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Abstract- The increasing energy demand and the growing concern over the environmental effects of conventional sources
augmented the integration of renewable energy sources as distributed generation units to the power grid. But integrating the
renewable energy sources into the existing aged utility AC grids can introduce new difficulties such as an increase in voltage,
synchronization, and protection issues. DC microgrids are becoming a solution to these problems by providing a reliable
interface for connecting the renewable energy sources, storage, and the grid. Static power converters are required for matching
the voltage levels of renewable energy sources and storages with that of the grid. Recently, multiport power electronic
converters are gaining importance because of their compact size, centralized control and simple power flow management
techniques. In renewable energy sourced micro-grid, it is required to have a battery back-up to overcome the on-off nature of
renewable energy sources. For safety requirements, isolation is required between source and load side. And for interfacing
storage , bidirectional power paths are required. In such a case, a multiport converter with bi-directional power flow capability
and isolation becomes necessary in connecting various renewable energy sources with load and battery facilities. Among the
different categories of multiport converters, partially isolated multiport converters combine the advantages of isolated and non-
isolated circuits by providing required isolation while improving the power density by maintaining compact circuit size. In this
paper, a brief overview of partially isolated multiport dc-dc converter topologies for harvesting renewable energy in DC
microgrids is presented.

Keywords Renewable Energy, DC micro-grids, Multi-port dc-dc converters, Bidirectional converters.

issues, grid safety, power quality, and reliability. To
overcome the above-said challenges, a concept called micro-

1. Introduction

Harvesting electrical energy from renewable energy
sources has become inevitable in these days to meet the
increasing energy demand of both domestic and industrial
sectors. Also, the depleting conventional sources of energy
and their ecological effects on the environment shifted the
focus towards the green sustainable energy sources. Thus,
this demand and environmental concern increased the
penetration of renewable energy sources as distributed
generation units into the power grid. But the penetration of
renewable energies into the existing utility AC grids will
impose new challenges such as voltage rise, protection

grid has been introduced and developed for supplying the
local energy demands. In the micro grid setup, various
distributed generation units are connected to the local
substation units without extending the existing utility grid
which is economically unfeasible [1]-[4]. Currently, most of
the micro-grids are adopting the principles of AC power
system (AC micro-grid). But the available renewable energy
sources directly generate DC power or AC power with
varying voltage and frequency. Further the developments in
the area of power electronics increased the number of dc
loads like LED lights, computers, mobile phone or laptop
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chargers etc. which operates on dc power. Thus, these
devices for their operation requires conversion of available
ac power to dc power and normally for that conversion,
inefficient line frequency rectifiers are used. Moreover, the
dc power from the renewable sources has to be converted to
ac to feed the grid and again to dc, to supply these dc loads.
This dc-ac-dc conversion stages increases the losses and
complexity of the system and reduces the efficiency. DC
micro-grids are emerging as a solution to these problems due
to its natural interfacing capability with most of the
renewable energy sources, modern dc loads and energy
storage facilities [5]-[9]. The reliability and the efficiency of
micro-grids can be improved cost-effectively by adopting dc
distribution system (DC micro-grid). Further, by including
some intelligent devices and by adopting intelligent energy
management techniques it can be upgraded to a smart dc
micro-grid with improved overall efficiency and reliability
[10]-[12].

A recent statistics show that almost 70% of generated
electrical power is transferred to the grid through the static
power electronic converters. The static power electronic
converters connect the source to the load/grid in such a way
to match the parameters of the renewable energy sources
with that of the load/grid [13]. The static power converters
are extensively used in renewable energy systems for
matching the source with the load/grid requirements, for
maximum power tracking and to improve the static and
dynamic characteristics. To overcome the on-off nature of
the renewable energy sources, connecting renewable energy
sources of different types to the grid or a stand-alone load
along with a battery back-up becomes necessary to ensure
uninterpretable power supply. For connecting different types
of renewable energy sources along with the battery to supply
load or grid, an individual converter for connecting each
source to the grid or a multiport converter for connecting
multiple sources to the grid can be used. A multiport
converter is preferred for connecting different renewable
energy sources to the load or grid because of their less
expensive and high power density features [14]-[21]. The
multiport power electric interface minimizes the losses and
improves the efficiency by removing multiple conversion
stages. Further, the effective sharing of passive and active
devices in the multiport structure leads to circuit size
reduction and power density improvement. The multiport
interface also provides a centralized control and avoids the
use of communication bus requirements [22]-[23]. A
schematic of multiport converter set-up is shown in fig. 1.

Various topologies of multiport converters have been
developed and applied for renewable energy sourced
systems. The available topologies of multiport converters can
be placed into any one of the following three categories:
Non-isolated [24]-[28], fully isolated [29]-[33] and partially
isolated [34]-[42] topologies. Non-isolated topologies use dc-
link/electrical coupling whereas fully isolated and partially
isolated topologies use magnetic coupling using a
transformer for connecting different sources or loads. In non-
isolated topologies, the ports are connected to other ports
through direct connection without any isolation, thus
resulting in a compact structure and high power density [37].
The dc linking or electrical coupling in non-isolated

topologies allows, only sources with nearly equal operating
voltages to be integrated. Mostly, these non-isolated
converters are developed from the conventional buck, boost,
and buck-boost converter fundamental topologies and its
typical structure is shown in fig.2. These non-isolated
multiport converters have a constraint over the voltage gain
since it depends only on the duty cycle. Another limitation is,
it can be applied only for systems that don’t require galvanic
isolation. Fully isolated topologies are derived from
conventional full-bridge or half-bridge topologies or by
combining both the topological structures. Fully isolated
topologies use multi-winding high-frequency transformers
for connecting different sources with the load, thus providing
the advantage of integrating the sources of different voltage
levels easily. The typical structure of the fully isolated
multiport topology is shown in fig.3 Isolation and
bidirectional power transfer feature and Zero Voltage
Switching (ZVS) are inherent in these topologies.
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Fig. 1 Multiport converter-Schematic

Partially isolated topologies are derived by combining
isolated and non-isolated topologies. The partially isolated
topologies provide the required isolation for the load while
maintaining the compact structure with high power density
and flexible voltage levels. Partially isolated topologies use a
single winding high-frequency transformer for providing
necessary isolation between the source side and the load side.
And dc-link/electrical coupling for combining more than one
source or load at the primary and secondary side
respectively. A typical structure of partially isolated
multiport topology is shown in fig.4.
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Fig. 2 Non-isolated multiport topology
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Fig. 4 Partially- isolated multiport topology

Because of the noticeable advantages, many partially
isolated multiport converters have been developed for
various applications [40]. Among the multiport structures it
can be seen that partially isolated converters provides
isolation and also circuit size reduction by sharing the
devices and improving the power density. Most of the
literatures reported three port partially isolated converters
which depends on only one renewable energy source. Four
port partially isolated topologies connecting two sources and
a storage to load were reported in [37] & [42]. The limitation
of partially isolated converter is that it does not allow widely
varying voltage levels at the ports as that of a fully isolated
converter. In the following sections, some of the partially
isolated multiport converters reported in the recent literature
are briefly reviewed.

2. Partially Isolated Multiport Converters

2.1. Multi-input bidirectional converter with combined direct
link and magnetic coupling

In [34], a multi-input converter which uses direct link
electrical coupling and magnetic coupling is developed and
applied for fuel cell sourced application. In fig.5 the topology
of the converter is shown and fundamental waveforms
representing the operation of the converter are shown in
fig.6. It uses six controllable semiconductor power switches
(S1-Se) with a high-frequency transformer for isolating the
load from the source. The current drawn from the fuel cell
and supercapacitor is continuous. Switches Si, S, and Sz, Sa

form two boost half bridges (HB2 and HB3) and switches Ss
and Sg form a direct-connected bidirectional half-bridge
(HB1) connecting the supercapacitor. The high-frequency
isolation transformer not only provides required isolation but
also increases the low input side dc voltage to a higher level
at the output side. Transformer’s leakage inductance is also
used as an element for transferring energy.

VSC
V,
Super l FC
capacitor -|—Fue\ cell

Fig. 5 Multi-input bidirectional dc-dc converter

The variations in voltage at supercapacitor port are
corrected by appropriately varying the duty cycle of the first
half bridge switches by PWM strategy. Other two half
bridges are switched at fixed 50% duty cycle with a phase
shift between them. A pair of complementary gate control
pulses is used to drive the individual half bridges. Further,
the PWM pulses for HB1 and HB2 are phase shifted by 180
degrees for interleaving. The power flowing to the load is
given by equation (1) and can be seen that is bidirectional,

_Vmlaef, @
P - i Ly (1 .':') (1)
where, ¥, is the input side dc voltage, V; is the output

voltage, w = 2 wf (f is switching frequency ) , n is the turns

ratio of the transformer, ¢ is the angle of phase shift between
the gating pulses and L, is the leakage inductance referred to

the primary side. The output power depends on the angle of
phase shift and the leakage inductance for the fixed
switching frequency. This topology can be used in medium
power level fuel cell sourced applications.

N
91(92) | S1 1 s2] | | ) t
93(94) s3 | °su | [yt
s(96) S-6 S5 | r> t
Vi Il >t
Va = t Ir) t
Fuel cell current
le N St
7
Transformer primary
I, /! current  /
7 ~— !
2P %

Phasesit 11 T2 la

Fig. 6 Key waveforms of the multi-input bidirectional
converter
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2.2. Bidirectional partially isolated three port converter

The bidirectional converter proposed in [35] employs the
lowest number of switching device among the available
three-port bidirectional topologies (one switch for each port).
In this converter, the PV source charges the battery and the
battery discharges to feed the load. This can only be used for
stand-alone applications and not for the micro-grid since
power transfer from the output side to source side is not
possible. For overcoming this limitation, in [36] two
controllable switches (Ss and Ss) are introduced at the
secondary side of the high-frequency transformer and the
resulting topology is shown in fig.7. This converter can be
applied for tracking the peak power point of PV source and
simultaneously for charging the battery from dc grid or PV.
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Fig. 7 Bidirectional partially isolated three-port dc-dc
converter
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The voltage generated from the PV is controlled by main
switch S;. The main switch S; also reverses the current
flowing through the transformer. The high-frequency
transformer has the turn ratio of n and for most of the
applications, n is less than unity. The converter has two
modes of operation: buck mode (power is transferred from
load side to source) & boost mode (power is transferred from
the source side to load side). Fig.8 shows the buck and boost
mode operational waveforms of the converter.

N N
s — —i,, %A — —
Vy
e e e s
Vs ot \/cs
|p -I | 1 t VP H%lq-_)
| N -Ves
s i I Le —1
Boost mode % - * - 9‘
T TR
Buck mode

Fig. 8 Key waveforms of Three- port partially isolated
bidirectional converter

2.3.Buck-Boost Four port Converter

In [37], a four-port converter with two PV sources
of different ratings and a battery back-up for satellite
application is proposed. The topology of the buck-boost four
port converter is shown in Fig.9. Switches S; and S, and
inductor L; are integrated to a boost converter and the
switches Sz and Ss with inductor L, are integrated into
another boost converter. These boost converters are used to

t

t

t

t

connect the two PV sources to the storage element. From
battery to the load the converter acts as a phase shifted bi-
directional converter. Fig.10 shows the operational
waveforms of the buck-boost four port converter.
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Fig. 9 Buck-Boost four port converter
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The duty ratio of the boost converter switches are used
for controlling the power transfer between the PV sources
and the battery and also for tracking peak power of the
sources. The shift between the phase angles of gate pulses of
the boost circuits at the primary side is used to control the
voltage at the output port. Voltages at the battery and the
output are given by,

Vevs _ _Vera

| CA— =
g 1-Dprz

1-Dpys (2
where, the battery voltage is V% , Vzy and Vzpp are voltages
of sources PV1 and PV, respectively, Dz-; and Dz, are the
duty ratio of the switches.
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where, the output voltage is¥;, n is
transformer turns ratio, @ is the angle of shift between the
switching legs of input side and ADG., is the difference
between the duty ratio Dz;;; and Dgyo.From the equation

(2), it is clear that from PV sources to the storage battery, the
converter works like a boost converter. Also from equation
(3), it is clear that from battery and PV side to the load side
the converter works as phase shifted converter.

2.4.PWM and Secondary side Phaseshifted Converter

In most of the boost integrated full bridge converters
formed by interfacing the boost circuits with the primary side
phase shifted full bridge circuits, the two control parameters
(duty cycle and phase shift) are coupled. This coupling
between these two control parameters will increase the
complexity of the control system [38]. To overcome such
complexities in control, secondary side phase shifting control
technique was developed and reported in the recent literature.
One such converter employing secondary side phase shifting
is introduced in [39] and it is shown in fig.11. Here an
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interleaved buck-boost converter is combined with a
secondary side phase shifting converter. An inductor with
high operating frequency is employed for power transfer
from primary side to secondary side.
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Fig. 10 Key waveforms of Buck-Boost four port converter

Duty cycle adjustment of the switches Si, Sz, and S, Sa
are used for peak power tracking and for the battery charge
and discharge control. Further, the shift between the phase
angles of the source side and load side switches is used to
control the voltage at the output. Key waveforms
representing the converter operation are shown in Fig.12.
This converter provides decoupled power flow control by
separating the control parameters, the duty cycle of the
switches and the phase shift between them. It tracks the
maximum power point of sources while reducing the
circulating current. Current ripples are also minimized due to
interleaving.

ﬂh %Jh )

U U b b
R 'y s W L , ¢ 1G

V e R

B A\ b |

ﬂ_. d U d 1
Sz S.i SS Sﬁ
m,

Fig. 11 PWM and secondary side phase shifted
converter
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Fig. 12 Key waveforms of PWM and secondary side phase
shifted converter

2.5. Secondary side regulated converter with bridgeless
boost rectifier

In [40], a full bridge three port converter is derived
by interfacing an interleaved bi-directional converter with a
boost rectifier and it is shown in fig.13. The key waveforms
depicting the operation of the converter is given in fig.14. It
employs secondary side regulated control strategy for
decoupled power flow management. Input current ripples are
minimized by interleaving. A bridgeless boost rectifier is
employed at the secondary side to convert ac to dc more
efficiently by reducing the number of semiconductor
components and their conducting losses. Unlike the
bridgeless conventional boost rectifier circuits (which works
in line-frequency), this converter works in high frequency.
The normalized voltage conversion ratio of this converter is
given by,
__"
G= r_u,,,, 4)
where, ¥, is the voltage of PV source, the output voltage is
s , and transformer turns ratio is n.

IR

i

Fig. 13 Secondary side regulated converter
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Fig. 14. Key waveforms of secondary side regulated
converter

2.6. Three port full bridge bidirectional PWM with phase
shifted secondary side control

The partially isolated converter reported in [41], is the
integration of non-isolated buck-boost converter and the
isolated dual active bridge (DAB) converter. The switches
S1, Sz, Sz and S4 with inductors L; and L, form the
bidirectional interleaved buck/boost converter and is shown
in fig.15.

The two full bridges formed by switches S;-S4 and Ss-
Sg are interconnected through a high-frequency transformer
to form a dual active bridge converter. The switches Si1-S4
are shared by both the buck/boost converter and DAB
converter. This device sharing increases the power density of
the converter.
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Fig. 15 Full bridge three port bidirectional converter

The power transfer between the source and the energy
storage device is controlled through the duty ratio adjustment
of switches at source side and the duty ratio adjustment of
the switches are also used for maximum power tracking of
the renewable source. The shift between the phases of gate
pulses of primary and the corresponding secondary switches
is used for controlling the load voltage. Key waveforms
given in fig.16 depicts the working principle of the converter.
The switches at the secondary side attain ZVS naturally
without any constraints. The presence of inductors in the
primary side limits the ZVS range of the switches. The soft

switching range of the switches at the input side is
determined by the inductor current values. The output power
flowing to the load is given by equation (5),

N Vg

IN.L i

B, = ([’m—22|D:+{1—mj.[}—m($‘]:+m£+5~)

", T 4

®)
where, N, and N, are the number of primary turns and
secondary turns, Ls is value of the ac inductor, f, is the
device switching frequency, V; is voltage of the battery, ¥
is the value of load voltage, ¢ is the shift between the phase

angle of gating pulses of the primary switches and
secondary switches and m is the voltage gain of the converter

given by the relation, m = L
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Fig. 16 Key waveforms of Full bridge three port
bidirectional converter

3. Comparative Study and Assessment

Table-1 summarizes the comparison of partially isolated
converters based on their component count. From the table it
can be seen that the three port converter reported in [36] uses
least number of active and passive devices but the reported
output voltage of the converter is very less when compared
with the other converters listed in the table. The converter
reported in [37], for handling power among the four ports
uses only four controllable switches and four diodes. This
converter also utilises two sources and ensures a reliable
power supply to the load i.e. even if power generation from
one source drops, the other source along with battery will
provide supply to load. The converters reported in [39], [40]
and [41] eliminates the use of filter inductor at the load side
thus reducing passive component count and related inductor
losses. The absence of unidirectional diodes in converters
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presented in [34], [36] and [41] provides a way for
bidirectional power transfer between battery and load port.
Except the converters presented in [34] and [36], other
converters are developed by integrating non-isolated
converter circuits into isolated converter circuits. This
integration results in sharing of active and passive devices
among the different ports of the converter which in turn
reduces the component count and improves the power
density. Particularly in the converter reported in [37], four
active switches in the primary side are shared by two boost
converter sections and phase shifted full bridge section
providing high level of integration. But in conventional
cascaded structure, for integrating two boost converters and
phase shift converter eight active switches are required
which increases the circuit size and reduces the power
density.

Features of the converter like soft switching
performance, current ripple at the input ports and
bidirectional power transfer capability are compared for
reviewed partially isolated converters in table-2. It can be
observed from the table that for most of the converters, ZVS

performance is limited by the presence of boost inductors.
Hence selecting proper inductor values is important for
providing an extended range of ZVS operation at the primary
side. The switches in the secondary side of most of the
converters attains ZVS naturally due to the absence of boost
inductors. And it can also be noted that the converters using
bridge circuits like the converter in [41], shows better ZVS
performance than the other converter structures. The
switching legs of converters presented in [39], [40] and [41]
are operated in interleaved manner which results in reduced
current ripple at the input ports. The converter reported in
[37] uses phase shifting of primary side switching pulses to
regulate the output, and doesn’t allow interleaving operation
of primary side switching legs. Because of which it has
higher current ripple at the input side when compared to the
other converters. The absence of diodes in converters
presented in [34], [36] and [41] allows bidirectional power
transfer from source side to battery side and vice-versa. But
other converters listed in the table have bidirectional power
flow between source and storage ports only. And between
source and load, they allow only unidirectional power flow
because of the presence of diodes.

Table 1. Comparison of Components Count of Partially Isolated Converters

No. of
No. of Ports . No. of passive devices
Converter semiconductors 'Degree 'of
integration
Input | Output | Switches | Diodes | Inductors | Capacitors
Multi-input Low ( No sharing of
bidirectional dc-dc 2 1 6 - 4 5 devices among
converter[34] ports)
Bidirectional three- Low ( No sharing of
port dc-dc 2 1 5 - 3 4 devices among
converter[36] ports)
Buck- Boost four Very high( primary
port converter[37] 3 1 4 4 4 4 side devices are
shared by three
ports)
PWM and secondary High(primary side
side phase shifted 2 1 6 2 3 3 devices are shared
converter [39] by two ports)
Secondary side High(primary side
regulated 2 1.n 6 2 3 2 devices are shared
converter[40] by two ports)
Three port full High(primary side
bridge bidirectional devices are shared
PWM and se<_:ondary ) 1 8 i 3 3 by two ports)
side phase shift
controlled
converter[41]
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Table 2. Features of Different Partially Isolated Converters

Current ripple at

Bidirectional

nverter ft switchin . -

Converte Soft switching input side power transfer
Multi-input Primary side switches attain ZVS for all | Low due to current Allows Bidirectional
bidirectional dc-dc conditions. Secondary switches ZVS source structure at power flow between
converter[34] performance depends on transformer input side. battery and load

current and fuel cell current

side.

Bidirectional three-
port dc-dc
converter[36]

Not mentioned

Not mentioned

Allows Bidirectional
power flow between
battery and load
side.

Buck- Boost four

ZV/S operation of switches is limited by

High (since primary

Unidirectional from

port converter[37] the values of inductor currents of boost | side switches don’t | battery to load side.
converter section. work in interleaved
manner)
PWM and secondary | Secondary side active switches attain Very low (since Unidirectional from

side phase shifted
converter [39]

natural ZVS, but the presence of boost
inductors limits the ZVS range in
source side

primary side
switches work in
interleaved manner)

battery to load side.

Secondary side
regulated
converter[40]

Secondary side active switches attain
natural ZVS. The ZVS range of source
side switches depends on the inductor
currents

Very low (since
primary side
switches work in
interleaved manner)

Unidirectional from
battery to load side.

Three port full
bridge bidirectional
PWM and secondary
side phase shift
controlled
converter[41]

Secondary side switches attain natural
ZVS. Presence of boost inductors at the
limits the soft switch range of switches
at the primary side

Very low (since
primary side
switches work in
interleaved manner)

Allows Bidirectional
power flow between
battery and load
side.

Summary of the rated output voltage, power and power
transfer efficiency of the partially isolated converters taken
for review is provided in table-3. It can be seen from the
power handling capacity of the mentioned converters, that
they can be utilized in a wide range of dc power
requirements (from low voltage dc grids to high voltage dc
grids). Thus, the partially isolated multiport converters can
be used for harvesting renewable energy in both residential
and commercial dc micro-grids, in which the power demand
varies from few watts to kilo watts. It can also be inferred

from table-3 that the converters employing secondary phase
shift control provides better efficiency than the primary side
phase shifted partially isolated converters.

Comparison of control strategies employed by the
various partially isolated multiport converters is provided in
table-4. Multiport converters exhibits coupled control loops
[43]-[44], hence decoupling of control loops is important
regarding the control of multiport converters. Partially
isolated converters reported in most of the literatures used
PWM and Primary side phase shift control [45]-[48].
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Table 3. Comparison of Output Voltage, Power and Efficiency

Reported Reported Reported power
Converter output output transfer
voltage power efficiency
Multi-input bidirectional dc-dc 400 V 1 kw i
converter[34]
Bidirectional three-port dc-dc 24\ i i
converter[36]
Buck- Boost four port converter[37] 100 vV 500 w 92.3%
PWM and secondary side phase shifted 100V 600 W 95%
converter [39]
Secondary side regulated converter[40] 300V 500 w 95.3%
Three port full bridge bidirectional PWM
and secondary side phase shift controlled 7000 V 250 kw -
converter[41]

Table 4. Comparison of Control Strategies of Partially Isolated Multiport Converters

Storage device
Converter Control strategy power MPFTT Outpgt Control complexity
tracking | regulation
management
Multi-input Less (decoupled duty
bidirectional dc-dc PWM & phase PWM PWM Phase shift cycle & phase shift
shift .
converter[34] control variables)
Bidirectional three- Not Complex (duty cycle
port dc-dc PWM PWM . PWM adjustment of one port
mentioned
converter[36] affects other port’s)
Buck- Boost four port . Primary Complex ( coupled duty
+
converter[37] PWM Pr.lrr.1ary PWM PWM phase cycle and phase shift
phase shifting e .
shifting control variables)
PWM and secondary PWM + secondary Less (decoupled duty
side phase shifted secondary phase PWM PWM phase cycle & phase shift
converter [39] shifting shifting control variables)
Secondary side PWM + secondary Less (decoupled duty
regulated secondary phase PWM PWM phase cycle & phase shift
converter[40] shifting shifting control variables)
Three port full bridge Less (decoupled duty
bidirectional PWM PWM + secondary cycle & phase shift
and secondary side secondary phase PWM PWM phase control variables)
phase shift controlled shifting shifting
converter[41]
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The primary side phase shift control has some
demerits like idling power loss, limited soft switching range
etc. Generally to overcome these demerits, secondary side
phase shift control is introduced and applied for some two
port and three port converters [49]-[50]. For maximum
power tracking and battery management, PWM control is
widely used. For regulating output voltage, primary or
secondary phase shift control is used. From the comparison,
it can be seen that the converters employing PWM plus
secondary side phase shifting reduce the control complexity
by decoupling the control variables of duty cycle and phase
shift.

4. Challenges and Future Scope

From the review, it is clear that the multiport converters
have gained a lot of research interest in the area of power
electronics. Many topologies of the multiport converter are
developed and applied in the areas like electric vehicles,
satellite applications, fuel cell based power source
applications, uninterruptible power supply applications and
renewable energy sourced micro-grid applications etc. But
still, optimization of the existing structures and development
of new ones is required in multiport power electronics field.
Further, the following issues also have to be addressed in the
area of multiport converters.

1. Different three port topologies for connecting the
renewable source and battery to the load are developed and
implemented recently. Work can be conducted in developing
four port topologies, which can be used to integrate more
than one source along with a battery to the load/grid to
ensure continuous power supply.

2. Development of multiport topologies that are able to
supply both dc and ac loads simultaneously at varying
voltage levels is required.

3. The voltage gain of the partially isolated multiport
converters is the function of duty cycle and turns ratio of the
high-frequency transformer. But wide variations in duty
cycle during light and heavy load conditions results in
reduced voltage gains. Voltage gain improvement
techniques that are applied to two port converters can be
extended to multiport topologies too.

4. Work can be conducted in overcoming the
limitations caused by the boost inductors on the soft
switching range of the partially isolated converters.

5. In most of the partially isolated multiport
converters, the charging and discharging operations of the
battery are done within one period of the switching pulse
itself. This frequent charging and discharging reduce the
lifetime of the batteries. Hence, attention is required in
developing efficient battery management techniques.

6. Distributed simultaneous maximum power point
tracking techniques for multiport converters with different
renewable sources under varying conditions (Eg. PV with
varying irradiance) have to be developed.

7. Digital modulation and power management
strategies which are less complex, have to be developed for
four-port converters.

8. Accurate modelling of multiport converters is
necessary for enhancing the static and dynamic performance
of the converters.

9. Intelligent devices with intelligent energy
management and optimization techniques can be
incorporated to make the system compatible with the smart
grid technology.

10. Controller design and control loop decoupling
which is essential in reducing the complexity of this
multivariable control system is an important research aspect
in enabling efficient and stable operation of these converters.

5. Conclusion

This paper briefly reviewed the topologies of partially
isolated multiport converters reported in the various
literature. From the review, it is evident that partially isolated
multiport converters gained increasing interest in the
research of connecting various renewable energy sources
along with storage element to the load/grid. Comparison of
the partially isolated converter has been done in terms of
their component count, ZVS performance, power transfer
efficiency and control strategies. The general operation of the
converters is also reported briefly. It can be seen that these
partially isolated multiport converters combine the
advantages of both isolated and non-isolated converters by
providing necessary isolation and the circuit size reduction
simultaneously with the use of a single winding transformer.
Also the reported power rating of these converters proves
that it is suitable for wide range of applications that require
dc power from 500 W to 250 KW. Thus, these partially
isolated topologies prove to be worthy candidates in the
competitive run of integrating more than one renewable
sources along with the battery to the stand-alone load or dc-
grid.
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