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Abstract—The article deals with the development of 

the control procedures support system (CPSS) of an 

investment project in the fuel and energy complex 

(FEC) based on the use of intelligent technologies. The 

stages of management of investment projects in a 

particular fuel and energy company are presented. The 

estimation of deviations of the actual performance 

indicators of the project from the planned is presented, 

the conclusion about the need to use intelligent 

algorithms of decision-making support in order to 

reduce risks under uncertainty is made. An approach to 

solve the problem of development of CPSS of the 

investment project in the enterprise is proposed. The 

procedure of neural network data analysis and decision-

making in the management of the investment project 

based on the construction of self-organizing Kohonen 

maps is developed. The examples of the pessimistic and 

realistic scenarios for managing the implementation of 

the investment project are presented. It is shown that 

the timeliness and the correctly chosen sequence of 

decision-making in time allow for obtaining greater 

profits, and therefore, achieving the stability in the 

functioning of the main and investment production and 

after the completion of the investment project. The 

developed CPSS of the investment project can be 

applied at the level of heads of the enterprises as an 

adviser in the implementation of scenario approach in 

the management of real investment projects. 

Keywords—investment project, neural networks, 

simulation modeling, self-organizing Kohonen maps, 

decision-making 

I. INTRODUCTION 

The dynamics of global investments in the fuel 
and energy complex (FEC) and their sectoral structure 
serve as an important indicator of long-term 
expectations in terms of demand for basic energy 
resources. Projects in the FEC, especially in the field 
of electricity and oil and gas processing, are long-term 
and require large-scale investments, which imposes 

additional obligations on investors to determine the 
parameters of projects and choose among alternative 
options [1]. It should be noted that energy is one of the 
priorities of the Russian economy, while the stable 
development of the electric power industry is an 
essential condition for the sustainable economic 
development of the country. Investments in the 
Russian FEC in 2008-2016, according to the Federal 
Service for State Statistics, grew continuously, 
although the growth rate after 2013 decreased. The 
main growth was provided by the oil and gas sector. In 
2016, the total investment in the Russian fuel and 
energy complex amounted to 3.7 trillion rubles 
(calculated by the Analytical center on the amount of 
fuel and energy industries), which is equivalent to 
25% of total investment in the economy and 5 
percentage points more than in 2008 [1]. 

During the monitoring of the Energy strategy of 
Russia for the period up to 2030, it was noted that the 
fuel and energy complex should make a significant 
contribution to the investment support of innovative 
development of the domestic economy [2]. 

According to the Ministry of energy of Russia, at 
the beginning of 2018, the level of physical 
deterioration of the main equipment of power plants 
generally corresponds to the assessment of the 
technical condition "satisfactory" (36% wear), and the 
main equipment and power lines of electric networks 
as a whole corresponds to the type of technical 
condition "good" (25%). One of the positive results of 
the reform is the growth of investments in the field, 
which allowed to reduce the high degree of wear and 
tear of the equipment. However, the growth rate of 
capital investments in the power industry since 2011 is 
lower than in the country's economy, and the dynamics 
remains negative [1]. 

In January 2019, the Russian Government 
approved the program of modernization of thermal 
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power plants (TPP) up to 2031 up to 41 GW. The 
program allows for 10 years to attract 1.9 trillion 
rubles of private investment in the modernization of 
TPP and to upgrade a total of 41 GW across the 
country [3]. 

Thus, investment is the most important activity in 
the electric power industry, ensuring the strategic 
stability of energy supply, that is, reliable and efficient 
in the long term supply of consumers through 
technical renovation of production facilities.  

At the same time, management decision support 
systems in the field of investment projects in the 
energy sector have the following most important and 
interdependent components that determine the success 
of investments: 

• choosing the optimal investment scheme for a 
specific energy project; 

• choosing a technically competent strategy for 
the project, taking into account all its individual 
characteristics. 

The solution to the problem of improving the 
efficiency of investment project management is 
associated with the need to provide information and 
analytical support in the decision-making process by 
the head of the enterprise in order to pre-assess the 
risks and consequences of decisions in the dynamics. 
To solve the problem as a whole requires the use of 
modern information technology, as well as adequate 
research methods [4-8]. 

The relevance of the research topic is determined 
by the need to organize a complex system of analysis, 
monitoring and decision-making on the 
implementation of a large-scale investment project in 
the fuel and energy complex to ensure performance 
indicators, reduce the level of associated risks of 
failure to meet deadlines and exceed the budget, as 
well as compliance of the project with the main 
strategic objectives of the enterprise. 

One of the approaches to improving the efficiency 
of investment project management is an approach 
based on the method of simulation modeling, which 
makes it possible to fully reflect the complex process 
of implementation of the investment project at the 
existing enterprise, aimed at updating the production, 
which is characterized by a large number of 
parameters, disturbing effects, their random nature and 
nonlinearity of characteristics. The article proposes a 
procedure for the implementation of this approach, 
including the development of dynamic models, 
intelligent algorithms for decision-making support and 
of software for information and analytical modeling 
system (IAMS). 

To provide support in decision-making on 
management of investment processes at the enterprise 
the information and analytical system of modeling of 
investment processes on the basis of methods of 
simulation modeling and neural network technologies 
is developed [9-12]. 

The use of this system at the level of heads of the 
enterprises will reduce the risk in managing the 
process of implementation of the investment project, 
since it ensures the application of the scenario 
approach to quantitative risk analysis. 

II. THE STRUCTURE OF THE IAMS 

The IAMS includes three components: component 
1 of simulation modeling; component 2 of 
experimental data preparation and component 3 of 
neural network data analysis technologies and 
decision-making [13-15]. Component 1 of simulation 
modeling includes a set of dynamic models for the 
implementation of the investment project, as well as a 
program for multiple automatic start of the simulation 
model with different sets of input data. 

A number of assumptions were made in the 
development of a set of dynamic models. We consider 
the company that produces the main production 
products, the trajectory of the life cycle of which 
corresponds to the completion of the maturity stage 
and the beginning of the aging stage. In this situation, 
the company, following the strategy of diversification, 
acquires a loan to launch a new production, called 
investment production (IP). Demand for new products 
already exists and is growing. Repayment of the loan 
is carried out at the expense of funds received from 
both the investment and the main production. The 
main purpose of the company's activities in the 
implementation of the investment project in terms of 
lending is to obtain planned profit on the main and 
investment production subject to timely repayment of 
debt on the loan. 

The complex of dynamic models of 
implementation of the investment project (IPr) in 
terms of lending contains the following models: M1 
model of formation and adjustment of planned rates of 
resource consumption; M2 model of production and 
sales of products for primary production; M3 model of 
production and sales of products for investment 
production; M4 model of determination of taxes and 
net profit; M5 model of formation of net cash flow and 
accumulation of funds; M6 model of loan repayment. 
The models are developed in a class of discrete-
continuous nonlinear models with logical elements 
and allow to analyze the dynamics of formation, 
distribution, expenditure and accumulation of funds, as 
well as repayment of debt on the loan, taking into 
account the limited amount of accumulated funds. The 
advantages of the developed models include the 
possibility, firstly, to simulate the dynamics of the 
processes of establishing a balance between the flow 
of consumption and accumulation of funds, taking into 
account the available reserves; and, secondly, to 
choose rational management options for different 
scenarios of the implementation of the investment 
projects [13-15]. The models are implemented in 
MATLAB using Simulink application libraries. 

Component 2 of the experimental data preparation 
is designed to form a database of the results of 
simulation experiments for their subsequent analysis. 
The component allows to perform: setting the set of 
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input and output parameters of the model; automatic 
formation of combinations of values of input 
parameters of the dynamic model; setting the set of 
time points for the analysis of situations; automatic 
generation of the program text for automatic start of 
simulation modeling; formation of the database of 
experimental data on the results of simulation 
modeling; conversion of the resulting file of the 
experimental database (ED) in the desired format of 
the data source for subsequent analysis. This 
component is implemented in C++ Builder 
environment, database - in MS SQL environment [13].  

Component 3 of neural network technologies for 
data analysis and decision-making is designed to 
create a scenario for the analysis of experimental data 
in order to extract knowledge about the laws of 
formation of classes of situations in the dynamics and 
decision-making on the management of the 
implementation of investment projects using the 
analytical platform Deductor Studio. The article deals 
with the procedure of neural network data analysis and 
the formation of classification rules and decision-
making for component 3 of the developed IAMS. 

III. FUNCTIONAL SCHEME OF THE MANAGEMENT 

SYSTEM OF THE PROCESS OF IMPLEMENTATION OF THE 

INVESTMENT PROJECT 

From the point of view of management, the 
interaction of dynamic models of the process of 
implementation of investment project and neural 
network algorithms of analysis and decision-making is 
presented in the form of a two-level control system, 
the functional scheme of which is presented  in Fig. 1. 

At the lower level of control, three control circuits 
are highlighted. The first circuit is built on the basis of 
the feedback principle and solves the problem of 

operational management of output based on the 
mismatch between the planned Y

0
 and the actual Ybp 

and Yip values of the vectors of controlled coordinates 
for the main production (MP) and investment 
production (IP), characterizing the rates and volumes 
of production. The second feedback control circuit 
solves the problem of adjusting the consumption of 
resources for production based on the analysis of the 
mismatch between the planned Yent

0
 and the actual Yent 

values of the vector controlled for the enterprise as a 
whole, characterizing the volume of savings. The third 
control circuit solves the problem of calculation and 
recalculation of payments on Paycor loan based on 
information about the mismatch between the planned 
amount of payment and available funds. 

The control algorithms of the listed circuits of the 
lower control level are developed in the class of 
production models, integrated into the dynamic 
models of component 1 of simulation modeling and 
operate in automatic and automated modes. The 
algorithms are presented in procedural form and 
implemented as special blocks from Simulink 
application libraries, the logic of which is written in 
MATLAB [13]. 

The features of the lower-level control algorithms 
are as follows. First, it is the use of only a limited set 
of control actions from the entire possible range of 
controls. These algorithms are associated with 
adjusting the flow of cash resources to support either 
production plans or loan payments. Other control 
actions, such as price policy, are not considered. 
Secondly, the adjustment of resource consumption is 
carried out only within the previously calculated 
production plans and represents only a forced 
reduction in resource consumption due to a lack of 
accumulated funds. 
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Fig. 1. Functional scheme of the management system of the process of implementation of the investment project 
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The recalculation of the plans themselves should 
be based on the analysis of a large amount of data both 
on the state of the implementation process of the 
investment projects, and on external influences from 
the markets of resources and finished products, as well 
as on trends in their changes. These decisions, as well 
as decisions related to the support of products in the 
markets, are made at a higher level of management.  

The upper level of management is based on the 
principle of situational management and allows to 
provide support to the decision-maker in the formation 
of the vector of control actions 

U = ‹ , , , , , ,

›, where , ,  - control actions 

associated with the adjustment of the parameters of the 
processes of production, sales and formation of cost 
flows, respectively. For the main production; for 
investment production the designations are similar and 

have an index "ip";  – control actions for the 

enterprise as a whole, associated with the adjustment, 
for example, of a loan repayment schedule. 

The feasibility of using neural network 
technologies to solve the problems of top-level 
management is due to the following reasons. The 
developed dynamic model for the implementation of 
investment project is a means of generating new 
knowledge. The knowledge extraction is carried out 
by analyzing the results of multiple simulation 
experiments, which are stored in the database of 
experimental data. However, the analysis is associated 
with significant difficulties due to the complexity of 
the formation of dependencies in the classification of 
situations and decision-making, as well as the need to 
process a large number of experimental data as a 
separate experiment, and for all experiments as a 
whole [13]. 

For the purposes of situation analysis and 
formation of top-level control solutions, it is proposed 
to apply Kohonen neural networks (NN), the 
advantages of which include the following. First, the 
difference between the clustering problem solved by 
the Kohonen network and the classification problem 
plays only a positive role here: the absence of the need 
to know in advance the belonging of the object to any 
class eliminates the need for the researcher to solve 
this problem when creating a training sample. 
Secondly, it is the presence of rich expressive 
possibilities of visual color mapping of the 
multidimensional space of experimental data on the 
plane of self-organizing maps (SOM) in the context of 
individual features, which allows to quickly give a 

qualitative assessment of each cluster. Third, it is 
possible to select areas on the maps that unite: clusters 
of situations more favorable than planned; clusters of 
moderately unfavorable situations; clusters of very 
unfavorable situations corresponding to risk zones. 
The degree of risk of the current situation can be 
considered as the degree of its proximity to the risk 
zone. Application of the Kohonen NN in the context 
of situational management allows to solve the 
following tasks: clustering of situations and formation 
of rules of classification of situations on the basis of 
multiparameter analysis of the SOM with the help of a 
decision-maker; definition of clusters related to areas: 
favorable, moderately unfavorable, very unfavorable 
(risk zones); formation of decision-making rules based 
on the identification of the causes of deviation from 
the desired state by analyzing statistics on the cluster; 
formation of scenarios of situation development as a 
means of analyzing the integrated trajectory of the 
process of implementing the investment project. 

IV. PROCEDURE OF NEURAL NETWORK DATA 

ANALYSIS AND DECISION MAKING IN THE 

MANAGEMENT OF THE IMPLEMENTATION OF THE 

INVESTMENT PROJECT 

The procedure of data analysis and decision-
making for the upper level of control using Kohonen 
neural networks is proposed [13,16-21]. The 
generalized scheme of the proposed procedure is 
shown in Fig. 2. Its features are as follows.  

 In step 1, the set of V features that are important 
for the analysis of situations includes vectors of 
controlled coordinates Ybp for the main production, Yip 
for the investment production and Yent for the 
enterprise as a whole. From the standpoint of the 
analysis of the dynamics of the implementation of 
investment project in the composition of these vectors, 
it is advisable to distinguish three groups of features. 
These are, first, the rate of formation of costs, 
revenues, payments (cash flows); secondly, the volume 
(stocks) of costs, revenues, profits from production; 
and, thirdly, these are the times of occurrence of 
special events (for example, the time of Tpp payback 
of the project). 

The presence of step 2 is explained by the fact that 
the "connection" of the Kohonen network in the circuit 
of situational management is made at important, from 
the standpoint of analysis and decision-making, 
moments of time at the request of the decision-maker. 
In Fig. 3 the graphs of transient processes of 
realization of investment projects for the basic 
experiment (planned mode of realization of investment 
project) with the indication of the moments of time 
corresponding to the main events are presented. 

bpNU _ bprU _ bpzU _ ipNU _ iprU _ ipzU _

entU bpNU _ bprU _ bpzU _

entU
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Fig. 2. The generalized scheme of data analysis and decision-making procedures in the management of the investment project 

The following five main events are highlighted: the 
provision of credit and the allocation of funds for 
investment start of production (point A, point in time 
tA=8); start of release of products on investment 
production (point B, point in time tB=13); the first 
payment on the loan at the end of the first year of 
implementation of investments (point D, point in time 
tD=20); providing return on investment (point C, point 
in time tC =26); last disbursement on the loan at the 
end of the period of development of the investment 
(point E, point in time tE=32). Controlled moments of 
time are chosen expertly with some lagging behind 
special events.  

In step 3, the experimental data base is being filled 
in when conducting studies with a dynamic model of 
investment project implementation. At the same time, 
for each experiment the data on the state of the object 
of study are stored in several control moments of time. 
Note that not only the above vectors of controlled 
coordinates are used as data on the state of the IPr 
implementation process, but also additional 
information in the form of vectors of disturbing effects 
of Fbp on the main production, Fip on the investment 
production and Fent for the enterprise as a whole, as 
well as the vector Y0 of planned values of controlled 
coordinates. Despite the fact that additional 
information is not used in the training of NN, it is 
necessary in the subsequent steps in determining the 
causes of adverse situations in the dynamics for the 
formation of decision-making rules. 

Step 4 is repeated k times by the number of k 
controlled moments of time, for each of which, as a 
rule, a Kohonen network is built. 

This is due to the fact that not always the features 
that are important for neural network analysis at one 
time interval will be important at another time interval. 
The scheme of the step 4 is shown in Fig. 4. 

In step 4.1, a sample for the i-th moment of time is 
formed upon request to the experimental database. The 
resulting table contains data on all the parameters of 
the state of the IPr implementation process. 

In step 4.2, the researcher clarifies the set V by 
eliminating features that do not have discriminant 
force, and methods of multivariate statistical analysis 
can be used; after that, a set of training examples of Vti 
for the moment ti is finally formed. The estimated 
number of future clusters nti is specified. 

In step 4.3. the training of Kohonen NN with the 
help of any software products (Deductor, Viscovery 
SoMine, NeuroScalp) and the mapping are carried out. 

In step 4.4, the analysis of m Kohonen maps based 
on m features is carried out. At the same time, the 
color gamut of features changes within the built 
clusters on each map is analyzed. According to the 
quality requirements of clustering, it is necessary that 
the colors within one cluster are as similar as possible, 
and between clusters – as different as possible. If this 
requirement is not met, it is possible to return to step 
4.2. In addition, the number of nti clusters can be 
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Fig. 3. Schedules of the investment project implementation 

processes for the basic experiment with indication of special 
events 

varied to obtain a good partition. Based on the results 
of the SOM analysis, the rules of classification of 
situations in the class of production models are 
formulated. 

The peculiarity of the proposed neural network 
technology is to construct scenarios for the 
implementation of IPr in the form of an integrated 
trajectory of the system in time, which allows the 
decision-maker to obtain a generalized evaluation 
trends in the behavior of the system. This is especially 
important because it is not possible to analyze a large 
number of graphs of the coordinates of the process of 
implementing the IPr in time. 

The next two steps (steps 4.5 and 4.6) are designed 
to accomplish this task. Various procedures are known 
for studying the dynamics of the system behavior 
using Kohonen maps. The most common and simple 
way is to build trajectories of the system in time on the 
same SOMs. At the same time, moving the state of the 
system from one cluster to another well interprets the 
trends of changing situations over time (improvement 
or deterioration on any grounds). In this case, the 
trajectory is built by connecting the current situations 
(map cells) into a single chain. However, this method 
is applicable only for systems, the composition of the 

main information features of which does not change 
over time. 

In step 4.7, the preliminary formation of decision-
making algorithms for managing the implementation 
of IPr is carried out. To do this, it is proposed to 
analyze additional information about the state of the 
process, that is, signs that did not participate in the 
training of the NN. The purpose of this analysis is to 
find the causes of adverse situations for each cluster. 
As a rule, cluster statistics are used for this purpose. 
As additional information for the process of 
implementation of IPr is considered statistical 
information on the elements of vectors as disturbing 
effects of Fbp on the main production, Fip on the 
investment production and Fent for the enterprise as a 
whole, and control actions of the lower level of 
control. Identification of the reasons for the deviation 
of the current situation from the desired allows to 
create a variety of solutions that are aimed at 
eliminating the causes and are presented in the form of 
indications of qualitative changes in the control 
coordinates. 

In step 5, the trajectories of the system under study 
are constructed and their time analysis is carried out, 
which allows to identify the main types of scenarios 
for the implementation of IPr based on the processing 
of experimental results. 

In step 6 the testing of the proposed NN, 
classification rules and decision-making when 
conducting experiments by simulating new situations 
and building scenarios of IPr is carried out, which 
allow to give an integrated estimation of development 
trends of the implementation process of the IPr. 

In accordance with the proposed procedure of 
neural network data analysis and decision-making, the 
self-organizing maps for five controlled moments of 
time are constructed in the management of the 
implementation of the IPr. For each of them, the rules 
of classification of situations and decision-making are 
formulated; the main types of scenarios for the 
implementation of the IPr are identified - pessimistic, 
optimistic and realistic. According to the results of 
experimental studies of the effectiveness of 
management of the implementation of the IPr, the 
following conclusions were made. 

First, the adoption of recommended decisions at an 
early stage of the project implementation (time period 
Δt1), associated with the launch of the IP (investment 
production), allows to prevent subsequent adverse 
situations associated with a decrease in the efficiency 
of the implementation of the IPr and non-payment of 
debt. 

 Secondly, the effectiveness of the management of 
the implementation of the IPr (time period Δt2) 
depends not only on the direction of adjustments of the 
control coordinates and their values, but also on the 
time of decision-making and their sequence. 
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Fig. 4. Scheme of the implementation of step 4 of the construction and analysis of self-organizing maps for the i-th moment of time

Thirdly, it has demonstrated ability of effective 
management of the process of implementation of IPr 
at the expense of redistribution of funds between the 
main production (MP) and the investment production 
(IP), depending on the market situation of raw 
materials and products (the time period Δt3). Also it 
has demonstrated the ability to achieve the planned 
indicators of efficiency of implementation of IPr due 
to time savings by reducing the size of current 
payments and use the savings to stimulate demand in 
promising areas with the aim of increasing future 
profits. 

Fourthly, the timeliness of decisions will help to 
ensure the stability of the MP and the IP after the 
completion of the project (time period Δt4) [13]. 

The results of experimental studies of the 
effectiveness of the management of the 
implementation of the IPr showed that the decisions 
allow to transform the pessimistic scenarios of the 
implementation of the IPr into realistic ones, while the rate of 
profit on the MP increases by 1.2-1.4 times. In case of lack of 
available funds by redistribution of resources between MP 
and IP it was proved that efficiency of management of 
process of implementation of the investment project depends 
on time of decision-making and their sequence. 

V. CONCLUSION 

The implementation of Russia's Energy strategy 
for the period up to 2035 is aimed at a gradual increase 
in investment in the energy sector from $ 460 billion 
in 2011-2015 up to $ 793 billion in 2031-2035. One of 
the main conditions is the implementation of 
investment and innovation development programs. 

In early 2020-ies in the energy sector can once 
again begin the cycle of investment growth in the 
framework of the program of modernization of TPP 
and projects of digitalization of the power grids [22]. 
In this regard, the use of intelligent algorithms in 
managing the implementation of large-scale 
investment projects in the fuel and energy complex 
becomes particularly relevant. 

The structure of the system of management of 
process of IPr implementation including two levels of 
management is offered. The lower level of 
management solves the problem, firstly, tactical 
management of output for the main and investment 
productions; secondly, adjusting the rate of 
consumption of resources for production; thirdly, 
adjusting the loan payments on the basis of 
information about the accumulated funds. The upper 
level of control allows to provide support to the 
decision-maker in decision-making on the formation 
of the vector of control actions based on the analysis 
of a large amount of data using neural network 
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technologies. The procedure of neural network data 
analysis and decision-making for the management of 
the implementation of IPr  based on the development 
of Kohonen networks and construction of self-
organizing maps maps is developed.  The considered 
pessimistic and realistic scenarios demonstrated the 
possibility of effective management of the studied 
process through the redistribution of funds between 
the main and investment production, depending on the 
situation in the markets of raw materials and products, 
as well as the possibility of achieving the planned 
performance through savings by reducing the amount 
of current payments and the use of savings to stimulate 
demand in promising areas in order to increase future 
profits In addition, it is shown that the timeliness and 
the correct sequence of decision-making in time 
allows for greater profits, and therefore, the stability of 
the functioning of the main and investment 
productions after the completion of the development 
of investments.  

The developed models, algorithms and software of 
IAMS management of large investment projects can 
be used both as an adviser to the decision-maker in the 
formation of effective management decisions, and for 
training specialists in the field of real investment 
management, as well as for various types of 
experimental studies of the studied process. 
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