BigHoBntoBaHa eHepreTnka. N23/2023 | CoHAYHa eHepreTuka

VIK 621.31:621.311.243 https://doi.org/10.36296/1819-8058.2023.3(74)53-58

ENERGY UNIT KIT FOR PHOTOVOLTAIC CLUSTER

Received Apr. 06, 2023; accepted May 27, 2023
Available online Sept. 30, 2023

Dmytro Bondarenko?, Serhii Matyakh?, ' PhD, Senior scientist.

Tamila Surzhyk?, Volodymyr Shevchuk? https://orcid.org/0000-0002-5629-930X

2 PhD, Head of department.
https://orcid.org/0000-0002-1707-3519

Author for correspondence: Dmytro Bondarenko, 3 . .
Doctor of science, Science secretary.

e-mail: dima7007bond@gmail.com https://orcid.org/0000-0002-1418-7748

PO
Abstract. Since solar generating capacity can be segmented, it Scientist.
9 g capactty 9 https://orcid.org/0000-0002-4176-7799

is promising to move to the construction of generating power
stations in the form of a cluster structure and the creation of ~ “*** Institute of Renewable energy of National
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unified generating units. It should also be noted that many
households and small businesses are switching to using local, small-capacity solar power plants for their own
needs. Such generating mini-stations are quite typical and contain elements typical for their purpose and nominal
parameters. Thus, it is proposed to create, and in the future to apply, typical universal mini power plants, which

are units for the construction of power-generating clusters. In article, detailed set of the unit is shown.
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MOXYmb 6Bymu ceameHmMOBAHI, Mo € nepcrieKmMusHUM nepe-
Xi0 0o nobydosu 2eHepysasnbHUX eNeKMPUYHUX CMAHUIl Yy 1234 |4cTyuTyT BiAHOBNIOBAHO! EHEpPreTUKM
8u2aA0i KnacmepHoi cmpyKkmypu ma cmeopeHHs yHigikosa- ~ HAH Ykpaiku, Kuis, YkpaiHa.

HUX 2eHepysasnbHUX mooynie. Takox mpeba 3a3Hayumu, wjo 6azamo domozocrnodapcmse ma HesenuKkux
nionpuemcme nepexo0ams HaA 8UKOPUCMAHHA /OKAAbHUX, HE8enUKUX 30 MOMYMHICMIO COHAYHUX esneKkmpo-
cmaHyili 0na enacHux nompeb. Taki eeHepys8asibHi MiHICMAHYii € documbs murnosumu ma micmsame munosi 3a
MPU3HAYEHHAM Ma HOMIHA/AbHUMU napamempamu eaemeHmu. Takum YUHOM, NPornoHyeMsca cmeopumu iy
nodansbWomMy 3acmocosysamu murosi yHigepcasnbHi MiHienekmpocmaHuyii, aki € modyaamu 0a1 nobyoosu
esiekKmpozeHepysanbHUX MiHiKnacmepis. ¥ cmammi noKasaHa nogHa 0emanizayia 3arnponoHo8aHo020 MoOy/Is.

Knroyoei cnoea: knacmep, MoOysb, homo8oabmaidHa naHesb, AKyMyaamop, KOMIAeKm, iHeepmop, KoHmMposep
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Introduction. Since solar generating capacity can be seg-
mented, it is promising to move to the construction of
generating power plants in the form of a cluster structure
and the creation of unified generating units. It should also
be noted that many households and small businesses are
switching to using local, small-capacity solar power plants
for their own needs. Such generating local micro plants
are quite typical and contain elements typical for their
purpose and nominal parameters [1]. The theory of clus-
ters is presented in [2,3,4,5], but it concerns large clus-
ters, on the scale of regions and countries. And research
for connecting microgrids into a cluster is important
[6,7,8,9]. To build unified scaled clusters, it is more ra-
tional to use a microgrids.

Setting objectives. It is proposed to create, and in the fu-
ture to apply, typical universal micro power pv-plants,
which are units for the construction of power-generating
mini clusters.

Unit. Full set detailing of such pv-unit should show any
cases of using of parts and these parts could be changeable
and removable. Some parts of Unit could change to other
type similar devices. Note that the typical contracted
power capacity in Ukraine is 5 kW [10], and the electrical
infrastructure of the vast majority of end consumers is de-
signed for a power consumption of 5 kW, therefore it is ex-
pedient to create a generating unit with a power of 5 kW as
well.

Such Unit should consist of a generating part, a storage part
(for secondary power supply and balancing), converting
and control parts (Fig.1). That is, for generation, you need
to use photovoltaic panels with a total nameplate capacity
of 5 kW. Although the generation capacity may be lower on
cloudy days, it is not advisable to increase the installed ca-
pacity as it may lead to negative consequences. The total
output voltage or DC current from photovoltaic panels
could be different, depending on the energy converting and
control equipment, but is usually 12V, 24V, or 48V. Some
models of converters require increased voltage from pho-
tovoltaic panels, to 120V or 400V, for that the photovoltaic
panels are connected in series. For connection panels and
for controlling output parameters we should use different
switching devices [11] in Combiner box. Combiner box con-
sist from contactors, fuses, blocking diodes, switchers and
control equipment (Fig.1).

For the accumulation of electrical energy and balancing of
the power system, the use of electrochemical accumulators
of electrical energy is proposed. The use of Lilon or LiFePo4
batteries is quite promising. The advantage of such batter-
ies is a large number of charge and discharge cycles, that is
necessary when using them in cyclic mode. Their disad-
vantage is the need to balance battery cells, for that it is

necessary to use BMS-devices. Also, BMS should have heat-
ing controls and communication ports, for example CAN or
WiFi.

Based on the research of the market for the retail of electric
energy, it should be said, that the daily consumption of a
household or a small office, as a unit of account, is within
5-10kWh. In the conditions of catastrophic blackouts of the
global energy system, it is advisable to install batteries for
individual storage, just within such limits, that is, to guaran-
tee daily consumption.

Main device of this Unit is Automatic panel (Fig.2). This
box consists from Manual transfer switch (MTS) and Auto
transfer switch (ATS) for connection the unit to grid or re-
serve supplier. Also, the main consumption of electrical
energy is carried out in the form of alternating current, so
the element of the system should be a convertor of elec-
tricity from direct current to alternating current, to on-
grid using and using of motors, the correct sinusoidal
form. For such tasks, inverters based on power switches,
such as MOSFET-transistors, are used. The efficiency of
such devices is quite high and can reach 95%. In addition,
you need to use a charge controller to charge and dis-
charge batteries from solar panels or grid. Devices that
use an algorithm for tracking the maximum generating
power from photovoltaic panels, such as MPPT control-
lers, are optimal. And for conversion alternating current
to direct current for charging battery, we need use AC-DC
converter. To connect to a grid, you need to use an in-
verter (DC-AC) with automatic synchronization of param-
eters of generation, such as voltage, frequency and phase.
And inverter should have ability to regulation of this pa-
rameters. Also, if it needs for grid, we should use a trans-
former that forms a neutral (NFT).

Alternative of the Automatic panel could be On-grid or Hy-
brid inverter, like non-separable device.

Main block of unit is Operation, monitoring and communi-
cation module. This module controls collection of data and
operating of devices. It has microcontroller module (MCU),
inputs and outputs, display and keyboard (Fig3). The idea
of creating a unified module is to combine such Units into
a Cluster. That is, for the coordinated operation of the same
type of systems, it is also necessary to have the possibility
of communication. To implement communication, it is nec-
essary to apply communication modules for common infor-
mation exchange protocols, such as ModBus, CAN or others
(Fig3.). It is necessary to exchange all or many electrical pa-
rameters and modes of operation of the units. For example,
information about the operation of the unit may contain
such data as the output power of the generation, the value
of accumulated charge in the battery, the value of the con-
sumed load that is connected to the unit.
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Cluster. The main idea of creating a cluster is the use of uni-
fied and independent electric energy generation units that
can perform their work both in combination with other
units and autonomously. This approach allows you to move
away from the critical infrastructure of the energy system.
Thus, if one of the units fails or is damaged, the cluster as a
whole remains in working order and continues to generate
and distribute energy, but with less power. Also, the uni-
formity of the units facilitates repair and maintenance of
the cluster as a whole.

It is advisable to combine units into a cluster within the lim-
its of the voltage of the final distribution network for the
retail of electric energy, so in the case of Ukraine it is 0.4
kV. Of course, raising the voltage to 10kV would reduce
losses in the transmission of electrical energy, especially
over long distances, but it would introduce a critical infra-
structure element into the system, such as a step-up/step-
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down transformer substation, which does not correspond
to the main idea of clustering and creates a certain depend-
ence. That is, by creating a cluster, we combine small, but
distributed, generation with final consumption. Thus, by
combining two hundred units into one cluster, we get IMW
of generating and distribution power within the localization
of such a cluster. This power corresponds to the generation
of one small thermoelectric or hydroelectric plant and also
corresponds to the power of a minimal distribution substa-
tion [3]. It should also be noted that due to batteries, such
a cluster is self-balancing, that is, it does not require exter-
nal power for balancing.

We also mark that the information and communication sys-
tem of the cluster must be distributed and may not contain
the main controller. And the algorithms of the units can be
such that the units work both autonomously and as part of
a cluster, but without centralized control [12].
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Using of micro-inverters. Other way is using of microinvert-
ers, that is modern solution of PV-energy systems to com-
mercial and residential customers. It is very practical solu-
tion to distributed systems. Microinverters transform DC
12-20 volts to AC 220 volts 50/60Hz near PV-module di-
rectly (Fig.4). They are small power devices, approximately
200-400W, with good quality of power conversion and 97%
efficiency [13]. Main idea of application of microinverters
is using of AC from grid for transfer electricity inside of unit.

And this solution is more convenient, that we can connect
to AC bus in any parts of circuit and connection to grid in
the automatic or combiner box is simply. Also, we can con-
nect different type of pv-panels or other equipment in this
case. And if happened failure some inverters or shading
some panel, this application is more stable. We should note
about good practice galvanic isolation in grid-connected
photovoltaic microinverters [14].
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Conclusion. The mini cluster, the creation of which is pro-
posed, is a self-sufficient energy union, which in turn con-
sists of self-sufficient typical and unified units that contain
generation, storage and distribution. And units of mini clus-
ter need full set detailing for construct and analyze of the
local energy system.

The cluster-unit approach significantly improves the stability
of the energy system as a whole and in local areas, especially
during blackouts [15]. Also, the cluster can replace or create
an alternative to modern thermoelectric power plants.

Using of smart systems and algorithms in the modules and
the cluster will allow to control the processes of genera-
tion, accumulation and distribution in optimal modes and
quickly balance the system in case of failure of individual
elements of the cluster. We also note that the use of a self-
learning unit control algorithms is a step towards the intro-
duction of artificial intelligence in cluster power systems.

Also, using of microinverters is good way for united of small
power applications, like units of distributed system, to mini
cluster.

Many companies offer their cluster organization system,
for example Schneider [16]. But in such a case, own con-
cepts and equipment of own production are offered, which
does not lead to the unification of typical equipment of dif-
ferent manufacturers into a cluster. In addition, manufac-
turers offer significantly higher power of modules of a clus-
ter, actually on an industrial scale, in opposite to the
system proposed in the article. In next time, will need re-
search for safety connection to the power grid to ensure
the reliability of power supply [17].

This article is made in accordance with the scientific pro-
gram 6541230 - "Energogarant".

REFERENCES

1. S.Matyakh, V.Rieztsov, T.Surzhyk. = Kompleksni
rishennya v sonyachniy energetytsi [Complex solutions
in solar energy], 2022, No3, pp.68-74 [in Ukranian].
DOI: 10.36296/1819-8058.2022.3(70).68-74

Weidong Liu, Xiaohua Jiang, Shaoshuai Li, Ji Luo, Gen
Wen. Photovoltaic module regional clustering in main-
land China and application based on factors influencing
field reliability. Renewable and Sustainable Energy Re-
views, V.133, 2020, 110339. DOI:
10.1016/j.rser.2020.110339.

Esteban Velilla, Santiago Restrepo, Franklin Jaramillo.
Cluster analysis of commercial photovoltaic modules
based on the electrical performance at standard test
conditions. Solar Energy, V. 144, 2017, P. 335-341.
DO0I:10.1016/j.solener.2017.01.037.

Jie Hu, Peigiang Li. Energy-sharing method of smart
buildings with distributed photovoltaic systems in area.
Energy Reports, V.8, 2022, P. 622-627. DOI:
10.1016/j.egyr.2022.02.169.

Amr A. Munshi, Yasser A.-R.l. Mohamed. Photovoltaic
power pattern clustering based on conventional and

10.

11.

12.

13.

14.

15.

16.

17.

swarm clustering methods. Solar Energy, V.124, 2016,
P.39-56, DOI:10.1016/j.solener.2015.11.010.

W.E.P. Sampath Ediriweera, N.W.A. Lidula. Design and
protection of microgrid cluster: A comprehensive re-
view. AIMS Energy, 2022, V.10, Issue 3. 375-411pp.
DOI: 10.3934/energy.2022020

Eduard Bullich-Massagué, Francisco Diaz-Gonzdlez,
Monica Aragliés-Pefalba, Francesc Girbau-Llistuella,
Pol Olivella-Rosell, Andreas Sumper. Microgrid cluster-
ing architectures. Applied Energy, V.212, 2018, 340-
361pp. DOI: 10.1016/j.apenergy.2017.12.048.

F. Bandeiras, E. Pinheiro, M. Gomes, P. Coelho, J. Fer-
nandes. Review of the cooperation and operation of mi-
crogrid clusters. Renewable and Sustainable Energy Re-
views, V.133, 2020, 110311. DOI:
10.1016/j.rser.2020.110311.

Xiaoping Zhou, Leming Zhou, Yandong Chen, Josep M.
Guerrero, An Luo, Wenhua Wu, Ling Yang. A microgrid
cluster structure and its autonomous coordination con-
trol strategy. International Journal of Electrical Power &
Energy Systems, V.100, 2018, 69-80pp. DOI:
10.1016/].ijepes.2018.02.031.

Pravyla rozdribnogo rynku electruchnoi energii [Rules of
retail electric energy] Postanova NKREKP 14.03.2018.
Ne312. https://ips.ligazakon.net/docu-
ment/view/gk39809?an=24&ed=2018_03_14

D.Bondarenko Dynamichne zyednannia fotoelementiv
v soniachnyh paneliah [Dynamic connection pv-cells in
solar panels]. Vidnovljuvana energetyka, 2021, No.3.
pp.45-51 [in Ukrainian]. DOI:
10.36296/1819-8058.2021.3(66).45-51

Bondarenko D.V. Intelectualni cifrovi fotoelektrychni sys-
temy [Smart digital photoelectric systems]. Vidnovljuvana
energetyka, 2016, No.1. pp.38-44 [in Ukrainian].

Emiliano Bellini. Microgrid-forming PV microinverter
from Endhase. PV Magazine. 2021. https://www.pv-
magazine.com/2021/10/25/new-microgrid-forming-
microinverter-from-enphase/

Rasedul Hasan, Saad Mekhilef, Mehdi Seyed-
mahmoudian, Ben Horan. Grid-connected isolated PV mi-
croinverters: A review. Renewable and Sustainable Energy
Reviews. Volume 67, January 2017, 1065-1080pp.

Mahmoud S. Saleh, Ammar Althaibani, YusefEsa, Yassine
Mhandi, Ahmed A. Mohamed. Impact of Clustering Mi-
crogrids on Their Stability and Resilience during Blackouts.
2015 International Conference on Smart Grid and Clean
Energy Technologies. 2016, NY, 195-200pp.

ConextXW+ Multi-Cluster Power System Planning
Guide http://solar.schneider-electric.com 975-0648-
01-01 Rev B 06-2016. https://solar.se.com/us/wp-con-
tent/uploads/sites/7/2021/11/Conext-XW-Multi-Clus-
ter-Power-System-Planning-Guide-975-0648-01-
01_Rev-B_ENG.pdf

Qingzhu Wan, Hongfan Zhang. Research on Resonance
Mechanism and Suppression Technology of Photovol-
taic Cluster Inverter. Energies 2018, 11, 938;
doi:10.3390/en11040938

58


https://www.sciencedirect.com/topics/engineering/microinverters
https://www.sciencedirect.com/topics/engineering/microinverters

