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Dear Dr.

Greetings from the Editorial Board of JESTEC.

The following attached manuscript titled

HIGH PERFORMANCE OF POWER TRANSFER IN HYBRID AC — DC MICROGRID WITHOUT STORAGE SYSTEM

has been submitted to JESTEC for consideration for publication, and | am writing to request that you, as an expert in its topic
area, review it and make a recommendation regarding its acceptability.

I hope that you will agree to review this manuscript, in which case you will have 2-3 weeks (from the date of this email) to
complete the review.

If you would like to have more than 4 weeks to complete the review, could you please indicate the time frame within which you
expect to return the review report.

| appreciate your contribution in maintaining the quality and value of JESTEC, and look forward to your response.

Best regards

Some quick guidelines to our respected reviewers

We would appreciate if you take note that whenever appropriate, papers are evaluated on the basis of the following seven
criteria. Please try not to focus on the editorial issues/mistakes as too many of them may lead to the author’s frustration. We
want the authors, when we revise their paper, to focus on our comments/concern related to the seven above-mentioned criteria.

1. Research question: why the authors do this research and what is its importance and application.

2. Novelty: a paper gives new ideas, derivations, applications that has been not studied before or little- or not in depth-
studied.
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3. Literature review: to identify the research gap with recent references from 2010 onwards.

4. Research methodology: analytical, numerical or experimental or mixed. What is the contribution of the authors,
assumptions and/or approximations used, description of apparatus and its limitations, steps of experiments, etc.

5. Quality of results: and the depth and logic of the discussion.

6. Insight conveyed and recommendations that might be used by others for future work.

7. English: used effectively to communicate the ideas and easy to understand with least or no grammatical error or typos.
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| would like to express on behalf of the Review panel our sincere thanks for your effort shown in reviewing this paper.
We highly appreciate this effort and support and hope that we may call upon you again to review future manuscripts.

Kindly accept the attached appreciation letter.
Best regards

Assoc. Prof. Dr. Abdulkareem Sh. Mahdi Al-Obaidi, CEng MIMechE
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Best regards
JESTEC Editor
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Could you kindly have a look at the revised paper and check whether the author(s) addressed all your
comments/concern.

We appreciate receiving your feedback before or latest by 23/4/2021

Attached for your reference, please find
¢ the original paper
s your review report
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« the outlining how the author(s) addressed your and other reviewers’ comments.
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HIGH PERFORMANCE OF POWER TRANSFER IN HYBRID AC -
DC MICROGRID WITHOUT STORAGE SYSTEM

Abstract

This paper aims to look at the use of an intermittent RES connected to the grid in
a hybrid AC-DC microgrid concept, without the use of a storage system. It is
known that the intermittent RES sometimes has excess energy and sometimes
lack energy, so this condition requires a storage system. A way to solve this
problem is used an AC-DC bidirectional converter as an interlinking converter
(IC). The IC connected DC sub microgrid and AC sub microgrid and manages
the power transfer in the system. The simple vector control method that uses in
the IC need three input to makes this equipment work as a rectifier or inverter.
The simulation built on Simulink / Matlab and the results prove that the built-in
IC works on the systems with stable voltages, frequencies, and the THD is less
than 5% that meet the IEEE Standart 519TM-2014 requirements. The power
transfer between AC and DC sub microgrid that manage by the IC describes the
efficiency of the IC, it reaches 99,4% as Rectifier and 99,6% as Inverter..

Keywords: Hybrid AC-DC microgrid, power transfer, bidirectional converter,
vector control method
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1. Introduction

Until now, the fulfillment of electrical energy depends on long-distance
transmission systems from sources with giant power plants, and electricity
generated using AC power (alternating current), but when electricity will enter
electronic equipment, AC power is converted to DC power by the adapter, like
laptops, handphones, etc. This conversion is inefficient because there is wasted
energy. To be efficient, of course, the electrical system must come from a DC
source as well, like on DC House [1]. In DC House, the conversion of AC to DC is
not needed because electricity from DC House can be directly used. Another major
advantage of DC House is flexibility. In its basic design, DC House is designed to
be able to receive electricity from any source, such as wind, water, solar and even
people who ride bicycles. So, an area can utilize the most abundant potential
electricity source. This desire is very difficult to implement, considering the
electricity system that is currently developing is the AC system. But, when Lasseter
with his new electricity concept, distribution generators that supply the surrounding
load into a subsystem or microgrid of the distribution system makes the starting
point of change in the conventional electricity [2]. Research on microgrid has been
growing in almost two decades. AC microgrid, DC microgrid, and a combination
of them was known as hybrid AC-DC microgrids. On AC microgrid there are main
buses that use the AC system as well as on DC microgrids where the main bus uses
the DC system. In both types of microgrid, both source and load will use the system
on the main bus type. Different from AC and DC microgrid, in hybrid AC-DC
microgrid, AC load will be connected and supplied with an AC source, and also the
DC load which will be connected and supplied with a DC source, because it is
directly connected to the same source, this system can reduce the use of converter
[3]. This reduction is in line with the reduction of harmonic pollution and
increasing the power quality of the system, also increase the installed power [4-6].

In this system there are two central buses, DC bus, and AC bus, and they
connected with interlinking converter as illustrated in Fig 1. The interlinking
converter has a very important role. This power electronics equipment is expected
to be able to flow power from AC microgrid to DC microgrid if the power generated
by a DC source cannot supply the load power requirements, conversely, if a DC
source produces excess power from the DC load requirements, the interlinking
converter must be able to transfer this excess power to the AC microgrid to be
traded. For this reason, the interlinking converter should use bidirectional
converter, this converter must have the ability to be a rectifier or an inverter,
conduct power in both directions properly because in addition to power change
there is also load change on the system.

T

Interlinking
Converter

) ——

DC AC
Load Load

h

A 4

Fig. 1. Hybrid AC-DC Microgrid
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The converter expected to be able to flow power better from. DC to AC or AC
to DC sub microgrid according to the power changes of the sub microgrid. Some
previous studies have given results, but need to be improved. The bidirectional
converter with only voltage control from AC sub microgrid not yet able to regulate
the power flow with changes in power and load conditions, but it can drain the
power when a three-phase disturbance occurs [7]. Input control only from the AC
sub microgrid side is not enough to make the converter change the mode from
rectifier to inverter or vise versa. This research trying to use three inputs from the
AC and DC sub microgrid, voltage from DC sub microgrid, voltage and current
from AC sub microgrid [8]. The controls able to change the mode of the converter
when the current was changed from positive to negative that indicate the current
flow is changed, the simulation results show that there is a phase shift of current to
the voltage of 180° even there are ripple and overshoot in the experiment. This
research was enhanced by adding droop control to the DC input to control the DC
voltage. By setting a threshold voltage on the DC voltage it will have a positive or
negative value of the reference current and then determine the type of converter
operating mode, if the reference current is positive then the converter operates as a
rectifier, conversely, if the reference current is negative then the converter will
operate as an inverter mode [9]. All this research was built under the vector control
method, the voltage from AC sub microgrid used for input in Phase Lock Loop
(PLL) and current control.

In this paper, the hybrid AC DC microgrid system was built by Simulink /
Matlab with the bidirectional converter as an interlinking converter. The converter
uses a vector control method that is more simple from others. The voltage from the
AC sub microgrid is only used for input in the PLL. This is done to maintain the
converter phase shift equal to the network. The built system is connected to a grid
without a storage system. The simulation is carried out by providing power and
load changes to prove the control performance of the bidirectional converter
working properly. The power changes occur as the movement of sunlight curve,
followed by changes in the daily load model. Section 2 described the system
configuration with the bidirectional converter followed by simulation and
discussion in section 3 and the conclusion in section 4.

2. Hybrid AC-DC Microgrid with Bidirectional Converter as
Interlinking Converter

2.1. Hybrid AC-DC microgrid system

In this system consists of 3 large circuits: DC sub microgrid, AC sub microgrid and
interlinking converter. The DC sub microgrid consists of DC source inheriting the
PV and fuel cell connected with a load, some example for DC load are LED, and
modern elevator. In AC sub microgrid side has a grid-connected with many kind of
load combination. Because each sub microgrid has a load that must be supply, a
good converter is needed that can maintain power stability in the event of a power
shortage, especially in the DC sub microgrid, given the intermittent nature of the
RES and in this research the system does not use an energy storage system. The use
of energy storage system becomes a dilemma when a RES is connected to a stable

Journal of Engineering Science and Technology Month Year, Vol. XX(Y)
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grid. As has been widely applied that the use of RES is rarely separated from the
energy storage system, where it is used to reserve power requirements because of
the intermittent of the RES. However, the energy storage system, like a battery, is
not very economical, because the battery has a short lifetime (between 3 and 5 years
maximum in rural areas for solar lead-acid batteries which are commonly used for
RES), and must be recycled, technology to recycle batteries is very rare so that
batteries that are not used will become junk if left longer, and batteries has a big
shape, this will certainly harm the environment, chemical pollution, and high
investment. Some researchers with their research based on the concept of "flexy
energy" proved on techno-economic that a hybrid system between PV and diesel
generators without using a storage system has higher effectiveness than stand-alone
of diesel generators system [10-13]. As well as has been researched that PV applied
on the roof-top or building integrated photovoltaic (BIPV) and grid without storage
is techno-economic has high effectiveness because the cost of energy (COE)
decreases in line with the increase in power capacity [14]. From all this research, it
can be concluded techno-economic that hybrid PV systems can work on the grid or
off-grid even without a storage system, but this system requires a converter that not
only can flow current properly but also can work as rectifier and inverter so it can
maintain voltage and frequency stability, despite changes in power and load.

Va la

‘ L mi A
LCL Vp b
DCW@ R%ad CT @* Filter ™ ACsaurce
V c
N I A

PWM E%
Modulator 0 R

>0 abc

l g [
Vd
Current ]
Controller lgref =0 .
d-q n T DC Voltage |«——— Vrer
T ref Regulator <—‘ Ve

Fig. 2. Overall configuration of the propost system

While in the hybrid AC DC microgrid connected to the main utility grid as an
AC source. The grid expected to be able to supply real and reactive power to the
network both on the AC sub microgrid side and DC sub microgrid system. In this
case, beside the grid will maintain the power balance, both active, and reactive
power the grid will maintain the stability of the voltage and frequency in the system.

In the hybrid AC DC microgrid, the AC and DC sub microgrid have separate
power equations [15]. Regardless of the power loss, the power on the DC sub
microgrid with N, is the number of DC buses. P2%" is power demand of ht" load in
DC sub microgrid. P2". is power generated by h" energy source in DC sub
microgrid. P/, is power loss in DC sub microgrid and P is power transfer from
AC to DC or DC to AC that through the IC. The power in the DC sub microgrid
can be expressed as follows [15-16]:
0= Zf:ﬁl Pdc,h + Plccifss + Pitz'c - 22121 Ps%i#ce (1)

load
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Vi / 6i Pi+JQi

———

PSOUI’CE + JQSOUTCG Ptrans + thrans

ch I:’Ioad + jQIoad
Bus i

Fig. 3. General AC bus presentation

Where the generator, load, reactive power compensator, AC lines and the
converter are connected on the bus i as depicted in Fig 3. The active and reactive
power balance equations at AC sub microgrid can be expressed as follows [17]:

N .
Pirce — Ploaa — SpPie” — Vi X;2,V; (Gyjcosdij+  Byjsindy;) =0 (2)
source T Qca — Qioaa — SqQic — Vi 2751 V; (Gijsiné;j + Bjcosd;;) = 0 (3)

PECvce + Q% ce and P, + QfF,, are complex power of the generator and load
respectively. Q. is the output of the reactive power compensation device, Vi and
di are the voltage magnitude and angle. G;; + B;; where is the i j th element of the
admittance matrix of the AC power network, Ny is the number of AC buses. s, =
0 and s, = 0 if no converter is connected at bus , s, =1 and s, = 1 if the
converter at bus is a rectifier, s, = —1 and s, = —1 if the converter at bus is an
inverter [18]

The voltage line to line (V5 V&S, V.%¢) in the three phase converter with
naturally sampled PWM, with the three sinusoidal references displaced in time by
120° [19].

A = M3V 4 cos(w,t + g) (4)
V& = MV3V% cos(wyt — g) (5)
V3¢ = MA/3V% cos(w,t + S?H) (6)

M is the modulation index (the normalized output voltage magnitude) of the IC
with the range 0 < M < 1 and w, is target output angular frequency [18].

The relation between the DC power and the AC active power is a function of
the efficiency of the converter, ignoring switching losses in the converter, as
follows [14]

pdc
P = )
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In Eqg. 7, P> and P%is the power in the AC and DC interface of the IC and u'®
is the efficiency of the IC.

2.2.Propost interlinking converter control

This interlinking converter connects DC sub microgrid and AC sub microgrid. The
converter uses 6 transistors (IGBT), the input control comes from both sides, on the
side of the AC sub microgrid using current and voltage, and the voltage on the DC
sub microgrid side. With inputs that are on the two sides of the converter, the
converter can work bidirectionally as a rectifier or inverter, converting DC power
into AC power and vice versa, depending on the power situation of both sub
microgrids. Described in Fig. 4, the voltage from the AC sub microgrid becomes
reference input is of the PLL to synchronize the phase angle. The PLL circuit in
this system is modeled as a closed-loop system that monitors the variation of the
phase angle using an internal oscillator. The control system adjusts the internal
oscillator to keep the phases difference to zero. Using Park Transform, the phase
angle generated by the internal oscillator is used to change the three phase voltage
from AC sub microgrid into dq coordinates.
Low -pass Filter

PID Controlled ot
Controller ™| Oscillator

ot
I_ ______________ -

Phase Detector

Y
y

Automatic
Gain Control

Fig. 4. Phase lock loop

The Mean (Variable Frequency) block computes the mean value of the
quadrature signal, f(t). This average value is obtained from one frequency cycle
of the quadrature signal, with T = 1/frequency.

Mean (f(©)) = 1 fi;_p, f(D). dt 8)

The output of the mean block combine with optional automatic gain control
(AGC) becomes the input of the Proportional-Integral-Derivative (PID) controller.
This controller keeps the phase difference to 0. The PID output, according to the
angular velocity, is filtered and converted to a frequency that is used to find the
average value.

While the phase angle generated by PLL is used to transform the abc to dq
coordinates or dq to abc coordinates as seen in Fig. 2, the AC sub microgrid current
is change to dq coordinate and becomes input of the current control of as seen in
Fig. 5.
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Vd m + I ref
T I

m + Ig ref
ti,

Fig. 5. Current controller

Vg

The close loop DC voltage is control with the set point of DC reference voltage,
which is then controlled by the PI controller and determine with iq rerr 85 described
in Fig. 6. Besides the PI controller, the value of iqrert depends on the limiter. The
constant limiter value specified as the maximum and minimum values as in Eq.9.

dc
Eq 9 - .-l V& eit

+
VdC

Fig. 6. DC voltage regulator

id reff ;_Cmin < id reff < Cmax
iq reff = —Cpin lareff < =Cpin (9)
Cmax ) la reff > Cmax

The sum of ig and iq from the current loop with iy .. and i, .55 are controlled by
the PI controller and change to abc coordinate with Park Transformation, before
becoming an input of the PWM modulator. Finally, the PWM modulator produces
pulses that move the switch on IGBTS in the interlinking converter.

3. Results and Discussion
3.1. The simulation

The system modeling is done as shown in Fig. 2. During the simulation, there are
power changes in DC sub microgrid and load changes on the AC sub microgrid.
The simulation is carried out for 6 seconds with a schedule of power changes as
shown in Fig. 7 and Fig. 8 there is a schedule of load changes. The change in power
gradually follows the gauss curve pattern like the average shape of solar radiation
every day.

0,5 kw S5kw  10kw 15kw 10kw  5kw 0,5kw

B R e

0 1 2 3 4 5 6
Time (s)

Fig. 7. The schedule of power changes
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20kw 10kw 20kw
0 1 2 3 4 5 6

Time (s)

Fig. 8 The schedule of load changes

The analysis of the simulation was carried out in 2 places in the DC microgrid and
AC microgrid.

3.2. DC sub microgrid

With power change at the DC source, there is also a change in current and voltage
at the DC sub microgrid, as seen in Fig. 9 for the current and Fig. 10 for the voltage
response. When there is a decrease in DC source power that cannot supply dc
power load in 0 s until 1,8 s, makes the current becomes negative, this indicates
that the dc power load supplied from the IC, it is mean that the IC become rectifier.
When the DC power source starts to increase in 1,8 s until 2,4 s, even where the
DC source is greater than the DC load, the current becomes positive. In this case,
the IC will get power supply from the DC source and make the IC function as an
inverter. When the power source decrease but it still bigger than dc load power in
3,6 s until 4,2 s, the current is still positive and the IC still becomes an inverter. It
is different when the source power still decreases until less than load power in 4,2
s until 6 s, the current becomes negative and the IC function becomes a rectifier
again. Changes in DC power source cause changes in DC voltage, this is normal,
because the model of this simulation using a controlled current source module to
reflect on resources. Controlled current source module was supplied by P4 as DER
that setting like in Fig. 6 and divided with Vr‘zﬁcf that in this simulation was setting
in 400 V. Fig. 11 shows the power flow at the DC Source, DC load, and the power
transferred through the IC. In this figure, the power comparison was described very
clear, when DC power is very small and even close to zero then the IC will transfer
power to supply the load power requirements, so the value of the power transfer
becomes negative. If the load power is equal to the DC power, the IC does not
transfer power, this can be seen from the value of the power transferred by the IC
close to zero. Conversely, when the DC power is greater than the load power the
power transferred from the IC becomes positive, this indicates that the DC
microgrid is delivering power to the IC.

5

NN

Current (A)

5
10 .

1 2 3 4 =1 (&)
Time (s)

Fig. 9. DC sub microgrid current
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Fig. 10. DC sub microgrid voltage
< 1074
3 v v v
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z3n
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Fig. 11. DC sub microgrid power with DC Voltage Regulator

3.2 AC sub Microgrid

The impact of power changes on the DC source can be seen not only in the DC sub
microgrid but also in the AC sub microgrid. Fig. 12 (a) shows the voltage and
current that occurs in the AC sub microgrid during the simulation. With power
change on the DC sub microgrid and the load on the AC sub microgrid according
to Fig. 7 and 8 make the IC function changed as a rectifier or inverter following the
changes that occur in the system. In the Fig. 12 (a) to 12 (g) the voltage on the AC
sub microgrid is maintained properly despite changes in power and load.
Different things happen to the current, the AC sub microgrid current changed
not only in its magnitude but also a phase angle shift. Fig 12 (b) until 12 (f) is an
enlargement of the Fig. 12 (a), which is cut every second to show the current
changes. Enlargement from 0 s to 1 s is described in Fig. 12 (b), in this figure the
voltage and current are stable because there is still no power or load change. The
voltage and current are in a different phase, it indicates that the 1C in rectifier mode.
Power from DC source is insufficient to supply the DC load power requirements
and thus requires power supply from the AC sub microgrid. In Fig. 12 (c) especially
at 1.2 sto 1,8 s the DC power start increases almost match to the load requirements,
the current near to zero, indicating that there is less power flow from the IC to the
load, and there has been a phase shift between current and voltage around 90°.
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Voltage |
Eurrent ]

1 =2 3 4 5 (=3
Time (s)

@)

(b) (©)

Fig. 12. Voltage and current in AC sub microgrid (a) Result of the whole
simulation, (b) The result from 0 to 1 (s), (¢) The result from 1 to 2 (s), (d) The
result from 2 to 3 (s), (e) The result from 3 to 4 (s), (f) The result from 4 to 5
(), (9) The result from 5to 6 (s)

At 1.8 s, there was a power increase in the DC sub microgrid which exceeds the
DC load requirements. This excess power flowing through the IC to AC sub
microgrid and the function of the IC changes to an inverter, in this case, the current
and voltage in one phase. In Fig. 12 (d) there was a DC power increase again at 2.4
s this changes the amount of current but does not change the IC function. In the 3.6
s, there was a reduction in DC power, the current also decreases but does not change
the I1C function because there is still power transfer from IC to AC sub microgrid.
The current is still one phase with the voltage, this is shown in Fig. 12 (e). In Fig.
12 (f) show a reduction in DC power source at 4.2 s to 4.8 s that the DC power only
supplies DC load requirements. This power reduction causes the 1C cannot supply
power to the AC sub microgrid. At this time the current almost zero, and there is a
phase shift with a voltage of around 90°. Then the DC power decreases again at 4.8
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s shown in Fig. 12 (g) until the DC source is unable to supply the load power
requirements. This power reduction causes a phase shift between current and
voltage of 180°, the IC changes to a rectifier [8, 9, 20].

Besides the voltage and current that can show the change of IC function, the
active power flow also can do that. In Fig. 13 illustrates the comparison of active
power at load, source, and power transferred to DC sub microgrid. The DC power
changes make the power transferred in the AC sub microgrid become negative that
is mean the IC transferred the power into the DC sub microgrid, the IC becomes
rectifier, and vise versa when the transferred power becomes positive that is mean
the 1C transfer power into AC sub microgrid, the IC becomes inverter.

a = 10*

|

= T

-6 i

Active Power (W)
A

8} 4

-10 F | gransfeged Power | 1
— Pourcg Power
Load Power
12 ‘ ;
[e] 1 2 3 <1 5 6
Time (s)

Fig. 13. Comparative of active power in AC sub microgrid

The AC source power is negative, means the grid supplies power to the system,
and when the DC power increase, the grid gets power supply from the system, it
changes the AC power source to positive. The Load changes during simulation that
occur on the AC sub microgrid as a scenario in Fig. 8 do not have much impact on
the power transferred to the DC sub microgrid. Fig. 14 shows the reactive power
during the simulation. Reactive power at the source and interface converter on the
AC side follows the power changes that happen at the DC sub microgrid. They have
the same value until difficult to recognize.

In Fig. 15 shows the reactive power that occur in the load. In this simulation,
there are three load combinations, the first is starting from 0 s to 1,2 s, there is a
combination between resistive and inductor, the second is starting from 1,2 s to 4
s, that there is only resistive, and the third is starting from 4 sto 6 s, there is a
combination between resistive and capacitor. The value of the reactive power in
this system was very small when compared to the active power.

<10%
. M
y |

Transferred Power
Source Power

Reactive Power (VAR)
N

) 1 2 3 a s 6
Time (s)

Fig. 14. The transferred and source reactive power in AC sub microgrid
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Fig. 15. The load reactive power in AC sub microgrid

Table 1. Show the efficiency of the converter in a rectifier and inverter. This table
proves that the converter can work very efficiently because the efficiency of the
converter is very high.

4
2 = 10
1.5
1
— 0.5
=
g o '
=1
T 55 4
-1
-1.5 DC Transferred Power
AC Transferred Power
2 s I L 1 L
o 1 2 3 4 5 6

Time (s)

Fig. 16 The comparative of AC and DC transferred power
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Fig. 18. Frequency of the system
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Table 1. The IC Eficiency
P%source P px |JIC IC Mode
0,510° -6335 -6374 99,4% Rectifier
510° -67,99 -84,94 80,04% Rectifier
1010 8682 8642  995% Inverter
1510° 18980 18910 99,6% Inverter

Changes that occur in the system during the simulation affect to the system
harmonics, although not significant, this can be seen from Fig. 17. It is seen that
the total harmonic distortion (THD) value shows the changes following the power
changes that occur in the DC sub microgrid. The THD value during the simulation
takes no more than 5% as required by the IEEE Std 519TM-2014 standardization.
Likewise, what happened at the system frequency during simulation, the frequency
value was relatively stable, 50 Hz, although there was a ripple when there was a
power change in the DC sub microgrid, this can be seen from the simulation results
in Fig. 18.

4. Conclusions

In this paper, the AC-DC hybrid microgrid system has been built using a
bidirectional converter that functions as an IC.

e |IC is built with a very simple vector control method, but the simulation
results show that the system can work very well because ICs with high
efficiency can be a rectifier or inverter to respond the power changes that
occur in the system. The efficiency of the IC reaches 99,4% as rectifier
and 99,6% as inverter.

e Load changes that occur in the AC sub microgrid do not affect the power
transferred through the 1C but occur in the grid or AC source.

o Despite changes in power and load, the voltage and frequency on the
system remain stable, THD is no more than 5%.

The power transfer between AC and DC sub microgrid that manage by the IC that
based on bidirectional converters make the system stable. The IC can transfer
power, either active or reactive power from the DC sub microgrid to the AC sub
microgrid and vice versa. So it can be said that this system has a high performance
in power transfer.

Nomenclatures

Abbreviations

AC Alternating Current

DC Direc Current

RES Renewable Energy Source
IC Interlinking Converter
THD Total Harmonic Distortion
IEEE Institute of Electrical and Electronics Engineers
PLL Phase Lock Loop

PV Photovoltaic

LED Light Emitting Diode
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BIPV Building Integrated Photovoltaic
COE Cost of Energy
PWM Pulse Width Modulation

IGBT Insulated Gate Bipolar Transistor
AGC Automatic Gain Control
PID Proportional Integral Derivative

DER Distributed Energy Resources
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Appendix A
The Simulation Model and Parameter

A.1 Model of the Simulation

The simulation using Simulink / Matlab, and the model Simulink described in Fig.
A-1.

Fig. A-1 Model of the simulation
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A.2 Parameter of the Simulation

This is parameter of the simulation: In the three phase sources: RMS voltage 380
volt (line —line), 50 Hz; In the LCL filter and DC link: converter side inductance L1
=1 mH converter side resistance, R1 = 0,5 Q, grid side inductance L, = 1 mH, grid
side resistance R, = 0,5 Q, shunt capacitance C, = 1 pF, shunt resistance R, =2 Q,
Capacitor filter C = 1500 pF; In DC source and load: DC load resistance Rqc = 46
Q; DC voltage Vpcrett = 400 volt

Appendix B
The Simulationts Measurement Results and Calculations

B.1 DC sub Microgrid Data

The data in Table B-1 displays the voltage, current and power generated from the
measurement of every change in DC sub microgrid. The data is taken at the source,
load and interface of the converter on the DC side.

Table B-1. DC sub microgrid data

DC DC Source DC Load DC Transferred
Source Vv | P Vv | P Vv | P
0510° 601 125 7513 601 13,07 7852 601 10'5 1 -6335

s - -
510 6194 125 7743 619,4 13,47 8341 619,4 0109 67,99

1010° 659,3 25 16480 659,3 14,33 9451 659,3 13,17 8682
1510° 693,7 37,5 26010 693,7 1508 10460 6937 27,36 18980

B.2 AC sub microgrid data

These measurements are made for any changes in DC power. Whereas the active
and reactive power values from the data in table B-2 are obtained from calculations
using the formula as in Eq. B-1 for active power and Eq. B-2 for reactive power.

P= VI, + VI, + VI, (B-1)
1
Q= (ﬁ (Vbcla + Veolp + Vablc)) (B-2)

Where V,, V},, V. are the phase voltage to the ground. 1, I,,, I, are the phase current,
Vab» Ve, Veq are inter-phase voltages.

Table B-2 is the result of voltage, current, in the source, load, and interface
converter measurements on the AC side
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Table B-2. AC sub microgrid data

DC Voltage Current Power

Sour V, Vi Ve I I Ie P Q

ce
Source -1106 2686 2697 3304 506 530 28140  -1440
05  Load 2697 -2686 -1106 3735 -37.17 -0179 20050  -12.18
3
10 gﬁg;f 1997 -401,2 2015 6132 1056 -1669 -6374  -7912
Source -0.841 -2671 268 1495 3695 -3845 -20170  -637.7

Load 268 -267,1 -0,841 37,11 -3698 -0,139 19820  -10,53
Transt  oo59 4134 2076 2896 018 3005  ga04 2120
erred 4

Source  -2,63 -266,8 2694 1,07 248  -25,87  -13590 -381,4
10 Load 2694 -2668 -2,63 3731 -3693 -0,388 19910 -11,13

510°

3
10 z:”;’eﬁf 2191 4382 2191 2604 -1315 1054 8642 3013
Source -1266 -2682 2695 -1599 1175 -1015 -5882 7684
15  Load 2695 -2682 -1266 3732 37,12 -0201 20010  -121

3
= Z?’e‘;f 2318 -4617 2299 1111 2734 2623 18910 10090
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HIGH PERFORMANCE OF POWER TRANSFER IN HYBRID AC -
DC MICROGRID WITHOUT STORAGE SYSTEM

Abstract

This paper aims to look at the use of an intermittent renewable energy source
(RES) connected to the grid in a hybrid alternating current (AC) — direct current
(DC) microgrid concept, without the use of a storage system. It is known that the
intermittent RES sometimes has excess energy and sometimes lack energy, so
this condition requires a storage system. A way to solve this problem is used an
AC-DC bidirectional converter as an interlinking converter (IC). The IC
connected DC sub microgrid and AC sub microgrid and manages the power
transfer in the system. The control uses three inputs, the voltage from the DC sub
microgrid, the voltage and current from the AC sub microgrid. The control uses
SPWM modulation and also the abc to dq transformation methods. What is new
from this research is that the voltage from the AC sub microgrid is only used for
input to the phase lock loop (PLL). This is done to maintain the converter phase
shift equal to the network. The simulation built on Simulink / Matlab and by
adding changes to the DC source and the load on the AC sub microgrid. The
results prove that the built-in IC works on the systems with stable voltages,
frequencies, and the total harmonic distortion (THD) is less than 8% that meet
the Institute of Electrical and Electronics Engineers (IEEE) Standart 519TM-
2014 requirements. The power transfer between AC and DC sub microgrid that
manages by the IC describes the efficiency of the IC, it reaches 99,4% as a
rectifier and 99,6% as an inverter and the mode switching occurred without delay
and overshoot.

Keywords: Hybrid AC-DC microgrid, power transfer, bidirectional converter,
vector control method
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1. Introduction

Until now, the fulfillment of electrical energy depends on long-distance
transmission systems from sources with giant power plants, and electricity
generated using AC power, but when electricity will enter electronic equipment,
AC power is converted to DC power by the adapter, like laptops, handphones, etc.
This conversion is inefficient because there is wasted energy. To be efficient, of
course, the electrical system must come from a DC source as well, like on DC
House [1]. In DC House, the conversion of AC to DC is not needed because
electricity from DC House can be directly used. Another major advantage of DC
House is flexibility. In its basic design, DC House is designed to be able to receive
electricity from any source, such as wind, water, solar and even people who ride
bicycles. So, an area can utilize the most abundant potential electricity source. This
desire is very difficult to implement, considering the electricity system that is
currently developing is the AC system. A new electricity concept, distribution
generators that supply the surrounding load into a subsystem or microgrid of the
distribution system makes the starting point of change in the conventional
electricity [2]. Research on microgrid has been growing in almost two decades. AC
microgrid, DC microgrid, and a combination of them was known as hybrid AC-DC
microgrids. On AC microgrid there are main buses that use the AC system as well
as on DC microgrids where the main bus uses the DC system. In both types of
microgrid, both source and load will use the system on the main bus type. Different
from AC and DC microgrid, in hybrid AC-DC microgrid, AC load will be
connected and supplied with an AC source, and also the DC load which will be
connected and supplied with a DC source, because it is directly connected to the
same source, this system can reduce the use of converter [3]. This reduction is in
line with the reduction of harmonic pollution and increasing the power quality of
the system, also increase the installed power [4-6].

In this system there are two central buses, DC bus, and AC bus, and they
connected with interlinking converter as illustrated in Fig. 1. The interlinking
converter has a very important role. This power electronics equipment is expected
to be able to flow power from AC microgrid to DC microgrid if the power generated
by a DC source cannot supply the load power requirements, conversely, if a DC
source produces excess power from the DC load requirements, the interlinking
converter must be able to transfer this excess power to the AC microgrid to be
traded. For this reason, the interlinking converter should use bidirectional
converter, this converter must have the ability to be a rectifier or an inverter,
conduct power in both directions properly because in addition to power change
there is also load change on the system.

=== DCSub : AC Sub ;
E?é;’ Microgrid Microgrid
> 7 :
Interlinking h
+ | Converter
b (— :

Fig. 1. Hybrid AC-DC Microgrid
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The converter expected to be able to flow power better from. DC to AC or AC
to DC sub microgrid according to the power changes of the sub microgrid. Some
previous studies have given results, but need to be improved. The bidirectional
converter with only voltage control from AC sub microgrid not yet able to regulate
the power flow with changes in power and load conditions, but it can drain the
power when a three-phase disturbance occurs [7]. Input control only from the AC
sub microgrid side is not enough to make the converter change the mode from

rectifier to inverter or vise versa.
Table 1. The Comparison proposed study and previous

No Authors Methods Change | Delay | Over
mode shoot
1 Lili Huang, et SVPWM modulation, NA NA NA
al transformation abc to dq,
[8] and switch
2 Xiong Liu, et PWM modulation, V' V' V'
al transformation abc to dq
[12] Coordination between
boost and main converter
3 Azrita Alias, | Change the IGBT topology v - -
et al and switching technique
[14]
4 A SPWM modulation and v v -
Mohammed, transformation abc to dg.
Elshaer, et al The voltage from the AC
[9] side used for input in the
PLL and current control
5 Poh Chiang PWM modulation, v v -
Loh, et al transformation abc, to dq.
[13] Droop control in DC and
AC sub sides
6 Navid PWM modulation, v \' v
Eghtedarpour, | transformation abc, to dg.
etal Two-stage modified droop
[6] control
7 Xiancheng SPWM modulation, \ \ -
Zheng, et al Transformation abc to dq.
[10] Droop control in the DC
side
8 Hasti Afianti, PWM modulation, NA NA NA
et al Transformation abc to dq.
[7] Input from AC terminal
voltage
9 Hasti Afianti, PWM modulation, \ - -
etal Transformation abc to dq.
[11] The AC terminal voltage is
only used for input in the
PLL
10 Proposed Nama Metode
Mehod (Kelebihan dr Method 1-9)

Ceritakan detail kelebihan metode 10 dibandingkan metode 1-9. (Satu-Satu)
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Note : NA = not available

Some researches trying to use three inputs from the AC and DC sub microgrid,
voltage from DC sub microgrid, voltage and current from AC sub microgrid and
other modification [8-11]. The controls able to change the mode of the converter
when the current was changed from positive to negative that indicate the current
flow is changed, the simulation results show that there is a phase shift of current to
the voltage of 180° even there are delay and overshoot in the simulation. Several
studies using the calculation of active, reactive power and other modifications as a
control for bidirectional converters have also been carried out and provide results
[6], [12, 13]. The development of the method used in the bidirectional converter of
the other research is presented in Table 1. It shows comparisons of methods and
results for several previous studies.

In this paper, the hybrid AC DC microgrid system was built by Simulink/
Matlab with the bidirectional converter as an interlinking converter. The built
system is connected to a grid without a storage system. The IC control uses three
inputs, the voltage from the DC sub microgrid, the voltage and current from the AC
sub microgrid. The methods used SPWM modulation and the abc to dq
transformation and vice versa. What is new from this research is the voltage of the
AC sub microgrid is only used for input on the phase lock loop (PLL). This is done
to maintain the converter phase shift equal to the network. This study complements
previous research by connecting the system to the grid and adding variations in
power and load changes. The simulation is carried out by providing power and load
changes to prove the control performance of the bidirectional converter working
without delay and overshoot when mode switching occurs in the converter. This
paper consists of several sections, in section 2 described the system configuration
with the bidirectional converter followed by simulation and discussion in section 3
and the conclusion in section 4.

2. Hybrid AC-DC microgrid with bidirectional converter as
interlinking converter

2.1. Hybrid AC-DC microgrid system

In this system consists of 3 large circuits: DC sub microgrid, AC sub microgrid and
interlinking converter. The DC sub microgrid consists of DC source inheriting the
photovoltaic (PV) and fuel cell connected with a load, some example for DC load
are light emitting diode (LED), and modern elevator. In AC sub microgrid side has
a grid-connected with many kind of load combination. Because each sub microgrid
has a load that must be supply, a good converter is needed that can maintain power
stability in the event of a power shortage, especially in the DC sub microgrid, given
the intermittent nature of the RES and in this research the system does not use an
energy storage system. The use of energy storage system becomes a dilemma when
a RES is connected to a stable grid. As has been widely applied that the use of RES
is rarely separated from the energy storage system, where it is used to reserve power
requirements because of the intermittent of the RES. However, the energy storage
system, like a battery, is not very economical, because the battery has a short
lifetime (between 3 and 5 years maximum in rural areas for solar lead-acid batteries
which are commonly used for RES), and must be recycled, technology to recycle
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batteries is very rare so that batteries that are not used will become junk if left
longer, and batteries has a big shape, this will certainly harm the environment,
chemical pollution, and high investment. Some researchers with their research
based on the concept of "flexy energy" proved on techno-economic that a hybrid
system between PV and diesel generators without using a storage system has higher
effectiveness than stand-alone of diesel generators system [15-18]. As well as has
been researched that PV applied on the roof-top or building integrated photovoltaic
(BIPV) and grid without storage is techno-economic has high effectiveness because
the cost of energy (COE) decreases in line with the increase in power capacity [19].
From all this research, it can be concluded techno-economic that hybrid PV systems
can work on the grid or off-grid even without a storage system, but this system
requires a converter that not only can flow current properly but also can work as
rectifier and inverter so it can maintain voltage and frequency stability, despite
changes in power and load.

i Acsource
l ” i s g A
LCL Vi i
C ] H (o)
Rdcload T 4@ Filter " ic A
3 T O—
Dcsource A T
| PLL
¢ RacIoad
PWM ahc
Modulator < | d-q
A CEEEEEEEEEE—— .
Ig |
abc/| v | . 9
| Current ] DC
Vq | Controller |«—'aref=0 Voltage Ve
& i Regulator
ref Vdc

Fig. 2. The overall configuration of the proposed system

While in the hybrid AC DC microgrid connected to the main utility grid as an
AC source. The grid expected to be able to supply active and reactive power to the
network both on the AC sub microgrid side and DC sub microgrid system. In this
case, beside the grid will maintain the power balance, both active, and reactive
power, the grid will maintain the stability of the voltage and frequency in the
system. Figure 2 shows a series of systems built in this study. In the DC sub
microgrid, there is a DC source with a load and a capacitor link. In the AC sub
microgrid, there is also an AC source in this case in the form of a grid, load, and
LCL filter. The notation and parameters used in the system are listed in Appendix
A. To connect the two sub microgrids, there is an interlinking converter with the
controls described in section 2.2.

In the hybrid AC DC microgrid, the AC and DC sub microgrid have separate
power equations [20]. Regardless of the power loss, the power on the DC sub

microgrid with N, is the number of DC buses. P2%" is power demand of h™" load in
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DC sub microgrid. P25 is power generated by h'" energy source in DC sub

microgrid. P, is power loss in DC sub microgrid and P is power transfer from
AC to DC or DC to AC that through the IC. The power in the DC sub microgrid
can be expressed as follows [20, 21]:

N dc,h N dc,h
0= Zhi1 P . + Pllci)gs + Pitzc - Zh£1 Psoitrce (1)

load

Where the generator, load, reactive power compensator, AC lines and the
converter are connected on the bus i as depicted in Fig 3. The active and reactive
power balance equations at AC sub microgrid can be expressed as follows [22]:

N ,
PSrce — Ploaa — SpPie” — Vi ZFBle (Gijcosdij+  Byjsind;) =0 (2

source T Qca — Qloga — SqQic — Vi nyﬂ/}' (Gyjsiné;j + Bijcosd;) =0 3)
Vi Z 6 PitIQ
(e)
_—

PSOUI’CS + JQSOUI’CE

ch

D —
Ptrans + thrans
PIoad + jQIoad

Bus i

Fig. 3. General AC bus presentation

PEC ce + Q%5 rce and PEC , + QFF,, are complex power of the generator and load
respectively. Q.4 is the output of the reactive power compensation device, V; and
di are the voltage magnitude and angle. G;; + B;; where is the i j th element of the
admittance matrix of the AC power network, Np is the number of AC buses. s, =
0 and s, = 0 if no converter is connected at bus , s, =1 and s, = 1 if the
converter at bus is a rectifier, s, = —1 and s, = —1 if the converter at bus is an
inverter [23]

The voltage line to line (VS V&S, V.%¢) in the three phase converter with
naturally sampled PWM, with the three sinusoidal references displaced in time by
120° [24].

o5 = MV3V cos(wt +7) @)
V& = M3V cos(w,t — g) (5)
V3¢ = M\3V% cos(w,t + 5?”) (6)
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M is the modulation index (the normalized output voltage magnitude) of the IC
with the range 0 < M < 1 and w, is target output angular frequency [23].

The relation between the DC power and the AC active power is a function of
the efficiency of the converter, ignoring switching losses in the converter, as
follows [19].

poe = £ W

In Eq. 7, P2 and P% s the power in the AC and DC interface of the IC and p'Cis
the efficiency of the IC.

2.2.Proposed interlinking converter control

This interlinking converter connects DC sub microgrid and AC sub microgrid. The
converter uses 6 insulated gate bipolar transistor (IGBT), the input control comes
from both sides, on the side of the AC sub microgrid using current and voltage, and
the voltage on the DC sub microgrid side. With inputs that are on the two sides of
the converter, the converter can work bidirectionally as a rectifier or inverter,
converting DC power into AC power and vice versa, depending on the power
situation of both sub microgrids. Described in Fig. 4, the voltage from the AC sub
microgrid becomes reference input is of the PLL to synchronize the phase angle.
The PLL circuit in this system is modeled as a closed-loop system that monitors
the variation of the phase angle using an internal oscillator. The control system
adjusts the internal oscillator to keep the phases difference to zero. Using Park
Transform, the phase angle generated by the internal oscillator is used to change
the three phase voltage from AC sub microgrid into dg coordinates.

Low -pass Filter

N

I
I
| -
Vase | Frea | PID Controlled | ot
——[abc X > > - >
| | Controller Oscillator
[ dg " qaxis !
> ot ! A
I "
Phase Detector Automatic
Gain Control

Fig. 4. Phase lock loop
The Mean (Variable Frequency) block computes the mean value of the

quadrature signal, f(t). This average value is obtained from one frequency cycle
of the quadrature signal, with T = 1/frequency.

Mean (f(£)) =~ f(tt_T) £(0).dt (8)
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The output of the mean block combine with optional automatic gain control
(AGC) becomes the input of the proportional integral derivative (PID) controller.
This controller keeps the phase difference to 0. The PID output, according to the
angular velocity, is filtered and converted to a frequency that is used to find the
average value. While the phase angle generated by PLL is used to transform the
abc to dq coordinates or dq to abc coordinates as seen in Fig. 2, the AC sub
microgrid current is change to dq coordinate and becomes input of the current
control of as seen in Fig. 5.

Vd - .+| I ref
T I
ti,

Fig. 5. Current controller

The close loop DC voltage is control with the set point of DC reference voltage,
which is then controlled by the PI controller and determine with iy orf as
described in Fig. 6. Besides the PI controller, the value of i; ,-.s¢ depends on the
limiter. The constant limiter value specified as the maximum and minimum values

as in Eq.9.
| Pl s
Ve
Fig. 6. DC voltage regulator
iq reff ;_Cmin <lig reff < Cnax
igreff =3 =Cmin 3 ldarerr < —Cmin 9)

Cmax ) id reff > Cmax

The sum of ig and iq from the current loop with i ¢ and i, .55 are controlled by
the PI controller and change to abc coordinate with Park Transformation, before
becoming an input of the PWM modulator. Finally, the PWM modulator produces
pulses that move the switch on IGBTS in the interlinking converter.

3. Results and discussion
3.1. The simulation

The system modeling is done as shown in Fig. 2. During the simulation, there are
power changes in DC sub microgrid and load changes on the AC sub microgrid.
The simulation is carried out for 6 seconds with a schedule of power changes as
shown in Fig. 7 and Fig. 8 there is a schedule of load changes. The change in power
gradually follows the gauss curve pattern like the average shape of solar radiation
every day.
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0,5 kW 55kW 10 kW 15 kw 10 kW 5,5kw 0,5 kW

e e ——

0 1 2 3 4 5 6
Time (s)
Fig. 7. The schedule of power changes

20 kW 10 kW 20 kW
| |
0 1 2 3 4 5 6
Time (s)

Fig. 8. The schedule of load changes

The analysis of the simulation was carried out in 2 places in the DC microgrid and
AC microgrid. The flowchart of the simulation shown in Fig. 9, from the flowchart
It appears that the mode change on the IC is very dependent on the source and load
conditions on the DC sub microgrid.

Read source and load
Power in DC sub
microgrid

No
Psource <

Pload

A 4

IC Inverter Mode

IC Rectifier Mode

€
<

End

Fig. 9. Flowchart of the simulation
3.2. DC sub microgrid
With power change at the DC source, there is also a change in current and voltage
at the DC sub microgrid, as seen in Fig. 10 for the current and Fig. 11 for the voltage

response. When there is a decrease in DC source power that cannot supply dc
power load in 0 s until 1,8 s, makes the current becomes negative, this indicates
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that the dc power load supplied from the IC, it is mean that the IC become rectifier.
When the DC power source starts to increase in 1,8 s until 2,4 s, even where the
DC source is greater than the DC load, the current becomes paositive. In this case,
the 1C will get power supply from the DC source and make the IC function as an
inverter. When the power source decrease but it still bigger than dc load power in
3,6 s until 4,2 s, the current is still positive and the IC still becomes an inverter. It
is different when the source power still decreases until less than load power in 4,2
s until 6 s, the current becomes negative and the IC function becomes a rectifier
again. Changes in DC power source cause changes in DC voltage, this is normal,
because the model of this simulation using a controlled current source module to
reflect on resources. Controlled current source module was supplied by Pq4c as DER
that setting like in Fig. 6 and divided with Vr‘ijrf that in this simulation was setting
in 400 V. Fig. 12 shows the power flow at the DC Source, DC load, and the power
transferred through the IC. In this figure, the power comparison was described very
clear, when DC power is very small and even close to zero then the IC will transfer
power to supply the load power requirements, so the value of the power transfer
becomes negative. If the load power is equal to the DC power, the IC does not
transfer power, this can be seen from the value of the power transferred by the IC
close to zero. Conversely, when the DC power is greater than the load power the
power transferred from the IC becomes positive, this indicates that the DC
microgrid is delivering power to the IC.

25
20}
15F

10}

Current (A)

wm o

-10

0 I 2 ", 4 5 6
Time (s)
Fig. 10. DC sub microgrid current

700
600 m

0 1 2 3 4 5 6
Time (s)

Fig. 11. DC sub microgrid voltage
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3 10%
2.5f [ ]
2
=1.5¢ [
Z 1 | —
=
£0.5
0
Transferred Power
-0.5 Source Power N
1 I Load Power | |
0 1 4 5 6

Ti]‘l‘lSC (s)

Fig. 12. DC sub microgrid power with DC Voltage Regulator

3.2 AC sub Microgrid

The impact of power changes on the DC source can be seen not only in the DC sub
microgrid but also in the AC sub microgrid. Fig. 13(a) shows the voltage and
current that occurs in the AC sub microgrid during the simulation. With power
change on the DC sub microgrid and the load on the AC sub microgrid according
to Figs. 7 and 8 make the IC function changed as a rectifier or inverter following
the changes that occur in the system. In the Fig. 13(a) to Fig. 13(g) the voltage on
the AC sub microgrid is maintained properly despite changes in power and load.

Different things happen to the current, the AC sub microgrid current changed
not only in its magnitude but also a phase angle shift. Fig 13(b) until Fig. 13(f) is
an enlargement of the Fig. 13(a), which is cut every second to show the current
changes. Enlargement from 0 s to 1 s is described in Fig. 13(b), in this figure the
voltage and current are stable because there is still no power or load change. The
voltage and current are in a different phase, it indicates that the 1C in rectifier mode.
Power from DC source is insufficient to supply the DC load power requirements
and thus requires power supply from the AC sub microgrid. In Fig. 13(c) especially
at1.2 sto 1,8 s the DC power start increases almost match to the load requirements,
the current near to zero, indicating that there is less power flow from the IC to the
load, and there has been a phase shift between current and voltage around 90°.

At 1.8 s, there was a power increase in the DC sub microgrid which exceeds the
DC load requirements. This excess power flowing through the IC to AC sub
microgrid and the function of the IC changes to an inverter, in this case, the current
and voltage in one phase. In Fig. 13(d) there was a DC power increase again at 2.4
s this changes the amount of current but does not change the IC function. In the 3.6
s, there was a reduction in DC power, the current also decreases but does not change
the IC function because there is still power transfer from IC to AC sub microgrid.
The current is still one phase with the voltage, this is shown in Fig. 13(e). In Fig.
13(f) show a reduction in DC power source at 4.2 s to 4.8 s that the DC power only
supplies DC load requirements. This power reduction causes the IC cannot supply
power to the AC sub microgrid. At this time the current almost zero, and there is a
phase shift with a voltage of around 90°. Then the DC power decreases again at 4.8
s shown in Fig. 13(g) until the DC source is unable to supply the load power
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requirements. This power reduction causes a phase shift between current and
voltage of 180°, the IC changes to a rectifier.

400
300

V) or Current (A)

4000 l [—Vollag:: '—Cu:rcnl . p
Time (s) - 2
(a) Result of the whole simulation
400 400 T T T
2 300 2]00‘
g 200 ﬂ 1 '5 200 n
£ 100 2100
44 o
5 O\ MMM 5 OMMMMMM
g-l()(lb Z.100F
200 5{ 200 u
Z300 ‘ 300/
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0 01 02 03 04_05 06 07 08 09 1 1 11 12 13 1415 16 1.7 1.8 19 2
Time (s) Time (s)
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"ow————————————— W0w————————————————
=300 =300
£ 200 £ 200
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400 . : . 400 — "
<300 { 2300
£ 200 £200
E 100 § 100
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2100 Z.100¢
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2200 u 200/
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=-300 >-300
-400 —Voltage —Current| 400 | Voltage —Current|
4 41 42 43 44 45 46 47 48 49 5 5 51 52 53 54 .55 56 57 58 59 6
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() Theresultfrom4sto5s (9) Theresultfrom5sto6s

Fig. 13. Voltage and current in AC sub microgrid

Besides the voltage and current that can show the change of IC function, the
active power flow also can do that. In Fig. 14 illustrates the comparison of active
power at load, source, and power transferred to DC sub microgrid. The DC power
changes make the power transferred in the AC sub microgrid become negative that
is mean the IC transferred the power into the DC sub microgrid, the IC becomes
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rectifier, and vise versa when the transferred power becomes positive that is mean
the 1C transfer power into AC sub microgrid, the IC becomes inverter.

4 %10
2 VORI = e AN an]
1 e S
—_~ [
z T gy S—
£ .y .,
z S
Drj -4 T4
W [
a -6 % 5 \ —
2 s2
< *8 _a-"- g
—— Transferred Power |5
-10 | —Source Power | 1 L1 12 13 14 15
12 —— Load Power ' Time (s)
0 1 2 Tim3e (s) 4 5 6

Fig. 14. Comparative of active power in AC sub microgrid

The AC source power is negative, means the grid supplies power to the system,
and when the DC power increase, the grid gets power supply from the system, it
changes the AC power source to positive. The Load changes during simulation that
occur on the AC sub microgrid as a scenario in Fig. 8 do not have much impact on
the power transferred to the DC sub microgrid. But with the change in load on the
AC sub microgrid, it can be seen that even though the power transferred is not
sufficient for the load requirements, the power requirements at the load will be met
by the source power from the AC sub microgrid, in this case, the grid.

Figure 15 shows the reactive power during the simulation. Reactive power at
the source and interface converter on the AC side follows the power changes that
happen at the DC sub microgrid. They have the same value until difficult to
recognize. When there is a decrease in the load power on the AC sub microgrid, it

will have an overshoot effect even though it is small on the reactive power from the
source.

—_
Eé 0
=
S =< 6000
2 = 4000/
Z z
= -2 é 2000 |
(5]
=3 2 o
>3 S
2 2000 : e .
51 = 1 1.1 12 13 14 15
/4 Time (s)
{ Transferred Power Source Power

0 1 2

. 4 5 [
TllTlS;: (s) ?

Fig. 15. The transferred and source reactive power in AC sub microgrid
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Figure 16 shows the reactive power that occur in the load. In this simulation,
there are three load combinations, the first is starting from 0 s to 1,2 s, there is a
combination between resistive and inductor, the second is starting from 1,2 s to 4
s, that there is only resistive, and the third is starting from 4 sto 6 s, there is a
combination between resistive and capacitor. The value of the reactive power in
this system was very small when compared to the active power.

50
40
2 30
% 20
=
= o
'§_m
=
a2 -20
-30
o ! TilTI3C (s) + s ©
Fig. 16. The load reactive power in AC sub microgrid
5 X 10%
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Fig. 17 The comparative of AC and DC transferred power
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Fig. 18. THD
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Fig. 19. Frequency of the system

Table 2. The IC Eficiency
Pdcsource pae pae HIC IC Mode
0,510° -6335 -6374 99,4%  Rectifier
5510 -67,99 -84,94 80,04% Rectifier
1010° 8682 8642  99,5% Inverter
1510° 18980 18910 99,6% Inverter

Figure 17 shows the comparison of the power transferred by DC sub microgrid
and AC sub microgrid. It can be seen from the picture that the power transferred
between the two sub microgrids is almost the same and can even be said to be the
same because the power difference is very small. Changes that occur in the system
during the simulation affect to the system harmonics, although not significant, this
can be seen from Fig. 18. It is seen that the THD value shows the changes following
the power changes that occur in the DC sub microgrid. The THD value during the
simulation takes no more than 8%, as in t = 3 s, at that time the THD system was
only 0.4%. This is in accordance with the provisions of the IEEE Std 519TM-2014
standardization, where at a voltage of less than or equal to 1KV, the THD cannot
be more than 8%. Likewise, what happened at the system frequency during
simulation, the frequency value was relatively stable, as in the t = 3 s, it can be seen
that the frequency is 50 Hz, although there was a ripple when there was a power
change in the DC sub microgrid, this can be seen from the simulation results in Fig.
19.

Table 2. Show the efficiency of the converter in a rectifier and inverter. This
table proves that the converter can work very efficiently because the efficiency of
the converter is very high. However, this converter still has difficulties in
transferring power in low power conditions or when the DC sub microgrid lacks
power. This can be seen from its rather low efficiency of 80.04% at a sub-microgrid
DC power of 5.5 kW compared to its efficiency at 15 kW which is 99.6%.
Simulations are carried out by changing the power with a graded pattern and loads
with a pattern similar to the daily load, but this is still far from being compared to
the real conditions in the field. The further research is needed using real data for
the simulation and if it is possible, implementation can be carried out.
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4. Conclusions

In this paper, the AC-DC hybrid microgrid system has been built using a

bidirectional converter that functions as an IC.

e IC is built with a very simple with transformation abc to dq method, but
the simulation results show that the system can work very well because
ICs with high efficiency can be a rectifier or inverter to respond the power
changes that occur in the system without delay and overshoot. The
efficiency of the IC reaches 99,4% as rectifier and 99,6% as inverter.

e Load changes that occur in the AC sub microgrid do not affect the power
transferred through the IC but occur in the grid or AC source.

o Despite changes in power and load, the voltage and frequency on the

system remain stable, THD is no more than 8%.

The power transfer between AC and DC sub microgrid that manage by the IC that
based on bidirectional converters make the system run well, power requirement can
be met despite the lack of power, especially in the DC sub microgrid. The IC can
transfer power, either active or reactive power from the DC sub microgrid to the
AC sub microgrid and vice versa. So it can be said that this system has a high

performance in power transfer.

Nomenclatures

Abbreviations

AC Alternating Current

DC Direc Current

RES Renewable Energy Source

IC Interlinking Converter

THD Total Harmonic Distortion

IEEE Institute of Electrical and Electronics Engineers

PLL Phase Lock Loop

PV Photovoltaic

LED Light Emitting Diode

BIPV Building Integrated Photovoltaic

COE Cost of Energy

PWM Pulse Width Modulation

IGBT Insulated Gate Bipolar Transistor

AGC Automatic Gain Control

PID Proportional Integral Derivative

DER Distributed Energy Resources
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Appendix A
The Simulation Model and Parameter

A.1 Model of the Simulation

The simulation using Simulink / Matlab, and the model Simulink described in Fig.

Discrete,
Ts = 5e-06 s,
Pdc Source (W)
5.5e3
Pdc
Vde reff (V) = r"@l T + 1 0
w:mr 1 A ‘ E:j i ot . ) | :me@"
Rioad = c
DER ic 81 ] B2 380 V50 Hz
Clink L Re=2 % % L
1563 Celed 777

Measurements

Fig. A-1 Model of the simulation
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A.2 Parameter of the Simulation

This is parameter of the simulation: In the three phase sources: RMS voltage 380
volt (line —line), 50 Hz; In the LCL filter and DC link: converter side inductance L
=1 mH converter side resistance, R1 = 0,5 Q, grid side inductance L, = 1 mH, grid
side resistance R, = 0,5 Q, shunt capacitance C, = 1 uF, shunt resistance R, =2 Q,
Capacitor filter C = 1500 pF; In DC source and load: DC load resistance Rqc = 46
Q; DC voltage Vpcrefr = 400 volt

Appendix B
The Simulationts Measurement Results and Calculations

B.1 DC sub Microgrid Data

The data in Table B-1 displays the voltage, current and power generated from the
measurement of every change in DC sub microgrid. The data is taken at the source,
load and interface of the converter on the DC side.

Table B-1. DC sub microgrid data

DC DC Source DC Load DC Transferred
Source \% | P V | P \Y% | P
(Watt)  (Volt) (Amp) (Watt) (Volt) (Amp) (Watt) (Volt) (Amp) (Watt)
0,510% 601 1,25 751,3 601 13,07 7852 601 -10,54  -6335

510° 619,4 12,5 7743 619,4 13,47 8341 6194 -0,109 -67,99
1010°  659,3 25 16480 659,3 14,33 9451 659,3 13,17 8682
1510° 6937 37,5 26010 693,7 1508 10460 6937 27,36 18980

B.2 AC sub microgrid data

Table B-2 is the result of voltage, current, in the source, load, and interface
converter measurements on the AC side
Table B-2. AC sub microgrid voltage and current data
DC Source Voltage Current
(KWatt) Va Vb Vc Ia Ib Ic
(Volt) (Volt) (Volt) (Amp)  (Amp)  (Amp)
Source 1,106  -2686 2697 3,304 50,6 -53,9
0,5 Load 2697  -2686  -1,106 37,35  -37,17 0,179
Transferred 1997  -401,2 2015 6,132 1056  -16,69
Source 0841  -267,1 268 1495 3695  -3845
5 Load 268 267,01  -0841 37,11  -3698 -0,139
Transferred 2058  -4134  207,6 2,896 01284  -3,025
Source 2,63  -2668 2694 1,07 248  -2587
10 Load 2694  -266,8 2,63 37,31 -3693 -0,388
Transferred 219,01  -4382 2191 2,604  -13,15 10,54
Source 1,266  -2682 2695  -1599 11,75  -10,15
15 Load 2695  -2682  -1266 37,32 37,12 0,201
Transferred  231,8  -4617 2299 1111 27,34 26,23
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These measurements are made for any changes in DC power. Whereas the active
and reactive power values from the data in table B-2 are obtained from calculations
using the formula as in Eq. B-1 for active power and Eq. B-2 for reactive power.

P= VI, + VI, + V.I, (B-1)
1
Q = (ﬁ (Vbcla + VcaIb + Vablc)) (B'Z)

Where V,, V,,, V. are the phase voltage to the ground. 1, I,,, I, are the phase current,
Vb Ve Vg @re inter-phase voltages.

Table B-3 is the result of active and reactive power in the source, load, and interface
converter on the AC side

Table B-3. AC sub microgrid power data

DC Source P Power o)

(KWatt) (Watt)  (VAR)
Source -28140 -1440

0,5 Load 20050 -12,18
Transferred -6374 -7912
Source -20170 -637,7

5 Load 19820 -10,53
Transferred -84,94 -2120
Source -13590 -381,4

10 Load 19910 -11,13

Transferred 8642 3013
Source -5882 768,4

15 Load 20010 -12,1
Transferred 18910 10090

Journal of Engineering Science and Technology Month Year, Vol. XX(Y)
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if you can help, contact the journal through you

best regards

asmaa
4 reply
=4 SCimago Team
=N . .
\"\O Melanie Ortiz 4 months ago

W

Dear Asmaa,
Thank you for contacting us. Unfortunately, SCImago cannot help you with your request.
SJR is committed to help decision-making through scientometric indicators.

Best Regards, SCImago Team

M.SivasankaraRao 2 years ago

present how much time it will take to get acceptance and publication in this journal.

& reply

"
O,  MelanieOrtiz 2 years ago
A

Dear M.Sivasankara,

Thank you for contacting us.

Unfortunately, we cannot help you with your request.
Best Regards, SCImago Team

Ponum Almas 2 years ago

hello,
is this impact factor journal ? what is the publication fee for an aticle ? is there any discout for

developing countries ?

& reply

=a SCimago Team

e o .
\\(C_)J Melanie Ortiz 2 years ago



journal's website or contact directly with the editorial staff.
Best Regards, SCImago Team

o daus 2 yearsago

this is ecsi journal, not scie

& reply

SCimago Team

Z9
e N .
\\(Q ’ Melanie Ortiz 2 years ago

Dear Daus, thanks for your participation! Best Regards, SCImago Team

kartik 2 years ago
Hi,

Can i know what is the current Quartile ranking for this journal for the year 20207 tq

& reply
= SCImago Team
=Ny . .

(@ Melanie Ortiz 2 years ago

=

Dear Kartik,
Thank you for contacting us. You can consult that information just above. The SJR for
2019 was released on 11 June 2020.

Best Regards, SCImago Team

o Raghad Hameed Ahmed 7 years ago

good greeting

What is the time required to obtain a research acceptance letter.

4 reply

= A SCImago Team
=N . .

1© Melanie Ortiz 2 years ago

=

Dear Raghad,

thank vou for contactina us.



deepthi 2 years ago

Hi,
Is it okey to cite an unpublished work can in the manuscript?

& reply

2o
\’\@ Melanie Ortiz 7 years ago
' Dear Deepthi, thank you very much for your comment. Unfortunately, we cannot help you
with your request, we suggest you contact the journal’s editorial staff so they could inform

you more deeply. Best Regards, SCImago Team

M.K. 3yearsago

Dear Melanie

| have submitted a paper for this journal about 6 months ago, and | did not receive the decision
yet.The problem is the website of this journal does show any contact details except the email of
the Executive Editor, who did not respond to my emails since May 2020. Do you know any other
contact details for this journal please?

Best regards
M.K.

4 reply

& SCimago Team

\’ Melanie Ortiz 2 years ago
=

Dear M.K.,

Thank you for contacting us. Unfortunately, it seems that there is no other email contact
shown in their website.

Best Regards, SCImago Team

Dr. Vijaya Shetty S  © years ago



K. Bhatti 3 years ago

It's 300USD per article.

1]

W

SCImago Team

%

Melanie Ortiz 3 years ago

Dear Dr. Vijaya,

thank you for contacting us.

Unfortunately, we cannot help you with your request, we suggest you visit the journal's
homepage or contact the journal’s editorial staff , so they could inform you more deeply.
Best Regards, SCImago Team

Waleed 3 years ago
Why there is no response to our emails? Someone should tell them that other OA journals respond

very fast. It is really a negative point about their performance.Pay attention to your costumers.

& reply

Nibras Khalid 3 years ago

Hello,
| submitted a manuscript for publication more than a week ago, but | haven't received a

confirmation email of delivery. Is there a way to know if all the required documents have been

received??
4 reply
= SCimago Team
= . .
(@ Melanie Ortiz 3 years ago

f

W

Dear Nibras,

thank you for contacting us.

Unfortunately, we cannot help you with your request, we suggest you contact the journal's
editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team

Phyu Phyu Thin 3 years ago

Dear Sir,



& reply

° sukanto wiryono 3 years ago

Dear Melanie Ortiz

Please inform me, is this JESTEC indexed by Q2 Scopus?

Thanks you
-
‘ \’\O Melanie Ortiz 3 years ago

W

Dear Sukanto, thank you very much for your comment, unfortunately we cannot help
you with your request. We suggest you to consult the Scopus database directly.
Keep in mind that the SJR is a static image (the update is made one time per year)
of a database (Scopus) which is changing every day. The SJR's Quartile for 2018 is
available just above.

Best Regards, SCImago Team

SCIimago Team

M

2,

®

Melanie Ortiz 3 years ago

f

W

Dear Phyu,

thank you for contacting us.

We are sorry to tell you that SCiImago Journal & Country Rank is not a journal. SJR is a
portal with scientometric indicators of journals indexed in Elsevier/Scopus.
Unfortunately, we cannot help you with your request, we suggest you to visit the journal's
homepage (See submission/author guidelines) or contact the journal’s editorial staff , so
they could inform you more deeply.

Best Regards, SCImago Team

e B G Shivaleelavathi 3 years ago

Sir/Madam,

i want to submit review paper. what is procedure.

& reply

=S SCImago Team
(@ Melanie Ortiz 3 years ao
=
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Frans 3 years ago
| want to know, what is journal not a notification after submitting?

Thank you

& reply

kareem 3 years ago

Dear Scopus people
| want to if this journal consdiered as an ISI journal and what is its impact factor.
Thanks

& reply

= SCImago Team

@ Melanie Ortiz 3 years ago

Dear Kareem, SClmago Journal and Country Rank uses Scopus data, our impact indicator
is the SJR. Check our web to locate the journal. We suggest you to consult the Journal
Citation Report for other indicators (like Impact Factor) with a Web of Science data
source. Best Regards, SClImago Team

Nacer 3 yearsago

Dear Abdulkareem
Please informe me if the publication is free or not?

Best regards

€ reply

abdulkareem 3 years ago

no, it is not free, USD300/aper

Nacer 2 yearsago

~___ _u



\\’\(@{; Melanie Ortiz 3 years ago
Dear Nacer, SCImago Journal and Country Rank uses Scopus data, our impact indicator is
the SJR. Check our web to locate the journal. We suggest you to consult the Journal
Citation Report for other indicators (like Impact Factor) with a Web of Science data

source. Best Regards, SCImago Team

supreethaB.S 3 years ago

| have published my research work in JESTEC. It is a quality journal with systematic review
process.| received review comments from 5 reviewers and i answered all the comments and finally
after 2 round review process my paper was accepted. Thanks to Dr.Abdulkareem Sh Mahdi Al-
obaidi

< reply

VIJAYBG 2 years ago

Hello madam, could you please tell me is their any processing charges that you have paid?
also suggest some good Scopus indexed journal to publish my paper.
Thank you

‘ Sudhakiran Gunda ? years ago

Could you please tell me the duration for this entire process.

I would like to know the time taken for publication.

Thankyou

“Ea SClmago Team
(©  Melanie Ortiz 3 years ago
\

Dear Supreetha, thanks for your participation! Best Regards, SCImago Team

Khaled 3 years ago

Hello there!
I have a little question about the publication process timeline, Can i know please how long will take

between sending an article and (journal answer by acceptance/rejection) and finally the paper's
online availability ????



Khaled 3 years ago

Thanks alot for your valuable response

Ali 3 yearsago

Dear khaled
The timeline for publishing in this journal about 2-3 months for final acceptance and may be
9 months for online publication

with my regards

SCimago Team

=9
AN . .
\\(Q Melanie Ortiz 3 years ago

Dear Ali, thanks for your participation! Best Regards, SClImago Team

SCimago Team

i\
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@

Melanie Ortiz 3 years ago

f

W

Dear Khaled,

thank you for contacting us.

Sorry to tell you that SClImago Journal & Country Rank is not a journal. SJR is a portal with
scientometric indicators of journals indexed in Elsevier/Scopus.

Unfortunately, we cannot help you with your request, we suggest you to visit the journal's
homepage or contact the journal’s editorial staff , so they could inform you more deeply.
You can see the updated journal’s information just above .

Best Regards, SCImago Team

ASWANT KUMAR SHARMA 3 years ago

| have published a paper with JESTEC in a proper time line. It is good if JESTEC provide DOI for
article published with them

4 reply

m Malathi Kunnudaiyan 2 years ago

Have paid any fees for the publication sir?



rati saluja 3 years ago

The journal that provides best services, never a single follow up query left unaswered. | had written
several research papers in numerous journals, but | feel pride the way "Journal of Engineering
Science and Technology" works, they reviwed eveery mm of my manuscript. Their editing team is
soul of the body. Mr. Obaidi shares every detail regaring the review process as well as time
duration, that made the process easy. Publishing in a reputed journal takes time, So eagerly waiting
for the same.

Thanks a million to Dr. Abdulkareem Sh. Mahdi Al-Obaidi for sharing a wonderful platform to

enhance one'knowledge and research.

Hats off

A happy author

4 reply

Melva Silitonga 4 years ago

This journal template has been used for the 2019 Kyoto APLSBE template that | have participated
in, | am interested in the content of this journal and wish for publication in this journal

4 reply

Wajde Alyhya 4 years ago

Hi

| sent a manuscript for publication in this journal and | received two months later seven reviewers'
comments. | answered all their comments, however, | have not received an acceptance or rejection
letter till now. | sent more than one emails regarding the status of my manuscript without an
answer. | do not know what to do after nearly more than 6 months of waiting.

4 reply

Abdulkareem Sh. Mahdi Al-Obaidi 3 years ago

Dear Wajde

We thank you for the comment.

As you mentioned your experience with JESTEC, i wonder why you did not mention that your
paper is accepted and will be published soon.

It is good to give negative feedback for improvment, we thank you but it is also fair to tell
positive feedback, right?



Emmanuel 4 years ago

@ Elena:l humbly suggest that the web link of all journals should be published alongside their
name.This will eliminate the faking of journals in your data base.

4 reply

Wajde Alyhya 4 years ago

Dear All
Could you please tell me how long it takes to be accepted and published online.
Thanks

& reply

° Dr. mohammed alwazzan 4 years ago

3 to 4 month

Elena Corera 4 years ago

@ SCimago Team

Dear Wadje, in the link below you will find the information corresponding to the author's
instructions of this journal. Best regards, SClmago Team
http://jestec.taylors.edu.my/instructions.html
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