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Abstract: The use of geothermal energy to produce heat and electricity has become increasingly
important in recent years. This is mainly due to environmental issues and the need to ensure energy
security. The aim of the article was to analyse and compare the ability to maintain cash balance of se-
lected geothermal companies in Poland. The following were taken for verification: Przedsiębiorstwo
Energetyki Cieplnej PEC Geotermia Podhalańska S.A., Geotermia Poddębice Sp. z o.o., Geotermia
Mazowiecka S.A., Geotermia Pyrzyce Sp. z o.o. and Geotermia Czarnków Sp. z o.o. The adopted
research methodology, combining accrual and cash recognition, allowed the analysis of the ability
to create cash flows and maintain cash stability in 2016–2019. The study used financial data from
the financial statements of the analysed companies. The analysis shows that the highest cash flows
from assets defined as Free Cash Flow to Firm FCFF (over PLN 11,318 thousand) and the highest
cash flows for owners Free Cash Flow to Equity FCFE (over PLN 10,005 thousand) are generated by
Geotermia Mazowiecka S.A. At the same time, the balance between cash flows meeting the inequality
FCFF ≥ FCFE + FCD, where FCD Free Cash Flow to Debt, determines the ability of assets to generate
cash covering the current distribution of capital for its donors. Consequently, there is an increase
in the value of cash resources identified in investments in the management balance sheet. Such a
situation occurred in the case of Geotermia Poddębice Sp. z o.o. and Geotermia Mazowiecka S.A.
The reverse situation, i.e., FCFF < FCFE + FCD is characteristic for cash imbalance. In such conditions
there is a decrease in cash resources identified in the management balance. This occurred in PEC
Geotermia Podhalańska S.A., Geotermia Pyrzyce Sp. z o.o. and Geotermia Czarnków Sp. z o.o.

Keywords: renewable energy sources; geothermal energy; financial balance; cash flows; Free Cash
Flow to Firm FCFF; Free Cash Flow to Equity FCFE

1. Introduction

Sustainable development (SD) is one of the most important concepts of the second
half of the 20th century, underpinned by a belief in the need to shape the right relationship
between economic growth, the environment and people [1–4]. At the same time, a further
focus mentioned in sustainable development is to meet the needs of future generations [1,5],
which, in the context of maintaining economic, environmental and social and cultural vital-
ity, provides an integral link to renewable energy [6]. Transferring the idea of sustainable
development to the field of energy resulted in the creation of the concept of sustainable
energy. Sustainable energy development (SED) is a strategic goal to create an efficient and
reliable energy system that guarantees cohesion in SD areas [7–9].

Sustainable energy development is the practical implementation of Sustainable De-
velopment Goal 7—Affordable and Clean Energy. According to Bluszcz and Manowska,
activities related to sustainable energy development focus primarily on increasing the use
of renewable energy sources in the energy mix [10]. Lior, on the other hand, primarily
points to the importance of improving energy efficiency [11], while studies emphasise the
reduction of greenhouse gas emissions and air pollutants [12–14]. The paper [15] identifies
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four interrelated themes of energy sustainability: affordable access to modern energy
services, sustainable energy supply, sustainable energy consumption and energy security.
Gunnarsdottir et al. [15] point to the need for transformation of the current energy system to
reduce its harmful effects. However, they emphasise the existing economic barriers to this
transformation in the form of a shortage of competitively priced technologies or changes in
energy prices. In turn, according to Golušin et al. [16], sustainable energy development
is about the need to harmonise the energy development of humanity in accordance with
the possibilities—natural energy resources. Like many previous authors, they also point to
the need to revise the current way of managing energy, both globally and locally. As they
agree, changes are needed in the traditional way of thinking, doing business and dealing
with energy at all levels.

An interesting perspective on energy sustainability is also presented in the work [17],
in which the authors present a set of energy indicators grouped into three dimensions:
social, economic and environmental.

Mitchell indicates that a sustainable energy system should be “based on a mix of re-
newable energy technologies, renewable fuel transport, renewable heat, demand reduction,
efficiency of use, and cogeneration of energy production” [18]. According to [19,20], the
recognition of sustainability as a key solution for sustainable energy and the need to build
a responsible energy mix mean that renewable energy sources can be relatively defined
as sustainable.

As Sobczyk and Sobczyk point out, the European Union’s policy of limiting carbon
dioxide emissions in recent years has imposed the need for member states to take various
measures to develop low-emission energy [14]. Poland, as a member state, in order to
meet the EU energy policy objectives domestically, implemented new climate protection
regulations on 2 February 2021 by approving the Energy Policy of Poland 2040 (EPP 2040).
According to the EPP 2040, the pillars of Poland’s energy policy until 2040 are [21]:

• a just transition, providing new development opportunities for the most affected
regions in connection with a low-carbon energy transition;

• a zero-carbon energy system, based on the deployment of nuclear and offshore wind
energy and increasing the role of distributed and civic energy;

• good air quality.

The adopted strategy assumes an increase in the share of renewable energy sources
(RES) in all sectors and technologies. According to EPP 2040, in 2030, the share of RES
in gross final energy consumption will be at least 23%—no less than 32% in electricity
(mainly through wind and photovoltaic power), 28% in heating, and 14% in transport with
a large contribution from electromobility. In addition, the reduction of the share coal in the
production of electricity to 56% in 2030 and the deployment of nuclear power in 2033 was
taken as a global measure of the EPP 2040 target [21].

The Energy Policy of Poland until 2040 responds to the most important challenges
facing Poland in meeting energy demand in the coming decades and sets out the directions
for the development of the energy sector, taking into account the tasks to be implemented
in the short-term and medium-term. The EPP 2040 also aims to ensure the country’s
raw material security by continuously expanding the resource base of raw materials,
including energy resources, and intensifying activities in the exploration, recognition and
development (exploitation) of geothermal water deposits and dry rock heat. The specific
objectives of EPP 2040 are also oriented around the development and use of geothermal
potential in the country, which is the subject of this paper [21].

Geothermal energy is based on using the thermal energy of rocks found in the interior
of the Earth [22]. Geothermal energy escapes to the Earth’s surface naturally, with a capacity
determined at around 46 TW [23]. The average geothermal flux is not very large, but given
the enormous volume of the Earth, its geothermal resources are almost inexhaustible.
Geothermal energy is heat extracted from the Earth’s interior in the form of hot water or
steam, at a temperature of at least 20 ◦C. Available in the form of heat stored in rocks,
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trapped steam, water or brine, geothermal energy can be used directly for heating or to
produce electricity.

The economic use of thermal water is one of the most environmentally friendly
renewable energy sources. The geothermal energetics industry is developing in such a way
that, in many cases, it is no longer present on a niche market only but is an increasingly
important part of the mix renewable energy sources area. With the potential to provide
clean and safe heating and cooling solutions (heat pumps are increasingly used not only for
heating but also for cooling, extending their operating time and increasing their economic
efficiency), geothermal is seen as almost completely emission-free at the point of operation.
Analyses of the impact of the use of geothermal energy on the environment highlight,
in many cases, a dramatic reduction in air pollution due to a reduction in the content of,
among others, carbon dioxide, sulphur, nitrogen oxide, and carbon and ash in the air, or a
marked improvement in the purity of surface waters [24,25]. This is due to the fact that
the environmental effect for both existing and newly designed geothermal heat plants
compared to conventional energy is very favourable, regardless of whether the comparative
analysis is performed for central heating plants or individual heat sources [26].

The primary factor necessary for the development of geothermal energy is the exis-
tence of geothermal resources and favourable conditions determining the profitability of
geothermal energy, but this alone does not yet determine the use of these resources. In
the reality of broadly understood sustainability, an important element which conditions
the start of geothermal investments is also the appropriate state of social acceptance, both
among potential consumers and decision-makers. Sustainable development of the town
and region based on the use of this resource is not possible without a positive public
opinion on geothermal activities. Increasing public awareness of the numerous opportuni-
ties offered by the economic exploitation of geothermal water means that more and more
local communities are seeing an opportunity for the social and economic development
of geothermal areas. This is primarily related to the development of spa tourism and
recreation, which directly improves the quality of life of the local community. According
to numerous studies, positive public opinions are mainly due to the implementation of
numerous associated investments, tourist services, functional transformations, and changes
in the physiognomy of the development [27,28]. Due to the development of infrastructure
and the tourist and spa offer, local communities gain more employment opportunities in
the service sector and increase the quality of services. A region rich in high-temperature de-
posits is at the same time becoming more attractive to outside investors and entrepreneurs.
For this reason, an increasing number of local societies are becoming convinced of this type
of energy and stress its importance in the dynamic social and economic development of a
region and in improving the attractiveness of tourism. Showing an attitude of support and
acceptance towards local government representatives and managers of geothermal-related
companies in relation to their geothermal activities indicates a high degree of identification
with the directions chosen by decision-makers [27]. Moreover, also of great importance
for development are the numerous programmes under which funding can be obtained for
operating and investment activities.

The acquisition of these funds reflects the financial activity of the company, while their
involvement in fixed assets or current assets must be linked to the maintenance of a cash
balance between the investment and operational area and the financial area. In the light
of the above, the authors of the article decided to analyse the cash balance in geothermal
enterprises in Poland, which, showing certain specificities, require investments in assets.

The aim of the article is to present the condition of the geothermal industry in Poland
in the context of the analysis of cash balance generated in individual enterprises ensuring
the maintenance of dynamic financial liquidity. It is treated in the set of company objectives
as the main short-term objective ensuring survival in a competitive market.

The high investment requirements of these companies in Polish conditions, with low
profitability, determine the need to raise capital from outside, which consequently leads to
their excessive indebtedness.
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The aim of the article was achieved through analyses presented in several areas.
The Introduction includes literature analysis of geothermal energy use in the energy

mix. Particular reference was made to the EPP 2040 programme adopted for implemen-
tation in Poland in the aim to diversify the energy generation sources with an increased
share of renewable energy, including geothermal.

In the next section, the sector of energy generation from geothermal sources in the
world and in Poland is characterized. It presented the determinants of its development
in referring to the problem of its financing. Working out capital from its own sources
and other outside activities in the context of acquiring external financing are important
determinants of the current investments operation in the enterprises, both in the short-term
context related to liquidity, and in the long-term context related to building economic value
based on discounted cash flows.

The Materials and Methods section presents a methodology for assessing the balance
between cash flows related to the efficiency of Free Cash Flow to Firm FCFF assets and their
distribution towards owners as Free Cash Flow to Equity FCFE and to financial institutions
as Free Cash Flow to Debt FCD.

The Results section presents calculations based on the five largest geothermal compa-
nies in Poland and indicates the balance in cash creation between operational, investment
and financial areas.

The Discussion section presents the link between operational results and cash flows for
the owner, who can allocate the generated funds for further development or consume them
through dividend payments. Obviously, the strategy adopted by the owner is reflected in
the final cash balance of the company.

The whole article ends with conclusions that synthetically summarize the conducted
research and analysis.

2. A Conceptual Framework: State of the Use of Geothermal Energy in the World and
in Poland

Geothermal energy is currently used in 88 countries around the world. According
to the World Energy Assessment (WEA) report, the highest potential value to geothermal
energy of all forms of renewable energy sources has been confirmed [29]. This potential is
so far only marginally developed. According to International Energy Agency, geothermal
energy covered only 4.3% of global electricity demand in 2016 [30].

According to [31], the development of geothermal energy is currently still lagging
behind wind and photovoltaic. Wind and photovoltaic energy show accelerated growth
with a clear exponential trend, while the growth of geothermal development is more or
less linear (steady but slow growth—only a few percent increase per year) (Figure 1).
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Younger suggested that the under-utilisation of geothermal potential is mainly due to
uncertainty about the availability of resources in poorly explored fields and the concentra-
tion of full lifetime costs in capital expenditure (capex) at an early stage [33].

However, recent advances in drilling technology and management have the potential
to reduce exploration uncertainty and lower initial capital expenditure [33]. Therefore
the use of geothermal energy is expected to expand further in many countries in the
coming years. Lund and Toth identified the following areas as particularly important
and promising: district heating (especially in Europe), agriculture, industrial applications,
balneotherapy and recreation, and electricity generation, especially when talking about
truly low-carbon or even zero-carbon energy [34].

Today, the energy of the interior of Earth is the most important source of energy for
countries such as Iceland (around 90%) and the Philippines (around 60%).

Considering the largest installed capacity, the top five countries using geothermal
energy directly are: China, the USA, Sweden, Germany and Turkey, which together account
for 71.1% of world capacity (Figure 2). Top countries with the highest annual geother-
mal energy consumption are China, the USA, Sweden, Turkey and Japan, respectively,
accounting for 73.4% of annual consumption worldwide [34].
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Analysis of the data in terms of population shows that smaller countries, especially
the Nordic countries, dominate. Among the leading countries in terms of installed ca-
pacity (MW/inhabitant), the following stand out in particular: Iceland, Sweden, Finland,
Switzerland and Norway. Among the leading giants in the use of geothermal, significant
contributions from Indonesia, Mexico, Italy and New Zealand are also noted [34].

When considering the use of geothermal energy on European soil, according to data
from 2016, geothermal energy accounts for approximately 3% of total primary renewable
energy production in the European Union. Europe’s geothermal resources make it possible
to exploit them much more extensively than hitherto [35]. According to the Joint Research
Centre of the European Commission, the EU has the fourth largest geothermal energy
capacity in the world—just over 1 GW, enough to power about 2 million homes [36].

Poland is also among the European countries using renewable energy. The struc-
ture of obtaining energy from renewable sources for Poland results primarily from the
geographical conditions specific to the country and the resources that can be developed.
According to the Central Statistical Office, energy obtained from renewable sources in
Poland in 2018 comes predominantly from solid biofuels (69.26%), wind energy (12.40%)
and liquid biofuels (10.20%). The total energy value of acquired primary energy from
renewable sources in Poland in 2018 was 371,588 TJ [37].

The importance of geothermal energy in Poland is, so far, marginal and its share in
2018 was only 0.3%, the share of heat pumps (of all types) was about 0.6%. However, a
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positive sign is the gradual increase in the use of geothermal energy, especially over the
period between 2014 and 2018. In 2018, its consumption was 17.0% higher than in 2014.
Geothermal energy was mainly used to meet heat demand, in 2018—75.0% of consumption
in households and 25.0% in trade and services [37].

Poland has great potential to develop geothermal energy due to its very good geother-
mal conditions, even though it lies outside volcanic areas. More than 80% of the coun-
try is covered by three geothermal provinces: Central European (Polish Lowlands), Cis-
carpathian, and Carpathian. The water temperature for these areas ranges from 30–130 ◦C
and the depth of occurrence in sedimentary rocks ranges from 1 to 10 km. However,
only water with temperatures above 80 ◦C can be used as an independent heat source;
below this temperature they must be reheated for use in district heating, particularly in
winter. The existing geological and hydrogeological conditions in Poland determine the
occurrence of low-temperature geothermal resources (low-enthalpy geothermal) [38,39].
Low-temperature geothermal uses natural heat stored in shallow parts of the Earth’s crust.
The Geological and Mining Act specifies that geothermal heat of low enthalpy may be
carried only by water whose temperature measured at the outflow from the borehole
does not exceed 20 ◦C [40]. Low-temperature geothermal does not offer the possibility of
using the Earth’s heat directly—it requires the use of supporting equipment, commonly
called geothermal (ground source) heat pumps (GCHP), which bring the energy to a higher
thermodynamic level. Therefore, at present, geothermal energy is used in Poland mainly
for heating purposes, e.g., in the Podhale region, which has a rich offer of thermal pools,
spas and recreational centres.

Selected information on the largest geothermal heat plants in Poland is given in
Table 1.

Table 1. The largest thermal power stations in Poland, 2018.

Location Official Names of Individual
Plants

Total Installed Thermal
Capacity (MW)

Installed Geothermal
Thermal Power (MW)

Share of
Geothermics (%)

Bańska Niżna PEC Geotermia Podhalańska
S.A. 77.9 38.8 50

Stargard G-Term Energy Sp. z o.o. 12.6 12.6 100

Poddębice Geotermia Poddębice Sp. z o.o 10 10 100

Pyrzyce Geotermia Pyrzyce Sp. z o.o. 22 6 27

Mszczonów Geotermia Mazowiecka S.A. 8.3 3.7 45

Uniejów Geotermia Uniejów im.
Stanisława Olasa Sp. z o.o 7.4 3.2 43

Total 138.2 74.6 -

The source: Own study on the basis of: [39].

At the end of 2018, the total installed geothermal heat capacity of the six listed heat
plants was 74.6 MW (total 138.2 MW) and the total geothermal heat production was around
868 TJ. Each of the district heating installations shown in Table 1 is different, both in terms
of the characteristics of the water extracted (temperature, mineralisation, pressure) and the
type of installation, the technical solutions used, and the heat consumers. At present, the
district heating plants are working on modernizing and expanding their facilities, with the
result that their capacity, production and heat sales are constantly increasing.

3. Materials and Methods

There are different views in the literature on determining the size of an enterprise [41,42].
Additionally, calculating the value of an enterprise is proposed differently [43]. There are
differing views on the basis that should be used to determine the size of companies. In busi-
ness valuation, cash flow reflects the economic value of the business as a strategic measure
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of its performance. At the same time, valuation based on economic value also takes into
account intangible drivers of value creation and is considered the most methodologically
correct. This cannot be said of the valuation based on the value of assets regarding the
methodology of adjusted net assets, which focuses only on tangible aspects. The value of a
business is built on tangible and intangible areas, and cash flow reflects both.

The concept of free cash flows appears in the literature most often as part of the
approach to value creation, which is a key element of any company’s business strategy [44].
According to Mielcarz and Mlinarič [45], the FCFE model is one of the most important
methods for valuing a company, while they also point out the risks, noting the danger of
over-investment. The authors also state that FCFF discounted with a company’s Weighted
Average Cost of Capital WACC, should be indicated as an appropriate solution from the
value management point of view [45]. Dagnino et al. [46] point out that the FCFE method
belongs among the primary sources for managerial approaches and evaluations from the
perspective of potential investors. According to Georgios and Chris [47], the FCFE method
views the company as a living organism regardless of the size of the assets and analyses
future expected returns rather than past returns. Moreover, it is claimed that the FCF value
reflects all decisions made by managers [48].

According to Koller [49], free cash flow FCF is crucial to the valuation process, but
it cannot be calculated directly from a company’s reported financial statements, which
combine operating results, non-operating results and capital structure. Therefore, to
calculate FCF, accounting financial statements must first be reorganised into new statements
that separate operating items, non-operating items and capital structure.

A company’s cash flow reflects decision-making in three areas, related to operating,
investing and financing activities. Joint flows to and at the disposal of the owner are
derived from the ability to generate cash from assets, which reflect the ability to create cash
in an operating and investment context, as well as from liabilities related to capital treated
as sources of interest-bearing financing.

The creation of flows from assets is equated with FCFF (free cash flow to firm), which
is based on the determination of Earnings Before Interests and Taxes EBIT, operational
performance, which is then adjusted by flows from investing activities relating to fixed
assets, as well as from operating activities relating to net working capital requirements.
Thus, a link is made between the accrual recognition of the ability to create financial result
from EBIT assets and its cash equivalent identified with FCFF [49].

At the same time, FCFF cash flow must secure cash for debt payment FCD (free cash
flow to debt) and cash for the owner FCFE (free cash flow to equity), who can use it for
dividends or invest it in the company for further growth. FCD cash flows are related on an
accruals basis to the financial cost of servicing interest-bearing debt and include the cash
change in value of debt whose repayment is effected by capital instalments. FCFE flows, in
turn, form the basis for the payment of potential dividends, which, as is well known, are
not a cost to the company but are an expense reflecting the owner’s cost of equity.

The link between the accrual streams that shape financial performance and the areas
of corporate decision-making is shown in Figure 3.

On the basis of accrual streams, i.e., revenues and costs, which shape accounting
efficiency and are linked to the respective performance categories, a cash basis reflecting
the cash flows corresponding to the respective decision areas can be constructed (Figure 4).
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The general relationship between the flows presented can be represented with the
following equation:

FCFF = FCD + FCFE (1)

Payment of borrowing costs together with repayment of the capital itself, as well as
dividend payments, must be linked to the ability to generate cash from assets through FCFF.

In the of dividend distributions, if they turn out to be greater than the FCFE flows
generated, the level of cash generated in previous periods decreases and the financial
investment held decreases. Of course, increased dividend payments over and above the
FCFE earned can be offset by increased debt, which will have an impact on FCD flows.
In the opposite situation, the lower value of dividends paid or the complete absence
of dividends in relation to FCFE earned results in an increase in cash in assets on the
balance sheet.

The methodologies for determining the different categories of cash flows are presented
in Table 2.

The overall relationship between FCFF flows and FCFE and FCD shows the ability
to generate cash from owned assets and identifies the distribution of cash to financial
institutions, as well as the owner. On the other hand, an analysis of the FCFE earned and
the dividends actually paid makes it possible to assess the owner’s behaviour with regard
to reinvestment and ensuring the company’s development from the equity built up on the
retention of earnings.
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The impact of the presented research should be seen in the possibility of solving
managerial problems and analyses related to short-term liquidity and the evaluation of
long-term investments, as well as the analysis of the economic value of the company. The
stability between FCFF, FCFE and FCD allows us to identify the effectiveness of decision-
making areas in terms of cash generation and its distribution to donors, such as owners or
external financial institutions. At the same time, the analysis of the company by internal
business segments and responsibility centres will allow a realistic estimation of profitability
and liquidity in maintaining flows in internal units that do not formally report their results.

Managerial implications related to the presented research have an impact in the
management reporting that supports decision-making functions in the company. They
are related to the implementation of tasks in managerial finance and controlling, which
are focused on planning cash in current activities and its control for internal needs. This
approach, with appropriate access to data, can be fulfilled in short time horizons (e.g.,
monthly) by observing the cash balance between FCFF, FCFE and FCD. On this basis,
budgeting can be done and then, at the budget execution stage, the level of its execution
comparing to plans may be monitored. In the long term, planning and estimating cash
flows especially in the methodology of FCFF and FCFE can be used to build an economic
value strategy for the company based on cash flow maximization and their discounting at
the present moment.

Such decisions cannot be made on the basis of financial reporting from traditional
accounting, which formally includes the balance sheet and profit and loss account, because
these reports are made at longer intervals and at legal requirements. They do not serve the
purpose of decision making and management.

Table 2. Method of determining free cash flow FCF.

(=) Free Cash Flow to the Firm
(FCFF)

(=) Free Cash Flow to Equity
(FCFE)

(=) Free Cash Flow to Debt
(FCD)

(=) Earning Before Interests and Taxes
(EBIT (1 − T))
(+) Depreciation and Amortization
(−) CAPEX
(+/−) Working Capital Requirement
(+/−) Provisions

(=) EAT (Earning After Tax)
(+) Depreciation and Amortization
(−) CAPEX
(+/−) Working Capital Requirement
(+/−) Provisions
(+/−) Debt

(+/−) Debt
(+) Financial Interests

Source: Own study.

4. Results

This part verifies the cash flows for stakeholders on the example of selected geothermal
companies in Poland. The financial statements of five companies involved in geothermal
heat production were empirically examined. The following entities were included in the
verification: PEC Geotermia Podhalańska S.A., Geotermia Poddębice Sp. z o.o., Geotermia
Mazowiecka S.A., Geotermia Pyrzyce Sp. z o.o. and Geotermia Czarnków Sp. z o.o. The
research methodology, combining accrual and cash treatment, allowed for an analysis in
terms of the ability to create flows and maintain cash balance in 2016–2019. The study was
based on data from publicly available financial statements of the entities.

The starting point for the analysis was the transformation of companies’ classic ac-
counting balance sheets to their managerial form, which provides a more useful tool for
measuring the relationship between operational and investment decisions and their fi-
nancial consequences. Next, the cash flows typical of each group of interests, i.e., FCFF,
FCFE and FCD, were verified and the values were determined and presented in graphs,
indicating the trends of their changes.

The managerial balance sheet of the first company analysed is shown in Table 3.
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Table 3. Managerial balance sheet of PEC Geotermia Podhalańska S.A. (PLN thousand).

2019 2018 2017 2016

Cash 7366 9986 9985 7712

Working capital requirement (WCR) 669 −1188 214 −44,211

Net fixed assets 169,195 165,764 159,055 15,5541

IC 177,230 174,562 169,254 119,042

Debt 6790 8640 10,490 1850

Provisions 41,414 43,040 38,639 0

Owner’s equity 129,026 122,882 120,125 117,192

EC 177,230 174,562 169,254 119,042
Source: Own study on the basis of: [51]. Table Legend: IC—Invested Capital; EC—Employed Capital.

When analysing the performance of PEC Geotermia Podhalańska S.A. in 2016–2019, it
should be noted that the demonstrated ability to generate operating profits at the level of
EBIT from assets did not clearly translate into the ability to generate cash flows identified
as FCFF. Thus, the profitability of the business did not clearly translate into liquidity
(Table 4).

Table 4. Shaping of FCFF, FCFE and FCD flows and the components affecting them in PEC Geotermia
Podhalańska S.A. (PLN thousand).

2019 2018 2017 2016

EBIT 7964.77 3825.61 5027.00 5486.00

Effective Tax 20% 21% 20% 19%

EBIT × (1 − T) 6371.95 3022.47 4017.05 4430.03

Depreciation and Amortization 8328.07 7802.42 7732.00 8245.00

∆ CAPEX −11,759.00 −14,511.66 −11,246.00 −2734.00

∆ WCR −1856.98 1402.24 −44,425.00 43,250.00

∆ Provisions −1626.43 4401.15 38,639.00 −39,682.00

FCFF −542.39 2116.62 −5282.95 13,509.03

Net profit 6144.27 2772.25 3712.00 4061.00

Depreciation and Amortization 8328.07 7802.42 7732.00 8245.00

∆ CAPEX −11,759.00 −14,511.66 −11,246.00 −2734.00

∆ WCR −1856.98 1402.24 −44,425.00 43,250.00

∆ Provisions −1626.43 4401.15 38,639.00 −39,682.00

∆ Debt −1850.40 −1849.67 8640.00 −12,341.00

FCFE −2620.47 16.73 3052.00 799.00

Interests 284.60 316.72 383.00 457.00

Effective Tax 20% 21% 20% 19%

Interests × (1 − T) 227.68 250.23 306.05 369.03

∆ Debt 1850.40 1849.67 −8640.00 12,341.00

FCD 2078.08 2099.90 −8333.95 12,710.03
Source: Own study on the basis of: [51]. Table Legend: EBIT—Earnings Before Interests and Taxes; CAPEX—
Capital Expenditures.
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In 2016, the profitability of EBIT after taxation supported by the favourable impact of
depreciation and the reduction in net working capital requirements was reflected in the
level of cash generated, which was only harmed by expenses from provisions released.
Nevertheless, this period saw the highest level of cash generated at PLN 13,509 thousand.

In 2018, EBIT profitability supported by positive cash flow from the reduction in net
working capital requirements, together with the value adjusting the result by the level
of provisions set aside, maintained a positive level of FCFF cash generation, even with
ongoing investments in fixed assets at PLN 14,511 thousand.

Only in the two years analysed, i.e., 2016 and 2018, FCFF cash flow was positive:
PLN 13,509 thousand in 2016, and PLN 2116 thousand in 2018. At the same time, no
positive FCFF was reported in the other two years with EBIT operating profitability. In
2016, this was mainly influenced by an increase in net working capital requirements by
PLN 44,425 thousand related to the management of current assets and current liabilities.
At the same time, even the level of increase in provisions by PLN 38,639 thousand did
not prevent negative FCFF cash flows. The increase in provisions (provisioning for future
expenses), although costly in nature, has a positive effect on cash flows.

In turn, in 2019, negative flows were significantly influenced by investments in fixed
assets, which involved capital expenditures of PLN 11,759 thousand. Increased net work-
ing capital requirements and the release of provisions for expenses generated were also
adversely affected.

When comparing the efficiency of cash generated from FCFF assets, it is worth to
analyse their distribution towards FCD debt payment and potential FCFE payments to the
owner, which should safeguard the interests of shareholders, e.g., in the form of dividends.

In 2016, positive flows from FCFF assets were consumed by financing activities, as
they were used to repay debt to external financial institutions, i.e., FCD, amounting to PLN
12,710 thousand (Figure 5). This expense has resulted in a significant depletion of FCFE
cash placed at the disposal of the owner, which amounted to only PLN 779 thousand.
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In contrast, in 2018, the positive flows for the owner of FCFE were a consequence of rais-
ing capital and getting indebted, which resulted in an inflow of FCD of PLN 8334 thousand.
Even with the negative cash generation capacity of FCFF assets in this period amounting
to PLN—5283 thousand, such a cash injection led to a positive generated balance for the
owner of PLN 3052 thousand. In 2018, it can be considered that the entire flow from FCFF
assets was used to pay FCD debt, which consequently led to a cash balance for the owner
of FCFE of just over PLN 16,000.

In the last year of the analysis, it is possible to identify a condition where the highest
EBIT operating profitability in the period 2016–2019 does not translate to cash flow. Cash



Energies 2021, 14, 7885 12 of 25

deficit on FCFF of PLN—542 thousand and repayment of capital resulting from FCD debt
payment of—PLN 2078 thousand leads to an estimated cumulative negative cash flow for
the owner of FCFE of PLN—2620 thousand.

To sum up the analysis of PEC Geotermia Podhalańska S.A., it can be concluded that
the overall satisfactory operating efficiency measured by the generated operating profits
did not directly translate into the state of financial liquidity reflected by the ability to
generate cash flows.

Compared to PEC Geotermia Podhalańska S.A., the entity Geotermia Poddębice
Sp. z o.o. is a relatively smaller entity both in installed geothermal capacity and in invested
capital (IC) and employed capital (EC), reflected in adjusted assets and liabilities presented
in the management balance sheet (Table 5).

Table 5. Managerial balance sheet of Geotermia Poddębice Sp. z o.o. (PLN thousand).

2019 2018 2017 2016

Cash 1876 1580 1883 923

Working capital requirement (WCR) −503 −752 −347 −374

Net fixed assets 14,686 15,528 15,188 16,252

IC 16,059 16,356 16,725 16,801

Debt 650 1034 1459 1850

Provisions 5044 5521 6007 6808

Owner’s equity 10,365 9801 9259 8142

EC 16,059 16,356 16,725 16,801
Source: Own study on the basis of: [52].

In the case of Geotermia Poddębice Sp. z o.o., it can be noted that operating profitabil-
ity from assets, based on EBIT, correlates with the ability to generate cash from FCFF assets
in virtually every year of the analysis, i.e., in the period 2016–2019 (Table 6).

Analysing the operating results achieved in the case of the entity Geotermia Poddębice
Sp. z o.o., one can notice their positive level in each of the analysed periods in 2016–2019.
The lowest level of EBIT was realised in 2016, PLN 579 thousand, while the highest was in
2017, PLN 884 thousand.

Their stability translated into positive cash flows from assets as measured by FCFF,
which were also positive. The highest level of FCFF was realised in 2017 and amounted
to PLN 1248 thousand. In addition to the operating profits, stable depreciation and
amortisation charges were the source of these cash flows, which were favourably cash
flowing and at the same time higher than the CAPEX investment in fixed assets. This
imbalance in the long term leads to decapitalisation of physical assets and does not ensure
their reproduction, which is not advantageous but ensures cash efficiency in the short
term. FCFF cash flows were adversely affected by released provisions, the release of which
may indicate cash outflows related to the materialisation of liabilities for which they were
assumed in earlier periods. FCFF flows were also adversely affected by increased net
working capital requirements. In 2018 alone, there was a reduction in net working capital
requirements which translated into cash benefits of PLN 377 thousand.

Financial stability between the operational investment and financial areas requires a
comparison between the flows and distribution of money generated from assets towards
securing payments to external capital donors FCD and the owner FCFE (Figure 6).
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Table 6. Formation of FCFF, FCFE and FCD flows and the components affecting them in Geotermia
Poddębice Sp. z o.o. (PLN thousand).

2019 2018 2017 2016

EBIT 696.88 812.70 884.33 579.69

Effective Tax 9% 15% 16% 20%

EBIT × (1 − T) 632.18 687.73 743.07 460.91

Depreciation and Amortization 1018.23 981.46 1072.20 1009.23

∆ CAPEX −176.03 −256.95 792.97 −208.12

∆ WCR −248.83 377.31 −73.24 −45.31

∆ Provisions −476.68 −1287.21 −1286.17 −484.43

FCFF 748.87 502.34 1248.83 732.28

Net profit 593.67 632.96 676.63 376.14

Depreciation and Amortization 1018.23 981.46 1072.20 1009.23

∆ CAPEX −176.03 −256.95 792.97 −208.12

∆ WCR −248.83 377.31 −73.24 −45.31

∆ Provisions −476.68 −1287.21 −1286.17 −484.43

∆ Debt −383.81 −816.19 −665.61 −275.00

FCFE 326.55 −368.62 516.78 372.51

Interests 42.45 64.72 79.07 106.63

Effective Tax 9% 15% 16% 20%

Interests × (1 − T) 38.51 54.77 66.44 84.78

∆ Debt 383.81 816.19 665.61 275.00

FCD 422.32 870.96 732.05 359.78
Source: Own study on the basis of: [52].
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A stable policy of maintaining cash flow between decision-making areas can be seen
in 2016–2019. It is characterised by a situation in which the FCFF flows generated from
the assets are sufficient to cover the debt payment of the FCD, and the remaining part is at
the disposal of the owner in the form of FCFE. The only exception is 2018, in which FCFF
flows generated, of PLN 502 thousand, were not sufficient to cover debt payment in the
amount of PLN 871 thousand. As a result, the FCFE balance for the owner amounted to
PLN—369 thousand and this was the only situation in which operational efficiency and
the ability to generate cash from assets did not translate into a cash balance for the owner.



Energies 2021, 14, 7885 14 of 25

The third entity analysed is Geotermia Mazowiecka S.A., which is the smallest of
the analysed entities in terms of installed geothermal heat capacity. At the same time,
the analysis of invested capital and its sources of financing shows a gradual increase in
invested capital (IC) and employed capital (EC), which translates to a strengthening of the
balance sheet structure and a strengthening of financial positions (Table 7).

Table 7. Managerial balance sheet of Geotermia Mazowiecka S.A. (PLN thousand).

2019 2018 2017 2016

Cash 11,493 7621 6836 4964

Working capital requirement (WCR) −142 2448 1150 652

Net fixed assets 18,792 18,609 19,674 20,813

IC 30,144 28,677 27,660 26,429

Debt 0 0 812 1386

Provisions 692 510 592 790

Owner’s equity 29,452 28,167 26,256 24,253

EC 30,144 28,677 27,660 26,429
Source: Own study on the basis of: [53].

For the years 2016–2019 analysed, EBIT operating results show positive values indi-
cating profitable operations. Only the declining level of these profits, which in the last of
the analysed years, i.e., 2019, were the smallest and amounted to PLN 1647 thousand, may
be alarming (Table 8).

Positive operating results translated into positive FCFF asset flows. For the years
2016–2019 analysed, EBIT operating results show positive values indicating profitable
operations. The only worrying thing may be the year-on-year decrease in the level of
the aforementioned profits, which in the last of the analysed years, i.e., 2019, were the
lowest and amounted to PLN 1647 thousand (Table 8). FCFF asset flows were positive in
every year, with high levels especially in 2016, of PLN 3477 thousand, and 2019, of PLN
3872 thousand due to the favourable cash proceed of depreciation and a reduction in net
working capital requirements, which significantly freed up cash—PLN 1670 thousand in
2016 and PLN 2589 thousand in 2019. The links between FCFF flows and flows for capital
donors, i.e., FCD and FCFE, are shown in Figure 7.
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The positive FCFF cash flow allowed FCD debt payments to external capital donors
in each year. In 2016 alone, with a cash surplus from FCFF, the balance from FCD was
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negative, which meant that the company injected around PLN 125 thousand in external
capital. Thus, this amount caused the FCFE balance for the owner to be higher than the
flow earned from FCFF assets alone. In the remaining years, i.e., 2017–2019, the company
stably paid the debt from the generated FCFF flows, leaving the FCFE flow available to the
owner. The highest level of cash from FCFE was recorded in 2019 and amounted to PLN
3872 thousand.

In contrast to those described earlier, Geotermia Pyrzyce has relatively less geothermal
thermal capacity but a higher level of assets and funding sources with respect to the
management approach identifying capital invested and employed (Table 9).

Table 8. Formation of FCFF, FCFE and FCD flows and the components affecting them in Geotermia
Mazowiecka S.A. (PLN thousand).

2019 2018 2017 2016
EBIT 1647.27 2423.38 2551.00 2630.00

Effective Tax 21% 21% 20% 20%

EBIT × (1 − T) 1297.40 1922.84 2030.66 2094.74

Depreciation and Amortization 1661.31 1676.69 1776.00 1835.41

∆ CAPEX −1844.98 −611.24 −637.00 −2455.80

∆ WCR 2589.53 −1297.86 −498.00 1670.54

∆ Provisions 181.66 −81.80 −198.00 206.74

FCFF 3884.92 1608.63 2473.66 3351.63

Net profit 1284.55 1911.71 2003.00 2082.00

Depreciation and Amortization 1661.31 1676.69 1776.00 1835.41

∆ CAPEX −1844.98 −611.24 −637.00 −2455.80

∆ WCR 2589.53 −1297.86 −498.00 1670.54

∆ Provisions 181.66 −81.80 −198.00 206.74

∆ Debt 0.00 −812.00 −574.00 138.11

FCFE 3872.07 785.50 1872.00 3477.00
Interests 16.31 14.03 36.00 17.00

Effective Tax 21% 21% 20% 20%

Interests × (1 − T) 12.85 11.13 28.66 13.54

∆ Debt 0.00 812.00 574.00 −138.11

FCD 12.85 823.13 602.66 −124.57
Source: Own study on the basis of: [53].

Table 9. Managerial balance sheet of Geotermia Pyrzyce Sp. z o.o (PLN thousand).

2019 2018 2017 2016

Cash 2969 4156 4508 5803

Working capital requirement (WCR) −49 46 213 1298

Net fixed assets 43,025 44,650 46,093 32,039

IC 45,945 48,852 50,814 39,140

Debt 0 0 0 0

Provisions 6638 9647 11,922 598

Owner’s equity 39,307 39,205 38,892 38,542

EC 45,945 48,852 50,814 39,140
Source: Own study on the basis of: [54].
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Analysing the managerial balance sheet (Table 9) and compiling the information from
the managerial cash flow statement, it can be seen that there is a systematic decline in
the cash resources held in the analysed years 2016–2019. This is the result of the negative
flows from FCFF assets in the last three years, which are not able to cover the flows for the
external financiers of FCD and for the owner FCFE. Only in one year, i.e., 2016, positive
FCFF flows were recorded and they amounted to PLN 1671 thousand (Table 10).

Table 10. Formation of FCFF, FCFE and FCD flows and the components affecting them in Geotermia
Pyrzyce Sp. z o.o. (PLN thousand).

2019 2018 2017 2016

EBIT 328.60 474.96 352.00 282.00

Effective Tax 32% −29% −18% −31%

EBIT × (1 − T) 222.36 611.57 414.81 369.41

Depreciation and Amortization 1987.90 2114.92 1703.00 1603.00

∆ CAPEX −363.06 −671.70 −15,757.00 963.97

∆ WCR 94.82 166.88 1085.00 −1194.03

∆ Provisions −3008.63 −2275.02 11,324.00 −71.20

FCFF −1066.61 −53.35 −1230.19 1671.15

Net profit 102.39 312.48 350.00 355.00

Depreciation and Amortization 1987.90 2114.92 1703.00 1603.00

∆ CAPEX −363.06 −671.70 −15,757.00 963.97

∆ WCR 94.82 166.88 1085.00 −1194.03

∆ Provisions −3008.63 −2275.02 11,324.00 −71.20

∆ Debt 0.00 0.00 0.00 0.00

FCFE −1186.58 −352.44 −1295.00 1656.74

Interests 177.29 232.29 55.00 11.00

Effective Tax 32% −29% −18% −31%

Interests × (1 − T) 119.97 299.10 64.81 14.41

∆ Debt 0.00 0.00 0.00 0.00

FCD 120.29 298.81 64.64 14.10
Source: Own study on the basis of: [54].

At the same time, with declining cash and negative cash flows at both FCFF and FCFE
levels, Geotermia Pyrzyce Sp. z o.o. operates profitably at the EBIT operating level.

Negative FCFF cash flows were recorded between 2017 and 2019. In 2017, significantly
high CAPEX capital expenditure of PLN 15,757 thousand negatively impacted operating
liquidity despite the favourable reallocation of expenditure and the creation of provisions
for future liabilities in the amount of PLN 11,324 thousand. In addition, the positive impact
from depreciation and amortisation, as well as provisions made, did not compensate for
the negative FCFF balance.

According to Figure 8, positive FCFF flows occurred only in 2016. In the other years,
there is a lack of ability to generate cash from assets. While repayments to FCD’s external
financial institutions remain constant, there is an increase in the negative cash balance for
the owner. This is offset by a decrease in cash held in the management balance sheet which
presents a decrease in this item in invested capital, reflecting adjusted assets.
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The smallest of the enterprises discussed in this article is Geotermia Czarnków Sp. z
o.o. It is characterised by the lowest value of invested capital (IC) and employed capital
(EC) in the analysed years 2016–2019 (Table 11).

Table 11. Managerial balance sheet of Geotermia Czarnków Sp. z o.o. (PLN thousand).

2019 2018 2017 2016

Cash 170 173 432 295

Working capital requirement (WCR) 838 701 −70 604

Net fixed assets 6244 6794 3958 6438

IC 7252 7669 4320 7338

Debt 2722 3125 0 3039

Provisions 107 125 0 172

Owner’s equity 4422 4419 4320 4127

EC 7252 7669 4320 7338
Source: Own study on the basis of: [55].

Analysing the operating profitability of Geotermia Czarnków Sp. z o.o., it is possible
to notice in each year a positive value of the operating result EBIT, with the highest result
the company recorded in 2016 PLN −3991 thousand.

With positive EBIT, the company shows positive FCFF flows from assets. The only
year in which FCFF flows were negative is 2018, influenced by significant CAPEX capital
expenditure, which was the highest in the whole period and amounted to over PLN 3377
thousand. At the same time, it should be noted that in the same year, such a large cash loss
from assets was largely compensated by financing from external financial entities, which
translated into the value of FCD in the amount of over PLN 3068 thousand. As a result, the
flow for FCFE owners was negative and amounted to PLN −258 thousand. Negative FCFE
was still recorded by the company in 2019, in which positive FCFF flow of over PLN 493
thousand went entirely to repayment of financial liabilities and interest in the form of FCD,
of PLN 496 thousand. At the same time, FCFE flows amounted to PLN −2510 thousand.

Precise calculations of flows and their mutual coherence are shown in Table 12.
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Table 12. Formation of FCFF, FCFE and FCD flows and the components affecting them in Geotermia
Czarnków Sp. z o.o. (PLN thousand).

2019 2018 2017 2016

EBIT 97.02 227.17 690.00 3991.12

Effective Tax 0% 31% 8% 2%

EBIT × (1 − T) 97.02 156.86 635.62 3909.87

Depreciation and Amortization 550.85 541.00 528.00 447.00

∆ CAPEX 0.00 −3377.47 1952.09 −1468.07

∆ WCR −136.47 −771.49 674.25 −290.28

∆ Provisions −17.77 124.97 −171.78 −4.28

FCFF 493.63 −3325.82 3618.25 2594.26

Net profit 3.37 100.13 560.00 3830.18

Depreciation and Amortization 550.85 541.00 528.00 447.00

∆ CAPEX 0.00 −3377.47 1952.09 −1468.07

∆ WCR −136.47 −771.49 674.25 −290.28

∆ Provisions −17.77 124.97 −171.78 −4.28

∆ Debt −402.49 3124.78 −3039.00 1114.00

FCFE −2.51 −258.08 503.56 3628.55

Interests 93.64 82.12 81.00 81.36

Effective Tax 0% 31% 8% 2%

Interests × (1 − T) 93.64 56.70 74.62 79.70

∆ Debt 402.49 −3124.78 3039.00 −1114.00

FCD 496.13 −3068.08 3113.62 −1034.30
Source: Own study on the basis of: [55].

The correlation between the different cash flows is also shown in Figure 9.
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In Geotermia Czarnków Sp. z o.o., the flows to the owner of FCFE were positive
between 2016 and 2017, with the flows in 2016 resulting from the generation of a positive
balance from assets in the form of FCFF and an external inflow through FCD. In contrast,
in 2017, a relatively high level of FCFF cash was used to repay FCD debt, leaving little to
the owner in the form of FCFE.
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In 2018–2019, flows to the owner of FCFE were negative, with this being the result
of a trend related to the fact that the positive balance of flows from FCFF assets was used
entirely to repay financial debt in the form of FCD, and at the same time not enough to
cover all liabilities. The negative balance of FCFE flows translates into a decrease in cash in
the managerial balance sheet in the area of capital invested IC (Table 11).

5. Discussion

This section is divided into two parts. The first part refers to previous literature
analyses on geothermal considered from the point of view of cost-effectiveness and future
possibilities of its development. The second part presents a comparative analysis of the
main cash flow determinants for individual geothermal companies in Poland in the context
of the model proposed in Section 2. At the same time, FCFs were diversified from the point
of view of different interest groups, indicating which of the companies analysed generates
the most value in a given type of flow.

5.1. Economic Limitations on Geothermal Energy Use

According to literature studies, the development of geothermal energy covers a very
wide range of capacities—from shallow, single wells for which heat pumps are used, to
deep petrothermal systems. Correspondingly, the range of costs for research, evaluation,
development, operation and decommissioning is also very wide [56]. For this reason, an
economic analysis of the feasibility of exploiting the energy potential from the point of
view of different plant capacities and at each stage of development is extremely important.
All analyses indicate that even at the initial stage of development, geothermal energy is
very costly due to high investment costs. According to references, this is mainly due to
the need to drill boreholes, which significantly increases the cost of producing geothermal
energy, even though the process is not very costly at the exploitation stage [57]. Among
the main barriers to the development of geothermal energy, the reluctance of investors to
build geothermal cogeneration plants is also indicated due to the long return period for
the investment and the very high cost of water extraction [58]. Additionally, the use of
geothermal energy is hampered by its high capex/opex ratio. One of the main reasons for
this high rate is the scale and uncertainty of resource characterization [33]. The percentage
breakdown of resource estimation costs for an onshore wind farm, by comparison, requires
only 1% of the total project costs, while for geothermal it is about 47% [56].

On the other hand, analyses conducted on a national basis for individual consumers
and small communities are optimistic. Under specific conditions, the profitability of
geothermal investments carried out with external financing, regardless of the locations
considered, is indicated for the needs of individual consumers [54]. It was also found that
geothermal investments are viable for towns with 20,000 or more inhabitants when a 4-year
income is available. Under certain conditions, such investments can be profitable for cities
of 15,000 inhabitants [59].

Observation of market trends between 2005 and 2020 indicates that the cost of geother-
mal energy production is gradually falling. Currently, the cost varies between 40–80 EUR-
MWh-1 [57]. This is mainly influenced by progress in drilling technology and management.
Operating expenses are further reduced by more efficient management of reservoirs, sup-
ported by robust models and increasingly efficient systems for converting geothermal
energy into electricity [33]. In order to provide the full exploitation of the potential of
medium and low enthalpy geothermal resources, government support and incentives seem
to be effective and not as required. Even so, according to the trends presented, broader
prospects than hitherto are opening up for countries with high geothermal potential but
insufficient geological conditions, for which until now, due to the great depth of most
deposits, the production of geothermal energy has been unprofitable.

Numerous researches and analyses devoted to geothermal energy are mainly focused
on new perspectives of development, exploitation methods, modelling of water treatment
processes or ways of optimal water application [31,33,39,56–59].
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There are also issues related to the high barriers that cause geothermal energy to still
lag behind other renewable sources [60]. However, a knowledge gap arises in the case of
geothermal energy due to incomplete coverage, partial analyses and insufficient focus on
the components affecting the value of geothermal companies. In this context and due to the
gaps in empirical research on the determinants affecting the value of geothermal companies,
the authors have made a partial attempt to identify them on a national basis. At the same
time, observing the gaps in this area, significant potential for further research was observed
in order to obtain a more comprehensive financial analysis of geothermal companies.

5.2. Comparative Analysis in the Context of the FCFF Model in the Example of Geothermal
Enterprises in Poland

A comparative analysis of the largest geothermal companies in Poland for the years
2016–2019 allows us to formulate the following conclusions:

- Geotermia Podhalańska S.A. showed the highest operating profitability in total, in the
analysed years, with PLN 17,842 thousand, while the lowest was Geotermia Pyrzyce
Sp. z o.o., with PLN 1618 thousand.

- Total depreciation and amortization costs treated as unspent and affecting flows in
a favourable view are the highest in Geotermia Podhalańska S.A., at PLN 32,107
thousand. The lowest level of depreciation was recorded in Geotermia Czarnków
Sp. z o.o., at PLN 2067 thousand. The level of depreciation depends on the capital
invested in the form of tangible and intangible fixed assets.

- The highest cumulative CAPEX incurred in Geotermia Podhalańska S.A., at PLN
40,251 thousand. As a consequence of such investments, fixed assets have the highest
value in the form of invested capital. On the other hand, Geotermia Poddębice Sp. z
o.o. has a positive balance on investments connected with fixed assets, which may
mean their disinvestment.

- Demand for net working capital in total was a source of cash creation in FCFE flows
in three out of five analyzed companies, while the highest impact on this account was
identified in Geotermia Mazowiecka S.A. and amounted to PLN 2464 thousand. The
highest negative impact of demand on cash flows occurred in Geotermia Podhalańska
S.A. and amounted to PLN −1630 thousand.

- Analysis of provisions and accruals shows that the highest positive impact of this item
on cash flows of FCFE occurred in Geotermia Pyrzyce and amounted to PLN 5969
thousand. This positive impact represents an increase in provisions that are costly
in nature and have a negative impact on financial performance. Due to the fact that
these are unspent costs, they affect the increase in the balance of generated cash flows
for the analysed period. The largest negative impact of released or used provisions
occurred in Geotermia Poddębice Sp. z o.o. and amounted to PLN −3534 thousand.

- The highest level of repaid financial liabilities with interest in total was identified
in Geotermia Podhalańska S.A., and amounted to PLN −8554 thousand. In turn,
a positive balance in relations with external financing institutions was recorded by
Geotermia Czarnków Sp. z o.o., which increased cash flows to the owner of FCFE by
PLN 797 thousand.

In conclusion, Geotermia Podhalańska SA can be considered the largest of the analysed
companies in the light of both being reported operating profitability at the EBIT level, and
also incurring the highest expenditures in the area of investment activity as well as in the
financial area due to debt payment.

However, examining the cumulative FCFE in the analysed period 2016–2019, it can be seen
that the highest value is shown by Geotermia Mazowiecka S.A., with PLN 10,005 thousand.

Detailed analysis of FCFE cash flows and their sources is presented in Figures 10–14.
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6. Conclusions

In Poland, energy production from geothermal sources is marginal and in recent
years has not exceeded one percent. It should be stressed, however, that its systematic
development can be seen, but it is determined by financial outlays for the identification
of deposits and the study of their geothermal properties in the light of limiting future
investment risks.

Investment opportunities and further development of the geothermal energy sector
therefore depend on the possibility of financing its development through cash generated in
the course of operating activities or its acquisition from external capital providers related
to the financial market.

The research methodology presented in the article is based on the relationship between
the management flows identified with cash from FCFF assets, which at the same time must
service the repayment of debt to external entities and provide cash to the owner of FCFE.
An imbalance between the ability of FCFF assets to generate cash can translate into a lower
cash in balance sheet when the distribution in the form of FCFE and FCD is greater than
the value of FCFF generated. In the opposite situation, it may lead to accumulation of cash
in assets.

A clear trend of increasing the level of cash was present in Geotermia Mazowiecka
S.A. and Geotermia Poddębice Sp. z o.o., while decreasing cash (cash imbalance) was
noticeable in smaller geothermal enterprises from Czarnków and Pyrzyce, as well as in
PEC Geotermia Podhalańska S.A. (Tables 3, 5, 7, 9 and 11).

The analyses carried out for the period 2016–2019 and covering the five largest geother-
mal companies in Poland show that in terms of operating profitability at the level of EBIT
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cumulated over the entire analysis period, the highest value of this result is identified in
Geotermia Podhalańska S.A. (Figure 10). It also has the largest fixed assets and invests the
highest financial outlays in them. As a consequence, depreciation write-offs are a cost, but
in cash terms they have a positive effect on cash flows. At the same time, it should be noted
that the investment process is carried out with a large amount of external capital, which is
shown in the cash flows for external financing parties FCD.

When it comes to assets’ ability to generate cash, Geotermia Mazowiecka S.A. shows
the highest cumulative value in the analysis period (over PLN 11,318 thousand). The same
entity can also boast the highest level of cash flow for FCFE owners (over PLN 10,005
thousand); this meant that Geotermia Mazowiecka had the highest potential to generate
cash (Figure 12).

In conclusion, it can be said that large geothermal plants in Poland certainly have
higher assets and sources of financing, which translates into profit-creating potential. At
the same time, smaller geothermal plants, while functioning in a flexible manner, have a
higher potential to generate cash.

The analyses presented can be used to create both short-term and long-term manage-
rial strategies.

Short-term strategies refer to building a cash balance between FCFF and FCFE and
FCD flows that will provide stability and financial liquidity. This will be important in
shorter horizons, e.g., monthly, in which it will be possible to review operating budgets and
take corrective action to ensure that budgets adopted for annual periods are met. Of course,
the adopted flows can be decomposed into internal business segments in accordance with
the organizational model. The decomposition of cash flows into an internal structure will
make it possible to assess and evaluate the separate cash flow-generating centres.

In the long-term strategy, the inclusion of cash flows and their prediction will pro-
vide the possibility of assessing the creation of economic value of enterprises based on
discounting cash flows, which in traditional terms can be captured under the name DCF.
Capturing flows on an FCFF and FCFE basis and ensuring stability between them will
provide a basis for maximizing value and referring to other measures such as Cash Flow
Return on Investment CFROI.
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16. Golušin, M.; Dodić, S.; Popov, S. Sustainable Energy Management; Elsevier Science Publishing Co Inc.: Oxford, UK, 2013.
17. Ligus, M.; Peternek, P. The Sustainable Energy Development Index—An Application for European Union Member States. Energies

2021, 14, 1117. [CrossRef]
18. Mitchell, C. The Political Economy of Sustainable Energy; Palgrave Macmillan: London, UK, 2010; p. 9.
19. Project Definition of Sustainable Energy, LG Action. Available online: https://www.acrplus.org/images/pdf/LG_Action_Final_

Public_Report-www.pdf (accessed on 1 July 2021).
20. Our Common Future, World Commission on Environment and Development, United Nations. 1987. Available online: http:

//www.un-documents.net/wced-ocf.htm (accessed on 3 July 2021).
21. Report: Polityka Energetyczna Polski do 2040. Available online: https://www.gov.pl/web/klimat/polityka-energetyczna-polski

(accessed on 20 June 2021).
22. Stober, I.; Bucher, K. History of geothermal energy use. In Geothermal Energy: From Theoretical Models to Exploration and Development;

Stober, I., Bucher, K., Eds.; Springer: Berlin/Heidelberg, Germany, 2013.
23. Hollenbach, D.F.; Herndon, J.M. Deep-Earth reactor: Nuclear fission, helium, and the geo-magnetic field. Proc. Natl. Acad. Sci. USA

2001, 20, 11085–11090. [CrossRef] [PubMed]
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