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Selecting an inverter for a PV micro-installation

Dobér falownika do mikro-instalacji PV

Abstract. The article describes recommendations related to the optimal selection of inverters for PV micro-installations. It presents different types of
inverters used in PV installations depending on their type and power. Regardless of the case, attention should be paid to the maximum voltage and
input current of the device. However, the appropriate quality of the inverter and its compliance with applicable regulations, as evidenced by appropriate
certificates, are equally important. Undersizing the inverter in relation to the peak power of the PV installation results in its more efficient operation.
Based on the analysis of real examples of PV micro-installations, it was found that in many cases there is a problem with the selection of appropriate
inverters.

Streszczenie. Artykut opisuje zalecenia zwigzane z optymalnym doborem falownikéw do mikroinstalacji PV. Przedstawiono w nim rézne rodzaje
falownikéw stosowanych w instalacjach PV w zaleznosci od ich typu i mocy. Niezaleznie od przypadku nalezy zwrdci¢ uwage na maksymalne napiecie
i natezenie prgdu wejsciowego danego urzgdzenia. Wazna jest odpowiednia jako$¢ wykonania falownika oraz jego zgodno$¢ z obowigzujgcymi
przepisami, o czym $wiadczg odpowiednie certyfikaty. Niedowymiarowanie mocy falownika w stosunku do szczytowej mocy instalacji PV skutkuje
Jjego wydajniejszg pracg. Na podstawie analizy rzeczywistych przyktadéw mikroinstalacji PV stwierdzono, ze w wielu przypadkach wystepuje problem

z doborem odpowiednich falownikéw.
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Introduction

The main element of every photovoltaic installation are
the PV panels, which are responsible for generating
electricity. However, they would not be able to fulfil their task
without other components such as: cabling, switches,
mounting system, inverters, energy storage, etc. All these
components, which contribute to the operation of the system,
constitute an "equivalent system”, usually indicated by the
acronym BoS (Balance of System) [1]. A properly balanced
PV system is characterized by high efficiency [2]. A modern
PV installation should include a number of elements
necessary for efficient and safe production of electricity [3].
In addition to typical components such as PV panels, support
structure, cabling and inverter, appropriate safety systems
should also be included. In the case of some PV installations
(off grid and hybrid), one of the BoS elements is also an
energy storage facility enabling storage of generated surplus
electricity (most often implemented in the form of battery
rooms based on lead or lithium-ion batteries).The ratio of the
BoS expansion costs to the expected financial benefits from
such an investment should be analyzed for each individual
case. A similar situation occurs with regard to systems
increasing the safety of PV installation operation [4], [5], [6],
[7]. In certain situations, even significant financial outlays for
additional safety systems may be justified in the face of
potential losses resulting from a PV installation failures.

This article focuses on issues related to the correct
selection of inverters for PV micro-installations (i.e.
installations, which peak power do not excess 40 kWp),
which are the most common type of PV installation [8]. It
describes the most frequently used technical solutions and
the most important factors determining the optimal
parameters of the inverter. In addition, it presents the results
of experimental studies regarding the selection of the optimal
power of the inverter. Furthermore, the selection of inverters
was analyzed on the example of several real PV micro-
installations located in different regions of Poland.

Types of inverters for PV micro-installations

Depending on the type of PV installation, inverters
adapted to network operation, i.e. on-grid or island operation
(off-grid) can be distinguished. The former enable connection
to the power grid by adjusting the voltage of the photovoltaic
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installation to the grid voltage in order to transfer surplus
electricity produced in it. The latter are used when it is not
possible to connect to the power grid. In this case, surplus
generated energy is stored in batteries constituting a local
energy storage. There are also so-called hybrid inverters that
combine the features of both of the above solutions.
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Fig. 1. PV micro-installation using: micro-inverters (A), central
inverter (B)
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Typical PV micro-installations are equipped with a central
inverter to which PV modules are connected in series (Fig.
1A). This solution means that all modules must operate with
the same power, which translates into a decrease in the
efficiency of the system. An alternative is systems with
microinverters, which involve the introduction of direct
DC/AC conversion on individual panels (Fig. 1B). Their use
improves the possibilities of expanding the installation and
minimizes losses associated with partial shading of the
panels. Microinverters sometimes have a module enabling
remote communication, which allows monitoring the
operation of each module separately. This allows for a
detailed examination of the operating conditions of the
installation and their optimization. Unfortunately, the use of
microinverters is associated with an increase in installation
costs and a reduction in its operating time [9]. These
elements are exposed to operation in extreme conditions
(large temperature gradients up to 120 °C, precipitation,
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etc.), which reduces their service life and increases the risk
of failure. It should also be taken into account that all
operating activities are significantly difficult due to the
location of the microinverter directly next to the PV panel.
According to many PV system installers, in most cases
access to the microinverters is difficult. In order to perform
service activities, it is usually necessary to dismantle one or
even several PV panels, which significantly complicates and
prolongs the repair process.

It should be also mentioned that there are single-phase
and three-phase inverters. The former are most often used
in low-power installations, because according to the
recommendations of the EN 50438 standard, the rated
current of a single phase should not exceed 16 A [10], which
in the case of a standard voltage of 230 V translates into a
power of 3.68 kW. The latter is used in higher power
installations, as they allow for limiting the current value and
evenly introducing energy into each phase. This affects
smaller voltage fluctuations in the network and allows for the
use of smaller cross-sections of wires.

Major criteria for inverter selection

The criteria for selecting an inverter for an installation
vary depending on its type. In the case of an installation using
microinverters, it should be checked whether the open circuit
voltage (Uoc) and short circuit current (Isc) of a single module
do not exceed the maximum value supported by the device.
Traditional PV micro-installations with a central inverter
should be designed in such a way that the voltage generated
by the individual strings falls within the range of the inverter
input voltage. In addition, the permissible number of strings
supported by a given inverter and its maximum input current
should be taken into account. The International Protection
Rating (IP) that determines the location of the inverter
installation is also important - in the case of outdoor
applications, IP65 or higher is required [11] Regardless of
which of the above technical solutions will be used, it is worth
considering that they have appropriate certificates proving
their quality, which translates into long-term failure-free
operation. In addition, such devices provide output
parameters compatible with the power grid and meet legal
requirements. For economic reasons, it is also worth paying
attention to the efficiency of the inverter, because devices
with higher efficiency provide better energy conversion and
lower losses. Additionally, it is worth considering the use of
inverters with built-in protection (e.g. against overvoltages)
and the ability to monitor the condition of the PV installation.
This significantly improves the operational safety of a given
PV system [12].

Another aspect is the issue of selecting the appropriate
ratio of the peak power of the PV installation (Pev) to the rated
power of the inverter (Pinv). This problem concerns primarily
systems with a central inverter. This issue is not regulated by
law, but inverter manufacturers recommend that the value of
Pinv/Ppv < 1. The need to undersize the inverter power results
from ensuring optimal conditions for its operation - it achieves
the highest efficiency when working under rated load [13].
The power of the PV installation is usually determined in the
so-called STC (Standard Test Conditions) or NOCT (Normal
Operating Cell Temperature) conditions, but in reality the
achieved values of this parameter are significantly lower [14].
The actual performance of the PV installation should be
determined based on properly conducted as-builts
measurements [15].

Optimal selection of PV inverter power

In order to illustrate the issue of selecting the inverter
power for a PV installation, an experiment was conducted
using a three-phase HPT-4000 inverter (Imax = 15.6 A; 180 V
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< Upv < 850 V; Pinv = 4 kW). The Keysight PV8921A PV
installation simulator was used in the investigations, which
has the following parameters: Uout = 1500 V; Imax = 30 A Pmax
= 20 kW. The measurements were carried out employing
MI2292 power quality analyzer. In Fig. 2 is presented the
dependence of the inverter efficiency (n = Pac/Poc) in a
function of a power generated by the PV installation. It can
be observed, that the efficiency of the energy conversion
process is highest when the inverter input is loaded with
power close to its maximum power. Exceeding the Pinv
results in the activation of the built-in protections, therefore
the n value drops. The efficiency of the inverter also
decreases when it is underloaded. In addition, the Total
Current Distortion coefficient (THDI) increases, which
reflects the quality of the generated electricity [16]. In Fig. 3
shown, that both the maximum and minimum values of the
mentioned coefficient decrease with the load on the inverter,
which indicates a decrease in the share of higher harmonics
in the waveform of the generated current.
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Fig. 2. The efficiency of PV inverter in a function of power of PV
installation
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It should be emphasized here, that the actual power of
the PV installation is lower than Pey, therefore it is
recommended to use inverters with lower power. On the
other hand, it is necessary to avoid a situation in which the
inverter is unable to process the supplied electrical energy
due to too low power. The optimal selection of the inverter is
based on the fact that the energy losses resulting from the
power limitation are lower than the increased energy gain
resulting from the higher efficiency of the inverter.
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Fig. 3. The Total Current Distortion coefficient in a function of
power of PV installation
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PV Inverter Selection Case Study

In order to better illustrate the issue of selecting inverters
for PV micro-installations, 14 real cases were analyzed. The
research object was PV micro-installations located in
northern Poland, which were checked in the context of the
correctness of the inverter selection. The obtained results are
gathered in Table 1.

Table 1. Summary of real cases of PV micro-installations in the
context of the correctness of the inverter selection

Pev [KWpP] | Pinv/Ppv | Ipv < Imax Umin < Upv < Umax
1.92 1.07 NO NO (Upy t00 high)
2.40 1.07 NO NO (Upy to0 high)
6.40 1.13 NO YES
7.04 1.07 NO NO (Upy too high)
7.36 1.03 YES NO (Upy to0 high)
8.00 1.01 YES NO (Upy to0 high)
11.20 1.04 YES NO (Upy to0 high)
12.00 1.07 YES YES
14.4 1.06 YES YES
18.56 1.02 YES NO (Upy too high)
21.6 1.04 NO NO (Upy t00 high)
26.88 1.04 NO NO (Upy too high)
29.12 1.06 NO NO (Upy too high)
36.80 1.03 NO NO (Upy 00 high)

It can be observed that the main problem related to the
selection of inverters is their oversizing in relation to the PV
installation. In all the cases examined, the Pin/Ppv ratio was
higher than 1, which, as shown above, is associated with
reduced installation efficiency, i.e. lower power generated to
the power system. In addition, the use of an oversized
inverter increases the cost of the PV installation, thus
extending the payback period. Another issue concerns
exceeding the maximum permissible inverter current (Imax),
which occurred in more than 57% of cases. This situation is
potentially dangerous because it can lead to overheating of
the inverter components and, consequently, to fire. It is also
worth mentioning that in almost 79% of the examined cases
the maximum permissible voltage (Umax) was exceeded,
which may result in a shortened lifespan of the inverters.

Conclusions

The appropriate selection of an inverter for a PV micro-
installation is crucial due to aspects related to efficiency and
operational safety. The principles of selecting inverters vary
depending on the type of PV installation (installation with a
central inverter or microinverters) and its power (in the case
of installations with higher power, three-phase inverters are
usually used). Nevertheless, care should be taken not to
exceed the maximum permissible values of input voltage and
current for a given device. Moreover, the designer should
ensure that the components used are characterized by high
quality of workmanship and comply with applicable
regulations, as evidenced by appropriate certificates. It is
also worth choosing inverters with higher efficiency. Another
issue is the selection of the optimal power of the inverter for
a PV micro-installation. Undersizing the inverter in relation to
the power of the PV installation results in a higher electrical
energy yield due to its more efficient operation. Furthermore,
in the long term, Ppv decreases due to the aging processes
of PV modules, which additionally reduces the efficiency of
micro-installations with underloaded PV inverters. Analysis of
real cases has shown that there are problems with the
appropriate selection of inverters for PV micro-installations
(especially with the appropriate selection of Pinv/Ppv). In this
matter, specialist software such as BlueSol [17] can be
helpful, however, the final decision on the selection of
specific components always remains with the designer.
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