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IMPROVING THE QUALITY OF PROCESS 

MODELS IN OIL REFINERY 

INFORMATION SYSTEMS 

 
Abstract: The paper considers the ways to improve the 

quality of oil refinery process models in information systems 

at various management levels (ERP, APS, MES). The authors 

demonstrate the necessity to introduce a universal (basic) for 

all management systems in order to ensure their effective 

interaction and integration. It has also been shown that a 

universal basic model is a subset of models of interacting 

systems based on balance principles. The results of the 

practical implementation of the present approach at oil 

refineries are presented in the article along with the proposed 

ways to optimize the basic model. It should be noted that the 

development of a universal model can improve knowledge 

transfer and increase labour efficiency of personnel.  

Keywords: Management systems, Quality, Knowledge 

transfer, Oil refinery 

 

 

 

1. Introduction 
 

Automated systems of the ERP (Enterprise 

Resource Planning), APS (Advanced 

Planning and Scheduling), and MES 

(Manufacturing Execution System) class are 

currently widely used in all industries, 

including oil refining. Methods and 

approaches to implementation of such 

systems, as well as their interaction, are 

widely discussed in the literature. Incorrect 

implementation methodologies could lead to 

demotivation and internal resistance of 

personnel since such methods can cause 

significant changes in terms of methods 

philosophy (Kraemmerand et al., 2003; Silva 

et al., 2013). 

Operating efficiency of automated systems at 

an industrial enterprise depends both on the 

quality of IT-solution of the system itself and 

on the mathematical model of the enterprise 

used by the system. Quality criteria for such 

models are normally characterized by such 

parameters as fidelity in describing processes 

of production/economic activities, a 

reasonable time for solving the model (if the 

automated system uses a model solver), the 

simplicity of the analysis of the results.  

Models of oil refineries usually have large 

dimensionality. This is especially the case 

with mathematical models developed for 

APS systems. APS models of optimized 

operational planning comprise a production 

component (flow logistics at the oil refinery, 

unit capacities, oil-storage tank capacities), a 

technological component (operation modes 

of technological units, flow qualities, 

interdependence of various parameters, etc.), 

and an economic component (information on 

amounts and prices of buying and selling, 

costs of auxiliary raw materials, materials 

and energy, profit margin). The adequacy of 

the description of production processes using 

such models and recommendations for their 

improvement is still discussed extensively in 

the literature (Guerra & LeRoux, 2011; 
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Alattas et al., 2013; Chen, 2016). However, 

excessive attempts to increase the fidelity of 

the model by trying to account for the 

maximum number of its parameters and 

dependencies result in an increase of its 

dimensionality. The latter may lead to errors 

in the solution of such a model due to the 

limited potential of contemporary solvers 

used in LP-systems (the so-called non-

convergence of the solution). Besides, 

complex, multidimensional models are more 

difficult to analyze, which may lead to errors 

in finding optimal plans and to financial 

losses. That is why, despite considerable 

experience in the field of constructing 

models for optimization of APS systems, in 

practice, experts often trade off a certain 

degree of fidelity for the convergence of the 

solution and simplicity of handling the 

model. 

The development of objective and user-

friendly production models is a nontrivial 

task for MES as well. The primary task of 

MES at oil refineries is automation of 

processes of production accounting and 

performance, which are closely related with 

planning and management. As a rule, 

coordination of all these parameters requires 

a whole complex of MES systems, including 

real-time database, production record 

system, material balance reconciliation 

system, and system of user report generation.  

In this connection, the issues of effective 

coordination and integration of MES systems 

are vitally important. The most complicated 

of these issues in terms of modeling MES at 

oil refineries is the material balance 

reconciliation system. This system is 

described by a nontrivial mathematical 

model, solved using optimization methods. 

Managerial decision-making and work of 

operators must be based only on adequate 

information about the production. False or 

garbled information can lead to incorrect 

managerial decisions. If managers repeatedly 

keep receiving garbled information, they will 

eventually start regularly rechecking it, thus, 

losing time for effective decision-making. 

Obtaining adequate information is important 

not only for operative production 

management but also for correct 

technological and economic analysis. In this 

regard, this system has been given 

considerable attention in the literature 

(Ozyurt & Pike, 2004; Erokhin et al., 2008).  

It is hard to imagine a modern oil refinery 

that does not use an ERP system. Despite the 

fact that ERP systems are still viewed “as 

structuring, integrating and centralizing 

information systems” (Silva et al.,2013), and 

the issues of their implementation and 

operation are extensively discussed in the 

literature (Cardoso et al., 2004; Hwang & 

Grant, 2011; Cheng & Xiao-Bing, 2013), 

there is a general trend for using them at oil 

refineries as simply systems for registering 

accounting transactions, raw material 

supplies, and finished product shipments, as 

well as for managing warehouses of 

auxiliary material and technical resources. 

Control over the majority of elements of the 

production process, such as planning, 

management, and production accounting, at 

oil refineries is given to the APS and MES 

systems. ERP systems are used, to a 

considerable degree, to operate with the data 

obtained or processed by APS and MES. 

The importance of the effective interaction 

of various systems is particularly noted in 

(Chu & You, 2015): “the performance of a 

system relies not only on the behaviour of 

the constituent subsystems but also on the 

interaction among the subsystems”. In this 

connection, issues of interaction and 

methods of integration of ERP, APS, and 

MES class systems are considered in the 

literature (Mustafa & Mejabi, 1999; Liu et 

al, 2002; Mertins et al., 2008; Ugarte et al., 

2009; Hu et al., 2011; Kucharska et al., 

2015). Such an approach makes it possible to 

improve production economics through the 

dynamic delivery of adequate information 

about the current state of affairs, as well as 

through synchronization and transparency of 

business processes at the enterprise 

(Westerlund, 1996; Rondeau & Litteral, 

2001; Martinez et al., 2016). Specialized 

software that makes it possible to integrate 
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various systems is constantly being 

developed and introduced (Rolandi & 

Romagnoli, 2010). 

When modeling business processes under 

consideration, scholars commonly use 

mathematical methods of operations research 

(Taha, 2007). To date, the theoretical aspects 

of building models in factory information 

systems such as optimal production planning 

and scheduling systems have been studied in 

considerable detail (Ciriani & Leachman, 

1994; Kelly, 2004; Khor & Varvarezos, 

2017, etc.). Theoretical studies of 

reconciliation of the material balance of oil 

refineries are considered in (Romagnjli & 

Sanchez, 1999; Ozyurt & Pike, 2004, etc.). 

At the same time, despite the availability of a 

significant number of academic works on 

optimizing production processes, there 

currently exists a significant gap between 

academic and applied tasks, which is the 

result of the complexity of day-to-day 

refinery operations (Khor & Varvarezos, 

2017). In addition, there is no clear practical 

description of approaches for building 

models with the aim of ensuring the effective 

integration of several information systems. 

Usually the literature on this subject is 

limited to fairly general recommendations 

lacking any mathematical justification. In 

this regard (Joly, 2012) points out that poor 

integration as well as hard model 

maintenance and consistency assurance 

among business layers may be cited, since 

redundant efforts from the refinery staff will 

be required. 

In an effort to solve problems of integration 

and unification of models of different 

systems, oil refineries in most practical cases 

try to deal with the same supplier of 

automated systems in hope that such an 

approach might provide a better interaction 

among the different systems. However, the 

effectiveness of this approach is also limited, 

as, firstly, judging from the experience, one 

software producing company, as a rule, 

cannot address all the needs of an oil 

refinery in the field of automation of 

planning, management, and accounting. 

Secondly, almost every oil refinery requires 

a set of certain methods and approaches to 

be integrated into each of the systems in 

order to provide the interaction of different 

business processes. Otherwise, mistakes in 

the interaction among the systems occur, 

labour costs increase, and manageability of 

the enterprise decreases as a whole, leading 

to economic losses.  

Thus, for the correct exchange of 

information between ERP, APS, and MES, 

models of these systems must be unified in a 

certain way. In this regard, the research 

question of this work is formulated as 

follows: how should the process models be 

formed in various information systems so 

that, in addition to improving the qualitative 

modeling of individual processes, they 

ensure the high quality of interaction 

between information systems at oil refinery? 

To solve this task, the authors are 

considering the mathematical process 

models in management systems. The study 

primarily focuses on the construction of 

models in the systems of production 

planning and material balance reconciliation. 

 

2. Integration of ERP, APS, MES 

systems using a basic model 
 

ERP systems are widely used for unifying 

the main business functions of an enterprise 

(planning, production, supply, sales, 

management accounting). At the same time, 

the architecture of ERP-solutions 

themselves, aimed at transactional 

functioning based on DBMS, is not designed 

for large amounts of computation in solving 

optimization problems. That is why some of 

the functions of the operational unit are often 

separated into specialized software products 

and function as separate classes of applied 

software. They include APS systems 

designed for operational managerial 

planning, and MES systems used for 

synchronization, coordination, and 

optimization of production output. 
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ERP, APS, MES systems function based on 

their intrinsic mathematical models. To a 

large degree, the operating efficiency of such 

systems is determined by the quality of the 

related models. In this respect, we can study 

two extreme cases (ways) of constructing 

interaction models of such systems. The first 

way is to form a separate model for each 

business process with all the specifications 

required for its description. To provide the 

interaction among the systems, additional 

software should be developed. One of the 

main drawbacks of such an approach is the 

complexity of providing data exchange 

among the systems due to a large number of 

connections among the models. Besides, 

because of the different structures of the 

models in different systems (ERP, APS, 

MES), they are difficult to work with, as 

each of them has its own structural design. 

An alternative approach to modeling 

business processes of an enterprise using 

ERP, APS, MES is a concept of constructing 

models of such systems based on a common 

model, which will be called a basic 

(universal) model. (Rolandi & Romagnoli, 

2010) mention that construction of such a 

model must be based on the three 

fundamental laws of conservation: 

conservation of mass, energy, and kinetic 

momentum. The main advantage of such an 

approach is the considerable simplification 

of integrating different systems into common 

informational space. This is due to the fact 

that the additional software components 

necessary for data exchange and for 

matching similar elements in different 

systems are no longer required in this case. It 

becomes much easier for the user to work 

simultaneously in several systems, as the 

model for each of them remains the same.  

Let us define the notion of a basic model for 

an oil refinery. To this end, let us consider 

modeling of two different and the most 

difficult business processes at such 

enterprises: production planning and 

reconciliation of material balance of oil and 

oil products flows. Production planning at oil 

refineries is done using optimal planning 

systems (software), such as PIMS 

(AspenTech), RPMS (Honeywell) and 

others. These systems belong to the APS 

class and are based on linear programming 

methods. The optimization criterion here is 

the marginal profit maximization. In the 

matrix form, the problem of linear 

programming for real variables 
n

xxx ,...,,
21

 

for the objective function ),...,,(
21 n

xxxL can 

be formulated as follows: 

0A  x  b,x  

maxxcx) 
T

L (
max

 

where A is a matrix ij
  with dimensions

nm  ,  

,),...,,(
21

T

n
cccc ,),...,,(

21

T

m
bbbb  

Vector components i
c  and i

b  are constant, 

while T designates the transposition.  

To reconcile data on material flows and 

calculate the material balance of the refinery, 

specialized software, such as Production 

Balance (Honeywell), Sigmafine (OSIsoft) 

and others, is used. Formulation of the 

problem of data reconciliation is normally 

formalized in the form of a square-law 

function minimization problem. The problem 

of material balance reconciliation can be 

written as follows: 

,0By  

min)y-y(K)y-y()y(
00min


T

L

Here, y is a vector of variables, describing 

flows, stock, technological expenditures, and 

losses; B is a matrix of balance equations;  y0 

determines the vector of measured values. 

The optimization criterion is taken to be the 

minimization of square form )(
min

yL  

expressing deviations of observed and 

calculated values. K is a diagonal matrix 

characterizing errors of the related 

measurements. 

Equations and inequalities determine models 

of optimal production planning of an oil 

refinery and material balance reconciliation. 
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These models will be designated as 
1

M  and 

2
M , respectively. The planning and 

reconciliation processes interact with each 

other and exchange information. When the 

processes are automated, this interaction is 

realized at the system level. Automated 

systems, in turn, interact based on the 

models. It is quite clear that the more similar 

are the system models, the more effective is 

their interaction. It means that if models 
1

M  

and 
2

M exchange information in the part of 

their submodels 
11

MM 


 and
22

MM 


, 

then equality 
2121

MMMMM 


 

will make it possible to provide effective 

interaction between the systems (and the 

processes). Model М will be considered a 

basic model for the systems of optimal 

production planning and material balance 

reconciliation. In the case of a larger number 

of systems, the size of the basic model is 

determined based on the intersection region 

of all the interacting systems: 

.MM)MM(

,  ,MMM

1 jji

ij

ji
ji




 

 

A basic model for three systems is 

qualitatively shown in Figure 1 in the form 

of an Euler diagram. In the example 

considered in the figure, М includes regions 

1, 2, 3, 4, which are determined by the 

intersection of the “boundaries” of models 

1
M ,

2
M ,

3
M . 

 

 
Figure 1. Euler diagram for the models of three interacting systems 

 

3. Approaches to the basic model 

formation 

 
Let us consider the application of a basic 

model, using the example of modeling of 

business processes of production planning 

and material balance reconciliation of oil and 

oil products flows. In order to study such a 

model while maintaining its generalized 

nature, we used a simplified scheme of 

material flows at an oil refinery (see Figure 

2) in the form of two units and two blendings 

of oil products in storage tanks. Optimization 

problem for the model of the oil refinery 

shown in Figure 2, will have the following 

form: 

max
13131212

 xcxcL  

with the equations: 

.0,...,,

  ,0  ,0

,0  ,0  ,0

,0  ,0

,0  ,0

1321

1311101298

11796105

84763

542321











xxx

xxxxxx

xxxxxx

xxxxx

xxxxxx

 

Here, L   is the objective function, 
i

x  are 

scheduled values of flows (product, 

components, semi-manufacture), 
12

c  and 

13
c  are prices of commercial output 

12
x  and 

13
c , respectively. It is evident that the 

simultaneous linear algebraic equations, in 

fact, reflect the mass conservation law. 

M3

M2M1                  

1 2

4

3



 

544                                                     V. Kuvykin, M. Petukhov 

 

Figure 2. A simplified model of material flows at an oil refinery with two production units and 

two storage tanks 

 

Apart from balance equations, a constraint 

matrix of an optimal production planning 

problem can have a more complex structure, 

mainly due to the existence of additional 

constraints on the quality of commercial 

output (according to standards and 

specifications), for instance: 

,
12129988

xxx    

,
1312

bxx   

where b is constraint on sales, 
i

  are quality 

parameters. 

The objective function of the data 

reconciliation problem for the model shown 

in Figure 2, is written as: 

min
~

~ 2
13

1














 


i i

ii

i
y

yy
kL  

where 
i

y
~  are observed values, and 

i
y  are 

calculated (reconciled) values of flows 

shown in Figure 2, 
i

k are expert weight 

coefficients.  

It is evident that, first, 
i

x  is a planned value, 

and 
i

y  is an observed (reconciled) value of 

the same flow, and, second, in determining 

the minimum of objective function L   it is 

necessary to use constraints, accounting for 

the substitution of 
i

y  for 
i

x . That is, the 

model of optimal production planning and 

model of material balance reconciliation 

have principally different objective 

functions, but have a common model of 

flows, characterized by simultaneous linear 

equations. Such a model serves as a basic 

model for both systems.  

It is noteworthy that in the optimal 

production planning problem, apart from, 

there are other constraints on the region of 

acceptability of 
i

x , represented by 

inequalities. However, it can be readily 

shown that these constraints do not perturb 

the basic model of material flows of an oil 

refinery, since they are only a 

particularization of the model for a particular 

system (in this case, in the optimal 

production planning system). That is why 

use of additional constraints type does not 

complicate the basic material flow model 

and does not affect data exchange between 

the two systems. In a similar way, there are 

possible complications of the accounting and 

balance reconciliation models. Nevertheless, 

the basis of the models of these systems, 

which in this article is referred to as “basic 

model” and is used for the integration and 

interaction of the systems, remains common. 

Process Unit

No1

Process Unit

No2

1x

2x

3x

4x

5x

6x

7x

8x

9x

10x

11x

12x

13x

Tank No1

Tank No2
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Thus, in the case discussed above, the basic 

model is a subset of models used by the 

systems, which mathematically expresses the 

law of conservation of mass. Along with the 

two systems in the above example, a modern 

oil refinery usually has a scheduling system, 

a process flow control system, a real-time 

database, a production record system, a 

performance system, a laboratory 

information system. In this case, the 

experience of forming a basic model shows 

that its mathematical formulation continues 

to be based on balance equations. The latter 

is determined by the fact that such an 

element of system models as c and b or flow 

quality is, by some means or other, related 

with material flows, and, thus, need not be 

separated into a special part of the basic 

model. Accompanying support of the basic 

model provides synchronous alterations on 

all its levels. 

Economic efficiency of managerial decision-

making is closely related with the plan/actual 

analysis, which in turn leads to a constant 

increase in the demand for quality of models 

of planning and balance reconciliation and 

their integration into the information space 

of an enterprise (Kuvikyn, 2018). Experience 

has shown that the key role in the application 

of such systems is played by the 

mathematical model of data integration 

(basic model). Let us consider the process of 

creation of a basic model using a flow 

diagram for the system of material balance 

reconciliation (SMBR) (Figure 3) and 

optimal planning system (OPS) (Figure 3) 

during the production of two types of oil-

products by a process unit. Each of the 

products can be stored in two tanks. SMBR 

is commonly using a detailed modeling of 

oil-products flow through each processing 

facility of an oil refinery.  

Let each process unit over the balance period 

produce components with masses
21

, yy , 

which are later separated into 

subcomponents 
6543

,,, yyyy  and 

transferred to the tanks No. 1-4 for 

processing into products A and B. The oil-

products dispatched from the tanks are 

characterized by the variables
10987

,,, yyyy . 

 

 

Figure 3. Example of the basic model formation for production planning and material balance 

reconciliation systems 

 

The system of equation, in this case, will be 

written as follows: 

,0  ,0

,0  ,0

,0  ,0

1046935

824713

652431







yyyy

yyyy

yyyyyy



  

where 
i

 , (1, 4 )i  are the stocks in i-tank. 

If the production planning is optimal, on the 

one hand, it uses simplified models of 

material flows, where there is no need to 

provide a description for each individual 

tank, since it is enough to simply account for 

the total capacity of the tank farm for each 

product. On the other hand, the OPS model 

includes the description of the quality of 

material flows (see Figure 3), as well as their 

production costs and sales costs. In order to 

provide an adequate quality of production 

planning (and to maintain the optimal 

planning model, which adequately reflects 

the production capacity of the oil refinery), 
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engineers, responsible for the formation of 

an optimal plan have to coordinate such a 

plan with data obtained from SMBR. It is 

evident that for that purpose an engineer 

simply needs to download material flow data 

21
, yy , and total for the commercial products

87
yy  , 

109
yy   from the SMBR. Let us 

write flow chart variables (Figure 3) as 

4321
,,, xxxx  . Then the material flow 

equations will look as follows: 

.0

,0

422

311





xx

xx
 

Here 
21

,   are stocks of Product A and 

Product B respectively. 

In turn, the operating records specialists have 

to coordinate the data obtained from SMBR 

with the OPS data in order to analyze the 

actual plan performance of process units and 

of commercial production facilities. For that 

purpose, it is necessary to obtain plan data 

4321
,,, xxxx  (Figure 3), or something similar 

for the virtual flows 
4321

,,, xxxx   (Figure 3). 

That is why the introduction of a 

mathematical model with variables 

4321
,,, xxxx   into SMBR and OPS, which 

will be referred to as basic for these systems, 

allows for a substantial simplification of 

their interaction and provides fidelity, high 

performance of collection and physical 

interpretation of data for plan/actual 

analysis. Despite the fact that oil refineries in 

each of the systems, objectively speaking, 

are different (see Figure 3), the basic part for 

variables 
4321

,,, xxxx   remains the same 

throughout both of them. 

The same approach is used to create a basic 

model of the entire oil refinery, where the 

number of variables in models can reach tens 

of thousands. In this case, it can be quite 

hard to create adequate planning and 

accounting models without the basic model. 

Operational production accounting for the 

leadership of a company, planning and 

balance specialists, production and logistics 

managers is built around the basic model, 

which fosters interaction of specialists of 

different levels for delivery of effective 

managerial solutions and improving the 

quality of planning and reporting.  

 

4. Results and discussion 
 

In the previous section, we have 

demonstrated a mechanism of formation of a 

basic model used for the integration and 

interaction between different systems of an 

oil refinery. It should be noted that, whereas 

the necessity of coordination of the model 

with material flows raises no doubt, the 

optimal degree of detailed elaboration of 

such a model is not obvious. The number of 

material flows at an oil refinery amounts to 

several hundred. Moreover, different kinds 

of raw materials or products can pass 

through the same sector (pipeline). This can 

be illustrated by a simple example (see 

Figure 4). Let a gasoil process unit be able, 

over a certain time interval, produce various 

kinds of products (for example, gasoil №1 

and gasoil №2). Both kinds of gasoil pass 

through the same sectors of the process unit 

and are recorded by the same devices. 

However, they are directed into different 

tanks for loading. The total number of such 

changes of operational modes or flow 

directions (switching) for the entire refinery 

even during one day can be very large, 

which significantly complicates accounting. 

(Somov et al., 2009) proposed to solve the 

above problem by taking into account the 

informational model of the refinery at all the 

instances of flow switching, which, 

undoubtedly, would lead to large amounts of 

manual data input and to the complication of 

the informational model of the refinery. 
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Figure 4. A simplified model of process unit producing two types of products 

 

In terms of programming, such a model 

represents a large number of conditional 

branches, which makes it rather confusing. 

Increasing the amount of switching in an 

informational model of an enterprise leads to 

such a structure of this model as described 

by the term “spaghetti-code”, which means 

that it is weakly structured and difficult to 

support.  One of the founders of structural 

programming E. Dijkstra argued about the 

necessity of formal mathematical analysis of 

the chosen algorithm and its implementation 

in the form of a simplest structured program 

(Dijkstra, 1974). In (Yang & Liu, 2017) it 

was mentioned that before starting solution 

search procedure one should optimize the 

mathematical model of production operation 

scheme in the system. This paper argues for 

the same alternative approach. The 

introduced method is based on the principle 

of optimal location of measuring means for 

an unambiguous reconciliation of material 

balance and minimizing the amount of 

“switching” of flow directions (Kuvykin & 

Kuvykina, 2016). Thus, it can be readily 

shown that in the scheme presented in Figure 

2, in order to determine unambiguously all 

the material flow values 
1321

,...,, xxx , it will 

suffice to measure only four of them –

7654
,,, xxxx ; the rest of the data can be 

easily determined from relations. Naturally, 

despite the fact that four measurements are 

sufficient in Figure 2, the availability of 

additional instruments undoubtedly increases 

the statistical reliability of determining flow 

values.  

Indeed, if there are, for example, only four 

measurements, 
7654

,,, xxxx , and one of the 

instruments is out of order, material balance 

reconciliation according to the scheme 

depicted in Figure 2 becomes impossible. On 

the contrary, if all the flows 
1321

,...,, xxx  

have been measured and one of the 

instruments is out of order, the reliability and 

quality of material balance reconciliation 

remain high. However, the installation of 

additional measuring instruments is not 

always justified due to their high cost. A 

more detailed mathematical substantiation of 

the adequacy of the installed measuring 

instruments is discussed in (Kuvykin & 

Kuvykina, 2016). 

Elimination (minimization) of manual input 

of information (switching) in the model of a 

refinery is an important advantage, because 

the regular introduction of alterations, for 

example, by the dispatching department, 

leads to errors of the informational model 

(due to unavoidable mistakes during input). 

The higher the amount of manual switching 

(Somov et al., 2009), the higher the 

probability of such mistakes. A single input 

mistake can considerably distort the real 

material balance of a refinery. As a result, 

the reliability of the reconciled data can 

significantly decrease. Let us consider a 

simple example. 

For 24 hours, a processing unit has been 

producing only type 1 gasoil (see Figure 4) 

with the final amount of 0
1

 Vx                       

( 0
2
x ). At the same time, when inputting 

flow information into the informational 

1x

2x

5x

6x

Process

Unit
Loading

Tank No1

3x

Tank No2

4x
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model of the refinery, all the amount of the 

gasoil produced by the unit was erroneously 

indicated as sent to a storage tank with type 

2 gasoil. That is, 0
2

 Vx , while a zero 

value is assigned to 
1

x  ( 0
1
x ). As a result 

of an operator’s mistake, the program will 

output either an erroneous solution or no 

solution at all. Detecting an error in a real 

model of oil refinery, which due to a large 

amount of switching is weakly structured, 

can be a difficult task.  

At the same time, eliminating the use of 

manual switching of flow directions in the 

considered example allows the material 

balance reconciliation program to determine 

automatically the amount and type of gasoil 

produced by the unit during the period in 

question. Indeed, taking account of the data 

on shipped product (
65

, xx ), which is always 

a measured value, and the variation of 

residues in the tanks (
43

, xx ), which are also 

measured values at oil refineries, one can 

easily determine the amounts of various 

components of the marketable product 

produced by the process unit during the time 

interval in question: 
351

xxx  , 

462
xxx  . Thus, in the example 

considered, the material balance 

reconciliation system automatically 

determines not only amounts of 

technological flows, but also their type 

(quality). 

Naturally, a model of a real oil refinery is 

more complicated than the example shown 

in Figure 4 and contains several hundreds of 

flows. At the same time, experience shows 

that a material balance reconciliation system 

makes it possible to determine amounts and 

types of technological flows with a high 

degree of accuracy. Additional dispatching is 

required only in exceptional situations, 

primarily, when measurements are not 

sufficient. 

 

 

 

5. Conclusion 
 

The authors have considered the principles 

of improving process models of an oil 

refinery for accounting and planning 

systems. They have demonstrated that 

developing models in APS, and MES 

systems based on a universal (basic) model 

of an oil refinery considerably improves 

interaction and integration of these systems 

into a unified informational space. A basic 

model is a subset of the used models and can 

be determined by the intersection of sets. It 

has been shown that mathematically a basic 

model is written in terms of a balance 

equation matrix. It should be noted that other 

parameters of system models, such as flow 

quality or infrastructural constraints, are 

closely related with technological flows; 

thus, it does not make sense to treat them as 

separate components of the basic model. The 

basic model should be able to respond 

synchronously to alterations made in it at all 

levels.  

The article also presents approaches to 

improving the quality of a basic model of a 

refinery. Minimization of dispatching 

(“switching”) material flow directions within 

the refinery in the model of a refinery is 

shown to be vital for improving its structure 

and reducing errors in the model (due to 

inevitable input errors). 

The methods and approaches to constructing 

models of business processes described in 

the paper are successfully used at the 

“LUKOIL - Nizhegorodnefteorgsintez” 

(Russia) and “Petrotel-LUKOIL” (Romania) 

refineries for integration of the planning, 

material balance, and accounting systems. 

These enterprises are equipped with the ERP 

system (SAP R/3), which provides control 

over accounting transactions, raw material 

supplies, and finished product shipments, 

and is also used for managing warehouses of 

auxiliary material and technical resources. 

The refineries use the following APS: 

optimal production planning (LP) system, 

production scheduling system (Scheduling), 
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as well as the whole set of MES: system for 

production records, system for material 

balance reconciliation, production 

performance system and system for dispatch 

control (see Figure 5). All these information 

systems provide automation of business 

processes of planning, accounting, and 

production control.  Although the 

abovementioned systems belong to different 

levels of management (ERP, APS, MES), 

mathematical models for describing material 

flows contain a common part, and solutions 

for such flows satisfy the fundamental laws 

of conservation of mass and energy. 

 

 

Figure 5. Integration of ERP, APS, MES at 

Petrotel-LUKOIL refinery based on the basic 

model 

 

Use of a universal model in these systems 

has contributed to a qualitative growth of 

interaction efficiency of the related business 

processes, resulting in the improvement of 

the production and marketing activities of 

the above oil refineries. The introduction 

(and use) of these systems has improved the 

planning accuracy and reduced the 

irretrievable losses of oil and oil products. 

The latter led to an increase in economic 

indicators and to the improvement of the 

ecological situation. The speed of formation 

and reliability of the plan-actual analysis 

significantly improved the quality of 

management decisions. 

Introducing changes to the base model 

implies making appropriate adjustments to 

the models of all the systems shown in 

Figure 5. 

It is noteworthy that the use of the universal 

model resulted in a new quality level of the 

process of knowledge transfer among the 

personnel participating in the above-

mentioned business processes. It is 

recommended by (Nonaka & Takeuchi, 

1995) to pay special attention to non-

formalized “tacit” knowledge, which exists 

at the individual level and is difficult to 

formalize. It is closely connected with the 

experience of a particular person and his/her 

habits.  It is difficult to acquire and transfer 

such knowledge to other people, even if it is 

done within a controlled process. It is 

necessary to turn tacit knowledge into 

explicit knowledge in order to facilitate its 

dissemination. Whereas the use of a 

universal model makes it possible to 

formalize (encode) knowledge and speeds up 

knowledge transfer among the personnel of 

the enterprise. In addition, specialists can 

achieve operational efficiency in several 

systems of the enterprise, as they all use the 

same models. 

Thus, the results obtained in the article can 

be considered original because they 

comprise a new approach to improving the 

quality of integration of business processes 

at refineries based on the unification of their 

models. The solution is focused on creating 

such relevant mathematical models of 

business processes that provide the system 

links between them within the entire 

production (plant) as a whole. The authors 

propose a method for systems integration 

based on mathematical modeling and 

systematic approach for processes of 

different levels, which uses a basic model 

common for all systems. Its implementation 

contributes to the creation of a single 

information space and the organization of 

reliable information exchange between 

accounting, planning, dispatching, and 

production management systems. This 
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approach has been implemented in practice 

at two refineries. 

The results are relevant for the industry due 

to the current trend of transition from the 

direct operation of individual information 

systems that automate and improve the 

quality of single processes to the integration 

of several interacting systems for increasing 

the efficiency of a refinery as a whole. 

Further development of the proposed 

systematic approach is aimed both at 

automating the update processes of the 

parameters of enterprise models based on the 

basic model, as well as at synchronous 

modification of mathematical models of 

business processes, when the technological 

flow patterns change.  
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