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With the world’s transformation to low-carbon energy, island microgrids are
developing rapidly because they can save energy and reduce carbon. Island
multi-energy microgrids include photovoltaics, a double-fed fan, a battery
energy storage system, and AC and DC loads. However, microgrids with
high proportions of renewable energy have problems such as large power
supply fluctuations and poor power quality. Connection to an AC power grid
interconnection will greatly affect their reliability and stability. Firstly, a cascaded
neutral point clamped three-level converter (C-NPC) DC interconnection
system scheme is proposed. Secondly, the Island C-NPC mathematical models
are established, and the flexible multi-mode control of island C-NPCs is
proposed. Subsequently, corresponding additional control strategies for DC
voltage sharing and AC current sharing among C-NPCmodules are designed for
the island multienergy microgrid to achieve reliable power supply. Finally, taking
an island interconnection project on the east coast of China as a research object,
a typical system operation test was performed to verify the good operational
characteristics of the system. This research can promote the utilization of clean
energy in island regional power grids, achieve carbon reduction, and promote
global carbon neutrality.

KEYWORDS

island, multi-energy microgrid, DC interconnection system, flexible multi-mode
control, carbon reduction

1 Introduction

Most of the world’s island power generation systems typically use diesel generators
to meet electricity needs. This method not only has low energy utilization efficiency
but also damages the ecology of island areas, which does not meet the demands of
global low-carbon energy development (Wu et al., 2018; Li and Ma, 2011; Shi et al.,
2024; Kanchev et al., 2012). The distribution of renewable energy around an island
is dense (wind, solar, ocean, etc.), so fully utilizing renewable energy on islands
can effectively alleviate the pressure of power supply there as well as being of great
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FIGURE 1
NPC and C-NPC topology.

FIGURE 2
Island interconnection engineering scheme.

significance to island ecology and sustainable development. The
construction of island microgrids and the realization of flexible
interconnections between multi-island power grids can efficiently
interconnect a large number of distributed photovoltaic, wind
power, energy storage, and other energy sources; distributed
within each island, this can realize resource complementarity
between islands (Tafreshi et al., 2010; Zhang et al., 2021;
Singh et al., 2018;Hao, 2015), improve the utilization of clean energy,
and reduce fossil energy consumption.

Compared with land power grids, island power grids have
small scale, low power grid strength, and unreliable power supply.
Microgrid systems with a high proportion of renewable energy have
problems such as large power supply fluctuations and poor power
quality. If directly connected to the AC power grid, the reliability
and stability of the system will be greatly affected. Voltage source
converter-based high-voltage DC (VSC-HVDC) transmission for
island interconnection does not require the synchronization of AC
systems at both ends and has several advantages, such as reducing
the dependence of weak isolated networks on standby capacity and
enhancing the operational reliability of the microgrid. VSC-HVDC
systems can adapt to the fluctuations and power supply stability of an

island microgrid by changing its control strategy in real time while
providing reliable power supply to an isolated network.

We propose a C-NPC DC interconnection system scheme and
key control technology for an island multi-energy microgrid. When
the island microgrid is equipped with a diesel generator, it can
operate in the microgrid as a main control power supply. A C-
NPC DC interconnection system can operate in the microgrid
as an auxiliary power supply, and its control mode adopts
constant active power/reactive power (constant P/Q) or STATCOM
to provide active and reactive power auxiliary support to the
microgrid. When the microgrid’s diesel generator is withdrawn
from operation, the microgrid’s energy storage system is prone to
problems such as insufficient capacity, overcharge, or over-discharge
when power fluctuates in a wide range, and it has difficulty acting
as the main control power supply of the microgrid. C-NPC DC
interconnection systems can adopt the fixed U/f island control
mode to maintain the stable voltage and frequency of the bus bar
of the island’s grid and supply power to the island’s load. The
energy storage system can be used as a microgrid auxiliary power
supply to achieve steady-state downwind power and photovoltaic
power generation power smoothing.
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FIGURE 3
Equivalent topology of the C-NPC primary system.

FIGURE 4
Fixed Udc/Us strategy control block diagram.

The rest of this paper is organized as follows. Section 2
describes the basic principle of island C-NPCs and interconnection
engineering schemes. Section 3 explains the multi-mode control
of island C-NPCs. Additional control strategies are discussed in
Section 4. In Section 5, the effectiveness of the above control
strategies is verified by time-domain simulation. The paper is
summarized in Section 6.

2 Island interconnection based on a
C-NPC DC system

DC interconnection system converter topology used in
engineering mainly consists of a two-level converter, a diode-
clamped three-level converter, and a modular multi-level converter
(MMC) (Leon et al., 2017; Sun et al., 2022; Yuan et al., 2018;

Frontiers in Energy Research 03 frontiersin.org

https://doi.org/10.3389/fenrg.2024.1495854
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org


Liu et al. 10.3389/fenrg.2024.1495854

FIGURE 5
Fixed P/Q strategy control block diagram.

FIGURE 6
Fixed V/f strategy control block diagram.

Tang et al., 2013).Most early DC engineering projects used two- and
three-level topologies. However, with the continuous improvement
of voltage levels and capacity demand, the development of two- and
three-level is limited. MMC adopts a modular design, which can
meet the demand of high voltage and large capacity and has the
characteristics of higher output power quality and lower switching
loss, which are widely used in various VSC-HVDC transmission
systems (Rao et al., 2023; Qiao and Mao, 2011; Li et al., 2015). Their
successful operation provides theoretical guidance and a practical
basis for island interconnection.

However, limited by geography, the load of an island is
relatively dispersed, and the system’s capacity is relatively small.
Although MMC topology can realize effective interconnection
between islands, it increases the economic cost and engineering
land area. MMC capacitors are the largest of the submodules,

accounting for a significant portion of the total converter station
footprint and construction costs (Li et al., 2020). In order to reduce
capacitor voltage fluctuations, submodule capacitance value needs
to be increased, but capacitor volume and cost will then continue
to increase. At the same time, because of the low voltage level of
island interconnection systems and the small number of cascaded
MMC submodules, there is a high harmonic level on the AC side. It
is thus necessary to explore a converter topology suitable for small-
capacity island interconnection systems. C-NPC has a cascade of
three level units based on neutral embedding, and each unit is a
complete sub-unit based on a three-level topology; it has few sub
units, small size, high efficiency, high output power quality, and low
cost (Lin et al., 2005; Zhou and Cheng, 2019). C-NPC topology is
used to realize flexible interconnection between islands for the first
time in this study. It has the following advantages. Compared with
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FIGURE 7
Fixed Udc/Us control with additional current sharing control.

FIGURE 8
Fixed V/f control with additional voltage sharing control.
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TABLE 1 Simulation Parameters of C-NPC station.

System Type Parameters

Island A to AC system AC voltage/kV 35

Island B to AC system AC voltage/kV 10

Converter station to DC
system

DC voltage/kV ±10

Rated power/MW 3

DC line/km 3 × (3 + 13 + 1.5)

C-NPC

LC filter inductance/mH 0.8

LC filter capacitance/uF 55

AC rated voltage of
NPC/kV

0.69

DC rated voltage of
NPC/kV

1.667

Rated capacity of
NPC/MVA

0.292

DC capacitance/uF 1,470

a cascaded two-level converter topology, the number of cascaded
converters of C-NPC is reduced by half under the same switching
device. Compared with MMC, the number of switching devices
required in C-NPC is less, which significantly reduces the area of
engineering and engineering cost, with the advantage of simple
control. Compared with the series scheme of a switching device, it
can effectively avoid the technical problems of voltage equalization
and switching device consistency. Therefore, the C-NPC scheme is
more suitable for small-capacity island interconnection engineering.

According to the application scenario of island microgrids and
based on the established C-NPC mathematical model, the possible
risk of instability with various control strategies is first analyzed here.
To deal with the problem that Q-axis current on the AC side cannot
be controlled effectively under a fixed Udc/Us control strategy, an
additional current-sharing control on the AC side is designed. For
fixed V/f control in isolated island situations, an additional control
strategy of voltage sharing on the DC side and current sharing
on the AC side is designed. Establishing the PSCAD model, the
effectiveness of the additional control strategy designed in this paper
is verified and the operation performance of the interconnection
system is verified. The successful application of C-NPC can provide
a theoretical basis and engineering experience for the construction
of medium/low voltage DC distribution systems and small capacity
island interconnection engineering into the future.

2.1 Basic principle of island C-NPC

Thebasic component unit of C-NPC isNPC (Figure 1). NPChas
large output power and high reliability. Moreover, C-NPC improves
the output voltage of the system by means of the NPC cascade.
As shown in Figure 1, an NPC sub-unit consists of one NPC and
LC filter at each level. The KM contactor is needed in each NPC

to protect the circuit. After NPC sub-units at all levels are isolated
through the N-winding coupling transformer, the NPC on the AC
side is in parallel, sharing the transmission power of the system, and
the NPC on the DC side is connected in series to support the DC
voltage of the system (Mao et al., 2018).

2.2 Island DC interconnection engineering
scheme

We consider an island interconnection project off the east coast
of China as an example. The island’s interconnection engineering
scheme adopts a DC power supply system based on C-NPC
topology. As shown in Figure 2, the system is composed of Island
A converter station, Island B converter station, and DC link lines.
Island A is connected to the superior power grid. Island B relies on
the supply system between these islands and the island microgrid
system to meet its own power load demand. To ensure the system’s
reliability and operation flexibility, the DC side in the system
adopts a true bipolar connection form with a neutral wire in
engineering design.

The transmission power is 3 MW, and the voltage level of the
DC transmission line is ±10 kV. The NPC jointly supports the DC
bus voltage. The number of NPC series is determined by the NPC
rated power, system voltage level, and the capabilities of voltage
endurance and through-current of the switching deviceThe positive
and negative poles are both connected with seven NPC units,
respectively, with one redundant NPC unit in each pole.

Based on the power supply system from Island A to B, the AC-
DC interconnection and grid-connected/isolated-island operation
of C-NPC DC system interconnection engineering between islands
can be realized.

3 Analysis of island C-NPC control
strategies

3.1 Island C-NPC mathematical model

The mathematical model of the C-NPC power system is
established, the equivalent topology of which is shown in Figure 3.
The equivalent inductance of the coupling transformer in each
winding is LTn.The series inductance of the filter circuit is L, and the
parallel capacitance of each phase is C. After circuit simplification,
the equivalent capacitance in parallel is 3C.

Themathematicalmodel of a C-NPCprimary system in the time
domain can be obtained after calculating all variables to the same
voltage level.

is = is1 + is2 + is3⋯+ is14, (1)

{{{{{{{{{{{
{{{{{{{{{{{
{

un = ucn − L
din
dt

in = isn − icn

ucn = us − LTn
disn
dt

(n=1,2⋯14),

icn = 3C
ducn
dt

(2)
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FIGURE 9
DC-side voltage of each NPC without additional control.

FIGURE 10
AC-side current of each NPC without additional control.

where us and is are the voltage and current on the AC side,
respectively, ucn and icn are the filter capacitor voltage and inflow
current of each NPC on the AC side, respectively, and un and in are
the port voltage and input current of each NPC, respectively.

In order to facilitate the C-NPC control, Equations 1 and 2
are transformed from an a-b-c coordinate system to a d-q rotating
coordinate system by d-q transformation.

{
{
{

isd = is1d + is2d + is3d⋯+ is14d,

isq = is1q + is2q + is3q⋯+ is14q
(3)

{{{{{{{{{{{{{{{{{{{{
{{{{{{{{{{{{{{{{{{{{
{

und = ucnd − Lpind +ωLinq
unq = ucnq − Lpinq −ωLind
ind = isnd − icnd
inq = isnq − icnq
ucnd = usd − LTnpisnd +ωLisnq
ucnq = usq − LTnpisnq −ωLisnd
icnd = 3Cpucnd − 3ωCucnq
icnq = 3Cpucnq + 3ωCucnd

(n = 1,2⋯14), (4)

Frontiers in Energy Research 07 frontiersin.org

https://doi.org/10.3389/fenrg.2024.1495854
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org


Liu et al. 10.3389/fenrg.2024.1495854

FIGURE 11
DC-side voltage of each NPC with additional control.

FIGURE 12
AC-side current of each NPC with additional control.

FIGURE 13
DC-side voltage of a C-NPC sub-unit.
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FIGURE 14
DC-side voltage of each single NPC sub-unit.

FIGURE 15
Reactive power of a C-NPC sub-unit.

FIGURE 16
Reactive power of each single NPC sub-unit.

FIGURE 17
DC voltage of a single sub-unit of Island A converter station.
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FIGURE 18
Active power of a single sub-unit of Island B converter station.

FIGURE 19
Reactive power of a single sub-unit of Island B converter station.

FIGURE 20
DC voltage of a single sub-unit of Island A converter station.

FIGURE 21
AC voltage of an isolated island power grid on Island B.
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FIGURE 22
AC frequency of an isolated island power grid on Island B.

FIGURE 23
Load power of a single sub-unit of the isolated island power grid of Island B converter station.

where usd, usq, isd, and isq are the d- and q-axis components of the AC
voltage and AC current in frequency domain by d-q transformation,
respectively,ucnd,ucnq, icnd, and icnq are the d- and q-axis components
of the filter capacitor voltage and inflow current of each NPC on the
AC side in frequency domain by d-q transformation, respectively,
and und, unq, ind, and inq are the d- and q-axis components of the
port voltage and input current of each NPC, respectively.

3.2 C-NPC control strategies

A C-NPC controller consists of outer and inner loop current
controllers (He et al., 2018; Issa et al., 2018; IEEE Standard for the
Testing of Microgrid Controllers, 2018).The active power control of
the outer loop controller includes the active power and DC voltage.
The reactive power control is reactive power andACvoltage. In order
to adapt to the multi-energy operation mode of an islandmicrogrid,
the three typical control strategies, Udc/U s, P/Q, and V/f controls,
are selected for analysis.

3.2.1 Fixed Udc/Us (STATCOM) control strategy
When the C-NPC operates as an auxiliary power source in an

island microgrid (the diesel generator can be used as the main
control power source), the C-NPC can operate in a fixed Udc/U s
(STATCOM) control mode. Among these, DC voltage Udc and
AC voltage amplitude U s are the outer loop control quantities.
ind_ref、inq_ref、und_ref、unq_ref are the d- and q-axis reference values
of the port voltage and input current of each NPC sub-unit. If the

number of cascade NPC sub-units is N, with the port voltage at
AC side of the C-NPC realigned with the d-axis, then the active
power control quantity of the outer loop control is the NPC port
voltageUdcn and the reactive power control variable is theACvoltage
amplitudeU s at the valve side of the transformer.The system control
block diagram is shown in Figure 4 below.

When the Udc/U s control system reaches steady state, the
following equation relates:

Us = Usre f , (5)

Udc =
14

∑
n=1

Udcn, (6)

Udcn = Udcnre f(n = 1,2⋯14), (7)

Ucn = KnUs(n = 1,2⋯14). (8)

In the above formula, U s and U sref are respectively the AC
voltage amplitude and its reference value, Udcn and Udc_ref are the
DC port voltage and the reference value of each NPC, and Kn is the
equivalent transformer ratio of each winding.

Since the converter introduces DC voltage, the active power
input and output equations of the AC and DC sides of the port can
be established as follows when the loss of the converter is ignored:

1.5undind = Udcnidc (n = 1,2⋯14). (9)
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Furthermore, the active power P and reactive power Q emitted
by C-NPC can be expressed thus:

{
{
{

P = 1.5usdisd
Q = −1.5usdisq.

(10)

From Equations 3 and 4, there are 114 effective equations
of the C-NPC mathematical model transformed by dq—144
unknowns in total:

X = [usd、usq、isd、isq、u1d、u2d⋯u14d、u1q、u2q、⋯u14q、
is1d、is2d、⋯is14d、is1q、is2q、⋯is14q、i1d、i2d、⋯i14d、i1q、
i2q、⋯、i14q、uc1d、uc2d、⋯、uc14d、ic1d、ic2d、⋯、ic14d、
ic1q、ic2q、⋯、ic14q]T144×1.

By connecting the lines (Equations 5–10), we can see that 46
effective equations are increased under constantUdc/U s control.Udc
is a known quantity because constant voltage control is adopted, and
the active and reactive power emitted by C-NPC is also a known
quantity, so 30 unknowns are increased under the control strategy,

X = [Us、idc、Udc1、Udc2、⋯、Udc14、Ucn1、Ucn2、⋯、Ucn14]
T
30×1,

and 160 equations in total—174 unknown variables. Obviously,
the number of equations is smaller than the number of unknowns,
and the equations have infinite solutions, so that after the system
constraints are satisfied, there are still unknown variables satisfying
the constraint condition of Equation 9. When the system is
disturbed, the controller will adjust repeatedly between the unsteady
conditions of the system, risking system instability.

For an NPC, the output power of the DC side is equal to
the active power input of the AC side plus the internal loss of
NPC. Ignoring the internal loss, the equation of the AC side
active power input and DC side power output of the port is
established as Equation 9.

Since the active power control is fixed voltage control, the voltage
of each NPC on the DC side can be effectively controlled. From the
DC side, all NPC are in series, so the current of all NPC is idc. Since
the reactive power control is fixed AC voltage, the voltageU cn on the
transformer valve side can also be effectively controlled.

According to Equation 9, the d-axis current on the AC side
can be effectively controlled. However, there is no relationship to
effectively control the q-axis current at the AC side of each port.
In order to realize the current sharing control on the AC side of
NPC, it is necessary to add the q-axis current sharing control to fixed
Udc/U s control.

3.2.2 Fixed P/Q control strategy
When the diesel generator and C-NPCDC system jointly supply

power to the microgrid and the system frequency is set by the diesel
generator, C-NPC can operate in a constant P/Q control mode.
Compared with the fixedUdc/U s control, only the outer loop control
of the fixed P/Q control changes to the fixed active power P and
reactive power Q. The control block diagram is shown below.

When a constant P/Q system reaches steady state, the
equation is:

{
{
{

pn = P/N

qn = Q/N
(n = 1,2⋯14). (11)

Since the control target introduces active and reactive power, the
following power equation constraints can be further established:

{
{
{

pn = 1.5undind
qn = −1.5undinq

(n = 1,2⋯14). (12)

Similarly, based on the above method, combining Equations 3,
4, and 10–12 shows that there are 172 effective equations and
172 unknown variables under constant P/Q control. Obviously, the
number of equations is equal to the number of unknowns, and the
solution of the equation is unique, so there are unique parameters to
make the controller stable.

Based on Equation 9, since the active power control adopts fixed
active power control, the right side of each NPC equation is equal
to P/N when the system is in steady state. Considering that each
NPC on the DC side is in series and the right side of Equation 9
is a constant value idc, the port voltage can be effectively controlled
on the DC side. The current of each NPC on the AC side can
be effectively controlled due to the fixed P/Q control. Thus, no
additional control scheme is required.

3.2.3 Fixed V/f control strategy
When there is no diesel generator in the microgrid or when

the diesel generator is out of operation, there is no power supply
that can support the frequency in the microgrid, and the island
microgrid needs AC voltage to support its normal operation.
Therefore, in order to support the frequency and maintain the
stable operation of the system, C-NPC needs to provide reliable
AC voltage. Consequently, the C-NPC system adopts the fixed V/f
control strategy in isolated island operationmode.The control block
diagram is shown below.

When the V/f control system reaches steady state, the
constraints are:

{
{
{

und = unref
unq = 0

(n = 1,2⋯14). (13)

In this case, by combining Equations 3, 4, 10, and 13, the number
of effective equations in island mode is 144, and the number of V/f
control unknowns in island mode is 172. Obviously, there are also
infinitely many solutions, and the system has the risk of instability.

For the V/f control, the active power control is the AC voltage,
but there will also be a voltage deviation between NPC on the DC
side under the isolated island operation mode. The reactive power
control is the fixed frequency, and the current on the AC side is not
effectively controlled.

4 Design of C-NPC additional control
strategies

To solve the problem that the AC measuring current cannot
be effectively controlled in Udc/U s control, the AC measuring
current equalization control is designed. For the additional current
equalization control under V/f control, the Q-axis current can be
effectively controlled, but the D-axis current and DC voltage have
not been effectively controlled, so the DC side voltage equalization
strategy was designed.
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4.1 Current sharing control on AC side for
C-NPC

This control is to keep the q-axis current of each NPC unit
balanced by controlling the reactive power. The target value is the
total reactive power divided by the number of NPC units—the
average reactive power of an NPC unit. The q-axis additional
input reference current iadd,qn of the inner loop current control
can be obtained by PI algorithm. The control block diagram of the
improved fixedUdc/U s is shown in Figure 7, after adding the current
sharing control. The control expression can be derived as:

{{
{{
{

inq = isnq − icnq + iadd,qn

iadd,qn = kp(qavg − qn) + ki∫(qavg − qn)
(n = 1、2⋯14). (14)

By adding the current sharing control to each NPC in the
original fixedUdc/U s control, the inq expression in Equation 4 can be
replaced by Equation 14, and the additional current equation iadd,qn
is introduced.

By introducing Equation 14, the q-axis current on the AC side of
each port can be effectively controlled.Thus, under the original fixed
Udc/U s control strategy, by adding the NPC current sharing control
strategy on the AC side, the possible instability risk of the control
system will be effectively eliminated.

4.2 Voltage sharing control on the DC side
for C-NPC

The goal of this control is to keep the DC port voltage of each
NPC unit balanced. The target value is the total DC voltage divided
by the number of NPC units, or the NPC unit average DC voltage.
The d-axis additional input reference current iadd,dn of the inner loop
current control can be obtained by PI control algorithm.The control
block diagram of the improved fixed V/f is shown in Figure 8,
after adding the current and voltage sharing controls. The control
expression can be derived as:

{{
{{
{

ind = isnd − icnd + iadd,dn

iadd,dn = kp(Uavg −Udcn) + ki∫(Uavg −Udcn).
(15)

Similarly, under the fixed V/f control in isolated island
operation, adding both of the voltage sharing control onDC side and
the current sharing control on AC side between NPC units—adding
Equations 14 and 15—the voltage deviation on the DC side and the
current on the AC side can be effectively controlled among NPC
units.Thus, the potential instability problem in the fixedV/f control
can be solved.

5 Simulation verification

Based onPSCAD, a one-terminal C-NPC island systemwas built
to verify the effectiveness of the proposed additional control strategy.
Furthermore, taking the island’s actual engineering as an example,
the two-terminal C-NPC island interconnection system simulation
tests under three typical operation modes were carried out to verify

the operational performance of the system. The parameters of the
AC/DC system and the two converter stations on Islands A and B
are given in Table 1.

5.1 Additional control scheme in a
one-terminal system

With the typical fixed V/f control strategy without any
additional strategy used for the one-terminal C-NPC system control,
the voltages on the DC side and A-phase RMS current on the AC
side of NPC are shown in Figures 9 and 10. The DC side voltages
of each NPC port are unbalanced, and the AC side currents show
a divergence trend, leading to uneven voltage and current stress of
the NPC power device, thus threatening device safety and the stable
operation of system. After adding the additional control strategies
such as the voltage and current sharing control proposed here, the
DC-side voltage and AC-side current of each NPC are shown in
Figures 11 and 12, respectively.

By adding the additional control strategy, the DC voltage and
AC current of each NPC were equalized, and the potential problem
affecting system stability could be solved.

5.2 STATCOM operation in one-terminal
system

The one-terminal system adopts the fixed DC voltage and
reactive power control under STATCOM operation and adjusts the
voltage of the local AC system by sending or absorbing reactive
power. The simulation waveforms of the Island B converter station
under STATCOM operation are given in Figures 13–16, including
the DC voltage and AC reactive power of cascaded/single sub-units.

Under STATCOM operation and the proposed control, the
system can control the DC voltage and AC reactive power of
cascaded sub-units and balance the DC voltage and AC reactive
power of each sub-unit according to the set value of the control
target. This steady state control accuracy is about 2%, and the
system runs well.

5.3 Grid-connected operation in
two-terminal system

The Island A converter station at the sending end uses the fixed
DC voltage and reactive power control, and the Island B converter
station at the receiving end adopts the fixed active power and reactive
power control. Figures 17–19 show the simulation waveforms of
converter stations under the grid-connected operation, including
the DC voltage, active power, and reactive power of cascaded sub-
units.

In grid-connected operation mode, the system can control the
DC voltage, AC active power, and reactive power of cascaded sub-
units, and balance the DC voltage, AC active power, and reactive
power of each sub-unit through the set value of the proposed control
target. This steady state control accuracy is about 2%, and the
system runs well.

Frontiers in Energy Research 13 frontiersin.org

https://doi.org/10.3389/fenrg.2024.1495854
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org


Liu et al. 10.3389/fenrg.2024.1495854

5.4 Isolated island operation in
two-terminal system

Island A converter station at the sending end uses fixed DC
voltage and reactive power control, and Island B converter station
at the receiving end adopts the isolated island outer loop control
to realize the voltage and frequency control of the island grid.
Figures 20–23 show the simulation waveforms of converter stations
under this operation, including the voltage and frequency of an
isolated island grid, and the DC voltage and load power of cascaded
sub-units, respectively.

In the isolated island operation mode, the system can control
the DC voltage, load power, and AC voltage/frequency of cascaded
sub-units and balance the DC voltage and load of each sub-unit by
the set value of the proposed control target. This steady-state control
accuracy is about 2%. The total harmonic distortion (THD) of the
isolated island power grid AC voltage is 2.1%, less than the 4%
upper limit stipulated by relevant national standards, indicating good
system operation performance.

6 Conclusion

In order to improve the power supply reliability of a multi-energy
microgridonan islandandpromote theoverall utilization rate of clean
energy on an island regional grid, we propose a new cascade three-
level DC interconnection system scheme and multi-mode control
technology. For a flexible island interconnection project, we have
analyzed the possible problems of the system with various C-NPC
control strategies . To deal with the problems of controls, we designed
corresponding additional control strategies for DC voltage sharing
and AC current sharing among C-NPC modules. The effectiveness
of proposed additional control strategies is verified based on PSCAD.
The simulation of typical systemoperationswas carried out, including
STATCOM operation in a one-terminal system and grid-connected
operation and isolated island operation in a two-terminal system.The
simulation test results verify the good operating characteristics of the
C-NPC DC system.The main conclusions are as follows.

C-NPC topology is more suitable for the application demands
of low-cost and compact VSC-HVDC converter stations for small-
capacity island interconnection systems.

According to the simulation results, the control accuracy of
each parameter of the system under STATCOM, grid-connected,
and isolated island operations is maintained at approximately 2%.
Moreover, the electrical parameters of C-NPC sub-units or each
single NPC sub-unit are kept balanced, verifying good system
operation performance.

A C-NPC island HVDC interconnection system can be applied
to medium and low voltage DC distribution networks with a
high proportion of new energy, such as DC load industrial parks
and photovoltaic-storage DC-flexible distribution energy. This can

promote the reduction of fossil energy consumption, achieve clean
energy such as solar energy and wind energy to replace fossil energy
and provide new solutions.
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