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Abstract: The condition of the oil and gas sector is characterized by the complication of geolog-
ical settings, and there is more competition in energy markets due to the current trend towards
decarbonization. These circumstances require oil and gas companies to become more flexible and
improve their project economic feasibility studies. The purpose of the research was to develop a
methodological approach for the economic evaluation of oil and gas projects that includes choos-
ing and substantiating the choice of engineering solutions that can be used to make decisions on
subsequent investing. A comparative analysis of various economic evaluation methods applied to
oil and gas projects included the DCF model, DPNV model with modifications, binary discounting,
and reverse discounting. Taking into account the specific features of oil and gas projects, the authors
provide a rationale for using a risk-free rate to calculate project outflows and a combination of reverse
rates to calculate inflows. In addition, the theory of real options was applied to assess and account
for geological and technical risks. These risks cause changes in the production rate when making
engineering decisions. Using the proposed methodological approach, oil and gas companies will be
able to evaluate in more detail and explain the influence of engineering solutions on the net present
value of the project. This is the result of better consideration of geological and technical risks. The
proposed approach is relevant both before project implementation and during production.

Keywords: oil and gas field; investment project; economic evaluation; cash flow discounting; binary
discounting; reversing price model; engineering solutions; real option valuation

1. Introduction

Oil and gas projects have their distinguishing features, which are described in Russian
industry-based normative documents [1,2] and in the literature of the subject [3–14] and
include the following:

• Uniqueness. What makes each project unique [6] is the combination of the geological
conditions in the reservoir (including such parameters as permeability, porosity, pres-
sure, and fracture density), the physical and chemical properties of produced fluids,
and the equipment used in specific conditions.

• Long-term nature [3]. Oil and gas fields are operated for a period of 15 to 30 years [4],
with their life cycles sometimes reaching 50 years (for example, at the Samotlor
field) [7,8].

• Capital intensity [3–5]. For example, it is stated in [2] that the capital costs of the
Constellation-X project in Malaysia (an oil and gas field with 250 billion cubic feet of
reserves) amount to almost 400 million dollars. Many sources, including [5], state that
drilling a single well costs several million dollars.

• Being influenced by oil and gas price volatility [6]. According to the authors’ calcula-
tions, daily price volatility for Brent oil has increased by 1.43%, and annual price volatil-
ity has grown by 27.3% over the past 10 years (Independent Statistics and Analysis.
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US Energy Information Administration. Petroleum and other liquids. Available online:
https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=RBRTE&f=D (ac-
cessed on 29 March 2022)).The authors of [9–11] state that is both difficult and nec-
essary to factor in oil price fluctuations in the future to create effective plans for
the development of oil and gas fields. They also attempt to provide a rationale for
price-forecasting methods.

• Knowledge accumulation on the features of the oil and gas field in the development
process. At the exploration and testing stage, information on the oil and gas field is
rather limited due to the uniqueness of both the geological properties of reservoirs
and the physicochemical properties of fluids. As more data are obtained on the field, it
may lead to making changes to the initial engineering decisions. For example, Ref. [11]
presents an example of a transition from vertical and deviated to horizontal wells.

• Interest on part of the government in producing as much as possible [4], which goes
against the company’s interest. The company is interested in maximizing the economic
effect of the project, while the government wants more tax money.

• Complexities of project implementation. This is associated with the complexity of
the physical processes occurring in the reservoir during the extraction of fluids [7,8]
and requires both highly qualified personnel and the company’s exper that oil compa-
nies face, an approach is widely ience in applying engineering solutions in specific
conditions [13,14].

• Numerous risks, including geological, technical, engineering, operational, financial,
political risks, etc. [3]. Risk assessment is an independent and rather complex problem.

An important feature of oil and gas project implementation is the need to develop
and rationalize engineering solutions aimed at achieving the highest possible hydrocarbon
recovery factors. In Russian practice, such a requirement is enshrined in legislation [1,2].
The key features of engineering solutions in the development of oil and gas fields are:

• The need to implement solutions throughout the reservoir life [1,2].
• The opportunity to improve or change decisions already made at the design stage in

the process of project implementation [15].
• A wide range of possible engineering solutions and their optionality [16–18].
• The high technological intensity and complexity of engineering solutions [19].
• The objects are fluids, the reservoir, and the production facility.
• The ability to respond to market conditions [20].

As a result, projects for the development of hydrocarbon deposits that include addi-
tional engineering solutions associated with changes in the operating conditions of the
deposit stand out from all other projects, which necessitates adjusting the already known
methods for the economic evaluation of projects and assets.

Thus, a special object of economic evaluation is a project for the development of
a hydrocarbon deposit with additional engineering solutions related to changes in the
field’s operating conditions, which requires the clarification of known methods of economic
evaluation of assets (oil and gas fields) and projects (engineering solutions).

Among the tools used to make economic evaluation of assets and projects, the dis-
counted cash flow concept (DCF) is currently the most widely used.

The DCF concept was developed for analyzing financial assets in the middle of
the 20th century [21,22] but is used massively to evaluate all kinds of projects. There
are modifications of this concept for oil and gas projects that factor in fluctuations in
natural resource prices (oil and gas prices) and production capacity. As the importance of
engineering services and requirement of engineering solutions for oil and gas development
field operations is growing [23–25], both the DCF concept and its modifications are losing
their relevance because of technological complexity and expansion in the number of risks.

Many experts in the industry have pointed at the disadvantages of using the DCF
method and its many modifications [26–29]. The theory of economic evaluation recognizes
the fact that the net present value (NPV) of projected cash flows associated with investment
project is affected by two key factors: cash flow periods and cash flow uncertainty. Discount-

https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=RBRTE&f=D
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ing is directly affected by risk and time. In the DCF method, these two factors are taken
into account in the form of the discount rate. The problem of merging risk and the time
value of money when calculating the NPV of a project is that this approach presents the
value of cash flows that will be generated in the distant future as too small and exaggerates
the value of earlier cash flows [30,31].

Experts in the analysis of oil and gas projects agree that the standard DCF method
often distorts project efficiency metrics, as it does not differentiate between various risks
associated with projects of this category. Among other things, the long-term value of
natural reserves is regularly underestimated, metrics often show that it is necessary to reach
very high production rates at the initial stages, and they often underestimate future costs,
which leads to an underestimation of the benefits from the use of advanced technologies
with low operating costs [11].

To analyze and take into account the risks that oil companies face, an approach is
widely used that combines economic evaluations, probabilistic methods [32–35], Monte
Carlo simulations [36], scenario planning, fuzzy set analysis, and others [37]. The key
problem associated with this powerful and useful analytical tool is that it relies on the
DCF method, meaning that the imperfections of the latter, which were inherited from the
financial sector, are still there. Consequently, management decisions are made based on
distorted economic evaluations.

The use of a constant discount rate throughout the whole life of the project, as well
as for projects of different types, has been criticized in the DCF method. The typology
of engineering solutions is also highly manifold, which leads to the conclusion that it is
necessary to use distinct rates.

The series of papers [11,38–41] presented the modern asset pricing (MAP) model. The
key feature of this model is that different discount rates, or binary discounting, are used to
calculate revenues and expenses within cash flows. To calculate inflows, the risk discount
factor (RDF) is used, which takes into account pricing risks by reverting discounting. To
calculate outflows, the time discount factor (TDF) is used, which takes into account risk-free
rate and inflation rates. The authors of [42–44] developed MAP ideas and tested them on
real assets. Therefore, MAP is a fairly successful attempt to make DCF more objective and
is relatively easy to use. However, MAP in this form factors in only oil market risks and
does not provide for considering non-market risks.

To account for non-market risks in the binary discounting system, the concept of
Decoupled Net Present Value (DNPV) was developed [45–47]. According to this concept,
the risks associated with both revenues and expenses are presented as the costs of the
project. The cost of risk is subtracted from potential revenues (if the risk is associated with
revenues) or added to expenses (if the risk is associated with them) and discounted at the
risk-free rate.

The most commonly used method for quantifying technical and market uncertainties
is presented in [48], where a stochastic process is applied to modeling these two types of
uncertainties. To optimize the computational effort and create an intuitive model that can
help decision makers on the project, a linearization method has been proposed for problems
involving only technical uncertainty [49]. The authors [50] show how companies can reduce
technical uncertainties in some cases by acquiring extra information and successively
adjusting parameter values to perform project valuation.

For oil and gas projects, it is necessary to take into account the uncertainties arising
in the production process, as well as those associated with the adoption of engineering
solutions that may undergo significant changes relative to the initial project due to changes
in the conditions of reservoir development. In other words, oil and gas development
projects require evaluation methods that factor in technological uncertainties [51].

It should be recognized that the methods for project performance evaluation in the
oil and gas sector are imperfect, as they do not factor in the complexity of production
conditions. In the current situation, engineering solutions are becoming more sophisticated,
and the methods of their economic evaluation do not keep up with their progress.
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Engineering solutions are used to determine the system and technology for the devel-
opment of an oil and gas field and for their subsequent changes for the following reasons:
deviation of actual production levels from the project values in excess of permissible val-
ues; positive results of pilot works carried out at the field and the possibility of their
application at the development site; the need to change the technology and system of
field development.

Capital-intensive engineering solutions lead to the generation of non-ordinary cash
flows. The limitations of the DCF model for estimating non-ordinary cash flows are
considered in [43,52], which distorts the results of the economic evaluation of the project.

It is of fundamental importance that, with the help of engineering solutions, it is
possible to increase this value by:

• Reducing costs;
• Choosing optimal production technologies while acquiring new information dur-

ing operation;
• Adjusting production volumes depending on the situation on global markets, etc.

This means that an oil and gas company can add value to the project by collecting,
interpreting, and analyzing information about uncertainties—hydrocarbon price volatility
and reservoir capacity—while implementing the development project. Net value is added
by means of finding and implementing an engineering solution that is most applicable in
the conditions that have changed compared to the investment stage. By making fitting
and timely decisions regarding engineering solutions, companies can increase the value
of their assets, while not making such decisions can negatively affect it. However, the
static nature of the standard DCF method [46] does not allow us to identify the added
value of the project created by an engineering decision made after the start of the project
implementation in the structure of the total discounted effect.

As an attempt to make the methods used in the financial sector more applicable to real
projects, Myers [53,54] proposed the concept of real options valuation (ROV), which spreads
financial option pricing models to the valuation of non-financial assets (i.e., projects). ROV
is seen as an assessment tool that takes into account not only the changing nature of risk,
but also the flexibility that underlies investment decisions in the area of real projects. There
have been studies devoted to the process of economic evaluation of mineral deposits using
real options valuation [9,15,55–58].

Despite a number of advantages that ROV has, various authors, among them
Damodaran [58], discussed some drawbacks of this method. Most ROV studies focus
on estimating the costs of management flexibility in expanding, downsizing, postponing,
and/or abandoning projects. The ability of ROV to model the changing nature of risk, even
in cases where there is little or no flexibility, has not been well studied [47].

The purpose of the study is to develop a methodological approach to the economic
evaluation of engineering solutions for subsequent management decisions on investing
in the implementation of projects for the development and production of hydrocarbon
resources. The objectives of this study are:

1. To analyze the bias of the DCF model, which limits the economic evaluation of
engineering solutions in the implementation of oil and gas field development projects.

2. To analyze the tools of economic evaluation of investment projects to eliminate the
bias of the DCF model and identify the advantages and limitations of these tools.

3. To develop a methodological approach to the economic evaluation of oil and gas
projects, taking into account engineering solutions, and to test the resulting approach
on a conditional example of an oil and gas field development project with the justifi-
cation of an engineering solution.

The article consists of four sections. Section 2 describes the conceptual framework
and describes in detail the developed methodological approach. The limitations of the
DCF model for the economic evaluation of oil and gas projects are considered; to eliminate
the limitations of the DCF model, it is proposed to use binary and reverting discounting
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models, and it is also proposed to apply the ROV method to calculate the absolute values of
risk premiums and to justify an engineering solution in the future of the field development
project. Section 3 presents the main results of the calculations performed according to the
developed methodological approach and presents their interpretation. In Section 4, the
main conclusions of this work are formulated.

2. Materials and Methods

The methodological approach developed by the authors for the economic evaluation
of an oil and gas project with an engineering solution includes the following steps:

1. Justification for each year of the forecast period of nominal values (excluding discount-
ing) of cash inflows and outflows: revenue, operating costs, capital costs, taxes, etc.

2. The use of binary discounting, i.e., separate discounting of inflows and outflows of the
project at different rates. For inflows, the discount rate consists of two components:
the risk-free rate (reflects the time factor) and the risk rate (reflects the change in
the price of oil), which is calculated using a reverting price model. Outflows are
discounted at a risk-free rate.

3. Application of the real options valuation to calculate the absolute values of premiums
for technical risks in the implementation of the project. For the inflows of each
year of the project, the calculation of premiums is based on the projected change
in production volumes. For outflows, capital expenditure premiums are calculated
based on their volatility.

4. The use of the real options valuation method to justify engineering decisions that can
be made in the future of the project, from the available range of alternatives.

Further, these actions are considered in more detail.

2.1. Economic Evaluation of Oil and Gas Projects as Real Assets: Limitations of the DCF Method

Economic evaluation using the standard DCF method takes place in three steps. In the
first step, the projected net cash flow is calculated for each period using the values of the
determinants in the calculation model. In the second step, the net cash flows of the project
are discounted using a certain rate (the rate of return or the discount rate). In the third step,
the discounted value of the project’s cash flows is summed up. This approach leads to a
reduction in future cash flows by a factor that grows exponentially over time by the same
discount rate.

There are two approaches to finding the discount rate. The first approach is based on
the value of the opportunity cost of capital (OCC), the weighted average cost of capital
(WACC), or a similar indicator.

The second approach to determining the discount rate is to add the amount of project
risk to the discount rate, i.e., to use a risk-adjusted rate. Any additional uncertainty not
included in the cost of capital is offset by a yield premium, which is added to the rate.
Therefore, the discount rate usually consists of two components: an expected risk-free rate
and a risk rate. Within this framework, investors can calculate the discount rate using
different methods:

• The capital asset pricing model (CAPM);
• Classifying projects by their basic parameters and assigning a different discount rate

for each category (for example, one value for exploration projects, another for R&D
projects, a third for development projects, etc.).

Regardless of how the rate of return is found, the traditional DCF method can be
thought of as a top-down algorithm in which investors choose an appropriate discount
rate, usually neglecting the specific features of individual projects. This is why no matter
which of the two approaches is used, the model of economic evaluation will not change
much. A significant problem in applying the DCF method to the valuation of real assets
is project risks are assessed using economic and mathematical models covering a variety
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of net present values but not having any impact on the process of calculating the net
present value.

Although providing certain decision-making criteria for all projects, the DCF method
has a number of conceptual limitations [15]:

1. It implies that the project is not changed, and the management follows the original
plan regardless of changing circumstances without striving to eliminate uncertainties
and increase the value of results;

2. It assumes that future cash flows are predictable, which, as a rule, leads to the overes-
timation or underestimation of some types of projects;

3. Insufficient consideration of the specific risks of the project, the need for adjustments
increases the initial errors in the choice of the parameter and increases with the
increase in the duration of the project.

The use of a single discount rate for the economic evaluation of an oil and gas project
leads to a situation where an increase in the discount rate to account for market or non-
systemic risk makes the impact of negative cash flows (for example, losses, expenses,
unforeseen liabilities) that will arise in the distant future unreasonably insignificant. Addi-
tionally, regardless of the source of risk, risk factors are always represented by exponentially
decreasing functions of time; hence, any error in estimating the discount rate will expo-
nentially “fade” over time, which, for long-term mining projects, can lead to a significant
accumulated error value [47]. Among other things, the application of a single rate causes a
systematic error in the economic assessment process. This error can be proved using the
principle of value additivity [59].

Summarizing the above, the biggest disadvantages of the DCF method associated with
assuming the discount rate can be formulated as follows. The choice of the rate of return as
a proxy for risk is largely arbitrary; the rate is chosen depending on investors’ preferences
and experience [60,61]. Contradictory results (i.e., the higher the risk, the higher the NPV)
can be obtained in cases where there is a cost-related risk. Once selected, the discount rate
is assumed to be constant, even though the risk profile of the project usually changes over
time, for instance, in relation to technical risk. The same rate of return applies to discounted
assets (or liabilities) with different risk profiles. For high-risk projects (especially long-term
ones) with a high rate of return, the DCF method greatly underestimates the impact of
future cash flows [62].

2.2. Binary Model and Reverting Discounting for the Economic Evaluation of Oil and Gas Projects

For inflows and outflows of oil and gas projects, it is proposed to apply different
discount rates [30], which are due to the change in rates over time of the project, taking
into account the reduction in technical risks [40].

1. The proposed methodological approach assumes the use of distinct discount rates
for variable determinants (revenue, royalties, operating costs, capital costs, capital cost
allowance) and cash inflows and outflows of the project.

• It eliminated the systematic error that occurs when the single discount rate used by
the company is applied to evaluate projects of different nature.

• Through discounting the individual determinants of the project, it removes the limita-
tions that total cash flow discounting has.

• It combines risk and cost analyzes of a project by calculating the net present value
of a project as the endpoint of all possible scenarios grouped together, as opposed to
calculating the cost for each of the scenarios, and then by using this combination of
costs in the economic evaluation process.

Mathematically, these limitations can be represented as follows. Present value of cash
flow at time t is presented as:

PVt = NCFt/(1 + r)t = NCFt·1/(1+r)t = NCFt·DFt, (1)

where r is discount rate, which includes time and risk factors; DFt is discount factor.
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The discount factor (DFt) for the cash flow of assets at time t could be presented as the
ratio of the expected present value of cash flow to the most expected net cash flow:

DFt = PVt/NCFt. (2)

DFt represents the proportionate decline in the value of the net cash flows of assets
due to risk and time adjustments. Net cash flow is found as:

NCFt = Pt·Qt − OpExt − CapExt, (3)

where NCFt is the net cash flow in period t; Pt is the current expected selling price; Qt is the
volume of products sold; OpExt is operating expenditures; and CapExt is capital expenditures.

The same expression can be written as:

NCFt = (Pt − UOpExt)·Qt − CapExt, (4)

where UOpExt is unit operating costs.
As mentioned earlier, the DCF method uses an aggregated risk and time adjustment

approach that generates a DFt for the cash flow at time t:

DFDCFt = (((Pt − UOpExt)·Qt − CapExt)·RiskDFDCFt·TimeDFt)/
/((Pt − UOpExt)·Qt − CapExt),

(5)

where RiskDFDCFt is the risk discount factor, which can be represented as e−Riskrate·t; TimeDFt
is the time discount factor, which can be represented as e−Risklessrate·t.

This expression can be simplified by reducing the net cash flow term as follows:

DFDCFt = RiskDFDCFt·TimeDFt = e−Risk rate·t·e−Risklessrate·t = e−RADR·t> 0 (6)

The equation shows that DFDCF does not vary depending on the asset structure unless
the RADR varies from asset to asset to reflect differences in asset risks, which is unlikely be-
cause many companies use the same RADR. However, it may not be possible to adequately
adjust cash flows for risk, even using a RADR that tends to infinity. This becomes apparent
once the DFt is analyzed to discount the inflow and outflow determinants rather than the
entire cash flow at once (DFDet). Considering that the method under consideration adjusts
the risk in the source of uncertainty (in this case, the price of hydrocarbons) and adjusts the
time in the net cash flow, the following is true:

DFDet = (((Pt·RiskDFDet − UOpExt)·Qt − CapExt)·TimeDFt)/((Pt − UOpExt)·Qt − CapExt)=
=TimeDFt·(((Ft − UOpExt)·Qt − CapExt)/((Pt − UOpExt)·Qt − CapExt)),

(7)

where RiskDFDet is the discount factor for price uncertainty in period t, which can be
represented as e−Priceriskrate·t; Ft is the forward price to period t.

This ratio cannot be simplified. The only case in which DFDet = DFDCF is when
the elements of the cash flow are associated with equal risks. In most resource projects,
the market risk in operating costs and capital costs is different, and there is usually less
uncertainty in costs than in returns.

With a significant deviation from the discount curve in the standard DCF method,
DCF DFDet can become negative in situations where, for example, the forward price is less
than unit operating costs, even though the expected cash flow on the asset may be positive.
The standard DCF method does not produce a comparable result because the DFDCF is
always positive since the very risky cash flow with a positive expected value is capped
at a non-negative risk-adjusted present value. Thus, there may be net cash flows whose
risk-adjusted present value cannot be calculated using a positive DCF discount rate. A
case in point is a risky net cash flow that has an expected value of zero. The standard DCF
method will always calculate this net cash flow at a present value of zero [43].
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2. The market uncertainty of hydrocarbon prices in the proposed approach is taken
into account in the discount factor of inflows. Inflows are discounted by means of a
reverting price model, which is proposed in [63], and its relevance for the oil and gas
industry is confirmed in [64,65]. The reverting model implies that the greatest uncertainty
and, consequently, risks associated with the volatility of hydrocarbon prices are inherent in
the first periods. Consequently, the risk premium taken into account in the discount rate of
inflows will decrease over time.

Being the product of risk-free rate and the cost of risk and the uncertainty of the
forecast, the risk discount rate for inflows preserves the dependence of forecast uncertainty
on the forecast period, and in this model, decreases for each year are added to the forecast
period. The instant short-term rate is calculated [11] using the equation:

r = rf + PRisk·σ, (8)

where PRisk is the cost of risk arising from uncertainties in the hydrocarbon market [11]; σ
is the uncertainty of the short-term forecast of the price of hydrocarbons.

To calculate the discount factor, the amount of uncertainty reduction with an increase
in the planning horizon is taken into account [64], determined using the equation:

γ = ln(2)/HL, (9)

where γ is the magnitude of the decrease in uncertainty with an increase in the planning
horizon; HL is the length of time during which the uncertainty will decrease by half; in the
current model, this is one year.

The time-varying discount factor for the price of hydrocarbons for the constant cost of
risk is calculated by the equation:

DFt = DFf,t·e−PRiskσ/γ·(1 − s), (10)

where s = e−γ·t; DFf,t is risk-free discount factor; t is the year for which the factor is
calculated. The ways in which the percolation effect, endogenous receipt of information
from dynamic markets, and the influence of externalities affect information gathering
incentives are described in more detail in the paper [66]. Treatment of the percolation in
other branches of knowledge, for instance, in the study of network diffusion, is presented
in the paper [67].

Costs are discounted at a risk-free rate. This moment can be attributed to the limitation
of the model, since there is a risk of increased costs, which must be taken into account;
in this regard, the discount rate for outflows should be less than risk-free, so that the
deterministic values of outflows become larger, since they are adjusted for the amount
of risk.

2.3. Application of the Theory of Real Options Valuation to Find the Cost of Risks of an Oil and Gas
Development Project

The evaluation of oil and gas projects is associated with the growing uncertainty of
their future profitability due to long life cycles. In addition to general market risks, oil and
gas companies are influenced by geological and engineering risks. Therefore, investment
projects for the development of oil and gas fields are assets that require the use of methods
that account for the uncertainty factor as much as possible. Now, we will supplement the
economic evaluation framework described above to account for technical uncertainties.

As previously noted, problems caused by using the DCF method can be avoided if
the uncertainty associated with future cash flows and costs is decoupled from the time
value of money, which will result in a more consistent project evaluation. As a rule, the
biggest investment risks for any uncertain project are that the asset (i.e., cash inflow) may
be worth less than expected and/or the cost of the asset (i.e., cash outflow) may be higher
than expected. Instead of relying on investors’ risk preferences, an approach is proposed
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that combines risk assessment with the cost of risk. If we express the decrease in expected
revenue and/or increase in expected expenditures in absolute terms, then the net present
value equation can be written as follows:

NPVt = ((CFRr − SCFRt) − (CFCr + SCFCt))/(1 + r)t = ((CFRt − CFCt) − (SCFRt + SCFCt))/(1 + r)t, (11)

where NPVt is the NPV of the project in period t, and the variables SCFRt and SCFCt are the
expected fair values that represent the costs associated with the risk of income (i.e., asset
value) falling below expected and that of costs exceeding the expected values, respectively,
at some future moment t. As shown in Equation (11), these risk costs are accounted for
separately and included in the analysis as extra project costs. Equation (11) can thus be
written in a more general form as:

NPVt = (CFRt− CFCt− St)/(1 + r)t. (12)

St = SCFRt + SCFCt represents the expected total cost of risk (in absolute terms) at time t
as the sum of all risks that can be identified and considered.

Note that, unlike Equation (1), the discount rate r is risk-free. Thus, the factor of
the time value of money is taken into account. The risk associated with the project is
accounted for separately by the expected total cost of risk St. Factors of time and risk
have been separated in Equation (13). It leads to their more correct accounting. In this
regard, the higher the risk, the larger the value of St and, consequently, the lower the NPV
value.In this form, the cost of risk actively encourages the company to analyze uncertainties
associated with the geological and technical features of the project. The introduction of
the concept of the absolute value of risk in Equation (12) reflects the acceptable amount
of uncertainty for investors, i.e., the likelihood that revenue will be higher than expected
and/or expenditures will be lower than expected. In other words, Equation (12)acquires
the characteristics of an option and can be rewritten as(it is noted that Equation (12) simply
represents the project’s NPV calculated using the risk-free rate minus the present value of
the risk premium calculated in each period):

NPVt (CFRt; CFCt; St; r) = NPVt (CFRt; CFCt; r) − St/(1 + r)t. (13)

Volatility in the NPV of an oil and gas development project stems from:

• The influence of geological and technical conditions, which cause changes in the levels
of production and costs;

• The situation in hydrocarbon production and transportation sectors;
• Market conditions in energy markets;
• The quality of the hydrocarbons produced at the given field;
• Local tax system, etc.

This is why projects for the development of hydrocarbon deposits can be classified
as assets similar to options. The option characteristics of oil and gas projects produce
uncertainties that arise during their implementation, which is mathematically expressed in
Equation (13). To assess these characteristics, or the risks of the project, it is now possible
to use the theory of real options, the methodological aspects of which are discussed in
Appendix A.

The calculated risks components from Equation (13) in terms of the theory of real
options can be expressed by applying the characteristics of put and call options. Put
options (Equation (A2)) are used to account for uncertainties in the revenue stream, and
call options (Equation (A1)) are used to account for uncertainties in the cost stream. The
risk values calculated in this way are included in Equation (13), in the form of absolute, not
relative values.

When using ROV methods, a question is how to determine volatility. This indicator
should reflect both economic and technical uncertainties in the value of the underlying
asset and how these uncertainties change over time. Some ROV experts argue that it is
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better to separate technical and market uncertainties, especially when decision making
deals with technical uncertainty. In the discounting model presented above, the market
risk is already represented by the reverse pricing model. Thus, only technical uncertainty
will be determined.

Based on works by Dixit et al. and Espinoza et al. [49,68], technical volatility can be
expressed as follows:

σ = ν·(α·β)1/2, (14)

where
α = (I/Q) = 1/Tc; (15)

β ∼= (2 − T/Tc)/2; (16)

ν = (2·v2/(1 + v2))1/2; (17)

Tc is the expected completion time of the project; T is time to project completion; v is
the time-independent factor of variation in flow cost estimated at t = 0.

The methodological approach to the evaluation of the oil and gas field development
project, taking into account the engineering solution, is shown in Figure 1.
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3. Results

Let us examine the possibility of deterministic estimation based on binary discounting
and reverting discounting. A project for the development of some oil and gas condensate
field (designated as A) is considered an asset subject to valuation. The basic version has the
following production and cost parameters (Table 1).

Table 1. Initial parameters.

Parameter Value Note

1. Development and production expenses, million RUB 962.87 In Year 0
2. Planning horizon, years 10 Starting from Year 1

3. Annual decrease in production, % 10 -
4. Initial production rate, million m3/year 254.52 -

5. Fixed operating expenditures, million RUB/year 119.16 0 in Year 0
6. Variable operating expenditures, RUB/m3 0.13 0 in Year 0

Source: Data on a conditional example of an oil and gas condensate field.

Fiscal conditions of the Russian Federation required for the calculation.
The income tax rate is 20%, the property tax is 2.2%, and the royalty is 1391 RUB/1000 m3.

The price of the export netback of gas is conditionally assumed to be 4277 RUB/thousand m3.
The price of gas is assumed to be the only source of market uncertainty in the cash flows of
the project. Nominal cash flows and net present value of the project are calculated for r = 15%
(Table 2).

Table 2. Project evaluation by means of standard DCF, million RUB.

Parameter 0 1 2 3 4 . . . 7 8 9 10

Revenue 1 037.2 928.36 830.38 742.21 . . . 527.15 469.30 417.23 370.37
Operating expenditures 152.30 148.99 146.00 143.32 . . . 136.77 135.01 133.42 132.00

Capital expenditures 962.87 . . .
Depreciation 183.39 183.39 183.39 183.39 . . . 22.95 - - -

Taxes 371.19 331.75 295.85 263.14 . . . 188.15 169.33 152.40 137.16
Profit 330.34 264.23 205.14 152.36 . . . 179.28 164.96 131.41 101.21

Corporate tax 66.07 52.85 41.03 30.47 . . . 35.86 32.99 26.28 20.24
Net profit 264.27 211.39 164.11 121.89 . . . 143.42 131.96 105.13 80.97
Cash flow −962.87 447.66 394.78 347.50 305.28 . . . 166.38 131.96 105.13 80.97

Discount factor 1.00 0.87 0.76 0.66 0.57 . . . 0.38 0.33 0.28 0.25
Discounted cash flow −962.87 389.27 298.51 228.49 174.55 . . . 62.55 43.14 29.88 20.01

Accumulated discounted
cash flow −962.87 −573.60 −275.09 −46.60 127.94 . . . 409.62 452.76 482.64 502.65

Source: calculated by the authors.

At the next stage, the values of the discount rate for cash inflows and outflows of
the project according to the binary model are justified. In Russian practice, a discount
rate of 15% [1] is used, which is considered a risk-free rate plus a risk premium. As a
risk-free rate for Russian conditions, the yield of 10-year bonds of the Russian Federation is
used, the value of which at the valuation date, December 2020, is 6.14% (Bank of Russia.
Russian Government Bond Zero Coupon Yield Curve, Values (% per annum). Avail-
able online: https://www.cbr.ru/hd_base/zcyc_params/?UniDbQuery.Posted=True&
UniDbQuery.From=01.02.2019&UniDbQuery (accessed on 29 March 2022). Accordingly,
the discount rate of 15% is considered as a risk-free rate (6.14%) plus a risk premium.

To forecast revenue, taking into account the influence of the price factor, the following
assumptions are made. With short-term forecasts, there is uncertainty (σ) for oil price
volatility of 27.28% per year (1.43% in daily terms). The values are calculated as the standard
deviation of relative changes in oil prices over a 10-year period to 31 December 2020. The
uncertainty of the forecast is halved for each subsequent year; accordingly, the uncertainty

https://www.cbr.ru/hd_base/zcyc_params/?UniDbQuery.Posted=True&UniDbQuery.From=01.02.2019&UniDbQuery
https://www.cbr.ru/hd_base/zcyc_params/?UniDbQuery.Posted=True&UniDbQuery.From=01.02.2019&UniDbQuery
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of the short-term forecast (σ) is calculated at the level of 0.273, and the cost of risk (PRisk)
is assumed at the level of 0.3 [11].

A reverting model is used for discounting flows (Equations (8)–(10)); the values of
discount rates (r) and discount coefficients (DF) are presented in Table 3.

Table 3. Values of rates and discount factors for inflows.

T 0 1 2 3 4 5 6 7 8 9 10

DF 1.00 0.89 0.81 0.75 0.71 0.66 0.62 0.59 0.55 0.52 0.49
r, % - 12.59 10.94 9.86 9.12 8.60 8.22 7.93 7.71 7.54 7.40

Source: calculated by the authors.

The economic evaluation and calculation of the NPV of the project were carried out
using binary discounting and reversed discounting (Table 4), the project revenue was
discounted at rates (Table 3), and costs were discounted at a risk-free rate of 6.14%.

Table 4. Project evaluation by means of binary discounting and reverting discounting, million RUB.

Parameter 0 1 2 3 4 . . . 7 8 9 10

Revenue 921.20 754.23 626.29 523.53 . . . 308.96 259.03 216.92 181.39
Operating expenditures 143.49 132.25 122.10 112.92 . . . 90.12 83.82 78.04 72.74

Capital expenditures 962.87 . . .
Depreciation 172.78 162.79 153.37 144.50 . . . 15.13 0.00 0.00 0.00

Taxes 349.71 294.48 247.42 207.33 . . . 123.98 105.13 89.14 75.59
Profit 255.21 164.71 103.40 58.77 . . . 79.74 70.08 49.74 33.07

Corporate tax 51.04 32.94 20.68 11.75 . . . 15.95 14.02 9.95 6.61
Net profit 204.17 131.77 82.72 47.02 . . . 63.79 56.07 39.79 26.46
Cash flow −962.87 376.95 294.56 236.09 191.52 . . . 78.91 56.07 39.79 26.46

Discount factor 1 1 1 1 1 . . . 1 1 1 1
Discounted cash flow −962.87 376.95 294.56 236.09 191.52 . . . 78.91 56.07 39.79 26.46

Accumulated discounted
cash flow −962.87 −585.92 −291.36 −55.27 136.25 . . . 474.22 530.29 570.08 596.53

Source: Calculated by the authors.

Table 5 shows the NPV magnitudes for the oil and gas field development project and
their comparison for various calculation methods.

Table 5. Comparison of NPV magnitudes for a project with different calculation methods.

Standard DCF

Discount rate, % 15
NPV, million RUB 502.65

Reverting and binary discounting

Discount rate,% 12.87
NPV, million RUB 596.53

Source: Calculated by the authors.

Figure 2 shows graphs of changes in the NPV of the project calculated at different rates.
The bottom graph shows the dynamics of net present value with binary discounting of
revenue at the rates of the reverting model (Table 3) and costs at the risk-free rate of 6.14%;
the upper graph reflects the change in cash flow obtained using the classical DCF method
with a discount rate of 12.87%. The NPVs are the same and equal to RUB 596.53 million.
The graph corresponding to the classical calculation shows that the NPV build-up in the
first few years is faster, and the later flows have a lower specific gravity compared to the
second method. This confirms that the traditional discounting model downplays late cash
flows and exaggerates early ones. This is one of the reasons why operating companies often
intensify production, since the evaluation model shows that it is possible to make a big
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profit by extracting (and then selling) fluids as quickly as possible, rather than adhering to a
systematic progressive development that implies producing as many resources as possible.
The modified method means ‘softer’ discounting and equally distributed reduction in the
future value. The classic DCF method underestimates projects with a long implementation
horizon, while overestimating projects with extraordinary cash flows.
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Next, an economic valuation of the technical risk of the development of a hydrocarbon
deposit is carried out using the theory of real options. As uncertainties, the values of debits
and the variability of capital expenditures are considered. Table 6 shows the calculation
of the risk values for the revenue stream (put option, Equation (A2) of the Appendix A).
At the same time, the coefficient of variation V of the flow rate array of appraisal wells
is determined to be 0.5, the term of the option, T = 1 year, since it is calculated annually,
the duration of the project has not changed for 10 years. Equations for calculations are
presented in the Appendix A.

Table 6. Risk costs in the implementation of technical risk (drop in debits).

T, Period 0 1 2 3 4 5 6 7 8 9 10

σ

(Equation (14)) 20.0% 19.5% 19.0% 18.4% 17.9% 17.3% 16.7% 16.1% 15.5% 14.8% 14.1%

Risk component
(Equation (A2)),

million RUB
- 51.65 44.46 38.14 32.60 27.74 23.49 19.78 16.55 13.73 11.28

d1 (Equation (A3)) - 0.41 0.41 0.42 0.42 0.43 0.44 0.45 0.46 0.48 0.49
d2 (Equation (A4)) - 0.21 0.22 0.23 0.25 0.26 0.27 0.29 0.31 0.33 0.35

Source: calculated by the authors.

The capital expenditures of the project are RUB 962.87 million. This estimated value
is for a year before starting production, so it may change. The company’s analysts, based
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on similar implemented projects and internal methods of the company, calculated the
coefficient of variation for capital investments, V = 0.15. The premium for the technical risk
of volatility of capital expenditures is equal to the value of the call option (Equation (13)),
where S1 is the current value of the underlying asset, the values of which are presented
in the extreme column in Figure 3; X is the strike price equal to the value of the initial
capital costs.
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Figure 3. An underlying asset lattice for capital expenditures. Source: calculated by the authors.

Volatility is calculated for the next year (Equations (14)–(17), Tc = 1 years; T = 0 years)
and will be 21%. A binomial lattice is used to calculate the call option, as the flow of costs
is estimated. Binomial lattice parameters: u = 1.069, ∆T = 0.1, d = 0.936, rf = 6% (yield of
one-year, not ten-year, government bond), p = 0.53. The grid of the underlying asset and
the evaluation grid are shown in Figures 3 and 4.
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Figure 4. Valuation lattice for capital expenditures. Source: calculated by the authors.
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The cost of the call option, i.e., the cost of the capital cost risk associated with the
change in debits, amounted to RUB 107.37 million.

Table 7 presents an economic assessment of the oil and gas field development project
at net present value, taking into account the values of risk values obtained. The cost
of risk is deducted from the revenue in case of a possible drop in debits, and then the
flow is discounted with coefficients according to the reversed model. Capital expenditures
increased by a risk premium of RUB 107.37 million (Figure 4); then, outflows are discounted
at a risk-free rate.

Table 7. NPV of the project taking into account the cost of price and technical risks.

Parameter 0 1 2 3 4 . . . 7 8 9 10

Revenue 1037.2 928.36 830.38 742.21 . . . 527.15 469.30 417.23 370.37
Revenue minus risk
component (Table 6) 985.57 883.90 792.24 709.61 . . . 507.37 452.75 403.50 359.09

Discounted risk-free revenue
(based on Table 3) 875.83 718.52 597.86 500.81 . . . 297.53 250.02 209.88 175.96

Operating expenditures 143.49 132.25 122.10 112.92 . . . 90.12 83.82 78.04 72.74
Capital expenditures

(factoring in the
risk component)

1070.27 . . .

Depreciation 172.78 162.79 153.37 144.50 . . . 15.13 0.00 0.00 0.00
Taxes 349.71 294.48 247.42 207.33 . . . 123.98 105.13 89.14 75.59
Profit 209.84 129.00 74,97 36.06 . . . 68.30 61.08 42.70 27.63

Net profit 167.87 103.20 59,98 28.85 . . . 54.64 48.86 34.16 22.10
Cash flow −1070.2 340.66 265.99 213,35 173.35 . . . 69.76 48.86 34.16 22.10

Discount factor 1 1 1 1 1 . . . 1 1 1 1
Discounted cash flow −1070.2 340.66 265.99 213,35 173.35 . . . 69.76 48.86 34.16 22.10

Accumulated discounted
cash flow −1070.2 −729.58 −463.59 −250,25 −76.90 . . . 225.85 274.72 308.88 330.99

Source: calculated by the authors.

At the final stage, an economic evaluation of engineering solutions for the development
of oil and gas fields using ROV is carried out.

An example of an engineering solution is the expansion of the array of producing
wells in the 0th year of the project. The oil and gas company has two development options.

Option 1. The rejection of this engineering solution gives an NPV of RUB 330.99
million. The coefficient of variation V of the flow rate array of appraisal wells is determined
to be 0.5, so the volatility in the zeroth year is 20%.

Option 2, the expansion of the production system, gives an NPV of RUB 310 million,
excluding capital costs for drilling (X), RUB 50 million. When implementing this option, the
fund of producing wells increases, which, accordingly, increases the coefficient of variation
V of the array of well flow rates. The coefficient of variation is assumed to be 0.75, so the
volatility is 26.83% (Equations (14)–(17)).

Calculations are presented in Table 8.

Table 8. Parameters for evaluating an engineering solution for expanding the array of wells using the
real options method.

Parameter Option 1 Option 2

Volatility, σ 0.2 0.27
∆T, years 1 1

u 1.22 1.31
d 0.818 0.765
rf 6.14% 6.14%

X, million RUB - 50 (costs associated with the engineering solution)
NPV, million RUB 330.99 310 (without factoring in 50 m for drilling)

Source: compiled by the authors.
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Option 2 with the expansion of the array of wells creates new opportunities for
extracting more hydrocarbons. However, it also means a bigger probability of an increase
in oil–water ratio, which, in turn, means a bigger volatility σ. In addition, the final NPV
is affected by the physical, chemical, and geological conditions of the reservoir, of which
more will be known in a year, when it is planned to introduce the solution. The decision is
made here and now, and it is preferable to choose Option 1.

We interpret the engineering solution as an option. Then, the capital cost of drilling is
the exercise price of the option. To carry out the analysis using the ROV method, two grids
of the underlying asset are constructed (Figures 5 and 6) with an estimate of the array of
probable values of the net value of the asset, when it is estimated for 10 years of project
implementation using traditional DCF.
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Figure 6. An underlying asset lattice for Option 2. Source: calculated by the authors.
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Let us interpret the engineering solution as an option. Then, drilling costs are the
strike price of the option. To use the ROV method, two underlying asset lattices are made
(Figures 5 and 6) with an assessment of the array of probable values of the net asset value,
as if the asset was assessed in Year 10 using the standard method.

For Option 2, the boundary condition is used. Drilling costs are subtracted from
the expected distributed NPV (RUB 50 million; all other cash flows that emerge after the
implementation of the solution are taken into account in the model and affect the NPV
array). It is assumed that in 10 years, the company will choose the best of the nodes of the
net asset value. If the global events and the inherent risks correspond to the values in the
upper nodes (the most positive ones), then the option with an engineering solution will
become more valuable than without it. Additionally, if the company preferred Option 1 in
Year 0, it means it missed out on the value added by the engineering solution. Additionally,
if the conditions follow the path of the lower bound, then Option 1 will still be preferable
in ten years’ time.

To find the possible value added by an engineering solution, it is necessary to complete
the assessment by making a valuation lattice (Figure 7). For each node, the maximum of
the two possible values is selected.
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Using the ROV method showed that the probable value added by the decision to
expand on drilling is RUB 72.94 million (403.93 million minus 330.99 million). This is the
added value of the project that can be created by an engineering solution. Probable losses
amount to RUB 70.99 million (330.99 minus 310 with 50 for drilling). Having compared the
probable value added and the probable losses, the company will decide to implement an
engineering solution, i.e., choose Option 2.

4. Discussion

The paper proposes a methodological approach to the economic evaluation and justi-
fication of engineering solutions in the implementation of oil and gas field development
projects, developed on the basis of a comprehensive application of binary discounting meth-
ods, reverting discounting based on the DNPV method using the theory of real options.

The developed methodological approach makes it possible to determine the probable
net added value of the project when making an engineering decision, allowing avoiding
the bias of the financial model for evaluating real projects.
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The increase in the added value of the project can be provided by taking into account
the following factors:

• Optimization of the reservoir model at the design phase with the emergence of new
opportunities to respond to technological and geological challenges through engineer-
ing solutions;

• Rationalization of the field development system during production by improving
reservoir parameters through engineering solutions, covering a larger area, or im-
proving fluid movement in the reservoir, thereby reducing technical uncertainties and
creating prerequisites for increasing the recovery factor;

• Taking into account changes in macroeconomic indicators, in particular, the situation
of global energy markets.

Using the proposed methodological approach to validate the adoption of engineering
solutions, companies will align their actual and planned performance indicators. Deviations
of indicators associated with insufficient geological knowledge of the object, an unsuc-
cessfully chosen field development system, necessitates changes, adjustments to design
documents, geological and hydrodynamic models, and the choice of measures to regulate
the development of an operational object. This is where evaluation and substantiation of
engineering solutions need to be an integral part of the process.

The optimization of the engineering solution can improve the parameters of the hy-
drocarbon production process, reduce technical uncertainties, and improve the financial
performance indicators of oil and gas projects (in addition, the adoption of certain engi-
neering decisions (for example, drilling injection wells) during the development of oil
and gas fields may indirectly affect factors including a social significance factor such as
groundwater resources management [69]). It is important to note that this does not depend
on some external factors, such as oil prices or the productive capacity of the reservoir,
which the oil and gas company cannot change, but on the company itself.

5. Conclusions

The standard DCF model for the economic evaluation of oil and gas projects has
conceptual limitations, such as static character, deterministic character of future cash
flows, and insufficient consideration of specific project risks. In addition, the use of a
single discount rate has the following disadvantages: the rate is chosen depending on the
preferences of investors, the inconsistency of the results for discounting negative flows, the
rate is considered constant, and for long-term projects, the contribution of future cash flows
is significantly minimized. These limitations lead to distortion of the economic assessment
of the investment project, including subsequent engineering decisions.

In order to eliminate the biases of the DCF method of economic evaluation of oil
and gas projects with engineering solutions, it is proposed to apply models of binary
discounting, reverting pricing and the real options valuation. The use of binary discounting
makes it possible to eliminate the disadvantages of applying a single rate of return. The
reverting pricing model takes into account market risks when evaluating an oil and gas
field development project. The discount rate for inflows becomes dynamically variable. In
the first year of the project, it has the largest value, and then it decreases for each subsequent
period, which reflects the peculiarities of oil price volatility.

The use of the real options valuation makes it possible to calculate absolute premiums
for investment risks that arise due to the variability of capital expenditures and for technical
risks, which are produced by possible decreases in production well rates. The theory of real
options is also used to determine the added value of an engineering solution that arises
during the implementation of a project.

The considered tools are implemented in the developed methodological approach
to the economic evaluation of oil and gas projects and the justification of engineering
solutions. The proposed approach has been tested on a conditional example of an oil and
gas field development project. The application of the approach justified the adoption of an
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engineering decision to expand the grid of producing wells. Such a decision at the initial
analysis had a negative economic effect within the framework of the project.

The main contribution and scientific novelty of the manuscript are:

• The methodological approach to substantiating various discount rates for inflows
and outflows during the development of oil and gas fields makes it possible to more
realistically take into account the specifics of oil and gas fields development projects,
including both long terms and the requirement to intensify production through the
use engineering solutions and oil price volatility.

• The implementation of a combination of binary discounting and reverting discounting.
By itself, binary discounting allows us to correctly take into account, first of all, the
risks of outflows, and reverting discounting—the risks of inflows. Thus, the discount
model, which is elaborated due to their combination, enables us to correctly take into
account the risks of both types.

• Reasonable choice of the discount rate for inflows, taking into account the reduction
in oil price volatility, enables us to obtain more correct values of discounted inflows
and improve the economic efficiency of the oil and gas fields’ development project.

• Reasonable choice of the discount rate for outflows, taking into account the absolute
magnitudes of risks, including investment flows of engineering solutions produced
over a number of years, allows us to obtain more correct values of discounted outflows
and make more valid conclusions about the economic efficiency of the oil and gas
fields’ development project, including the reduction in economic efficiency.

The methodological approach proposed by the authors assumes consideration of price,
technical, mining, and geological risks. The main limitations of the study are:

• The reduction in oil price volatility in the long term is estimated using a logarithmic
model. This is an assumption that may not correspond to real conditions in the global
market. In modern conditions, in addition to economic factors, the situation on the
oil market is influenced by the ESG agenda. That is, the model can be refined and
expanded because of the new factors.

• The sensitivity analysis of the results obtained has not been performed, taking into
account the structure of cash flows in the financial model for various oil and gas fields:
the ratio between inflows and outflows by year, the distribution of cash flows by year,
the non-negativity of cash flows by year, the composition of inflows and outflows, the
marginality of products, and the composition of taxes.

• The calculation was made for one case. Therefore, it is necessary to continue the eco-
nomic evaluation of deposits with various types and sizes, with different investment
structures and under different tax conditions.

• There is incomplete accounting of the spectrum of risks accompanying the implemen-
tation of oil and gas projects.

The authors consider further promising research in the following areas: a deeper study
of the relationship between various types of oil and gas project risks that may be influenced
by engineering decisions to include them in the economic evaluation model; a study of the
impact of the uncertainties identified in the article on the financial performance of oil and
gas development projects; classification of engineering solutions in terms of their impact
on the change in flow rates, capital and operating expenditures, and cash flows in oil and
gas projects.

The authors are not aware of cases of practical implications of this methodological
approach in the economic evaluation and justification of engineering solutions in the
implementation of projects for the development of oil and gas fields. The authors see the
prospect of this approach for evaluating not only oil and gas projects, but also mineral
production projects and construction and agricultural projects, i.e., projects with a long
implementation period and/or high volatility of prices for the final product.
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Appendix A

Two real options valuation models: the Black–Scholes model and the binomial model.
We will discuss both of these models as they are used further in our study. The Black–Scholes
model for a call option and a put option are expressed by (A1) and (A2), respectively:

C(S,T) = S·N(d1) − X·e−r
f·T N(d2); (A1)

C(S,T) = −S·N(−d1) + X·e−r
f·T N(−d2), (A2)

where
d1 = (ln(S/X) + (rf + σ2/2)·T/(σ·T1/2); (A3)

d2 = d1 − σ·T1/2; (A4)

C(S,T) is option price; S is the current value of the underlying asset; X is strike price; rf
is risk-free interest rate; T is time to maturity; σ is volatility of the underlying asset; N(d) is
the cumulative probability of the normal distribution function.

The binomial model uses two lattices: the underlying asset lattice and the valuation
lattice. The underlying asset lattice is calculated from left to right and shows how the
possible value of an asset might change. The value of the leftmost node is the NPV of the
underlying asset calculated using the DCF model. In each period, the value of an asset
increases by a multiplicative factor u (greater than 1) or decreases by a multiplicative factor
d (between 0 and 1), which is represented as a step up or down the lattice. The factors u and
d that determine the up and down movements at each node are functions of the volatility
of the underlying asset and the length of time between the considered periods. The right
nodes represent the distribution of the asset’s possible future values u = exp (σ·T1/2), where
∆T is the step of the binomial lattice, d = 1/u.
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