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Microintegrated energy systems (MIESs) can be disconnected from power distribution systems during power system faults. This
paper develops a control scheme for an islanded MIES. The VSC inverter controls the AC bus voltage and frequency using a
modified AC voltage regulator and a modified frequency regulator. The control structures of the power-to-gas and PMSG-
based microturbine generator (MTG) systems are improved. Renewable generation always runs at the maximum power point.
The surplus renewable energy in the MIES can be converted into natural gas using power-to-gas, and the MIES can make full
use of renewable energy. The proposed coordinated control scheme of the electrolyzer and the supercapacitor can achieve a
power balance of the islanded MIES and reduce the DC-link voltage fluctuation. A micro-gas turbine can provide electric
energy to the load and enhance distribution system resilience. A coordinated control scheme of the MTG and the
supercapacitor is developed to improve MIES operation. A feature of this paper is the research on fault ride-through of the
islanded MIES. A fault ride-through strategy is proposed, where the AC voltage of the VSC inverter is reduced to limit the
short-circuit current during AC system faults. Islanded MIES simulations are conducted in a MATLAB/Simulink environment
to test the control scheme. The simulation results verify the effectiveness of the control scheme during normal operation and
failure.

1. Introduction

Conventional fossil fuel generation produces carbon dioxide,
which is associated with the greenhouse warming of Earth
[1]. The emission of sulfur dioxide, nitrogen oxide, particu-
lates, carbon monoxide, hydrocarbons, heat, and other types
of radiation from fossil fueled steam-electric generators leads
to an increase in the environmental pollution level [2]. In
addition, the cost of fossil fuels is gradually increasing.
Therefore, renewable energy sources, such as solar and wind,
have received considerable attention. Solar energy and wind
energy are clean and sustainable energy sources, and solar
power generation and wind power generation have found
an increasingly wide utilization around the world.

Giroux et al. [3] gave a Simulink model of the grid-
connected photovoltaic (PV) system. The PV system uses
the “Incremental Conductance + Integral Regulator” tech-
nique to control the DC-DC boost converter to implement
maximum power point tracking (MPPT). A three-phase

three-level voltage source converter (VSC) in the PV system
uses a controller with both the outer DC-link voltage control
loop and the inner grid current control loop. Vector control
is then used to accomplish decoupling control. A model ref-
erence adaptive controller (MRAC) was developed for a
grid-connected PV system in [4]. MRACs are designed for
both DC-link voltage and grid current control loops.
MRACs can improve the performance of the PV system in
a low DC-link voltage ripple, with a superior power extrac-
tion and improved grid power quality.

A doubly fed induction generator (DFIG) and a perma-
nent magnet synchronous generator (PMSG) are used for
wind power generation (WPG). An example in [5] shows a
9MW wind farm consisting of six DFIGs driven by wind
turbines. The rotor of the DFIG is fed at a variable frequency
through the grid-side converter and rotor-side converter.
The controller of the grid-side converter has both DC volt-
age and grid current control loops using a PI control. The
rotor-side converter is controlled by the electromagnetic
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torque controller, the Var/Volt regulator and the current
regulator. The electromagnetic torque controller and the
Var/Volt regulator generate the references for the current
regulator. DFIG technology can track the maximum power
point by optimizing the turbine speed. Cortes-Vega et al.
described WPG system based on a PMSG and a back-to-
back power converter, and proposed optimal controllers
for both the generator-side converter and the grid-side con-
verter [6], which can reach a wide system operating range.

Renewable generation is CO2-free and brings great envi-
ronmental benefits. However, renewable energy is highly
volatile and intermittent [7]. It is difficult to control a power
system with a high penetration of intermittent-renewable
generation. Energy storage can reduce power fluctuation
and improve the operation characteristics of the power sys-
tem. Batteries and supercapacitors (SCs) are important
energy storage devices. Faisal et al. [8] presented a fuzzy con-
troller to control the charging–discharging of the battery.
The fuzzy model is based on an ampere-hour technique that
is used to evaluate the battery state of charge (SOC). The
fuzzy controller schematic is depicted in [8]. The numerical
simulations show the effectiveness of the fuzzy controller.
MATLAB software provides an example of SC control dur-
ing charge and discharge [9]. SC is connected to a buck/
boost converter. Pulse generators of boost/boost converters
are used to obtain an appropriate resolution of PWM wave-
forms and the current regulator uses PI control. The batte-
ries and SCs can suppress power fluctuations. Control
strategies of hybrid energy storage systems (HESS) are
reviewed in [10]. Babu et al. [10] presented an implementa-
tion of HESS for standalone and grid-connected microgrid
systems. Filtration-based control and rule-based control
techniques of HESSs are described in [10]. Chen et al.
depicted the topology of a three-level bidirectional DC-DC
converter for HESSs and proposed a model predictive con-
trol (MPC) method to control the converter in [11]. The
MPC controller can suppress the DC bus power fluctuations
and mitigate power fluctuations in the microgrid.

A microgrid contains an energy storage device, solar
power, and/or wind power generation. Alghamdi and Cañi-
zares [12] introduced an adaptive active power droop con-
troller and a voltage setpoint control in isolated
microgrids. The controller adopts an optimal and model
predictive control approach that continuously adjusts the
active power droop gains. The control technique can
improve the frequency response of the microgrid and
enhance the system’s stability [12]. MPC is used to distrib-
uted secondary regulation of the frequency and voltage of a
microgrid in [13]. A model of a virtual synchronous genera-
tor (VSG) and secondary regulation algorithms of frequency
and voltage have been described [13]. The control scheme
can accurately regulate both the frequency and voltage of
microgrids. Babayomi et al. proposed a self-adaptive second-
ary frequency regulation strategy for a microgrid in [14].
VSG control was applied to renewable energy units, and PI
control was introduced into the power-frequency controller
of VSGs to achieve zero-error frequency regulation. The sec-
ondary frequency regulation parameters of VSGs are
adjusted using a self-adaptive strategy.

The surplus renewable energy is curtailed or wasted due to
the limited capacity of batteries and SCs. Power-to-gas (P2G)
technology can convert electrical energy into natural gas, which
can then be injected into natural gas networks. P2G technology
is regarded as a long-term, large capacity energy storage solu-
tion [15]. P2G technology can realize a high penetration of
renewables, a low power fluctuation, and low carbon emissions.
Several obvious technological advantages of P2G are described
in [16]. The process of electrolyzing water converts electric
energy into chemical energy to form hydrogen and oxygen.
Under the action of the catalyst, hydrogen and carbon dioxide
can react to give water and methane [17]. An electrolyzer is a
core facility of a P2G system. Alkaline electrolyzers are com-
mercially available for producing hydrogen using water. Refer-
ence [18] developed a mathematical model for an alkaline
electrolyzer based on a combination of fundamental thermody-
namics, heat transfer theory, and empirical electrochemical
relationships. Martinez and Zamora [19] constructed a model
of an alkaline electrolyzer using MATLAB/Simulink math
blocks. Electrolyzer Simscape power system integration was
implemented by utilizing voltage/current controlled source
blocks in [19]. Zhou et al. presented a similar model of an alka-
line electrolyzer and depicted the control scheme of the
hydrogen-production process [20].

Extreme weather events can damage pylons and distribu-
tion lines and cause failures of distribution systems [21]. A
microgrid can improve the distribution system resilience. How-
ever, sequential extreme weather events can lead to outages of
the distribution systems for a long period of time. Meanwhile,
renewable generation and energy storage cannot supply suffi-
cient power. Natural gas-fired generation would also enhance
the resilience of distribution systems. A natural gas pipeline sys-
tem is usually laid underground and could be less vulnerable to
extreme weather events [22]. Hence, gas-fired generation can
provide a reliable power supply during extreme weather events.
Moreover, gas-fired generation has superior characteristics,
such as low pollution, a fast response, and a high efficiency
[23]. Rowen presented a model of heavy-duty gas turbines with
speed control, temperature control, and acceleration control
[24]. Inlet guide vanes (IGVs) in the gas turbine change the
geometry in order to regulate the airflow from the compressor.
Rowen added IGVs to the original model to include the effect of
IGVs on the gas turbine dynamics [25]. Rowen’s model is one
of most widely used models of gas turbines. Rowen’s model is
used as a model of a micro-gas turbine in [26, 27]. Yee et al.
[28] provided an overview of various gas turbine models pub-
lished in different studies. Physical models, Rowen’s model,
the IEEE model, aero-derivative model, GAST model, WECC/
GGOV1 model, CIGRE model, and frequency-dependent
model of gas turbines are identified, presented, and discussed
for system stability studies, especially those for transient and
small disturbance stability studies in [28]. Wang and Zheng
[29] introduced a control strategy of a PMSG-based microtur-
bine generator (MTG) system connected to a distribution sys-
tem through an AC-to-DC converter and a DC-to-AC
inverter. The inverter is controlled by a damping controller
designed using modal control theory. The damping controller
can provide effective damping characteristics to the grid-
connected MTG system under disturbance conditions.
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Dong et al. [30] described the structure of an integrated
energy system (IES). The IES includes PV, wind power gen-
eration, energy storage system, P2G, MTG, an electric boiler,
and combined heat and power. Ma and He researched the
stability control method of a gas-electricity combined system
with wind power [31]. The power of the MTG is 250 kW,
and the voltage frequency of the generator driven by the
microturbine is 50Hz.

Joshi et al. reviewed the control strategies of PV systems
under low-voltage ride-through (LVRT) [32]. The control
strategies in the literature are the AC bus voltage support,
current limitation, and DC-link voltage control strategies.
The control strategies are analyzed under different types of

grid faults. Ren et al. [33] proposed a superconducting mag-
netic energy storage device, which can suppress the overcur-
rent under a fault ride through (FRT). The control strategies
may be used in the IES under FRT.

The difficulty of IES control lies in the control of DC-DC
converters and DC-AC converters. This paper first intro-
duces the models of electrolyzer, gas turbine, and PMSG.
Then, the structures and principles of the controller of the
VSC inverter, SC, electrolyzer, and MTG are described.
The controller performances are then tested by simulations
in a MATLAB/Simulink environment.

2. Modeling and Control of MIES

Microintegrated energy system (MIES) may contain PV,
WPG, lithium batteries (LB), SC, fuel cell (FC), vehicle-to-
grid (V2G), P2G, MTG, AC load, DC load, and combined
cooling, heating, and power (CCHP). The power of the
device in MIES is in the range from 10kW to 500 kW. There
are many types of MIES structures. Figure 1 shows one of
the MIES structures.

Renewable generation in MIES uses the MPPT technique
to make full use of renewable energy during normal opera-
tion [3, 5]. HESS can be charged or discharged to reduce
power fluctuations [9]. If the renewable generation power
is greater than the load power, P2G runs to produce natural
gas. Otherwise, the MTG generates the electricity to load.
This paper studies an MIES consisting of PV, SC, an electro-
lyzer, MTG, AC load, and DC load. The control schemes of
the voltage source inverter, electrolyzer, and MTG are intro-
duced below.

2.1. Control Scheme of the Voltage Source Inverter. There is a
voltage source inverter in the MIES. The VSC inverter con-
verts the DC power into AC power. Figure 2 represents the
AC system, consisting of an inverter, LCL filter, and AC
load.

The fault block in Figure 2 is used to simulate the fault in
the AC system and the breaker block to simulate a load fluc-
tuation. The VSC control block generates the signal to con-
trol the inverter to maintain a constant AC voltage and
frequency of bus b1. The VSC control block is depicted in
Figure 3.

Vb1 in Figure 3 is the three-phase AC voltage of bus b1
in Figure 2. The RMS block calculates the RMS of the bus
phase voltage. PLL is the frequency measurement block.
PI1 in Figure 3 is a bus voltage controller, and PI2 is a fre-
quency controller. Two controllers use PI control technology
to realize secondary regulation of the voltage and frequency
of bus b1. The Vabc.ref block generates the reference value of
the three-phase voltage according to the following:

va = kvVm sin ωtð Þ,
vb = kvVm sin ωt − 2π/3ð Þ
vc = kvVm sin ωt + 2π/3ð Þ,

8>><
>>: , ð1Þ

where kv = 2/Vdc and Vdc is the DC-link voltage of the MIES.

DC-DC

AC-DC

PV

WPG

DC-DC

DC-DC

DC-DC

AC-DCMTG

FC

SC

LB

DC-AC Grid

CCHP

DC-DC V2G

DC-AC Load

DC-DC Load

DC-DC P2G

Figure 1: MIES structure.

Pulses

Fault

VSC control

1

+

–

N
A

g

B

C
3-Level bridge

Breaker

Load

b2 b1LCL filter

DCp

DCn
2

+

+

A

A B C

A
a b c

B C

A B C A B C

B

C

a

b

c

Figure 2: AC system consisting of an inverter, LCL filter, and AC
load.

3International Journal of Photoenergy



The PWM generator block generates a PWM signal to
control the 3-level bridge. The Gain1 and Gain2 blocks in
Figure 3 are gains to reduce the voltage reference of the fault
phase to limit the fault current during a fault.

2.2. Coordinated Control of the Electrolyzer and SC. The PV
system in the MIES operates at the maximum power point.
If the power of the PV system is greater than the load power,
then the MTG is disconnected from the MIES. The MIES is
composed of PV, SC, an electrolyzer, a DC load, and an AC
load.

Ulleberg proposed a temperature-dependent I-U model
of the electrolyzer [18]. If I ≤ 0, the model in [18] is simpli-
fied as V = V rev. The temperature-dependent I-U model of
the electrolyzer is represented in the following:

V =
V rev +

r1 + r2T
A

I + slog t1 +
t2
T

+ t3
T2

� �
I
A

+ 1
� �

I > 0,

V rev I ≤ 0,

8><
>:

ð2Þ

where T is the cell temperature, A is the electrode area, and
r1, r2, t1, t2, t3 , and s are the overvoltage parameters. V rev is
the reversible cell voltage and is considered constant for
temperature ranges of up to 100°C [19].

An empirical expression for the production rate of
hydrogen is given in the following:

_nH2 =
I/Að Þ2

f1 + I/Að Þ2 f2
 !

I
zF

, ð3Þ

where _n is the molar flow rate per second, z is the number of
electrons transferred in the reaction, and F is the Faraday
constant, and f1 and f2 are calculated as follows: [19].

f1 = 2:5T + 50,
f2 = 1 − 6:24 × 10−6T2:

(
ð4Þ

The electrolyzer model is represented by (5) for the NC
cells in series.

Vel =NcV : ð5Þ

Multiple branches of cells are connected in parallel to
increase the electrolyzer power. Equations (2)–(5) are alge-
braic equations and may be computed by the MATLAB
function. The controlled voltage source block converts the
Simulink input signal into an equivalent voltage source.
Figure 4 shows the implementation of the electrolyzer model
in MATLAB/Simulink [34]. Iel in Figure 4 is the current of
the electrolyzer with multiple branches of cells. H2R in
Figure 4 is the production rate of hydrogen.

The DC-link voltage Vdc in the MIES is greater than the
electrolyzer voltage Vel. Therefore, the electrolyzer is con-
nected to the DC bus through a DC-DC buck converter
[34]. The DC-DC buck converter and current regulator are
displayed in Figure 5. The DC-DC buck converter connects
the LCL filter to reduce the harmonics, and the rate limiter
limits the slope of the electrolyzer power for electrolyzer
security [20]. The electrolyzer current regulator adopts a PI
control.
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The fluctuation of PV or load power leads to a Vdc
change. The Vdc regulator gives the reference value Iel.ref of
the electrolyzer current for the power balance of the MIES.
The SC current reference Isc.ref is the difference between
the current reference Iel.ref and the current Iel of the electro-
lyzer. The coordinated control scheme of the electrolyzer
and SC is shown in Figure 6.

2.3. Coordinated Control of MTG and SC. If the power of the
PV system is less than the load power, then the electrolyzer
is disconnected from the MIES. The MIES is composed of
PV, SC, MTG, a DC load, and an AC load. MTG provides
power to the load and can improve the resilience of distribu-
tion systems. Fewer HESSs can be installed due to the MTG.
The MTG structure is depicted in Figure 7. An LC filter may
be added between the AC-DC converter and PMSG to
diminish the harmonics in the stator currents.

The high-speed micro-gas turbine drives PMSG in
Figure 7. The 3-level bridge converter transforms the AC
power into DC power. The MATLAB PMSG block is used
for simulation. The PMSG model is expressed in the follow-
ing: [35].

d
dt id =

1
Ld

vd −
R
Ld

id +
Lq
Ld

ωiq, ð6Þ

d
dt iq =

1
Lq

vq −
R
Lq

iq −
Ld
Lq

ωid −
λω

Lq
, ð7Þ

Te = 1:5p λiq + Ld − Lq
À Á

idiq
Â Ã

, ð8Þ

where id and iq represent the d- and q-axis currents, respec-
tively, λ is the amplitude of the flux induced by the perma-
nent magnets of the rotor in the stator phases, p is the
number of pole pairs, and Te is the electromagnetic torque.
If PMSG is in generator mode, then the mechanical torque
Tm < 0 and the speed ω > 0.

The d- and q-axis voltages can be obtained from the fol-
lowing:

vd = Rid + Ld
d
dt id − ωLqiq, ð9Þ

vq = Riq + Lq
d
dt iq + ωLdid + λω: ð10Þ

The control block of the AC-DC converter in Figure 7
uses the control algorithms represented in the following:

vd = Rid + kp +
ki
s

� �
id:ref − idð Þ − ωLqiq, ð11Þ

vq = Riq + kp +
ki
s

� �
iq:ref − iq
À Á

+ ωLdid + λω, ð12Þ

where id:ref and iq:ref are the d- and q-axis current references,
respectively, and id:ref = 0.

Three-phase sinusoidal voltages are computed using vd,
vq, and the rotor angle, and then PWM pulses are generated
for AC-DC converter control.

Rowen’s model of a gas turbine is shown in Figure 8 [24,
26]. Rowen’s model includes a compressor-turbine model, a
speed controller, an acceleration controller, a fuel controller,
and temperature controller [26]. Equations f1 and f2 in
Figure 8 are given as follows [24]:

f1 = TR − 700 1 −Wf 1
À Á

+ 550 1 −Nð Þ, ð13Þ

f2 = 1:3 Wf 2 − 0:23
À Á

+ 0:5 1 −Nð Þ, ð14Þ
where N is the rotor speed per unit.

The current reference iq.ref in (12) is given by the Vdc
voltage regulator in Figure 9. The rate limiter limits the slope
of the current iq.ref to improve the operating conditions of
the micro-gas turbine.

3. Simulation Results

Simulations of islanded MIES are performed in the
MATLAB/Simulink environment to assess the performance
of the above controllers. The scheme of islanded MIES is
shown in Figure 1. The DC-link voltage reference Vdc.ref of
the MIES is 780V, the normal voltage of the AC bus is
380V, and the frequency is 50Hz. There are two PV arrays
in the MIES. Each PV array delivers a maximum of
140 kW at a 1000W/m2 sun irradiance. PV arrays always
run in MPPT control to make full use of renewable energy.
MPPT control of PV arrays is introduced in [3]. The rated
voltage of the SC is 250V, and the SC controller is repre-
sented in [9]. The rated power of the VSC inverter is
300 kW, and its controller is depicted in Figure 3. The pro-
portional gain kp and the integral gain ki of the voltage reg-
ulator in Figure 3 are 1 and 10, respectively, while kp and ki
of the frequency regulator are 0.1 and 1, respectively.

3.1. Coordinated Control of the Electrolyzer, SC, and VSC
Inverter. The output power of the two PV arrays is 280 kW
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because the sun irradiance reaches 1000W/m2. The DC load
is 50 kW, and the AC load is 100 + j50 kVA. The output
power of the two PV arrays is greater than the load power.
The surplus PV energy is converted into hydrogen by an
electrolyzer. Islanded MIES is composed of two PV arrays,
an SC, VSC inverter, a DC load, an AC load, and an electro-
lyzer. The parameters in (2) and (3) are given in [19, 34]. NC
in (5) is 120. The electrolyzer has 100 branches of cells in

parallel. The parameters of the controller in Figure 5 are kp
= 0:5 and ki = 1. The current references Iel.ref and Isc.ref of
the electrolyzer and SC are provided by the control system
shown in Figure 6. The parameters of the controller in
Figure 6 are kp = 5 and ki = 20.

3.1.1. AC Load Changes. The controller performances are
tested by AC load changing. The AC load increases by 50
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+ j25 kVA from t = 1 s to 4 s. The SC and electrolyzer power
must be regulated for the power balance of islanded MIES.
Figure 10 shows the AC load Pac, Qac, and electrolyzer power
Pel. The SC power Psc, DC-link voltage Vdc, and AC bus volt-
age Vac are shown in Figure 11. The electrolyzer power grad-
ually decreases at t = 1 s and increases at t = 4 s because of
the function of the rate limiter. The power delivered by SC
increases quickly at t = 1 s and decreases at t = 4 s. The max-
imum deviation from the voltage reference Vdc.ref is 3.9%

during the AC load change. The maximum deviation from
the voltage reference of Vac is 4.6%. The coordinated control
of the electrolyzer, SC, and VSC inverter has a good perfor-
mance during AC load change.

3.1.2. AC Bus Fault. The controller performances are tested
during an AC bus fault. The three-phase fault block in Simu-
link is connected in bus b1 at t = 0:2 s. The fault is identified
at t = 0:20093 s, and then Gain1 and Gain2 are changed
from 1 to 0.2 to limit the short-circuit current. The fault is
cleared at t = 0:4 s, and then Gain1 and Gain2 increase grad-
ually from 0.2 to 1. The output power of the VSC inverter
decreases during an AC bus fault. Therefore, the electrolyzer
power Pel increases, and the SC absorbs power for a power
balance. The AC bus voltages Vabc.b1, the electrolyzer power
Pel and the SC power Psc are exhibited in Figure 12.
Figure 13 shows the DC-link voltage Vdc and the three-
phase currents Iabc.b2 flowing through bus b2 in Figure 2.
The maximum deviation of Vdc is 5.9% during an AC bus
fault. The currents Iabc.b2 are less than 124% of the rated cur-
rent amplitude of the VSC inverter. The proposed control
strategies satisfy the control requirements.

3.2. Coordinated Control of the MTG, SC, and VSC Inverters.
The output power of the two PV arrays is 140 kW. The DC
load is 100 kW, and the AC load is 210 + j80 kVA. PV pow-
ers are less than the load power. The electrolyzer is discon-
nected from the MIES, and MTG provides power to loads.
The islanded MIES is composed of two PV arrays, SC,
VSC inverter, a DC load, an AC load, and MTG. Figure 7
shows the MTG system. The rated voltage, frequency, and
power of the high-speed PMSG are 380V, 1000Hz, and
300 kW, respectively. The gas turbine model is described in
Figure 8. The model parameters of the gas turbine are given
in reference [24]. The controller of the AC-DC rectifier in
MTG is constituted on the basis of (11) and (12).

The parameters kp and ki in (11) and (12) are 1 and 2,
respectively. The current references Iq.ref and Isc.ref are pro-
vided by the control system shown in Figure 9. The control-
ler parameters kp and ki in Figure 9 are 20 and 100,
respectively. The step size in the simulation should not be
greater than 0:0000001.
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3.2.1. Irradiance Changes. The PV output power changes if
the irradiance or temperature changes; hence, the MTG
and SC power must be regulated for the power balance of
islanded MIES. The controllers are tested for adapting to
PV power changes. Figure 14 shows the output powers of a
PV array, MTG and SC, and the DC-link voltage and AC
bus voltage are shown in Figure 15. The output power of
the two PV arrays decreases from 140 kW to 70 kW between
1 s and 2.5 s, while MTG power increases from 170 kW to
240 kW, and SC power changes quickly for power balance.
The maximum deviation of Vdc is 3.5% between 1 s and
2.5 s. The voltage regulator in Figure 3 controls the inverter
output voltage. The maximum deviation of the bus voltage
Vac is 1.6%. The above controllers can effectively control
the islanded MIES when PV power changes.

3.2.2. Fault Ride-through. The AC bus fault is applied
between 0.2 s and 0.4 s to test the above controller perfor-
mances. Two PV arrays always run in MPPT control and
provide 140 kW. The fault is identified at t = 0:20065 s, and
then Gain1 and Gain2 are changed from 1 to 0.2. Gain1
and Gain2 gradually increase from 0.2 to 1 at t = 0:4 s. The
AC bus voltages Vabc.b1, MTG power Ppmsg, and SC power
Psc are described in Figure 16, and the DC-link voltage Vdc
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and the three-phase currents Iabc.b2 are represented in
Figure 17. MTG power changes continuously between 0.2 s
and 0.4 s, while SC power changes quickly to reduce the
DC-link voltage deviation.

The maximum deviation of Vdc is 11.8% during an AC
bus fault. The currents Iabc.b2 are less than 135.2% of the
rated current amplitude of the VSC inverter. The proposed
coordinated control scheme of the MTG, SC and VSC
inverters has good performance during AC bus faults.

4. Conclusion

An islanded MIES is an important operation mode, and the
coordinated control of an islanded MIES was studied in this
paper. The developed coordinated control scheme of an
islanded MIES can properly distribute the power among
the electrolyzer, MTG, and supercapacitor on the basis of
their characteristics. The proposed current regulator of the
electrolyzer can stably control the power of the electrolyzer
according to the power given by the coordinated control sys-
tems of the islanded MIES. The improved control system of

the AC-DC rectifier of the MTG can robustly control the
power of the AC-DC rectifier according to the given power.
The suggested control methods can achieve a power balance
in islanded MIESs and diminish the fluctuations of DC-link
voltage, AC bus voltage, and frequency in disturbance.
Renewable generation in an MIES can always operate in
MPPT mode and replace fossil energy to the greatest extent
possible to reduce pollution and CO2 emissions. The MTG
can provide power to loads and enhance MIES resilience
when the output power of renewable generation is
insufficient.

The control methods of the VSC inverter are improved.
The AC voltages of the VSC inverter are reduced during
AC bus faults and gradually increase after fault removal.
The suggested control methods can thereby limit the short-
circuit current and effectively control the SC, electrolyzer,
and MTG systems during AC bus faults.

Models of an electrolyzer, high-speed micro-gas turbine,
and PMSG were tested during normal operation and failure.
The models of the electrolyzer and MTG used in this paper
can be used for MIES simulations.
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