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Abstract

This article presents a new approach to developing digital twins of production companies with the use 
of simulation methods. It describes the concept of digital twins as an integrated system that aggregates 
simulation models, databases and intelligent software modules of the class of genetic optimization 
algorithms, subsystems of data mining, etc. The article presents examples of simulation models of 
different production companies, in particular, a typical assembly plant and a typical oil production 
enterprise. The first company carries out activities to assembly products from individual components 
with its own individual characteristics. To describe the behavior of such an enterprise, methods of agent 
and discrete-event modeling are used. The second enterprise produces raw carbohydrate materials 
at existing fields with individual characteristics. The integrated simulation models thus developed 
are integrated with a subject-oriented database and optimization modules that facilitate providing a 
control of the technological and resource characteristics of the respective production enterprises. The 
development of these models was performed using AnyLogic and Powersim simulation systems that 
support agent-based modeling and system dynamics methods. We demonstrate here the possibility of 
creating ‘digital twins’ for production companies using modern simulation tools.
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Graphical abstract

Introduction

In modern times, as we transition to the 
digital economy, a new scientific vector is 
developing related to the creation of so-

called “digital twins” – digital copies of real 
physical objects (for example, manufacturing 
enterprises, financial corporations, etc.) that 
help to optimize the effectiveness of all the main 
processes. The most important characteristic of 
digital twins is the existence of a virtual model 
that is supportive in an actual state, mainly due 
to continuous updating of data that used for 
the evaluation of multiple characteristics of the 
physical object under examination.

The concept of digital twins has been pro-
posed recently [1, 2]. However, researchers 
point out that the design of digital twins should 
be based mainly on the use of simulation tech-
niques providing the most realistic representa-
tion of a physical object in the virtual environ-
ment [3]. In this case, the computer model must 
support the ability to solve problems of optimiz-
ing the multiple characteristics of the simulated 
object using data updated in real time. A sim-
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ilar approach is applicable to many objects of 
life as lifeless nature. There are examples of the 
development of simulation models for the sim-
ulation of complex socio-economic systems [4, 
5], vertically integrated petroleum companies 
and financial corporations [6], ecological and 
business systems [7, 8], modeling human crowd 
behavior in emergencies [9, 10] and some oth-
ers. In this study, various methods of simulation 
modelling are used, in particular, the methods 
of system dynamics, agent-based and discrete-
event modelling, which are supported in Power-
sim, AnyLogic, etc. [6].

A significant contribution to the development 
of system dynamics methods has been made in 
[11–16]. Within the research on agent-based 
modelling, we should highlight the works [17–
20]. Important research in the field of discrete-
event simulation is presented in papers [21, 22].

An important feature of modern simulation 
systems is the ability to integrate the developed 
models to databases and data warehouses (e.g. 
MS SQL Server, Oracle, SAP HANA), as well 
as the ability to integrate with external software 
modules, usually through a special API (applica-
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tion programming interface). For example, sim-
ulation models developed in AnyLogic and writ-
ten in the programming Java can be integrated 
with the applications designed with the use of 
C++ and MPI (message passing interface) for 
parallelizing the respective computational proce-
dures. As a result, the simulation model can be 
aggregated with genetic optimizing algorithms 
through objective functions, providing the abil-
ity to optimize characteristics of the simulated 
object in real time [23–25]. To ensure the soft-
ware and management pool of available digital 
twins, it is possible to use an approach based on a 
service-oriented architecture (SOA).

The purpose of this article is to develop the 
approach to designing digital twins for a vari-
ety of production companies using simulation 
methods, databases, optimization modules, 
etc. for the implementation of the rational pro-
duction management concept in real time and 
to support strategic and operational decision-
making systems.

1. The concept  
of creating digital twins

The suggested concept of creating digital twins 
is based on the use of an integrated approach 
combining simulation methods, optimization 
modules (of a type of genetic algorithms), a 
database (data warehouse), a multidimensional 
data analysis subsystem (online analytical pro-
cessing, OLAP ) , etc. (Figure 1).

An important feature of the  approach being 
proposed is to ensure continuous integration of 
the considered subsystems with support for the 
functioning of all software modules in real time. 

Thus, the following interacting subsystems are 
suggested:

 simulation modelling subsystem designed 
to compute the values ​​of multiple characteris-
tics of the enterprise under given scenario con-
ditions;

 optimization module (genetic algo-
rithm)  that is aggregated through the objective 

functions with simulation models of the pro-
duction company and provides the possibility 
to seek the best (rational, suboptimal) decisions 
with the existing restrictions;

 database (data warehouse) provides collec-
tion and processing of relevant data across the 
enterprise, as well as initial data for simulation 
models and saves the results of simulation mod-
elling;

 subsystem of visualization and control 
of simulation models integrated with  enter-
prise simulation models (through a special API 
or using web services technologies – SOA) and 
allowing access to various functions of simula-
tion models, for example, calling optimization 
experiments, saving the results of scenario mod-
eling in the database and doing other activities;

 Online Analytical Processing subsys-
tem (OLAP), allowing us to analyze the results of 
simulation and optimization with the drill-down 
of the corresponding aggregation data (e.g., for 
the enterprise as a whole, for individual business-
directions, by products, customers, etc.);

 data mining subsystem that  provides an 
analysis of the relationships between the most 
important characteristics of an information 
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Fig. 1. The integrated system architecture  
of a digital twin of the manufacturing enterprise
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model of production and updates the values of 
all influencing factors and significance coeffi-
cients, followed by saving the results to the sys-
tem database. Such an approach provides con-
tinuous updating of existing interdependencies 
in the enterprise simulation models.

Next we will consider some examples of simu-
lation models developed for enterprises of var-
ious classes, in particular, a typical assembly 
plant and a typical oil production enterprise.

2. Simulation model  
of assembly plant

Consider the aggregated  simulation model 
of a typical assembly plant implemented in the 
AnyLogic system (Figure 2).

This assembly plant produces some products 
using two production lines. The first produc-
tion line provides the formation of an interme-
diate product using five separate components 
supplied in accordance with a given schedule to 
the assembly system (the element of “Assembly 
1”). The second production line provides the 

formation of the final product (the element of 
“Assembly 2”) using two components, one of 
which is assembled using the output of the first 
production line. 

In this model, each production component 
is an agent with its own individual characteris-
tics. For example, if this is a production skele-
ton, then it has certain sizes and other specified 
technical characteristics. Based on the varia-
tion of the set of inflow agent-components, it 
ensures manufacture of various types of prod-
ucts at the output of the system (the element 
of “Exit”). At the same time, for components 
of individual types with their own individual 
characteristics, dynamic synchronization is 
performed using a special element that ensures 
the placement of agent-components in the 
queue and seeks the pairs of agents that satisfy 
a given correspondence criterion (the element 
of “Synchronizer”). As a result, agent-compo-
nents corresponding to some specified crite-
ria are being sent to the assembly, while other 
agent-components remain in the queue, or are 
forced out of it (for safekeeping).

AUTOMATION OF MANAGEMENT AND PRODUCTION PROCESSES

Fig. 2. Simulation model of an assembly plant in AnyLogic
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One of the possible examples of analysis of 
the stability of the production process using the 
simulation model so developed is the depend-
ence of the total number of assembled products 
on the dynamics of the supply of agent-com-
ponents (Figure 3).

In  Figure  3 we see that in conditions  of the 
deficit of agent-components No 2 that occurs 
in the time interval from 5 to 6 hours, the rate 
of assembly of the finished product is reduced 
to the minimum level (two products per hour) 
equaling the value of the supply rate of the most 
deficit (the second) component. 

Thus,  the assembly rate of the final prod-
uct is limited by the rate of supply of the 
most deficit component needed at the corre-
sponding assembly stage. The rate of assembly 
and delivery of the final product also signifi-
cantly depends on the  resources  involved in 
the corresponding production processes (ele-
ments of “Robots”, “Assemblers” and “Pack-
ers” in Figure 2). In the case of the deficit of 
resources necessary for the production of a 
unit of production, the time to complete the 
corresponding task (product assembly) will 
be increased in proportion to the value of the 
availability coefficient  of the  corresponding 
resource.

3. Simulation model  
of an oil production company

Further, we consider the aggregated simula-
tion model of a typical oil production company 
implemented in the Powersim system (Figure 4).

In contrast to the previous discrete-event and 
agent-based simulation of the assembly plant, 
this model operates with continuous raw and 
financial flows and therefore it was developed 
with the use of system dynamics methods [6]. 
At the same time, the main assets of the pro-
duction enterprise, in particular, the set of new 
wells and the set of old wells, differentiated by 
fields, are important resource characteristics. 
The transition of wells from a new set to the 
old set takes place after a certain time interval 
(usually five years) with the associated change 
in a production volume, which is reflected in 
the production function, taking into account 
the different contributions of new and old wells 
in operation, respectively.

On the other hand, the indicators of eco-
nomic efficiency of the exploited fields and wells 
depend not only on the volume of extracted 
raw materials, but also on the operating and 
investment expenditures differentiated by the 
respective fields. If a certain field is not oper-
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Fig. 3. The dependence of the total number of assembled products  
on the dynamics of the supply of agent-components
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ated at a certain time (for example, due to the 
suspension of the respective wells), then mate-
rial and financial flows, as well as income and 
expenditure characteristics, cease to be formed 
on it. Further on, the most important relations 
of the proposed model will be described. 

Here, 

 t = 1, 2, ..., T is the simulation time (by 
years), T is the horizon of a strategical plan-
ning;

 i = 1, 2, ..., I is the indexes of fields, I is the 
total number of fields;

 a
i 
(t

 
) is the number of new wells (fixed assets 

of an oil production company) of the i-th field 

(i = 1, 2, ..., I
 
) at the moment  t (t = 1, 2, ..., T

 

 );

 {b
i 
(t

 
), b

i 
(1)} is the number of old wells of 

the i-th field (i = 1, 2, ..., I
 

 ) at the moment t  
(t = 1, 2, ..., T

 
) and the initial number of old 

wells at the initial moment t = 1;

 
i 
(t

 
)  {0, 1} is the shutdown matrix the i-th 

fields (i = 1, 2, ..., I ) at the moment t (t = 1, 2, 
..., T

 
): if 

i 
(t

 
) = 0 the i-th field is not operated, 

if 
i 
(t

 
) = 1 the i-the field is operated; 

 c
i 
(t

 
) is the rate of production and supply 

of raw materials (ton per year) of the i-th field  
(i = 1, 2, ..., I ) at the moment t (t = 1, 2, ..., T

 

 );

  is the coefficient of decreasing of old 
fields; 
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  are average annual production 
volume of new and old wells, respectively at the 
momentt (t = 1, 2, ..., T

 

 );

 { p
1 
(t

 
), p

2
(1)} are prices of raw materials sup-

plied in domestic and foreign markets, respec-
tively at the moment t (t = 1, 2, ..., T

 

 );

 {P
1i 

(t ), P
2i 

(t )} are incomes by i-ths fields  
(i = 1, 2, ..., I ) in domestic and foreign markets, 
respectively at the momentt (t = 1, 2, ..., T

 

 );

  are operation and investment 
expenditures by i-ths fields (i = 1, 2, ..., I ), 
respectively at the moment  t (t = 1, 2, ..., T

 

 );

 s (t
 
) is the dollar rate at the moment t  

(t = 1, 2, ..., T
 

 );

  (t
 
) is s share of supply in a domestic mar-

ket at the moment t (t = 1, 2, ..., T
 

 ), 0   (t
 
)  1;

  is the time period, during of which wells 
can be classified as news (as a rule, five years);

 r is discounted rate.

The number of new and old wells respec-
tively:

                  ,	 (1)

                    ,	 (2)

             i = 1, 2, ..., I; t = 1, 2, ..., T.

The rate of production (and supply) of raw 
materials:

     ,	 (3)

             i = 1, 2, ..., I; t = 1, 2, ..., T.

Revenue in domestic and foreign markets 
respectively:

                        ,	 (4)

                ,	 (5)

            i = 1, 2, ..., I; t = 1, 2, ..., T.

The profit of the oil production company:

             ,	 (6)

            i = 1, 2, ..., I; t = 1, 2, ..., T.

The discounted cash flow of an oil produc-
tion enterprise:

                ,	 (7)

The net accumulated discounted financial 
flow of the producing enterprise and the total 
financial flow (net present value) summarized 
by all fields, respectively:

                          ,	 (8)

                           .	 (9)

Note that to predict the dynamics of the 
average daily production (production) rate for 
new and old wells , which affects the 
rate of production and supply of raw materi-
als (3), data mining methods are currently 
being applied, in particular, artificial neural 
networks (ANN). Such ANN estimates mul-
tiple input characteristics (for example, the 
level of reserves, data on actually carried out 
and planned geological and technical mea-
sures, the selected production technology, etc.) 
to predict the average daily production rate of 
wells and annual volume. Thus, the values of 
the most important basic characteristics of the 
suggested simulation model are updated in real 
time taking into account the physical charac-
teristics of the exploited fields.

One possible example of analysis of the effec-
tiveness of a portfolio of investment projects for 
the set of exploited fields is the dependence of 
the discounted financial flow DCF

i 
(t ) on the 

values of the elements of the matrix of “shut-
downs” of fields 

i 
(t

 
)  {0, 1} (i = 1, 2, ..., I

 
)

(Figure 5).

Figure 5 shows that the “shutdown” of the 
second field leads to doubling the total finan-
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cial flow (summarized by all fields) – NPV *. 
Such a positive effect results from the fact that 
the level of operating expenditure for the sec-
ond field (per unit of production) significantly 
exceeds the level of costs of other fields with a 
comparable level of production volume. Nev-
ertheless, if there is a hard restriction on the 
minimum needed total volume of production 
and supply of raw materials, then the exclusion 
of the second field from operation is impossi-
ble.

At the same time, if the number of simulta-
neously evaluated raw materials assets is large 
(for example, several thousand), then genetic 
optimization algorithms [23–25], aggregated 
with the simulation model of a production 
company, should be used to identify and “turn 
off” such fields.

Conclusion

The article presents a new approach to the 
development of digital twins for manufacturing 
enterprises which is based on the concept of 
continuous integration of a number of key sub-

systems, in particular, a simulation modeling 
subsystem, optimization module, database, 
data mining subsystem, etc. An important fea-
ture of digital twins is updating source data and 
values of influencing parameters in real time. 
Thus, digital twins significantly expand the 
functionality of traditional enterprise simula-
tion models, mainly due to the greater realism 
and interactivity of the corresponding technol-
ogy.

Examples of digital twins developed for man-
ufacturing enterprises of different types are 
presented. In particular, these are the typical 
assembly plant and an oil production company. 
The first model, in particular, allows us to study 
the dependence of the total number of assem-
bled products on the dynamics of the sup-
ply of components, taking into account their 
individual characteristics. The second model 
allows us to evaluate the impact of the matrix 
of “shutdowns” of oil fields on the dynamics of 
the discounted financial flow. It is shown that 
in the case of an absence of hard restrictions 
on the minimum required total volume of the 
raw material production (the production plan), 

Fig. 5. The dependence of the discounted financial flow on the values  
of the elements of the matrix of “shutdowns” of fields
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a significant increase in the net present value 

of the portfolio of fields is possible due to the 

exclusion of low-debit wells and fields with a 

relatively high level of operating expenditures.

If it is necessary to study the influence of 

multiple control parameters (for example, 

thousands of fields and wells, hundreds of 

components, dozens of production lines, etc. 

are simulated), then it is possible to use special 

optimization modules aggregated with simula-

tion models through objective functions. Such 
an integrated approach is the most promising 
in terms of the development of the concept of 
digital twins and can be used in the future at a 
more detailed level. 
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