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A B S T R A C T  
 

 

Improving the tools and mathematical methods to diversify the portfolio of oil and gas assets in the face 
of limited investment, high market volatility, increasing risks and uncertainties at the current level of 

technology development is a very urgent task. In order to form an effective investment portfolio, the 

authors proposed asset diversification using cluster analysis, which implies grouping sample objects 
according to a set of specific features. The method under consideration involves five stages of asset 

valuation in order to consider those assets in a three-dimensional space, taking into account the specifics 

of the oil and gas business, including determination of individual asset trajectory, performing spatial 
approximation, calculating the clustering coefficient, ranking the resulting pairs, and directly solving the 

portfolio formation optimization problem. This paper provides a reasonable set of metrics for 

diversification of the investment portfolio based on cluster analysis: main criterion - ∆PV, additional 
criteria - ∆Production, ∆OPEX/toe, ∆CAPEX/toe, characterized geological, environmental, social and 

economic aspects. Thus, the proposed methodology provides an opportunity to identify the most 

attractive investment projects, thereby allowing large oil and gas companies to diversify their business 
with minimal risk and maximum return on invested capital. 

doi: 10.5829/ije.2023.36.10a.06 
 

 

NOMENCLATURE 

Rt Clustering coefficient 𝑄 Number of subjects  

CRFt Common risk factor 𝑡 Time span of the sample 

IRFt Individual risk factor   

 
1. INTRODUCTION1 
 
Formation of investment portfolios for oil and gas 

companies is considered as a vital necessity to optimize 

investment activities and achieve maximum positive 

effect (MPE). The formation of investment portfolios is 

possible using various methods depending on the final 

goals [1-7]. Large consulting companies are increasingly 

using and offering their clients a variety of robo-advisers 

and decision support systems in order to form the most 

suitable asset portfolios for investors [8, 9]. 

This fact confirms the relevance of the ongoing 

research aimed at improving the mathematical methods 

applicable to the formation, rebalancing and 

diversification of investment portfolios [10-13]. 
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A relevant area for detailed study is the field of data 

science that considers various intelligent algorithms to 

solve optimization problems and ranking a large array of 

input data characterizing the totality of available 

alternatives [14-18]. With this regards, the described 

problem can be solved using cluster analysis [19-21]. 

One of the necessary criteria for the formation of an 

effective investment portfolio is the observance of the 

principle of diversification, that is, the inclusion in the 

portfolio of projects, the chance of success of which 

depends little or does not depend on each other at all [22]. 

In the described situation, the approach using cluster 

analysis is well applicable, which implies the grouping of 

sample objects according to certain criteria established 

by the analyst [23, 24]. 
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The present study includes cluster analysis as 

invented by Haddad [25] that proposed an innovative 

method of cluster analysis based on the use of analytical 

geometry for calculating a common indicator of a 

clustering model. One of the main advantage of this 

method is the ability to measure the level of similarity 

between assets over time. Moreover, it is capable to 

clearly distinguish investment alternatives in a consistent 

manner through selection of relevant metrics that allows 

determination of the level of similarity between projects 

through a clear graphical representation. 

Within the framework of this study, it seems 

appropriate to use the designated cluster analysis method 

for oil and gas projects [26, 27]. In fact, application of 

Haddad [25] method seems appropriate for oil and gas 

projects and this study is aimed to describe cluster 

analysis in diversifying the portfolios of global oil and 

gas companies. It should be noted that the use of the 

described methodology and the proposed set of metrics 

in order to diversify oil and gas projects is carried out for 

the first time while two new steps of cluster analysis are 

proposed by this work taking into account the specifics 

and characteristics of the oil and gas business. 

The study is aimed to improve the existing 

methodology for conducting cluster analysis for making 

investment decisions in the oil and gas business. The 

work includes an analysis of key features that reflect the 

specifics of oil and gas industry projects in four main 

areas: geological, environmental, social and economic. 

An analysis is made of the selected most relevant metrics 

that best reflect the specifics of oil and gas projects, 

regardless of the national characteristics of states. 

 

 

2. MATERIALS AND METHODS 
 
Making investment decisions is an important part of a 

company's development strategy. Making a profit from 

invested capital is the main purpose of the investment. To 

eliminate erroneous actions, it is necessary to focus on an 

investment strategy. There are various investment 

strategies. This work is focused on a balanced investment 

strategy and includes asset portfolio diversification and a 

discounted cash flow model [28-30].  

The methods of multivariate analysis include, such as, 

cluster, factorial, correlation and discriminant analysis 

where cluster analysis allows division of objects into 

several sets not by one parameter, but by a set of features 

[31, 32]. Haddad [25] carried out a practical calculation 

based on synthetic data, which made it possible to 

identify two explicit clusters due to the pairwise 

intersection of the spheres. And the goal of further 

research of the scientist is to approximate the proposed 

method based on real data. 

According to the proposed methodology, projects are 

evaluated sequentially in three stages, and the result is 

consideration of an asset in the form of a sphere in three-

dimensional Euclidean space. 

Present study diversifys the portfolio of international 

oil and gas assets using the described method of cluster 

analysis, projects of onshore segment were collected 

according to Wood Mackenzie. First, analysis of assets 

trajectory over time was carried out based on the data 

followed with calculation of the change in Individual 

Risk Factor (IRF) [33]. This stage is characterized with 

collection of up-to-date information about assets and 

calculation of relevant metrics for constructing geometric 

shapes. 

Next, total asset risk factor (ARF) was determined 

through complex geometric correlations. It is necessary 

to approximate in space the assets represented by the 

spheres and determine the volume of the lenses, in case 

they are formed due to the intersection of the spheres.  

At the last stage, degree of similarity of assets was 

assessed dynamically, in case of any intersection between 

spheres, through calculation of common clustering 

indicator limited between zero and one and based on 

calculated volumes of spheres [34]. 

The study substantiates a set of 4 metrics and their 

location in space in such a way that the cluster analysis 

carried out takes into account the specifics of the oil and 

gas business. They are selected according to the 

following algorithm, which is described in detail in the 

results section: 

1) Substantiation of the resulting indicator chosen among 

classic indicators of the economic efficiency of an 

investment project. 

2) Analysis of specifics of oil and gas projects in 

geological, environmental, social and economic areas. 

3) Justification of  three variables that form three-

dimensional space. 

4) Checking relevance of  proposed metrics and their 

location by conducting cluster analysis for international 

oil and gas investment projects. 

5) Formation of conclusions on proposed metrics and 

analysis, making adjustments. 

 

 

3. RESULTS 
 
3. 1. Determination of Individual Assets 
Trajectory          The calculation of axial variables and 

the subsequent determination of the relative position 

based on the indicators of the individual risk factor 

allows you to determine the spatial trajectory of each 

asset. Haddad [25] notes the need for a careful choice 

of variables when using cluster analysis. It is necessary 

to give preference to those technical and economic 

indicators, the growth rates of which are comparable. 

If one of the parameters obviously changes more than 

the others, the three-dimensional space is stretched, 

which leads to a reduction in the number of intersections 
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of the spheres and an artificial decrease in the number of 

clusters. In other words, the results of the study become 

inaccurate. Based on this provision, we provide a 

justification for choosing a set of four indicators, the use 

of which in the selected methodology of cluster analysis 

of oil and gas projects allows us to obtain relevant results 

that adequately reflect the degree of diversification 

between the assets being evaluated. 

The advantages of the Haddad [25] methodology 

consist of using normalized variables. The metrics 

applied in the research are shown not in absolute values, 

but in the form of the rate of change of the indicator over 

the period of time (the term of the investment project). 

This condition seems to be the key one, as the dynamic 

study of clustering patterns over time allows us to 

investigate in the data set not only at a certain point in 

time.  

To determine the key indicator reflecting the 

economic efficiency of the project, dynamic methods of 

evaluation of investment projects are considered, as this 

assumption is initially included in the conditions of the 

study. It is also taken into account that the proposed tool 

will be used by the owners (investors) or management of 

the company, which, in turn, are interested in profit 

growth; increase in the value of assets; growth of return 

on invested capital and ensure the stable operation of the 

company. This condition justifies the chosen theoretical 

apparatus, which consists in the consideration of the 

following indicators of commercial attractiveness of the 

project. Table 1 summarized the criteria and indicators 

for the commercial effectiveness of the oil and gas 

project. 

 

3. 2. Choice of Metrics          Analysis of the 

commercial effectiveness of projects revealed that 

present value of the project (i.e. Present Value), 

deferred on the axes of three-dimensional space, is the 

most appropriate parameter that sets the volume of 

sphere and represents the resultant indicator for the 

parameters.  

As a variable reflecting the volume of the figure, the 

change in the total present value of the projects (ΔPV) 

was used. 

To identify the other three variables (i.e. axis), 

selected specifications of oil and gas projects including 

geological, environmental, social and economic aspects 

in the were taken into account. 

Each direction, in turn, can be expressed by metrics 

presented in Table 2. Taking into account the need to 

limit to only three explanatory variables, generalized 

metrics have been proposed. 

During the present study, social and environmental 

metrics were excluded mainly due to incomparability 

with tax laws, non-comparability of environmental 

legislation and difficulty in obtaining reasonable data on 

employment rates.  

Thus, the indicator reflecting geological specificity - 

the change of hydrocarbon production volumes 

(ΔProduction) was taken as the second variable on the X-

axis. 

The components of the economic direction of the 

specificity of oil and gas projects were also analyzed, as 

a result of which the payback period was excluded (see 

the explanation above).  

 

 

TABLE 1. Criteria and indicators for the commercial effectiveness of the oil and gas project 

Indicator Meaning of indicator Criteria values 
Possibility of using as a 

resulting indicator 

NPV 
Net Present 

Value 

The sum of net discounted cash flows for the entire period 

of consideration of the project; the integral effect of the 

project 

>0 

This metric is viewed as the most 

appropriate due to the ability to 

select comparable explanatory 

variables 

IRR 
Internal Rate 

of Return 

The discount rate at which the net present value of the 

project is zero, or the amount of cash proceeds equals the 

investment; the rate of return inherent in the project 

IRR > r, the project 

is accepted; 

IRR < r, the project 

is rejected 

These metrics are considered as 
possible, however, not a priority 

due to the difficulty of selecting 

comparable factors as variables 

MIR 

Modified 

Internal Rate 

of Return 

The discount rate at which the terminal value of the 

project equals the present value of the investment 

MIRR > r, the 

project is accepted; 

MIRR < r, the 

project is rejected 

PI 
Profitability 

Index 

The ratio of the sum of reduced cash flows from operating 

activities to the discounted value of investments 
>1 

DP 

Discount 

Payback 

Period 

Minimum time interval from the beginning of the project, 

beyond which the discounted cash flow, calculated on an 

accumulative basis, has a positive value 

no 
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TABLE 2. Specific metrics for oil and gas projects 

Specifics Metrics Common metric 

Geological 

Conditions of mineral occurrence; geological properties of reservoirs; 

permeability, porosity, pressure and density of fractures; physical and 

chemical properties of hydrocarbons 

Possible volume of hydrocarbon 

production 

Environmental 

Negative environmental impact: 

- discharges into water bodies; 

- emissions into the atmosphere; 

- waste disposal. 

Payment for negative environmental 

impact 

Social 

Increase in the inflow of funds in the form of the amount of social 

contributions - Social. SC; Potential growth of gross regional product - 

Social. GRP; Potential increase in employment - Social. Employment. 

Social result = Social. SC + Social GRP 

+ Social.Employment. 

Economic 
The long-term nature of investments; Capital intensity; Volatility of oil 

and gas prices; High risks 

Payback period 

Level of capital expenditures (CAPEX) 

Level of operating costs (OREX) 

Discount rate 

 

 

Taking into account the fact that investment projects 

of oil and gas enterprises are highly capital-intensive, the 

Z axis adopted the indicator - change in specific capital 

expenditures per ton of oil equivalent (ΔCAPEX/toe). 

And the Y-axis is the change in specific operating costs 

per ton of oil equivalent (ΔOPEX/toe), since the main 

share of costs is formed by remoteness from populated 

areas and the sales market, the level of infrastructure 

development (availability of roads, power supply, etc.). 

Relative values were taken intentionally to bring 

information on different projects located in different 

states into a comparable form.  

Specific risks inherent in the fuel and energy 

complex, find their quantitative reflection in the value of 

the discount rate, which is in inverse relation to the value 

of PV. Traditionally, in view of the above features of oil 

and gas industry projects, the structure of funding sources 

is dominated by borrowed sources. In addition, the fact 

of high riskiness of activities highlights the influence of 

discount rate in drafting of a project that implies the 

significance of an indirect reflection of discount within a 

selected metrics of cluster analysis that is the PV value in 

this case. As a result, it is deemed that the use of other 

metrics in the analysis of oil and gas projects will be 

inappropriate. Additional metrics selection parameters 

are summarized in Table 3. 

 

3. 3. Hydrocarbon Production Volume          Along 

with changes in hydrocarbon production volume, specific 

operating or capital costs will inevitably lead to 

fluctuations in the value of the total cost of the oil and gas 

project. On the other hand, it is worth noting the 

directions in which the dependent variables affect the 

value of the resulting indicator. For instance, an increase 

in CAPEX/toe, OPEX/toe can lead to a decrease in the 

final value of the present value of the project while an 

increase in hydrocarbon production provides an increase 

in PV assuming a fixed condition for other parameters. 

However, at the same time, an increase in output in 

physical units in the oil and gas sector will naturally 

increase the level of capital and operating costs. Thus, the 

variables that form a three-dimensional space in the 

cluster analysis impose a multidirectional effect on 

project costs while they also interact with each other.  

At the same time, local managers of oil and gas 

projects seek to ensure a greater growth rate of PV 

compared to CAPEX and OPEX in the case of 

incremental hydrocarbon production. Consequently, the 

rate of sphere volume increase, when using cluster 

analysis, will usually be greater than the rate of change in 

the selected variables that form the axes of three-

dimensional space.  

Thus, the use for cluster analysis of oil and gas 

projects of the described technical and economic 

indicators in the proposed combination reduces the 

probability of distortion of the results, allows to obtain 

relevant results.  

It should be noted that the use of specified variables 

is not mandatory and other technical and economic 

indicators are also potential to be used to achieve 

maximum reflection of the relevant parameters. 

Diversification of the project portfolio for a modern 

company is an important direction of investment policy 

due to the volatility of world hydrocarbon markets. 

Therefore, methods are being developed to correctly 

form a stable portfolio. For approbation of the research 

the data of international oil and gas corporation were 

taken. The proposed metrics can be applied in the cluster 

analysis not only by country, but also by region. 

In the presented study, calculations are carried out in 

MS Excel using the Power Query add-in for analyzing 

and structuring data. All estimated input parameters are 

listed in Table 4.  
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TABLE 3. Choice of Metrics 

Criterion Metrics Justification 

[X] ∆Production 
Reflects the key risk of the industry - mining and geological. 

Shows the income component of the project. 

[Y] ∆OPEX/toe Shows the cost part of the project. Prevails in the cost structure. 

[Z] ∆CAPEX/toe 
Shows the cost part of the project.  

Reflects the environmental risks inherent in the industry. 

[IRF] ∆PV 
The resulting index for [X], [Y], [Z]. 

Allows avoiding artificial stretching of the Euclidean space. 

 

 
TABLE 4. Results of calculation of input parameters 

Country ΔProduction, [X] ΔOPEX/toe, [Y] ΔCAPEX/toe, [Z] ΔPV, [IRF] 

UAE 0.36 -0.42 0.27 0.20 

Kazakhstan -0.89 -0.87 -0.04 0.14 

Russia -0.53 0.25 0.22 0.69 

Libya -1.00 -0.91 -0.83 0.51 

Algeria -0.58 -0.49 -0.54 0.68 

Oman -0.20 0.38 -0.85 0.70 

Italy 0.34 -0.91 -0.51 0.01 

Iraq 0.02 -0.89 -0.72 0.10 

Yemen -0.14 -0.12 -0.28 0.56 

China 0.03 -0.21 0.25 0.42 

Saudi Arabia -0.96 0.34 0.25 0.14 

Germany -0.49 0.36 -0.29 0.19 

Egypt -0.63 0.12 -0.58 0.79 

Turkmenistan -0.75 -0.36 0.20 0.58 

Tunisia -0.55 0.43 -0.74 0.49 

Congo 0.31 0.20 0.22 0.74 

Chad -0.73 0.15 -0.31 0.94 

Kuwait -0.30 -0.92 -0.13 0.42 

 

 

3 .4. Spatial Approximation          Total risk factor of 

assets (the volume of sphere intersection) can be 

calculated based on individual risk factors wherever 

spatial intersection of spheres occur. Moreover, 

having the overall risk factor takes on a value other 

than zero suggests the similarity of problems for oil 

and gas projects in the pair under consideration at a 

given point in time. 
 

3. 5. Calculation of Clustering Coefficient         
Clustering coefficient (Rt) was calculated based on the 

outcome of previous steps to determine the degree of 

similarity of the spatial trajectories of a set of assets in a 

given period of time. 
According to Haddad [25], the calculation of the 

clustering coefficient is carried out according to Equation 

(1). 

Rt=
(CRF

1,2|t
)+(CRF

2,1|t
)+...+(CRF

Q-1,Q|t
)+(CRF

Q,Q-1|t
)

IRF1|t+IRF2|t+...+IRFQ-1|t+IRFQ|t

  (1) 

It is worth noting here that the value of the 

clustering coefficient is possible in the range from zero 

to one. The zero value of the indicator indicates that 

the analyzed spheres do not intersect, with a value 

equal to one, the spheres completely coincide.  

Spatial visualization of the analyzed data in three-

dimensional space is shown in Figure 1 as implemented 

in Jupyter Notebook software using the Python 

programming language.  

Algorithm for calculating the clustering coefficient is 

shown in Figure 2. 

Based on calculations, we can draw conclusions 

about the existence of relationships between various oil 

and gas assets (by country), and, therefore, we can draw 
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Figure 1. Deposition efficiency on a single square in channel 

 

conclusions about the advisability of grouping projects 

when forming a portfolio of oil and gas projects. The 

degree of diversification can be determined based on the 

value and time distribution of the clustering coefficient. 

Eventually, ranking of the resulting pairs was carried 

out with the aim of subsequent removal from the sample 

of alternative assets with a low degree of diversification. 

First of all, using the Power Query tool, the crosstab 

was converted into a bar format with a pairwise 

comparison of countries in one row by the value of the 

clustering coefficient, after which the data was ranked 

from the least to the most diversified. Further, in order to 

form a portfolio, pairs of countries were selected with a 

clustering coefficient equal to zero, that is, completely 

independent of each other in terms of the dynamics of the 

indicators under consideration. 

 

 
Figure 2. Algorithm for calculating the clustering coefficient 

 

 

For the selected pairs, the metric required for the final 

ranking of projects was calculated, which is equal to the 

ratio of the total current cost of the pair to the total 

production potential of the pair (PV/Q). After that, a cross 

matrix of those countries was compiled, the clustering 

coefficient between which is equal to zero. Appearing 

semantic gaps in the matrix (intersections of countries 

that were filtered by a non-zero clustering coefficient) are 

automatically assigned the value "Null", which is 

replaced by zeros during further transformations. 

The calculated ratios of the total present value 

attributable to the production potential (thousand 

rubles/toe) were used as the main characteristic attribute 

of the pair. The final matrix for portfolio analysis is 

shown in Table 5. Selection methodology’s algorithm of 

valid metrics for the investment projects’ evaluation in 

the oil and gas industry shown in Figure 3. 

The next and final step in the formation of an 

investment portfolio of international oil and gas assets 

with the maximum degree of diversification in terms of 

the estimated indicators is to solve the optimization 

problem for selecting a portfolio that provides the highest 

value of the total PV/Q, and at the same time, includes 

countries that do not have cross-overlapping in zero cells, 

i.e. not having a pairwise clustering coefficient R other 

than zero. 

 

 

4. DISCUSSION 
 
Analyzing Table 2, namely the values of the PV/Q 

indicator, it can be concluded that the projects of the pairs 

Libya-Turkmenistan, Libya-Saudi Arabia, as well as 

Libya-Chad and Libya-Yemen are the most attractive for 

investment. Investment in oil and gas projects in Kuwait, 

on the other hand, is undesirable due to a negative present 

value of projects implemented in this country. 

The analysis of the PV/Q ratio shows that the most 

profitable investments are in the countries Kazakhstan - 

Saudi Arabia. In their portfolio there is not a single 

pairwise clustering coefficient other than zero, i.e. none 

of the pairs in this foursome has zeros in the resulting  
 

Analysis of assets trajectory 
over time with calculation 
Individual Risk factor (IRF)

Collection of up-to-date 
information about assets and 

calculation of relevant metrics for 
constructing geometric shapes

Total asset risk factor (ARF) 
was determined through 

complex geometric 
correlations

It is necessary to approximate in 
space the assets represented by 
the spheres and determine the 

volume of the lenses, in case they 
are formed due to the 

intersection of the spheres 

Degree of 
similarity of 
assets was 
assessed 

dynamically
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Figure 3. Selection methodology’s algorithm of valid metrics for the investment projects’ evaluation in the oil and gas industry 

 

 
TABLE 5. Transformed table of calculated values of the PV/Q metric (thousand rubles/toe) for pairs with zero clustering 

coefficients 
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Algeria 0,0 0,0 1,0 0,8 0,0 0,0 0,0 1,4 0,0 0,0 0,0 0,0 0,0 1,1 0,0 0,0 1,1 0,0 

Chad 0,0 0,0 0,0 0,0 0,0 0,0 0,1 1,9 13,4 -0,4 42,3 0,0 0,0 0,0 0,0 0,0 1,1 0,0 

China 1,0 0,0 0,0 0,0 1,4 1,2 0,1 2,0 11,5 0,0 16,9 0,3 0,0 2,9 1,3 0,0 0,0 0,0 

Congo 0,8 0,0 0,0 0,0 0,1 0,4 0,1 1,8 12,6 -0,3 27,7 0,2 0,0 2,0 0,1 0,2 0,0 0,0 

Egypt 0,0 0,0 1,4 0,1 0,0 0,0 0,1 1,8 12,3 -0,3 24,1 0,0 0,0 2,0 0,0 0,0 1,1 0,0 

Germany 0,0 0,0 1,2 0,4 0,0 0,0 0,1 1,7 9,8 -0,1 10,7 0,0 0,0 1,3 0,0 0,6 1,1 0,0 

Iraq 0,0 0,1 0,1 0,1 0,1 0,1 0,0 0,0 0,6 0,0 0,3 0,1 0,2 0,1 0,1 0,1 0,7 0,1 

Italy 1,4 1,9 2,0 1,8 1,8 1,7 0,0 0,0 6,2 1,1 4,8 0,6 1,7 2,2 1,8 2,0 1,1 2,2 

Kazakhstan 0,0 13,4 11,5 12,6 12,3 9,8 0,6 6,2 0,0 0,0 0,0 2,1 4,4 14,3 11,7 0,0 1,4 13,5 

Kuwait 0,0 -0,4 0,0 -0,3 -0,3 -0,1 0,0 1,1 0,0 0,0 4,4 0,1 1,0 0,0 -0,3 0,0 1,0 0,0 

Libya 0,0 42,3 16,9 27,7 24,1 10,7 0,3 4,8 0,0 4,4 0,0 1,0 3,1 60,9 19,5 62,3 1,2 34,2 

Oman 0,0 0,0 0,3 0,2 0,0 0,0 0,1 0,6 2,1 0,1 1,0 0,0 0,6 0,3 0,0 0,2 0,9 0,0 

Russia 0,0 0,0 0,0 0,0 0,0 0,0 0,2 1,7 4,4 1,0 3,1 0,6 0,0 0,0 0,0 0,0 1,1 0,0 

Saudi 

Arabia 
1,1 0,0 2,9 2,0 2,0 1,3 0,1 2,2 14,3 0,0 60,9 0,3 0,0 0,0 1,6 0,0 1,1 5,8 

Tunisia 0,0 0,0 1,3 0,1 0,0 0,0 0,1 1,8 11,7 -0,3 19,5 0,0 0,0 1,6 0,0 0,3 1,1 0,0 

Turkmenist

an 
0,0 0,0 0,0 0,2 0,0 0,6 0,1 2,0 0,0 0,0 62,3 0,2 0,0 0,0 0,3 0,0 1,1 0,0 

UAE 1,1 1,1 0,0 0,0 1,1 1,1 0,7 1,1 1,4 1,0 1,2 0,9 1,1 1,1 1,1 1,1 0,0 0,0 

Yemen 0,0 0,0 0,0 0,0 0,0 0,0 0,1 2,2 13,5 0,0 34,2 0,0 0,0 5,8 0,0 0,0 0,0 0,0 

Justification of  three variables that form three-dimensional space: ∆Production; ∆OPEX/toe; ∆CAPEX/toe

dynamically 
similar 
assets

Analysis of 
specifics of oil and 

gas projects in 
geological (G), 

environmental (E), 
social (S) and 
economic (Ec) 

areas

classic indicators 
of the economic 

efficiency

G: Possible volume of 

hydrocarbon production;  

E: Payment for negative 
environmental impact; 

S: Social result = Social. 

SC + Social GRP + Social 
Employment 

Ec: Payback period, 

CAPEX, OREX, Discount 
rate  

 

NPV; IRR; MIR; PI; 

DP 

Checking relevance of proposed metrics and their location by conducting cluster analysis for international oil and gas 

investment projects 

Formation of conclusions on proposed metrics and analysis, making adjustments 
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matrix when intersecting with each other. At the same 

time, investments in each pair assume a positive PV/Q, 

which, together with a high degree of diversification, 

with a significant degree of confidence, allows you to 

provide income for the investor company. It is important 

to understand that the results of the analysis are a 

demonstration of the work of the proposed method and 

are not real recommendations for investment, since the 

forecast values are generated synthetically.The results of 

the analysis are clearly illustrted in Figure 4. 

It is worth noting that portfolio management in the 

context of high market volatility in the current 

environment and increasing risks in the global oil and gas 

business requires the development of new approaches to 

the formation and diversification of the investment 

portfolio. In order to further develop the methodology, a 

simulation model can be developed. Simulation of the 

growth rates of the indicators considered in the work will 

allow us to track the change in the position of clusters in 

space, the volume of spheres in the dynamics.  

Consequently, on the basis of such analysis, it 

becomes possible to move away from averaging and 

assess how clusters interact with each other from year to 

year. The experiments carried out with the simulation 

model will make it possible to quantitatively assess the 

stability of a differentiated portfolio in the event that one 

or more of the projects included in it undergo changes in 

the indicators used in the cluster analysis. The sets of 

scenarios developed based on the results of 

experimentation with the simulation model will reduce 

the uncertainty in investment decisions.  

 

 

 
Figure 4. Visualization of the most attractive projects for investment by country pairs 

 

 

5. CONCLUSION 
 
The expansion of the used methodology through the use 

of simulation modeling methods will ensure a quick 

response to changes in external environment and timely 

adaptation of the portfolio to new conditions. 

Implementation of multi-criteria sensitivity analysis 

performed by creating a simulation model improves the 

quality of portfolio risk management. In this regard, it 

becomes possible to quantitatively assess the probability 

of portfolio stability reduction and develop in advance 

the order of actions in case of risk situation occurrence. 

The methodology modernized in this way allows 

increasing the accuracy of economic analysis in 

conditions of high volatility.     

The set of metrics and their location in space, 

proposed in work, on the one hand, reflects features of oil 

and gas sector, and on the other hand, allows ranking 

attractiveness of investment projects implemented in 

different countries. Article presents the modernization of 

cluster analysis method, focused specifically on the oil 

and gas industry. The most adequate results are obtained 

when using the value of ∆PV as an individual risk factor, 

since it is the resulting indicator for other metrics and 

accumulates the most key risks of the project. The 

general risk factor is determined by using ∆OPEX/toe, 

∆CAPEX/toe, ∆Production as metrics. These metrics 

prevent unrealistic results from analysis and allow 

identifying countries whose investments in oil and gas 

business are highly diversified. 
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There are limitations in study, since analysis includes 

three variables, metrics proposed are generalized. The 

study does not take into account force majeure, natural 

disasters, market price collapses, occurrence of which 

will affect the values of selected metrics. Also, political 

risks, changes in legislation in each individual country 

are not taken into account, proposed metrics are aimed 

primarily at comparing attractiveness of investment 

projects from a financial point of view. 

Due to the fact that the management of an oil and gas 

company is interested in the growth rate of the present 

value of the project ahead of the growth rate of costs 

when increasing production volumes, it is considered 

appropriate to use these variables in the combination 

discussed in this paper. 

The application of the described methodology with 

the set of indicators justified in the work can be 

recommended for implementation by large oil and gas 

companies in order to diversify their business 

internationally in an effort to maximize profitability at 

the lowest risk and to provide the highest return on 

invested capital. 

This study is aimed to project managers of oil and gas 

companies, namely those who make the decision to 

include a particular project in the investment portfolio. 
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Persian Abstract 

 چکیده 
خطرات و عدم    شیبازار ، افزا  یمحدود ، نوسانات بالا  یگذار  ه ینفت و گاز در مواجهه با سرما  یها  یینمونه کارها دارا  یمتنوع ساز  یبرا  یاضیر  یبهبود ابزارها و روشها

، تنوع   ی خوشه ا لیو تحل هیبا استفاده از تجز  سندگانیمؤثر ، نو یگذار هیسبد سرما کی لیاست. به منظور تشک یفور اریکار بس ک ی یتوسعه فناور یها در سطح فعل تیقطع 

  یی دارا  یابیخاص است. روش مورد نظر شامل پنج مرحله از ارز  یها  یژگیاز و  ینمونه با توجه به مجموعه ا  اءیاش  یاز گروه بند  یامر حاک  نیکردند ، که ا  شنهادیرا پ  ییدارا

  ی مکان  بی، انجام تقر یفرد یها ییدارا ر یمس نیی ، با در نظر گرفتن مشخصات تجارت نفت و گاز ، از جمله تع  یعدسه ب یفضا ک یها در  ییدارا نیبه منظور در نظر گرفتن ا

تنوع   یبرا  یمقاله مجموعه معقول و معقول  نینمونه کارها. در ا  ل یتشک  یساز  نهیمشکل به  میحاصل و حل مستق  یجفت ها  یاست. ، رتبه بند  یخوشه بند  بی، محاسبه ضر

 انگشتان پا ،  / ∆   opex،    دیتول  -  یاضاف  یارهامعی  ،  ∆   PV  -  ی اصل  اریارائه شده است: مع   یخوشه ا  لیو تحل  هیبر اساس تجز  یگذار  هینمونه کارها سرما  هب  دنیبخش

Capex/TOE  ∆ن ی جذاب تر  ییشناسا  یرا برا  یفرصت  یشنهادی، روش پ  نیکند بشر بنابرا  یرا مشخص م  یو اقتصاد  ی، اجتماع  ستیز  طی، مح  ی شناس  نی زم  ی، جنبه ها  

  ه ی سرما  هیو حداکثر بازده سرما  سکیدهد تا تجارت خود را با حداقل ر  ی بزرگ نفت و گاز اجازه م  یبه شرکت ها  ق یطر  نیکند ، از ا  ی فراهم م  یگذار  هیسرما  یپروژه ها

 متنوع کنند. یگذار
 
 
 

https://doi.org/10.1111/jgs.18054
https://doi.org/10.3390/en15093103

