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ECONOMIC MODELING AND EVALUATION OF THE SUCCESS 
OF OIL AND GAS FIELD EXPLORATION PROJECTS IN UKRAINE

Purpose. The development of an integrated model for assessing the success of discoveries and the economic effi-
ciency of oil and gas production projects in Ukraine, which takes into account the interrelationship between geologi-
cal conditions, technical parameters of development, and economic determinants.

Methodology. An algorithm for assessing the probability of commercial success in discovering new deposits has 
been proposed, including modeling the distribution of projected recoverable resources and using specialized formulas 
to quantitatively assess the chances of success. A comprehensive economic and mathematical model for assessing the 
profitability of oil and gas projects has been developed, integrating geological, technical, and economic parameters. 
Standard financial indicators such as net present value (NPV), internal rate of return (IRR), and payback period (PP) 
were applied to assess the economic viability of projects.

Findings. The results obtained indicate that the success of discovery and economic assessment of oil and gas pro-
duction projects are key factors for the development of Ukraine’s energy sector. To ensure the effectiveness of invest-
ment decisions in this area, it is necessary to apply comprehensive approaches to modeling and analysis.

Originality. The proposed model differs from existing ones in its integrated approach, combining technical (geo-
logical), investment, commercial, and economic assessments.

Practical value. The developed model can be used to make informed investment decisions, optimize field develop-
ment, and improve the efficiency of Ukraine’s oil and gas industry.
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Introduction. Under the conditions of global energy 
transformation and growing challenges in ensuring 
Ukraine’s energy security, the issue of effective manage-
ment of oil and gas field exploration projects becomes 
particularly relevant. The limited availability of tradi-
tional resources, the high capital intensity of geological 
exploration works, the uncertainty of geological out-
comes, and fluctuations in global energy prices [1] ne-
cessitate the application of modern methods of eco-
nomic modeling to enhance the soundness of invest-
ment decision-making in this field. Contemporary 
practice in the evaluation of oil and gas projects is based 
on the use of various models and methodological ap-
proaches. In particular, geological models provide an 
assessment of the probability of discovery and reserve 
volumes by employing seismic surveys, logging studies, 
and analysis of the physicochemical characteristics of 
the reservoir. Economic models are focused on deter-
mining financial viability through the application of 
cash flow analysis, scenario modeling, and investment 
efficiency indicators (NPV, IRR, PP) [2]. Technical 
models make it possible to assess the feasibility and cost 

parameters of applying various technologies for drilling, 
production, and transportation of hydrocarbons [3]. 
Environmental models take into account the impact of 
projects on the environment, including the assessment 
of potential risks and measures for their mitigation. 
However, traditional approaches to evaluating the suc-
cess of oil and gas field exploration projects often fail to 
consider the integrated impact of technical, economic, 
geological, and market factors, which leads to increased 
investment risks and inefficient use of financial and ma-
terial resources. The absence of unified methodological 
approaches to modeling and integrated evaluation of the 
performance of exploration projects in the oil and gas 
sector of Ukraine limits the ability to formulate an opti-
mal strategy for industry development and to reduce the 
level of uncertainty in the process of managerial deci-
sion-making. Thus, there arises a need to develop scien-
tifically grounded economic and mathematical models 
capable of providing a comprehensive assessment of the 
success of exploration activities, taking into account in-
dustry-specific characteristics, market trends, and the 
priorities of national energy policy.

Literature review. The analysis of recent scientific re-
search and publications demonstrates the evolution of 
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paradigms of economic modeling and project efficiency 
evaluation in the oil and gas industry at both national 
and global levels. Contemporary academic studies are 
characterized by intensified integration of complex data 
sets, consideration of specific risk factors [4] determined 
by the characteristics of Ukraine’s energy sector, and 
the adaptation of innovative methodological approach-
es tested in international practice.

In the context of oil project evaluation, study [5] 
proposes a comprehensive model that integrates the 
geological characteristics of fields (resource quality), 
geographical operating conditions, contractual con-
straints, and features of the investment environment. 
A key element of the model is the dynamic determina-
tion of weighting coefficients of indicators correlated 
with oil price volatility, as well as the calculation of the 
Adjusted Concept Reserves (ACR) indicator. The appli-
cation of ACR provides a more objective assessment of 
project profitability under conditions of diverse contrac-
tual structures and market fluctuations.

The issue of assessing economic risks in Ukraine’s 
oil and gas industry is addressed in study [6]. The author 
provides a review of methods, including the Cozzolino 
and Kelly procedures, as well as corporate trust assess-
ment. These methods offer a toolkit for forecasting 
probable financial outcomes (profits and losses) at the 
pre-drilling stage, taking into account uncertainty driv-
en by geological characteristics and the dynamics of 
market conditions.

Study [7] focuses on the development of a project 
management model based on the methodology of 
Structural Equation Modeling (SEM). The proposed 
model incorporates critically important factors influ-
encing project success, such as the effectiveness of the 
project team, the quality of production planning, the 
level of quality control, and key financial indicators. 
Validation of the model through an expert survey con-
firmed its predictive capability with regard to project 
success in the industry.

An IMF working paper [8] presents a simplified 
economic and mathematical model for assessing the 
impact of different fiscal systems on investment deci-
sions in the oil exploration and development sector. 
The model integrates the role of enhanced recovery 
methods and provides investors with an analytical tool 
for optimizing investment strategies at various stages of 
the project life cycle.

An analysis of risky exploration strategies of interna-
tional oil companies over a significant time period 
(2005–2022) is carried out in study [9]. The authors de-
velop a system of indicators for evaluating the effective-
ness of exploration project implementation, including 
exploration benefits, investment volumes, project scale, 
and risk control mechanisms.

The importance of improving the economic and 
mathematical toolkit for substantiating the feasibility of 
field exploration, assessing the value of reserves, and 
forecasting the dynamics of oil and gas prices is empha-
sized in the work by Krasniuk M. T. and co-authors [10]. 
Scientifically grounded approaches to ranking prospec-
tive areas according to economic criteria and determining 
the optimal sequence of their development are proposed.

An analytical and algorithmic approach to evaluating 
the technical and economic indicators of oil and gas 

field development, taking into account the impact of 
technological innovations, is proposed by Fyk M. I. and 
co-authors [11]. The study focuses on analysing the ef-
fects of implementing advanced production intensifica-
tion technologies and associated products, which en-
sures a more accurate assessment of the economic feasi-
bility of the respective projects.

Kraievskyi V. M. and Paranytsia N. V. [12] developed 
a systemic approach to modeling and assessing the finan-
cial sustainability of a key player in Ukraine’s energy mar-
ket ‒ Naftogaz of Ukraine NJSC. The proposed model of 
variational networks is applied for factor analysis of the 
company’s profit and for developing a methodology to 
analyze the influence of key factors on its dynamics.

A significant contribution to the theoretical and 
methodological framework of economic modeling and 
evaluation of the success of oil and gas exploration proj-
ects, particularly in the context of Ukrainian fields, has 
been made by a research team led by M. Krasniuk [13]. 
In their work, the researchers proposed an intelligent 
model for managing an innovative oil and gas company, 
adapted to operation under conditions of systemic crisis. 
The proposed model integrates methods of economic 
and mathematical analysis, machine learning, and sce-
nario analysis to form a resilient management strategy 
that takes into account specific risks characteristic of 
Ukrainian enterprises under conditions of military ac-
tions, economic instability, and an energy crisis.

Study [14] presents a hybrid investment decision sup-
port model that combines decision trees, fuzzy logic 
tools, and production rules. The application of this 
model provides a substantiated assessment of the eco-
nomic feasibility of investments in the exploration of 
specific areas, taking into account the uncertainty of 
geological parameters, drilling costs, and projected prof-
itability. The model demonstrates high adaptability to 
the specific conditions of Ukraine’s oil and gas industry.

Publication [15] is devoted to improving the effec-
tiveness of economic modeling through optimization of 
the structure of input geodata. The authors apply statis-
tical dimensionality reduction methods, in particular 
principal component analysis, which makes it possible 
to minimize the number of analyzed parameters while 
maintaining an acceptable level of accuracy in forecast-
ing the potential of new fields.

The methodology of adaptive modeling for strategic 
management of oil and gas companies under conditions 
of multiple crises is developed in study [16]. The pro-
posed methodology takes into account the influence of 
external factors such as geopolitical risks, price shocks, 
and institutional changes, which are decisive for explo-
ration projects in Ukraine. The application of scenario 
analysis and optimization approaches ensures a multi-
variate assessment of project efficiency.

Unsolved aspects of the problem. Despite the strategic 
importance of evaluating the effectiveness of oil and gas 
projects in Ukraine, driven by the depletion of tradition-
al energy resources and the rise in global energy prices, a 
number of aspects remain insufficiently explored and re-
quire further research. The analysis of existing methods 
for evaluating investment projects in the oil and gas in-
dustry, in particular such indicators as net present value 
(NPV), internal rate of return (IRR), and payback peri-
od, although fundamental, often does not fully account 
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for the complex interaction of geological, technical, and 
economic factors specific to Ukrainian fields. In particu-
lar, issues related to the comprehensive consideration of 
uncertainties and risks [17] remain insufficiently studied, 
as existing models may not fully integrate the stochastic 
nature of geological parameters, the volatility of global 
oil and gas prices, as well as specific political and regula-
tory risks characteristic of Ukraine [18]. There is also an 
insufficient dissemination in Ukrainian practice of ad-
vanced evaluation methods such as real options, scenario 
analysis, and modeling of complex stochastic processes, 
which limits the flexibility of responses to uncertainty. In 
addition, field development optimization is often carried 
out without adequate consideration of multicriteria as-
pects, in particular environmental and social dimensions 
[19], which are essential for the sustainable development 
of Ukraine’s oil and gas complex. The impact of fiscal 
policy and state regulation – namely changes in tax leg-
islation and regulatory mechanisms – on investment at-
tractiveness and the economic efficiency of oil and gas 
projects under Ukrainian conditions requires more in-
depth analysis. Finally, the potential for the implemen-
tation of advanced extraction technologies and their im-
pact on production volumes and unit costs is not always 
fully taken into account in production forecasting. This 
determines the need for further research.

Purpose. The purpose of the study is to develop an 
integrated model for evaluating the success of discoveries 
and the economic efficiency of oil and gas production 
projects in Ukraine, which takes into account the inter-
relationship between geological conditions, technical 
development parameters, and economic determinants.

To achieve the stated purpose, it is necessary to ac-
complish the following objectives:

1) to propose an algorithm for assessing the proba-
bility of the commercial success of discovering new 
fields, including modeling the distribution of forecast 
recoverable resources;

2) to develop a comprehensive economic and math-
ematical model for evaluating the profitability of oil and 
gas projects by integrating geological, technical, and 
economic parameters;

3) to compare alternative project implementation op-
tions using the Fisher rate as an investment selection tool, 
applying graphical and analytical methods to determine the 
discount rate at which the NPVs of the projects are equal.

Description of the methodology for economic modeling 
and evaluation of the success of oil and gas field explora-
tion projects in Ukraine. Currently, three oil and gas-
bearing regions are distinguished in Ukraine: the East-
ern – Dnipro-Donetsk Basin (DDB); the Western – 
Western Ukrainian region; and the Southern – Black 
Sea–Crimean oil and gas-bearing province.

According to official data, the Eastern Dnipro-Do-
netsk Basin has over 180 discovered oil and gas fields. 
Among these, 74.5 % are gas-bearing fields, 18.6 % are 
oil-bearing, and 6.9 % contain gas condensate. Within 
the DDB, the Dnipro-Donetsk oil and gas-bearing area 
is separately identified. It is also a component of the 
Dnipro-Pripyat oil and gas-bearing province.

The Western Ukrainian region is formed by two 
provinces: the Baltic–Pre-Dobruja and the Carpathian. 
The Baltic–Pre-Dobruja province contains the Volyn–
Podillia oil and gas-bearing area, which is located with-
in the zone of the Lviv Paleozoic depression. The Ukrai-
nian part of the Carpathian province is divided into 
three oil and gas-bearing areas, which structurally cor-
respond to major tectonic elements:

1. Pre-Carpathian (oil and gas-bearing area) – cor-
responds to the Pre-Carpathian depression.

2. Carpathian (oil and gas-bearing area) – corre-
sponds to the Folded Carpathians.

3. Transcarpathian (gas-bearing area) – corresponds 
to the Transcarpathian depression.

Thus, hydrocarbon fields in the Carpathian region of 
Ukraine are clearly associated with the geological struc-
tures of the Pre-Carpathian area, the Carpathian 
Mountains themselves, and Transcarpathia.

The Black Sea–Crimean oil and gas-bearing 
province contains oil and gas deposits across a wide 
stratigraphic range ‒ from pre-Cretaceous to Neo-
gene formations. In total, 26 fields have been identi-
fied in the province, including 16 gas fields and 10 oil 
fields [20].

However, given the complex situation, the number 
of oil and gas fields and their capacity are insufficient to 
meet Ukraine’s domestic needs. Therefore, the devel-
opment and discovery of new oil and gas fields must be 
pursued. When analyzing the feasibility of modernizing 
or discovering new oil and gas fields, certain parameters 
should be considered [21]. The assessment of the effec-
tiveness of implementing a field development project 
can be conducted from technical (geological), invest-
ment, commercial, and economic perspectives. Table 1 
presents the optimal set of parameters for selecting proj-
ects for a project portfolio.

Among the specified parameters, economic evalua-
tion is one of the most significant. The results of model-
ing the success and economic evaluation of oil and gas 
projects include an analysis of the probability of discov-
ering new fields, calculations of the economic viability 
of projects, as well as an assessment of financial indica-
tors such as net present value (NPV), internal rate of 
return (IRR), and payback period (PP) [22].

To determine the probability of discovering new 
fields, a specific algorithm should be applied, based on 
Bayesian modeling with integrated risk assessment. This 
process is carried out step by step.

Step 1. Formation of the database and preliminary 
analytics. This step involves the collection of historical 
data on fields with similar geological characteristics. It 
includes the identification of key parameters, namely 
depth, reservoir type, pressure, temperature, and eco-
nomic conditions (oil and gas prices, drilling costs).

Step 2. Bayesian assessment of geological success 
.( )prosterrior

gP  For this assessment, prior probabilities 
based on regional statistics should be used. It is neces-
sary to collect new data (seismic surveys, exploratory 
wells, laboratory analyses) and to construct a likelihood 
function L(data | parameters).
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where Hpresence denotes the hypothesis of the presence of 
economically viable structures; prior

gP  is the prior prob-
ability of geological success; Habsence denotes the hypoth-
esis of the absence of a reservoir, or a state in which hy-
drocarbon accumulations are absent within the given 
structure.

Step 3. Simulation modeling with consideration of 
correlations (Monte Carlo simulation of commercial re-
serves (Р_cr) + Copula).

This step consists in determining the range of possi-
ble hydrocarbon volumes, development costs, and en-
ergy prices. Thousands of simulations should be per-
formed to obtain distributions of NPV, IRR, and PP. It 
is necessary to determine the share of scenarios in which 
NPV > 0 and IRR exceeds the minimum threshold. This 
share represents Р_cr.

Step 4. Evaluation of success probabilities. The prob-
ability of economic success is determined using the fol-
lowing formula

( ) >
= > ≈

    0  0 ,
   e r

number of simulations withNPVP P NPV
total number of simulations

where Pr (NPV > 0) is the probability that the net present 
value of the project will be positive.

The probability of commercial success is determined 
by the following formula

Pk = Pr(RecoverableVolume ≥ Rmin ∧ NPV > 0,
where RecoverableVolume is the volume of recoverable 
resources that can be actually extracted from the field, 
taking into account technological capabilities and geo-
logical characteristics; Rmin is the minimum acceptable 
level of recoverable resources at which a project is con-
sidered technically and economically feasible. This is a 
threshold value established by the company or by design 
standards.

Thus, this indicator is calculated as the share of sim-
ulations in which the conditions are simultaneously sat-
isfied. It reflects the probability that the volume of re-
coverable reserves will be not less than the minimum 
required level and that the project will simultaneously 
be economically efficient (NPV > 0). The posterior 
probability of geological success is the result of Bayesian 
updating .posterior

gP

Step 5. Sensitivity analysis and Value of Information 
(VoI). The most influential variables are identified (sen-
sitivity of NPV to price, Recovery, and CAPEX). The 
Value of Perfect Information is calculated for key pa-

rameters in order to determine whether it is justified to 
invest in additional exploration activities (such as high-
cost seismic surveys or an additional well).

Step 6. Decision-making and managerial actions.
The application of this methodology results in a 

quantitative assessment of the likelihood of successful 
project implementation and its economic efficiency, 
which enables well-grounded investment decisions in 
the field of oil and gas exploration and development.

Results. To determine the prospects for discovering 
new hydrocarbon fields within the Uzhhorod prospec-
tive area (the Transcarpathian Trough), a probabilistic 
modeling methodology was applied. Under conditions 
of limited initial geological and technical information, 
which is typical of periods of economic and military un-
certainty, the key project parameters are modeled using 
prior (a priori) distributions.

The input data include the results of probabilistic as-
sessments of geological success, forecast reserve vol-
umes, and ranges of economic parameters. According to 
the results of preliminary probabilistic modeling for the 
sarmatian deposits of the Uzhhorod area, the probabil-
ity of geological success is estimated at 0.5 (50 %).

To specify the prior distribution, which by defini-
tion lies within the interval [0; 1], a beta distribution of 
the form Beta(α, β) was selected. A symmetric distri-
bution, P_g ~ Beta(5.5) (with a mean value of 0.5), was 
adopted, which corresponds to a situation in which 
information on the average probability is available, 
while overall uncertainty regarding the final outcome 
remains high.

The probabilistic assessment of the project requires 
the determination of the minimum reserve volumes 
necessary to achieve commercial and economic effi-
ciency. These ranges serve as critical thresholds for cal-
culating the probability of final success.

According to technical and economic assessments 
(where 1 tonne of oil equivalent (TOE) is equal to 
1,000 m3 of gas), the following threshold volumes of ex-
pected reserves were established:

1. Commercial reserves (threshold range). Volumes 
at which the project is able to cover operating and capi-
tal expenditures. These were defined within the range 
from 0.17 to 1.0 million TOE.

2. Economic reserves (critical threshold). The mini-
mum volume required to achieve a positive net present 
value (NPV). This threshold was set at 1.0 million TOE.

For the purposes of synthetic modeling that accounts 
for current technological constraints, the mean expect-

Table 1
Optimal set of parameters for selecting projects for a project portfolio

Technical (geological) Investment Commercial Economic
Without taking into account uncertainties and risks

Recoverable reserves (P10, 
P50, P90, P10/P90); depth 
of occurrence; complexity 
of geological structure

Expected investment; losses 
in case of failure; investment 
efficiency coefficient

Exploration efficiency ratio; 
availability of oil and gas 
infrastructure

NPV; DNPV; IRR; GDR 
costs/1 t of fuel equivalent; 
CAPEX/1 t of fuel equivalent; 
OPEX/1 t of fuel equivalent

Taking into account uncertainties and risks
Risk reserves; a chance 
for geological success

Weighted probability of a 
positive economic outcome 
E|P; amount of risk capital; 
risk return coefficient

Chance of commercial success; 
assessment of success; payback period; 
payback and period of stable profits; 
relative importance of the project

Chance of economic success; 
ENPV; NPV; (NPV10 – 
NPV90)/NPV50
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ed reserve volume was set at 0.2 million TOE, with a 
range from 0.1 to 0.3 million TOE.

The final assessment of the probability of success is 
based on the modeling results.

For probabilistic modeling of reserve volumes (Q) of 
a new oil and gas production project, which is a key fac-
tor in calculating the expected monetary value (EMV), a 
lognormal distribution was selected. The choice of the 
distribution Q(reserves) ~ Lognormal(μ, σ) is method-
ologically justified by two critical conditions inherent to 
geological reserve volumes:

1.	 Physical non-negativity. Reserve volumes cannot 
take negative values.

2.	 Asymmetry. The distribution of reserve volumes 
typically exhibits right-skewness, reflecting the presence 
of a small number of large fields.

The parameters of the lognormal distribution – the 
mean μ and the standard deviation σ ‒ were determined 
on the basis of technical assessment data, which defined 
the volume interval of the synthetic project as [0.1; 0.3] 
million TOE.

1.	 Determination of parameter μ (logarithmic 
mean). The parameter μ (the mean of the logarithm of 
the reserve volume) is defined as the natural logarithm 
of the mean expected reserve volume (0.2 million TOE)

μ = ln(0.2).
2.	 Determination of parameter σ (standard devia-

tion). The parameter σ (logarithmic standard deviation) 
is calculated with consideration of the confidence inter-
val. It is assumed that 95 % of the probability lies within 
the interval [0.1; 0.3] million TOE. This implies that the 
extreme values of the range correspond approximately 
to μ ± 2σ on the logarithmic scale. The exact value of σ 
is determined through iterative modeling in order to en-
sure consistency with the 95 th percentile.

Given the specified distribution of reserve volumes, a 
complete set of prior distributions for the key economic 
parameters of the project is constructed. These distribu-
tions form the basis for subsequent Monte Carlo modeling 
in the calculation of the expected net present value (NPV).

The prior distributions of the economic parameters 
of the oil and gas production project define the initial 
assumptions regarding the possible values of key indica-
tors that determine the financial feasibility and invest-
ment risk. The table presents the minimum and maxi-
mum bounds for each parameter, which are used as 
variation intervals in further modeling (for example, in 
Monte Carlo simulations).

First, the present value of the project (PV) is esti-
mated within the range of USD 45–135 million, reflect-
ing potential variability in market conditions, equip-
ment costs, and technological support.

Second, drilling costs vary between USD 5–15 mil-
lion, corresponding to different scenarios of drilling 
depth, geological complexity, and the cost-of-service 
operations.

The third parameter is the probability of commercial 
success, which is assumed to range from 0.1 to 0.3; that 
is, according to preliminary estimates, the likelihood of 
achieving a positive financial outcome varies from 10 to 
30 %.

The final indicator is the acceptable capital risk, de-
fined within the range of USD 50–150 million. This rep-

resents the range of potential losses or capital investments 
that an investor is willing to accept, taking into account 
the uncertainty of geological and economic conditions.

Taken together, these a priori boundaries form the ba-
sis for constructing risk models and forecasting the prob-
ability of success of an oil and gas production project.

To model key economic parameters for which suffi-
cient statistical data are unavailable to determine asym-
metry, a uniform distribution is applied. This approach 
appropriately reflects an equal probability of all values 
within the specified range, which is adequate under con-
ditions of significant market uncertainty.

The a priori distributions for economic and financial 
factors were specified as follows (where all variables lie 
within the interval [a; b]):

1.	 Net present value NPV ~ U(45, 135).
2.	 Drilling cost C_dril ~ U(5, 15).
3.	 Probability of commercial success P_cs (com-

mercial success) ~ U(0.1; 0.3).
4.	 Risk capital Risk_capital ~ U(50, 150).
These parameters, together with the lognormal dis-

tribution of reserve volumes, constitute the initial input 
data for subsequent Monte Carlo simulation, the pur-
pose of which is to calculate the expected NPV and to 
substantiate the investment decision.

At the next stage, posterior probabilities are updated 
(Bayesian updating) based on new geological and eco-
nomic data.

We assume an initial (a priori) estimate of geological 
success to be

P_g_prior = 0.5.
Further analysis made it possible to estimate:
- the probability of commercial success as 0.7;
- the probability of economic success as 0.4.
In Bayesian terms, these values represent new evi-

dence that updates the estimate of P_g.
We construct the likelihood functions:
1.	 L(data | H_presence): seismic data and reserve es-

timates confirm the presence of traps and accumula-
tions; this likelihood may reach 0.7, corresponding to 
commercial success.

2.	 L(data | H_absence): the probability of obtaining 
such data even if no field exists is low, conventionally 
assumed to be 0.3.

This specification is based on the values of 0.7 and 
0.4.

Substituting the obtained data into Bayes’ theorem 
yields the following result

⋅
= =

⋅ + ⋅
0.7  0.5  0.7.

0.7  0.5 0.3  0.5
posterrior

gP

Thus, the updated (posterior) estimate of geological 
success equals 0.7.

At the next stage, the obtained results will be ana-
lyzed using the Monte Carlo method.

Python
import numpy as np
# We set the number of iterations for the Monte Car-

lo simulation as follows:
iterations = 10,000
# Next, the minimum and maximum values for each 

parameter are specified.
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min_pv = 45
max_pv = 135
min_losses = 5
max_losses = 15
min_prob_success = 0.1
max_prob_success = 0.3
min_risk_capital = 50
max_risk_capital = 150
# We simulate random values for each parameter 

within their respective ranges:
pv_values = np.random.uniform(min_pv, max_pv, 

iterations)
losses_values = np.random.uniform(min_losses, 

max_losses, iterations)
prob_success_values = np.random.uniform(min_

prob_success, max_prob_success, iterations)
risk_capital_values = np.random.uniform(min_

risk_capital, max_risk_capital, iterations)
# The final result for each iteration is calculated as:
results = pv_values * prob_success_values ‒ losses_

values - risk_capital_values
# Next, the main statistical indicators are computed:
mean_result = np.mean(results)
min_result = np.min(results)
max_result = np.max(results)
probability_of_loss = np.mean(results < 0) * 100
mean_result, min_result, max_result, probability_

of_loss.
According to the Monte Carlo simulation results for 

the specified project parameters:
1.	 Mean final result: USD − 91.4 million.
2.	 Minimum result: USD −156.3 million.
3.	 Maximum result: USD −21.0 million.
Probability of losses (negative outcome): 100 %.
Based on the results of the Monte Carlo simulation 

for the given project, a significant level of financial risk 
is expected. The mean final result amounts to 
USD – 91.4 million, indicating a high likelihood of loss-
es. The minimum possible outcome (USD – 156.3 mil-
lion) demonstrates that, under certain conditions, losses 
may be even greater. The maximum possible result 
(USD – 21.0 million) also remains negative, indicating 
the absence of prospects for generating profits under any 
circumstances. The probability of losses equals 100 %, 
which renders the project financially unviable and high-
ly risky. In view of these findings, it is advisable to care-
fully reconsider the project conditions or to explore al-
ternative investment options.

With regard to the evaluation of financial perfor-
mance indicators, they should be determined using net 
present value (NPV ), internal rate of return (IRR ), and 
payback period (PP).

Assuming the implementation of oil and gas field de-
velopment within the Uzhhorod oil and gas prospective 
area, a comparison is conducted on the basis of two 
projects in this area, taking into account different op-
tions for exploration costs and development expendi-
tures. In addition, the expected volumes of oil and gas 
production are forecast, and projected revenue values 
are calculated at current-year prices and under different 
discount rates (Table 2).

To compare the obtained results, the Fisher point 
calculation will be applied. To determine the Fisher 
point, it is necessary to compare the NPVs of two proj-
ects at different discount rates. The Fisher point is the 
discount rate at which the NPVs of the two projects be-
come equal. The initial data for the calculation are pre-
sented in Table 3.

Based on the data, the calculation will include two 
stages.

1.	 Construction of the NPV-discount rate relation-
ship for both projects.

2.	 Determination of the discount rate at which the 
NPVs of the two projects are equal.

The graphical representation of the Fisher point is 
shown in Figure.

To mathematically determine the Fisher point for 
the two projects, it is necessary to find the discount rate 
at which the net present values (NPVs) of both projects 
are equal. This means finding the discount rate such that 
NPV1 = NPV2.

Determination of the linear interpolation equation.
To find the intersection point, we assume a linear 

change in NPV between two adjacent discount rates.
The equations for NPV of Project 1 and Project 2 can 

be written as
NPV1 = a1 × r + b1;

NPV2 = a2 × r + b2,
where r is the discount rate; a1, b1, a2, b2 are coeffi-
cients to be determined from the given data.

We determine the coefficients a1, b1 for Project 1 us-
ing the discount rates 15 and 20 %

a1 = (1.8 - 2.38)/(20 % - 15 %) = (-0.58)/0.05 = -11.6. 

Table 2
Main technical and economic parameters of the portfolio of two projects in the Uzhhorod oil 

and gas promising area

Deposit NPV,
I = 15 %

NPV,
I = 20 %

NPV,
I = 25 %

Exploration 
costs, USD 

million

Development 
costs, USD

million

Total costs, USD
million

Oil
production,

million t

Gas 
production, 

1,000 m3

New Project 1 2.38 1.80 1.40 4.68 120.59 165.32 45.45 37.91
New Project 2 1.70 -0.82 -1.29 20.00 160.00 185.00 55.51 0.00
Total 4.08 0.98 0.11 84.68 1,060.59 1,205.32 582.50 37.91

Table 3
Initial data for the calculation

Discount rate,
%

NPV Project 1,
USD million

NPV Project 2, 
USD million

15 2.38 1.70
20 1.80 -0.82
25 1.40 -1.29
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r2 - r1 = 25 - 15 = 10.
Difference between NPV

NPV1 - NPV2 = 2.38 - 1.40 = 0.98.
Substituting into the formula, %

= + ⋅ =
-

2.381 1 5 % 10 % 39.3.
2.38 1.4

IRR

For Project 2, where r1 = 15 %; NPV1 = 1.7; 
r2 = 20 %; NPV2 = -0.82

The difference between the discount rates is deter-
mined, %

r2 - r1 = 20 - 15 = 5.
Difference between NPV

NPV1 - NPV2 = 1.7 - (-0.82) = 2.52.
Substituting into the formula, %

= + ⋅ =
1.71 1 5 % 5 % 18.37.
2.52

IRR

Thus, the obtained results indicate that the success 
of discovery activities and the economic evaluation of 
oil and gas production projects are key factors for the 
development of Ukraine’s energy sector. To ensure the 
effectiveness of investment decision-making in this 
field, it is necessary to apply comprehensive approaches 
to modeling and analysis.

In the analysis of projects, various financial indica-
tors are used, in particular the net present value (NPV) 
and the internal rate of return (IRR). NPV makes it pos-
sible to assess the profitability of a project at a given dis-
count rate, taking into account future cash flows. IRR, 
in turn, represents the maximum allowable discount 
rate at which the project remains economically viable.

For the evaluation of oil and gas production proj-
ects, it is important to consider changes in NPV as the 
discount rate varies. As demonstrated by the calcula-
tions performed, the discount rate has a direct impact 
on NPV. With an increase in the discount rate, the proj-
ect’s NPV decreases, which may result in the project 
becoming unprofitable. In particular, for one of the 
analyzed projects, it was determined that at a discount 
rate of 15 % the NPV amounted to UAH 1.7 million, 
whereas at a discount rate of 20 % the NPV became 
negative.

The internal rate of return is a critical indicator for 
investors, as it allows the determination of the discount 
rate at which the project reaches the break-even point. 
In one of the examples calculated during the study, the 
IRR was approximately 18.37 %, which indicates a rela-
tively high level of risk, as the project’s profitability is 
highly dependent on market conditions and the level of 
the discount rate.

Linear interpolation is an effective method for esti-
mating the internal rate of return (IRR) and other finan-
cial indicators when several NPV data points are avail-
able. This method makes it possible to obtain a more 
accurate assessment of a project’s financial parameters 
based on the existing data. It should also be noted that 
the commercial success rate of such projects is 32 %, the 
economic success rate is 18 %, while the level of risk and 
uncertainty remains extremely high.

Next, we calculate b1
2.38 = -11.6 ⋅ 0.15 + b1 ⇒  b1 = 4,142.38 = -11.6.
Thus, the equation for NPV of Project 1 is

NPV1 = -11.6 × r + 4.14.
For Project 2, using the same discount rates

0.82 1.7 2.52 2    50.4.
20 % 15 % 0.05

a - - -
= = =-

-
Then,

1.70 = -50.4 ⋅ 0.15 + b2 ⇒ b2 = 9.26.
Thus, the equation for NPV of Project 2 is

NPV2 = -50.4 ⋅ r + 9.26.
Finding the Fisher point. To do this, we solve the 

equation NPV1 = NPV2

-11.6 × r + 4.14 = -50.4 × r + 9.26 - 11.6;

38.8 × r = 5.12;

r = 5.12/38.8 = 0.132 (13.2 %).
The Fisher point is approximately at a discount rate 

of 13.2 %.
Both the graphical and mathematical determina-

tions indicate that the optimal discount rate for the two 
projects is 13.2 %.

The next step involves evaluating the two projects 
based on the payback period (PP). For oil and gas proj-
ects, the average project duration is 38 years.

PP = (∑Ik/(1 + r)k)/(∑CFk/(1 + r)k/n).
For Project 1, years

PP1 =  290.590/(267.257/38) = 41.3.
For Project 2, years

PP2 =  366.67/(365/38) = 37.8.
The internal rate of return (IRR) is calculated using 

the formula

( )= + ⋅ -
-

1  1   2 1 .
1 2

NPVIRR r r r
NPV NPV

For Project 1, where r1 = 15 %; NPV1 = 2.38; 
r2 = 25 %; NPV2 = 1.40.

The difference between the discount rates is deter-
mined, %

Fig. Graphical representation of the Fisher point for two 
alternative projects
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Conclusions. The calculations performed to evaluate 
oil and gas production projects clearly demonstrate the 
critical importance of a detailed analysis of economic 
efficiency in investment decision-making. Ukraine’s oil 
and gas production sector has significant potential; 
however, it faces substantial challenges that require a 
comprehensive approach to project evaluation.

One of the key aspects of effective management of 
such projects is the understanding that financial perfor-
mance depends on a number of variables, among which 
discount rates, fluctuations in market prices for energy 
resources, geopolitical factors, and technical risks play a 
decisive role. To reduce uncertainty and maximize prof-
itability, it is necessary to develop and analyze various 
financial scenarios, taking into account both optimistic 
and pessimistic forecasts. This approach makes it pos-
sible not only to assess potential profitability but also to 
prepare for potential risks that a project may encounter 
during its implementation.

Methods for calculating net present value (NPV) 
and internal rate of return (IRR) are fundamental tools 
of financial analysis. They provide an objective assess-
ment of a project’s attractiveness from an investor’s per-
spective. The calculation of NPV helps determine 
whether a project generates sufficient cash flows to cover 
investment costs and ensure profitability. Meanwhile, 
IRR allows for the identification of the maximum ac-
ceptable discount rate at which the project remains eco-
nomically viable, which is particularly important under 
conditions of economic volatility.

The application of these methods in Ukraine is par-
ticularly relevant given the dynamics of the energy mar-
ket and the need to attract foreign investment. Forecast-
ing and modeling the profitability of oil and gas produc-
tion projects based on NPV and IRR provide an oppor-
tunity to make more informed decisions that take into 
account all economic, technical, and market aspects.

However, it should be noted that even the most thor-
ough financial analysis cannot fully eliminate uncertain-
ty. Therefore, in addition to economic calculations, 
adaptability to external conditions is critically important, 
including changes in the legislative framework, environ-
mental requirements, and socio-political factors. Thus, 
in order to achieve long-term success in Ukraine’s oil and 
gas production sector, it is necessary not only to focus on 
financial indicators but also to actively implement inno-
vative technologies, comply with international standards, 
and take into account socio-environmental aspects.

In summary, the application of the approaches con-
sidered makes it possible not only to more accurately 
predict project success but also to develop strategies 
aimed at the sustainable development of Ukraine’s en-
ergy sector. This represents an important step toward 
ensuring the country’s energy independence, enhancing 
its economic stability, and increasing its competitiveness 
in the international arena.
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Економічне моделювання й оцінка 
успішності проєктів із розвідки 

нафтогазових родовищ в Україні

В. О. Онищенко, І. В. Вітрик*, М. А. Фірман

Національний університет «Полтавська політехніка іме-
ні Юрія Кондратюка», м. Полтава, Україна
* Автор-кореспондент e-mail vitryk.ihor22@gmail.com

Мета. Розробка інтегрованої моделі оцінюван-
ня успішності відкриття та економічної ефектив-
ності нафтогазовидобувних проєктів на території 
України, що враховує взаємозв’язок геологічних 
умов, технічних параметрів освоєння й економіч-
них детермінант.

Методика. Запропоновано алгоритм оцінювання 
ймовірності комерційного успіху відкриття нових ро-
довищ, включаючи моделювання розподілу прогноз-
них видобувних ресурсів і використання спеціалізо-
ваних формул для кількісної оцінки шансів на успіх. 
Розроблена комплексна економіко-математична мо-
дель оцінювання рентабельності нафтогазових про-
єктів, інтегруючи геологічні, технічні й економічні 
параметри. Застосовані стандартні фінансові показ-
ники, такі як: чиста приведена вартість (NPV); вну-
трішня норма дохідності (IRR); термін окупності (PP) 
для оцінки економічної життєздатності проєктів.

Результати. Отримані результати свідчать, що 
успішність відкриття й економічна оцінка нафтога-
зовидобувних проєктів є ключовими факторами 
для розвитку енергетичної галузі України. Для за-
безпечення ефективності інвестиційних рішень у цій 
сфері необхідно застосовувати комплексні підходи 
до моделювання й аналізу.

Наукова новизна. Запропонована модель відріз-
няється від існуючих інтегрованим підходом, що 
поєднує технічну (геологічну), інвестиційну, ко-
мерційну й економічну оцінки.

Практична значимість. Розроблена модель може 
бути використана для прийняття обґрунтованих ін-
вестиційних рішень, оптимізації розробки родо-
вищ і підвищення ефективності нафтогазової галузі 
України.

Ключові слова: нафтогазові проекти, моделюван-
ня, економічна оцінка, NPV, IRR, економічні фактори
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