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Challenges of Operating Multiple Distributed Generators
with Different Primary Controls Strategies in Micro-grid:
Interactions and Performance Assessment

Allal El Moubarek BOUZID · Corinne ALONSO · Gerard BERAL

Abstract This paper explores the collective efficacy

of hybrid framework power-sharing control strategies

within microgrid systems by integrating various droop

controllers, including conventional droop, universal droop,

dVOC, and VSGmethodologies. Each controller’s unique

contributions are scrutinized concerning system stabil-

ity, efficiency, and adaptability considering the impact

of diverse tests on system performance. The perfor-

mance analysis involves the examination of power-sharing,

with a specific focus on transient and steady-state be-

haviors among DERs connected through complex trans-

mission line impedances, alongside variations in local

loads. The research concludes with extensive Typhoon

HIL 604 real-time simulation scenarios conducted un-

der different operating conditions, aiming to identify

the optimal configuration that preserves microgrid sta-

bility.

1 Introduction

In recent years, electricity demand has surged, leading

to a rise in the popularity of distributed energy resource

units, particularly those based on power electronic in-

verters (PEI). These systems are valued for enhancing
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the power grid by integrating renewable energy sources

(RES) and battery energy storage systems (BESS). To

achieve high power levels and ensure coordinated con-

trol, multiple DERs interfaced with PEI must operate

in parallel. Microgrids (MGs) have emerged as a so-

lution, supplementing future utility grids with bidirec-

tional power flow. However, MG operation necessitates

advanced control structures to ensure efficiency, relia-

bility, and power quality improvement across various

modes of operation. [1] [2].

To solve the micro-grid problems, maintain grid sta-

bility and improve power quality while adhering to IEEE

1547 standards, the hierarchical control architecture emerged

based on three levels: primary, secondary, and tertiary.

Therefore, each level aims towards achieving a set of

objectives while respecting the requirements of electri-
cal standards of distribution system operators (DSO).

This work concentrates on primary level control using

the Droop control method, which attempts to maintain

optimal power sharing between paralleled DER and lo-

cal loads while maintaining electrical quantities such as

voltage and frequency within permitted ranges. Litera-

ture review indicates that there are a variety approaches

of droop control, classical droop control Pf & QV is

frequently used. However, in microgrids with sensitive

loads or voltage-sensitive loads, the Pf & QV method

presents voltage regulation limitations that can lead to

voltage fluctuations beyond acceptable limits. [3]. An

improvement of classical droop considering current lim-

itation was proposed in [4]. A Reverse droop control for

resistive line impedance was proposed in [5], it’s based

on PV & Qf . However, the fixed droop slopes, like the

conventional method, lack flexibility. They struggle to

adapt to changing conditions, limiting the microgrid’s

optimization potential. A robustification technique of

the conventional method was proposed in [6], it consists
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infinite bus

of improving droop architecture to work with complex

impedance’s [7]. An advanced droop control indepen-

dent of line impedance was proposed in [8]. An adap-

tive droop controller was proposed in several research

[9], this method is based on the estimation of all rel-

evant parameters offering advantages in flexibility and

responsiveness, but faces limitations in micro-grid ap-

plications. This method is based on the estimation of

all relevant parameters offering advantages in flexibil-

ity and responsiveness and facing limitations in micro-

grid applications. Such as the complexity of implement-

ing adaptive algorithms that increase system intricacy

requiring meticulous parameter tuning. Additionally,

they are sensitive to system changes, potentially im-

pacting robustness and real-time performance. A vir-

tual synchronous generator (VSG) model is proposed

in [10] to improve the stability and frequency regula-

tion within acceptable limits by incorporating the iner-

tial characteristics of synchronous generators. VSG is

an adaptive decentralized controller where each DER

can operate independently to respond dynamically to

fluctuations in load demand, which can enhance the

scalability and adaptability and overall reliability of

the micro-grid [11]. However, VSGs may exhibit tran-

sient oscillations in output power, particularly during

rapid changes in load or generation. This can affect sys-

tem stability and require additional control mechanisms

to mitigate oscillations. Some researchers give greater

interest to the dispatchable virtual oscillator control

(dVOC) method [12]. It allows these DERs resources to

provide grid support services such as frequency regula-

tion, voltage regulation, and inertial response, but also

achieve coordinated power sharing in demand based on

the phase angle difference between its virtual oscillator

and the system reference oscillator, thus enhancing the

stability and reliability of the power grid. However this

method presents some limitations, it may face compat-

ibility issues with existing grid infrastructure and con-

trol systems. Integrating VOC into legacy power sys-

tems can be challenging and requires upgrades or mod-

ifications to ensure interoperability and seamless oper-

ation.

All power-sharing controllers proposed in the liter-

ature were studied alone in micro-grid and compared

with other ones regarding performances and stability.

Hence, this paper’s principal contribution lies in in-

vestigating the performance of hybrid power-sharing

control strategies in the same micro-grid system by in-

tegrating different droop controllers including conven-

tional droop, universal droop, dVOC, and VSG meth-

ods. Combining these droop control strategies in a hy-

brid approach allows for synergistic benefits, compati-

bility study, and leveraging the strengths of each method

to improve overall microgrid performance. Proposing a

detailed real-time simulation of single phase micro-grid

including the proposed hybrid framework for perfor-

mance analysis. The analysis covers performance con-

siderations in both transient and steady-state condi-

tions, taking into account the impact of line impedance,

and variations in load and plug & play capability. To

validate the robustness of the proposed study, real-time

simulations using the Typhoon HIL 604 simulator are

presented.

2 Power sharing control structure of GFM

Accurate and effective power sharing among DER in

microgrids ensures that each unit contributes equitably

and persists in desired power-sharing steady-state dis-

tribution among all DER units. The significance of this

controller is found in its ability to establish predefined

use of generation units, effectively preventing overload-

ing or under-utilization of DERs units, while ensuring

stable voltage and frequency [13]. Furthermore, this can

help circumvent the issue of circulating currents among

DERs units within the micro-grid [14]. However, if a

sudden variation of load demand or power factor results

in accuracy degradation then controlling the system can

become quite tricky. Crucially, this control methodol-

ogy stays within the bounds of the IEEE 1547 stan-

dards, maintaining the structural integrity of the entire

power system [15]. Connecting a DER unit to a mi-

crogrid requires respecting several essential connection

conditions so that its synchronization with the main

grid goes well. Fig. 1 illustrates the phase model of a

distributed generator connected in parallel to the net-

work via purely inductive impedance (where phase an-

gle θg ≈ π/2rad) [16]. The mathematical relationships

of the active and reactive powers circulating between

the two energy sources can be deduced from this figure,

expressed as follows:

P o
i =

Eo
i Vg

ZL
sin(δ), Qo

i =
Eo

i Vg

ZL
cos(δ)−

V 2
g

XL

(1)

where P o
i and Qo

i are the active and reactive power

output of DER unit, respectively; Eo
i and Vg are the
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Fig. 2: Block diagram representing droop control

voltage amplitudes of ith DER unit and common point

coupling (PCC), respectively; the line reactance is ZL

and δ is the power angle of the ith DER unit.

3 Power sharing including CDC

Conventional Droop control (CDC) concept lies on the

operation of synchronous generators, which tether ac-

tive and reactive powers to frequency and voltage re-

spectively. It determines the output powers of the DER

unit by considering its voltage and frequency output as

the indicator as shown in Fig. 2. Thus, deviation from

reference is directly correlated to the change in volt-

age and frequency outputs. This approach is efficient

at managing power output among multiple generators,

especially in situations where there are relatively small

loads. However, it can be challenging to maintain ac-

curate control and stability of the system’s frequency

and voltage, particularly when there are fluctuations in

load demand or power factor. To reduce the crucial con-

cerns about the power quality and satisfy the trigger

limit 5% for nominal voltage E⋆ and 2% for nominal

frequency ω⋆ as stated in IEEE 1547-2018 standards

[17]. Structure representation of conventional droop-

controlled (CDC) DER unit is given in Fig.2. Droop

control relationship based on voltage δqEi and frequency

δpωi slope coefficients used to guarantee that each DER

unit delivers powers according to its rated capacity is

as follow :

ω = ω⋆ − δpωi (P o
i − P ⋆

i ) (2a)

E = E⋆ − δqEi (Qo
i −Q⋆

i ) (2b)

The rated active power, rated reactive powers, active

power output, reactive power output, nominal phase

angle and voltage output for each DER unit are denoted

by P ⋆
i , Q

⋆
i , P

o
i , Q

o
i , ω

⋆ and E⋆, respectively. The set-

points are indicated by superscript ⋆.

4 Power sharing including UDC

To get universal droop control, we augment the CDC by

adding an integrator in (2b) with a newly added term
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Fig. 3: Block diagram of UDC droop control

ηe that must be adjusted as shown in Fig. 3. ηe in (3b)

multiplied by the voltage error allows for the enhance-

ment of the transient and steady-state performances of

DER unit. Through the utilization of UDC in equation

(3b), direct regulation of both voltage amplitude rate

of change and angular frequency is made possible.

ω = ω⋆ − δpωi (P o
i − P ⋆

i ) (3a)

Ėo
i = ηe (E

⋆ − Eo
i )− δqEi (Qo

i −Q⋆
i ) (3b)

At the steady state, the output voltage and frequency

of DER unit become :

ω = ω⋆ − δpωi (P o
i − P ⋆

i ) (4a)

Eo
i = E⋆ − δqEi (Qo

i −Q⋆
i )

ηeE∗ E⋆ (4b)

Coefficient ηe, should be tuned carefully since they af-

fect the dynamic response of the DER output voltage.

However, voltage transient response can be accelerated

by increasing the ηe coefficient.

5 Power sharing including dVOC

As proposed in [18] dVOC is a control approach based

on the concept of emulating the behavior of physical os-

cillators [19]. When generating voltage amplitude and

frequency references, dVOC takes into account the ac-

tive and reactive power couplings as illustrated in Fig.

4. This section presents the mathematical model gov-

erning the behavior of virtual oscillators within the

VOC framework. [20]. The differential equations used

to represent the dynamics of the virtual oscillators with

parameters and variables involved in the VOC model,

including damping coefficients, natural frequencies, and

system states in the αβ coordinate space are in equa-

tion (5).

R(ζ) is a rotation matrix used to perform a rota-

tion in Euclidean space, with ζ (0 ≤ ζ ≤ π) is a pa-

rameter that allows adjusting the power-sharing con-

troller depending on line parameters, it can take the

value ζ = π/2 for inductive lines and ζ = 0 for resistive

lines, J = R(π/2).
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θvsm = ω⋆ + arctan
(

e∗oβ
e∗oα

)
(6)

R(ζ) :=

[
cos(ζ) − sin(ζ)

sin(ζ) cos(ζ)

]
The quantities η > 0, α > 0. From the dVOC droop

law (5), we can define the droop coefficients for voltage

δqEi = 1/αE⋆ and frequency δpωi = η/E⋆2. The equa-

tion of voltage angle calculation is presented in (6). The

schematic of dVOC control is shown in Fig. 4.

6 Power sharing including VSG

This section outlines the mathematical modeling used

to describe the behavior of VSGs within microgrid sys-

tems, including equations characterizing the dynamics

related to power output, voltage regulation, and inertial

response. The active and reactive power control laws of

the virtual synchronous generator can be written as :

ω̇∗ =
1

Jp


Pdroop︷ ︸︸ ︷

δpωi (ω⋆ − ω∗)+
P ⋆
i

ω⋆
−

P o
i︷ ︸︸ ︷

Ψ∗
d

[
ioα
ioβ

]T [
cos (θ∗)

sin (θ∗)

]

Ψ̇∗
d =

1

Jq


Qdroop︷ ︸︸ ︷

δqEi (E⋆ − Eo
i )+Q⋆

i −
Qo

i︷ ︸︸ ︷
voβioα − voαioβ


(7)

where Jp,q is the virtual moment of rotational iner-

tia and damping coefficient; P ⋆
i and P o

i are the mechan-

ical applied to the rotor (prime mover power in a SG

with P ⋆
i = Tmω⋆) and electromagnetic powers ( elec-

tric output power of VSG: P o
i = Te/ω

∗ with Te is the

electromagnetic torque), respectively; ω∗ and ω are the

mechanical virtual angular frequency and actual angu-

lar frequency of the grid, respectively. In the case of a

− 
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Fig. 5: Block diagram of VSG droop control

Fig. 6: Implementation Typhoon-HIL 604 block dia-

gram and real-time simulation setup

standalone microgrid, ω is considered as the reference

of the angular grid frequency. The VSG generated volt-

age amplitude is from reactive power control loop Eq

(7) as follows:

e∗oα = Ψ∗
dωg

[
cos (θ∗)

sin (θ∗)

]
(8)

7 Simulation result analysis

To verify the effectiveness and reliability of the par-

allel DER units in single-phase standalone AC micro-

grids under different droop controllers combination ty-

pologies, a real-time simulation and analysis are con-

ducted under various scenarios. The implementation is

carried out using Typhoon HIL604 real-time simulator

as shown in Fig. 6. The interface between the real-time

digital simulator HIL 604, I/O interface cards, and Ty-

phoon schematic is provided by Control Center soft-

ware version 2024.1. Results are taken in the MSO of

the TEKTRONIX 5 series (6.25 GS/s, 350 Mhz).

7.1 Transient and steady-state performances

The single-phase AC microgrid structure is shown in

Fig. 7. Five multi-DERs units are connected in paral-

lel (in the standalone mode) for power sharing com-

mon loads (resistive (R) 33kVA and resistive inductive
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[
ė∗oα
ė∗oβ

]
=

harmonic oscillator︷ ︸︸ ︷
ω⋆J

[
e∗oα
e∗oβ

]
+η


phase error term︷ ︸︸ ︷

1

E⋆2
R(ζ)

[
P ⋆
i Q⋆

i

−Q⋆
i P ⋆

i

] [
e∗oα
e∗oβ

]
−R(ζ)

[
ioα
ioβ

]
+α

magnitude error term︷ ︸︸ ︷
E⋆2

i − ∥ei∥2

E⋆2
i

[
e∗oα
e∗oβ

] (5)
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(RL) 33kVA at 0.7 Lagging Power Factor), the different

primary power sharing control configuration is used to

control DER units. The two first DER units (N1 and

N2) employ a CDC method, the UDC is implemented

in DER unit N3. Advanced power-sharing controllers

based on dVOC and VSG are implemented in DER

units N4 and N5, respectively. The objective of this

test is to verify the behavior of different power-sharing

controllers supplying together a common load in the

same network.

Fig. 8 show the transient and steady-state perfor-

mance of the studied system, we can observe that all

primary controllers remain stable at steady-state for all

electrical quantities (active and reactive power, volt-

Table 1: Micro-grid parameters for real-time simulation

Parameter Value

Apparent power S = 33 kVA
Grid voltage V = 220VRMS

Grid frequency f = 60Hz
Upper margin Step-time Ts = 50e− 6s
Switching frequency fs = 10kHz
DC link voltage Vdc = 1500V
DG side inductance Lf = 25e− 3mH
DG side capacitance Cf = 100µF

δpωi = 5.71e−4;

CDC Coefficients δqEi = 6.67e−4

δpωi = 5.71e−4;

UDC Coefficients δqEi = 6.67e−4

ηe = 0.015
dVOC coefficients η = 55

α = 1.6
δpωi = 29

δqEi = 1.5e3

VSG Coefficients Jp = 2.9
Jq = 42.5e3

age, current, and frequency). However, we can observe

that UDC controller creates a little high drop volt-

age compared with the other controllers caused by the

supplementary control mechanism based on the inte-

gral action in the voltage loop. So, to avoid this prob-

lem, it’s necessary to carefully design the coefficient ηe
based on operating conditions without causing of in-

stability in the system. However, we can observe that

the power-sharing controllers unevenly distribute the

required power demand among DERs when the load in-

creases. The problem stems from the droop characteris-

tic, which can result in variations in power output. So,

generators with steeper droop slopes may boost their

power output faster compared to those with shallower

slopes. This involves the use of a secondary level con-

troller to ensure reactive powers alignment. In terms

of transient performance, the analysis indicates a fast

transient with overshoot regarding the dVOC method

compared to other controllers, although all remain within

acceptable limits. However, VSG responds slowly to

sudden load fluctuations or disturbances due to pro-

viding inertia and damping characteristics.

7.2 Plug & play DER units

In this section, load variation scenarios, coupled with

plug-and-play tests for DER units within a micro-grid

system, are meticulously evaluated to confirm the adapt-

ability and stability of mixed power-sharing controllers.

Based on Fig. 9 and Fig. 10, variation scenarios are as

follow : At start all DER units are connected with ini-

tial AC load1 (16.5 kW) followed by t1 where DER1 is

disconnected. At t2, AC load2 (16.5kW +j11.55kVAR)

is connected and disconnected at t3, followed by dis-

connection of DER4 and DER5 at t4 and t5, respec-

tively. We can observe that load variations involve all

DER units in increasing or decreasing power sharing,

and the system remains stable. The disconnection of

DER1, followed by DER4 and DER5 respectively while

the micro-grid is operational, enables other units to con-

form to this updated configuration, ensuring the unin-

terrupted provision of service. This approach avoids any

disturbance to ongoing operations and maintains sys-

tem stability with effective power sharing during these

transitions.
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(a) Active power (b) Reactive power (c) RMS Voltage

(d) Single phase voltage (e) Frequency (f) Single phase current

Fig. 8: Standalone AC micro-grid simulation results under power sharing among resistive and resistive inductive

loads

Fig. 9: Active power result under DER units disconnec-

tion

Fig. 10: Phase current result under DER units discon-

nection

8 Conclusions

This paper integrates a hybrid framework for power

sharing control in a single-phase AC microgrid to eval-

uate system performance and stability during common

load supply and DER disconnection. Controllers en-

sure stability at steady-state, effectively sharing active

power in proportion to the load, with a particular focus

on dVOC and VSG control. These controllers maintain

stable operation and respond well to system transients,

critical for reliable operation. The novelty in this article

is the combination of conventional and universal droop

control with dVOC and VSG power-sharing strategies

into a hybrid framework, the micro-grid benefits from

their complementary strengths. The integration of con-

trollers synergistically enhances system resilience, load

power sharing, and grid support capabilities, ultimately

fostering efficient and reliable microgrid operations. Fu-

ture work aims to evaluate these methods in larger mi-

crogrids with complex configurations, expanding test

scenarios with time and frequency analysis.
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