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Abstract: The aim of the manuscript was to present the collective results of research on the prof-
itability of using various renewable sources in Poland with the greatest development potential. In
the paper, the economic parameters of various investment projects were determined and calculated,
i.e., Net Capital Value (NPV), Internal Rate of Return (IRR) and the Period of Return on Invested
Capital (PBT). The economic assessment of the use of RES technologies was supplemented with
the assessment of environmental benefits. The ecological criterion adopted in the study was the
assessment of the potential and costs of reducing greenhouse gas emissions as a result of replacing
fossil fuels with renewable energy technologies. On the basis of the constructed economic model
to assess the profitability of investments, it has been shown that the analyzed projects will start to
bring, depending on their type and technical specification, measurable economic benefits in the form
of a reduction in the amount of energy purchased on an annual basis and environmental benefits
in the form of reduction of carbon dioxide emissions to the atmosphere. Moreover, the calculations
show a high potential for the use of certain renewable sources in Poland, which contributes to the
fulfillment of energy and emission obligations towards the EU. The analyzes and research of the
Polish energy market with the use of the presented models have shown that the project is fully eco-
nomically justified and will allow investors to make a rational decision on the appropriate selection of
a specific renewable energy source for their investment. The presented economic models to assess the
profitability of investments in renewable energy sources can be successfully used in other countries
and can also be a starting point for a discussion about the direction of energy development. Due
to the lack of collective, original and up-to-date research on the domestic market, the manuscript
provides the reader with the necessary knowledge regarding the legitimacy of using renewable
energy sources, investment and environmental profitability.

Keywords: renewable energy sources; solar energy; wind energy; ecology; environmental protection

1. Introduction

Energy has been an important influential factor in the economic and political policies
and bilateral relations of countries and in the formation of legal rules as soon as it began to
occupy its irrevocable place in human life. There are different types of energy—a diversity
that was not present when energy was first discovered—due to the reduction of typical
energy resources and due to environmental concerns today. The countries which have
sources of energy elaborate some energy policies and implement them. Some countries
with limited possibilities in terms of sources of energy, on the other hand, develop new
roles for themselves in energy and play important roles in leading world policy in order to
not fall out of the world order [1]. Environmental fossil fuels were the source of as much
as 83% of the energy consumed in Poland in 2020. This value is five times greater than
the value of energy obtained from RES. This puts Poland in the infamous first place in
Europe in terms of obtaining energy from fossil fuels. As a result, electricity generated
in Poland is also the most “dirty” within the EU: to produce 1 kWh of energy, you need
to emit 724 g of CO2, which is three times more than the European average [2–5]. It is
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worth noting that in 2020 Poland was one of the largest coal producers in Europe, which
entails numerous negative effects on our planet, including contribution to the ozone hole,
biological life imbalance, soil and air pollution [6–10]. This is one of the reasons why the
air in Poland is one of the most polluted in Europe. According to the “Clean Heat” Report
from 2020 prepared by the Ministry of Climate, solid fuel-fired coal boilers are still the most
common heat source used in Poland and account for approximately 42% of suspended
dust [11–16]. The authors in [17–22] broadly describe the environmental impact of CO2
emissions. Moreover, the overarching goal of the EU is to achieve 32% of energy from
renewable sources by the end of 2030 and to reduce greenhouse gas emissions from 40%
to 55% [16,23,24]. In order to achieve the energy and emission targets imposed by the EU
in Poland, it is necessary to consider the development of renewable energy technologies
within the energy sector as a priority. Poland must enter the path of the “green revolution”,
i.e., energy transformation, and start rebuilding its economy and energy sector towards
renewable energy sources as soon as possible. It is dictated by the result of many factors.
In addition to the obligations obliging Poland to further increase the share of renewable
energy in the overall EU economy from 11% to 15% by the end of 2022, the issue of record
prices of CO2 emission allowances should also change the approach to the economics of
energy production [6,7,15]. The transformation of the national economy towards renewable
energy will require overcoming numerous challenges in order to obtain a stable electricity
supply. Without a long-term energy policy, the Polish energy sector will face a drift and the
risk of economically unsuccessful investments in renewable energy.

To avoid catastrophic climate change, the world must achieve zero carbon emissions in
all sectors of the economy by 2050. To this end, according to Directive 2009/28/EC [2], EU
Member States should gradually increase the share of energy from their renewable sources,
both in total energy consumption and in the transport sector. The problem related to CO2
emissions in transport has been widely described in publications [25–36]. In Poland, despite
production of energy from renewable sources is growing every year, the country’s main
source is still conventional energy sources. The studies of climate change models carried
out so far accurately predict global warming [37]. According to one of them, published in
2020 by NASA, the average global temperature in the world will increase by about 2.5 ◦C
only by the end of the century [38–40]. It should be emphasized here that as a result of
human-induced climate change, the average surface temperature of the Earth has already
increased by more than 1 ◦C above the pre-industrial level [41]. Therefore, if greenhouse
gas emissions are not reduced quickly, as indicated by the portal Science about Climate,
in the 2030s, the temperature increase may reach 1.5 ◦C, and by 2100, it will exceed 4 ◦C,
which will be devastating for humanity, catastrophic and difficult to estimate consequences.
Unfortunately, the decades-long trend of increasing greenhouse gas emissions continues
and, in 2020, reached a record level of 59.1 GtCO2, the vast majority of which is carbon
dioxide from the combustion of fossil fuels [42–44].

In 2015, in the Paris Agreement, to which 190 countries (including EU member states)
joined, the nations of the world agreed on a common goal: “Limiting the increase in the
average surface temperature of the Earth to well below 2 ◦C above the pre-industrial level
and continuing efforts to limit the increase in temperature up to 1.5 ◦C” [45,46]. It was the
first ever universal, legally-binding climate agreement. The agreement stipulates that all
countries, starting from 2020, will announce voluntary greenhouse gas emission reduction
targets, and these targets will not only be revised but will also be increased every five
years [47]. This is evidenced by, for example, the examples of undisputed leaders in the
European RES sector, such as the Scandinavian countries, which cover most of the energy
demand from renewable energy sources. Despite the fact that Asia is the leader in the
development of renewable energy, which is currently responsible for more than half of the
capacity connected in the previous year, as can be seen, the Old Continent also focuses
more and more on green energy. Even the COVID-19 pandemic in Europe did not prevent
the member states from taking these actions. The last report of the European Commission
states that in the first quarter of 2021, renewable energy sources recorded their record
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result, which was a 40% share in the European energy mix. In line with the objectives
of the EU climate and energy package, the share of renewable energy in the final energy
consumption for Poland by 2021 should be 15%, and by 2030, 23% [43,44]. According to
the Ministry of Climate, the EU target for RES share in the energy mix set by 2021 may
not be met by Poland until 2022 [47–50]. However, despite this, the power of renewable
energy sources in our country is increasing with each subsequent year (only in 2019 this
increase was 9× higher than in 2018). At the end of 2020, RES installations in Poland
had a total capacity of 9979.2 MW. At the moment, according to the data of the Energy
Regulatory Office, at the end of 2020, the most renewable energy in Poland was produced
by installations using wind energy (6347.2 MW), solar energy (887.5 MW) and installations
using biomass (1512.9 MW). Next were hydropower installations (976.1 MW) and biogas
installations (255.7 MW). These data represent the share of individual energy sources in
electricity production in Poland at the end of 2020: hard coal 46%, lignite 24%, natural
gas 10%, wind 10%, biomass/biogas 5%, water 2%, other 2%. Thus, in total, the most
emissive coal sources accounted for 70% of domestic electricity generation and 14% for
renewable energy [51–53].

The energy transformation is currently the main goal of Polish politics. The govern-
ment is focusing on building a new energy system with a capacity of about 40 GW by 2040,
which will largely be green energy, which, according to the IAE Agency, opens the way to
full decarbonization both in the EU countries and in Poland. In order to meet the energy
and emission targets for Poland, more extensive measures should be taken, aimed at, inter
alia, encourage investors to invest in renewable energy. Poland, wanting to catch up in
this area, prepared and introduced an amendment to the law at the end of 2019, which
creates the possibility of great interest in energy production by prosumers, which currently
include selected entrepreneurs. The amendment to the act on renewable energy sources
introduced a number of significant changes to the support system for electricity generated
from renewable energy sources, including extending the definition of a prosumer to enter-
prises for which energy production is not the main object of economic activity and gives
them the opportunity to take advantage of the discount system; energy billing in longer
billing cycles; no need to prepare a construction design for the smallest micro-installations
up to 6.5 kW [54]; the possibility of locating micro-installations in areas that have a purpose
other than production, the entry into force of the so-called thermo-modernization relief in
personal income tax, etc. Thanks to the relief, natural persons can deduct expenses incurred,
inter alia, from the income tax base for renewable energy installations with accessories,
as well as their assembly. In addition, the Polish government introduced a number of
subsidies, such as My Electricity, Clean Air, Stop Smog or Energy Plus, which are to enable
financial support for entities investing in renewable energy.

Bearing these aspects in mind, the author’s aim is to present the important role
of renewable energy technologies in the national pro-ecological cycle. Due to the lack
of collective, original and up-to-date research on the domestic market, the manuscript
provides the reader with the necessary knowledge regarding the legitimacy of using
renewable energy sources, investment and environmental profitability. Renewable sources
with the highest potential for use in Poland were analyzed. Based on the analyzes and
research performed, they were compared in terms of various aspects: legal, technical,
climatic and economic. The obtained conclusions will help a potential investor make a well-
balanced decision on the proper selection of a specific RES for his investment. Moreover,
the obtained results may constitute a starting point for a discussion on the direction of
development of the Polish energy sector.

2. Materials and Methods

The work is of a research and analytical nature, which is devoted to the assessment
of the economic efficiency of renewable energy technologies (RES) and the assessment
of the environmental benefits of using these technologies. The key to deriving credible
system conclusions in the proposed study was the microeconomic assessment of RES
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technologies, the generalized results which allowed to calculate the marginal costs of
reducing greenhouse gas emissions due to replacing fossil fuels with energy from renewable
sources. The research nature of the work resulted from the need to obtain original, reliable
and proven input data for the model of comparative economic evaluation of various RES
technologies. The most popular renewable energy technologies in Poland were used for
the analysis, for which surveys were carried out directly at the installation users. The data
was collected using a questionnaire method using specially prepared description forms
of representative operating installations for various technologies and with the use of the
database of the European Renewable Energy Center on investments made in the renewable
energy sector. The collected data were verified by interviews with users and, in justified
cases, a visit. The tool for carrying out comparative economic and financial studies based
on the obtained input data was a consistent and uniform methodology for data analysis and
evaluation of results with regards to all sources and technologies. This methodology was
based on the concepts of discounted inflows and outflows defined in the English-language
literature as cash flows. This method normally leads to the determination of such economic
parameters of an investment project as net capital value (NPV), Internal Rate of Return
(IRR) and period of return on invested capital (PBT). The variable parameters considered in
assessing the profitability of investments in renewable energy were the level of investment
subsidies, the rate of preferential interest on investment loans, the accelerated depreciation
rate, the VAT rate on equipment, a reduced rate or exemptions from income tax and a
possible subsidy to the price of energy sold by an independent supplier of renewable energy
to the grid. The economic assessment of the use of RES technologies was supplemented
with the assessment of environmental benefits. The ecological evaluation criterion adopted
in the study was the assessment of the potential and costs of reducing greenhouse gas
emissions as a result of replacing fossil fuels with renewable energy technologies.

2.1. Return on Investment Analyzes

The developed calculation sheet made it possible to evaluate the profitability of any
investment, assuming specific data on the amount of investment expenditure, method of
financing, operating costs, tax burden, method of depreciation and revenues over a period
of up to 20 years. The following indicators were used to assess profitability: repayment
period, net present value of future cash flows (NPV), Internal Rate of Return (IRR). The
basic element of the analysis is the pro forma profit and loss account and the statement
of financial flows. The financial result in a given year is influenced by revenues from
the sale of electricity or heat, operating costs, which include annual costs of inspections,
repairs, additional service charges, other repair costs expressed as a percentage of capital
expenditure incurred for commissioning, depreciation of the entire investment, interest on
loan repayment, income tax. The obtained net profit was the basis for determining the cash
surplus in a given year according to the formula:

NF = net profit + depreciation + additional payments to the price (from the state budget)—repayment of the capital part of the loan

Cash surplus is shown with a plus (+) sign, and negative with a minus (−). Capital
expenditures in year “0” are included as expenditure, i.e., with a minus sign (−).

The accumulated cash flows, i.e., capital expenditures in year “0” plus subsequent
flows in the following years, were used to determine the first of the profitability ratios,
i.e., the repayment period. The repayment period is understood to be the number of
years expected to recover the original investment. The payback calculation consisted in
adding up the cash flows of the investment project and checking when the sum is 0, i.e.,
the financial surpluses will cover the capital expenditure (and any negative cash flows
from the initial years when the investment is not necessarily profitable). The shorter the
repayment period, the more favorable the investment should be assessed.

The second method of economic appraisal of the investment project that was used in
the calculations is the present value of the future net cash flow (NPV). This method is based
on the discounted cash flow methodology. NPV calculations were performed according to
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the following principle: the present value (i.e., for year “0”) of cash flows discounted in
each period according to the cost of capital (discount rate) was determined; the obtained
sum of discounted cash flows was defined as the NPV of the project and if the NPV was
positive—the project was accepted, if negative—it should be rejected. The NPV equation
on the basis of which the calculations were made is as follows [55,56]:

NPV =
n

∑
t=0

CFt

(1 + k)t (1)

where: CF—expected cash flow in the period t (t—subsequent years: 0, 1, 2 . . . ), k—the
assumed capital cost of the project.

An NPV of zero means that the cash flow is exactly enough to pay off your invested
capital and bring you the required rate of return on capital. When an investment (project)
has a positive NPV—then the cash flow provides additional income. The NPV method is
supplemented by the IRR method (internal rate of return) defined as a discount rate which
equates the present value of the expected cash flows with the present value of the expected
costs (capital expenditures). Calculations were made on the basis of the formula [54–56]:

n

∑
t=0

CFt

(1 + IRR)t = 0 (2)

Note that Equation (2) is the NPV equation, solved for a specific discount rate that
makes NPV equal to zero. In the NPV method, the discount rate k is determined and the
surplus value (i.e., NPV) is calculated, in the IRR method the fixed NPV is zero, and the
IRR (discount rate) value is calculated, which causes this equality to be satisfied. IRR can
be interpreted as the expected rate of income from a given project and compared with the
rates of return on other, alternative methods of allocating investment expenditures, e.g.,
bank deposits. Investments in which the IRR is higher than the adopted level should be
considered satisfactory.

2.2. Methodology for Calculating the Costs of Reducing Greenhouse Gas Emissions

The use of energy from renewable sources is accompanied by a systemic reduction
in GHG (Green House Gases) emissions, in particular CO2 emissions. This is because
renewable energy is not credited with emissions of these gases. At the same time, since
renewable energy replaces non-renewable energy carriers, which are the source of GHG
emissions, it is this emission of equivalent non-renewable energy that is considered to be
reduced in the system. As a first approximation, it is assumed that this emission reduction
costs as much as replacing conventional energy with renewable energy. The basic difficulty
results from the fact that, for the comparison of various renewable energy sources, the cost
of emission reduction should be expressed by a single, synthetic indicator (EUR/tonne
GHG emission reduction), while the implementation of individual RES technologies may
be very diverse in terms of the investment process schedule, the proportion of different
cost components, etc. To achieve comparability in the economic calculus, the technique
of discounting and leveling costs and benefits is used. By discounting costs and benefits
achieved in future years, their value is reduced to the current level of NPV (Net Present
Value) [53]. The values that appear in the future years are of less importance from the
perspective of today. A measure of this decrease in value may be, for example, interest
rates on bank deposits (but not only).

NPV =
T

∑
t=0

Ct

(1 + i)t (3)

where: Ct—net cost (after deducting the benefits achieved) in year t, i—discount rate; a fixed
discount rate of 8% was adopted for further analyzes, t—another year of implementation
of the project.



Energies 2021, 14, 7525 6 of 17

The thus calculated discounted cost of the entire project is the basis for calculating the
so-called LC (Levelised Cost). A leveled cost is a hypothetical annual cost that, incurred
in an equal amount throughout all years of the project implementation, would lead (after
discounting) to the same NPV as the real program for the implementation of the project
(with any time distribution of costs incurred) [54–56].

LC = NPV
T

∑
t=1

(1 + i)t (4)

The leveled cost is a measure of the net costs averaged for the entire period (costs
minus benefits) of the project implementation. This parameter was used to compare
different projects in terms of annual costs. In turn, the twin similar LCER (Levelised Costs
of Emission Reduction) parameter was used to determine the measure of the averaged
annual GHG emission reduction costs. This parameter is expressed by the formula [54–56]:

LCER =
LC ∑T

t=1(1 + i)t

∑T
t=1 ERt(1 + i)t (5)

where: LCER—leveled annual cost of GHG emission reduction, EUR/t CO2 eq/year;
CO2 eq—the sum of various GHG emissions expressed as CO2 equivalent emissions;
ERt—reduction of GHG emissions in year t, t CO2 eq.

Equivalent carbon dioxide emissions CO2 eq. results from the value of the GWP
(Global Warming Potential) coefficients, which define the relative relations of the effects of
climate warming caused by various greenhouse gases in relation to the effects caused by
CO2 emissions. For CO2, GWP = 1 by definition. The GWP values for the remaining gases
depend on the plotted time horizon in which the effects of the presence of gases in the
atmosphere are considered. In this paper, a 100-year time horizon was adopted, for which
the GWP for the remaining GHG significant in the energy sector are respectively: for CH4—
31, for N2O—310. The parameter calculated with the above assumptions—horizontal,
marginal cost of emission reduction—represents averaged over all years of the project
implementation cost of GHG emission reduction. It can be used to compare individual
renewable technologies from the point of view of the economic effectiveness of reducing
GHG emissions.

3. Results and Discussion
3.1. Return on Investment Analyzes

RES implementations and technologies selected on the basis of surveys as represen-
tative and subject to economic assessment have the following technical and economic
characteristics, presented in Table 1.

For comparative purposes, all RES technologies were treated only as energy tech-
nologies and no non-energy benefits or additional costs to obtain them were taken into
account. This mainly concerns the technology of biogas production from slurry and biogas
from sewage sludge, waste biomass combustion and small hydropower plants. In these
cases, the investment may take into account the costs avoided related to alternative waste
management or expenses related to the development of small water retention. These are
additional factors that improve the economic profitability of an investment, but cannot be
universally applied, and often visible only at a higher level of analysis (at the level of, for
example, a commune rather than a single project).

Table 2 presents the basic economic parameters of the researched investments in the
absence of support mechanisms, i.e., investments located at the user’s site with average
prices of conventional energy carriers, with no subsidies, exemptions and tax exemptions,
and with a standard depreciation rate and a commercial loan taken for the construction of
the installation. investment. Most of the analyzed technologies show energy production
costs lower or comparable to the costs of the replaced conventional energy carriers. These
are: solar collectors, small biomass boilers, small hydropower plants and installations
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using landfill gas to produce electricity, and straw-fired heating plants. The presented table
shows that for most of the analyzed investments, the results of the standard microeconomic
calculation have economic justification. This means that the internal rate of return on
investment expenditures is positive, and the accompanying period of return on invest-
ment expenditures is shorter than 20 years (the maximum period of economic efficiency
assessment included in the applied mathematical model).

Table 1. Technical and economic characteristics of the researched implementations in RES technology.

Analyzed Technology/RES Investment
Installed Electric

Power (el) or
Thermal (th)

Total Investment
Outlays, EUR per 1 kW

of Installed Capacity

Capacity in kWh per 1 kW of
Installed Electric Power

Efficiency in GJ per 1 kW of
Installed Thermal Power

Solar collector for water heating, kWth 2.4 455.66 3.1
Low-power straw fired boiler, kWth 65 46.31 3.9

Wood chip boiler, kWth 500 79.14 6.9
Geothermal heating plant, kWth 7500 310.87 6.1

Agricultural biogas plant for slurry, kWth 15 975.66 27.3
Photovoltaic system, kWel 3.92 6313.48 640

A small hydroelectric power plant, kWel 90 1840.44 3264
Installation for the use of landfill gas for the

production of electricity, kWel
400 1222.40 5816

Grid wind farm, kWel 1200 1108.48 945
Municipal biogas plant for sewage sludge
for the production of combined electricity,

kWel and heat, kWth

320
540 663.27 3451 11.3

Installation for the use of landfill gas for
combined electricity production, kWel and

heat, kWth

550
700 1280.87 5231 26.4

Source: own based on [53–58].

Table 2. List of economic parameters of the researched investments in the absence of support.

RES Technology and Installed Electric
Capacity (el) and Heat (th) IRR, % NPV, EUR

PBT Discounted
Payback Period,

Years

SPBT, Simple
Payback Period,

Years

The Cost of Heat
Generation,

EUR/GJ

Electricity
Production Cost,

EUR/kWh

Solar collector for water heating, 2.4 kWth 8.7 69.35 11.6 7.6 32.18
Low-power straw fired boiler, 65 kWth 31.2 67,611.31 4.8 3.1 4.57

Wood chip boiler, 500 kWth 34.7 9345.87 5.1 3.9 5.44
Geothermal heating plant, 7500 kWth <0 (a) −4,271,233.3 >20 (b) 13.2 0.12

Agricultural biogas plant for slurry, 15 kWth <0 (a) −25,960.22 >20 (b) 14.8 12.61
Photovoltaic system, 3.92 kWel 12.64 6166.09 7.87 8.9 0.87

A small hydroelectric power plant, 90 kWel 12.1 20,232.83 11.2 5.2 0.55
Installation for the use of landfill gas for the

production of electricity, 400 kWel
8.9 63,739.14 10.2 6.4 0.52

Grid wind farm, 2 × 600 kWel <0 (a) −1,535,531.9 >20 (b) 13.5 0.23
Municipal biogas plant for sewage sludge for

the production of combined electricity, 320 kWel
and heat, 540 kWth

2.9 −302,483.92 13.1 10.8 (c) 0.31 (c)

Installation for the use of landfill gas for
combined electricity production, kWel 550 kWel

and heat, 700 kWth

−2.8 (a) −1,402,158.7 >20 (b) 8.6 (c) 0.12 (c)

Source: own based on [53–58]. (a) in cases where IRR < 0 value is not provided due to lack of economic justification, (b) the mathematical
model used for economic analyzes does not allow for the calculation of the payback period directly if it is longer than 20 years, (c) in
accordance with the adopted methodological assumptions for combined heat and power installations, only the cost of electricity production
was calculated, with the calculation of revenues from the use of thermal energy reducing the annual operating costs of a given installation
(depreciation and operation).

The combined results show a large discrepancy in the so-called Simple Payback Period
(SPBT) and Discounted Payback Period (PBT). This confirms the high sensitivity of RES
technologies to the discount rate and the interest rate on investment loans. SPBT is only an
auxiliary and indicative indicator. In practice, the investor is interested in the results of
economic assessments made in the so-called dynamic economic environment, i.e., taking
into account the time value of money. The assumed 18% minimum internal rate of return,
which satisfies the investor and ensures the possibility of commercial loan repayment, was
obtained for three technologies. These are a solar collector and solid biofuel boilers (straw
and wood), respectively. In practice, these technologies can develop on a commercial basis.
The second group of renewable energy technologies is the one that allows to obtain a rate
of return higher than zero but lower than the interest rate on loans and not necessarily
satisfactory for the investor. The rate of return on inputs is comparable to the current rate
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of inflation. The payback period for investment expenditures calculated for this group is in
fact shorter than the durability period, but usually exceeds 10 years. These investments
require support in the form of a preferential loan or a better location in terms of available
renewable energy resources, technical conditions for the construction of installations, more
favorable prices for energy from fossil fuels obtained in a given place. A small hydropower
plant and a landfill gas installation are used to produce and sell electricity to the grid and are
particularly sensitive to the energy purchase price offered by utilities. Obtaining the highest
purchase price offered by power plants in Poland in 2021 of 319.6 MWh would allow to
obtain full economic profitability of the investment and would not require co-financing of
the investment from public funds. It is worth noting here that although the highest possible
price was used for the calculations, it is still approx. border. The use of the available
preferential loan for pro-ecological investments clearly improves the economic parameters.
It can be assumed that, with a rate of return on investment of 13%, some investors could
already take the risk of investing. Supporting investments through a preferential loan with
a subsidy from the state budget for interest repayment will involve real expenses (taking
into account the inflation rate) in the amount of 333.92 EUR /kW of installed capacity for
a small hydroelectric power plant and 425.72 EUR/kW of installed capacity for a landfill
gas installation. For the remaining groups of technologies, the incentives in the form of
the highest possible price for energy sold or replaced and in the form of a preferential loan
turned out to be too weak to achieve economic profitability. In these cases, it is necessary
to use direct subsidies to investments. For further analyzes, the subsidy thresholds set by
the EcoFund were proposed for the next three RES technologies listed in Table 3, i.e., 30%
of investment expenditures (the maximum subsidy available to commercial companies)
and 50% of investment expenditures (subsidies available only to investors from the public
sector and non-governmental organizations).

Table 3. Economic parameters of the investment with the support of the investor with a subsidy of 50% of the total
investment expenditure.

RES Technologies IRR, % NPV, EUR PBT, Years The Amount of Subsidies,
EUR/kW

Solar collector for water heating, 2.4 kWth 22.6 1298.27 7.2 224.57
Municipal biogas plant for sewage sludge for the
production of combined electricity, 320 kWel and

heat, 540 kWth

22.8 380,597.18 6.7 464.35

Installation for the use of landfill gas for
combined electricity production, 550 kWel and

heat, 700 kWth

15.7 526,954.35 7.9 640.44

Source: own study [53–58].

Other technologies where IRR < 0 requires stronger support mechanisms, and in
particular higher investment subsidies than those available on general terms. Forecasting
the technology development support scenario at the subsidy level of 70%, they show a
positive NPV value and a rate of return that enables the implementation of the investment.
In this group, the RES technology that has a chance, under certain conditions, for a relatively
easy improvement of economic parameters, is the biogas production technology. In the
analyzed case, an agricultural biogas plant is used to produce only biogas used for heating
purposes. A clear improvement in economic parameters could be achieved by using the
fermented slurry for the production of compost or by introducing a diesel generator into
the system. The analysis carried out shows that for farms dealing with breeding and plant
production there are reasons to obtain an appropriate amount of waste for the production
of biogas and, consequently, for the generation of electricity and heat. The production of
biogas can be based on waste material of agricultural origin, both animal and vegetable.
The use of the substrate in the form of a mixture of slurry and maize silage provides
a significant amount of biogas, the possibility of slurry disposal and the production of
a significant amount of “green electricity and heat” in cogeneration systems. On a farm,
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the use of maize silage for biogas production will result in the fact that the co-fermentation
has a high energy potential and stable quality, which makes it possible to plan stocks
for supplying biogas plants. Moreover, the use of biofuels has a positive effect on the
environment, as it limits the use of natural resources of fossil fuels and contributes to
the reduction of the greenhouse effect. In addition, the production of agricultural biogas
allows the use of agricultural and food industry waste as well as manure and plant waste
produced by farms for the production of both ecological fuel and natural fertilizers. In this
way, the risk of biogas escaping into the atmosphere can be prevented, which contributes
to the reduction of the greenhouse effect and the formation of uncontrolled fires caused by
the burning of waste by farmers.

In addition to subsidies for investments, other, less radical support mechanisms were
examined, including reduction of the VAT rate for equipment in RES technology, income
tax exemption for a period of 5 years, accelerated depreciation and their combination with
a preferential loan, a moderate surcharge for the sold) energy and investment subsidies.
Two additionally considered support mechanisms: income tax exemption and accelerated
depreciation for RES technologies producing energy for sale (to the grid), have only a slight
impact on the improvement of economic parameters. The income tax exemption as the
only support tool had only a minor impact on the improvement of economic parameters of
two technologies: small hydropower plant (IRR increased from 11.2 to 11.7) and landfill
gas installations for electricity production (IRR increased from 9.4 to 9.9). Accelerated de-
preciation brought only a minimal increase in IRR for a small hydropower plant (from 11.2
to 11.3), and in several other cases it even had a negative impact on the results of economic
assessments. Both of the above-mentioned support tools are important for technologies
that are already profitable, if we additionally want to increase their attractiveness. An in-
teresting concept of financial support for investments in RES technologies is a combination
of a preferential loan (in the case under consideration with an interest rate of 8%) and the
level of subsidy required to obtain the expected internal rate of return (in the case under
consideration—18%). The assessment of the impact of the simultaneous application of a
preferential loan and a subsidy on the amount of the necessary subsidy and the amount of
subsidies to investments from public funds is presented in Table 4.

Table 4. Combination of investment support conditions.

RES Technologies IRR without
Support, %

IRR with a
Preferential Loan

8%, %

The Amount of the
Necessary Subsidy for

Investments with a
Preferential Loan, at
which IRR = 18% of

Investment Expenditure

The Amount of
Subsidies to Investments

from Public Funds
EUR/kW of

Installed Power

Solar collector for water heating
2.4 kWth

9.2 9.8 37.6 130.87

Municipal biogas plant for sewage
sludge for the production of

combined electricity, 320 kWel and
heat, 540 kWth

3.2 5.9 38.7 265.44

Installation for the use of landfill
gas for combined electricity

production, 550 kWel

9.8 13.1 21.6 584.79

A small hydroelectric power plant,
90 kWel

12.1 12.9 22.1 472.18

Source: own based on [53–58].

The combination of support conditions used in Table 5 significantly improved the
economic efficiency of the investment. Above 50% of the subsidy threshold, mainly badly
located technologies (water and wind), an agricultural biogas plant (without taking into
account the costs related to alternative disposal of slurry) and a pilot geothermal heating
plant remained. These technologies would be fully economically viable if the capital
expenditure were reduced by the same percentage. Reducing investment by 20–45% for
technologies entering the market does not seem particularly difficult when the starting
point is demonstration projects with targeted efforts to systematically create a market.
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Therefore, the use of subsidies should be treated not as a subsidy for individual investments,
but as a systemic measure aimed at the development of technologies and the market in the
shortest possible time, so that the reasons for their further application disappear as soon
as possible.

Table 5. Lists of the calculation results of GHG emission reduction costs by implementing RES technologies. The calculations
were made for the discount rate i = 8%.

Technology Implemented Using RES
The leveled Annual Cost of

GHG Emission
Reduction, EUR

Reduction of CO2 Emissions
Equivalent (GWP 100 Years),

tonsCO2/year
Leveled Unit Cost of GHG
Emission Reduction, EUR

Solar collector for water heating—4 m2 −93.71 12.19 −10.87
Low-power straw fired boiler—65 kW 768.05 48.56 16.74

Wood chip boiler—80 kW 967.83 102.34 10.1
Geothermal heating plant—7.3 MW 146.96 6 476 23.05

Agricultural biogas plant for slurry—100 m3 951.53 69.92 14.35
Photovoltaic system—120 W 73.27 0.89 768.92

A small hydroelectric power plant—45 kW −4503.27 296.54 −18.92
Installation for the use of landfill gas for the

production of electricity—400 kW −35.87 12 856 −3.14

Grid wind farm—160 kW 10,020.01 165.99 54.35
Municipal biogas plant for sewage sludge for

the production of combined
electricity—320 kWel and heat—540 kWth

2310.44 3 876.21 −0.66

Installation for the use of landfill gas for
combined electricity production—550 kWel

and heat—700 kWth

2330.10 20 624 0.22

Source: own based on [53–58].

3.2. Costs of Reducing Greenhouse Gas Emissions with the Use of Renewable Energy Technologies
in Poland

Table 5 presents the results of calculations of the leveled costs of emission reduction
and additional parameters: the leveled annual cost of GHG emission reduction expressed
in EUR of operation of the researched installation using RES, reduction of CO2 equivalent
emissions due to the use of a given RES technology expressed in tonnes of CO2 eq/year,
using the coefficient the conversion GWP corresponding to the 100-year period of GHG
presence in the atmosphere.

Some of the renewable energy technologies are characterized by a negative horizontal
cost of GHG emission reduction (solar collectors, small hydropower plant and technologies
for the use of landfill gas and biogas from slurry), others have positive emission reduction
costs. Negative costs mean that reducing emissions practically does not require any
additional costs, on the contrary, it brings profits in the long term. Table 6 calculates the
level of GHG emission reduction costs for renewable energy technologies in Poland. Then
the data was compared with the results reported in the literature as model calculations of
emission reduction costs for decentralized RES technologies producing electricity.

Table 6. Leveled emission reduction costs for RES technologies calculated as reference.

RES Technology as a
Reduction Option

Technology Being Replaced,
Conventional

Level Unit Cost of Emission
Abatement GHG,

USD/tonę ekw. CO2

Biogas from sewage sludge
Electricity from a coal-fired

power plant

−2321.9
Landfill gas 35.78

Biogas from agricultural waste 52.74
Water power plant 87.22

Photovoltaic system 31,987.85
Source: own based on [53–58].

The comparison of Tables 5 and 6 shows how strong is the influence of local conditions,
the specificity of a given country and the state of energy infrastructure on the system of
GHG emission reduction costs. For Poland, it seems more important to compare the
calculated costs of emission reductions with the purchase prices of reductions offered by
Western countries.



Energies 2021, 14, 7525 11 of 17

World Bank experts involved in the preparation of the Prototype Coal Investment
Fund (CIF) estimate that at present the market accepts projects allowing to reduce GHG
emissions at a cost lower than USD 50–58 per tonne equivalent. CO2. The above data
indicate that almost all analyzed RES technologies can be an attractive option for reducing
harmful compounds to the atmosphere. Some of them (solar energy, small hydropower
and energy use of biomass) are in this context technologies exceptionally attractive econom-
ically. Some formal difficulty, especially for solar energy, may be only the small scale of the
installation in relation to the administrative costs of managing the supporting mechanisms.
Therefore, in the future, in the implementation of projects, the possibility of aggregating
individual projects based on low-power renewable energy technologies into larger invest-
ment packages should be considered in order to reduce the unit costs of project service and
at the same time achieve a greater reduction effect.

3.3. Identifying the Ecological Benefits of Using Renewable Energy Sources in the Context of
Reducing Greenhouse Gas Emissions

The use of energy from renewable sources, in addition to the market-measurable
costs and benefits associated with the implementation of these projects, there are also
the so-called external costs and benefits that are not priced in the market. Examples
include [59–62]:

1. on the side of potential external benefits:

• favorable impact on local labor markets by creating additional jobs in the pro-
duction and operation of small renewable energy equipment,

• favorable, synergistic links between the development of renewable energy sources
(especially biofuels) and the introduction of structural changes in agriculture,
necessary both from the point of view of improving the economic efficiency
of agricultural production in Poland as well as due to the requirements of the
process of Poland’s connection with the European Union,

• reduction of emissions of local air pollutants (SO2, NOx, dust, heavy metals) and
thus reduction of economic losses (which are currently only partially compen-
sated by emission charges) caused by: degradation of forest, agricultural and
water ecosystems, accelerated corrosion of building elements, machinery and
equipment, adverse effects of pollution on human health, etc.,

• increasing political prestige (both at the level of local communities and the
entire country) in connection with the concern for the natural environment
and sustainable economic development, and the creation of opportunities to
reduce the civilization gap between rural and peripheral areas and urbanized
regions, as well as the growth of entrepreneurship by introducing a country of
new technologies,

• easier fulfillment of the country’s international obligations concerning the re-
duction of local pollutants and greenhouse gas emissions (mainly CO2), thus
reducing the costs of actions that must be taken to achieve the emission limits
required by the relevant conventions on a national scale.

2. on the side of potential external costs:

• land take (this only applies to those cases where alternative, economically attrac-
tive land-use methods exist),

• problems in the labor markets of traditional energy carriers (e.g., in the coal
sector), which may accompany the decline in demand for these carriers due to
the large-scale development of renewable energy.

An individual entrepreneur does not take the above factors into account when making
economic decisions. However, these elements should be taken into account by local govern-
ments and central state administration, as the enterprise is not currently experiencing their
impact on the cost side or the benefit side. External costs and benefits can be internalized,
i.e., introduced into the market system through appropriate legislative initiatives and
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executive decisions, both at the level of central state administration and local government
authorities [63–66]: Examples of already existing methods of internalization are: the appli-
cable fees for economic use of the environment, burdening mainly conventional energy
technologies; obligation to purchase electricity and heat from renewable sources by energy
network operators at a higher price; redistribution of fees for using the environment to
co-finance environmental investments, etc.

3.4. Future Gap and Implementation

The conversion of the Polish economy to renewable energy is not only the domain
of the most developed countries. Furthermore, poorer, but rapidly developing countries,
which in the development of renewable energy technologies see not only the possibility
of improving the well-being of their citizens, but also real economic and business oppor-
tunities, are leaning towards it. The best example is China—in recent years it has been
responsible for over 40% of the global increase in electricity production from RES. Among
the key factors that determine the rapid growth of the importance of renewable energy
sources are, among others technological progress that reduces their costs and increases
efficiency. Other important factors include the growing problem of climate change related
to the excessive increase in emissions of harmful gases, regulations protecting the climate
and system support for renewable energy. The green revolution is also supported by an in-
crease in the environmental awareness of societies, reflected in the activities of consumers,
and an increasingly higher one marginal cost of energy production from conventional
sources, resulting, inter alia, from the deteriorating access to certain raw materials, the high
degree of consumption of current generation assets and rising climate charges. The global
energy sector is expected to undergo the most profound transformation in its history in the
coming decades. According to the forecasts of the World Renewable Energy Organization
(IRENA), virtually each of the energy transformation scenarios assumes further dynamic
development of the renewable energy sector in the world. Forecasts indicate that in the
coming years, depending on the adopted scenario, from 2.5 to even 4 trillion USD per year
will be allocated to the energy transformation in global terms.

The countries of Central and Eastern Europe are also making progress in the area of
energy transformation more and more. However, their pace is still not optimal–especially
taking into account the specific features of local economies, which are characterized by
relatively high levels energy consumption and CO2 emission. In 2010–2019, the production
of electricity from RES in 11 Central European EU Member States grew at a slower pace
than in Western Europe (4% compared to 6% on average annually). As a consequence,
the increase in the share of renewable energy sources in final electricity consumption was
also much weaker (+8 as compared to +17 percentage points) [3,9,12]. The main drivers of
the industry’s growth in recent years were–just like in the world–wind and solar energy.
Biomass and biogas also play a relatively large role in the development of the RES sector
in some countries (e.g., the Czech Republic, Slovakia). Hydropower, which provides 3

4 of
power, is dominant in the global structure of renewable energy sources. Wind energy is
in second place, producing another 9% of global energy. China has the largest share in
global renewable energy production. From year to year, they are becoming a stronger and
stronger leader when it comes to investing in renewable energy. They have the largest wind
farm market in the world. In this way, China together with the USA, Germany and India
produce global wind energy. China has also gained a dominant position in generating
electricity from solar energy. Countries of the world, mainly highly developed countries,
but also developing countries, are investing more and more amounts in renewable energy.
The main goal of the investment is primarily to reduce the emission of harmful substances
released into the environment as a result of traditional methods of obtaining energy. In
addition, financial and political aspects are also important factors, i.e., independence from
suppliers of fuel raw materials. When analyzing the share of renewable energy sources
in total energy production in individual countries of the world, Norway ranks first with
65.5%. Sweden comes in second, with the share of green power in total energy production
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being 52%. In this ranking, Poland is only on the 21st place, with nearly 12% share of
green power.

The transformation of the national economy towards RES will also require meeting
numerous challenges, which will result in the need to create permanent and transpar-
ent support mechanisms and to undertake a historic investment effort. One of the most
important issues will be to guarantee the security of energy supply. It will require signifi-
cant investments in transmission and distribution infrastructure, as well as ensuring the
availability of conventional energy sources in periods of reduced activity of renewable
energy installations. The energy transformation is associated with enormous expenditure,
estimated in the next 20 years at least 1.6 trillion PLN. Combined with numerous and costly
support mechanisms, this means the prospect of an inevitable further increase in electricity
prices, and the reconstruction of the country’s energy model will also require ensuring a
socially fair transformation, the so-called coal regions.

4. Conclusions

The European Union has adopted as a long-term goal to increase energy efficiency
and increase the share of renewable energy sources. Sustainable energy plays an important
role in this. The comparison of the long-term potential of renewable energy and domestic
coal mining confirms that both economic and technological trends will profoundly change
the structure of available domestic energy sources on the Polish market. Even under the
most optimistic assumptions, Polish mines will not be able to meet the growing demand
of the energy sector. Even in an optimistic scenario—the support for the development of
coal mining will cover less than 60% of the energy sector’s demand in 2050. In the middle
of the century, domestic hard coal will satisfy only 20% of the energy sector’s demand.
On the other hand, the share of renewable energy sources may reach three quarters by
2050, without significant breakthroughs—the combination of different technologies is
of key importance. The significant role of variable sources (wind and sun) means that
achieving a high share of RES requires flexibility at the system level. Maintaining significant
energy independence requires a shift towards a new paradigm: large-scale investments
in low-carbon technologies, the gradual transfer of coal-fired power plants to the reserve,
development of cross-border connections and the search for efficient energy storage options.

When making a decision on investing in renewable energy sources, it should be
remembered that only a complete and correctly conducted analysis of the profitability of a
renewable energy investment, which was presented in a given paper, allows you to make
an informed and correct decision regarding the taking or abandonment of the planned
project. The results of such an analysis are strictly dependent on the values of individual
parameters, which should be selected very carefully and thoughtfully. This particularly
applies to assumptions about the cost of equity capital (including the assumed level of
investment risk) and the time value of money (inflation rate, income reinvestment rate,
etc.). In order to assess the profitability of an investment, it is recommended to conduct
a discounted analysis and to use dynamic indicators, i.e., taking into account the time
factor. In the case of atypical nature of cash flows, it is recommended to use the ratios in
a modified version, i.e., taking into account a separate income reinvestment rate. When
comparing various investment projects, you should be consistent in selecting individual
financial and technical parameters and compare investments with the same implementation
periods. Using renewable energy sources is certainly profitable, but one must to take into
account quite a large one-time expenditure when buying and installing equipment. Such an
investment usually returns after a minimum of several years—depending on the solution
we decide on. The conducted analyzes also show several important conclusions:

1. The economic analysis of the use of RES technologies carried out in the study allows
for their division into groups:

- technologies that achieve an internal rate of return equal to or higher than the
interest rate of commercial loans, i.e., solar collectors and wood and straw boilers.
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- technologies for which the rate of return on investment is lower than the com-
mercial loan interest rate, but above zero. This group includes small hydropower
plants built on existing weirs, installations using gas landfill for electricity produc-
tion, solar collectors for heating water and municipal biogas plants that produce
electricity and heat in combination. The first three technologies in this group
have an internal rate of return higher on the interest rate on preferential loans
(8%). Sewage sludge biogas plants (built on the basis of foreign technology)
and solar collectors for heating utility water require subsidies of up to 30% of
investment outlays.

- technologies under analysis that aim to achieve an internal rate of return above
the current interest rate for investment loans (18%) require support in the form
of subsidies amounting to 70% of investment outlays. These are: automatic straw
and wood chip heating plants, wind farms network and small hydropower plants
built from scratch with dams. In this group of technologies, economic parameters
can be improved by extending the lifetime of biomass heating plants and the
location of the power plant wind turbines in locations with higher wind speeds.

- technologies that can be implemented as funded demonstration projects from
outside. This group includes agricultural biogas plants, geothermal and small
heating plants grid wind farms, photovoltaic systems. Improving parameters
economic benefits of some technologies in this group can be obtained under
the conditions combining energy production with other types of production,
e.g., for biogas plants agriculture, a significant improvement in economic indi-
cators would be achieved through production compost from fermented slurry,
providing for geothermal heating plants heat reception for a longer period of
the year.

2. The economic assessment of renewable energy technologies can also be made in terms
of the pace of return investment outlays. The results are presented in Tables 2–4.

3. Indirect support mechanisms in the form of tax breaks and accelerated depreciation on
their own, they turn out to be insufficient for most RES technologies under conditions
national and it is necessary to apply direct financial incentives in the form of subsidies.
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55. Wiśniewski, G. Europejskie Centrum Energii Odnawialnej, Ekonomiczne i Prawne Aspekty Wykorzystania Odnawialnych Źródeł
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