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RISK CONSIDERATIONS IN THE STUDY OF INVESTMENT ATTRACTIVENESS
OF GEOTHERMAL ENERGY OBJECTS

(MpedcmaeneHo 4neHom pedakuyiliHol konezii 3-pom 2eon. Hayk, npogh. B.A. Muxalinosum)

Background. The article explores a comprehensive approach to risk assessment affecting the investment attractiveness of
projects in the field of geothermal energy. This involves the combination of various objective prerequisites, opportunities, and limitations
arising during the process of attracting investments in the development of geothermal energy, which can create conditions for the rational
and effective use of available resources (natural, human, informational, technological, capital, etc.). Special attention is given to local,
regional, and techno-environmental risk factors.

Methods. The study utilizes methods that combine financial and economic analysis, risk assessment, technical expertise,
examination of the regulatory and legal environment, and market conditions. The core of the research involves the calculation of financial
indicators such as Net Present Value (NPV), Internal Rate of Return (IRR), Discounted Cash Flows (DCF), and payback period, which help
assess the potential profitability of a project. The technical assessment includes environmental expertise and an analysis of the
sustainability of geothermal resource use, particularly the depth of deposits and temperature potential. At the same time, it is crucial to
study the regulatory framework concerning subsoil use and tariff regulation. This approach ensures the validity of investment decisions
and minimizes risks.

R e s ults. During the study, the authors proposed an improved method for assessing investment risks in geothermal energy, taking
into account a comprehensive analysis of the interconnection between local, regional, and techno-environmental factors. A method for
ranking risks based on their impact on project effectiveness was also developed, along with recommendations for their minimization. The
proposed methods improve the accuracy of forecasting and the justification of investment decisions in this field.

Conclusions. It is analytically substantiated that the Levelized Cost of Energy (LCOE) with risk adjustments allows for
accounting for all possible losses and uncertainties, just as NPV evaluates financial attractiveness and helps determine whether investing
is worthwhile. It is also determined that considering regional and local risks provides a more realistic assessment of investing in
geothermal energy. Promising areas for future research in this field include the development of more precise risk assessment models
using modern digital technologies, such as machine learning and big data. Moreover, improving methods of environmental monitoring
and developing effective strategies for minimizing technogenic risks is important. Research on the impact of climate change on the stability
of geothermal resources, as well as improving the legislative and regulatory framework to stimulate investment in the sector, can
contribute to the sustainable development of geothermal energy.

Keywords: geothermal energy, subsoil use, investment attractiveness, risks, renewable energy, environmental safety, risk

management, development prospects.

Background

Fundamental and applied works on determining the
investment attractiveness of renewable energy facilities,
including geothermal energy as a component of it, have
been carried out both in Ukraine and worldwide for a long
time. Theories of investment and the evaluation of the
effectiveness of investment projects are dedicated to the
works of authors (Tatarenko, & Poruchnyk, 2000; Suprun, &
Yukhymchuk, 2009; Chorna, Smirnova, & Buhrimenko,
2017; Karpov, & Horbachenko, 2013). The analysis of
strategic investment directions in renewable energy in the
context of national economic development has been
conducted in the works (Drach, 2023; Sivitska, 2014;
Dyachuk et al., 2019). Structural analysis of the costs for
implementing a wind power plant investment project is
presented in the works (Hlushchenko, 2023; Ivanchhenko, &
Tuchynskyi 2007; Stehly, Tyler, Duffy, & Patrick, 2021).
Separate studies focus on modeling and analyzing the cost
of electricity from renewable sources (Tochenyi, Reztsov, &
Tuchynskyi, 2010). Research on the investment
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attractiveness of mineral resources and the evaluation of
risks has been presented in the works of many authors
[Mykhailov et al., 2023; Rudko, Karli, & Tolkunov, 2022;
Kumar, 2022; Lukawski, Silverman, & Tester, 2016;
Savchuk, 2024; Zurian, Levchenko, & Pidtilok, 2015).

Research on the efficiency of using the thermal potential
of the environment and the upper layers of the Earth's crust
in Ukraine is described in the works (Morozov, 2019). Active
research is underway to study the physical features and
energy efficiency of using water from underground horizons,
with a focus on technical, economic, and ecological analysis
of implementing geothermal systems of this type (Zurian,
2023a; Zurian, 2023b).

The results of recent publications confirm the promising
direction of research into the technical, economic efficiency,
and profitability of implementing geothermal energy projects,
including the use of low-potential thermal energy from the
upper layers of the Earth for heating, cooling, hot water
supply, and meeting technological needs of consumers. At
the same time, the problem of economic-mathematical
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modeling for assessing the economic attractiveness of heat
supply technologies based on the use of geothermal energy,
taking into account all possible risks of using this type of
renewable energy, remains relevant.

Problem Statement. The analysis of scientific
publications and practical experience in the application of
methods for evaluating investment efficiency, taking into
account risks, will contribute to enhancing the level of scientific
research on the prospects of geothermal energy development
and the investment attractiveness of relevant projects.

Results

The investment attractiveness of geothermal energy
objects is the combination of various objective preconditions,
opportunities, and limitations that arise in the process of

attracting investments in the development of geothermal
energy, which can create conditions for the rational and
effective use of available resources (natural resources,
human resources, information resources, technologies,
capital, etc.). The main criteria for the investment
attractiveness of geothermal energy objects should be the
values of Net Present Value (NPV), Internal Rate of
Return (IRR), Capital Expenditure volumes (CAPEX),
payback period, and the levelized cost of energy (LCOE).
Corresponding calculations are carried out taking into
account the current and forecast market conditions, the
characteristics of the investment regime, as well as
geological, technological, ecological, economic, and political
risks (Fig. 1).
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Fig. 1. Investment Attractiveness of Geothermal Energy Projects

It is proposed to conditionally divide the main factors of
the investment attractiveness of geothermal energy objects
into two major groups. Thus, the factors related directly to
the underground water extraction objects for thermal energy
purposes are local (geological, mining-geological,
technological, techno-economic, and ecological), while
those related to the region in which the implementation of
the projects is planned are regional (regulatory, economic,
geographical, and natural-geographical) (Table 1).

Before making a decision regarding the implementation
of a geothermal energy project, the potential subsoil user
attempts to analyze as much available information as
possible (geological, economic, regulatory) in order to
assess the level of investment potential and investment risk.
Therefore, the issue of accounting for risks when studying
the investment attractiveness of geothermal energy projects
is the focus of this research.

Today, several traditional methods for calculating risks
that affect the investment attractiveness of geothermal
energy projects exist. These methods are based on
economic, geological, technological, and environmental
analysis. For example, the scenario analysis method
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(Shelikhov, & Masalska, 2015). Today, technological
forecasting has become an essential tool for decision-
making, at least at the strategic level for management bodies
at all levels. However, besides decisions related to the
development of the organization, scenario analysis can also
be used to address issues related to the investment
attractiveness of geothermal energy projects. For instance,
this method allows for the consideration of different project
development scenarios depending on changes in key risk
factors (such as fluctuations in reservoir temperature, initial
well flow rates, and electricity prices). For each scenario,
possible financial outcomes and risk levels are assessed.
Another applicable method is the Monte Carlo method,
which is used to model uncertainties by performing random
trials multiple times within the defined parameters (geological,
technological, economic). This allows for the estimation of the
probability of achieving certain economic indicators (NPV,
IRR). Using the sensitivity analysis method, one can
determine which factors have the greatest impact on the
project's effectiveness. This is done by changing the values of
specific parameters (for example, extraction costs, electricity
tariffs) and assessing their influence on financial results.
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Table 1

The main factors of the investment attractiveness of geothermal energy objects

Factors Related to the Geothermal Energy Object

Factors Related to the Location of Project Implementation

Geological:
- Features of the object's structure, composition of rocks, type
and characteristics of the deposit, water volume, etc.
Mining-Geological:
- Depth of the water-bearing horizon, initial formation pressure
and temperature, initial well flow rate and filtration parameters,
operating depression, extraction coefficient, etc.
Technological:
- Chemical composition, presence of accompanying
components, extraction and product preparation technologies,
extraction coefficient of useful components, etc.
Techno-Economic:
- Methods and systems of operation, production cost, capital
and operational expenses, profit size, profitability level of the
object's operation, risk capital (cost of geological exploration
works), etc.
Ecological:
- Economic value of areas being alienated, possible
environmental consequences from breaching the integrity of
subsoil, water regime, etc., and costs for minimizing the
negative ecological impacts of the object's operation.

Regulatory:
- Organizational and legal regime of subsoil use, its state
(public) regulation,
- Stability of the political system; stability and predictability of the
state's investment policy, general and mining legislation,
conditions under which investors can carry out exploration,
development, and extraction of minerals (concessions,
production-sharing agreements, joint ventures, service
contracts), export rights for extracted products, etc.

Economic:
- Product price, demand and consumption levels in local and
external markets, tax regime, availability of sales markets, level
of competition, etc.

Natural-Geographical:
- Geographical, geomorphological, and climatic conditions of
the area, type of terrain, availability of infrastructure (proximity
to transport infrastructure, processing plants, communication
routes, availability of electricity and water resources), availability
of workforce, etc.

It is also possible to forecast and systematize the main
risks (geological, techno-economic, environmental, political)
and assess their potential impact on the investment
attractiveness of the project using risk factor analysis.
Among classic methods, the discounted cash flow method
can be mentioned. Although this method is mostly used for
evaluating the financial efficiency of a project, it can also be
used for accounting for risks by adjusting the discount rate.
The higher the level of risk, the higher the discount rate
applied to adjust future cash flows.

Furthermore, considering that modern geothermal
projects increasingly use GIS technologies and underground
reservoir modeling for more accurate assessments of
geological and hydrothermal risks, traditional methods place
the main emphasis on financial calculations, geological
analysis, and technological factors. However, today, with the
development of digital technologies, machine learning, big
data, and digital modeling methods are increasingly being
applied to more accurately assess risks and the investment
attractiveness of geothermal projects.

Each of the traditional methods for assessing risks in the
field of geothermal energy has certain drawbacks. The general
problems inherent in these approaches include a high degree
of uncertainty in the initial data, limited consideration of
interdependencies between risks, insufficient adaptation to
changing conditions, high subjectivity of assessments,
complexity in calculations and resource intensity, as well as
inadequate consideration of environmental risks and the impact
of an unstable regulatory environment.

Thus, none of the traditional methods are perfect. The
best results are achieved through their combination and the
use of modern digital technologies. To improve the accuracy
of risk assessment, it is necessary to consider the
multidimensional relationships between factors and to
continuously update data in light of real changes in the
geothermal energy sector.

Given the above, it can be argued that modern
approaches to risk assessment in the field of geothermal
energy should focus on improving forecasting accuracy,
accounting for interrelationships between risks, and
adapting to changing conditions. In our opinion, key methods
that could improve risk assessment include:

1. The use of artificial intelligence and machine
learning. This approach allows for the analysis of large
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volumes of data to identify hidden dependencies between
risk factors. Automatic training of models based on historical
data on geothermal projects can enhance the accuracy of
forecasting geological, technological, and financial risks. For
example, neural network algorithms can predict the
likelihood of seismic tremors, fluid leaks, or decreased well
flow rates based on geological and hydrothermal data. Deep
learning can help determine optimal field development
parameters with minimal risks.

2. The use of geographic information systems (GIS)
and reservoir digital modeling. This approach allows the
creation of detailed 3D models of geothermal systems for more
accurate forecasting of reservoir behavior and visualization of
risks associated with fluid movement, seismic processes,
potential leaks, and other environmental threats. For example,
GIS systems help combine geological, climatic, and economic
data to create integrated risk maps, while underground
reservoir modeling can predict the longevity of geothermal wells
and potential operational problems.

3. The use of Bayesian networks for assessing
complex risks. This approach allows for considering the
interrelationships between various risk factors (e.g., the
dependence between changes in formation pressure and
the risk of hot water breakthrough into other horizons), as
well as performing dynamic updates to forecasts as new
data arrives. For instance, Bayesian models can assess how
changes in reservoir temperature will affect the longevity of
wells and the economic feasibility of the project.

4. Integration of environmental and social factors
into risk analysis. This enables more accurate
consideration of the impacts of geothermal projects on the
environment and local communities, as well as the
assessment of effects on the ecosystem.

The authors have proposed a comprehensive approach to
assessing risks that impact the investment attractiveness of
geothermal energy projects. Special attention is paid to local,
regional, and techno-environmental risk factors. Local risks
include geological (features of the object's structure, rock
composition, resource volume, etc.), mining-geological
(deposit depth, temperature regime, filtration parameters),
technological (chemical composition, extraction
technologies), techno-economic (production costs,
profitability level), and environmental aspects (disruption of
subsaoil integrity, costs for minimizing environmental impacts).
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Among regional factors, political (state regulation, stability of
investment policy), economic (tax regime, competition level),
and natural-geographical (infrastructure conditions, resource
availability) factors are considered. Additionally, techno-
environmental risks are analyzed, including the potential for
thermal water leakage, contamination of aquifers, seismic
risks, and ground surface deformations.

In the course of the study, the authors proposed an
improved methodology for assessing investment risks in
geothermal energy, which considers a comprehensive
analysis of the interconnection between local, regional, and
techno-environmental factors.

A generalized mathematical model of the economic
attractiveness of geothermal energy projects is proposed,
based on the discounted cash flow method, determination of
production cost considering the life cycle of the energy
installation, calculation of the normalized production price of
energy products, and capital expenditure indicators, taking
into account risk.

One of the most important indicators of the effectiveness
of an investment project is the Net Present Value (NPV).
This indicator represents the sum of all cash flows
discounted to the present moment (as of the date of the
investment project evaluation): The net present value is
calculated using the formula.

The equation for calculating NPV considering risks is
proposed to be written in the following form:

NPV =yn1 St (1)

=0 (14’
Where St — the net cash flow in period t, i.e., the sum of all
revenues minus the sum of all expenses for that period; i —
the discount rate for one period (usually a year).

Very often, the discount rate (NPV) is calculated using the
NBU's (National Bank of Ukraine) discount rate. The NBU's
discount rate ranged from 10 % to 25 % in 2022—-2024. As of
January 25, 2025, it stood at 14.5 % (National, 2024).

The authors suggest applying a risk premium to the
discount rate depending on the probability of an unwanted
loss/hazard occurring (Table 2).

Table 2

Risk premium to the discount rate based on the probability of unwanted loss/hazard occurrence

Risk Premium to Discount Rate (%)
Risk Probability of Unwanted Probability of Unwanted Probability of Unwanted
Loss/Hazard Loss/Hazard Loss/Hazard
From 0 % to 30 % From 30 % to 70 % From 70 % to 100 %
Geological Risk 1%-3 % 3 %7 % 7 %—10 %
Mining-Geological Risks 1%-3 % 3 %7 % 7 %—10 %
Technological Risks 1%-3 % 3%7% 7 %10 %
Economic Risks 1%-3 % 3 %7 % 7 %—10 %
Environmental Risks 1 %3 % 3 %7 % 7 %—10 %
Political Risks 1%-3 % 3 %7 % 7 %10 %
Regional Risks 1%-3 % 3 %7 % 7 %10 %

This table reflects the potential risk premium applied to
the discount rate, depending on the probability (0% to 30%)
of experiencing undesirable losses or hazards. The risk
premium will vary based on the likelihood of each specific
risk occurring, impacting the overall investment evaluation of
geothermal energy projects. The actual risk premium values
for each risk type should be filled in based on the project-
specific risk assessment and factors.

In this article, it is proposed to account for the risk factor
in the NPV calculation by adding a "total risk component" in
addition to the NBU base interest rate, depending on the
factors and evaluation criteria according to Tables 1 and 2.

To account for the risks associated with the
implementation of geothermal energy projects, the authors
propose calculating the risk premium added to the discount
rate using the following equation:

r;'.r. = rref + rgﬁa + rmin + rte('h + rﬁcam + renw +r ]70l+rreg 4 (2)

where: rcr. — discount rate considering risk; rret — NBU base
interest rate; rgeo — geological risk (probability of insufficient
flow rate, temperature drop); rmin — mining-geological risks
(pressure, depth, resource extraction); riech — technological
risks (equipment efficiency, availability of supporting
components); recon — €conomic risks (competition, energy
prices, taxes); renv — environmental risks (pollution, thermal
water leakage, seismic risks); rpo— political risks (regulatory
changes, legislative stability); rey — regional risks
(infrastructure remoteness, transportation costs).

Thus, the equation for calculating NPV considering risks
is proposed to be written in the following form:

NPV = 37 St 3)

t=0 (14 (i+re, )t
An important component of evaluating the investment
attractiveness of geothermal energy projects is the
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calculation of the Levelized Cost of Energy (LCOE), which
takes into account all key parameters.
Zn C,+0O +R +E,
= (1+7)
zn El ’
= 1+r)
where C: — capital costs for construction and well drilling in
year t; Or — operational and technical costs in year t
(maintenance, extraction, energy preparation); Rt — costs for
risk management and environmental measures; E: — amount
of energy produced in year t; r — discount rate; n — total
lifetime of the installation (years).

The discount rate is usually taken as the NBU (National
Bank of Ukraine) rate.

An integrated risk factor coefficient Rris also used, which
includes risks that impact the economic attractiveness of the
geothermal energy project. This indicator is used when
considering risk in the normalized production price.

The corresponding equation, which accounts for risks in
the normalized cost of energy production, looks like this:

LCOE =

(4)

LCOE*=LCOEX(1+R,), (5)
where Rr— integrated risk factor coefficient:
R/ = O‘)leer) +O,R,,, +OR, , +OR,, +
+(‘0Renw + (D5R pol+w7Rreg ’ (6)

Each of these components determines the risk by
direction: Rgeo — geological risk (probability of insufficient
flow, temperature drop); Rmin — mining-geological risks
(pressure, depth, resource extraction); Reech — technological
risks (equipment efficiency, availability of supporting
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components); Recon — €conomic risks (competition, energy
prices, taxes); Renv — environmental risks (pollution, thermal
water leakage, seismic risks); Rpo— political risks (regulatory

changes, stability of legislation); Rreg — regional risks
(distance of infrastructure, transport costs).

Table 3

Risk surcharge in the normalized cost of energy production depending on the probability
of undesirable loss/threat occurrence

Risk Premium to Discount Rate (%)
Risk Probability of Unwanted Probability of Unwanted Probability of Unwanted
Loss/Hazard Loss/Hazard Loss/Hazard
From 0 % to 30 % From 30 % to 70 % From 70 % to 100 %
Geological Risk 0,01-0,03 0,03-0,07 0,07-0,1
Mining-Geological Risks 0,01-0,03 0,03-0,07 0,07-0,1
Technological Risks 0,01-0,03 0,03-0,07 0,07-0,1
Economic Risks 0,01-0,03 0,03-0,07 0,07-0,1
Environmental Risks 0,01-0,03 0,03-0,07 0,07-0,1
Political Risks 0,01-0,03 0,03-0,07 0,07-0,1
Regional Risks 0,01-0,03 0,03-0,07 0,07-0,1

Each component is determined by the probability of the
risk occurrence P; and the possible economic impact Ii:
R =PxI,, 7)
For example, if the probability of contamination of the
aquifer Penv = 0.1, and the cost of the consequences
(penalties, restoration) lenv=5 million UAH, then:
R, =0.1x5=0.5milion UAH

The lifetime of the installation is modeled as a function of
productivity reduction over time:

E =E, xe™, 8)
where Eop — initial capacity of the installation (MW); A —
coefficient of productivity reduction due to reservoir and
equipment degradation.

The reduction in productivity affects capital expenditures
and the need for modernization:

C,=Cy+C,ppn (1+B1) s 9)

where 3 — rate of increase in maintenance costs over time.

Thus, the investment efficiency can be evaluated
through the Net Present Value (NPV), which is determined
by the formula:

(Reyt—Ct—0¢—R¢)

NPV = T, G0, (10)

where C¢ — capital expenditures for construction and well
drilling in year t; Ot — operational and technical costs in year t
(maintenance, extraction, energy preparation); Rt — costs for
risk management and environmental measures; r — discount
rate; n — total lifetime of the installation (years); Revt — revenue
from energy sales in year t:

R,, =P XE,, (11)
where Pe — price per 1 MWh.

The project can be considered investment-attractive if
NPV>0.

The results of a comprehensive analysis of the
investment attractiveness of geothermal energy projects,
taking risks into account, should provide the potential
resource user with the necessary information for making a
decision regarding the feasibility of implementing the
respective project. On the other hand, such studies are
necessary for an adequate assessment of the development
prospects of geothermal energy and for improving
investment and regulatory frameworks, as well as for the
development of relevant state policies.

Discussion and conclusions

The authors propose the category of investment
attractiveness for geothermal energy projects. The factors
affecting investment attractiveness are identified, which are
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directly related to the underground water extraction objects for
thermal energy needs. These include local factors (geological,
mining-geological, technological, techno-economic, and
ecological) and those related to the region where the projects
are to be implemented — regional factors (regulatory,
economic, geographical, and natural-geographical).

The use of NPV and LCOE calculation methods, taking
risks into account, is analytically justified for assessing the
investment attractiveness of geothermal energy projects. It
is proposed to use a risk premium to the discount rate when
calculating the NPV of geothermal energy investment
projects, depending on the probability of undesirable loss or
danger, with possible values of this premium identified.

Considering regional and local risks provides a more
realistic evaluation of investment in geothermal energy.

Further research perspectives include the development
of more precise risk assessment models using modern
digital technologies, including machine learning and big
data. Moreover, improving methods of environmental
monitoring and developing effective strategies for
minimizing technogenic risks is crucial. The results of the
evaluation of investment attractiveness of geothermal
energy projects may be of interest not only to resource
users but also to institutions and organizations studying the
prospects for the development of this industry. Enhancing
the regulatory and legal framework to stimulate
investments in the geothermal energy sector should
contribute to the sustainable development of the economy
and strengthen energy security.

Authors' contribution: Oleksii Zurian — conceptualization,
methodology, writing (original draft), Andriy Tolkunov -
conceptualization, methodology, writing (original draft); Tetiana
Omelchenko — data validation, writing (review and editing).
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BPAXYBAHHA PU3UKY NPU OOCHIAXKEHHI IH__BECTI/ILI,II7IHO'I' NMPUBABIIUBOCTI
OB'EKTIB FrEOTEPMAJIbHOI EHEPTETUKU

B c Ty n. Po3ansHymo komnsekcHul nioxid 0o ouiHKu pu3sukie, wo ennuearoms Ha iHeecmuuyiliHy npueabnueicms npoekmie y cgpepi 2eomep-
ManbHOIi eHep2emuKu, sik — CyKynHocmi pizHux o6'ekmueHux nepedymos, Moxnueocmel i 06MexeHb, W0 8UHUKalOMb y NMpouyeci 3any4yeHHsl iHeec-
muyili y po3eumok 2eomepmasibHOI eHep2emuku, 30amHux cmeopumu ymoeu Onisi payioHallbHO20 Mma egheKmueHO20 8UKOPUCMAaHHS Hasi8HUX
pecypcie (npupodHux, nrodcbKux, iHghopmayiliHux, , mexHosogzill, kanimasny ma iH.). Ocobnuegy yea2y npudineHo noKaabHUM, pe2ioHarbHUM ma me-
XHIKO-€KOJ102iYHUM YUHHUKaM PU3UKY.

Me Toaun. Bpobomi eukopucmaHo Memodu, siki NOEOHyromMb ¢hiHaHCOB0-€eKOHOMIYHUU aHani3, OYiHKy pu3ukie, mexHi4Hy ekcriepmusy, eU84YeHHs
HopMamueHo-npaeosozo cepedosuuya ma puHkosux ymos. OcHogy cmaHoeumb Po3paxyHOK ghiHaHCOBUX MoKa3HUKie, makKux sik Yyucma npueedeHa ea-
pmicms (NPV), eHympiwHsi Hopma peHma6ensHocmi (IRR), duckonmoeaHri 2powoei nomoku (DCF) ma nepiod okynHocmi, wjo 0aroms 3Mo2y oyiHumu
nomexuyitiHy doxiOHicmb npoekmy. TexHi4Ha oyiHKa 8KIIHO4YaE eKOsI0_2iYHY eKcriepmu3y ma aHasi3 cmasiocmi UKOPUCMaHHS 2e0mepmMasibHO20 pecypcy,
30Kpema 2/1ubuHU 3ans2aHHs ma memnepamypHo20 nomeHyiany. BodHo4ac eaxsiueum € su84eHHs HOPMamueHOo-NPasos8oi 6a3u W00 8UKOPUCMAaHHS
Hadp i mapughHoz2o peaynosaHHs. Takuli nidxio 3abesneqyye ob6rpyHmosaHicmb iHeecmuuyitiHux piweHs i MiHiMi3ayiro pusukis.

Pe3ynbTaT. Y x00idocnioxeHHs 3anponoHoeaHo 8 0CKOHaneHy MemoOuKy OUiHKU pu3ukie iHeecmyeaHHs1 8 2eomepMasibHy eHep2emuky,
sIKa 8paxoeye KOMIIIEKCHUU aHani3 83aeMo38 13Ky JIOKasIbHUX, pe2ioHanbHUX i MexXHIKO-eKo102i4HUX YUHHUKIie. Takox po3pobrieHo nidxid do paH-
JKyeaHHsl pu3ukie 3a cmyrneHeM ernsiusy Ha egpekmueHicmb NPoekmy ma po3pobrieHo pekoMeHOauii wodo ix MiHimizauii. 3anponoHosaHi Memodu
daromb 3Mo2y nideuwjumu MoYHicmMb NPo2Ho3ye8aHHs1 ma o6rpyHmoeaHicms iHeecmuuyiliHux piweHs y yiti ceepi.

BucHoBKU. AHanimu4Ho o6rpyHmoeaHo, ujo LCOE 3 kopuz2yeaHHsIM Ha pu3uku 00360JIsie epaxyeamu eci Mo)Jiuei empamu ma Heeu3Ha-
4eHocmi, sik NPV oyiHroe ¢piHaHcoey npueabnueicmb ma donomazae eu3Ha4umu, 4u eapmo iHeecmyeamu, MaKoX eU3Ha4eHo, W0 ypaxyeaHHs pe-
2ioHanbHUX i NoKanbHUX pu3ukie 3abe3sneyye 6inbw peanicmu4Hy OUIHKY iHeecmyeaHHs1 8 2eomepmMasnibHy eHepzemuky. [lepcrnekmueHumu
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Hanpsimamu nodanbwux AocnidXeHb y yili 2any3i € po3pobka 6inbw mMoyHux modesiell OUiHKU pPU3UKie i3 8UKOPUCMAHHSIM CyYacHUX yugposux
mexHoso2ili, 30KkpeMa MaWUuHHO20 Hag4YaHHsI ma eeslukux daHux. Takox eax/ueum € 8 0CKOHa/leHHsI Memodie eKos102i4H020 MOHIMopuUHay ma po-
3po6ka eghekmueHuUx cmpamezili MiHiMi3ayil mexHo2eHHUx pu3ukie. [locnioxeHHs annuey 3MiH Knimamy Ha cmabinbHicms 2eomepMasibHUX pecyp-
cie, a makox e00CKOHasleHHs1 3akoHodae4oi ma HopmMamueHoi 6a3u Onisi cmuMyJsIl08aHHs1 iHeecmuuyili y 2any3b MOXymb CHpuUsimu cmasnomy
po3eumky 2eomepmarsibHOI eHep2emuku.

KnwuoBi cnoBa: 2eomepmanbHa eHepzemuka, HaOpokopucmyeaHHsl, iHeecmuyiiiHa npueabnueicmb, pusuKu, iOHoe08aHa eHepze-
muka, ekosio2iyHa 6e3neka, ynpaesniHHs pusukamu, NepcreKmueu po3eumky.

ABTOpM 3aABNSAIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Gpanu yyacTi B po3pobneHHi JocniaxeHHst; y 36opi, aHanisi un
iHTepnpeTaLii AaHVX; y HaNMUCaHHi PyKoMucy; B pilLeHHi Mpo nybrikavilo pe3ynbTaris.
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