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Abstract: In Poland, the development of photovoltaic (PV) installations is an important element in
the development of the Renewable Energy Sources (RES) sector and supports the prosumer power
industry. The purpose of the article is to present a case study of the PROSUMENT program. It
analyzes the data available to date on the development of the PV market in Poland. Apart from the
costs of installing the PV systems, the article analyzes the profitability of investment for different
micro-power installation capacities. A calculation for micro-power installations subsidized under
the PROSUMENT program for various PV capacities is presented, along with the actual amount
of the subsidy. The adopted calculation methodology is a comparative verification analysis of the
investment cost estimate for a for the two studied PV facilities, i.e., Micro-power installation 1 and
Micro-power installation 2. The building’s annual energy demand was adopted at the same level for
both examples, with fixed active energy and distribution fees. The study includes a cost estimate for
installing the PV systems and the profitability of the investments for various micro-power installation
capacities. The analysis of the subsidy under the PROSUMENT program demonstrated that, in
the analyzed period of 2016–2020, the best results were achieved by investments with a capacity of
10 kWp. In terms of the net subsidy value, the best results ranged between 27.20 and 19.10% of the
total investment costs. Development of the Polish prosumer power market requires building public
awareness of prosumer power production as an opportunity for the growth of the Polish economy.

Keywords: prosumer; management; energy; photovoltaic installations

1. Introduction

The European Union’s Energy Strategy recognizes citizens as prosumers [1,2]. When
the European Parliament adopted the Clean Energy Package, a path of the prosumer collec-
tive organization was created [1–3]. As prosumers, citizens become active participants in
energy markets through energy production as well as self-consumption [4–7]. A review
of the literature shows that the prosumerism of renewable energy is a well-known con-
cept [8–13]. In the early days of electrification, local communities took the initiative of and
responsibility for creating proprietary power grids [14–18]. Often these communities formed
local cooperatives, some of which are still active today, e.g., in Italy and Spain [19–24]. Pro-
sumerism can make a significant contribution to the effective decarbonization of European
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economies, but it can also promote energy justice and new forms of democracy, opening
up participation and ownership for many individuals [25,26]. Popularization and dissemi-
nation of renewable energy can also mean new roles and opportunities for citizens [27],
who act as energy producers and consumers [28], or prosumers [6]. Renewable energy
prosumers can be active citizens, willing to participate in energy markets [28], who act
together in organized structures, e.g., power communities. In anticipating the emergence of
the information age, renewable energy, biotechnology, and an increasingly post-industrial
society, Toffler [29–31] emphasized the notion of “prosumer development”, characterized
by a collapse of rigid definitions of “producer” and “consumer” forged during the indus-
trial revolution. Although the definitions are under discussion [32,33], renewable energy
prosumers are defined as entities that both produce and consume renewable energy and
actively modulate their demand [34].

The distributed energy generation model includes the production of prosumer energy,
assuming that the producer and recipient of energy are the same entity. In Poland, the
adoption of the Act on Renewable Energy Sources of 20 February 2015 [35] (Act on RES)
accelerated the development of local distributed energy and opened new opportunities for
individual investors wanting to build renewable energy installations, as an alternative to
large power plants [36–39]. Under the act [35], a renewable energy prosumer is considered
an end recipient producing power exclusively from RES, for their own needs, using a
micro-power installation. For the end recipient, who is not a household power recipient,
this must not be the predominant economic activity, as defined in art. 40 sec. 2 of the Act of
29 June 1995, on Public Statistics [40]. A micro-power installation is formally understood
as a RES installation with a total installed capacity of no more than 40 kW, connected to a
power grid with a rated voltage of less than 110 kV, or with a total thermal power of no
more than 120 kW. The distributed energy generation model also includes the concept of a
business prosumer [41–44]. Schopfer et al. [45] note that technological advances and the
declining cost of photovoltaic (PV) systems and batteries are key drivers of consumer and
prosumer change in many countries [46,47].

The instrument that popularized the idea of distributed energy production in Poland
was the PROSUMENT program. It was launched by the National Fund for Environmental
Protection and Water Management in 2016–2020. The program aims “to support dispersed
renewable energy sources” as “a subsidy line for the purchase and installation of micro-
power RES installations”. By financing micro- or small RES installations, the program is also
to reduce or eliminate CO2 emissions due to power or heat production for individuals, as
well as housing communities or cooperatives. The program promotes new RES technologies
and prosumerism (raising investment and environmental awareness), as well as influences
the development of the market for equipment suppliers and installers, which increases
employment in this sector. The subsidy included the purchase and installation of new micro-
and small PS systems for the production of power or heat for single- and multi-family
residential buildings. The program also included the replacement of existing installations
with more efficient and environmentally friendly models. Program beneficiaries can be
natural persons, housing cooperatives, housing communities, and local government units.

The aim of the paper is to evaluate the economic efficiency of the PROSUMENT
program: the cost of installing PV systems, as well as the profitability of the investment for
different micro-power installation capacities. A calculation for micro-power installations
subsidized under the PROSUMENT program for different PV capacities is presented with
the actual subsidy amount. The data come from micro-power installations mounted on the
roof of a private house in Ostrowiec Świętokrzyski (Świętokrzyskie Province). The amount
of energy produced in each quarter in the last three years i.e., 2018–2020, is provided
(in kWh).

The structure of the manuscript is as follows: the condition of the Polish PV market,
the prospects of its development, the methodology of the research, the comparison of the
efficiency of different micro-power installation capacities according to the requirements of
the PROSUMENT program, and the case study of a private residential building.
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2. The Potential of Photovoltaics in Poland

In Poland, the results of research on the growing potential of PV were presented by
Jurasz et al. [34], based on a case study of Wroclaw, the capital of the Dolnośląskie Province
in south-west Poland, with a population of approx. 650,000. Wroclaw’s annual electricity
consumption slightly exceeds 2.2 TWh, with industry accounting for 46% of the demand,
and households for 31%. Jurasz et al. [48] report that the city could install up to 850 MW of
PV panels on roofs, which could potentially reduce energy-related emissions by approx.
30%, and at the same time increase the city’s power self-sufficiency. While energy storage
in batteries slightly improves both autarkic and environmental indicators, the relationship
between potential PV production and the energy load makes batteries of little use (mainly
in summer) and economically unjustified.

According to an amendment to the Act on Renewal Resources of 22 June 2016, PV
investors are divided into entrepreneurs and prosumers. The prosumer produces energy
only from RES using micro-power installations for their own needs, not related to their
business activity. The power of a prosumer power installation cannot exceed 40 kW.
Therefore, a prosumer cannot be a person who erects a PV installation on their office
building, but on a private one. If this installation produces energy for business needs, not
exceeding the permitted capacity of 40 kW, the owner can sell the surplus to the grid. The
possible price is equal to the average price of “black” energy (i.e., from solid fuels) in a
commercial market [49,50].

2.1. Social Aspects of RES in Poland

Social aspects of renewable energy development in Poland were described by Kowalska-
Pyzalska [51]. The author emphasized that if the Polish government wanted to increase the
share of RES in the power system, the contribution and acceptance of individual consumers
should not be underestimated. To overcome the lack of knowledge on the development of
renewable energy, social and educational campaigns and training are needed. Stable legal
regulations and clear market rules are also important. Consumers are cost-sensitive, so to
accelerate RES deployment and increase adoption rates, subsidy systems should be clear
and procedures easy to understand. Kowalska-Pyzalska [51] pointed out that since con-
sumers care about mutual support and opinion exchange, pilot programs with elements of
gamification, or neighbor partnerships, can increase the effectiveness of the RES policy. The
EU’s energy strategy and environmental policy aims to achieve a sustainable, low-carbon,
and environmentally friendly economy by reducing global warming and increasing energy
production from RES. In Poland, RES energy production triggers relatively high investment
costs; therefore, according to Gnatowska et al. [52], it requires introducing appropriate
support mechanisms and regulations. Since joining the European Union in 2004, Poland
had both the opportunity and obligation to develop RES. From that moment on, the Polish
PV installation market began to grow slowly. Until 2010, few PV installations were used
mainly for research and scientific purposes, as initially mainly companies and enterprises
were interested in such systems. Too-high installation costs discouraged the average citizen
from installing such a solution. The introduction of provisions regulating the use of PV
energy into Polish law, including the method of accounting for the produced energy and
EU funding, opened an opportunity for the citizen—the prosumer.

2.2. Development of the PV Market in Poland

More dynamic development of the PV market in Poland has been observed since 2013.
According to IEO [53], by 2013, 225 companies operated in the PV sector in Poland. Out
of approx. 200 distributors of PV modules and accessories, approx. 77% of them offered
end-to-end construction of PV micro-power plants. By 2015, the number of registered PV
companies operating in Poland increased to 382. The dynamic growth of the PV industry
yielded a new group: training and consulting providers, who contributed to the even
and dynamic development of the private PV installation sector. The individual clients
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could now plan their investment in the smallest details and simulate the most profitable
solutions [54–59].

According to IEO [46], the main type of services provided by an average company
is the sale (93.5) and installation of solar panels (84%). A large number of companies
also provide design and consulting services (77% and 68.3%, respectively), and the post-
warranty service providers are the least numerous (36%). In 2016, the installed capacity was
significantly affected by companies (auto-producers) that use proprietary power sources
up to 200 kW for their own needs and possibly sell the surplus to the grid. Some of
these investments were implemented without public support, and others were based on
various provisions of the RES Act [59]. Although the capacity of micro-power installations
is approx. 20 MW, which constitutes 20% of the energy generated in them, the share of
business in this type of installations is small, only 7%. Such a large power generated in
the business sector results from the fact that entrepreneurs build larger installations than
private investors. In the private sector, over 90% of all micro-power installations have a
capacity of up to 10 kW, while over 60% of installations in the enterprise sector have a
capacity of over 10 kW.

The average cost of a PV system (survey data) depends on its capacity. The most
expensive are the systems with the lowest capacity. Its price reaches approx. EUR 1785.71
(EUR 1 = PLN 4) net due to the lack of mainstream availability of such installations. With
the increase in the capacity of the micro-power installation, the price per kW drops to
approx. EUR 1071.43 for 1 MW of the system [58]. The research also provided information
on the costs of individual PV system components. PV cell modules are the most expensive;
depending on the capacity, they constitute from 41% (for systems with the lowest power of
1 kW) to 59% of the total price of 1 MW systems. The remaining price includes, e.g., an
inverter, the supporting structure, and the assembly cost (the price decreases with the
system capacity) [56].

Connecting the installation to the power grid allows the prosumer to use the grid as
power storage. Storage of energy, which is produced but not immediately used, allows
using it in the event of a power shortage (e.g., power production stoppage at night, or
in winter). The seller makes settlements based on a comprehensive contract, according
to the principles laid out by law, based on the differences between the amount of energy
produced and that which is received from the grid. The law provides a 15-year warranty
on the discount for prosumer micro-power installations. The billing system is as follows:

• 1 to 0.8—for power generated in micro-power installations with a total installed
capacity of under 10 kW;

• 1 to 0.7—for power generated in a micro-power installation with a total installed
capacity between 10 and 40 kW.

This means that for installations with a capacity of up to 10 kW, the prosumer has the
right to collect 80% of the supplied energy free of charge. For installations between 10 and
40 kW, the prosumer can collect only 70% of the supplied energy free of charge.

According to Polish law, the prosumer is billed on an annual basis, regardless of the
settlement period adopted in the comprehensive contract. This allowed the surplus of
produced energy from the summer period introduced into the grid to be collected in the
winter because both belong to the same settlement period. Therefore, the prosumer does
not have to bear the costs of distribution and transmission of the balanced energy.

The discount system described above mobilizes prosumers to use all the produced
energy for their own needs. Considering the settlement coefficients, the best solution from
the prosumer point of view is to use all the produced energy in real-time in their household
and not return it to the grid. Currently, only approx. 11% of the power produced in Poland
by PV systems is utilized. To use the produced energy as efficiently as possible, energy
management in the household must first be reconsidered, and demand management must
be adapted.

For the prosumer, the grid as “storage” is a more energy- and cost-efficient solution
than traditional energy accumulators. Storing power in traditional batteries generates
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greater losses and requires control of the battery charge status. It should also be noted that
the prosumer does not bear the costs of using the grid as a warehouse, and the power plant
gains excess energy that remains in the grid [60–64].

2.3. The Prospects of PV Development in Poland

In 2017, the International Energy Agency (IEA) announced that photovoltaics was the
world’s fastest-growing RES. As in most countries in the world, the largest amounts of
power in Poland are generated from fossil fuels. They are the main source of pollution and
the greatest threat to the environment. The countries such as India, China, and the United
States are making the greatest progress in the development of photovoltaics. According to
IEA estimates, they will have been responsible for two-thirds of the global growth of PV
installations by 2022. To a large extent, these are huge PV farms that are located in China.
Moreover, over 60% of the production of PV panels takes place in China. In India, the cost
of generating 1 kWh is less than 3 cents. This is very important as the price is a very good
driver of development, and the climatic conditions of the country also favor the installed
PV capacity.

The Polish government also contributed to the development of photovoltaics. With the
Act on RES, which specified the method of billing for the generated energy and concessions
for prosumers, a large number of people appeared who installed PV installations of different
capacities in their households [65–67].

One of the ways to support the development of PV micro-power installations (and
more) is the PROSUMENT program, offering a preferential subsidy for the purchase and
installation of a micro-power RES installation to support the prosumer investments in
households. The anticipated value of the program for 2014–2022 is EUR 190,476,190.48. The
program can be participated in by natural persons, communities, and housing cooperatives
as well as local government units [68].

Beneficiaries of the PROSUMENT program should take into account the long settle-
ment period, which prolongs the installation process (it can exceed 12 months).

In the years 2017–2020, local government projects under the Regional Operational
Programs in individual provinces are also of great importance for the development of PV
micro-power installations in Poland [69].

The constant amendments to the RES Act make any attempts to estimate the impact of
micro-power installations on the Polish energy market very difficult to estimate. According
to the National Development Plan for RES Micro-Power Installations, by 2030 [70,71], the
number of micro-power installations by 2030 is to exceed 1.8 million, with a total electricity
capacity of 16 GWe, most of which would be prosumer PV installations.

3. Materials and Methods

In designing the discussed research, the comparative analysis and case study methods
were used. The comparative analysis is most often used in the study of size and financial
relationships, and is often called the financial comparative study [72]. Młynarski [73]
defines comparative analysis as an analysis based on the comparison of distinguished
characteristics of objects.

Regarding the case study method, Yin [74] recommends it to determine answers to
exploratory questions, i.e., “how” and “why” a phenomenon occurs. This type of scientific
study focuses more on a deep understanding of the phenomenon than on the analysis of
variables. Using the case study method, therefore, allows discovering that which the results
of a quantitative study can only suggest. Compared to other research methods, the case
study offers the widest range of techniques and tools for obtaining and analyzing data. Data
sources can include observations, interviews, company documents, press articles, surveys,
and databases from various institutions. There are also no methodological limitations as
to how the data should be analyzed. The scientific nature of the case study method is
evidenced by objectivized, rational, organized, systematic, and structured proceedings



Energies 2021, 14, 4233 6 of 17

aimed at ensuring the reliability of conclusions. The most important principle is the
triangulation method, understood as obtaining data from several independent sources [75].

The adopted methodology is to enable the calculation of the amount of energy that
needs to be purchased from the supplier when the discount is exhausted. It also presents
guidelines for the billing system defined for the PROSUMENT program carried out in
Poland. The adopted assumptions enable making identical calculations for different types
of micro-power installations, with cost simulations beneficial for a given solution. To
understand better the prosumer discount system, a preliminary investment cost of a PV
system can be calculated. Below are the assumptions for further calculations for two
PV micro-power installations with different capacities, 9 and 15 kWp, the most popular
micro-installation sizes in Poland [60].

As presented in Table 1, the annual energy demand of the studied buildings was
identical, i.e., 15,000 kWh. Moreover, in both cases, the charges for active energy and
distribution fees were fixed (0.08 EUR/kWh and 0.06 EUR/kWh, respectively).

The insolation was adopted at 900 to 1150 kWh/m2/year, which is the European aver-
age and relates to all Polish provinces (according to the Typical Meteorological Year) [61].
Moreover, the level of power production adopted for the research was 1 kWp per 1 year
(1052 kWh is the above-average value) [64], and the current energy consumption was
adopted at 60%. Both studied installations differ in the rate of the discount. This is related
to the capacity of the micro-power installations, as determined by law.

Table 1. Comparison of economic assumptions for Micro-power installation 1 and Micro-power installation 2.

Parameter
Micro-Power Installation 1 Micro-Power Installation 2

Value Unit Value Unit

Capacity of the micro-power installation 9 kWp 15 kWp
Amount of power produced by 1kWp per year 1052 kWh 1052 kWh

Active energy fee (gross) 0.08 EUR/kWh 0.08 EUR/kWh
Distribution fee (gross) 0.06 EUR/kWh 0.06 EUR/kWh

Annual fixed fees 47.62 EUR/year 47.62 EUR/year
Building’s annual power demand for the power

from PV installations 15,000 kWh 15,000 kWh

Current energy consumption 60 % 60 %
Discount in the micro-power installation 80 % 70 %

kWh—unit of work, energy, and heat; the amount of energy that a 1000 W (1kW) device consumes within 1 h. kWp—kW peak, peak
capacity, maximum capacity.

The PROSUMENT program is aimed at individual customers who will produce power
for their own needs. The program applies to investments in micro-power installations and
theoretically allows for a 40% return on investment costs. PROSUMENT includes:

• a subsidy of up to 40% of eligible PV installation costs in 2016, at the maximum
amount of EUR 23.809.52

• a subsidy in the years 2017–2020 of up to 30% of eligible PV installation costs
• a low-interest loan (1% per annum) for 15 years (for 100% of eligible costs)
• the eligible cost for the PV installation is EUR 7000 for each 1 kWp installed, up to

5 kWp, and EUR 1428.57 for installations over 5 kWp
• the subsidy is granted only at branches of the BOŚ Bank.

Due to the limited pool of funds allocated to this program by the National Fund for
Environmental Protection and Water Management (NFOŚiGW), the chances of obtaining
funding are limited. Moreover, this program only theoretically allows a 40% or 30%
subsidy because:

• the tax on the subsidy amount is 19%
• the co-financing has a loan margin of 3%
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• additional costs related to co-financing, e.g., preparation of project documentation that
meets the program requirements (EUR 202.38), and of documentation for the bank
(EUR 107.14)

• the costs of securing the loan, the amount of subsidy on the mortgage, and the
insurance reduce the actual level of funding by several percentage points

Tables 2 and 3 show the actual level of subsidy received when applying for a subsidy
to a RES micro-power PV installation investment.

Table 2. A comparison of the costs of launching 3, 5, 8, and 10 kWp capacity installations within the
PROSUMER 2016 project.

PROSUMER 2016

Installation Size 3 kWp 5 kWp 8 kWp 10 kWp

Eligible costs (EUR) 5000.00 8333.33 11,428.57 14,285.71
100.00% 100.00% 100.00% 100.00%

Gross subsidy 2000 3333.33 4571.43 5714.29
40% 40% 40% 40%

19% income tax
380 633.33 868.57 1085.71

7.60% 7.60% 7.60% 7.60%

Project cost 200 200 205.71 200
4% 2.40% 1.80% 1.40%

Documentation for the bank
100 108.33 102.86 114.29
2.% 1.30% 0.90% 0.80%

Bank’s commission
150 250 342.86 428.57
3% 3% 3% 3%

Net subsidy 1170 2141.67 3051.43 3885.71
23.40% 25.70% 26.70% 27.20%

Table 3. A comparison of the costs of launching 3, 5, 8, and 10 kWp capacity installations within the
PROSUMER 2017–2020 project.

PROSUMER 2017–2020

Installation Size 3 kWp 5 kWp 8 kWp 10 kWp

Eligible costs (EUR) 21,000 35,000 48,000 60,000
100.00% 100.00% 100.00% 100.00%

Gross subsidy 6300 10,500 14,400 18,000
30% 30% 30% 30%

19% income tax
1197 1995 2736 3420

5.70% 5.70% 5.70% 5.70%

Project cost 840 840 864 840
4.00% 2.40% 1.80% 1.40%

Documentation for the bank
420 455 432 480
2% 1.30% 0.90% 0.80%

Bank’s commission
630 1050 1440 1800

3.00% 3.00% 3.00% 3.00%

Net subsidy 3213 6160 8928 11,460
15.30% 17.60% 18.60% 19.10%

The analysis concerns the installation power up to 10 kWp. The installation capacities
of 3, 5, 8, and 10 kWp are typical PV capacities on offer, but they include the ranges of
eligible costs provided for in the PROSUMENT program. As described above, the specified
amount for installations of 3 and 5 kWp is EUR 1666.67 per 1 kWp of eligible costs, and for
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installations of 8 and 10 kWp, the amount is EUR 1428.57 per 1 kWp. In the PROSUMENT
program, which was planned for 2016, the amount of co-financing was set at 40%, and in
2017–2020 at 30%. When calculating the exact amount available within the subsidy grant,
it is worth taking into account the additional costs. Each subsidy value is gross, subject
to a 19% income tax. Moreover, there are costs of the project itself, the cost of creating
documentation for the bank, and the bank’s commission. The difference between all these
costs and the value of the subsidy gives the actual amount of funding that can be obtained
with the assumed capacity of the installation.

4. Discussion and Conclusions
4.1. Micro-Power Installation 1 and Micro-Power Microinstallation 2

Upon calculating, the data for Micro-power installation 1 and Micro-power installation
2 were compiled. This allows determining the differences that resulted in the appropri-
ate discounts.

Upon comparing the obtained data, it can be observed that the annual power con-
sumption in the building and the current annual consumption are identical. According
to the presented Table 4, the annual production of a PV installation was calculated as
the quotient of its capacity and the amount of power produced by 1 kWp annually. This
calculation allowed an estimate of the value of energy fed into the grid annually. Upon
comparing both micro-power installations, it can be seen that the amount of power fed into
the grid is much higher in Micro-power installation 2. Such a large difference is caused
by the different sizes of the two installations. The annual power consumption discount
can be calculated from the quotient of the power fed into the grid and the micro-power
installation discount expressed as a percentage. The value of the discount is determined by
the Act of 1 July 2016 on RES. The purchase of energy after the end of the annual discount
is calculated by subtracting the difference in annual power consumption in the building
from the sum of the annual energy consumption discount and the current annual power
consumption. Based on the data in the table above, the value of the refund for the power
produced annually is calculated. The calculations are presented in Table 5.

Table 4. Datasheet for Micro-power installation 1 and 2.

Micro-Power Installation 1 Micro-Power Installation 2

Discount 1 to 0.8 Discount 1 to 0.7

Name Energy kWh Energy kWh

Energy consumption in the building/year 15,000 15,000
Energy production by the PV system/year 9468 15,780

Current energy consumption/year 9000 9000
Energy returned to the grid/year 468 6780
Discount for energy return/year 374 4746

Energy purchase after the discount has expired/year 5626 1254

Prior to the installation of a PV micro-installation, the annual power bill was calcu-
lated as the quotient of the building’s annual power demand from a given micro-power
installation and the sum of the active energy fee and the distribution fee. Annual fixed fees
were added to the obtained result, i.e., 47.62 EUR in both examples. The annual power
and distribution bill in the first year after the PV installation was launched was calculated
using the quotient of the energy purchased after the annual discount has been exhausted,
and the sum of the active energy fee and the distribution fee. The savings in the first year
are the difference between the annual power bill prior to the launch of the PV installation
and the total annual power and distribution bill in the first year after the launch of the PV
installation, including the remaining annual charges not covered by the discount system
after the launch of the PV installation.
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Table 5. Calculations of the reimbursement value for energy spent within one year.

Costs

Micro-Power Installation 1
Discount from 1 to 0.8

Micro-Power Installation 2
Discount from 1 to 0.7

Name Quantity
EUR

Quantity
EUR

Annual power bill prior to installation of the PV
micro-power installation 2226.19 2226.19

Annual energy and distribution bill in the first year after
installation of the PV micro-power installation 817.14 182.14

Other annual charges not covered by the discount system
after the assembly of the PV micro-power installation 47.62 47.62

Savings in the first year 1361.43 1996.43

Source: Authors ‘own study.

Upon comparing the costs of Micro-power installation 1 and Micro-power installation
2, it can be seen that the annual costs prior to the launch of the PV installation and the
remaining fees are identical. The remaining values vary greatly from one installation to the
other. This is due to the size of the analyzed micro-power installations. Upon analyzing
these data, it is possible to conclude how important it is to select the right PV installation
for the building’s energy needs.

4.2. Forecasting PV Energy Production—A Case Study

The research object was a 5.28 kWp PV installation, which is an exemplary imple-
mentation of the PROSUMENT program. The data come from the installation mounted
on the roof of a private house in Ostrowiec Świętokrzyski (Świętokrzyskie Province) and
includes the amount of energy produced (in kWh) in individual quarters in the last three
years, i.e., 2018–2020. Figure 1 presents a graphical illustration of the quarterly production
of electricity in the analyzed period.

Figure 1. Quarterly PV energy production from 2018 to 2020 of a private house in Ostrowiec
Świętokrzyski.

Figure 1 demonstrates that PV energy production is subject to quarterly seasonal
variations, with certain regularities. In the second and third quarters, energy production is
significantly higher than in the remaining quarters of the analyzed years. The aim of the
analysis was to quantify the magnitude of seasonal variations for the purpose of forecasting,
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taking these factors into account. Since the fluctuations seem to be constant in individual
periods, an additive model of seasonal fluctuations was adopted for further analysis.

In the first stage of the analysis, the time series was unified using the analytical
method of matching a linear regression. The parameters of the estimated linear regression
demonstrate that in the examined time period, from quarter to quarter, the production
of PV energy increased on average by 7.26 KWh. It also showcases that in the quarter
preceding the study, i.e., in the fourth quarter of 2017, the studied household theoretically
produced 416.2 KWh of electricity.

The next stage of the study consisted of unmatching the time series from the trend to
determine the raw seasonality indexes for the quarters. They, in turn, were correlated to
obtain the pure seasonality indexes.

Seasonality indexes are periodic fluctuation indexes calculated from the empirical
values of a time series and a smoothed series either analytically (trend function) or mechani-
cally (e.g., moving averages). For this purpose, the terms of the empirical series are divided
(in a multiplicative model) or subtracted (in an additive model) from the corresponding
terms of the smoothed series. The resulting values contain periodic (seasonal) and random
fluctuations. Random fluctuations can be eliminated from the seasonality indexes by calcu-
lating raw seasonal fluctuation indexes. The raw seasonality indexes determine how much
higher or lower the level of the phenomenon is than it would be if there were no cyclical
fluctuations and if the development followed a trend.

The sum of the raw seasonality indexes should be equal to the number of adopted
phases, e.g., 4 for quarters, 12 for months, etc. (for the multiplicative model), or 0 (for
the additive model). It means that seasonality indexes are free from random fluctuations.
However, this is rarely the case, and so the raw seasonality indexes must be divided by
the appropriate adjustment factor and then adjusted. For the multiplicative model, the
adjustment consists of dividing the raw seasonality index by the adjustment factor. For the
additive model, the adjustment factor must be subtracted from the raw seasonality index.
This will result in pure seasonality indexes.

Unmatching the time series from the trend is:

- for the multiplicative model: dividing the expressions of the empirical series by the
corresponding expressions of the smoothed series;

- for the additive model: subtracting the expressions of the empirical series from the
corresponding expressions of the smoothed series.

The obtained values include period (seasonal) and random fluctuations. The calcu-
lated pure seasonality indexes are presented in Figure 2.

As demonstrated in Figure 2, due to the seasonality, the energy production of the
studied household in 2018–2020 was on average lower by 252.22 KWh in each of the first
quarters. On the other hand, it was higher by 322.22 KWh on average in each of the
second quarters, and higher by 231.88 KWh on average in each of the third quarters. In
each of the fourth quarters, it was lower by 301.88 KWh on average than the result of the
trend function.

In the next stage of the analysis, the corrected theoretical values of the linear trend
function for the considered additive model were determined. The theoretical values of the
linear trend are adjusted by multiplying the theoretical level of the phenomenon in each
period by the appropriate pure seasonality index for that period. In this way, the theoretical
level of the phenomenon is obtained, which takes account of seasonal fluctuations. This
somewhat improved the match with the empirical data, as presented in Figure 3.
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Figure 2. Seasonality indexes—PV energy production in a private house located in Ostrowiec
Świętokrzyski in the years 2018–2020.

Figure 3. Quarterly PV energy production in a private house located in Ostrowiec Świetokrzyski in
the years 2018–2020 (empirical series, analytically unified series, and the series of theoretical values
of the additive model).

The empirical data were smoothed using the analytical method, i.e., the linear trend
function was determined using the least squares method.

Based on such a modified model, future values of PV energy production can be
forecast with greater accuracy. For the studied household, a forecast was obtained for the
following quarters of the year 2021, as presented in Figure 4.
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Figure 4. Quarterly forecast of PV energy production in 2021 for a private house located in Ostrowiec
Świętokrzyski.

Please note that due to the insufficient amount of observations, the quality of the
obtained model may not be satisfactory. The standard deviation of the residual of the time
series model was determined as follows:

S∗
u =

√√√√√ n
∑

t=1
(yt − ŷ∗t )

2

n − 2
(1)

where:
yt—empirical observations
ŷ∗t —theoretical observations obtained from the model with seasonality
n—no. of observations
This is evidenced by the value of the standard deviation of the residual component that

includes seasonality, which is 27.7 KWh. This means that the actual PV energy production
in the studied household differs from the theoretical production based on the time series
model by ±27.7 KWh on average.

Next, the average forecast error was calculated:

D
(

yP
T

)
= S∗

u

√√√√√√1 +
1
n
+

(
T − t

)2

n
∑

t=1

(
t − t

)2
(2)

where:
n—no. of observations
S∗

u—standard deviation of residual
yP

T—forecast value for the variable yt in time T
The forecasts presented in Figure 4 are also subject to errors, which are respectively:
D
(
yP

13
)
= 32.7 (error of ± 12.7%);

D
(
yP

14
)
= 33.9 (error of ± 4%);

D
(
yP

15
)
= 35.1 (error ± 4.6%);
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D
(
yP

16
)
= 36.5 (error of ± 15.8%).

With fairly high energy production, a forecast error of about 4% is still acceptable for
quarters II and III. However, for quarters I and IV, i.e., for the autumn-winter season when
PV energy production is much lower than in other seasons, a forecast error of ca. 12–16%
can prove problematic.

5. Conclusions

When comparing the costs of the Micro-power installation 1 and the Micro-power
installation 2, it can be observed that the annual costs and other charges are initially
identical. Other values vary considerably depending on the installation. This is due to their
respective size. By analyzing these data, it can be concluded that it is important to choose a
micro-power installation that is suitable for the energy needs of a RES-powered building.
The analysis of the level of subsidy under the PROSUMENT program demonstrated that in
the analyzed period of 2016–2020, the best results were achieved by investments with a
capacity of 10 kWp. In terms of the net subsidy value, the best results were obtained in the
range between 27.20 and 19.10% of the total investment costs.

The conducted study will be the foundation for further simulation studies of renewable
energy subsidies in the Polish economy. All in all, a micro-power installation is one
of the ways to move away from dependency on external power suppliers [76]. As a
rapidly growing energy sector, it is the best answer to the constant increase in energy
fees. Fluctuating fees on the one hand, and standardized legal regulations on the other,
encourage a greater concern of the public regarding energy management in their own
households. Current subsidy programs supporting renewable micro-power installations
in Poland encourage the installation of PV panels. The PROSUMENT program offers
a favorable subsidy and cost refund for a PV installation investment. The program is
available to natural persons, housing communities and cooperatives, as well as local
governments. However, please note that an applicant to the PROSUMENT program must
first of all be creditworthy, and to be aware of the additional costs, e.g., 19% income tax,
which reduces the level of actual subsidy. In 2016, the reduction level was from 40% to
32.4%, and in the years 2017–2020, from 30% to 24.3%. Please note that the percentage
value of the subsidy is not dependent on the size of the installation. Moreover, the credit
insurance is an additional expense for the beneficiary. However, the above-mentioned
additional costs of the PROSUMENT program cannot diminish the fact that its introduction
it is one of the ways to support conscious energy management in Poland and has had a
genuine impact on the development of the national PV market.

Connecting a home micro-power installation to the power grid makes one a prosumer—
a power consumer of who is also a power producer at the same time. In the current discount
system, such people are billed according to the size of their installation. According to
the new legislation, owners of installations up to 10 kW are eligible for a 1:0.8 discount,
while owners of installations from 10 to 50 kW—for a 1:0.7 discount. This means that an
individual supplier, who has a micro-installation up to 10 kW, which sends 1000 kWh to
the grid, receives 800 kWh, while the owner of a 10 to 40 kW micro-installation, which
sends 1000 kWh, receives 700 kWh. The owner sends the surplus electricity generated by
the installation back to the grid and receives it back when the panels are not working, e.g.,
at night. The surplus electricity from the micro-installation is stored by the national grid.

This solution increases the profitability of PV installations, because the surplus elec-
tricity produced in the summer can be used in a period with lower or no production,
e.g., in winter or at night. In this way, a PV installation powers the house at all times,
all year round. However, each time the prosumer must make a calculation taking into
account several variables such as insolation level or location of the facility. In terms of
managerial implications, the results of the analysis can prove beneficial for policy makers
in developing strategies for the effective promotion of financial instruments supporting
prosumer power production in Poland [77–81]. For the “green energy” business to be
sustainable, prosumers’ efforts to participate actively in the energy market need to be sup-
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ported systemically. This requires formulating effective economic, social, and marketing
policies and strategies that motivate consumers to be active power producers. Recognizing
the value of prosumerism allows Polish policy makers and managers to create policies and
strategies that are appropriate for the national market.

At this point, the authors would like to point out the limitations of their research.
The presented analysis is an example of a possible operation of installations from the
PROSUMENT program. In subsequent research work, the analysis will be broadened and
extended by empirical data from the beneficiaries of the PROSUMENT program.
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the Commonwealth of Independent States: Potential and Production from 2015 to 2019. Energies 2021, 14, 1856. [CrossRef]

81. Sun, H.; Edziah, B.K.; Song, X.; Kporsu, A.K.; Taghizadeh-Hesary, F. Estimating Persistent and Transient Energy Efficiency in Belt
and Road Countries: A Stochastic Frontier Analysis. Energies 2020, 13, 3837. [CrossRef]

http://doi.org/10.3390/en13226116
http://doi.org/10.3390/en14071856
http://doi.org/10.3390/en13153837

	Introduction 
	The Potential of Photovoltaics in Poland 
	Social Aspects of RES in Poland 
	Development of the PV Market in Poland 
	The Prospects of PV Development in Poland 

	Materials and Methods 
	Discussion and Conclusions 
	Micro-Power Installation 1 and Micro-Power Microinstallation 2 
	Forecasting PV Energy Production—A Case Study 

	Conclusions 
	References

