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Abstract. The article provides a brief overview of research on solar power plants with microinverters, highlighting
their viability and input for reducing environmental pollution by greenhouse gases and halting the progression of
climate change globally. Scientific articles indicate significant potential for using photovoltaic power plants
(PVPPs) in both rural and urban areas. The reviewed articles disclosed that PVPPs with microinverters (MI) have
significant advantages compared to PVPPs based on one common inverter for the entire PV array (or several
powerful inverters for separated PV array branches). MI boosts the efficiency of PVPPs operation and quantities
of produced electric power because MPPT tracks only a small group of solar modules per group (1, 2 or 4).
Reliability of operation of more powerful PVPPs with MI is evident, as the failure of one MI or one solar module,
only affects a small part of the entire PVPP, leaving the remainder operational. It also simplifies the installation,
repair, maintenance, and dismantling of PVPP after the end of the power plant operation period, reduces power
and energy losses, amplifying overall efficiency and shortening the payback period of PVPP. The electricity
produced by PVPP with MI is primarily consumed by the building where the power plant is switched on, and the
unused electric energy flows into the external power network. Research suggests integrating at least a few powerful
PVPPs with MI into the internal network of a low-power hydroelectric power plant could enhance electricity
production. The conclusions of the article include this statement.
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Introduction

The Alliance of World Scientists founded at the Oregon State University in the US is an
international assembly of scientists independent of both governmental and non-governmental
organizations and corporations. The main goals of the Alliance are to prevent environmental pollution,
stop climate warming and help humanity transition to a greener alternative to business as usual. The
authors of this article aim contribute to the Alliance goals. Alliance scientists are writing scientific
articles which titles begin with the words “Scientists’ warning < ... >”. One of their articles and a link
to the Alliance website are included in our list of references [1; 2]. They had over 27,000 members in
2023.

Producing electricity in rural and urbanized areas using solar power plants (PVPP) with MlIs is
useful in many aspects. At the beginning of the twenty-first century, a new kind of PVPP was created
and used. The most important difference between the traditional and new structures is that string
inverters are used in traditional PVPP to convert the direct current energy of a large number of solar
modules into alternating current of standard parameters (DC/AC conversion), while MIs of the new
structure perform this work only for one solar module, or a small group of solar modules — 2 or 4. The
power of PVPP in traditional structures has to be increased on the DC side by connecting modules in
series (in strings) in order to reduce power (P = I*-r) and energy losses (Eosses = Einpur — Eoupur). String
voltage reaches up to 1.5 kV in this type of PVPP, but their currents remain small due to this way of
connecting. In addition, traditional high-power PVPP use powerful string inverters with common
maximum power point trackers (MPPTs). Such systems include a large number of solar modules, which
often experience uneven conditions (shading impact module performance), so the maximum possible
power of the solar module and entire string is quite often achieved only together with more or less losses.
Connection diagrams of PVPP with MIs are presented in Fig. 1.

The first company that became interested in MIs and understood their advantages was the USA
Ascension Technology (1991). The first commercially successful MIs have been in use since 2008.
From that year until now, MIs have been sold quite successfully all over the world and their demand is
constantly increasing. At the beginning, the price index of MIs was about 2-3 times higher than that of
large PVPP string inverters. Over time, their prices decreased quite rapidly as did the prices of solar
modules and all solar electric systems. Currently, the price index for Mls is about 0.45 EUR-W-! (price
index is equal to the price of Ml in cents devided by its rated power in watts), and for high-power solar
inverters (string inverters) — about 0.30-0.35 EUR-W-!. Such a small difference in the price indexes of
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inverters is not of great importance, because the power of PVPP with Mls is small and, as a result, no
major financial problems arise. In addition, the difference in their price indexes decreases quite quickly
over time, so it can be expected that these indexes will probably converge even more. The global PV
microinverter market size in 2022 was 967.2 million USD. Projected market size in 2033 will increase
by about 5 times — 4.630 billion USD [3]. For more useful information on current MlIs, see references
[4-7]. Global annual MI shipments in 2024 will be 21.57 GW, in 2025 — 29.41 GW.
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Fig. 1. Small-scale PVPP with microinverter MI connection diagrams:
with one solar module SM1 (left figure) and with four solar modules SM1-SM4 (right figure)

The first scientific articles in this area were devoted to the research of small-scale PVPP with Mls
(100-250 W). The articles evaluated this innovation positively [8-10]. Later articles examined small-
scale, three-phase systems [11-12]. The article [13] concluded that self-consumption is already
attractive, but storage in batteries is currently not a profitable solution in Portugal. The article [14] solves
the problem of creating MIs for PVPP. The possibility of using PVPP with MlIs to supplement the power
network when it lacks energy is analyzed in article [15]. Japanese researchers examined residential PV-
battery systems, focusing on enhancing self-consumption for peak shaving to reduce power bills [16].
Many researchers have studied residential self-consumption systems in various countries in accordance
with local conditions, looking for ways to increase efficiency [17-23]. The articles deal with other
problems as well: power quality problems of microinverters [24], influence of supercapacitors on a
system’s operation quality [25], energy use profiles of PVPP with microinverters [26], techno-economic
analysis of self-consumption [27], design characteristics of microinverters [28], and other aspects. Of
course, PVPP with string inverters may also be used in rural areas. A small Jasmine farm in Latvia has
PVPP, which produces an average of 5564 kWh and consumes up to 5000-7000 kWh of electricity per
year [29].

Innovative grid-connected small PVPP with MI, used in many countries around the world, does not
require any project for installation in a house, apartment, or business. There is also no need to conclude
any contract with representatives of the power system because the very safe smart MIs used in these
small PVPP work reliably (extended warranty — up to 25 years) and all other equipment has a multi-year
warranty. These Mls are connected to the power grid through a standard single-phase (or three phase)
plug into a standard power outlet. The electricity produced by the small PVPP is primarily consumed
by the house (apartment, private institution, company), and only the unused power balance flows into
the external power grid. Therefore, it is inappropriate to install PVPP with MI that has too much rated
power because the excess energy goes to the power system. When the solar modules are connected to
MI and the output cable of MI is not yet connected to the mains, there is no voltage on the cable plug.
Only when the cable plug is inserted into the electrical network, after a certain time, alternating electric
current will appear at the output of MI, provided that the electrical network works normally and has the
correct voltage and frequency.

The installation of PVPP with MI is very simple and does not require a lot of effort. Ml is attached
to the back of the solar modules and the output DC cables of the solar modules are connected to the
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input cables of MI through standard connectors. The MI output cable is connected via the plug to any
socket inside the building. As a result, the building receives an alternating current of electricity from the
solar modules. Any qualified and licensed electrician can install and maintain this PVPP. Maintenance
of this type of small PVPP has become quite similar to that of household electrical appliances that are
connected to electrical outlets through plugs.

Materials and methods

A small-scale PVPP with a microinverter has been installed in the Renewable Energy Systems and
Energy Storage Laboratory of the Kaunas University of Technology in order to understand its structure,
operating principle, and characteristics. The connection diagram of PVPP with two MI is presented in
Fig. 2. Both microinverters MI-1 and MI-2 in this PVPP have their own modular energy meters, Wh;
and Who. This PVPP makes it possible to monitor how much electricity was produced and delivered to
the faculty power grid from the day of installation on April 15, 2019. The type of modules SM-1 and
SM-2 is 60.6-WF-215, and their rated power is 218 W. The total power of the solar modules of this
PVPP is 436 W. I, 1., Ix are the currents from MI, load, and power networks. The rest of the devices
(voltmeters, ammeters, watt meters and energy meters) enable monitoring of the parameters of the
produced energy by changing the load of this PVPP by the rheostat R;. This PVPP (see Fig. 2) produced
over 2 MWh of free electricity for the faculty in less than 5 years.
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Fig. 2. Small-scale experimental PVPP with two microinverters

One of the tasks of this paper was to show the simplicity of the installation of this type of PVPP, to
study and evaluate its operation, and to provide explanations to consumers who would like to install
such PVPP in their homes, farms, or institutions in order to reduce their electricity costs. This article is
beyond the scope of economic evaluation of PVPP with MI, however, almost all energy specialists who
are at least a little familiar with this type of PVPP know that installing them in the internal electric
network of their home or workplace is beneficial. These power plants are very popular in Germany and
other developed countries leading in RES-based electric power production. As a result, it is no
coincidence that the pace of MI production around the world is rapidly increasing. It is safe to say that
both PVPP with MI and traditional PVPP will be developed successfully, and the price of electricity
produced by them will continue to decrease significantly. Studies show that the operation efficiency of
solar modules will increase almost twice — 40% [30].

Table 1 shows the results of how PVPP with microinverters distributed the power P; and current /3
produced based on the load power P4 and the load current /s when the sun irradiance stayed about the
same. The sky was clear, and the test took only about 5 minutes, so the solar irradiance changed only
very slightly. The main results of this experiment are submitted in Fig. 3. The power produced by PVPP
with MI is marked as PMI (the red line), the power supplied from the experimental power plant into the
electric network — as PN (the green curve) and the load power — as PL (the blue curve). The PMI power
supplied from PVPP with MI due to the constant solar irradiance was almost constant (about
274277 W) as the sky was clear.
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Table 1
PVPP with MI load test results
Load parameters Common output of Electricity network Power
MI losses
No. (’%4) IL4) |PMI(W3) | IMI(I3) | PN (W) | IN (D) AP
\\ A \\ A \\ A W
1 0 0 344 1.07 314 1.09 30
2 27.4 0.12 343 1.08 289 0.99 26.6
3 55 0.22 343.2 1.08 263.1 0.89 25.1
4 84 0.32 343.5 1.08 238 0.79 21.5
5 153 0.48 343.5 1.08 174.5 0.62 16.0
6 224 0.76 342.7 1.08 108.7 0.41 10.0
7 292.5 1.02 342.7 1.08 45.8 0.26 4.4
8 363 1.29 342.9 1.09 -17.3 -0.33 -2.8
9 432 1.56 342.8 1.10 -80.3 -0.52 -8.9
10 500 1.82 343 1.09 -142.6 -0.77 -14.4
11 570.4 2.08 343 1.10 -206.7 -1.02 -21.4

The load power PL was increased step by step, so the power delivered to the network PN decreased
step by step until it equaled the generated power PMI. Then the load used not only all the generated
PVPP power but also started to “borrow” power from the electric network (therefore, the power taken
from the network has a minus sign).
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Fig. 3. PVPP with microinverter power distribution when increasing its load

Results and discussion

Our research and review results for the presented articles allow us to confirm the following main
advantages of PVPP with MI compared to traditional PVPP: The operation efficiency of PVPP and the
amount of electricity produced increase; power and energy losses in PVPP are slightly reduced; the
payback time of the power plant is shortened; the reliability of the powerful PVPP of this type increases
(when one microinverter fails, only a small part of the entire PVPP fails, and the rest works); the
installation, maintenance, repair, and dismantling of PVPP after the end of the power plant operation
period are greatly simplified, which reduces the costs of installation and dismantling the plant. The
shipment of microinverters for the coming years is rapidly increasing: their global supply in 2024 will
be 21.57 GW, and in 2025, 29.41 GW [31]. A powerful breakthrough is taking place not only in PVPP
with MI but also in the entire area of solar energy: the global annual installed capacity of PVPP in just
one year (2023) exceeded the entire global capacity of nuclear power plants (NPP) installed in the 70-
year history of these power plants [32]. Over the last year (until April 2024), the prices of the cheapest
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solar modules have fallen to 0.08 EUR-Wp!, the most desirable ones to 0.13 EUR-Wp!, and the highest
quality ones to 0.21 EUR-Wp™! [33].

PVPP with microinverters are very suitable for those electricity users who constantly consume
energy during the day in various small companies and institutions: support of electric car battery
charging stations, continuously operating refrigerators in stores and their indoor lighting systems,
electricity storages with high-capacity batteries (they can sell the accumulated energy during the hours
when the price of electricity is the highest), in laundries, sewing shops, in buildings with air conditioning
equipment in the summer period, and in other institutions that have a lot of computers or other
electricity-using equipment that constantly consumes significant amounts of energy. There are also cases
where the power of PVPP with MI is greater. Small hydropower plants (HEPPs) provide excellent
conditions for integrating at least a few PVPPs with MI into electricity production alongside HEPPs. In
this way, it would be possible to increase the total electricity production in a small HEPP by utilising
the cheap electricity produced by PVPP with MI by almost 100%. The combined operation of both
power plants would increase electricity production on days when electricity is in the highest demand
and most expensive. This means that PVPP with MI can work not only for self-consumption but also
for the entire low voltage distribution network (AC 400V), which is available to all users connected to
it.

When solar irradiance is high, households also have a number of opportunities to use solar energy
cheaply. On sunny days, it is possible to choose jobs and activities that require the use of various
household power tools. This can include cooking in electric stoves and teapots, washing, ironing clothes,
heating water in an electric boiler, charging batteries, including those of low-power vehicles (electric
bicycles, electric scooters), working with computers, electric sewing machines, watching TV, drying
fruits, mushrooms, and berries in electric dryers, pumping water for watering gardens with an electric
pump, and performing all other possible tasks.

One of the most important tasks that must be solved in order to install PVPP with MI at home or in
the workplace is determining the optimal power of this power plant. It is easiest to calculate the optimal
power of a power plant in cases where electricity is used continuously in a company or institution. Then
it is enough to look at the readings of the electricity meter in the morning and in the evening at the end
of work and then calculate the daily energy consumption. It is recommended to choose the power of
PVPP with MI in such a way that the amount of electricity produced on a clear summer day
approximately corresponds to the amount of energy consumed per day. Electricity production on other
less clear and cloudy days will be lower; the solar power plant will not produce all the required energy
but only a greater or less part of it, which will be used in all available electric loads. The missing part of
the energy will come from the distribution electric network. Full self-sufficiency will not be achieved,
but having your own PVPP with MI can cover a considerable amount of all consumed electricity at a
price several times lower compared to that supplied from the grid.

Conclusions

1. A review of scientific articles and other information sources on PVPP with microinverters was
carried out, which revealed the viability of this type of solar power plants, the rapid development
of their installation around the world, and the lagging behind some countries from the leaders. In
these countries, the main reason for the delay is a lack of information on the subject.

2. The analysis of information on PVPP with MI showed that this type of solar power plants has
considerable potential for use in both rural and urbanized areas. Their owners could significantly
reduce expenditures on electricity by choosing the optimal power of these power plants and
skillfully operating them (approximately up to 2 times).

3. The article presents a proposal to install PVPP with microinverters in small-scale power plants that
generate an alternating voltage of 400 V. Small-scale hydropower plants (HEPPs) provide a good
chance for integrating at least a few PVPPs with MI. It would allow increasing the total electricity
generation in HEPP (at least up to 10%). This means that PVPPs with microinverters can use power
not only internally but also to supply power to external distribution networks.

4. Producing electricity, installing, maintaining, and decommissioning plants at the end of their service
life have never been simpler or more efficient globally thanks to PVPPs with MI.
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