
CAN PHOTOVOLTAIC INVERTERS BE
FREQUENCY-CONTROLLED 

What is constant power control in a PV inverter? In general,PV

inverters??? control can be typically divided into constant power

control,constant voltage and frequency control,droop control,etc. . Of

these,constant power control is primarily utilized in grid-connected

inverters to control the active and reactive power generated by the PV

system.

How do PV inverters control stability? The control performance and

stability of inverters severely affect the PV system, and lots of works have

explored how to analyze and improve PV inverters??? control stability . In

general, PV inverters??? control can be typically divided into constant

power control, constant voltage and frequency control, droop control, etc. .

How do PV inverters respond to grid frequency variation? After 14

s,setting G u =0,system switches to conventional DC voltage based GFM

control (case 3). Then grid frequency steps to 50.05 Hz after t=15s,PV

inverter responses to grid frequency variation and settles down according

to the droop valuewith 10 x 0.05/50=0.01MW.

Do photovoltaic power plants support frequency regulation? Jibji-Bukar,

F., Anaya-Lara, O.: Frequency support from photovoltaic power plants

using offline maximum power point tracking and variable droop control.

IET Renew. Power Gener. 13 (13), 2278???2286 (2019) Rajan, R.,

Fernandez, F.M.: Impact of distributed virtual inertia from photovoltaic

sources on frequency regulation in hybrid power systems.

What is the control performance of PV inverters? The control performance

of PV inverters determines the system???s stability and reliability.

Conventional control is the foundation for intelligent optimization of

grid-connected PV systems. Therefore,a brief overview of these typical

controls should be given to lay the theoretical foundation of further

contents.
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Can a frequency droop-based control improve grid frequency response in

DPV inverters? This article proposes a frequency droop-based control in

DPV inverters to improve frequency response in power grids with high

penetration of renewable energy resources. A predefined power reserve is

kept in the DPV inverter, using flexible power point tracking. The proposed

algorithm uses this available power reserve to support the grid frequency.

Active/reactive power control of photovoltaic grid-tied inverters with peak

current limitation and zero active power oscillation during unbalanced

voltage sags.  Dc???dc converter switching frequency: 10 kHz: 3L-NPC

inverter parameters: apparent power: S: 3.3 kVA: PCC line-to-line voltage:

dc-link voltage: dc-link capacitor: 4.9 mF 

This can be done by modifying the PV inverter control loops, in order to

incorporate the grid's current unbalance compensation feature.  This is

similar to the droop control used in the frequency and voltage regulation of

the electrical grid. Also, with k n the intensity with which the inverters

contribute to this functionality can be 

The grid-connected PV-BESS microgrid network consists of two

three-phase central inverters for solar PV and energy storage systems.

The PV inverter can deliver 100 MW of maximum power at a temperature

of 25 ?C and ???

In order to add inertia as an ancillary service to the single-phase, rooftop

PV inverter, HESS needs to be added with proper control. Hence, the

HESS with rooftop single-phase inverter can regulate the frequency and

will be able to provide the inertial response during transient conditions.
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This paper proposes a novel sorted level-shifted U-shaped carrier-based

pulse width modulation (SLSUC PWM) strategy combined with an input

power control approach for a 13-level cascaded H-bridge multi-level

inverter designed for grid connection, specifically tailored for photovoltaic

(PV) systems, which avoids a double-stage power conversion

configuration. In ???

Control of Distributed Photovoltaic Inverters for Frequency Support and

System Recovery.  A PV system can be controlled to operate below its

maximum power point (MPP), reserve a certain amount 

In general, PV inverters'' control can be typically divided into constant

power control, constant voltage and frequency control, droop control, etc. .

Of these, constant power control is primarily utilized in grid-connected ???

PV inverters use semiconductor devices to transform the DC power into

controlled AC power by using Pulse Width Modulation (PWM) switching.

PWM switching is the most efficient way to generate AC power, allowing

for flexible control of the output magnitude and frequency.

This improves the accuracy of the control system. PV grid-tie inverters can

be divided into isolated type and non isolated type.  Industrial Frequency

Isolated Grid Inverter An AC grid inverter is a device that converts high

voltage and high current industrial frequency AC power into DC power

through an isolation transformer and sends DC 
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Predictive PV inverter control, for example, has been presented in [31] for

fast and precise. management of active power.  fed into the grid,

frequency control can be achieved. This capability 

Similarly, with GFL control, a frequency droop-based control for PV

inverters to improve frequency response is presented in [14]. Besides,

based on the GFL control, a novel coordination strategy for the inertia and

frequency damping control is proposed with PV deloading control in [15].

However, GFL based frequency support is prone to 

TI_20200613_Frequency Shift Power Control_V10_EN 1/ 4 Frequency

Shift Power Control 1. Overview Frequency Shift Power Control (FSPC)

can maximize the utilization of PV power in a stand-alone grid or micro

grid system. In a stand-alone grid or during grid disconnection, the hybrid

inverter of the system will maintain the stand-alone grid's 

A virtual inertia frequency control strategy is proposed to let the two-stage

PV inverters emulate inertia and support the system frequency with a

timely response (e.g., inertia response), and the required power for inertia

emulation is obtained from both the DC-link capacitor and the PV reserved

energy. For an islanded micro-grid with a high penetration of ???

In grid-connected photovoltaic (PV) systems, power quality and voltage

control are necessary, particularly under unbalanced grid conditions.

These conditions frequently lead to double-line frequency power

oscillations, which worsen Direct Current (DC)-link voltage ripples and

stress DC-link capacitors. The well-known dq frame vector control

technique, which is ???
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In this paper, a virtual inertia frequency control (VIFC) strategy is

proposed to let the two-stage PV inverters emulate inertia and support the

system frequency with a timely response (e.g 

Moreover, the degradation of the PV systems controlled by a SMC

controller can be observed because of the chattering phenomena. This

problem causes variable and high frequency switching in the inverter, high

electromagnetic compatibility disturbances and an increase of the power

loss [123]. In the literature, several solutions have been 

In this paper, in order to make the PV systems provide multi-time scale

frequency response, a novel distributed event-triggered hierarchical

control (DEHC) of PV inverters is proposed, which 

However, a developed control scheme with an energy-storage system can

allow the inverter to operate in the reactive power mode even without the

PV panels harvesting solar energy. Subsequently, the inverter can be

programmed to operate as a VAR compensator to inject only the required

reactive power, which will regulate the voltage at the load end.

To ensure the reliable delivery of AC power to consumers from renewable

energy sources, the photovoltaic inverter has to ensure that the frequency

and magnitude of the generated AC voltage
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The most promising control method of frequency management for solar

PV facilities is the deloading technique, which is accomplished by raising

the PV voltage above the MPPT value. The PV array can curtail some

reserve power by boosting the voltage from V MPPT to voltage V del, as

illustrated in Figure 10a.

The large number of photovoltaics connected to the distribution network

via power electronic converters squeezes the functional space of

traditional synchronous generators in the power system and reduces the

inertia of the network itself. However, due to the random and fluctuating

nature of PV power generation, different types of meteorological

conditions can ???

Smart PV inverters are the only ones that can execute sophisticated

control functions for PV systems (e.g., active power curtailment, fixed

power factor control, volt-var control, volt-watt 

VCO is used in PV system grid synchronization to generate a proportional

output frequency to the input voltage. This is done using a

voltage-to-frequency converter. The inverter converts the input voltage

into a frequency signal, compared to the grid using a phase detector.

Voltage-controlled oscillation can be mathematically represented as 

VSG-controlled PV inverter models can be used to study grid-connected

stability and control parameter issues. In addition, the grid-connected

operational  frequency in the photovoltaic inverter 

(C) 2025 PV Storage Systems 6 / 8 Web: https://www.twojaelektryka.com.pl



CAN PHOTOVOLTAIC INVERTERS BE
FREQUENCY-CONTROLLED 

In general, PV inverters'' control can be typically divided into constant

power control,  constant volt age and frequency control, and tr adit ion a l

droop cont rol in a gri d-c onnect ed .

voltage and frequency. PV inverters use semiconductor devices to

transform the DC power into controlled AC power by using Pulse Width

Modulation (PWM) switching. PV Inverter System Con???guration: Above

??g shows the block diagram PV inverter system con??guration. PV

inverters convert DC to AC power using pulse width modulation technique.

??? The PV inverter can be set to stand-alone mode and reduce its

feed-in power if this is required by the battery state of  use the integrated

frequency-shift power control (FSPC). Technical Information PV Inverters

Use and Settings of PV Inverters in Off-Grid Systems. 1 Selecting the PV

Inverter SMA Solar Technology AG 2 SB-OffGrid-TI-en 

In our simulation case, the PV-VSM with our limiter control can continue to

operate stably even if the PV available power is 0.03 [p.u.] short of the

inverter's reference power by the solar 

The photovoltaic (PV) systems do not naturally participate in frequency

regulations; However, the studies in [11]- [14] have tried to make them

participate in the frequency control.
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The control strategy used is known as Virtual Synchronous Machine

(VSM) where the inverter control can emulate the synchronous generator

performance. Grid-feeding with FFR droop vs Grid-forming 

From Figure 1, it can be observed that to enhance the ability of PV

grid-connected systems to cope with frequency fluctuations at different

time scales, the strategy proposed in this paper introduces frequency

droop control on the PV side to adjust active power reserves.Additionally,

direct voltage droop control is introduced on the inverter side to utilize ???
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