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Abstract—Overvoltage is one of the major issues on
distribution grids with high penetration of photovoltaic (PV)
generation. Overvoltage could be prevented through the control
of active/reactive power of PVs. However, given the high R/X ratio
of low voltage feeders, voltage control by using reactive power
would not be as effective as using active power. Therefore, active
power curtailment (APC) of PVs, though not desirable, becomes
necessary at times to prevent the overvoltage issues. Existing
literature is rich in centralized and droop-based methods for
APC and/or reactive power control of PVs to prevent overvoltage
issues. In this context, this paper revisits the most popular
existing methods, and evaluates the performance of droop-
based and centralized methods using a typical North American
240 V low voltage feeder with 24 residential homes. In this
work, our key findings are: a) droop-based methods provided
conservative solutions or did not eliminate the overvoltages
completely, b) power flow sensitivity based droop approach led
to 13% more curtailment than the centralized approaches, c)

centralized approach had 40% less energy curtailed compared
with standard droop while no overvoltages were observed, and d)

operating PVs at non-unity power factor in centralized approach
led to 5% less energy curtailment.

Index Terms—Photovoltaic, Power Curtailment, Distribution
Grid, Overvoltage, Inverter, Voltage Control.

I. INTRODUCTION

Distributed solar photovoltaic (PV) systems are the fastest

growing renewable energy resources being integrated onto

distribution grids [1]. Significantly increasing penetration of

rooftop PVs has raised a number of concerns to utilities.

High PV penetration causes several operational challenges

to the distribution grids including overvoltage [2] and power

quality [3], [4]. The short circuit ratio of system has altered

significantly requiring a review of protection coordination

settings [5]. 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 [6]. Since PV inverters are

set at little higher voltage to feed power back into the grid,

the aggregate effect of this can lead to overvoltage issues

[7]. Overvoltage is one of the main reasons for limiting the

capacity of PV that can be connected to LV systems [8].

A recent study performed on a utility showed that hosting

capacity of LV feeder is limited by overvoltage during an

extreme condition of lowest load and maximum PV generation

[7].

Overvoltage on distribution grids could be mitigated through

careful consideration of PV control at planning stage [9]. At

the operational stage, overvoltage could be mitigated through

proper use of energy storage devices [10]. However, the

penetration of distributed energy storage systems (ESSs) is

not as high as the penetration of rooftop PVs on present

distribution grids. Moreover, ESSs are usually expensive and

the cost benefit ratio can make them less attractive [6]. The

overvoltage due to PVs can also be controlled by controlling

online load tap changers (OLTCs) on distribution feeders [11],

[12]. However, this approach requires operations of OLTCs

be coordinated with the control of PV inverters to prevent

frequent switching of the OLTCs. In recent literature and

industry practices, active power curtailment (APC) and/or

reactive power control are becoming very common approaches

for preventing overvoltage on distribution grids with large PV

penetration.

The voltage to active power sensitivity, ∂V/∂P, is much

larger than voltage to reactive power sensitivity, ∂V/∂Q, for

distribution feeders as R/X ratio is large [6], [13]. Therefore,

APC becomes more effective in controlling overvoltage than

reactive power control [14]. The option of APC seems very

attractive since it requires minor modifications on the PV

inverters control logic [15]. However, from the economic point

of view, reactive power control should be used first before APC

[16], [17].

A rich literature exists for prevention of overvoltage on

distribution system with PVs. The methods are mainly cen-

tralized or distributed types for APC and dispatch of reactive

power. The centralized approaches solve optimal power flow

(OPF) or its variants [18]–[21] to find the curtailment of active

power and/or dispatch of reactive power from the PVs. The

centralized approaches demand communication infrastructure.

However, the distributed approaches are usually droop-based

[22]–[24] and avoid the need of communication.

Given the increasing use of droop-based and centralized










