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M Gma” Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>

Information of Jurnal Teknology Malaysia Avialable Online

MALTESAS <maltesas@mtscconf.com> 19 Maret 2016 pukul 08.09
Kepada: Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>
Cc: "info@appemse.com" <info@appemse.com>

Dear Author

On your acceptance notification email, if you have went through until the bottom of the email,or Register tab in the
conference website our Registration Terms and Conditions. Among it is:

1. Publication will takes up to 12 months from the conference date.
2. Softcopy or hardcopy is not provided (Access is also no given unless it is open access by Publisher)

Please be patient while we performing checking, collecting, editing and proofing at organiser part and also Publisher part.
Please read it all at the conference website. Any updates will also stated there.

Process of publishing:

1. Paper collecting and checking (1 month - 2 months)

2. Email the author (almost 10% will absolutely do not follow the format, etc) thus adding to the delay between (1-2
months)

3. Last checking before send to Publisher (1 month)

4. Send to Publisher (approximately total up 3-6 months after conference ended)

At the Publisher part, again the process is repeating again as they will contact us and some might the authors. Also it
depends on the number of conferences they need to check every month. Some Publisher also has limited staff to handle
and thus adding to the delay.

We would like to mention again that the publication take times. The numbers of articles increases rapidly every month and
thus requiring more staff, bigger database, and many other factors.

On Saturday, 19 March 2016, Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com> wrote:
Dear Appemse 2016 Commitee,

| would like to know when Jurnal Teknologi Malaysia Avialable Online for my paper tittle Mutt UNits OF SINGLE PHASE
DistrRIBUTED GENERATION COMBINED WITH BATTERY ENERGY STORAGE FOR PHASE POWER BALANCING IN DISTRIBUTION NETWORK.

THE AUTHORS AND INsTITUTION ARE: Amiirullah'2), Mochamad Ashari!!, Ontoseno Penongscng”, Adi

Soeprijc:n‘ro” UElectrical Engineering Department, Institut Teknologi Sepuluh Nopember, Surabaya
Indonesia 2Electrical Engineering Study Program, University of Bhayangkara, Surabaya Indonesia.

This paper has been presented by me in Appemse 26-28 January 2016 in The Pines Hotel Melaka Malaysia Track 3:
Electrical, Electronics and Computer Engineering.

Depend on information on appemse.com said that All ACCEPTED and REGISTERED papers will be published in the

Special Issues in Jurnal Teknologi (Indexed by Elsevier: SCOPUS).

This is my question and thanks a lot if you respon this email.
Regards,

Amirullah
PhD Student Electrical Engineering


mailto:amirullah.ubhara.surabaya@gmail.com
http://appemse.com/

ITS Surabaya-Indonesia

Best Regards,

Technical and Support Staff

Malaysia Technical Scientist Association (MALTESAS)
Registered under ROS (PPM-009-04-12012015)
Malaysia

Visit www.maltesas.org for upcoming events

*Please be informed our response are based on the following:

A) Computer Generated Template for common problem/issue/statement

B) Each response is based on specific conference and also represented by different Technical and Support Staff
(http://maltesas.org/technical-and-support-staff/) thus different conference is handled by different Technical and Support
Staff.

C) Top Management will be cc'ed if any out-of-reach problem/issue/statement is required.
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http://maltesas.org/technical-and-support-staff/

M Gma” Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>

Information of Jurnal Teknology Malaysia Avialable Online

Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com> 19 Agustus 2016 pukul 08.08
Kepada: info@appemse.com

Bcce: Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>, Amirullah Amirullah <am9520012003@yahoo.com>,
amirullah14@mbs.ee.its.ac.id

Dear Appemse Commitee,

Please forgive me | ask and remain you again about the schedule of Jurnal Teknologi (Science and Technology-Indexed
Scopus Q3) will be issued as outcome of Appemse Conference in Melaka 26-28 January 2016.

The paper tittle Multi Units of Single Phase Distributed Generation Combined with Battery Energy Storage for Phase
Power Balancing in Distribution Network.

Amirullah1,2), Mochamad Ashari1), Ontoseno Penangsang1), Adi Soeprijanto1)

1)Electrical Engineering Department, Institut Teknologi Sepuluh Nopember, Surabaya Indonesia 2)Electrical Engineering
Study Program, University of Bhayangkara, Surabaya Indonesia.

This is my question and | would be happy if you respond it.

Regards,

Amirullah
PhD Student Electrical Engineering
ITS Surabaya-Indonesia

---------- Forwarded message ----------

From: Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>
Date: 2016-03-19 8:08 GMT+07:00

Subject: Information of Jurnal Teknology Malaysia Avialable Online

To: info@appemse.com

Dear Appemse 2016 Commitee,

I would like to know when Jurnal Teknologi Malaysia Avialable Online for my paper tittle Mutt UNits oF SINGLE PHASE
DistrIBUTED GENERATION COMBINED WITH BATTERY ENERGY STORAGE FOR PHASE POWER BALANCING IN DISTRIBUTION NETWORK.

THE AUTHORS AND INsTITUTION ARE: Amiirullan'2), Mochamad Ashari!), Ontoseno Penangsang'), Adi

Soeprijon’ro” UElectrical Engineering Department, Institut Teknologi Sepuluh Nopember, Surabaya
Indonesia 2Electrical Engineering Study Program, University of Bhayangkara, Surabaya Indonesia.

This paper has been presented by me in Appemse 26-28 January 2016 in The Pines Hotel Melaka Malaysia Track 3:
Electrical, Electronics and Computer Engineering.

Depend on information on appemse.com said that All ACCEPTED and REGISTERED papers will be published in the

Special Issues in Jurnal Teknologi (Indexed by Elsevier: SCOPUS).

This is my question and thanks a lot if you respon this email.

Regards,


mailto:amirullah.ubhara.surabaya@gmail.com
mailto:info@appemse.com
http://appemse.com/

Amirullah
PhD Student Electrical Engineering
ITS Surabaya-Indonesia



M Gma” Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>

Information of Jurnal Teknology Malaysia Avialable Online

Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com> 8 September 2016 pukul 06.42
Kepada: h.a.sulaiman@ieee.org

Bcce: Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>, Amirullah Amirullah <am9520012003@yahoo.com>,
amirullah14@mbs.ee.its.ac.id

Dear Sir/Madam
(Appemse Commitee),

Please forgive me | ask and remain you about the schedule of Jurnal Teknologi (Science and Technology-Indexed Scopus
Q3) will be issued as outcome of Appemse Conference in Melaka 26-28 January 2016.

The paper tittle Multi Units of Single Phase Distributed Generation Combined with Battery Energy Storage for Phase Power
Balancing in Distribution Network.

Amirullah1,2), Mochamad Ashari1), Ontoseno Penangsang1), Adi Soeprijanto1)
1)Electrical Engineering Department, Institut Teknologi Sepuluh Nopember, Surabaya Indonesia 2)Electrical Engineering
Study Program, University of Bhayangkara, Surabaya Indonesia.

I had asked the same question to Appemse Commitee twice, but he did not give me clearly anwer until now.
This is my question and | would be happy if you respond it.

Amirullah

Appemse 2016 (as an Author)
PhD Student ITS Surabaya
+62-81-949649423

2016-08-19 8:08 GMT+07:00 Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>:
Dear Appemse Commitee,

Please forgive me | ask and remain you again about the schedule of Jurnal Teknologi (Science and Technology-
Indexed Scopus Q3) will be issued as outcome of Appemse Conference in Melaka 26-28 January 2016.

The paper tittle Multi Units of Single Phase Distributed Generation Combined with Battery Energy Storage for Phase
Power Balancing in Distribution Network.

Amirullah1,2), Mochamad Ashari1), Ontoseno Penangsang1), Adi Soeprijanto1)
1)Electrical Engineering Department, Institut Teknologi Sepuluh Nopember, Surabaya Indonesia 2)Electrical
Engineering Study Program, University of Bhayangkara, Surabaya Indonesia.

This is my question and | would be happy if you respond it.
Regards,

Amirullah
PhD Student Electrical Engineering
ITS Surabaya-Indonesia

---------- Forwarded message ----------

From: Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>
Date: 2016-03-19 8:08 GMT+07:00

Subject: Information of Jurnal Teknology Malaysia Avialable Online

To: info@appemse.com


mailto:amirullah.ubhara.surabaya@gmail.com
mailto:amirullah.ubhara.surabaya@gmail.com
mailto:info@appemse.com

Dear Appemse 2016 Commitee,

I would like to know when Jurnal Teknologi Malaysia Avialable Online for my paper tittle Mutt Units oF SINGLE PHASE
DistriBUTED GENERATION COMBINED WITH BATTERY ENERGY STORAGE FOR PHASE POWER BALANCING IN DISTRIBUTION NETWORK.

THE AUTHORS AND INsTITUTION ARE: Amirullah!2), Mochamad Ashari!!, Ontoseno Penongsong”, Adi

Soeprijon’ro” UElectrical Engineering Department, Institut Teknologi Sepuluh Nopember, Surabaya
Indonesia 2 Electrical Engineering Study Program, University of Bhayangkara, Surabaya Indonesia.

This paper has been presented by me in Appemse 26-28 January 2016 in The Pines Hotel Melaka Malaysia Track 3:
Electrical, Electronics and Computer Engineering.

Depend on information on appemse.com said that All ACCEPTED and REGISTERED papers will be published in the

Special Issues in Jurnal Teknologi (Indexed by Elsevier: SCOPUS).

This is my question and thanks a lot if you respon this email.
Regards,
Amirullah

PhD Student Electrical Engineering
ITS Surabaya-Indonesia
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M Gma” Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>

Information of Jurnal Teknology Malaysia Avialable Online

Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com> 11 September 2016 pukul 09.40
Kepada: MALTESAS <maltesas@mtscconf.com>

Bcc: Hamzah Asyrani Sulaiman <h.a.sulaiman@ieee.org>, Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>,
Amirullah Amirullah <am9520012003@yahoo.com>, amirullah14@mbhs.ee.its.ac.id

Dear Sir/Madam
Appemse 2016 Commitee or Maltesas Representative
in Malaysia

Please forgive me | ask you again about the schedule of Jurnal Teknologi (Science and Technology-Indexed Scopus Q3)
will be issued as outcome of Appemse Conference in Melaka 26-28 January 2016.

The paper tittle Multi Units of Single Phase Distributed Generation Combined with Battery Energy Storage for Phase Power
Balancing in Distribution Network.

Amirullah1,2), Mochamad Ashari1), Ontoseno Penangsang1), Adi Soeprijanto1)
1)Electrical Engineering Department, Institut Teknologi Sepuluh Nopember, Surabaya Indonesia 2)Electrical Engineering
Study Program, University of Bhayangkara, Surabaya Indonesia.

This is my question and | would be happy if you respond it.

Amirullah

Appemse 2016 (as an Author)
PhD Student ITS Surabaya
+62-81-949649423

2016-09-08 6:42 GMT+07:00 Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>:
Dear Sir/Madam
(Appemse Commitee),

Please forgive me | ask and remain you about the schedule of Jurnal Teknologi (Science and Technology-Indexed
Scopus Q3) will be issued as outcome of Appemse Conference in Melaka 26-28 January 2016.

The paper tittle Multi Units of Single Phase Distributed Generation Combined with Battery Energy Storage for Phase
Power Balancing in Distribution Network.

Amirullah1,2), Mochamad Ashari1), Ontoseno Penangsang1), Adi Soeprijanto1)

1)Electrical Engineering Department, Institut Teknologi Sepuluh Nopember, Surabaya Indonesia 2)Electrical Engineering
Study Program, University of Bhayangkara, Surabaya Indonesia.

| had asked the same question to Appemse Commitee twice, but he did not give me clearly anwer until now.

This is my question and | would be happy if you respond it.

Amirullah

Appemse 2016 (as an Author)

PhD Student ITS Surabaya

+62-81-949649423

2016-08-19 8:08 GMT+07:00 Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>:
Dear Appemse Commitee,

Please forgive me | ask and remain you again about the schedule of Jurnal Teknologi (Science and Technology-
Indexed Scopus Q3) will be issued as outcome of Appemse Conference in Melaka 26-28 January 2016.

The paper tittle Multi Units of Single Phase Distributed Generation Combined with Battery Energy Storage for Phase


mailto:amirullah.ubhara.surabaya@gmail.com
mailto:amirullah.ubhara.surabaya@gmail.com

Power Balancing in Distribution Network.

Amirullah1,2), Mochamad Ashari1), Ontoseno Penangsang1), Adi Soeprijanto1)

1)Electrical Engineering Department, Institut Teknologi Sepuluh Nopember, Surabaya Indonesia 2)Electrical
Engineering Study Program, University of Bhayangkara, Surabaya Indonesia.

This is my question and | would be happy if you respond it.

Regards,

Amirullah

PhD Student Electrical Engineering
ITS Surabaya-Indonesia

---------- Forwarded message ----------

From: Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>
Date: 2016-03-19 8:08 GMT+07:00

Subject: Information of Jurnal Teknology Malaysia Avialable Online

To: info@appemse.com

Dear Appemse 2016 Commitee,

I would like to know when Jurnal Teknologi Malaysia Avialable Online for my paper tittle Mutt UNits oF SINGLE PHASE
DistrIBUTED GENERATION COMBINED WITH BATTERY ENERGY STORAGE FOR PHASE POWER BALANCING IN DISTRIBUTION NETWORK.

THE AUTHORS AND INsTITUTION ARE: Amiirullah '), Mochamad Ashari!!, Ontoseno Penongsong”, Adi

Soeprijon’ro” UElectrical Engineering Department, Institut Teknologi Sepuluh Nopember, Surabaya
Indonesia 2Electrical Engineering Study Program, University of Bhayangkara, Surabaya Indonesia.

This paper has been presented by me in Appemse 26-28 January 2016 in The Pines Hotel Melaka Malaysia Track 3:
Electrical, Electronics and Computer Engineering.

Depend on information on appemse.com said that All ACCEPTED and REGISTERED papers will be published in the

Special Issues in Jurnal Teknologi (Indexed by Elsevier: SCOPUS).

This is my question and thanks a lot if you respon this email.
Regards,
Amirullah

PhD Student Electrical Engineering
ITS Surabaya-Indonesia

2 lampiran
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M Gma” Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>

Information of Jurnal Teknology Malaysia Avialable Online

NURUL 'ATIQAH HAMID <atigah@skaievent-technovation.my> 11 September 2016 pukul 10.29
Kepada: amirullah.ubhara.surabaya@gmail.com

Cc: Hamzah Asyrani Sulaiman <h.a.sulaiman@ieee.org>, "DR. MOHD AZLISHAH BIN OTHMAN" <azlishah@maltesas.org>,
"ASSOC. PROF DR. MOHAMAD ZOINOL ABIDIN BIN ABD AZIZ" <zoinol@maltesas.org>

Dear Author,

Your paper 1570231549 entitled Multi Units of Single Phase Distributed Generation Combined with Battery Energy
Storage for Phase Power Balancing in Distribution Network has been accepted with correction to the Jurnal Teknologi
Issue 6.

ACCEPTED WITH CORRECTIONS:

CORRESPONDING AUTHOR
Should be the person who has an official email. Official email should follow the author’s university / organization.
Example: xxx@utm.my not xxx@gmail.com. Choose one only

GRAPHICAL ABSTRACT
Replace. The Graphical Abstract Must Represent the Content of the article

ABSTRACT
Refine the abstract. Must have (i) Introduction (ii) problem statement (iii) quantitative results (iv) conclusion. Change ‘in
this paper’ to ‘in this research’

CONTENT

* Follow the journal’s format: (1) Introduction (2) Methodology (3) Results and Discussion (4) Conclusion
* Add more data on Results and Discussion. Be more comprehensive

* Appendices Table 2 and 3 insert inside the text

REFERENCES
Please follow follow in house style of Jurnal Teknologi-refer Templete Guideline

Please sent us a new edited paper of yours by 14th September 2016.

We apologizes for any inconvenience.

Regards,
MALTESAS Committee

Ms. Nurul 'Atigah Hamid

Skaievent Technovation Sdn. Bhd.

Emails: atigah@skaievent-technovation.my
Contact: +6013-3803002

Web: www.skaievent-technovation.my
[Kutipan teks disembunyikan]


mailto:xxx@utm.my
mailto:xxx@gmail.com
mailto:atiqah@skaievent-technovation.my
http://www.skaievent-technovation.my/

M Gma” Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>

Information of Jurnal Teknology Malaysia Avialable Online

Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com> 11 September 2016 pukul 11.07
Kepada: NURUL 'ATIQAH HAMID <atiqgah@skaievent-technovation.my>

Cc: Hamzah Asyrani Sulaiman <h.a.sulaiman@ieee.org>, "DR. MOHD AZLISHAH BIN OTHMAN" <azlishah@maltesas.org>,
"ASSOC. PROF DR. MOHAMAD ZOINOL ABIDIN BIN ABD AZIZ" <zoinol@maltesas.org>

Dear Ms. Nurul 'Atiqah Hamid
(Maltesas Commitee)

Thanks a lot for your fast respond.

| would revise the paper depend on that notes.
Amirullah

Appemse 2016 (as an Author)

PhD Student ITS Surabaya
+62-81-949649423

[Kutipan teks disembunyikan]



Correction of Ontoseno Penangsang and Department of Electrical Engineering

From: Amirullah Amirullah (amirullah.ubhara.surabaya@gmail.com)
To:  atigah@skaievent-technovation.my

Bcc: am9520012003@yahoo.com

Date: Tuesday, 6 December 2016 at 08:44 am GMT+7

Dear Ms. Nurul 'Atigah Hamid
in Melaka Malaysia

Base on online publication of paper in Jurnal Teknologi (UTM Publisher) at
http://www.jurnalteknologi.utm.my/index.php/jurnalteknologi/article/viewFile/9887/596 5, | would like inform you that it
has false writing must be chaged:

1. 3rd Author
Ontoseno Penangsan (false)---Ontoseno Penangsang (correct)
2. The name of PhD Department in ITS Surabaya

Electrical Engineering Department (false)----Department of Electrical Engineering (correct)---Base on last email 24 Sep
2016.

3. The name of my institution in University of Bhayangkara Surabaya

Electrical Engineering Study Program (false)---Study Program of Elecrical Engineering (correct)---Base on last email 24
Sep 2016.

| have attached two file for you as consideration.

This is my request and thanks a lot for your helping.

Amirullah

PhD Student in Electrical Enginering
ITS Surabaya


http://www.jurnalteknologi.utm.my/index.php/jurnalteknologi/article/viewFile/9887/596

Fwd: Correction of Ontoseno Penangsang and Department of Electrical Engineering

From: Amirullah Amirullah (amirullah.ubhara.surabaya@gmail.com)
To:  atigah@skaievent-technovation.my

Bcc: am9520012003@yahoo.com

Date: Tuesday, 6 December 2016 at 08:47 am GMT+7

---------- Forwarded message ----------

From: Amirullah Amirullah <amirullah.ubhara.surabaya@gmail.com>

Date: 2016-12-06 8:44 GMT+07:00

Subject: Correction of Ontoseno Penangsang and Department of Electrical Engineering
To: NURUL 'ATIQAH HAMID <atigah@skaievent-technovation.my>

Dear Ms. Nurul 'Atigah Hamid
in Melaka Malaysia

Base on online publication of paper in Jurnal Teknologi (UTM Publisher) at http://www.jurnalteknologi.
utm.my/index.php/ jurnalteknologi/article/ viewFile/9887/596 5, | would like inform you that it has false writing must be
chaged:

1. 3rd Author
Ontoseno Penangsan (false)---Ontoseno Penangsang (correct)
2. The name of PhD Department in ITS Surabaya

Electrical Engineering Department (false)----Department of Electrical Engineering (correct)---Base on last email 24
Sep 2016.

3. The name of my institution in University of Bhayangkara Surabaya

Electrical Engineering Study Program (false)---Study Program of Elecrical Engineering (correct)---Base on last email
24 Sep 2016.

| have attached two file for you as consideration.

This is my request and thanks a lot for your helping.

Amirullah

PhD Student in Electrical Enginering
ITS Surabaya

Photo Online Jurnal Teknologi_Amirullah PhD ITS Surabaya Indonesia.jpg
125.9kB

G‘j Jurnal_multi_single_ash_Revisi_24 Sep 2016.pdf
567.7kB
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Multi Units of Single Phase Distributed Generation Combined with Battery Energy Storage for Phase Power Balancing in Distribu

Randomly installed distributed generators (DGs) in households may cause unbalanced line current in a distribution network. This paper presents a battery
balancing of line current in a distribution network involving multi units of single phase photovoltaic (PV) distributed generators (DGs). In this paper, the P\
simulated consisting of a buck-boost DC/ DC converter and single phase DC/AC inverter. It was connected to the distribution line through the low voltage 2
proposed phase balancing system uses a battery energy storage and three single phase bidirectional inverters. The inverter is capable of injecting current or
from the line to the battery. This inverter operation is arranged to balance each distribution line separately, as well as to improve other power quality pa
voltage and current harmonics. Simulation results show that the system was capable of improving the unbalanced line current from 15.59 % to 11,48 % an
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Randomly installed distributed generators (DGs) in households may cause unbalanced line current in a distribution network. This
paper presents a battery energy system for balancing of line current in a distribution network involving multi units of single phase
photovoltaic (PV) distributed generators (DGs). In this paper, the PV generators were simulated consisting of a buck-boost DC/
DC converter and single phase DC/AC inverter. It was connected to the distribution line through the low voltage 220 volt 50 Hz.
The proposed phase balancing system uses a battery energy storage and three single phase bidirectional inverters. The inverter is
capable of injecting current or absorbing power from the line to the battery. This inverter operation is arranged to balance each
distribution line separately, as well as to improve other power quality parameters, such as voltage and current harmonics.
Simulation results show that the system was capable of improving the unbalanced line current from 15.59 % to 11,48 % and

unbalanced line voltage from 1.76 % to 0.58 %.

Keywords: Single Phase Photovoltaic; Battery Energy Storage; Phase Power Balancing; Power Quality

1. INTRODUCTION

Energy can be stored on a large scale e.g.
using dams for water or reservoirs for oil/gas. Ideally,
the electrical energy produced, should be distributed
to customers. Unfortunetely, photovoltaic (PV) energy
has to be stored, because this energy is not capable
of being produced at night or periods of cloudy days.
Energy storage then becomes an important thing to
ensure the power supply continues over time. The most
widely used as a storage for PV systems is the battery
bank, because it is inexpensive and simple to
manufacture, reliable, and  well  understood
technology, when used appropriately and correctly, is
durable and provide dependable service. Battery
energy storage is used to smooth the output
fluctuations of the entire system of hybrid PV and
battery. One of the most important factors for the
studied PV based distributed generation (DG) is in
terms of efficiency are: (i) it can directly convert PV
power to the electricity system, (ii) it can extract stored
energy from batteries if PV power is insufficient, and (iii)

© 2015 Penerbit UTM Press. All rights reserved

it can store energy into batteries, if the PV power is
abundant [1]. There are two models of PV generator
connected to the distribution network or grid, namely:
(i) single phase PV generator is connected into the
three phase four wire grid through a three phase
DC/AC inverter and (i) multi unit of single phase PV
generator is connected at random into the three
phase four wire grid through a single phase DC/AC
inverter. The existence of DG in the form of a single
phase PV generator of households scale randomly
inserted in a community, can cause unbalance phase
power in the distribution network.

Research on the modeling and improving the
quality of grid connected PV generation/ battery
system have been proposed. Researchers investigated
PV array connected to the grid through a buck-boost
DC/DC converter and optimized the output of PV
using mppt and DC/AC inverter [2]. Other quality
improvement methods such as the use of multilevel
inverters are also proposed by researchers [3]. Method
of phase power balancing for diesel generator hybrid
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has been proposed by researchers [4]. Unbalanced
power in every phase is compensated by varying the
power for charging batteries. Under power loaded is
increased by higher power of battery charging.
However, the system only discussed on power
balancing and did not focus on the unbalanced
voltage. Phase power method to balance the use of
arfificial inteligent in the hybrid system of diesel
generator-battery has been done [5]. Unbalanced
current and voltage is controlled by four arms inverter,
which is supplied by batteries or renewable energy
sources. Research on modeling and analysis of single-
phase PV generator, connected to the three-phase
four-wire grid, through three phase DC/AC inverter
supplied battery energy storage has been done.
However, in this study there was no detailed discussion
on methods to balance the current and voltage
phase between PV generator and grid [6]. Research
on the battery energy storage to regulate the balance
of power between PV generator and non-linear load
connected grid considering power quality parameter
at the point PCC bus has been carried out by [7]. The
weakness of this study only considers the impact of
integration system of PV/battery hybrid against current
harmonics.

The paper presents to balance of phase
current and voltage due to the presence of multi unit
of single phase PV distributed generators (DGs)
installed in large quantities at random in the three
phase four wire distribution network. The proposed
system use the battery energy storage and three single
phase bidirectional inverter for improving power
quality issues. Power quality parameters studied are
the voltage and current unbalanced, as well as
harmonics.

2. MODELLING OF THE PROPOSED SYSTEM

Figure 1 shows the proposed model of multi
units of single phase PV distributed generators system
and phase balancing with battery energy storage. It is
connected to the three phase four wire distribution line
through the low voltage 220 volt and 50 Hz. The circuit
consists of multi circuit models numbering four single
phase PV generators, a buck-boost DC/DC converter,
and single phase DC/AC converter (Figure 1). The
circuit is then combined with batftery energy storage
and subsequently entered info the distribution network
through three single phase bidirectional inverter. A
maximum power point fracking (MPPT) is affached in
the PV generator to maximize the power, while the 3-
phase bidirectional inverter regulates the battery
energy storage for injecting or absorbing current from
the network. Analysis of unbalance line current and
unbalance line voltage carried on point of common
coupling (PCC) bus refers to the ANSI/IEEE 241-1990
Standard.

This research also investigates impact of
infegration of four single phase PV distributed
generators supplied battery energy strorage to power
quality (harmonics current and voltage) on the side of
three phase four wire distribution network. Power
quality analysis is performed by determining Total
Harmonic Distortion (THD) of current and voltage on

the PCC bus of distribution network. Harmonics values
are compared against voltage and current THD is
based on the IEEE Standard 519-1992 as the basis to
determine level of power quality in the proposed
model. Analysis of current unbalance, voltage
unbalance, and power quality is performed before
and after four single-phase PV generators combined
with battery energy storage through three single phase
bidirectional inverter. Circuit breakers (CBs) are added
to realize the operation mode of this system.
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Figure 1. Proposed model of multi unifs of single phase PV
distributed generators for phase power balancing with
battery energy storage
2.1. Photovoltaic Array Model

Photovoltaic cells consist of a p-n junction
made in a thin wafers or layers of semiconductors.
There are a number of types of solar cells made of
different materials. The material is  usually
monocrystalline or polycrystalline silicon. The ideal solar
cell is the one which current source is connected in
anfiparallel with a diode as shown in Figure 1. When
the cells exposed to sunlight, the direct current
generated which value varies linearly with solar
radiation. The model can be developed, including the
effect of shunt resistance and series resistance. The
equivalent circuit of the single diode model for PV cell
is shown in Figure 2 [6].

—— e

Figure 2. Equivalent circuit of photovoltaic cell based on
single diode model



The output current of PV panel can be
derived from Kirchhoff's laws, as expressed in the
equation lpv = Iph - la - Ip Where Ipv is the cell current, Ipn
is the photocurrent, Iq4 is internal diode current, and Ip is
the shunt current passes through the p-n junction. PV
module consists of several PV cells connected in
parallel or series depending on power of PV modules.
The power of a PV module is limited to a few hundred
watts. When higher power is required, the PV modules
connected in series and parallel to obtain the PV
array. The theoretical model of PV array developed
from single PV cell. The general equation of current
and voltage of the solar cellis given as follows:

D 4
oy :Iph_ld_Ipzlph_lole[KFrj _1]_\/d

Ro (1)

Where, Io is saturation current, Vg4 is diode voltage is
expressed in volts, K is Boltzmann constant, F is PV cell
ideally constant, g is number of electrons, Tev is
temperature of the cell, Rs is series resistance, Rp is
parallel resistance. The equivalent circuit of PV cells
arranged in parallel Nr and Ns series is shown in Figure
3 [6], the current and voltage PV array becomes:

o Yo Re
Ry R,
NsKFTpy

l, =N_1_ —1]e -1

h 0
PP R

Where Np shows the number of modules in
parallel. Notes that each module consist of Ns cells
connected in series. Ns Ion related to short circuit
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Figure 3. Electrical equivalent of solar array circuit

2.2. Battery Model

Battery are the main storage technology used
in PV systems. Various types of battery models have
been developed for different application fields. For
example, the electrochemical models are used in the
design of batteries. The models describe the battery in
its very detail using a set of six coupled differential
equations. Another example is the electrical circuits
models in electrical engineering, which focus on the
electrical properties of the batteries. Although these
models describe the battery accurately. A simple
equivalent battery is shown in Figure 4 [6]. A various
models show predict battery behavior to varying
degrees of accuracy. The circuit models of the internal
resistance and fransient behavior of the battery using
the series and two branches of RC circuit.

Figure 4. Equivalent circuit of 2nd order Randle model

Figure 4 [6] shows a second order Randle
model circuit where Ro is the internal resistance of the
battery's terminal and inter-cell connections. The other
resistances and capacitors are used to model the cell
dynamics. The baftery model takes info account of
the battery state of charge (SOC) and the deep of
charge (DOC). Where, the first branch R; and C; is
associated with the battery’s SOC, the second branch
R2 and C2 is associated with the baftery's DOC.
Furthermore, the second order Randle models voltage
generator (Vocv) models the open circuit voltage
(which is a the voltage of the cell when it is rested) as
a function of SOC. It depends on the SOC,
temperature, and also the design of devices. The
battery voltage is expressed as follows;

R R
Vaurr =Vooy (SOC) = lyr| Ry + —— L — 4 —2 (3)
BATT ocv ( ) BATT[ 0 1+ SRlcl 1+ SRZCZ J

B 7 7 K(@+sK;) (4)
Vearr =Vocv (SOC) learr Ro = Toarr ((1+ SKZ)(1+ SK3)J
R = RlOe(_Kl(l_ SOC)) (5)
. (6
DOC
1
SOCzl—C—ndBATTdr (7)
1
DOC=1— | (8)
ocC Cling, J. earr 47

Where Vsar is battery voltage V, Vocv is battery
voltage generator V, Isar is battery current A, SOC is
the state of the charge of the battery, DOC is the
deep of the charge of battery, Cn is the battery
capacity, C (iavg) is the current dependent battery
capacity, Eo is the open circuit voltage when the
battery is fully charge, Rio is the first RC branch
constant in Q, 1 is the first RC branch time constant in
sec, K1 is a constant, Rz is the second RC branch
constant in Q, 2 is the second RC branch time
constantin Q.

2.3. Battery Energy Storage

Battery energy storage consists of two parts, a
battery and a bidirectional converter circuit.
Bidirectional converter is a converter that is capable of
raising and lowering the voltage in both directions.
When bidirectional converter use to charge the
battery energy storage, bidirectional converter is
operating on buck mode or lower the voltage. When
bidirectional converter use to discharge the battery
energy storage, bidirectional converter is operating as
boost mode or raise the voltage. Bidirectional
converter has two switches which are used fo turn
buck or boost mode and change the direction of
current flow charging and discharging the battery



enery storage. Battery energy storage circuit is shown
in Figure 5. Equation 9 and 10 are used fo model
bidirectional converter in continous Conduction Mode
[8.9].

L=V0(\/DC _Vo) (9)
AILFsVDC
Al (10)

C, . =——t
2 8E AV,
In this paper, the battery energy storage
functions to balance line current and voltage in three
phase four wire low voltage 220 volt 50 hz distribution
network by compensating the unbalance current of
each phase. The operation of battery energy storage
is regulated according to energy management system
before and after connected to three phase four wire
low voltage distribution network. The PCC voltage
distribution network is fixed by utility grid. The battery
energy storage functions to balance the power of
each phase so that the grid still supplies the balance
power to three phase four wire low voltage
distribution network [?].

Figure 5. Model of battery energy storage

2.4. Single Phase PV Generator Model

Figure 6 shows the model of single phase PV
generator [10]. The circuit consists of PV array, boost-
buck converter circuit, and single phase DC/AC full
brigde inverter. A boost-buck type DC/DC converter is
proposed as the first stage with regulated output
current inductor and full bridge circuit with the line
frequency of 50 or 60 Hz is applied on DC-AC stage,
which generated a pure sinusoidal current. The circuit
operates either in boost and buck mode. Since only
the boost DC/DC converter operates with high
switching frequency all the time in proposed system,
the efficiency is improved [11]. And because of that
equipment is only one high frequency power
processing stage in personal computer (PC), the
reability can be greatly increase [12].

Buck Boost Single Phase
IC/DC Converter DCIAC Inverter

D

Figure 6. Single Phase PV Generator Model

2.3. Voltage and Current Unbalance

There are several standards that can be used
to determine the level of voltage unbalance in three-
phase systems, e.g. IEC, NEMA, and IEEE. In this study,
the value of unbalance voltage use Equation 11 is
based ANSI / IEEE 241-1990 standard [14] as follows:

Ivavarage _Va,b,c min or max

V

avarage

By using Equation 11, value of unbalance
voltage expressed in percent (%) and is defined as
follows; Vavarage is the average value of maximum
voltage on phase a, b, ¢, (volt), Vap.c min is minimum
voltage on phase a, b, ¢, (volt), Vab,c max is maximum
voltage on phase a, b, ¢ (volt ). By using the same
equation, then the percentage of unbalance current

x100% (11)

V(%) =

can

be calculated by

replacing

the voltage

magnitude into the current magnitude.
3. Results and Discussion

Table 1

shows devices,

parameters,

and

design values of simulation data multi units of single
phase PV with battery energy storage.
Table 1. Simulation Data

Devices Parameters Design Value
Each single phase PV Active Power 0.6 kW
generator Temperature 250 C
Irradiance 1000 W/m?
Three phase grid MVAsc 100 MVA
Voltage (L-L) 380 volt
Frequency 50 Hz
Transformer Power 50 kVA
Voltage 20/380 kV
Frequency 50 Hz
Three phase load Active Power 1 kW
Voltage 380 Volt
Frequency 50 Hz
Low voltage Resistance R=0,1273 Ohm
distributed line Inductance L =93,37 mH
3 phase 4 wire Capasitance C=0,1274 yF
LC filter Resistance R=20Ohm
Inductance L=10mH
Capacitance C=10pF
Battery Type Nickel Metal Hibrid
DC Voltage 400 V
Rated Cap. 100 Ah
Initial SOC 100%
Bidirectional Inductance 6 mH
Converter Capacitance 1 200 uF
Capacitance 2 200 uF
Switching Freq. 4 kHz
Mod. Index 0.8
Frequency 50 Hz
Three single phase Switching Freq. 4 kHz
Bidirectional inverter Mod. Index 0.8
Frequency 50 Hz

Figure 7 and 8 show a phase current of three-

phase four-wire grid on the bus point of PCC bus,
before and after multi units of single phase PV
distribution generators (DGs) combined with battery
energy storage (BES) and three single phase
bidirectional inverter. Figure 9 presents inverter current.

"! e 3 o ] i W ) T 3 3
Figure 7. Phase current of three phase four-wire distribution
network on PCC bus before multi units of single phase PV DGs

combined with BES



Figure 8. Phase current of thee phase four-wire distribution
network on PCC bus after multi units of single phase PV DGs
combined with BES

Figure 9. Inverter current after multi units of single phase PV
DGs combined with BES

Figure 10 and 11 show a phase voltage of
three-phase four-wire distribution nework on the PCC
bus, before and after multi units of single phase PV
DGs combined with battery energy storage and three
single phase bidirectional inverter. Figure 12 presents
inverter voltage after mulfi unifs of single phase PV DGs
combined with BES.

Figure 10. Phase vol’roge of ’rhree phose four wire distribution
network on PCC bus before multi units of single phase PV DGs
combined with BES

Figure 11. Phase voltage of fk;re—e phase four wire distribution
network on PCC bus after multi units of single phase PV DGs
combined with BES

Figure 12. Inverter vol’roge of’rer mul’n un|Ts of smgle phase PV
DGs combined with BES

From Figure 7, 8, 10, and 11, we get phase
current and voltage of three-phase four-wire grid on
PCC bus before and after multi units of single phase PV
DGs combined with battery energy storage and three
phase bidirectional inverter. The value of maximum
phase current and phase voltage on each phase
(phase A, B, and C) is inserted into Equation 11 to
obtain the value of current and voltage unbalance
based ANSI/IEEE 241-1990 Standard [14].

Based on the maximum current and voltage
on phase A, B, and C, we get the value of current and
voltage unbalance of three-phase four-wire grid on
PCC bus before and after multi units of single phase PV
generator combined with battery energy storage and
three single phase bidirectional inverter, which the
results are shown in Table 2.

Table 2 shows that, before multi units of single PV
DGs combined with battery energy storage and three
single phase bidirectional inverter, the peak currents in
phase A, B, and C are 39, 33 and 45 ampere
respectively which generates an unbalanced line
current of 15.39 %. On the condition after multi units of
single PV DGs combined with baftery energy storage
and three single phase bidirectional inverter, the peak
current in phase A, B, and C are 40, 36, and 46
amperes respectively, thus causing the unbalance line
current reduces to 11.48 %.

Table 2 also shows that, before mulfi unit of
single phase PV DGs combined with battery energy
sforage and three single phase bidirectional inverter,
the peak voltage in phase A, B, and C are 280, 290
and 285 volts respectively, which produces the value
of unbalance line voltage of 1.76 %. On the condifion
after multi unit of  single phase PV distributed
generators combined with battery energy storage
and three single phase bidirectional inverter, it is
obtained the peak voltage on the phase A, B, and C
are 290, 295, and 290 volts respectively, as well as
results decline of the unbalance line voltage of 0.58%.

The research also invetigates the impact of the
combination multi units of single phase PV DGs with
battery energy storage to power quality on three
phase four wire low voltage of distribution line 220 volt
and 50 Hz. Power quality analysis is done by
determining the value of current (THD)) and voltage
harmonic (THDv) on the bus PCC of distribution
network. Figure 13 shows the harmonics spectrum of
current (phase A) in three phase four wire on the bus
PCC of distribution network after multi unit of single
phase PV DGs combined with BES and three single
phase bidirectional inverter. By the same prosedure
the value of current (THD)) and voltage harmonic
(THDv) in phase B and C can be determined, to obtain
the average THD of current and voltage, which the
results are shown in Table 3.

Selecad signa. 25 cyces. FFT window fin e 1 cycles
T T T T T

- - _ .
e - —
J \ /

m -~ I Sy I

] 0005 o 00s e nn, 13 003 W s 0%
s

(o) Gl'ld Curren’r

(b) Harmonic specfrum of current (phase A)

Figure 13. Harmonic spectrum of current (phase A) in three
phase four wire grid on the PCC bus after multi units of single
phase PV DGs combined with BES

Table 3 shows the average value of current
harmonic (THDi) of three-phase four-wire distribution
network on the PCC bus, before and after multi units of
single phase PV DGs combined with baftery energy
sforage and three phase bidirectional inverter,
increase fromis 0.98 % to 1.03%. Both the average THD
values of current is still below the 5% limit of harmonic
currents based on IEEE Standard 519-1992 [15]. Table 3
also shows the average value of voltage harmonic
(THDv) of three phase four wire distribution network on




PCC bus, before and after multi units of single phase
PV DGs combined with battery energy storage and
three single phase bidirectional inverter rises started
from 38.96% to 39.08%. Both the average value of
voltage harmonic (THDv) has exceeded the 5% limit
harmonic voltage based on IEEE Standard 519-1992.

4. CONCLUSION

A method for balancing line current and line
voltage as a result of a mulfi unit of single phase PV
DGs in household installed at random in the three
phase four wire low voltage distribution line 220 V and
50 Hz using battery energy storage and three single
phase bidirectional inverter has been presented in this
paper. In this paper also has been presented the
impact of combination multi units of single phase PV
distributed generators with battery energy storage fo
power quality on three phase four wire distribution
network. From the analysis, combination of multi units
of single phase PV DGs with batftery energy storage
and three single phase bidirectional inverter to three
phase four wire distribution network able to reduce
unbalanced line current from 15.39% fo 11.48% and
unbalance line voltage of 1.76% to 0.58%. Reviewed
from the power quality parameters, the combination
of a multi unitis of single PV DGs with battery energy
storage and three single phase bidirectional inverter to
three single phase four wire distribution network able
to increase average harmonic of current from 0.98% to
1.03% and avarege harmonic of voltage from 38.96%
and 39.08%.
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Table 2. Unbalance line current and voltage of three-phase four-wire distribution network on PCC bus before and after mulfi units
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Before 1¢ PV DGs combined

After 1¢ PV DGs combined

No. Parameters with battery energy storage with battery energy storage
A B (%) A B [ (%)
1 Current (Ampere) 39 33 15.39 40 36 46 11.48
2 Voltage (Volt) 280 290 1.76 290 295 290 0.58

Table 3. Current and voltage harmonic of three phase four wire of distribution network on PCC bus

Before 1¢ PV DGs combined
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No. Harmonic Parameter with battery energy storage with battery energy storage
A B C Average A B [ Average
1 Current THD (%) 1.16 0.83 0.95 0.98 1.21 0.87 1.02 1.03
2 Voltage THD (%) 29.77 35.72 51.39 38.96 29.97 35.77 51.50 39.08
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Abstract

Randomly installed distributed generators (DGs) in households may cause unbalanced line current in a distribution network. This
paper presents a battery energy system for balancing of line current in a distribution network involving multi units of single phase
photovoltaic (PV) distributed generators (DGs). In this paper, the PV generators were simulated consisting of a buck-boost DC/
DC converter and single phase DC/AC inverter. It was connected to the distribution line through the low voltage 220 volt 50 Hz.
The proposed phase balancing system uses a battery energy storage and three single phase bidirectional inverters. The inverter is
capable of injecting current or absorbing power from the line to the battery. This inverter operation is arranged to balance each
distribution line separately, as well as to improve other power quality parameters, such as voltage and current harmonics.
Simulation results show that the system was capable of improving the unbalanced line current from 15.59 % to 11,48 % and

unbalanced line voltage from 1.76 % to 0.58 %.

Keywords: Single Phase Photovoltaic; Battery Energy Storage; Phase Power Balancing; Power Quality

1. INTRODUCTION

Energy can be stored on a large scale e.g.
using dams for water or reservoirs for oil/gas. Ideally,
the electrical energy produced, should be distributed
to customers. Unfortunetely, photovoltaic (PV) energy
has fo be stored, because this energy is not capable
of being produced at night or periods of cloudy days.
Energy storage then becomes an important thing to
ensure the power supply continues over time. The most
widely used as a storage for PV systems is the battery
bank, because it is inexpensive and simple fo
manufacture, reliable, and well  understood
technology, when used appropriately and correctly, is
durable and provide dependable service. Baftery
energy storage is used to smooth the oufput
fluctuations of the entfire system of hybrid PV and
battery. One of the most important factors for the
studied PV based distributed generation (DG) is in
terms of efficiency are: (i) it can directly convert PV
power to the electricity system, (ii) it can exiract stored
energy from batteries if PV power is insufficient, and {iii)

© 2015 Penerbit UTM Press. All rights reserved

it can store energy into batteries, if the PV power is
abundant [1]. There are two models of PV generator
connected to the distribution network or grid, namely:
(i) single phase PV generator is connected info the
three phase four wire grid through a three phase
DC/AC inverter and (i) multi unit of single phase PV
generator is connected aft random into the three
phase four wire grid through a single phase DC/AC
inverter. The existence of DG in the form of a single
phase PV generator of households scale randomly
inserted in a community, can cause unbalance phase
power in the distribution network.

Research on the modeling and improving the
quality of grid connected PV generation/ battery
system have been proposed. Researchers investigated
PV array connected to the grid through a buck-boost
DC/DC converter and opfimized the output of PV
using mppt and DC/AC inverter [2]. Other quality
improvement methods such as the use of multilevel
inverters are also proposed by researchers [3]. Method
of phase power balancing for diesel generator hylbrid
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has been proposed by researchers [4]. Unbalanced
power in every phase is compensated by varying the
power for charging batteries. Under power loaded is
increased by higher power of battery charging.
However, the system only discussed on power
balancing and did not focus on the unbalanced
voltage. Phase power method to balance the use of
artificial intelligent in the hybrid system of diesel
generator-batftery has been done [5]. Unbalanced
current and voltage is controlled by four arms inverter,
which is supplied by batteries or renewable energy
sources. Research on modeling and analysis of single-
phase PV generator, connected fo the three-phase
four-wire grid, through three phase DC/AC inverter
supplied battery energy storage has been done.
However, in this study there was no detailed discussion
on methods to balance the current and voltage
phase between PV generator and grid [6]. Research
on the battery energy storage to regulate the balance
of power between PV generator and non-linear load
connected grid considering power quality parameter
at the point PCC bus has been carried out by [7]. The
weakness of this study only considers the impact of
integration system of PV/battery hybrid against current
harmonics.

The paper presents to balance of phase
current and voltage due to the presence of multi unit
of single phase PV distributed generators (DGs)
installed in large quantities at random in the three
phase four wire distribution network. The proposed
system use the battery energy storage and three single
phase bidirectional inverter for improving power
quality issues. Power quality parameters studied are
the voltage and current unbalanced, as well as
harmonics.

2. MODELLING OF THE PROPOSED SYSTEM

Figure 1 shows the proposed model of multi
units of single phase PV distributed generators system
and phase balancing with battery energy storage. It is
connected to the three phase four wire distribution line
through the low voltage 220 volt and 50 Hz. The circuit
consists of multi circuit models numbering four single
phase PV generators, a buck-boost DC/DC converter,
and single phase DC/AC converter (Figure 1). The
circuit is then combined with battery energy storage
and subsequently entered info the distribution network
through three single phase bidirectional inverter. A
maximum power point fracking (MPPT) is aftached in
the PV generator to maximize the power, while the 3-
phase bidirectional inverter regulates the battery
energy storage for injecting or absorbing current from
the network. Analysis of unbalance line current and
unbalance line voltage carried on point of common
coupling (PCC) bus refers to the ANSI/IEEE 241-1990
Standard.

This research also investigates impact of
infegration of four single phase PV distributed
generators supplied battery energy strorage to power
quality (harmonics current and voltage) on the side of
three phase four wire distribution network. Power
quality analysis is performed by determining Toftal
Harmonic Distorfion (THD) of current and voltage on

the PCC bus of distribution network. Harmonics values
are compared against voltage and current THD is
based on the IEEE Standard 519-1992 as the basis fo
determine level of power quality in the proposed
model. Analysis of current  unbalance, voltage
unbalance, and power quality is performed before
and after four single-phase PV generators combined
with battery energy storage through three single phase
bidirectional inverter. Circuit breakers (CBs) are added
to realize the operation mode of this system.
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Figure 1. Proposed model of mulli units of single phase PV
distributed generators for phase power balancing with
battery energy storage
2.1. Photovoltaic Array Model

Photovoltaic cells consist of a p-n junction
made in a thin wafers or layers of semiconductors.
There are a number of types of solar cells made of
different materials. The material is  usually
monocrystalline or polycrystalline silicon. The ideal solar
cell is the one which current source is connected in
anfiparallel with a diode as shown in Figure 1. When
the cells exposed to sunlight, the direct current
generated which value varies linearly with solar
radiation. The model can be developed, including the
effect of shunt resistance and series resistance. The
equivalent circuit of the single diode model for PV cell
is shown in Figure 2 [6].

e e e e —

-

Figure 2. Equivalent circuit of photovoltaic cell based on
single diode model



The oufput current of PV panel can be
derived from Kirchhoff's laws, as expressed in the
equation Ipy = Iph - la - Io where Ipv is the cell current, Ipn
is the photocurrent, I4 is internal diode current, and Ip is
the shunt current passes through the p-n junction. PV
module consists of several PV cells connected in
parallel or series depending on power of PV modules.
The power of a PV module is limited fo a few hundred
watts. When higher power is required, the PV modules
connected in series and parallel to obtain the PV
array. The theoretical model of PV array developed
from single PV cell. The general equation of current
and voltage of the solar cellis given as follows:

EANR
_ _ KFT d
|PV_|ph—|d—|p_|ph—|0[e —1]—

Ro ()

Where, o is saturation current, Vq is diode voltage is
expressed in volts, K is Boltzmann constant, F is PV cell
ideally constant, g is number of electrons, Tev is
temperature of the cell, Rs is series resistance, Rp is
parallel resistance. The equivalent circuit of PV cells
arranged in parallel Ne and Ns series is shown in Figure
3 [6], the current and voltage PV array becomes:
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Where Np shows the number of modules in
parallel. Notes that each module consist of Ns cells
connected in series. Ns, lon related to short circuit
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Figure 3. Electrical equivalent of solar array circuit

2.2. Battery Model

Battery are the main storage technology used
in PV systems. Various types of battery models have
been developed for different application fields. For
example, the electrochemical models are used in the
design of batteries. The models describe the battery in
its very detail using a set of six coupled differential
equations. Another example is the electrical circuits
models in electrical engineering, which focus on the
electrical properties of the batteries. Although these
models describe the battery accurately. A simple
equivalent battery is shown in Figure 4 [6]. A various
models show predict battery behavior to varying
degrees of accuracy. The circuit models of the internal
resistance and fransient behavior of the battery using
the series and two branches of RC circuit.
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Figure 4. Equivalent circuit of 2nd order Randle model

Figure 4 [6] shows a second order Randle
model circuit where Ro is the intfernal resistance of the
battery's terminal and inter-cell connections. The other
resistances and capacitors are used fo model the cell
dynamics. The battery model takes info account of
the battery state of charge (SOC) and the deep of
charge (DOC). Where, the first branch R; and C; is
associated with the battery’'s SOC, the second branch
R2 and C:2 is associated with the bafttery's DOC.
Furthermore, the second order Randle models voltage
generator (Vocv) models the open circuit voltage
(which is a the voltage of the cell when it is rested) as
a function of SOC. It depends on the SOC,
temperature, and also the design of devices. The
battery voltage is expressed as follows;

R R 3
Vearr = SOC) — lgurr | Ry + 14 2 (3)
B ooy ( )~ e [ 0 1+sR,C, 1+sR2C2j

K(1+sK,) (4)
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R, = (€)
DOC
1
soc:=1—c—njlamdf v
DOC=1—%jlde X
avg)

Where Vsar is battery voltage V, Vocv is battery
voltage generator V, Igar is battery current A, SOC is
the state of the charge of the battery, DOC is the
deep of the charge of battery, Cn is the battery
capacity, C (iavg) is the current dependent battery
capacity, Eo is the open circuit voltage when the
battery is fully charge, Rio is the first RC branch
constant in Q, 1 is the first RC branch time constant in
sec, K1 is a constant, Rz is the second RC branch
constant in Q, 2 is the second RC branch time
constantin Q.

2.3. Battery Energy Storage

Battery energy storage consists of two parts, a
battery and a bidirectional converter circuit.
Bidirectional converter is a converter that is capable of
raising and lowering the voltage in both directions.
When bidirectional converter use to charge the
battery energy storage, bidirectional converter is
operating on buck mode or lower the voltage. When
bidirectional converter use to discharge the battery
energy storage, bidirectional converter is operating as
boost mode or raise the voltage. Bidirectional
converter has two switches which are used to turn
buck or boost mode and change the direction of
current flow charging and discharging the battery



enery storage. Battery energy storage circuit is shown
in Figure 5. Equation 9 and 10 are used to model
bidirectional converter in continous Conduction Mode
[8.9].
L = YolVoc Vo) )
AI LFSVDC
— AIL
20 T 8E AV,
In this paper, the battery energy storage
functions to balance line current and voltage in three
phase four wire low voltage 220 volt 50 hz distribution
network by compensating the unbalance current of
each phase. The operation of battery energy storage
is regulated according to energy management system
before and after connected to three phase four wire
low voltage distribution network. The PCC voltage
distribution network is fixed by utility grid. The battery
energy storage functions to balance the power of
each phase so that the grid still supplies the balance
power to three phase four wire low voltage
distribution network [?].

(10)

Figure 5. Model of battery energy storage

2.4. Single Phase PV Generator Model

Figure 6 shows the model of single phase PV
generator [10]. The circuit consists of PV array, boost-
buck converter circuit, and single phase DC/AC full
brigde inverter. A boost-buck type DC/DC converter is
proposed as the first stage with regulated output
current inductor and full bridge circuit with the line
frequency of 50 or 60 Hz is applied on DC-AC stage,
which generated a pure sinusoidal current. The circuit
operates either in boost and buck mode. Since only
the boost DC/DC converter operates with high
switching frequency all the fime in proposed system,
the efficiency is improved [11]. And because of that
equipment is only one high frequency power
processing stage in personal computer (PC), the
reability can be greatly increase [12].

Buck Boost Single Phase
DC/DC Ganverter DCIAC Inverter

Figure 6. Single Phase PV Generator Model

2.3. Voltage and Current Unbalance

There are several standards that can be used
to determine the level of voltage unbalance in three-
phase systems, e.g. IEC, NEMA, and IEEE. In this study,
the value of unbalance voltage use Equation 11 s
based ANSI / IEEE 241-1990 standard [14] as follows:

Navarage _Va,b,cmin or max

V

avarage

x100% (11)

V(%) =

By using Equation 11, value of unbalance
voltage expressed in percent (%) and is defined as
follows; Vavarage is the average value of maximum
voltage on phase a, b, ¢, (volt), Vab.c min is minimum
voltage on phase a, b, ¢, (volt), Vab.c max is maximum
voltage on phase a, b, c (volt ). By using the same
equation, then the percentage of unbalance current
can be calculated by replacing the voltage
magnitude into the current magnitude.

3. Results and Discussion
Table 1 shows devices, parameters, and
design values of simulation data mulfi units of single
phase PV with battery energy storage.
Table 1. Simulation Data

Devices Parameters Design Value
Each single phase PV Active Power 0.6 kW
generator Temperature 250 C
Iradiance 1000 W/m?2
Three phase grid MVAsc 100 MVA
Voltage (L-L) 380 volt
Frequency 50 Hz
Transformer Power 50 kVA
Voltage 20/380 kV
Frequency 50 Hz
Three phase load Active Power 1 kW
Voltage 380 Volt
Frequency 50 Hz
Low voltage Resistance R=0,1273 Ohm
distributed line Inductance L=93,37 mH
3 phase 4 wire Capasitance C=0,1274 yF
LC filter Resistance R=20Ohm
Inductance L=10mH
Capacitance C=10pF
Battery Type Nickel Metal Hibrid
DC Voltage 400 V
Rated Cap. 100 Ah
Initial SOC 100%
Bidirectional Inductance 6 mH
Converter Capacitance 1 200 uF
Capacitance 2 200 pF
Switching Freq. 4 kHz
Mod. Index 0.8
Frequency 50 Hz
Three single phase Switching Freq. 4 kHz
Bidirectional inverter Mod. Index 0.8
Frequency 50 Hz

Figure 7 and 8 show a phase current of three-

phase four-wire grid on the bus point of PCC bus,
before and after multi units of single phase PV
distribution generators (DGs) combined with battery
energy storage (BES) and three single phase
bidirectional inverter. Figure 9 presents inverter current.
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Figure 7. Phase current of three phase four-wire distribution
network on PCC bus before multi units of single phase PV DGs

combined with BES



Figure 8. Phase current of three phase four-wire distribution
network on PCC bus after multi units of single phase PV DGs
combined with BES

SN

Figure 9. Inver’rer current ofTer muITl uans of smgle phase PV
DGs combined with BES

Figure 10 and 11 show a phase voltage of
three-phase four-wire distribution nework on the PCC
bus, before and after multi units of single phase PV
DGs combined with battery energy storage and three
single phase bidirectional inverter. Figure 12 presents
inverter voltage after multi units of single phase PV DGs
combined with BES.

Figure 10. Phase voltage of ’rhree phose four wire distribution
network on PCC bus before multi units of single phase PV DGs
combined with BES

Figure 11. Phase voltoge of three phose four wire distribution
network on PCC bus after multi units of single phase PV DGs
combined with BES

ZV\ NN

Figure 12. Inverter voltage after multi units of single phase PV
DGs combined with BES

From Figure 7, 8, 10, and 11, we get phase
current and voltage of three-phase four-wire grid on
PCC bus before and after multi units of single phase PV
DGs combined with battery energy storage and three
phase bidirectional inverter. The value of maximum
phase current and phase voltage on each phase
(phase A, B, and C) is inserted into Equation 11 to
obtain the value of current and voltage unbalance
based ANSI/IEEE 241-1990 Standard [14].

Based on the maximum current and voltage
on phase A, B, and C, we get the value of current and
voltage unbalance of three-phase four-wire grid on
PCC bus before and after multi units of single phase PV
generator combined with battery energy storage and
three single phase bidirectional inverter, which the
results are shown in Table 2.

-

Table 2 shows that, before multi units of single PV
DGs combined with battery energy storage and three
single phase bidirectional inverter, the peak currents in
phase A, B, and C are 39, 33 and 45 ampere
respectively which generates an unbalanced line
current of 15.39 %. On the condition after mulfi units of
single PV DGs combined with battery energy storage
and three single phase bidirectional inverter, the peak
current in phase A, B, and C are 40, 36, and 46
amperes respectively, thus causing the unbalance line
current reduces to 11.48 %.

Table 2 also shows that, before multi unit of
single phase PV DGs combined with battery energy
stforage and three single phase bidirectional inverter,
the peak voltage in phase A, B, and C are 280, 290
and 285 volts respectively, which produces the value
of unbalance line voltage of 1.76 %. On the condifion
aofter multi unit of  single phase PV distributed
generators combined with battery energy storage
and three single phase bidirectional inverter, it is
obtained the peak voltage on the phase A, B, and C
are 290, 295, and 290 volts respectively, as well as
results decline of the unbalance line voltage of 0.58%.

The research also investigates the impact of the
combination multi units of single phase PV DGs with
battery energy storage to power quality on three
phase four wire low voltage of distribution line 220 volt
and 50 Hz. Power quality analysis is done by
determining the value of current (THD) and voltage
harmonic (THDv) on the bus PCC of distribution
network. Figure 13 shows the harmonics spectrum of
current (phase A) in three phase four wire on the bus
PCC of distribution network after multi unit of single
phase PV DGs combined with BES and three single
phase bidirectional inverter. By the same prosedure
the value of current (THD)) and voltage harmonic
(THDv) in phase B and C can be determined, to obtain
the average THD of current and voltage, which the
results are shown in Table 3.
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Figure 13. Harmonic spectrum of current (phase A) in three
phase four wire grid on the PCC bus after multi units of single
phase PV DGs combined with BES

Table 3 shows the average value of current
harmonic (THDi) of three-phase four-wire distribution
network on the PCC bus, before and after multi units of
single phase PV DGs combined with battery energy
sforage and three phase bidirectional inverter,
increase fromis 0.98 % to 1.03%. Both the average THD
values of current is still below the 5% limit of harmonic
currents based on IEEE Standard 519-1992 [15]. Table 3
also shows the average value of voltage harmonic
(THDv) of three phase four wire distribution network on




PCC bus, before and after multi units of single phase
PV DGs combined with battery energy storage and
three single phase bidirectional inverter rises started
from 38.96% to 39.08%. Both the average value of
voltage harmonic (THDv) has exceeded the 5% limit
harmonic voltage based on IEEE Standard 519-1992.

4. CONCLUSION

A method for balancing line current and line
voltage as a result of a multfi unit of single phase PV
DGs in household installed at random in the three
phase four wire low voltage distribution line 220 V and
50 Hz using battery energy storage and three single
phase bidirectional inverter has been presented in this
paper. In this paper also has been presented the
impact of combination multi units of single phase PV
distributed generators with battery energy storage to
power quality on three phase four wire distribution
network. From the analysis, combination of multi units
of single phase PV DGs with battery energy storage
and three single phase bidirectional inverter to three
phase four wire distribution network able to reduce
unbalanced line current from 15.39% to 11.48% and
unbalance line voltage of 1.76% to 0.58%. Reviewed
from the power quality parameters, the combination
of a mulfi units of single PV DGs with battery energy
storage and three single phase bidirectional inverter to
three single phase four wire distribution network able
to increase average harmonic of current from 0.98% to
1.03% and avarege harmonic of voltage from 38.96%
and 39.08%.
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Table 2. Unbalance line current and voltage of three-phase four-wire distribution network on PCC bus before and after multi units

of single phase PV DGs combined with battery energy storage

Before 1¢ PV DGs combined

After 1¢ PV DGs combined

No. Parameters with battery energy storage with battery energy storage
A B (%) A B [ (%)
1 Current (Ampere) 39 33 15.39 40 36 46 11.48
2 Voltage (Voli) 280 290 1.76 290 295 290 0.58

Table 3. Current and voltage harmonic of three phase four wire of distribution network on PCC bus

Before 1¢ PV DGs combined

After 1¢ PV DGs combined

No. Harmonic Parameter with battery energy storage with battery energy storage
A B C Average A B [ Average
1 Current THD (%) 1.16 0.83 0.95 0.98 1.21 0.87 1.02 1.03
2 Voltage THD (%) 29.77 35.72 51.39 38.96 29.97 35.77 51.50 39.08
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Abstract
Randomly installed distributed generators (DGs) in households may cause unbalanced
line current in a distribution network. This research presents a battery energy system for
balancing of line current in a distribution network involving multi units of single phase
photovoltaic (PV) distributed generators (DGs). In this paper, the PV generators were
simulated consisting of a buck-boost DC/DC converter and single phase DC/AC
inverter. It was connected to the distribution line through the low voltage 220 volt 50 Hz.
The proposed phase balancing system uses a battery energy storage and three single
phase bidirectional inverters. The inverter is capable of injecting current or absorbing
power from the line fo the battery. This inverter operation is arranged to balance each
distribution line separately, as well as to improve other power quality parameters, such
as voltage and current harmonics. Simulation results show that the system was capable
of improving the unbalanced line current from 15.59 % to 11,48 % and unbalanced line
voltage from 1.76 % to 0.58 %. The system was able for increasing current harmonics

and phase balancing

Connectfo the 3 phase
4 wire distribution line

Defermine unbalanced
line current and voltage
at PCC bus of low
voltage distribution line

Validate the results with
ANSI/IEEE 241-1990 and

IEEE 519-1992 Standart

Defermine hamonics
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distibution line

1. INTRODUCTION

Energy can be stored on a large scale e.g.
using dams for water or reservoirs for oil/gas. Ideally,
the electrical energy produced, should be distributed
to customers. Unfortunetely, photovoltaic (PV) energy
has to be stored, because this energy is not capable
of being produced at night or periods of cloudy days.
Energy storage then becomes an important thing to
ensure the power supply continues over time. The most
widely used as a storage for PV systems is the battery
bank, because it is inexpensive and simple to
manufacture, reliable, and  well  understood
technology, when used appropriately and correctly, is
durable and provide dependable service. Battery
energy storage is used to smooth the oufput
fluctuations of the entire system of hybrid PV and
battery. One of the most important factors for the
studied PV based distributed generation (DG) is in
terms of efficiency are: (i) it can directly convert PV
power to the electricity system, (ii) it can exiract stored

from 0.98 % to 1.03% and voltage harmonics from 38.96% to 39.08%.
Keywords: Single Phase PV; Battery Energy Storage; Phase Balancing; Power Quality
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energy from batteries if PV power is insufficient, and (iii)
it can store energy into batteries, if the PV power is
abundant [1]. There are two models of PV generator
connected to the distribution network or grid, namely:
(i) single phase PV generator is connected into the
three phase four wire grid through a three phase
DC/AC inverter and (i) multi unit of single phase PV
generator is connected at random into the three
phase four wire grid through a single phase DC/AC
inverter. The existence of DG in the form of a single
phase PV generator of households scale randomly
inserted in a community, can cause unbalance phase
power in the distribution network.

Research on the modeling and improving the
quality of grid connected PV generation/ battery
system have been proposed. Researchers investigated
PV array connected to the grid through a buck-boost
DC/DC converter and opfimized the output of PV
using mppt and DC/AC inverter [2]. Other quality
improvement methods such as the use of muliilevel
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inverters are also proposed by researchers [3]. Method
of phase power balancing for diesel generator hybrid
has been proposed by researchers [4]. Unbalanced
power in every phase is compensated by varying the
power for charging batteries. Under power loaded is
increased by higher power of battery charging.
However, the system only discussed on power
balancing and did not focus on the unbalanced
voltage. Phase power method fo balance the use of
arfificial inteligent in the hybrid system of diesel
generator-battery has been done [5]. Unbalanced
current and voltage is controlled by four arms inverter,
which is supplied by batteries or renewable energy
sources. Research on modeling and analysis of single-
phase PV generator, connected to the three-phase
four-wire grid, through three phase DC/AC inverter
supplied battery energy storage has been done.
However, in this study there was no detailed discussion
on methods to balance the current and voltage
phase between PV generator and grid [6]. Research
on the battery energy storage to regulate the balance
of power between PV generator and non-linear load
connected grid considering power quality parameter
at the point PCC bus has been carried out by [7]. The
weakness of this study only considers the impact of
integration system of PV/battery hybrid against current
harmonics.

The paper presents to balance of phase
current and voltage due to the presence of multi unit
of single phase PV distributed generators (DGs)
installed in large quantities at random in the three
phase four wire distribution network. The proposed
system use the battery energy storage and three single
phase bidirectional inverter for improving power
quality issues. Power quality parameters studied are
the voltage and current unbalanced, as well as
harmonics.

2. METHODOLOGY

Figure 1 shows the proposed model of multi
units of single phase PV distributed generators system
and phase balancing with battery energy storage. It is
connected to the three phase four wire distribution line
through the low voltage 220 volt and 50 Hz. The circuit
consists of multi circuit models numbering four single
phase PV generators, a buck-boost DC/DC converter,
and single phase DC/AC converter (Figure 1). The
circuit is then combined with batftery energy storage
and subsequently entered info the distribution network
through three single phase bidirectional inverter. A
maximum power point fracking (MPPT) is aftached in
the PV generator to maximize the power, while the 3-
phase bidirectional inverter regulates the battery
energy storage for injecting or absorbing current from
the network. Analysis of unbalance line current and
unbalance line voltage carried on point of common
coupling (PCC) bus refers to the ANSI/IEEE 241-1990
Standard.

This research also investigates impact of
infegration of four single phase PV distributed
generators supplied battery energy strorage to power
quality (harmonics current and voltage) on the side of
three phase four wire distribution network. Power

quality analysis is performed by determining Total
Harmonic Distortion (THD) of current and voltage on
the PCC bus of distribution network. Harmonics values
are compared against voltage and current THD is
based on the IEEE Standard 519-1992 as the basis fo
determine level of power quality in the proposed
model. Analysis of current unbalance, voltage
unbalance, and power quality is performed before
and after four single-phase PV generators combined
with battery energy storage through three single phase
bidirectional inverter. Circuit breakers (CBs) are added
to realize the operation mode of this system.
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Figure 1. Proposed model of multi units of single phase PV
distributed generators for phase power balancing with
battery energy storage
2.1. Photovoltaic Array Model

Photovoltaic cells consist of a p-n junction
made in a thin wafers or layers of semiconductors.
There are a number of types of solar cells made of
different materials. The material is  usually
monocrystalline or polycrystalline silicon. The ideal solar
cell is the one which current source is connected in
anfiparallel with a diode as shown in Figure 1. When
the cells exposed to sunlight, the direct current
generated which value varies linearly with solar
radiation. The model can be developed, including the
effect of shunt resistance and series resistance. The
equivalent circuit of the single diode model for PV cell
is shown in Figure 2 [6].

Figure 2. Equivalent of PV cell based on single diode model



The output current of PV panel can be
derived from Kirchhoff's laws, as expressed in the
equation Ipy = Iph - la - Io where Ipv is the cell current, Ipn
is the photocurrent, Iq4 is internal diode current, and Ip is
the shunt current passes through the p-n junction. PV
module consists of several PV cells connected in
parallel or series depending on power of PV modules.
The power of a PV module is limited fo a few hundred
watts. When higher power is required, the PV modules
connected in series and parallel to obtain the PV
array. The theoretical model of PV array developed
from single PV cell. The general equation of current
and voltage of the solar cellis given as follows:

N |4
oy :Iph_ld_lpzlph_l{e(”—r] _1}_\/(1

Ro (1)

Where, Io is saturation current, Vg4 is diode voltage is
expressed in volts, K is Boltzmann constant, F is PV cell
ideally constant, g is number of electrons, Tev is
temperature of the cell, Rs is series resistance, Rp is
parallel resistance. The equivalent circuit of PV cells
arranged in parallel Nr and Ns series is shown in Figure
3 [6], the current and voltage PV array becomes:
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Where Np shows the number of modules in
parallel. Notes that each module consist of Ns cells
connected in series. Ns Ion related to short circuit
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Figure 3. Electrical equivalent of solar array circuit

2.2. Battery Model

Battery are the main storage technology used
in PV systems. Various types of battery models have
been developed for different application fields. For
example, the electrochemical models are used in the
design of batteries. The models describe the battery in
ifs very detail using a set of six coupled differential
equations. Another example is the electrical circuits
models in electrical engineering, which focus on the
electrical properties of the batteries. Although these
models describe the battery accurately. A simple
equivalent battery is shown in Figure 4 [6]. A various
models show predict battery behavior to varying
degrees of accuracy. The circuit models of the internal
resistance and fransient behavior of the battery using
the series and two branches of RC circuit.

R(SOC) R(DOC)

=RCy =R
Ve (50C)

\

Figure 4. Equivalent circuit of 2nd order Randle model

Figure 4 [6] shows a second order Randle
model circuit where Ro is the internal resistance of the
battery’s terminal and inter-cell connections. The other
resistances and capacitors are used to model the cell
dynamics. The battery model takes into account of
the battery state of charge (SOC) and the deep of
charge (DOC). Where, the first branch Ry and C; is
associated with the battery’s SOC, the second branch
Rz and C:2 is associated with the battery’s DOC.
Furthermore, the second order Randle models voltage
generator (Vocv) models the open circuit voltage
(which is a the voltage of the cell when it is rested) as
a function of SOC. It depends on the SOC,
temperature, and also the design of devices. The
battery voltage is expressed as follows;

R R 3
Vo =Vioey (SOC) = Iy | Ry + 2 T2 (3)
BATT OCV( ) BATT( 0 1+ SRlcl 1+ SRZCZJ

K@+sK;) J (4)

Vearr =Vocy (SOC) = lgurr Ry — lgarr (

(1+sK,)1+sK;)
R, = Re(-K,(1-SOC)) (3)
= )
DOC
SOC=1—i[|Bmdr (7)
Cn
DOC:l-_LﬁBATTdT (8)
C(Iavg)

Where Vsar is battery voltage V, Vocv is battery
voltage generator V, Isar is battery current A, SOC is
the state of the charge of the battery, DOC is the
deep of the charge of battery, Cn is the battery
capacity, C (iavg) is the current dependent battery
capacity, Eo is the open circuit voltage when the
battery is fully charge, Rio is the first RC branch
constant in Q, z1 is the first RC branch time constant in
sec, K1 is a constant, Rz is the second RC branch
constant in Q, 2 is the second RC branch time
constantin Q.

2.3. Battery Energy Storage

Battery energy storage consists of two parts, a
battery and a bidirectional converter circuit.
Bidirectional converter is a converter that is capable of
raising and lowering the voltage in both directions.
When bidirectional converter use to charge the
battery energy storage, bidirectional converter is
operating on buck mode or lower the voltage. When
bidirectional converter use to discharge the battery
energy storage, bidirectional converter is operating as
boost mode or raise the voltage. Bidirectional
converter has two switches which are used fo turn
buck or boost mode and change the direction of
current flow charging and discharging the battery



enery storage. Battery energy storage circuit is shown
in Figure 5. Equation 9 and 10 are used fo model
bidirectional converter in continous Conduction Mode
[8.9].

L:V° (VDC _Vo) (9)
Al FVpe
Al (10)

C2(min) = 8F.AV,

In this paper, the battery energy storage
functions to balance line current and voltage in three
phase four wire low voltage 220 volt 50 hz distribution
network by compensating the unbalance current of
each phase. The operation of battery energy storage
is regulated according to energy management system
before and after connected to three phase four wire
low voltage distribution network. The PCC voltage
distribution network is fixed by utility grid. The battery
energy storage functions to balance the power of
each phase so that the grid still supplies the balance
power to three phase four wire low voltage
distribution network [?].

Figure 5. Model of battery energy storage

2.4. Single Phase PV Generator Model

Figure 6 shows the model of single phase PV
generator [10]. The circuit consists of PV array, boost-
buck converter circuit, and single phase DC/AC full
brigde inverter. A boost-buck type DC/DC converter is
proposed as the first stage with regulated oufput
current inductor and full bridge circuit with the line
frequency of 50 or 60 Hz is applied on DC-AC stage,
which generated a pure sinusoidal current. The circuit
operates either in boost and buck mode. Since only
the boost DC/DC converter operates with high
switching frequency all the time in proposed system,
the efficiency is improved [11]. And because of that
equipment is only one high frequency power

processing stage in personal computer (PC), the
reability can be greatly increase [12].

PV Array or Buck Boost
Sub-Array DC/DC Converter

Single Phase
DCIAC Inverter

2.5. Voltage and Current Unbalance

There are several standards that can be used
to determine the level of voltage unbalance in three-
phase systems, e.g. IEC, NEMA, and IEEE. In this study,
the value of unbalance voltage use Equation 11 is
based ANSI / IEEE 241-1990 standard [14] as follows:

Ivavarage _Va,b,c min or max

V

avarage

By using Equation 11, value of unbalance
voltage expressed in percent (%) and is defined as
follows; Vavarage is the average value of maximum
voltage on phase a, b, ¢, (volt), Vap.c min is minimum
voltage on phase a, b, ¢, (volt), Vab,c max is maximum
voltage on phase a, b, ¢ (volt ). By using the same
equation, then the percentage of unbalance current
can be calculated by replacing the voltage
magnitude into the current magnitude.
3. Results and Discussion

Table 1 shows devices, parameters, and
design values of simulation data multi units of single
phase PV with battery energy storage.

x100% (11)

V(%) =

Table 1. Simulation Data

Devices Parameters Design Value
Each single phase PV Active Power 0.6 kW
generator Temperature 250 C
Irradiance 1000 W/m?
Three phase grid MVAsc 100 MVA
Voltage (L-L) 380 Volt
Frequency 50 Hz
Transformer Power 50 kVA
Voltage 20 kV/380 Volt
Frequency 50 Hz
Three phase load Active Power 1 kW
Voltage 380 Volt
Frequency 50 Hz
Low voltage Resistance R=0,1273 Ohm
distributed line Inductance L =93,37 mH
3 phase 4 wire Capasitance C=0,1274 yF
LC filter Resistance R=20Ohm
Inductance L=10mH
Capacitance C=10pF
Battery Type Nickel Metal Hibrid
DC Voltage 400 V
Rated Cap. 100 Ah
Initial SOC 100%
Bidirectional Inductance 6 mH
Converter Capacitance 1 200 uF
Capacitance 2 200 uF

Switching Freq. 4 kHz

Mod. Index 0.8

Frequency 50 Hz
Three single phase Switching Freq. 4 kHz
Bidirectional inverter Mod. Index 0.8

Frequency 50 Hz

Figure 7 and 8 show a phase current of three-
phase four-wire grid on the bus point of PCC bus,
before and after multi units of single phase PV
distribution generators (DGs) combined with battery
energy storage (BES) and three single phase
bidirectional inverter. Figure 9 presents inverter current.

Figure 7. Phase current of three phase four-wire distribution
network on PCC bus before multi units of single phase PV DGs
combined with BES



Figure 8. Phase current of three phase four-wire distribution
network on PCC bus after mulfi units of single phase PV DGs
combined with BES

i

Figure 9. Inverter current after multi units of single phase PV
DGs combined with BES

Figure 10 and 11 show a phase voltage of
three-phase four-wire distribution nework on the PCC
bus, before and after multi units of single phase PV
DGs combined with battery energy storage and three
single phase bidirectional inverter. Figure 12 presents
inverter voltage after multi units of single phase PV DGs
combined with BES.

Figure 10. Phase voltage of three phase four wire distribution
network on PCC bus before multi units of single phase PV DGs
combined with BES

Figure 11. Phase voltage of three phase four wire distribution
network on PCC bus after multi units of single phase PV DGs
combined with BES

;wr‘ f’/’\\. / A \
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Figure 12. Inverter voltage after multi units of single phase PV
DGs combined with BES

From Figure 7, 8, 10, and 11, we get phase
current and voltage of three-phase four-wire grid on
PCC bus before and after multi units of single phase PV
DGs combined with battery energy storage and three
phase bidirectional inverter. The value of maximum
phase current and phase voltage on each phase
(phase A, B, and C) is inserted into Equation 11 to
obtain the value of current and voltage unbalance
based ANSI/IEEE 241-1990 Standard [14].

Based on the maximum current and voltage
on phase A, B, and C, we get the value of current and
voltage unbalance of three-phase four-wire grid on
PCC bus before and after multi units of single phase PV
generator combined with battery energy storage and
three single phase bidirectional inverter, which the
results are shown in Table 2.

Table 2. Unbalance line current and voltage

No. Parameter Phase  Max Unbalance (%)
Before 1¢ PV DGs combined with BES
A 39
Current (A) B 33 15.39
1 C 35
A 280
Voltage (V) B 290 1.76
C 285
After 1¢ PV DGs combined with BES
A 1.21
Current (A) B 0.87 11.48
2 C 1.02
A 290
Voltage (V) B 295 0.58
C 290

Table 2 shows that, before multi units of single PV
DGs combined with battery energy storage and three
single phase bidirectional inverter, the peak currents in
phase A, B, and C are 39, 33 and 45 ampere
respectively which generates an unbalanced line
current of 15.39 %. On the condition after multi units of
single PV DGs combined with battery energy storage
and three single phase bidirectional inverter, the peak
current in phase A, B, and C are 40, 346, and 46
amperes respectively, thus causing the unbalance line
currenf reduces to 11.48 %.

Table 2 also shows that, before multi unit of
single phase PV DGs combined with battery energy
stforage and three single phase bidirectional inverter,
the peak voltage in phase A, B, and C are 280, 290
and 285 volts respectively, which produces the value
of unbalance line voltage of 1.76 %. On the condition
after multi unit of  single phase PV distributed
generators combined with battery energy storage
and three single phase bidirectional inverter, it is
obtained the peak voltage on the phase A, B, and C
are 290, 295, and 290 volts respectively, as well as
results decline of the unbalance line voltage of 0.58%.

The research also investigates the impact of the
combination multi unifs of single phase PV DGs with
battery energy storage to power quality on three
phase four wire low voltage of distribution line 220 volt
and 50 Hz. Power quality analysis is done by
determining the value of current (THD)) and voltage
harmonic (THDv) on the bus PCC of distribution
network. Figure 13 shows the harmonics spectrum of
current (phase A) in three phase four wire on the bus
PCC of distribution network after mulfi unit of single
phase PV DGs combined with BES and three single
phase bidirectional inverter. By the same prosedure
the value of current (THD)) and voltage harmonic
(THDv) in phase B and C can be determined, to obtain
the average THD of current and voltage, which the
results are shown in Table 3.
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(b) Harmonic spectrum of current (phase A)
Figure 13. Harmonic spectrum of current (phase A) in three
phase four wire grid on the PCC bus after multi units of single
phase PV DGs combined with BES

Table 3. Current and voltage harmonics

No. Parameter Phase  THD Av-THD (%)
Before 1¢ PV DGs combined with BES
A 1.16
Current (A) B 0.83 0.98
1 C 0.96
A 29.77
Voltage (V) B 35.72 39.96
C 51.39
After 1¢ PV DGs combined with BES
A 1.21
Current (A) B 0.87 1.03
2 C 1.02
A 29.97
Voltage (V) B 35.77 39.08
C 51.50

Table 3 shows the average value of current
harmonic (THDi) of three-phase four-wire distribution
network on the PCC bus, before and after multi units of
single phase PV DGs combined with battery energy
sforage and three phase bidirectional inverter,
increase fromis 0.98 % to 1.03%. Both the average THD
values of current is sfill below the 5% limit of harmonic
currents based on IEEE Standard 519-1992 [15]. Table 3
also shows the average value of voltage harmonic
(THDv) of three phase four wire distribution network on
PCC bus, before and after multi units of single phase
PV DGs combined with battery energy storage and
three single phase bidirectional inverter rises started
from 38.96% to 39.08%. Both the average value of
voltage harmonic (THDv) has exceeded the 5% limit
harmonic voltage based on IEEE Standard 519-1992.

4. CONCLUSION

A method for balancing line current and line
voltage as a result of a multi unit of single phase PV
DGs in household installed at random in the three
phase four wire low voltage distribution line 220 V and
50 Hz using battery energy storage and three single
phase bidirectional inverter has been presented in this
paper. In this paper also has been presented the
impact of combination multi units of single phase PV
distributed generators with battery energy storage to
power quality on three phase four wire distribution
network. From the analysis, combination of multi units
of single phase PV DGs with battery energy storage
and three single phase bidirectional inverter to three
phase four wire distribution network able to reduce
unbalanced line current from 15.39% to 11.48% and
unbalance line voltage of 1.76% to 0.58%. Reviewed
from the power quality parameters, the combination
of a multi units of single PV DGs with battery energy
storage and three single phase bidirectional inverter to
three single phase four wire distribution network able
to increase average harmonic of current from 0.98% fo

1.03% and avarege harmonic of voltage from 38.96%
and 39.08%.
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