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1. INTRODUCTION

The electrical power system gains a new dimension with the growing use of microgrids
in electricity networks, and new challenges with the operation, control, and protection of
electrical networks are created. A collection of interconnected DERs and loads that operate as
a single, controllable unit within the grid is called a microgrid. It may work in grid-connected
or island mode by connecting and disconnecting from the grid. However, microgrid
connections enhance customer dependability and grid resilience [1-14]. Challenges that arise
with microgrid communications include bi-directional power flow that strongly affects the
coordination of the protection system, low fault current levels during islanding mode that
require an improved intelligent protection system, and frequency control during islanding
operation [15-22]. CERTS reviews the impact of these resources' widespread deployment and
explores potential modifications to improve the reliability of the electrical grid.

The CERT microgrid concept assumes interconnecting a group of loads and DERs that
must be power electronic based to offer the necessary flexibility to guarantee an isolated
system's operation. Because of its control flexibility, the CERTS microgrid may interface with
the bulk power system as a single controlled unit that satisfies regional security and reliability
requirements. [23]. In contrast to traditional approaches for integrating DER, the CERTS
microgrid introduced a well-controllable design to seamlessly isolate from the grid if the
problems arise and reconnect once they are resolved. To fulfill these requirements, highly
sensitive sensing units and high-speed switches are employed in the event of abnormal grid
conditions to disconnect the microgrid from the electricity system. The DER units can meet
essential load demands due to this technique and an advanced protection system and controller
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to ensure power quality and reliability [24], [25]. The CERT microgrid concept is based on
some basic requirements that are summarized as:

1. Ensuring load service continuity through automatic and easy transitions between grid-
connected and islanded modes of operation.

2. Implement an advanced protection system compatible with low fault current.

3. Implementation of an advancing control system capable of maintaining voltage and
frequency stability during islanding conditions without needing an advanced
communication system.

A unique feature of the CERT microgrid concept is that sensitive communication systems are
not required for the control of the separate DER units. When the switch operates, its controls
automatically adjust to the new working conditions. In this paper, validation of the CERTS
microgrid concept is introduced by introducing a comprehensive investigation into the design,
optimization, and performance analysis of an integrated microgrid comprising multiple
photovoltaic (PV) cells, battery energy storage system, and AC loads with embedded
controllers. The microgrid stability is tested during different operating conditions such as grid-
connected, islanding, and fault and loading conditions. Also, the control system of the
microgrid is tested and evaluated during different operating conditions using the Matlab
Simulink platform. A fault analysis study is carried out to reveal the operational challenges
associated with microgrid connection from the protection perspective. The main work’s key
contributions may be summed up as follows:

e Modelling of the CERTS Microgrid Testbed System.

e Control of the CERTS Microgrid Testbed System.

e The stability of the model and the evaluation of the DER-controller during varying load
values, variation of solar irradiance, and transition from grid-connected to islanding
mode.

e The performance of the overcurrent scheme traditionally used in short-feeder protection.

In section II, the cert microgrid architecture and modeling are highlighted, simulation
results are discussed in section 111, and the conclusion is introduced in section I'V.

2. CERTS MICROGRID SYSTEM ARCHITECTURE

According to the CERT microgrid concept, the microgrid structure assumes an
aggregation of small sources and loads operating as an independent system providing electrical
power. To achieve the required flexibility to ensure controlled operation as a single aggregated
system, most of these sources are restricted to be power electronic-based to meet the local
customers’ needs related to reliability and security. Another important function of the control
system is enabling the microgrid to operate in the grid-connected and islanding mode as well
as a smooth transition between them [26-30]. An illustration of the CERT microgrid
architecture is indicated in Fig. 1. The microgrid system is assumed to be a radial system with
three feeders and a collection of loads. It includes two solar sources and one battery energy
storage device, as well as four loads (L1, L2, L3, and L4) and three distributed energy
resources. The DER-PV1, DER-PV2, and DER-Bt.s. Both inductive and capacitive loads are
utilized. A step-down transformer is utilized to connect the CERTS microgrid system to the
grid. Its ratings are 13.8 kV for the primary side and 0.480 kV for the secondary side [26, 32].
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Fig. 1: CERTS Microgrid Architecture.

The four buses of the microgrid

are connected via 5- feeders [T11, T22, T33, T34, T44],

each feeder is 68.58. The parameters of the microgrid are indicated in Table 1. To create a well-

controllable design CERTS microgrid
DER are interfaced to the grid using a

that could seamlessly isolate from the grid, the three
voltage source converter (VSC) which is best suited to

interconnecting a microgrid to the main power grid.

Table 1: Parameters of the CERTS microgrid system.

Parameter

Tl

L3,1L4

L5

L6

Load parameter

Linell, Line22, Line33, and Line
44

Line34

DER-PVI, DER-PV2

SINAI International Scientific Journal (SISJ), 2025, 2(2)

Value

15.0 MVA, 60Hz, 13.8/0.48KV, X/R=6, Z=5%
90KW 45KVAR

90KW, -40KVAR

90KW, -20KVAR

Value

Size (AWG2),68.58m, 60Hz

Size (AWG2/0),22.86m
200KW, Unity Power Factor (3-Phase Capacitor Bank
(15kVA)).
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By its capability to fast reactive power flow and voltage control at its terminals, VSC
could enable a black start to energize connected microgrid or re-energizing grid; contributing
to power system and voltage stability. Three different control methodologies were used to
ensure the seamless transitions between grid-connected and islanded modes of the microgrid.
battery energy storage combines a current-mode control in the d-q frame with an active/reactive
power controller [33]. to ensure that the solar array produces the maximum amount of
electricity, modified-current mode control with DC link voltage is the control methodology
used for PV1 in disconnected mode only and for PV2 in both connected to the grid and
islanding mode. Frequency-mode control is utilized to regulate the voltage and frequency of
PV1 when it is in the islanding mode. Three distinct control approaches were applied for VSC:

2.1. VSC- Current-Mode Control

The VSC-current mode controller is used to manage and control the microgrid sources'
three-phase active and reactive power during grid-connected mode. The three-phase quantities
transform into a rotating d-q frame using park transformation, which reduces the number of
control loops from three to two and makes controller design and simulation easier. The phase
shift and amplitude of the line current are adjusted to regulate the power and reactive power.
The foundation of the transformation and controller is described by the following equations

[34].
2 2
Ssin (6)  sin (9— ") sin (9+ —”)M
K 23 2 X Vsa
T T
Ecos () cos (6 - —) cos (9 + — E Ksb] (1)
M1 1 1 NS¢
) 2 2 X
3
P) = 5 (vsa(D) fsalt) + vsq(D)i5q(1)) 2)
3
0s(t) = 5(—vsd(t) isq(£) + Vyg(D)isq(t)) 3)

Fig. 2 shows a schematic design of a current-controlled VSC system. In this controller
mode, the control signals Xg4(t), vg,(t), iq(t), and i4(t), respectively, are produced by
transferring the grid voltages and three-phase VSC output currents from the abc-to-dq0 frame.
A compensator processes these data to create the VSC's modulation or control signals [34]. To
match the VSC currents with the grid voltage, it is required to determine the grid voltage's
phase angle. Phase-locked loop (PLL) synchronization is used in this concept to rapidly track
grid phasing irregularities. The PLL component generates the synchronization angle to reduce
steady-state errors, simplify the compensator design, make system control easier, and maintain
the vy, (t) constant at zero in the steady-state situation [35]. The following equations must be
fulfilled to produce the reference current values in the d-q frame (igref), (if), and to match the
required values with the real and reactive power supplied by the system:

2
idref( t) = % (Psref( t) ) (4)
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2
iqref( t) = % (eref ( t) ) (5)

Subsequently, the AC side voltages and currents are created and fed into the
compensator together with the reference currents. converted the compensator's output from the
dqO frame back to three phases, which were then sent into the PWM generator to produce the
gating signals required for the VSC to fire [36].
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Fig. 2: Schematic diagram of a current-controlled VSC.

2.2. Controlled-Frequency VSC System

The voltage and frequency at the point of common coupling (PCC), which regulates the
active and reactive power that the VSC system exchanges with the AC system, are regulated
by the islanding mode in a controlled-frequency VSC system. During grid disturbance
conditions, the microgrid should be isolated and operate in stand-alone mode then, is required
to maintain typical frequency values on all buses and the voltage values as well. PV1 operates
in both islanded and grid-connected modes, hence frequency mode control mechanism is
employed when it is in islanding mode. The solar source-1 PV1's frequency control model
implementation is shown in Fig. 3 [35-37].
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Fig. 3: Modelling of the frequency controller for the PV1.
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2.3. Modified Current-Mode Control with DC Link Voltage

In [36-45], the VSC current-mode control principles are discussed in detail. The
enhancement in this controller is concerned with regulating of power factor of the PV system.
Controlling the power generated by the PV system is achieved by controlling the DC link
voltage. the goal of the DC link voltage-control method is to guarantee stable PV behavior and
the safe operation of the VSC. Fig. 4 shows the updated current mode with DC link voltage

control implemented.
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Fig. 4: Modified current-mode controls with DC link voltage schematic diagram.

3. SIMULATION RESULTS AND DISCUSSIONS

In this section, the MATLAB Simulink platform was used to perform tests and evaluate
the simulated CERTS microgrid system under various operational situations. In islanding and
grid-connected modes, the produced voltage, currents, and power are analyzed under various
load conditions to assess the grid stability. A fault analysis investigation helps to better
understand the challenges associated with traditional protection techniques in microgrids. Also,
the dynamic performance of the CERT microgrid system model appears under various loading
cases, including normal loading conditions, changing from grid-connected to islanding mode,
unexpected loading fluctuations, varying solar irradiation levels, and system initialization from
reset (zero initial conditions). At each of the microgrid's four main buses (Busl1, Bus2, Bus3,
Bus4), the voltage and current signals are recorded (see Fig. 1).

3.1. Normal Loading Condition

SISJ

SINAI INTERNATIONAL
SCIENTIFIC JOURNAL

In the grid-connected mode, the microgrid is started at rest with zero initial conditions
and its full load. The modeled system can be noticed achieving its steady-state values in 0.25
seconds (Fig. 5 (a) & (b)). Additionally, as shown in (Fig. 8 (a) & (b)), the microgrid system
achieved its steady-state values during islanding mode in 0.25 seconds. It takes roughly 0.25
seconds for the waveforms of voltage and current to adjust to their steady-state levels. the
output of pv1l and pv2 are shown in (Fig. 6, Fig.7, Fig. 9, Fig. 10) while operating in islanding

and connected modes.
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Fig. 9: Voltage, current, and power waveforms of the micro-grid system measured at PV1 during
initialization of the islanding-connected condition.
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Fig. 10: Voltage, current, and power waveforms of the micro-grid system measured at PV2 during
initialization of the islanding-connected condition.

3.2. Transition from Grid-Connected to Islanding Mode

The transition from grid-connected to islanding mode involves significant changes in
voltage and current due to the disconnection from the main grid. the transition from grid-
connected to islanding mode involves careful detection, control, and stabilization processes.
effective management is crucial to ensure voltage and current levels remain stable,
safeguarding the reliability of the local power system. The stability of the modeled CERT
microgrid system is tested during the transition from grid-connected mode to islanding mode.
As shown in Fig. 11, if the microgrid is disconnected from the main grid after 0.7sec, it can
restore its steady state within 0.8sec. The voltage waveforms are exposed to a slight change in
their magnitudes at the instant of isolation, but they quickly regain their steady-state values
within 0.8sec as shown in Fig. 11 (a). Also, the current waveforms were rabidly increased at
the moment of isolation, but they regained their steady values within 0.8 sec, as in Fig. 11 (b).
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Fig. 11: Voltage and current waveforms of the micro-grid system measured at Bus1-Bus 4 during the
transition from grid-connected mode to islanding mode.
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Sudden changes in load magnitude have significant implications for grid stability in
both grid-connected and islanding modes. in grid-connected mode, the external grid can
provide support, mitigating some impacts, whereas, in islanding mode, the isolation increases
sensitivity to voltage and frequency instability. effective management strategies are essential
in both scenarios to maintain stability and reliability.in islanding mode, an increase in load can
lead to more severe voltage drops since the grid has no external support as shown in Figs. 13
and 14. In grid-connected mode, if the additional load is added in parallel with load 3 (L3) at
0.8 sec, the voltage waveforms could keep their stable values as in Fig. 12 (a), and the electrical
current drawn from the grid increased, and this appeared to increase in Bus 1 and Bus 3 currents
as in Fig. 12 (b). In contrast, the voltage magnitude shows a reasonable decrease at the moment
of'load change during islanding mode as in Fig. 13 (a), and the current magnitude of the current
measured at all the microgrid buses is increased as in Fig. 13 (b). The CERT microgrid system
could maintain its stability during load change.
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Fig. 12: Voltage and current waveforms of the micro-grid system measured at Bus1-Bus 4 for the
sudden change in load magnitude during the grid-connected mode.
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Fig. 13: Voltage and current waveforms of the micro-grid system measured at Bus1-Bus 4 during a
sudden change in load magnitude in islanding mode.
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Fig. 14: Voltage and current waveforms of the micro-grid system measured at Bus1-Bus 4 for the

sudden change in solar irradiance magnitude at 0.Ssec during the grid-connected mode.
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Fig. 15: Voltage and current waveforms of the micro-grid system measured at Bus1-Bus 4 for the
sudden change in solar irradiance magnitude at 0.5sec during the grid-connected mode.

3.4. Change of Solar Irradiance

The solar irradiance variation effects on the response of the CERT microgrid system
during grid-connected and islanding modes are indicated in Fig. 14 and 15. The irradiation
value is increased from 600 w/m2 to 800 w/m2 at 0.6 sec, the CERT microgrid system is
responding to this increase by the current magnitude increasing.

3.5. Fault Analysis Study

The three-phase short circuit at the mid-point of the feeder T22 during the grid-
connected and islanding modes is carried out, and the voltage and current magnitudes are
recorded as in Figs. 16 and 17. It can be noticed that the steady-state fault current level recorded
at Bus 4 for grid-connected mode is greater than that for islanding mode due to the fault current
support from the grid. In the grid-connected mode, the fault current level could be easily

detected by the traditional overcurrent protection scheme, and the fault could be successfully
isolated.
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Fig. 16: Voltage and current waveforms of the micro-grid system measured at Bus1-Bus 4 for solidly
ABC fault at the mid-point of feeder T22 during grid-connected mode.
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Fig. 17: Voltage and current waveforms of the micro-grid system measured at Bus1-Bus 4 for solidly
ABC fault at the mid-point of feeder T22 during the islanding mode.
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In grid mode, Protective relays detect the fault quickly. they measure current and
voltage levels and identify abnormal conditions. once detected, breakers isolate the faulted
section from the rest of the grid. all phase voltages drop to near zero at the fault location, but
the rest of the grid can maintain voltage levels due to the support from other generation sources.
fault currents surge significantly, often many times the normal current levels as shown in Fig.
16. In islanding mode, the system may lack effective detection mechanisms for faults. local
protective devices may not function as they would in grid-connected mode. all phase voltages
drop significantly at the fault location, and there is no external support to stabilize them. the
overall voltage may collapse. fault currents surge significantly but the current value is not as
big as grid mode as shown in Fig. 17. In contrast, the steady-state fault current level during
island mode that is recorded at Bus 2 (12) is decreased, and its magnitude may not be detected
by the traditional overcurrent relay scheme. However, the three-phase fault in both grid-
connected and islanding modes could be successfully detected; the situation will be worse if
the fault resistance is considered, especially in islanding mode. Fig. 16 shows that despite a
three-phase fault at Bus 2, which is close to the point of common coupling (PCC), the grid
support prevents a significant reduction in voltage. On the other hand, because of its distance
from the grid, the voltage decreases for the identical fault at line T44's midpoint is noteworthy;
see Fig. 18, the voltage magnitude at Bus 4 (V4). The fault current magnitudes recorded for
the islanding mode are large and the fault could be isolated with the traditional protection
schemes, see Fig. 19.
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Fig. 18: Voltage and current waveforms of the micro-grid system were measured at Bus1-Bus 4 for
solidly ABC fault at the mid-point of feeder T44 during the grid-connected mode.
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Fig. 19: Voltage and current waveforms of the micro-grid system were measured at Bus1-Bus 4 for
solidly ABC fault at the mid-point of feeder T44 during the grid-connected mode.

Traditionally, the short feeders are usually protected by a simple overcurrent protection
scheme that is initiated by the fault current magnitude. If the fault resistance is considered, the
traditional protection scheme will not be sufficient for a microgrid system in islanding mode.
The same responses for solidly AB fault at the midpoint of feeder T44 are achieved, the fault
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current level is decreased in the islanding mode than grid-connected mode as in Figs. 20 and

21.
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Fig. 20: Voltage and current waveforms of the micro-grid system measured at Bus1-Bus 4 for solidly
AB fault at the mid-point of feeder T22 during grid-connected mode.
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Fig. 21: Voltage and current waveforms of the micro-grid system measured at Bus1-Bus 4 for solidly
AB fault at the mid-point of feeder T22 during islanding mode.
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(a) Voltage waveforms. (b) Current waveforms

Fig. 22: Voltage and current waveforms of the micro-grid system measured at Bus1-Bus 4 for solidly
AG fault at the mid-point of feeder T22 during grid-connected mode.

The larger grid can provide support, maintaining voltage levels despite the fault. The
faulted phase may drop in voltage depending on the distance bus from the grid, but other phases
may remain stable as shown in Fig. 22. the fault causes a significant voltage drop in the affected
phase, leading to an imbalance in the system voltages (e.g., phase A may see a large reduction
in voltage while phases B and C remain higher) as shown in Fig. 23. The grid's vast capacity
helps limit the fault current. Protective relays can quickly detect the fault and isolate the
affected section, minimizing the impact. The fault current in grid mode is higher than islanding
mode due to the grid contributes in fault current as in Fig. 22 (b) and Fig. 23 (b). The situation
is worsened for phase-to-ground faults; an AG fault occurs at the midpoint of feeder T22; the
voltage magnitude in the case of grid-connected is slightly affected; and the fault current
contribution from the grid is high and can be detected as shown in Fig. 22. In contrast, the fault
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current contribution from the DERs during islanding mode is insufficient to be detected by the
traditional protection elements, as shown in Fig. 23. Also, there is a sensible overvoltage in the
healthy phases in the islanding mode.
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Fig. 23: Voltage and current waveforms of the micro-grid system measured at Bus1-Bus 4 for solidly
AG fault at the mid-point of feeder T22 during the islanding mode.

4. CONCLUSIONS

In this paper, an effective model of the CERTS microgrid testbed system is introduced.
The model is tested in both grid-connected and islanding modes for different normal and
abnormal conditions. The stability of the model and the evaluation of the DER-controller
during varying load values, variation of solar irradiance, and transition from grid-connected to
islanding mode. The introduced model is used to evaluate the performance of the overcurrent
scheme traditionally used in short feeder protection. A detailed fault analysis study is carried
out through the modeling of different fault types at different locations during the grid-
connected and islanding modes. The study concluded that the traditional protection scheme
based on overcurrent relays was unable to provide efficient protection for microgrids during
the islanding mode. So, the smart protection scheme is required for perfect fault detection,
classification, and isolation of microgrids during islanding mode.
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