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Abstract—In this work, a PSCAD electromagnetic model is
constructed for a microgrid community. It consists of three micro-
grids networked through the medium voltage (MV) distribution
system as a practical case of the distributed resource island
systems of IEEE Standard 1547.4. Typical operational scenarios
are then simulated for both grid connected and islanded mode of
operation. The study outcomes demonstrate the operational feasi-
bility of networked microgrids in electrical distribution systems
and the effectiveness of common droop controls in facilitating
energy transaction of the microgrids and maintaining voltage
and frequency stabilities under normal network disturbances.
This investigation is significant in that it addresses the needs
and issues arising from primary controls for facilitating the
energy transactions of secondary and tertiary controls in the
hierarchical control strategy of networked microgrids in the MV
distribution system. Future studies of the secondary and tertiary
control algorithms will need to incorporate new requirements for
ensuring distribution system voltage and frequency securities.

Index Terms—Distributed generation, distribution system, hi-
erarchical controls, microgrid community, network microgrids,
renewable generation.

I. INTRODUCTION

IN recent years, microgrids have been recognized among
academia, industry, and government as an important means

to integrate distributed generation, achieve energy security, and
improve grid resilience [1]–[3]. According to the definition
by U.S. Department of Energy, a microgrid is “a group of
interconnected loads and distributed energy resources within
clearly defined electrical boundaries that acts as a single
controllable entity with respect to the grid” [4]. The key
features of microgrids include the ability to operate in both
grid-connected and islanded modes, and the integration of
renewable generation. Broader views of microgrids can be
found in research literature where the boundaries of micro-
grids are flexibly defined [5], [6]. According to the IEEE
Standard 1547.4 [6], a hierarchy of various capacity scale
microgrids can be constructed within the electrical distribution
system, ranging from facility microgrids that mainly involve
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the LV network of energy end user to feeder microgrids and
substation microgrids that include portions of the medium
voltage (MV) distribution system network (Fig. 1). Microgrids
are expected to fulfill a number of operational and economic
benefits, such as performing network ancillary services, pro-
viding power during grid outage, and participation in the
electricity market [1], [7]. So far, real world microgrids have
been built for technology demonstration providing services to
critical loads [8], [9]. The further proliferation of microgrids
in electrical distribution systems, however, is still awaiting
improved cost benefits, establishing better business cases for
the electrical utility companies, and regulatory policy changes.
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Fig. 1. Example of a DR system island [6].

At the same time, microgrids continue to attract interest
among researchers in academia. Numerous studies have been
conducted that focus on the coordinated control strategies
of microgrid operation. A general control framework is a
coordinated three-layer hierarchical structure [10] where the
fast response primary controls ensure power quality through
frequency and voltage regulation; the slower response sec-
ondary controls adjust setpoints of the primary controls to
maintain power balance on short terms; and tertiary controls
schedule the secondary control setpoints on longer terms to
ensure energy adequacy and economic operation. Typically,
primary controls are implemented locally with droop charac-
teristics, and the secondary and tertiary controls are imple-
mented centrally. Due to the special system characteristics of
microgrids, some primary control schemes also engage in site-
to-site communication to improve power-sharing performance.
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To reduce dependency on communication links and improve
reliability, the trend of research studies is to employ decen-
tralized or distributed strategies for the control of all three
layers [11], [12].

Networked microgrids or microgrid communities, defined
as the aggregation of interconnected microgrids, on the other
hand, have been of considerable interest [13]–[15]. These
studies focus on both power sharing strategies and energy
management under a simplified physical assumption of the
microgrids sharing a common AC bus. In reality, microgrids
are most likely interconnected through the MV distribution
system network, as discussed in [6].

The impacts of the distribution network on the dynamic
interactions among the microgrids during as well as on voltage
regulation must be understood and managed for distribution
system steady-state operation. In addition, the lower level (pri-
mary and secondary) controls that facilitate energy transaction
among the microgrids need to be identified and validated.

So far, research studies on microgrid communities as a
group of networked microgrids have been mostly concerned
with optimal energy transaction strategies to meet economic
objectives. Static and dynamic securities of the MV distri-
bution system under normal conditions and during network
events have not been adequately evaluated. Perhaps the most
relevant works found in the research literature are [16], [17],
in which the dynamic performance of the distribution system
as a single microgrid was studied under various operating
conditions.

This paper studies a microgrid community that involves the
MV distribution system network and three facility microgrids
constructed based on an existing low voltage (LV) distribution
system network: a building, a remote community, and a small

factory. Along with a section on MV distribution system net-
work, the interconnected microgrids form a feeder microgrid
in the sense of [6]. A detailed electromagnetic model has been
constructed in PSCAD [18] for the microgrid community that
contains a rich mix of conventional (1.5 MW), renewable (0.9
MW), and energy storage resources (0.5 MW). Hierarchical
control strategies are assumed for power and energy man-
agement both at the individual microgrid level and at the
microgrid community level. Therefore, energy management
systems with the necessary sensing and control infrastructure
are present at both levels as well. This study, however, does
not specify the actual secondary and tertiary control algorithms
that lead to setpoint decisions for primary controls. Efforts
will primarily focus on investigating the dynamic stabilities
of voltage and frequency of the microgrid community where
the fast-response local controls of DERs react to both abrupt
operating condition changes and ramped setpoint adjustments.
Using extensive electromagnetic simulations of operational
scenarios, this study validates 1) the operational feasibility of
the microgrid community under both steady-state and dynamic
conditions, and 2) effectiveness of a primary control strategy
that mainly consists of common droop controls in facilitating
energy transactions of microgrids entities while maintaining
overall system voltage and frequency securities.

II. THE MICROGRID COMMUNITY MODEL

A. The Distribution System Network Model

The MV distribution system model in this study is the
IEEE 34 Node Test Feeder [19]. As shown in Fig. 2(a),
this test system represents an actual 24.9 kV distribution
system network in the U.S. state of Arizona, featuring long

Bus 890

Solar

SG3

Battery

Transmission 

line

Wind 1 

(IG)

Wind 2

(DFIG)

4
.1

6
 k

V

2
5
 k

V

V
k 

6.
0

V
k 

5
2

Bus 844

Solar

24.9 kV

11.2 kV

0.48 kV 0.48 kV

Bus 860
24.9 kV

Vk 2.11Vk 2.11

0.6 kV 0.6 kV
0.6 kV

800

806 808 812 814

810

802 850

818

824 826

816

820

822

828 830 854 856

852

832

888 890

838

862

840
836860834

842

844

846

848

864

858

Microgrid B 

Microgrid C 

Microgrid A 

(a)

(b) (c) (d)

Fig. 2. A microgrid community with 3 microgrids. (a) IEEE 34 Node Distribution System. (b) Microgrid A. (c) Microgrid B. (d) Microgrid C.



14 CSEE JOURNAL OF POWER AND ENERGY SYSTEMS, VOL. 1, NO. 4, DECEMBER 2015

feeders with light, distributed, and unbalanced loads. The point
of common coupling (PCC) of the microgrid community is
located at node 832. This study modifies the IEEE 34 Node
Test Feeder model by adding three microgrids downstream
from the PCC, each at nodes 890, 844 and 860, respectively.
These nodal locations are selected so that the capacities of the
microgrids can be adequately rated to serve the majority of
the loads in the microgrid community. At the same time, the
distances among the microgrids are far enough for studying
voltage regulation. The characteristics of the three microgrids
are described in the following.

B. Three Microgrids

1) Microgrid A: As shown in Fig. 2(b), this microgrid
represents one that serves a remote community with a natural
gas synchronous generating units, two wind generating units
[a doubly fed induction generator (DFIG) and an induction
generator (IG)], a solar PV generating unit, and a battery
energy storage (BESS) unit.

1) Synchronous generator (250 kW). This is implemented
with real power frequency (P-f) turbine governor droop
control and the reactive power voltage (Q-V) droop
control for the rotor excitation circuit. A generator can
be placed on the voltage regulation mode to regulate
the terminal voltage against a target setpoint through
reactive power injection. The control circuit diagram is
shown in Fig. 3(a).

2) Solar PV generating unit (210 kW). The solar PV
generation unit is placed on maximum power point

tracking (MPPT, Fig. 3(c)) and interfaces with the rest
of the microgrid through a DC/AC invertor, as shown in
Fig. 3(d).

3) IG (200 kW) and DFIG (60 kW) wind generating units.
Both are on MPPT.

4) BESS (500 kW). The BESS interfaces with the rest of
the microgrid through a 4-quadrant inverter. It is on P-Q
control, as shown in Fig. 3(b).

5) Loads. All loads are modeled as composited constant
power, constant current, and constant impedance types
(ZIP). The amount of critical load is 160 kW.

2) Microgrid B: As shown in Fig. 2(c), this microgrid
represents one that serves a commercial building with over
800 kW onsite generation capacity including two natural gas
synchronous generating units (200 kW each), and a solar PV
(460 kW). The local control schemes for the synchronous
generators and the solar PV are similar to those of Fig. 3(a),
Fig. 3(c) and Fig. 3(d). All loads are ZIP types. The amount
of critical load is 260 kW.

3) Microgrid C: As shown in Fig. 2(d), this microgrid
represents one that serves a manufacturing plant with onsite
co-generation (such as combined heat and power type). Three
natural gas synchronous generating units (250 kW each) are
equipped with similar turbine governor and excitation controls
as in the microgrid A. All loads are modeled as ZIP types. The
amount of critical load is 140 kW.

C. Hierarchical Controls
The hierarchical controls are essential for supporting the

microgrid community operation. In the hierarchical control
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structure, the primary controls are mainly implemented as local
controls for the physical devices. As proposed in most micro-
grid community studies, two levels of controls are typically
designed for the secondary controls, one at the microgrid level
and another at the microgrid community level. Similarly, two
levels of tertiary controls can be present, one at the microgrid
level and another at the microgrid community level.

1) Primary Controls: The primary controls refer to all the
local controls described in section II. B, including frequency
and voltage droop controls (P-f/Q-V) for the synchronous
generators, four-quadrant P-Q controls for the BESS units, and
MPPT controls for the solar and wind units. These represent
the most common primary control methods that are currently
applied in distributed generation technology.

2) Secondary and Tertiary Controls: The secondary con-
trols are implemented at both the microgrid and microgrid
community levels. The secondary control function at the
microgrid is performed by the microgrid Energy Management
System (M-EMS). The microgrid can be placed on the active
power and voltage regulation mode, i.e., the P-V mode, or
on the active and reactive power regulation mode, i.e. the P-
Q mode. In the P-V mode, the microgrid secondary control
dispatches the active and reactive powers of the generation
resources in the microgrid to follow scheduled active power
interchange and voltage setpoints (Pref, Vref) measured at the
microgrid PCC. In the P-Q mode, the microgrid secondary
control dispatches the generation resources to follow the
scheduled active and reactive power interchange setpoints
(Pref, Qref) measured at the PCC. All setpoint schedules are
provided by the higher level microgrid EMS (MC-EMS).

There are many proposed algorithms that perform energy
transaction scheduling (secondary and tertiary controls) to
achieve optimal economic objectives. Centralized, decentral-
ized, or distributed secondary control schemes can be im-
plemented at the microgrid community level in MC-EMS
to compute and communicate setpoints (Pref, Qref, Vref) to
the individual microgrids. Procurement and deployment of
operating reserves on DER to respond to either frequency or
voltage events in the grid system will also become important
requirements for power system operational security. Each
microgrid will carry operating reserves of active and reactive
power requirements (Pres, Qres). The active and reactive power
operating reserves will be procured and deployed through
instructions from the MC-EMS.

The secondary and tertiary controls will not be elaborated
in greater detail here, as the focus of this study is to identify
the effectiveness of primary controls in enabling the energy
transaction schedules of the secondary and tertiary controls.

III. GRID CONNECTED OPERATION

In this case study, the distribution system is energized at the
substation and the microgrid community is in grid-connected
mode of operation. All microgrids within the microgrid com-
munity are placed in P-Q control mode where the active and
reactive power setpoints (Pref, Qref) for each microgrid are
provided by the MC-EMS. The M-EMS in turn places its
dispatchable generation resources on the P-Q control mode,

and through economic dispatch within the microgrid (as a
secondary control function), regulates the power interchanges
at the microgrid PCC to follow setpoints (Pref, Qref).

The objectives of the economic dispatch algorithms for both
the microgrids and microgrid community are to minimize
operational costs while maintaining the bus voltages and
branch (lines and transformers) flows within security limits.
Economic dispatch functions at both levels may be performed
at such a periodicity as to help to meet both economic
objectives and network security requirements. Additionally,
at the microgrid community level, economic dispatch can
leverage the microgrids as resources to fulfill important net-
work operational objectives such as distribution system voltage
regulation and conservation voltage reduction (CVR), along
with other available controls in the distribution system such
as automatic voltage regulators (AVR) and capacitor banks.

The following simulation cases evaluate the impact of
economic dispatch on the system stability and power quality
while the microgrid community is in grid-connected mode
of operation. One key study objective is to evaluate network
voltage and frequency stabilities when the generator active
power setpoints are drastically increased from low to high
output levels. In a MV distribution system network where R/X
ratio is high, this may potentially lead to voltage instability.

A. Economic Dispatch of Active Power

In this case study, a series of adjustments are made to the ac-
tive power setpoints of synchronous generators and BESS units
along with abrupt load changes without additional reactive
power dispatch for voltage support. Meanwhile, power, voltage
and current measurements are taken at key nodal locations.

1) Microgrid Community: The microgrid community was
initially in steady-state operation with all DERs connected on-
line and supplying power. The series of generation setpoint and
load changes are recorded in Table I. The power interchange
at PCC (i.e., node 832) as a function of time is shown in
Fig. 4(a), where the microgrid community moved from initially
importing 200 kW at t = 10 s to finally exporting 120 kW
at t = 65 s. The PCC voltage measurement and microgrid
community frequency are shown in Fig. 4(b) and Fig. 4(c)
respectively. Samples of the steady-state three phase voltage

TABLE I
ACTIVE POWER SETPOINTS AND LOAD ADJUSTMENTS

T (s) Device ∆P , ∆Q T (s) Device ∆P , ∆Q
15 BESS +100 kW 39 L 890 +30 kW
22 BESS +400 kVar 39 SG5 +15 kW
26 L 890 +24 kVA 39 SG6 +15 kW
26 SG1 +12 kW 43 SG4 +15 kW
26 SG2 +12 kW 46 SG4 +20 kW
28 L 890 +24 kVA 50 BESS +50 kW
29 SG1 +12 kW 51 SG5 +15 kW
29 SG2 +12 kW 51 SG6 +15 kW
31.5 L 890 +32 kW 53 SG5 +20 kW
32 SG1 +16 kW 53 SG6 +20 kW
32 SG2 +16 kW 55 SG3 +15 kW
36 L 890 +15 kW 57 SG3 +15 kW
36 SG4 +15 kW 59 SG3 +20 kW

+: Increased power output/withdraw for generator/load;
−: Decreased power output/withdraw for generator/load;
L 890: Load of microgrid 1.
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and current waveforms in Fig. 5(a) and Fig. 5(b) show good
power quality of the MV distribution system network. The
differences in current magnitude across the three phases are
results of unbalanced network loads.
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2) Microgrid A: Fig. 6 shows the active power interchange
(exporting) and voltage RMS value at PCC. Fig. 7 shows
samples of the steady-state voltage and current waveforms at
PCC. Fig. 8 exhibits the steady-state output current waveforms
of wind turbine 1 (IG), wind turbine 2 (DFIG), and solar
PV. With wind turbine 1 and solar PV, moderate high-order
harmonic components are visibly present in the waveforms.

3) Microgrid B: The active power interchange and voltage
profile at the PCC during the economic dispatch are shown
in Fig. 9. Samples of the PCC steady-state voltage and
current waveforms are shown in Fig. 10 where high order-
harmonic content is presented in voltage due to onsite solar
PV generation.
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4) Microgrid C: The active power interchange and voltage
profile at the PCC, as well as the PCC steady-state voltage
and current waveforms are shown in Fig. 11 and Fig. 12,
respectively. It is also noted that the quick ramp of BESS
active power at t = 15 s creates transients across the microgrid
community, as shown in Fig. 13.
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Fig. 12. PCC voltage and current waveforms of microgrid C. (a) Voltage. (b)
Current.

Micro g rid06kV : Gra p hs

x 10 20 30 40 50 60

-0.050 

0.000 

0.050 

0.100 

0.150 

0.200 
Pbat Qbat

10 20 30 40 50 60

0.100

0.150

0.000

BESS Output (kW in blue/kVar in green)

Time (s)

0.050

Gen7 : Gra phs

x 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 

0.110 

0.120 

0.130 

0.140 

0.150 

0.160 

0.170 

P

10 20 30 40 50 60

0.140

0.160

0.120

SG Output (kW)

Time (s)

(a) 

(b)
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B. Discussion

Throughout the active power economic dispatch, the mi-
crogrid community is able to maintain voltage and frequency
stabilities as the generator outputs vary drastically. The fol-
lowing key observations are from the simulation case study:

1) Distributed generation power is mostly consumed locally
by microgrid loads or by network loads that are close
to the microgrid PCC, avoiding long distance power
transmission between buses that are connected with
generation sources. The dynamic interactions among
the voltage regulation controls of distributed generation
resources are damped by the nearby voltage-dependent
loads, resulting in weaker coupling among the gen-
eration resources. This network operation feature has
positive impact on voltage stability in distribution sys-
tems where the distributed generation resources actively
perform voltage regulation based on local voltage mea-
surements.

2) In the grid connected mode of operation, the P-f droop
control and Q-V droop control of a distribution gen-
eration resource are decoupled from each other, since
frequency f reflects the bulk power system frequency
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and is not affected by local voltage and load changes.
3) The Q-V droop parameters of synchronous generators

are critical to the network stability. High values of droop
response R cause the system to be prone to voltage
instability. In addition, the excitation voltage PI control
must be on slower time scale than the turbine governor
P-f droop control, with reduced gain and time constant.

4) The ramping of power electronically interfaced gener-
ation resources, such as a BESS unit through smart
inverter is very fast. Therefore, the magnitude of active
power change (increase or decrease) per ramping action
should be limited, to avoid creating undesirable voltage
and current transients in the network.

IV. ISLANDED OPERATION

The microgrid community can operate in the islanded
mode as a result of intentional islanding or unintentional
islanding. Mitigating voltage and current transients are primary
challenges for the transition process from grid-connected to
islanded mode. It is particularly more challenging for uninten-
tional islanding as it involves quick power outage detection and
deployment of fast response generation resources such as bat-
teries and diesel units following the power outage. Successful
transitions depend on both effective deployment of the hard-
ware equipment involved and microgrid operating conditions
prior to islanding. There have been many discussions in the
research literature on the strategies for unintentional islanding
and blackstart of microgrids [17]. The islanding strategy for
a community of multiple microgrids is a separate study topic
by itself and will not be elaborated here. In the following
simulation study, intentional islanding takes place where the
microgrid community has dispatched adequate generation to
meet its local load demand before islanding took place.

A. Intentional Islanding

Prior to islanding, the microgrid community was serving all
of its local demand by distributed generation. Therefore, the
active power interchange at the microgrid community PCC
is nearly zero. The reactive power interchange is 90 kVar
exporting. Fig. 14 shows the voltage and frequency around the
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Fig. 14. Voltage and frequency at microgrid community PCC before and after
microgrid islanding (at t = 15 s). (a) Voltage. (b) Frequency.

time (t = 15 s) when the PCC switch is opened. No significant
transients are seen to be present in either voltage or frequency.

B. Steady State Operation

The essential challenges for the islanded operation of the
microgrid community are frequency and voltage regulations
through effective primary and secondary controls. With the
primary droop controls described in section II C, all syn-
chronous generation units are placed on the P-Q control mode
with both P-f and Q-V droops. The economic dispatch of the
microgrid community is expected to send active and reactive
power setpoints to the microgrid community to manage voltage
and frequency excursions from their nominal levels, in a
manner similar to the AGC (automatic generation control)
function of bulk power system operation. In addition, there
must be ample contingency reserves (Pres, Qres) procured by
the microgrids so that the microgrid community can ensure
both frequency and voltage security of the islanded distribution
system network if unexpected events occur, such as abrupt
changes in load, generation and network topology. With the
absence of such secondary control functions, this study will
mainly examine the voltage and frequency stabilities after the
microgrid community has become islanded. Both small and
large disturbance events are emulated while the voltages and
currents are monitored at key nodal locations.

1) Steady-State Voltages and Currents: Table II shows the
steady state voltages in per unit RMS values. Figs. 15, 16,
and 17 show the steady-state voltage and current waveforms
at the PCC of the microgrids A, B, and C. Fig. 18 shows
the steady-state output current waveforms of inverter-based
distributed generation resources. The waveforms show various

TABLE II
VOLTAGE PER UNIT VALUE AT EACH NODE OF MGC

Node Voltage Node Voltage Node Voltage
832 0.9946 834 0.9955 860 0.9961
858 0.9949 842 0.9963 836 0.9959
864 0.9949 844 0.9966 840 0.9958
888 0.9845 846 0.9968 838 0.9210
890 0.9618 848 0.9968 862 0.9959
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Fig. 15. PCC voltage and current waveforms of Microgrid A. (a) Voltage.
(b) Current.
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Fig. 17. PCC voltage and current waveforms of microgrid C. (a) Voltage. (b)
Current.

degree harmonic distortions (especially of high orders) in the
inverter output currents, more visible than when the microgrid
community is operating in the grid-connected mode. The
waveforms show slight high-order harmonic distortions. Fig.
19 shows the Fast Fourier Transformation (FFT) analysis of
the voltages and currents at the PCCs of the microgrids and
the microgrid community.

2) Small Disturbance Stabilities: A series of small distur-
bances is emulated for the islanded microgrid community as
shown in Table III. Fig. 20 shows the voltage and frequency
response during the disturbances. It shows that although volt-
age and frequency stabilities are maintained throughout the
events, the excursions can travel outside the normal ranges.

TABLE III
TIMES AND SCALES OF SMALL DISTURBANCE EVENTS

T (s) Device ∆P , ∆Q T (s) Device ∆P , ∆Q
20 L 890 −20 kW 30 SGs 1, 2 24 kW
23 SGs 5, 6 20 kW 37 Solar 844 −20 kW
28 L 860 −24 kW 37 Load 860 −20 kVA

L 890: Load inside microgrid A (with PCC at node 890).
Solar 844: Solar PV inside microgrid B (with PCC at node 844).
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Fig. 18. Renewable distributed generation output current in microgrid A. (a)
BESS. (b) Wind (IG). (c) Wind (DFIG). (d) Solar PV.

Corresponding secondary controls must be deployed on time
to adjust generation setpoints to steer frequency and voltage
to within the security ranges (e.g., 59.5–60.5 Hz for frequency
and 0.95–1.05 p.u. for voltage [6]), to prevent equipment
damage from prolonged voltage and frequency excursions. In
this study, the BESS in microgrid A was deployed to generate
330 kVar reactive power at t = 22 s, recovering the sagging
system voltage across the microgrid community (Fig. 20).

3) Stability After a Three-Phase Ground Fault: A three
phase ground fault was set to occur at t = 40 s at node
832 (microgrid community PCC) and cleared after 0.1 second.
The system voltage recovered after the fault cleared. Severe
oscillation persisted for a long time period, as shown in Fig.
21(a). Even after the fault clearing time was changed to 0.05 s,
the voltage oscillation persisted (Fig. 21(b)).

C. Discussion

This simulation case study has shown the feasibility of
operating the microgrid community in the islanded mode.
There are the following important observations from this case
study.

1) A primary control mechanism is not necessarily required
for carrying out a planned islanding process by manag-
ing the power interchange at the PCC to be precisely at
zero levels. As long as the PCC power interchange is
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Fig. 19. FFT analysis of voltage and current waveforms at the microgrid
PCCs. (a) and (b) Voltage and current FFT of microgrid A. (c) and (d) Voltage
and current FFT of microgrid B. (e) and (f) Voltage and current FFT of
microgrid C. (g) and (h) Voltage and current FFT at node 852. (i) Current
FFT of BESS in microgrid A.

held at low enough levels through a secondary control
function (such as the economic dispatch), operational
mode transition can take place without significant volt-
age transients. In this case, the dynamic impacts on
the microgrid community are similar to that of a small
disturbance, such as the loss of a small generation unit
or load.

2) The P-f and Q-V droop controls of the generation
resources are coupled during the islanded mode of
operation due to the high R/X ratio of distribution
lines and voltage dependent loads. It is essential that
the coupling should not lead to system voltage and
frequency instability. This simulation shows that with
well-adjusted droop control constants, the distribution
system operation can quickly settle at new equilibrium
points.

3) Robust system stability can be achieved through the
primary droop controls during small disturbance events,
such as normal synchronous generator output ramping
and abrupt load changes. The Q-V linear droop constant
R of synchronous generators must be kept at low enough
levels. Otherwise, significant voltage oscillations will
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Fig. 20. System frequency and microgrid PCC voltages (in kV) during
small disturbance events; and microgrid A BESS real and reactive power
deployment. (a) Frequency. (b) Voltage at 832. (c) Voltage at 890. (d) Voltage
at 844. (e) Voltage at 860. (f) BESS deployment.

occur.
4) Due to the relative small scale of the islanded micro-

grid community system, the steady-state voltage and
frequency can easily travel outside their normal ranges
due to changes in system operating conditions. This
calls for more frequent deployment of secondary control
functions to adjust generation setpoints in order to
restore voltage and frequency to safety levels. Also, the
system stability is more susceptible to faults. Addition
primary controls would be required to attenuate post-
fault voltage and current oscillations in the system.
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Fig. 21. Microgrid community PCC voltage during fault. (a) Tclr = 0.1 sec.
(b) Tclr = 0.05 s.

V. CONCLUSION

This study has constructed a detailed PSCAD electromag-
netic model for the study of a microgrid community that
involves three microgrids networked through the MV dis-
tribution system. A number of typical operational scenarios
are simulated, including economic dispatch, load changes,
voltage events, operational mode transition, and small and
large network disturbances in the islanded mode. The sim-
ulation case studies have shown the operational feasibility
of networked microgrids in electrical distribution systems,
and the effectiveness of P-Q based primary controls with
droop characteristics in facilitating energy transaction of the
microgrids and maintaining voltage and frequency stabilities
under normal network disturbances. The future work will focus
on deriving secondary and tertiary controls for computing
primary control setpoints to achieve both economic objectives
and operational security requirements.

(Due to presentation limits, some parameters used in the
simulation are not shown here, but they will be made available
upon any inquiries.)
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