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USING MICROINVERTERS FOR PHOTOVOLTAIC CLUSTER
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Abstract. Decentralization and distribution of generating capacities ~ Ukraine, Kyiv, Ukraine

leads to the stability and scalability of the energy system, that in

the work proposes the construction of solar power plants in the form of a cluster structure with the creation of
unified generating modules. The main idea is to use microinverters as equipment that converts direct current
into alternating current. The advantages of using microinverters as devices that ensure decentralization within
the framework of a solar power plant, locally, are noted. The implementation of microinverters together with
storages of electrical energy is shown. Systems with different types of battery placement are described. The
possibility of using individual photovoltaic panels as an independent generating unit in the overall structure of
the cluster was noted.
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L2 |HCTUTYT BiAHOBNIOBAHOT €HEPreTUKM
AHomayia. [JeueHmpanizayis ma po3nodineHHa 2eHepysanbHUX  HAH Ykpainu, m. Kuis, YkpaiHa

nomyxHocmeli crnpuse cmilikocmi ma macumabosaHocmi

eHepaemu4Hoi cucmemu, momy 8 pobomi NPonoHyemMoca Noby008a COHAYHUX eneKmMPUYHUX CMaHyil y euenadi
KaacmepHoi cmpyKmypu 3i CmMBOPeHHAM YHi(hiKoBaHUX eeHepysasnbHUX MoOynie. [0n108HOWO idecto €
BUKOPUCMAHHSA MiKpoiHeepmopis AK 067100HAHHSA, W0 nepemeoproe nocmiliHulli cmpym Ha 3mMiHHUU. BiomiyeHi
nepesaau BUKOPUCMAHHA MiKpoiHeepmopie AK npunadis, wo 3abesnedyroms OeyeHmMpanizayito y mexcax
COHAYHOI eneKMpocmaHyii, aokanaeHo. [loKazaHa peanizayis MikpoiHeepmopie pasom i3 3acobamu
HAKONUYYyB8AHHA enAekmpuy4Hoi eHepzii. OnucaHi cucmemu 3 pPi3HUM mMurnom Po3MileHHA AaKyMyaamopis.
YKa3yemoca HA MOXMAUBICMb 30CMOCYBAHHA OKpemux omoenekmpuyHux naHenel AK camocmiliHoi
2eHepysasibHOI 00UHUY 8 3a2anbHill cmpykmypi Knacmepa.

Knrovosi cnoea: mikpoiHeepmop, homoenekmpuyHa rnaHesns, aKymyaamop, KOHeepmop, iHeepmop, Kaacmep,
MOOyb.

of intelligent control systems [2, 3] of energy systems re-
quires flexible and distributed electrical engineering solu-
tions [4]. The construction of a cluster requires the use of
uniform units of the same type, which encourages the de-
velopment of localized energy equipment of small size and
power. Such an element of the system can be a

Introduction. The use of energy clusters in solar energy is a
promising direction for the development of renewable en-
ergy. This approach ensures decentralization of the energy
system, modularity, universality and its resistance to exter-
nal and internal factors [1]. In addition, the implementation
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microinverter, which, for connection to the network, con-
verts direct current into alternating current directly next to
the generating module, or not far from it.

Setting objectives. Develop a typical unit of a solar power
supply system using microinverters. Describe optimal de-
signs.

Microinverter. A microinverter is a device that has the
function of converting low voltage direct current into high

voltage alternating current, which is a commonly used
power supply standard. For example, for offices, small busi-
nesses, apartments, etc., it is 220V 50/60Hz. But the size
and power of such an inverter allow them to be installed
directly next to solar panels [5]. That is, each panel (or two
or four) has own DC-to-AC converter. The microinverter has
a power of approximately 200-400W, with good quality of
power conversion and 97% efficiency. These microinverters
form their own alternating current grid (Fig. 1) [6].
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Fig. 1. Energy system with microinverter

The main functional parts of the microinverter are the DC-
DC StepUp module and the DC/AC-inverter [7, 8]. In the
step-up module, the voltage of 12-18V rises to 320V, and in
the DC/AC-inverter the current of this voltage is converted
either into pulses or into a harmonic signal of the required
frequency and amplitude of 320V (220V effective or r.m.s.
voltage). The majority of the DC-DC StepUp converter is a
Flyback converter (Fig. 2) [9, 10, 11], the most successful
implementation of such a converter is with an active clamp.
In the vast majority, the DC/AC-inverter is a Full bridge in-
verter (Fig. 3) [12, 13].
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Fig. 2. Flyback converter
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Fig. 3. Full bridge inverter

Also, the microinverter must contain an MPPT-controller to
obtain the maximum generation power [14]. And also, it in-
cludes a matching module with other microinverters on the
line, as grid parameters such as amplitude, frequency, and
phase must be matched [15]. The matching module and
MPPT-controller have to be made on the basis of modern
microcontroller technology, such as programmable logic
controllers with the presence of an analog-to-digital con-
verter (ADC) and controlled digital and analog outputs.
Thus, the system looks as follows (Fig. 4) [16].
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Fig. 4. Microinverter with control

Use of microinverters in a cluster unit. To form an energy
cluster based on photovoltaic systems, it is necessary to
have unified units that are combined into a cluster. In this
case, the unit consists of photovoltaic panels, microinvert-
ers, which are combined into a local alternating current
network. In the proposed scheme (Fig. 5), the alternating
current from the photovoltaic panels, or rather from their
inverters, is fed to the control panel, which manages the
system and collects data from the inverters using interfaces
or data exchange protocols, such as Power Line Communi-
cation. Switching from the local grid and to the general
electric power grid is carried out by manual and automatic
transfer switch. In addition, along with the control panel,

electrical energy is stored using an electrochemical battery,
for which it is necessary to implement a charge and dis-
charge system, as well as a system of conversion from al-
ternating current to direct current and vice versa.

To create a cluster, our local grid must also exchange data
with the general network. The Control Panel has external
communication interfaces. which can be PLC, ModBus, CAN
or others. It is necessary to exchange all or many electrical
parameters and modes of operation of the units. For exam-
ple, information about the operation of the unit may con-
tain such data as the output power of the generation, the
value of accumulated charge in the battery, the value of the
consumed load that is connected to the unit [15].
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Fig. 5. Unit with microinverters
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Unit with microinverters and storages inside PV-panels.
To implement a distributed system not only in terms of gen-
eration, but also in terms of accumulation electrical energy,
it is possible to place the storage device next to the in-
verter. For this, together with the microinverter, the sys-
tem of charge and discharge of the electrochemical battery
must be implemented [17]. The choice of the type of elec-
trochemical battery usually point to lithium models, but it
is necessary to take into account the temperature mode of

operation, which will mostly be bad to lithium models [18].
Therefore, it is advisable to consider alkaline or acidic op-
tions. In one case, the accumulator with the charge system
is included in the DC/DC-convertor before the DC/AC-in-
verters in the microinverter [19]. In this case, it is advisable
to use a combination of Back and Boost converters (Fig. 6).
Another option is to include the battery, as a separate de-
vice, between the photovoltaic panel and the microin-
verter, as shown in Fig.7.
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Fig. 6. DC-DC converter with storage

In the variant from Figure 7, the scheme of decreasing the
voltage to the charging and increasing the voltage to the
working one is performed inside of the battery charge and
discharge system using a DC-DC converter. It is advisable to
use a bidirectional DC-DC converter [20, 21].

In the case which the storage devices are distributed and
placed next to the photovoltaic panels allows to increase
the stability of the system.

It is necessary to pay attention to the fact that in the case
of placing a distributed backup power system, it is neces-
sary to provide additional protection and safety elements,
since high voltage will be contained on the alternating cur-
rent line without being controlled from the central control
panel. The removal of power from the local AC line must be
monitored on each inverter.
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Fig. 7. Unit with microinverters and storages inside PV-panels

Unit with microinverters and storages outside PV-panels.
In the case of impossibility or impracticality of placing mi-
croinverters and accumulators next to the photovoltaic
panel, for example due to inappropriate temperature
modes for the operation of electrochemical batteries, it is

possible to implement a system with group connection of
photovoltaic panels in a remote and isolated place (Fig. 8).
It should be noted that even in this case, the principle of
individual direct current conversion from each panel, as
well as individual energy storage, is implemented.
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Fig. 8. Unit with microinverters and storages outside PV-panels

Conclusion. Using of microinverters is good way for united
of small power systems, like units of distributed system to
cluster. The cluster-unit approach improves the stability
and scalability of the wide energy system as a whole, and in
local areas too. Also, the distributed cluster can replace or
create an alternative to industrial power plants.

Actually, solution with microinverters is more convenient,
that we can connect to AC bus in any parts of circuit. Also,
we can connect different type of pv-panels or other equip-
ment 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.

Also, it should be noted that the advantage of using mi-
croinverters is the possible standalone use of a photovol-
taic panel directly as an element of a cluster, that is, con-
necting the panel microinverter directly to the cluster grid.
But as mentioned above, it is necessary to implement secu-
rity measures separately for each panel.

Using of parts of intelligent systems and operating algo-
rithms in the units and the cluster will allow to control the

processes of generation, accumulation and distribution in
optimal modes and quickly balance the system in case of
failure of individual elements of the cluster.

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