PR ¼ SLk;kþ1ðDxk;kþ1Þ þ yk;CR ð4Þ
Fig. 4. Secant predictor technique.
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where
PR
 superscript refers to the predicted solution.

CR
 superscript refers to the corrected solution.
Eqs. (3) and (4) can be written for a power system at bus i as
follows:

Vkþ1;PR
i ¼ SLk;kþ1

Vi
ðDkk;kþ1Þ þ Vk;CR

i ð5Þ

dkþ1;PR
i ¼ SLk;kþ1

di
ðDkk;kþ1Þ þ dk;CR

i ð6Þ

where
Vi
 the voltage magnitude at bus i.

di
 the angle of the voltage at bus i.

SLVi
the slope of the predictor of the voltage magnitude at
bus i.
SLdi
 the slope of the predictor of the voltage magnitude at
bus i.
k
 the continuation parameter factor.
In this paper, the system demand is considered continuation
which is expressed at bus i as follows:

Pk
i ¼ ð1þ KPi

kÞPi;0 ð7Þ
Q k

i ¼ ð1þ KQi
kÞQ i;0 ð8Þ

where
Pi;0; Qi;0
 the active and reactive powers at the base load, can
be considered initially equal to zero.
Pk
i ;Q

k
i

the active and reactive powers at point k.
Ki
 the load multiplier at bus i.
The corrector step

The corrector step is performed by using the forward/backward
substitution method [28,29]. The backward sweep of load currents
are performed from downstream to upstream of the system where
the bus voltages are performed from upstream to downstream of
the system. Consider a radial distribution system having N buses
and Bð¼ N � 1Þ branches where the node number 1 is reserved
for the source. The forward–backward substitution method is sum-
marized in the following three steps:

Step 1 : Current injection due to loads and capacitor banks and
other shunt elements
Ii ¼
Pi þ jQ i

Vi

� ��
i ¼ 2;3; . . . N: ð9Þ
Step 2 : The current summation process towards the source node
is referred as the backward sweep. The branch current J of
a line segment x connected between buses i and j is calcu-
lated as follows:
Jx ¼ Ij þ
X
m2M

Jm ð10Þ
where
Jm
 the current flows in line section m.

M
 is the set of line sections connected downstream to node j.
Step 3 : : The third step in the solution process is the voltage
update or the forward sweep step. In this step with the
knowledge of the voltage at the substation node and the
branch currents, the downstream nodes are calculated as
follows:
Vj ¼ Vi � Zij Jm ð11Þ
After computing the above three steps, the power mismatches at
each node are calculated as follows:
DSi ¼ SCL
i � SLD

i < e ð12Þ
where
DSi
 the complex apparent power mismatch at bus i.
SCL
i

the calculated power at bus i.
SLD
i

the load demand at bus i.
e
 preset tolerance mismatch.
Also, the voltage mismatch can be used to test out the convergence
of the power-flow solution as follows:
D Vij j < e ð13Þ
where
D Vij j
 the voltage magnitude difference between two
successive iterations.
The step length can be either fixed or adaptive. As the simulation is
performed on real time, the step used is of fixed type.

Modeling of PV array power

PV array real power

The basic element of the PV array is the solar cell which usually
uses a p—n junction diode in a physical configuration to produce
PV electricity. The PV module is the result of associating a group
of PV cells in series and parallel and it represents the conversion
unit in this generation system. The PV array is an arrangement of
several modules connected in series/parallel to get a suitable
power and voltage. The electrical power output from a PV panel
depends on the incident solar radiation, the cell temperature and
the solar incidence angle. The irradiance is the main factor effect-
ing PV array power, so that the system operation status will vary
with irradiance change. The real power has a linear increment with
irradiance. The equivalent circuit of the PV cell and the equations
for current and voltage are cited in the different literature articles
[30,31].

There are several approaches to control the power output of PV,
and MPPT algorithm is the most common method [32]. The algo-
rithm is used to maintain the voltage of PV panel at a certain point
such that the power output is maximized. Power electronic con-
verters are usually required to process the electricity from the PV
device. These converters may be used to regulate the voltage and
current at the load, to control the power flow in grid-connected
systems, and for MPPT of the device.

The possibility of predicting a PV plant’s behavior in various
irradiance, temperature and load conditions is very important for
sizing the PV plant and converter, as well as for the design of the
MPPT and control strategy. Manufacturers often provide an indica-
tor called the NOCT, which stands for nominal operating cell tem-
perature. The NOCT is cell temperature in a module when ambient
is 20 �C and solar irradiation is 0:8 kW=m2 [33]. To account for
other ambient conditions, Eq. (14) is used [32].

Tcell ¼ Tamb þ ðTNOCT � 20Þ G
0:8

ð14Þ
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As cell temperature increases, Voc decreases substantially while
Isc increases only slightly. Dependence of Voc on cell temperature is
given by Eq. (15) [31].

Voc ¼ Voc;n½1þ kV ðTcell � TnÞ� ð15Þ

where

Y-axis left:Insolation (W/m ), Y-axis right: Temperature (�C).
Voc
 is the open circuit voltage at Tcell.

Voc;n
 is the open circuit voltage at standard temperature.

kV
 is the coefficient of decreasing Voc by increasing Tcell (V/

�C).

Tn
 is the standard temperature (25 �C).
As the insolation drops, Isc drops in direct proportion. Decreas-
ing insolation also reduces Voc , but it does so following a logarith-
mic relationship that results in relatively modest changes in Voc .
Dependence of Isc on insolation is given by Eq. (16) [2].

Isc ¼ ½Isc;n þ kIðTcell � TnÞ�
G
Gn

ð16Þ

where
Isc
 is the short circuit current at G.

Isc;n
 is the short circuit current at standard temperature.

kI
 is the coefficient of decreasing Isc by decreasing G (A/�C).

Gn
 is the standard insolation ð1000 W=m2Þ.
A quantity that is often used to characterize module perfor-
mance is the fill factor (FF). The fill factor is the ratio of the power
at the maximum power point to the product of Voc and Isc as shown
in Eq. (17). Fill factors around 70–75% for crystalline silicon solar
modules are typical [31].

Pmax ¼ FF � Voc � Isc ð17Þ

where
Pmax
 is the DC power at the maximum power point tracking.
The conversion efficiency from DC to AC power accounts for
inverter efficiency. The AC output power is given in Eq. (18).

Pac ¼ gconverter � Pmax ð18Þ

where
Pac
 is the AC power output of the inverter.

gconverter
 is the inverter efficiency.
The shell SM50� H, a typical 50 W PV module, was chosen for
modeling. TNOCT is ð45 �CÞ and the key specifications are shown in
Table 1 [34]. The clear-sky insolation distributions on 21st of
March for a city at Latitude ð40 �NÞ are shown in Fig. 5 [32].
itions.

50 W
3.4 A
19.8 V
1.4 (mA/�N)
�70 ((mV/�N)
Reactive power calculation

When inverter with capability beyond the IEEE1547 standard is
reviewed and the PV system applies MPPT strategy, the value of Qg
is determined according to Eq. (19) [35].

Qg <

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
S2 � P2

ac

q
ð19Þ

where
S
 is the magnitude of the apparent power.

Qg
 is the reactive power generated by the inverter.
Results and discussion

The effect of large-scale PV penetration on the steady state volt-
age stability and regulation of radial distribution systems has been
tested using the 33-node radial feeder. The feeder is shown in Fig. 6
and the complete data of this feeder is found in [36]. This feeder is
assumed to include urban residential, commercial, light industrial
and street lighting loads. The daily load curves (DLCs) of normal-
ized active and reactive powers demand are shown in Fig. 7(a)
and Fig. 7(b) respectively [37]. The data in [36] is assumed equal
to approximately the average values in the DLCs which are taken
to be equal to 65% of the urban residential load and 50% for the
other loads.

Voltage regulation results

Three models were considered at these analyses. Description of
these models is as follows:

Model 1: The inverter is assumed to operate at unity power fac-
tor (IEEE1517 standard).

Model 2: The inverter is allowed to generate reactive power for
voltage support. The S rating of the inverter is assumed
equal to 100%Pmax.
Fig. 6. The IEEE 33-bus radial distribution system.



Fig. 7. Daily load curves for the consumer types used in the tests. (a) Active power and (b) reactive power.

Fig. 8. Voltage profile for all buses during 24 h for Model 1 inverter.

Fig. 10. Voltage profile for all buses during 24 h for Model 2 inverter.

Fig. 11. Voltage profile for all buses during 24 h for Model 3 inverter.
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Model 3: The inverter is allowed to generate reactive power for
voltage support. The S rating of the inverter is assumed
equal to 110%Pmax.

Fig. 8 shows the voltage profile for all buses during 24 h for
Model 1 inverter. When the inverter is compliant with IEEE1547,
an OLTC is needed to control the voltage within the specified limit.
Number of taps required during the 24 h is illustrated in Fig. 9. The
resulting voltage profiles show abrupt jumping at the instants of
tap changes.

When the PV inverter is designed to generate reactive power for
voltage support, the OLTC has not changed as all of the system volt-
ages were within the specified range. This is shown in Figs. 10 and
11 for inverter Models 2 and 3, respectively. The figures show the
benefit of allowing the inverter to generate reactive power. With-
out OLTC, the resulting voltage profiles lie within the desired range
without abrupt jump as was the case of Model 1. Figs. 10 and 11
show that the effect of 10% increasing in the PV inverter is greater
at the noon time (at full sun), where Model 2 inverter generates no
reactive power.

Voltage stability results

Voltage stability results were discussed by calculating and
drawing the stable part of the P–V curve of bus 18 up to the SNB
Fig. 9. Taps positions of the three inverter models at the substation transformer.
point. Voltage will collapse if the load is larger than the SNB point.
Four different cases were discussed and each case contains the
above three models of PV inverter in addition to a fourth scenario
at no PV generation. Time period and description of each case are
as follows:

Case 1: Between 7:00 AM and 7:30 AM with clear sky. This time
is chosen during the sun rise in which the insolation
increases. All loads are assumed of the light industrial
type.

Case 2: Between 12:00 PM and 12:30 PM with clear sky. This
time is chosen during the maximum insolation. All loads
are assumed of the commercial type.

Case 3: Between 5:30 PM and 6:00 PM with clear sky. This time
is chosen during the sun set in which the insolation
decreases to zero. All loads are assumed of the urban
residential type.

Case 4: Between 12:00 PM and 12:30 PM with cloud sky. This
time is chosen during the maximum insolation. PV gen-
eration is assumed slowing to 15% per minute up to
20% of its value at this time of the day. All loads are
assumed of the commercial type.



Fig. 12. P–V curves of bus 18 for Case 1: between 7:00 AM and 7:30 AM with clear
sky.

Fig. 13. P–V curves of bus 18 for Case 2: Between 12:00 PM and 12:30 PM with
clear sky.

Fig. 14. P–V curves of bus 18 for Case 3: Between 5:30 PM and 6:00 PM with clear
sky.

Fig. 15. P–V curves of bus 18 for Case 4: Between 12:00 PM and 12:30 PM with
cloud sky.

Table 2
MLP for cases 1–4.

Cases Time Sky Without PV PV inverter participation

Model 1 Model 2 Model 3

1 7:00–7:30 AM Clear 3.12 3.28 3.62 3.64
2 12:00–12:30 PM Clear 1.92 2.28 2.29 2.44
3 5:30–6:00 PM Clear 3.41 3.44 3.79 3.82
4 12:00–12:30 PM Clear 1.92 2.20 2.40 2.43
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P–V curves of bus 18 for the above four cases are shown in
Figs. 12–15. It is shown in the figures that both real power and
reactive power of PV help in enhancing the voltage stability of
the distribution systems. However, the real power effect is con-
fined only during the noon time at clear sky. During the sun rise,
sun rest and cloud sky the effect of real power of PV is limited. This
result and the addition knowledge of no sun during evening,
entails the necessity of reactive power generation of PV inverter
to support voltage and enhance the voltage stability. Fig. 13 shows
that the effect of 10% increasing in the PV inverter is greater at the
noon time (at full sun) and clear sky. This result in addition to the
extra cost of greater inverter rating leads the designer to choose
Model 2 for PV inverter. Table 2 summarizes the MLP for the above
study cases. The table shows that the benefit of increasing the rat-
ing of PV inverter by 10% is little, except for Case 2 (at full sun).
Conclusion

The paper has presented a study of the voltage stability problem
in distribution systems with high penetration PV generations
which are equipped with reactive power support capabilities. A
series of case studies was conducted with different operation
modes of the power conditioning unit and at different environment
conditions. The calculated results show that reactive power sup-
port can positively contribute to feeder voltage regulation and an
improved voltage profile. The resulting voltage profiles lie within
the desired range without abrupt jump with demand variations.
The voltage stability assessment at different scenarios exhibits
higher maximum loading condition with reactive power support
in comparison with unity power factor operation of the power con-
ditioning unit. The operation of the study system can be further
improved by increasing the inverter rating above the maximum
real power capacity of the PV module. In this case, the power con-
ditioning unit offers reactive power support in case availability of
maximum power for PV module. The effect of a 10% increase in
the capacity of the power conditioning unit benefits the system
during peak PV generation, noon time with clear sky, by providing
reactive power support to support the operation of the system
within the desired voltage limit. However, the 10% increase in
the inverter size is slightly affects maximum loading conditions
of the study system.
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