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Abstract—Overvoltage is one of the issues in distribution grids
with high penetration of photovoltaics (PVs). Centralized or droop-
based methods of active power curtailment (APC) and/or reactive
power control of PVs are viable solutions to prevent overvoltage.
This article proposes two distributed methods to control PV invert-
ers, which are based on nodal sensitivities. Then, the performance
of the proposed methods is compared with two commonly used
control methods, i.e., a distributed method that follows IEEE-1547
but uses arbitrarily chosen droops and a centralized optimal power
flow (OPF) based method. Performance is evaluated using a 730-
node feeder with up to 100% penetration of inverters. Based on
the case studies, the key findings are: first, local droop setting
as per IEEE-1547, whether the droops are arbitrarily chosen or
systematically calculated using sensitivities, can eliminate overvolt-
age if reactive power control and APC are coordinated, second,
the proposed sensitivity-based approach yields the best voltage
performance index computed based on voltage profile compared to
the maximum allowed upper bound, and third, OPF-based method
is desirable if communication infrastructure exists and minimum
energy curtailment is sought.

Index Terms—Distribution grid, optimal power flow (OPF),
overvoltage, photovoltaic (PV), smart inverter, voltage control.

NOMENCLATURE

ααα Percentage of maximum reactive power
capability.

βββ,γγγ Slope of droop curves.
Δt Time interval.
ΔV Voltage change on a node.
ΔV Rq Required voltage change.
δΘ
δP
δΘ
δP
δΘ
δP , δΘ

δQ
δΘ
δQ
δΘ
δQ , δV

δP
δV
δP
δV
δP , δV

δQ
δV
δQ
δV
δQ Sensitivities.

Θ Voltage angle.
ωωω Window of time.
e End node of a lateral.
Ecur Curtailed energy.
I Nodal current injection.
j, k Set of nodes, j, k ∈ {1, 2, .., N}.
l Set of laterals, l ∈ {1, 2, 3, .., L}.
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m,n Set of nodes with PVs,
m,n ∈ {1, 2, 3, ..,M}.

P cur Active power curtailment of PVs.
PL Active power of load.
P Available PV generation.
Qc Unused reactive power capability of PVs.
Qmax Maximum reactive power capability of

PVs.
Q Reactive power output of PVs.
QL Reactive power of load.
r Sorted reactive power capability,

r ∈ {1, 2, 3, .., R}.
S Sensitivity matrix.
S Inverter rating.
t Time index, t ∈ {1, 2, 3, .., T}.
V Nodal voltage.
V a, V b, V c, V d Voltage break points.
V L/V U Voltage lower/upper limits for inverter op-

eration.
V min/V max Voltage lower/upper limits for feeder oper-

ation.
Y Y-bus matrix.

I. INTRODUCTION

SOLAR photovoltaic (PV) systems are the fastest grow-
ing source of renewable energy being integrated to power

grids [1]. This has obvious advantages, including economic ben-
efits and less emissions. However, high penetration of rooftop
PVs raises a number of concerns to the system operators. High
PV penetration causes several operational challenges to the dis-
tribution grids, including overvoltage [2] and power quality [3].
During high PV generation and low load periods, there could
be reverse power flow that leads to voltage rise on the low
voltage (LV) feeders [4]. Overvoltage is one of the main reasons
for limiting the capacity of PV that can be connected to LV
systems [5]. A utility study showed that hosting capacity of LV
feeder is limited by overvoltage during an extreme condition of
lowest load and maximum PV generation [6].

Conventionally, volt/var regulation on distribution grids is
achieved through control of legacy grid devices, such as load
tap changers and switched capacitors [7], which can now be
achieved through the control of smart inverters. In future distri-
bution grids, novel grid applications can be achieved through the
coordination of smart inverters [8]. For example, smart inverters
can modulate active power (Watt) and reactive power (VAr)
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injections necessary for system-wide volt/var support. Reactive
power support from smart inverters also helps to accommodate
higher penetration of distributed PVs without need of system
upgrade to some extent [9]. IEEE-1547 requires smart inverters
to be capable of consuming or producing reactive power when
inverters are at or above 5% of their rated active power [10].
Though active power curtailment (APC) of PVs is more effective
on managing distribution grid voltage due to high R/X ratio
of feeders [4], [11], the reactive power control should also be
considered to reduce unnecessary energy curtailment resulting
from the APC-based approach alone.

Current literature on prevention of overvoltage in distribu-
tion systems with PVs is mainly divided into centralized and
distributed methods for APC and reactive power dispatch. The
centralized approaches solve optimal power flow (OPF) or its
variants to find the dispatch of active and/or reactive power from
the PVs. The centralized approaches demand communication
infrastructure, whereas local approaches are droop-based and
avoid the need of communication.

Lin et al. [12] used a droop-based (kW/V) approach for active
power (P ) curtailment. Ghosh et al. in [13] proposed a droop-
based P curtailment and reactive power (Q) absorption method
for controlling the PV inverters. Similarly, Molina-García et al.
proposed piecewise linear droops to control the voltage with
PVs [14]. Mokhtari et al. in [15] used droop-based approach
for APC, and empirical Q(P ) rules to absorb reactive power.
Gagrica et al. in [16] usedδV/δPδV/δPδV/δP sensitivities for droop settings.
Ku et al. in [17] used both δV/δPδV/δPδV/δP and δV/δQδV/δQδV/δQ sensitivities to
coordinate reactive power absorption and APC of PVs. Demirok
et al. also used δV/δPδV/δPδV/δP and δV/δQδV/δQδV/δQ sensitivities to devise two
droop control functions cosΦ(P )cosΦ(P )cosΦ(P ) and Q(V )Q(V )Q(V ) [18]. In [19], re-
active power of distributed generators are dispatched based on
approximate sensitivities.

The key challenge with the aforementioned local droop-based
control techniques is the lack of coordinated operation, which
results in nonoptimal APC. Moreover, these droop control meth-
ods also require to compute threshold power or voltage beyond
which the droop becomes effective. However, the inverter op-
erating characteristics curves Q(V ), Q(P ), and P (Q), as
defined in the IEEE-1547 [10], are also based on local mea-
surements, and the droops used in the studies [12]–[18] can
certainly serve as a basis for the smart inverter settings as per
the IEEE-1547.

One of the solutions to address the coordination chal-
lenges of decentralized control is to implement centralized
control scheme. Weckx et al. in [20] proposed a centralized
optimization-based method that would compute piecewise linear
control function Q(P ) to use at local controllers for locally ad-
justing the reactive power. Su et al. proposed an OPF-based ap-
proach to find (P,Q) set points of the PV inverters in [21]. Zhao
et al. also used OPF-based formulation with adaptive weight on
objective function to ensure fair curtailment [22]. Cavraro et al.
in [23] demonstrated the value of communication for regulating
voltage with PVs by showing instances where local measure-
ment based control approaches (like in [24]) lead to infeasibility
issues. Some recent works use combination of centralized and
distributed approaches. Ferreira et al. proposed sensitivity-based

Fig. 1. An Example Q(V ) curve as per IEEE-1547 [10].

(δV/δPδV/δPδV/δP ) linear centralized optimization approach and a local
control methods for finding optimal PV curtailment [25]. Olivier
et al. in [26] proposed distributed control for managing reactive
power and curtailing active power systematically. Though a cen-
tralized method requires communication, since the IEEE-1547
requires all smart inverters be equipped with communication
capability, a centralized OPF-based approach for inverter dis-
patch could be feasible in future distribution grids. Moreover,
the obvious advantages of centralized OPF (e.g., less APC [11],
fair APC [22]) over distributed control will certainly be a reason
for its adoption in future distribution grid management systems.

Since the centralized and distributed methods both for con-
trolling PVs are gaining research attention, and both methods
have advantages and shortcomings, in this work, we try to
examine the performance of both approaches. In this context,
the contributions of this work are as following.

1) It proposes two distributed methods to regulate voltage in
PV-rich distribution networks. The first proposed method
uses a sensitivity-based approach, different from the ex-
isting approaches, such as the one in [19], which includes
APC in coordination with reactive power control for volt-
age control in distribution networks. The second proposed
method combines sensitivities with the IEEE-1547 recom-
mended piecewise droop settings.

2) Comparative analyses of the proposed methods are car-
ried out using arbitrary droop settings of Q(V ) and an
OPF-based method. Monte Carlo analyses are also carried
out with different PV penetration levels to examine the
robustness of the proposed methods.

The rest of this article is organized as follows. Section II
details the local and centralized control methods used in this
work. Section III describes the MV/LV feeder used for the
simulation and case studies. The main conclusions drawn from
this article are provided in Section IV.

II. LOCAL AND CENTRALIZED METHODS OF INVERTER

CONTROL

A. Reactive Power Control Rules as Per IEEE-1547

IEEE-1547 prescribes a set of droops for active and reactive
power control based on local voltage at inverter node [10]. Fig. 1
shows an example Q(V ) droop curve. V L and V U represent
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Fig. 2. Active and reactive power control based on IEEE-1547 rules.

lower and upper limits for the inverter operation, respectively.
V a, V b, V c, and V d correspond to the voltage break points
that define the piecewise droop settings. IEEE-1547 provides
ranges for setting the break points on the Q(V ) and other droop
curves [10]. Fig. 2 shows a schematic diagram of how control
rules based on the IEEE-1547 can be implemented. It should be
noted that Q(V ) droop settings can be dispatched on regular
intervals from the control center or configured locally.

Each inverter may use different Q(V ) droop settings. Each
inverter controller checks its local voltage magnitude and if it
is smaller than V a

m, then the inverter injects αααQmax
m , i.e., the

maximum allowed reactive power injection as percentage of
total reactive power capability of the inverter. If the voltage
magnitude is higher than V d

m, then the output of inverter is set
to −αααQmax

m . When the measured voltage is within V a
m and V b

m,
reactive power injection follows the slope βmβmβm. Similarly, when
the measured voltage is between V b

m and V c
m, then the reactive

power output of the inverter follows the slope γmγmγm. If the mea-
sured voltage is between V c

m and V d
m, then the reactive power

output of the inverter becomes zero. In reactive power priority
mode, curtailment of active power may become necessary. To
check whether APC is required or not, P 2

m +Q2
m is compared

to square of the inverter’s apparent power rating S2
m. If the

latter is smaller, then active power is curtailed. The algorithm
of reactive power control and APC based on the IEEE-1547
prescribed droop settings are given in Algorithm 1.

B. Proposed Approach: Power Flow Sensitivity-Based Method

A schematic of inverter control based on proposed sensitivity-
based approach is shown in Fig. 3. In the proposed approach,
controller works at each lateral level, and using power flow
sensitivities computed offline, and based on available real-time
nodal voltage measurements, active and reactive powers of PVs
are dispatched in real time. The power flow sensitivity matrix
can be defined as [4]

S =

⎡
⎢⎣

δΘ
δP

δΘ
δQ

δV
δP

δV
δQ

⎤
⎥⎦ .S =

⎡
⎢⎣

δΘ
δP

δΘ
δQ

δV
δP

δV
δQ

⎤
⎥⎦ .S =

⎡
⎢⎣

δΘ
δP

δΘ
δQ

δV
δP

δV
δQ

⎤
⎥⎦ . (1)

Fig. 3. Active and power control based on sensitivity-based approach.

For reactive power based voltage control, δV
δQ
δV
δQ
δV
δQ are used,

whereas for APC, δVδP
δV
δP
δV
δP are used. The coordination among multiple

inverters for APC and reactive power control is achieved in the
following, and further details are provided in Algorithm 2. The
proposed sensitivity-based approach checks the voltage magni-
tudes at the end nodes of each lateral and takes the following
control actions.
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1) If the voltage magnitude of the end node of a lateral is
within V a

m/V d
m, no new control action is required.

2) If the voltage magnitude of the end node of a lateral is
outside V a

m/V d
m, all the PVs on the lateral provide active

power output information to the lateral controller, which
is then used to find reactive power capability of a PV using

Qc
m = ±

√
S2
m − P 2

m. Also, the sensor on the end node
of the lateral provides the voltage information, which is
then used by the controller to compute voltage increment
(ΔVm = Qc

m
δVe

δQm

δVe

δQm

δVe

δQm
) using the reactive power capability

and sensitivity and sorted in a descending order.
3) The difference of measured voltage magnitude at the end

node of a lateral and the minimum/maximum allowed lim-
its (V min/V max) is calculated, i.e., ΔV Rq

e . Then, the first
R sorted reactive capability information that is sufficient
to bring the voltage magnitude within the limits is selected,
and dispatch signals are sent to the corresponding inverter
controllers.

4) If the reactive power capability of the inverters are not
enough in maintaining the voltage, then we apply APC
based on δVe

δPm

δVe

δPm

δVe

δPm
to compensate the remaining voltage dif-

ference. For fairness across PVs, we propose to curtail
PV active power equally from all inverters using average
sensitivity values.

C. Proposed Approach: Power Flow Sensitivities-Based
Droops as Per IEEE-1547

The droops Q(V ), as shown in Fig. 1, could be obtained
systematically using the power flow sensitivities. Thus, the
reactive power to voltage sensitivities obtained from (1) are used
to derive the slopes of Q(V ) droops as following:

βmβmβm = γmγmγm =
δQmδQmδQm

δVmδVmδVm
. (2)

The droop settings Q(V ) obtained are sent to the inverter
controllers at regular time interval, and then the local controllers
manage the reactive power output of each inverters, as shown
in Fig. 4. In reactive power priority mode, curtailment of active
power may become necessary as in the method in Section III-A.
To check whether APC is required or not, P 2

m +Q2
m is com-

pared to square of the inverter’s apparent power ratingS2
m. If the

latter is smaller, then active power is curtailed. The algorithm of
reactive power control and APC is similar to one in Algorithm 1.

D. OPF-Based Control

For the centralized approach, OPF model can be solved to
minimize APC utilizing inverters’ reactive power capability
while maintaining operating limits and power balance equations.
The control schema for an OPF-based method for voltage control
is provided in Fig. 5. A generic OPF model for this purpose can
be formulated as

Min: Ecur =
∑
m,t

P cur
m,t Δt (3)

subject to:

Ij,t =
∑
k∈N

Yj,k Vk,t ∀ j, t (4)

Pj,t − P cur
j,t − PL

j,t = Real
(
Vj,t I∗

j,t

)
∀ j, t (5)

Qj,t − QL
j,t = Imag

(
Vj,t I∗

j,t

)
∀ j, t (6)

V min ≤ |Vm,t| ≤ V max ∀m, t (7)

Qm,t ≤
√

S2
m − (

Pm,t − P cur
m,t

)2 ∀m, t (8)

Qm,t ≥ −
√
S2
m − (

Pm,t − P cur
m,t

)2 ∀m, t. (9)

In the aforementioned formulation, (3) represents energy
curtailment of PVs, (4) represents current injection equations
at each node, (5) represents load/PV active power model, (6)
represents load/PV reactive power model, (7) represents limits
on the voltage magnitude, and (8) and (9) represent lower and
upper bounds on the reactive power of PVs.
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Fig. 4. Control based on droops obtained from power flow sensitivities.

Fig. 5. Inverter control based on OPF solution.

III. NUMERICAL SIMULATIONS

This section provides details of performance studies of control
based on the IEEE-1547 with arbitrary slopes, sensitivity-based
method, IEEE-1547 with sensitivity-based droop settings, and
OPF-based method in terms of voltage profile and power/energy
curtailment.

A. Test System and Setup

Baran and Wu system [27] modified to a 730-node feeder as
used in [28] (see Fig. 6) was adopted for the studies with 70% and
100% PV penetration levels (by the number of LV nodes). These
correspond to 306 and 436 number of inverters, respectively.
Each inverter is rated 8 kW. We considered V L=0.88 p.u.,
V U=1.1 p.u., V min=0.95 p.u., and V max=1.05 p.u.

Load profiles are similar to that used in [11] and represents
realistic data. Fig. 7 shows net active and reactive power loads

Fig. 6. 730-node MV/LV feeder used for the case studies [28].

Fig. 7. Total loads. (a) Active load profile. (b) Reactive load profile.

Fig. 8. PV profiles. (a) PV-1 (sunny day). (b) PV-2 (cloudy day).

with 1-min resolution for a typical day. We used two PV profiles,
as shown in Fig. 8: one corresponds to a sunny day (PV-1) and
the second profile corresponds to a cloudy day (PV-2). We used
Newton–Raphson based method in MATLAB to perform daily
load flow simulations on 1-min resolution for the distributed
approaches. For OPF-based approach, we modeled using GAMS
and solved using KNITRO solver.

B. IEEE-1547 With Arbitrary Droop Settings

IEEE-1547 prescribes range for the voltage break points for
the Q(V ) curve in Fig. 1 [10]. Thus, we created random droop
settings by arbitrarily choosingV a,V b,V c, andV d within the
range prescribed in [10] for each inverter. Then, we performed
a series of daily simulations with 1-min time resolution, and the
voltage profiles (maximum voltage on the feeder) obtained from
the base case (assuming no control over PVs) simulation with
control of PVs are compared in Fig. 9. The base case shows
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Fig. 9. Max. voltage with base case versus IEEE-1547 with arbitrary droops.
(a) 70% PV, PV-1. (b) 70% PV, PV-2. (c) 100% PV, PV-1. (d) 100% PV, PV-2.

Fig. 10. APC obtained from the IEEE-1547 with arbitrary droop settings.
(a) 70% PV, PV-1. (b) 70% PV, PV-2. (c) 100% PV, PV-1. (d) 100% PV, PV-2.

that the feeder has overvoltage issues during day time when PV
output is high.

With droop settings as per the IEEE-1547 guidelines, though
the settings are randomized for each inverter, no overvoltage
issues were observed. However, it can be seen that the maximum
voltage with inverter control is significantly below the maximum
allowed limit of 1.05 p.u., which signifies that the droop settings
are overly designed and could have caused higher APC and/or
higher reactive power output from the PVs. APC of PVs is illus-
trated in Fig. 10. Nonzero APC means that the reactive power
capability of inverters is not sufficient to mitigate overvoltage
issues, thus APC becomes necessary. It can be seen from Fig. 10
that with higher PV penetration, the controller needs to curtail
higher power from PVs in order to maintain the feeder voltage
profile.

C. Sensitivity-Based Approach

The simulation results of sensitivity-based method are plotted
together with the base case results in Fig. 11. It can be observed
that with sensitivity-based method, overvoltage problems can be
generally solved. However, there are very few instances where
overvoltage still persists. The overvoltage cases are shown in
the insets of Fig. 11, and are very close to upper limit of
1.05 p.u. The overvoltage cases are observed around the time
when PV outputs are at their maximum. Since, we assumed that
not all node voltage measurements are available at the lateral

Fig. 11. Max. voltage with base case versus sensitivity-based method.
(a) 70% PV, PV-1. (b) 70% PV, PV-2. (c) 100% PV, PV-1. (d) 100% PV, PV-2.

Fig. 12. APC from sensitivity-based method. (a) 70% PV, PV-1. (b) 70% PV,
PV-2. (c) 100% PV, PV-1. (d) 100% PV, PV-2.

level controller, the proposed approach can lead to instances of
overvoltage. Another reason could be attributed to the constant
sensitivity, which is computed offline, and leads to error due to
approximation.

We illustrate APC obtained from the sensitivity-based in
Fig. 12. Compared to the IEEE-1547 droop based approach,
APC using sensitivity-based method is less for 70% PV pen-
etration level and more for 100% PV penetration level. As
the penetration level increases, more power/energy needs to be
curtailed.
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Fig. 13. Max. voltage with base case versus IEEE-1547 droops obtained from
the sensitivities. (a) 70% PV, PV-1. (b) 70% PV, PV-2. (c) 100% PV, PV-1.
(d) 100% PV, PV-2.

Fig. 14. APC from IEEE-1547 droops obtained from the sensitivities. (a) 70%
PV, PV-1. (b) 70% PV, PV-2. (c) 100% PV, PV-1. (d) 100% PV, PV-2.

Fig. 15. Max. voltage with base case versus. OPF-based method. (a) 70% PV,
PV-1. (b) 70% PV, PV-2. (c) 100% PV, PV-1. (d) 100% PV, PV-2.

D. IEEE-1547 With Power Flow Sensitivities

Simulation results of IEEE-1547-based method using sensi-
tivities are illustrated together with base case results in Fig. 13. It
is observed that using sensitivity-based Q(V ) droops perform
very similar to arbitrarily chosen droops as per the IEEE-1547 (
as discussed in Section II-B). Fig. 14 shows APC obtained from
the droop settings based on power flow sensitivities.

E. OPF-Based Approach

The maximum feeder voltage profile obtained using OPF-
based method is compared with the base case in Fig. 15. From

Fig. 16. APC from OPF-based method. (a) 70% PV, PV-1. (b) 70% PV, PV-2.
(c) 100% PV, PV-1. (d) 100% PV, PV-2.

TABLE I
COMPARISON OF VPI FOR THE VARIOUS METHODS

the case studies, it can be seen that the OPF-based approach can
completely eliminate the overvoltage issues. APC obtained from
OPF-based method is shown in Fig. 16.

F. Comparative Analysis

To compare performances of all the methods, we define
a voltage performance index (VPI) based on voltage profile
compared to maximum allowed upper bound of 1.05 p.u. Let
us consider ωωω represents the window of time in which over-
voltage occurred for the base case simulation. Then, VPI for
each method and PV penetration scenario is obtained as: VPI =∑

j,t∈ωωωj,t∈ωωωj,t∈ωωω (Vj,t − 1.05). A lower value of VPI is desired and a
value of zero means a perfect voltage performance. Since the
main objective of the controllers would be to keep the voltage
below 1.05 p.u., a voltage profile significantly below 1.05 p.u.
may suggest unnecessary use of reactive power or APC of PVs.
Therefore, an ideal control method would try to keep the voltage
just below 1.05 p.u. but as close to 1.05 p.u. as possible. Table I
shows summary of VPI in p.u. The base case shows positive
VPI, which means the overvoltage issue exists on the feeder.
From the results, it can be observed that the sensitivity-based
method yields minimum VPI even though the sensitivity-based
approach may not completely mitigate the overvoltage issue. It
is interesting to note that the VPI for sensitivity-based method is
even better than the OPF-based method, and this could possibly
because of local optimal solutions of OPF-based approach given
the OPF model is nonconvex in nature. The droop settings (as
per the IEEE-1547), whether that be arbitrary slopes or slopes
based on sensitivity-based approach, yield large negative VPI
values. This means these methods unnecessarily over corrects
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TABLE II
COMPARISON OF ENERGY CURTAILMENT FOR THE VARIOUS METHODS (IN THE

MULTIPLES OF ENERGY CURTAILMENT OBTAINED FROM OPF)

Fig. 17. Voltage performance obtained from Monte Carlo simulation by
varying PV penetration level.

the overvoltage issue as the voltage profile is significantly below
1.05 p.u. (see Figs. 9 and 13).The comparison of energy cur-
tailment obtained from all methods with respect to OPF-based
(in the multiples of energy curtailment obtained from OPF) is
given in Table II. The energy curtailment of OPF-based method
is generally minimum. However, there could be cases when the
OPF solution is local optimal and, hence, the energy curtailment
obtained from OPF may become larger than other methods
(see sensitivity-based method for 70% PV penetration with the
second PV profile). Energy curtailments obtained from both
IEEE-1547 droop-based methods are similar. Though the VPI of
sensitivity-based method is better, the sensitivity-based method
often leads to larger power/energy curtailments compared to the
IEEE-1547 droop-based methods.

G. Monte Carlo Simulation

We also performed Monte Carlo simulation by varying PV
penetration level to evaluate the average performance of the
four approaches. For each penetration level (randomized 25%,
50%, 75%, and 100% by varying PV location), 1000 different
simulations were run for base case, IEEE-1547 with arbitrary
settings, sensitivity-based method, IEEE-1547 with sensitivity-
based settings, and OPF-based method. The minimum and max-
imum of the maximum feeder voltage obtained from the 1000
runs are shown in Fig. 17 along with the upper voltage bound of
1.05 p.u. The feeder exhibits overvoltage issues above 50% pen-
etration level without any control. IEEE-1547 overvoltage with
arbitrary settings, IEEE-1547 with sensitivity-based settings,
and OPF-based approaches are able to solve overvoltage issue
for any penetration level. On the other hand, sensitivity-based
method may not mitigate overvoltage issue completely as slight
overvoltage above 1.05 p.u are observed occasionally.

IV. CONCLUSION

This work developed methods to locally control ac-
tive/reactive power of smart inverters to regulate voltage profile
on distribution feeders. First, a nodal sensitivity-based approach
is adopted, and then combined with Q(V ) droops as per the
IEEE-1547 standard. Then, the performance is compared with
arbitrary Q(V ) droop settings and an OPF-based approach us-
ing a 730-node MV/LV with hundreds of PV inverters. The case
studies demonstrate that the droop settings as per the IEEE-1547
can effectively mitigate overvoltage issues. However, the droop
settings tend to be overly designed that cause unnecessarily
higher correction of overvoltage issues as the resulting voltage
profiles become significantly below the allowed voltage upper
bounds. A sensitivity-based approach, though not fully able to
solve the overvoltage problems, provides the best VPI to mitigate
the overvoltage issues by lowering the overvoltage magnitudes
in the close vicinity of upper bounds. Given the communication
need for centralized OPF-based method and despite nonoptimal
APC, the local droop-based approaches could still be alternatives
to regulate voltage on distribution feeders with high penetration
of PVs. As the penetration of smart inverter increases, and
communication infrastructure becomes readily available, a cen-
tralized OPF-based control scheme could also become viable.
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