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ABSTRACT: Energy router is being investigated to replace conventional transformer in the electric grid. Improvement so far
observed in use of converter makes possible the intelligent integration between systems with different characteristics’ in terms
of frequency and voltage levels as well as exploitation of generation sources and storage systems typically operating in DC.
Consequently, it is believed that Energy Router is able to interconnect different portions of electrical networks and at different
voltage levels and types. The Energy Router is an assembly of converters isolated by a medium or high frequency transformer.
In its design, different voltage levels and types are made available to achieve high results in terms of system integration,
efficiency and flexibility. This paper evaluates the main potentials of this technology if widely introduced in the main power

system. Starting from the single component description, a couple of possible applications are presented and discussed.
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1. INTRODUCTION

The behemoth transformer otherwise known as Low
Frequency Transformer (LFT) or conventional transformer,
highly efficient and reliable suffers some demerits: sensitive
to harmonics, no means of power factor correction
improvement, unable to be used in DC system, no
protection from system disturbances etc [1-3]. A
transformer also known as Energy Router (ER), Solid-State
Transformer (SST), Intelligent Universal transformer
(IUT) etc made up of power electronic devices can respond
to control signals and eliminate the problems associated to
the conventional transformer [4-6].

The ER has been investigated to replace the LFT by
use of high frequency isolated AC-AC solid state conversion
techniques [7,8]. The transformer employs the use of power
electronic circuits an action that enables it to be operated at
any desired frequency which is not possible with the LFT
that operates only at the frequency of 50/60Hz

[9]. The use of high-frequency modulation makes ER
reduced in volume and size compared to an LFT of the same
rating [10]. It also allows higher utilization of magnetic core
[11]. The ER allows for Bidirectional Power Flow (BPF), it:
changes power characteristics such as voltage and frequency
levels; power quality (reactive power
compensation and harmonics mitigation); provides energy

enhances

economic dispatch based on communication between utility
provider, end user and other transformers in the grid [12—
14]. Therefore, features of the ER make it suitable for use in
the just introduced smart grid [15]. Applications purview of
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the ER is wide, ranging from Wind Farm (WF), Solar Farm
(SF), Charge Station (CS), Tidal Power Plant (TPP),
Tractions etc [16]. Generally, ER can be used in OFF-Shore
Energy Generation (OSEG), Traction Drive System (TDS),
Integration of Distributed Renewable Energy Resources
(DRER) and Distributed Renewable Energy Storage
Systems (DRESS) (Verma et al,, 2018; Wang & Li, 2020;
Wang, 2017; Zhang et al, 2012; Zhang et al, 2019). A
detailed description of the ER and some of its area of
applications are presented in the paper.

2. CONCEPT OF ER

The ER is seen to be a better candidate to meet up with
requirements of the smart grid [22]. An ER comprised of
three main stages: A converter to produce high-frequency
AC from input line frequency Alternating Current (AC) of
50/60Hz, isolation by a high/medium-frequency
transformer (M/HFT), and a converter to produce AC with
line frequency from AC high frequency [8]. Additionally, the
isolation barrier partitions the transformer into two parts:
high voltage and low voltage parts [3]. In addition to being
able to perform the same functions as an LFT, ER provides a
range of services as earlier mentioned. This device is
introduced by various authors with different
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nomenclature, such as [1,2,23-25]: Electronic Transformer
(ET) by McMurray in 1968, Solid-State Transformer (SST)
by Brooks in 1980, Intelligent Universal Transformer (IUT)
by Electric Power Research Institute (EPRI), US in 1995,
Electronic Power Transformer (EPT) by Asea Brown Boveri
(ABB) company in Switzerland, Power Control Centre
(PCC) by Borojevic, Power Router (PR) by Wang, MEGA
cube by Swiss Federal Institute of Technology (ETH)
Zurich, etc. It also operates as an electronic power interface
between medium voltage (MV) and low voltage (LV)
[13,26,27].

3. DESCRIPTION OF ER
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Fig. 1. Schematic of an ER [31]

The ER is a power electronic based device that has
been investigated for over two decades to replace the LFT
by use of a high frequency transformer isolated AC-AC
[28,29]. ER s
composed of converters isolated by a high/medium

conversion technique a transformer

frequency transformer [4,30] The schematic of an ER is as

presented in Figure 1. Basically, the operation of the ER is as

follows [1]:

i Change the 50/60 Hz AC medium voltage to a high
frequency voltage (normally in the range of several
kHz to tens of kHz).

ii. Step down the high frequency voltage by the use of a
high frequency transformer.

iii. Shape the high frequency waveform back to the

desired 50/60 Hz voltage.

3.1 Topologies OfER
HVAC LVAC
a) v o
HVAC LvDC LVAC
b) ~ g ALT e ~
HVAC HVDC LVAC
HvAC HvDC Lvpc Lvac

Fig. 2. Topologies of ER a) single-stage, b) two-stage with
LVDC link, c) two-stage with HVDC ink, and d) three-stage
[33]

ER is an emerging technology that offers bi-directional
power flow. It is a collection of high-powered semiconductor
components (such as MOSFETs or IGBTs), high/medium-

frequency  transformer, offering  reactive  power

57

compensation, harmonics reduction and provide a high level
of flexible control in the distribution networks [1].

Different topologies of ER have been studied to
improve the performance of the transformer [32]. The
possible topologies so far arrived at are classified as single
stage, two stages and three stages ER as shown in Figure 2.
The ER topologies are as summarized in Figure 3.

(EnersyReuter |
| |
! 1

Single Stage Two Stages Three Stages

+ 1
With LV DC Link With HV DC Link

Fig. 3. General Classifications of ER
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Fig. 4. (a) Full Bridge Converter as AC-AC single stage ER,
(b)Fly Back converter as single stage AC-AC ER
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Single stage AC-AC ER as shown in Figure 2(a)
consists of High Frequency (HF)-Link and Low Frequency
(LF)-Bridge. This category of ER employs the use of a
simplest control strategy; it can be an AC/AC Full bridge
converter where it cannot offer the input power factor
correction [34]. The second class of the Single stage AC-AC
ER can be inform of an AC/AC Fly back where the switches
are replaced to four quadrant switches which can allow the bi
-polar voltage and current. Nevertheless, in this topology of
the ER the number of switches is doubled to build the four
quadrants. Figure 4(a) and (b) show Full Bridge and Fly
back converters respectively as AC-AC ER. The selection of
which topology is to be used for the AC/AC depends on the
required output power. A single stage ER circuit is the
simplest compared to two and three stages and functions at
lower switching frequency which means the lower switching
losses and indeed higher frequency [35]. However, it
provides limited functionalities compared to the other
configurations [36]. The full schematic of a single stage AC-
AC ER s as shown in Figure S.
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Fig. S. Schematic of a Single stage ER [37]
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Fig. 6. Schematic of a two stages ER [37]

3.1.2 Two stage AC-ACER

As shown in Figure 2(b), even though the two stages
AC-AC ER also consists of the HF and LF links just as case
was with the single state, Here the two links are separated by
a Low Voltage Direct current (LVDC) link. This is because
the two stages ER topology is based on AC-DC conversion
stage. DC link is used in the topology, the AC-DC
conversion stage could have an isolated boost converter with
Pulse Width Modulation (PWM) DC-AC converter or Dual
Active Bridge (DAB) with PWM AC-DC converter and in
the two techniques the DC link supplies low voltage.

Furthermore, isolated boost converter consist of
modulated PWM voltage at the input to obtain sinusoidal
input current, this topology has a disadvantage of using two
different control strategies depending on direction of power
flow. Also, the DAB has to use phase shift angle modulation
to obtain sinusoidal input [4,38,39]. The
disadvantages of this technique are high sensitivity and large
ripple current. The switching losses the two and three stages
ER are the same. However, three stages could offer
additional functionalities compared to two stages [35]. A
two stages ER can also use High voltage DC link (HVDC), if

current
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Cyclo converter is used for the AC-AC conversion with
HFT [S]. A schematic of two stages ER is as presented in
Figure 6.

3.1.3 Three stages AC-AC ER

The three stages ER is the most acceptable type of ER.
It offers all required functionalities available with ER (Wang,
2017). It is made up of two DC links instead of one as shown
in Figure 7. it is based on either having PWM AC-DC
converter and DC-DC DAB with PWM DC-AC converter
or Multileve]l AC-DC converter and a DC-DC Full-bridge
with PWM DC-AC converter [40]. The biggest demerit of
this type of ER is use of large number of components. This
action increases switching and static losses and
consequently affects the efficiency and reliability of the ER
(Bignucolo et al, 2013.). This issue can be addressed by
reducing number of passive elements and efficient filters at
both output and input sides of the ER. The earlier could be
achieved by the use of a three phase DAB converter instead
of using three single stage cascaded DABs in case of a three
phase ER. However, the three stage topology is the most

suitable for the ER technology.
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This is because it offers: wide controllability; high
performance; and capabilities. The added DC links decouple
high voltage side from low voltage side, allowing better
control of voltages and currents in both sides. This action
helps to solve problem of voltage regulation included in the
two stage ER and add more functionalities of the ER such
under and over voltage protection [32]. Schematic of three
stages ER is as shown in Figure 1.

3.2 AC-DC Conversion Stage

Here, the LF grid AC voltage is converted to DC [2].
An AC-DC converter is being used to connect a grid to DC
link at its side [11]. The AC voltage of low frequency of
50/60 Hz is supplied to ER. The supplied AC voltage is
converted to DC type by use of power electronic converters
[19]. If the operating voltage of the grid is Medium i.e. it is
higher than 1kV but lower than 100kV, high voltage power
switches such as IGBT's and MOSFETS are being used in the
design of the AC-DC converter [42]. In some areas of
applications, where weight and size are not significant, ER
offers harmonic filtering by use of its AC-DC stage which
employs use of a PWM converter and an in-built filter, which
is much needed in the areas o application such as the existing

L

‘I—( Q )— csc (constant)

(a) Current source converter

grid system and smart grid.

Generally, converters are classified into two types [43]:
i External Commutation converters — these are
converters in which the energy required to turn OFF
the SCRs is provided by an external power supply.
Self Commutation converters — This class of
converters can be designed using GTOs, IGBTs,
MOSFETSs or Power transistors

In the design of the ER, self commutation converters are
usually being used. There are three types of self
commutation converters [44]:

i Voltage Source Converters (VSC)

ii. Current Source Converters (CSC)
PWM for both VCC and CSC

VSC also known as forced-commuted converters are

iii.

self-commutated types of converters which connects HVAC
and HVDC systems using devices suitable for high power
electronic applications, such as MOSFETs and IGBTs
(Khan et al., 2016). The VSC have large capacitor on the DC
side and therefore, it maintains the DC current constant. On
the other hand in the CSC an inductor maintains the DC
current constant (Khan et al., 2021). Schematic of VSC and
CSC is as shown in Figure 7.

vac

v
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(b) Voltage source converter

Fig. 7. Schematic of a VSC
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Fig. 8. Topologies for DC-DC conversion stage of ER: a) Dual Active Bridge (DAB) converter; b) Bi-directional isolated
current doubler converter; c) LLC resonant converter.
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3.3 DC-DC Conversion Section

The DC-DC conversion section of the ER also known as
isolation stage is its core unit. The DC-DC conversion
section consists of three parts [46]:
i DC-AC converter;
ii. High Frequency Transformer (HFT);

AC-DC converter.
Several attempts have been made to present some

il.

topologies that can be used to set up the Isolation stage of
the ER by considering peculiarities in circuit complexity,
operating characteristics and performances required of the
SST within which it is to be used [47]. Three suitable
topologies for the DC-DC conversion section are as
presented in Figure 8.

3.3.1 DAB converter

As in Figure 8(a), the DAB converter is composed of
two H-bridges connected by a HFT [31,48]. Leakage
inductance of the transformer is used to store energy, which
is needed for the current control in the converter [34]. If the
leakage inductance of the HFT is too small, external
inductance may be connected in series with the HFT.

The DAB converter offers the following advantages [48]:
i High controllability and
ii. Good soft switching

However, the DAB converter suffers the demerit of
large harmonic content in the input and output current that
imposes the use of big capacitors, in particular on the
secondary side, to contain the voltage to contain the voltage
oscillations of the DC links [49]. This challenge has been
investigated with the view to mitigating it.

3.3.2 Bi-directional isolated current doubler converter

The only difference between DAB converter and the Bi
_directional isolation current doubler converter is that in
later the inductors the two upper switches of the secondary
bridge are replaced by an inductor as shown in Figure 8 (b).
The Bi directional isolation current doubler converter is
associated with lower conduction losses and higher current
controllability compared to DAB converter. However, it is
associated with the following disadvantages [S0]:

i The transformer must be of power rating
ii. Two large inductors must be used in the secondary
side

iii. Its operating voltage is limited.

3.3.3 LLC resonant converter

The LLC resonant and Bi-directional isolation current
doubler converters are derived from DAB converter
topology [51]. To form the LLC resonant converter one or
more capacitor is or are connected in series or in parallel to
the leakage inductances of the HFT [52]. Because of the
resonance, Current in AC link is quasi-sinusoidal and
switches commutate with lower losses because of the
resonance in this type of converter. Consequently, higher
power density and higher operating frequency are attained
compared to DAB converter [52]. Moreover, the additional
capacitor filters the DC content of the primary current in

60

being filtered by an additional capacitor of the design of the
converter. This action enables avoidance of saturation of
core of HFT. The disadvantages of LLC resonant converter

are:

i Design of LLC resonant converter requires use of
large inductors and capacitances and

ii. The converter is high sensitive to variation of H-

bridge switching frequency.

3.3.4 High frequency transformer

The High Frequency Transformer (HFT) is one of the
main components of DC-DC conversion section, and a
major component in the design of ER [38]. The use of the
HFT accounts for the reduction in size and weight [S3].
Design of HFT is made a bit difficult because of the
requirement about power, operating frequency, and, voltage
in case of MV grid [54]. The magnetic materials used in LFT
are not suitable to achieve high power and low losses at high
frequency because of [55,56]:

i Hysteresis Losses (HLs) - the reversal
magnetization in the transformer core generates
HLs. The HLs which depend on magnetic

characteristics of material used while designing a
core are proportional to the frequency.

ii. Eddy Current Losses (ECLs) — The ECLs are
produced by currents generated by the voltage
induced by variable magnetic flux density which
circulate in the core. ECLs are proportional to the
frequency and square of the flux density magnitude.
Core lamination can reduce ECLs at industrial
frequency. This technique, however, becomes
impracticable At high frequency materials with high
resistivity must be selected for the core as lamination
of the core cannot mitigate the ECLs.

Some magnetic materials being used in the design of
power transformers are: ferrite, silicon still, amorphous and
nano-crystalline. The following should be taken into account

while selecting best material for the given application [1,57]:

i Characteristics of saturation flux density of the
material
ii. Curie temperature and

iii. Maximum operating temperature.

3.4 DC-AC Conversion Section

At DC-AC conversion section as shown in Figure 1,
the ER performs its last function which is to change output
DC voltage, sustained by the DC-DC converter, in to AC
voltage [S8]. At this conversion stage low voltage is
involved, irrespective of the grid operating voltage. Some of
the commonly used topologies in the DC-AC conversion
stage are [32]:

i Half bridge and
ii. Full bridge converters.

If required, the half bridge or full bridge converters
may be connected in parallel to form multi-phase converters
as shown in Figure 9.
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Fig. 9. Schematic of DC-AC Converters: a) Single-Phase half bridge; b) Single phase full bridge; and c) Three-phase half bridge

4. COMPARISON OF LFT AND ER

The following advantages and disadvantages are identified
with the LFT.

4.1 Advantages Of LFT

LFT provides a cheap and efficient method to convert
voltage and provide galvanic insulation since its invention in
1880s [1]. Some advantages of the LFT are [6]:

i Simple structure

i. High reliability

iii. High efficiency of about 100%
4.2 Disadvantages Of LFT

However, despite the widespread use of the LFT in the
power system due to its identified advantages, it has the
following disadvantages [1,2,26]:

i It made of high volume and weight

ii. It is associated with concern on oil use and related
environmental issues

iii. It involves core saturation and produces harmonic

iv. Any unwanted change(s) in the input directly affect
the output voltage.

V. Output current of LFT affects its input current.
It is increases losses as it works at approximately 30%
of its appraised load.

Vii. It gives losses at no-load

viil. ~ Most LFT's have voltage regulation problems. Etc.
4.3 Advantages OfER

ERs have several advantages which make it suitable to
replace LFT in the grid. Some of the advantages include
[1,2,59]:

Volume and weight reduction due to use of high-
frequency transformer. The size and frequency of the ER are
inversely proportionally related.

i It enables power factor correction

il. It can operate as an islanding

iii. It is made with high controllability strategy
iv. It can instantaneously regulate voltage

V. It improve sag and swell voltage

Vi. The output of ER can be in different frequencies and
phases different from the input.

vii.  Itis possible to have DC line as input or output.

viii. It canisolate fault

ix. Possibility separate active and reactive power flow
control is available with ER

X. It can control fault current in primary and secondary
sides

xi. It is able to preserve the output power for a limited

cycle via DC link capacitor.
4.4 Disadvantages Of ER

In spite of the many advantages of ER as earlier
mentioned still some problems hinders general acceptance
to completely replace the LFT.

Most of the problems with the ER are due to its
emerging and its manufacturing technology. Researchers
have been ongoing to resolve most if not all of the problems
[1]. Some of the disadvantages identified with the ER are as
follows [16,60,61]:

i ER is more expensive than LFT of the same rating.
However, the cost of ER is expected to drastically
decrease with rapid advances in power electronics
technology. Furthermore, the increase in the price of
copper and electrical steel sheets increases the cost of
LFT.

ii. The reliability of LFT is high and therefore, can be
used in harsh environmental conditions. The
complex structure of ER makes its reliability lower
than that of the LFT. However, the reliability of ER
will be improved with the progress being recorded in
power electronic semiconductor technology.

iii. It is difficult to easily compare efficiency of LFT and
that of the ER. The LFT efficiency is very high, about
98.5% to 99.5%, while the SST efliciency has been
stated in various articles to be around 90% to 95.1%.
Although the efficiency of early generation SSTs is
lower than that of LFT, it is unclear what the
efficiency of SST will be in the future as efforts are
being made to improve it.
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5. LFT AND ER FUNCTIONS COMPARISON IN
SMART GRID

LFT has been investigated since introduction to be
improved upon. However, at present, any effort to improve it
will yield little or no result. This is because, its main principle
remain the same for a very long period of time [7]. On the
other hand, some of the numerous advantages of ER as
enumerated earlier will make it stand a better chance to be
used in the smart grid instead of the LFT which can never be
changed from its basic principle to accommodate the SG’s
requirements [6]. The introduction of concept of bi-
directional power transmission is possible in the smart grid
by use of ER [62]. At present, distribution networks and
Medium Voltage (MV) network are linked together through
a passive magnetic core (LFT) [63]. By the design of LFT,
any disturbance in the distribution network affects the MV
network, and consequently, other safe networks are
unnecessary affected [2]. In a smart grid, if conventional
LET is used, integration of Distributed Renewable Energy
Sources (DRESs) and Distributed Renewable Energy
Storage Systems (DRESSs) is not possible. This is because
many problems such as voltage instability, protection failure,
unintentional islanding, etc will come up [6] Replacing
LFTs with ERs will provide solution to the earlier
mentioned problems. Because the ER can solve the listed
problems in the distribution network by facilitating

controlled bi-directional distribution of active and reactive
powers, and provision of a robust DC bus to isolate the
disturbance on its both sides of the [64].

6. AREAS OF APPLICATION OF ER

Due to the advantages of ER of flexibility, control and
means of communication among others, it can replace LFT
in electrical power system [46,65] . The ER is considered as
an AC- AC converter. Furthermore, as presented in Figure
2.1, additional functionalities provided by the ER indicate
that it is really a smart transformer. [39]. The use of power
electronics control by the ER makes it superior over the
LFT. Meanwhile, availability of DC and AC ports in the ER
makes interface of both AC and DC type of DRERs and
DRESSs possible. Provision of this function makes ER very
promising in the smart grid network (Huber & Kolar, 2016;
Reddy & Sahoo, 2015; Rodrigues et al., 2016; Vaca-Urbano
etal, 2019). By the fact that the volume of the transformer is
inversely proportional to the frequency increases, the
volume and weight of an ER are smaller compared to those
of the LFT. Consequently, ER concept is very attractive in
weight-sensitive applications such as shipboard power
systems [66,67].

Some of the areas of applications of ER are as shown in
Figure 10. Some of the areas of applications of ER are
discussed as follows [6,8,13,37,58,68,69].
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A clear presentation of the wind energy conversion using ER is as presented in Figure 12.

DHG : Solid — State Transformer ‘l
: ord
t [AC J_ DC } AC J_ DC '
1 ™ (: ) [
' DC T AC DC T AC :
" Isolated DC - DC voltage H
* step up transformer N
{ RSC

Fig. 12. An induction generator-based wind energy conversion system using ER [26]

6.1 Offshore Energy Generation

With the ER DC-DC application is possible. Figure 11
presents a DC Offshore grid. Conventional LFT are
necessary for galvanic isolation and substantial voltage step
up/down within a network [70]. An LFT, however, requires
an AC voltage to work. Therefore, DC-AC and AC-DC
conversions are required [71]. Also transformer operating
frequency can be modified. After the AC-DC conversion an
inverter will be necessary to convert the DC voltage into AC.

Lesser weight and volume of ERs will be useful in
offshore energy generation. This action will make the
offshore platform smaller and cheaper. In addition,
achievement of unity power factor is possible with the ER.
This action increases power transfer efficiency [11].

63

6.2 Locomotives And Other Traction Systems

ERs have been used in traction technology by ABB
and other companies and researchers. In 2011 ABB
company presented world’s first ever 1.2MVA ER as shown
in Figure 13.

IF in a traction conventional LFT with back-back
converter is used, ER can replace the as shown in Figure 14
a).

In Figure 14 (b), ER replaced LFT and provides
voltage insulation and voltage adaptation. The efficiency in
this scenario is increased from 90.5 to more than 95%.
Furthermore, the replacement enables achievement of
significant reduction in size and weight of the system. Size
reduction in traction system is very important as it could
offer more passenger places.
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Fig. 13. ABB ER Prototype in 2011 [65]
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6.3 Distribution Network

ER can be used to solve some of the challenges
associated with the LFT in the distribution systems [1]. LET
has been used since 1887 when the AC system is introduced.
The LFT basic design did not significantly change in recent
time. However, some modifications were introduced to solve
some problems in the network [2]. These modifications
were:

Use of Auto-Tap-Changer and voltage regulation
transformer to provide solution to the problem of mutual
contact between input and output voltages;

Use of FACTS to improve power quality; change the
standard of the design of distribution transformer to work
for a maximum efliciency at 50% loading. This contradicts
the known design tradition of the transformer of operation
at highest efficiency while working at about 100% loading.

ER has the capability to counter many problems
associated with the LFT. These problems include but not
limited to:

6.3.1 Power quality

Considering Figure 1, the LV and MV are connected
together via power electronic based converters. The
involvement of the converters that facilitate the separation of
the two voltages will bring about improvement of the power
quality at the LV part [62]. In the two and three stages
topologies of the ER as discussed earlier, the output voltage
is supplied by DC energy storage capacitor otherwise known
as DC link capacitor. This action prevents the LV from any
sag or dip initiated at the MV part [1]. Moreover, the AC-
DC converter input voltages are output voltages of the
control loop. A range of load regulates the control loop. This
action results in an perfect voltage regulation [72].
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6.3.2 Protection

ER utilizes control strategy to control magnitudes of
the input and output voltages. These parameters were sensed
and monitored. At first, when any fault occurs the ER will
work as a relay in the system, and DC-AC could complete
supplying the other phases in case of any fault along any
single phase, [31]. Furthermore, when fault current occurs
in the LV side which is connected to consumers, ER will
serve as a fence, thereby preventing the primary side from
being affected as controllers will automatically decrease the
output voltage increased by the occurrence of fault current
thereby limiting the power flow into ER [28]. This further
explains additional advantages of ER over LFT in terms of
protection.

6.3.3 Communication

The essence of the idea to retrofit the conventional
grid with the smart grid is to achieve online communication
so that decisions could be made automatically [73]. This is
achieved by use of control system strategy with the power
electronic devices in the grid. The act of delivering
information of the system during faults condition as one of
the functions of ER, automatically control its certain outputs
in relation to the saved information. ER enables automatic
control of output power during different load conditions
[11]. Some of the areas of application of the ER in the
Distribution grid are as illustrated in Figure 18.
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Fig. 15. Potential Applications of ER in Distribution grid
[74]

7. CONCLUSION

The ER has been attracting research attention globally
on its benefits in the grid. This paper summarily describes ER
in terms of its concept, topologies, and most importantly
areas of applications of the transformer. Consequently, the
applications of ER as presented in the paper will enable end
user to identify where and how it could be of use in different
electric sections. It is evident that using the ER in the
distribution network could help in achieving the required
smart grid concept. In addition, it is clearly seen that the ER
has capabilities to either replace the LFT or work hand in
hand with it in the electric grid.
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