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ABSTRACT 
 
APC solution is designed to coexist in parallel with existing 
systems, such as MES, ERP as well as DCS, complementing 
them. Moreover, without the presence of a properly 
functioning of DCS, it is premature to talk about the transition 
to APC. 
APC solutions integrate with existing distributed control 
systems (DCS) for optimal plant control.  The idea of the 
model is to build a mathematical representation of the 
controlled process and integrate this model in the control loop 
in real time mode. It is worth saying that in addition to 
mathematical models, which are the “calling card” of the 
solutions offered on the APC market, APC also uses other 
methods of modern automation. One example of the effective 
using of APC in process is stabilization problems, which can 
be solved using the classic PID control, but by using a modern 
APC solution, the problem can be solved more efficiently, for 
example, by not just stabilizing the process, but stabilizing it 
in a technologically feasible and at the same time the most 
cost-effective state of equilibrium. This process is called 
“stock removal by quality”. 
 
Key words: APC, control system, DCS, efficiency.  
 
1. INTRODUCTION 
 
Improving the efficiency of processes at existing refineries is 
one of the priorities and challenging tasks of the oil and gas, 
petrochemical and chemical industries. This task becomes 
especially urgent during periods of crisis in the economy, 
when capital-intensive ways to increase production capacity 
are very limited. One of the most successful and cost-effective 
methods of increasing the efficiency of continuous 
technological processes has been the implementation of 
advanced process control (APC) systems [1]. The role of 
information technology in the automation of processes is 
difficult to overestimate - it is almost impossible to imagine 
up-to-date plant without integrated IT systems, such as ERP, 
MES and Distributed control systems (DCS). 

 
 

1.1 APC  
Advanced process control system (APC) is a hardware and 
software complex that is an add-on to the basic process 
control system (BPCS) and is designed to increase the 
efficiency of technological processes by improving the quality 
of management and continuous optimization of technical 
processes according to specified economic criteria [2]. Figure 
1 shows comparison between systems. 

 
Figure 1: Comparison of classic distributed control system (DCS) 
and advanced process control (APC) system 
 
1.2 Up-to-date plant 
 
Changes in the market situation in many sectors - general 
saturation of the market and increased competition, the 
introduction of new environmental norms and standards, a 
general increase in the cost of production, high energy prices 
- all these and other reasons dictate the need for further 
development of automation in production, in particular, the 
transition to optimal management, first of all, on technical 
and economic indicators of production [3]. The class of 
systems that implement this in practice is called APC 
(Advanced Process Control). 
The key goals of APC implementation are reducing losses and 
increasing production profit by bringing the entire chain of 
processes to the optimal operating mode. APC is an approach 
centered on an IT system that displays and maintains a plant 
operating mode that is optimal from a technical and economic 
point of view [4]. 
There are many examples of successful APC implementations 
in Western countries - for oil refineries, chemical, pulp and 
paper, metallurgical and energy fossil power plants, thus APC 
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applications are expanding continuously, as the demand for 
technology in modern production is growing [5]. For the 
Russian market, APC is still a relatively new technology, and 
Schneider Electric offers an extensive experience and 
developments in this area. 
 
2. APC CONCEPT 
 
First of all, APC is an approach, it is a set of economic, 
technical and organizational measures, the ultimate goal of 
which is to increase the efficiency of a single installation or 
several related installations using non-technological methods 
(i.e. not by purchasing new equipment or updating existing), 
but by optimizing process control. APC is not just an IT 
solution, it is, first, a consulting project to identify new 
opportunities for optimal management of an existing 
technological process. Schneider Electric has adapted the 
western APC project management methodology to ensure 
successful implementation [6]. 
As mentioned above, the main issue solved by APC is 
increasing profits (per unit of processed raw materials or in 
annual terms) due to the optimization of processes. At the 
same time, the implementation of APC also addresses the task 
of reducing the expenditure component (for example, 
reducing energy consumption, optimizing the use of raw 
materials), and, if applicable, reducing equipment 
maintenance costs - for example, reducing catalyst wear [7]. 
There is a third component of each APC implementation, the 
so-called “uncountable profits”, which can be briefly 
described as “intangible benefits from the project” - such as 
reducing accident rate, harmful emissions, equipment 
depreciation, the emergence of a “reserve of time” among 
operators, changing culture in the team towards production 
optimization and an overall increase in employee awareness 
of the process [8]. 
Often the third component is left overboard, which, in our 
opinion, is not entirely correct. 
 
3.COST-EFFECTIVE IMPLEMENTATION of APC 
SYSTEMS 
 
3.1 The main target of APC 
 
The main target of APC is to bring the process plant to the 
maximum economy mode (maximum yield of the most 
valuable products, power consumption minimization, etc.) 
and maintaining this mode [9]. Therefore, the APC project 
should begin with a feasibility study, which includes an 
assessment of potential profits based on a rigorous analysis of 
plant operation data and an estimate of project costs. In this 
case, the operation of the installation should be analyzed 
considering the entire technological chain in which this 
installation is involved, since the “local” optimization of a 
separate technological conversion can give a negative result 
for the installation. 
As a rule, when assessing potential benefits with APC, two 

main measures are cash profit per unit of processed raw 
materials or annual profit (usually in cash). 
 
There are two main sources of profit. To the first (so-called 
countable profit) include an increase in the volume of 
processing, optimization of the yield of products, saving of 
resources (mainly energy) [10]. The second source (the 
so-called "uncountable" profit) involves the reduction of 
repair costs, emissions, accident rate (including through the 
fault of personnel); the emergence of a reserve of time for 
operators to perform other work efficiently; better staff 
awareness of the work of process, etc [11], [12]. 
According to the practical experience of Schneider Electric 
implementation, the profit from APC in percentage terms is 
estimated as follows: increase in production - by 1 ... 10%; 
increase in the output of more valuable products - by 5 ... 
15%; reduction in production costs - by 1 ... 5%; increased 
stability of the regime - by 50%; reduction of the time of 
transition to a new technological mode - by 20 ... 60%. The 
typical payback period for APC projects is 3 ... 6 months. 
In monetary terms, using the example of various 
technological units, the effect of the use of APC in millions of 
dollars per year per unit can be estimated as follows: 
atmospheric separation of oil - 4.0 ... 5.0, vacuum distillation 
- 1.0 ... 1.2, slow coking - 0.8 ... 1.0, catalytic cracking - 3.5 ... 
4.0, catalytic reforming - 0.9 ... 1.1, alkylation - 1.0 ... 1.2, 
gasoline mixing - 2.5 ... 3.0, steam production - 1.0 ... 1.5, 
dewaxing oils - 0.8 ... 1.0, ammonia production - more than 
0.5. Figure 2 shows the comparative economic effect that can 
be obtained using various sources of industrial automation. 
As you can see, the lion's share of the effect (up to 65% of all 
that is possible) can be obtained through APC. In this case, 
the necessary investments in the amount of only 20% of the 
total [13]. In other words, APC projects are the most effective. 
At the same time, unfortunately, it is impossible to start them 
without the corresponding (and very significant) costs of basic 
and advanced regulation, as evidenced by the lower part of the 
schedule [14]. 
Leading vendors of APC systems have at their disposal the 
tools to evaluate this effect at the stage of a preliminary 
production survey. The assessments obtained at the stage of 
the preliminary analysis of the object serve as the basis for the 
post-project audit, i.e. confirmation of the actual effect 
obtained from the implementation of advanced management. 
 

 
Figure 2: The economic effect given with APC implementation 
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3.2APC's IT landscape 
 
What is unique in the APC solutions on the market? First, 
management based on predictive models of a control unit (or 
MPC: Model Predictive Control). The basic principles of 
operation of the multi-parameter controller MPC model in 
AVEVA APC [15]. Figure 3 shows presentation of the actual 
responses of the process in the form of a multi-parameter 
dynamic model. Each model predicts the direction, "shape" 
and size of the response. A model is developed by collecting 
information from process response tests. 

 
Figure 3: Representation of the actual responses of the process in 
the form of a multi-parameter dynamic model 
 
The AVEVA APC math apparatus consists of five main steps. 
Initial data collection 
At the first stage, data on the operation of the system is 
collected and a matrix of system responses is generated [16]. 
Figure show the matrix of changes in controlled variables 
(CV) when exposed to a manipulated variables (MV). 

 
Figure 4: System response matrix 
 
3.3 Model definition 
 
Autoregressive component - the state of the system is 
determined based on previous states of the system with 
regressing coefficients. 

(1) 
 
Component of the final impulse characteristics (FIC) - the 
state of the system is determined by the response to the 
instantaneous value of the input and the sum of all gradually 
decaying responses of previous signals that still affect the 
output [17]. Figure 5 shows the interaction of the components. 

 
Figure 5: The interaction of the components of the APC system 
 
4.LEAST SQUARE METHOD 
 
The task is to find the best values of the parameters b that 
bring the values of f (x, b) as close as possible to the actual 
values of y. It all comes down to solving an overdetermined 
system of equations for b: 
The essence of LSM is to find such parameters b for which the 
sum of the squared deviations will be minimal: Figure 6 
shows the result of the least squares method. Thus, we find all 
unknown parameters from the equations of the model and can 
predict the behavior of the system in the future: 
 

                  (2) 
 

                    (3) 
 
 

(4) 

 

 
  
Figure 6: The result of LSM 
 
The solution to the control problem. Quadratic programming 
Now we can predict the values of the controlled variables CV 
by defining certain manipulated variables MV. 
The inverse problem is to determine the values of the 
manipulated variables MV to keep the controlled variables 
CV within the given boundaries. Figure 7 shows defining of 
MV. 
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Figure 7: Defining of manipulated variables (MV) 
 

 (5) 
 
The process of solving the optimization problem 
(minimization or maximization) of a quadratic function of 
several variables with linear restrictions on these variables. 
In short form, the solution has the form: 
• MV limit such as: minimum value, maximum value, 
increment. 
• Soft restrictions on CV. Soft restrictions may be violated so 
that a mathematical solution exists. 
Figure 8 shows the result is a sequential set of steps for all 
MVs to achieve the required level of controlled CV variables. 

 
Figure 8: A sequential set of steps for all MVs 
 
5. THE OPTIMIZATION PROBLEM 
 
Figure 1 shows the optimization task is the calculation of 
cost-effective working conditions for the process, based on the 
determination of the economic value of each variable. 
The solution is through linear programming in real time 
(Linear Programming, LP). LP implements limited 
optimization and maximizes the value of the “profit function”, 
which expresses the overall economic effect of the process. 
The LP solution is the established conditions for the process, 
namely a set of values for each of the variables under 
consideration, which (if applied) will lead to maximum 
economic benefit. 
Virtual APC System Analyzers 
Separately, it is worth noting that all modern APC solutions 
support working with virtual analyzers - mathematical 

models that allow, for example, to calculate the qualitative 
characteristics of a manufactured product based on directly 
measured data. This is especially true if there are no in-line 
analyzers or their readings are not reliable for real-time 
regulation. Virtual analyzers become sensors of APC 
solutions, based on deviations of their indicators, a real-time 
control action is carried out. It is important to understand that 
virtual analyzers, being models in their essence, can 
quantitatively reflect almost any production indicator that is 
not measured directly. To the question of the controlling 
effects of APC systems - if the deviation of the sensor readings 
exceeds a certain threshold, the mathematical model will 
calculate the corrective action and, through the software 
interface, will report the new target value to the PID 
controllers and bring the system to the optimal operating 
mode in the new conditions. Thus, the APC-system acts as a 
master controller, automatically calculating the control 
actions for optimal operation, and PID-controllers as slaves. 
Thus, by fine-tuning the system, the effects of external 
disturbances will be suppressed, and the process will work in 
close to optimal mode. 
Figure 9 shows AVEVA APC solution used: 
• Nonlinear models of the neural network. 
• Linear models using partially the least squares method / 
principle of component analysis. 
• The use of laboratory data to adjust the effect of 
disturbances. 
• Values obtained from virtual analyzers can be used as 
controlled variables (CVs) in APC. 

 
Figure 9: AVEVA APC virtual analyzers 
 
An example of the implementation of AVEVA APC in the 
Russian Federation 
The positive experience in implementation and operating the 
control system both worldwide and in Russia has led to a 
significant increase in interest in them from enterprises 
seeking to improve production efficiency. Such advanced 
enterprises include SIBUR. SIBUR is one of the largest 
integrated gas processing and petrochemical companies in 
Russia engaged in the processing of oil and gas production 
products into fuel and raw materials and synthetic materials. 
SIBUR owns and operates Russia's largest integrated 
infrastructure for the processing and transportation of 
associated gas and natural gas liquids, located mainly in 
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Western Siberia, the largest Russian oil and gas producing 
region. 
 
Hanging production efficiency is one of the main goals set by 
SIBUR. The company implements a range of various 
measures to achieve it. Events are of a different nature and are 
aimed, inter alia, at the introduction of new technologies, site 
separation ethane-propane fraction. 
For each technological unit, the project provides a list of 
controlled parameters (CV) and constraints (LV), 
manipulated variables (MV) and optimization goals. Virtual 
analyzers of quality indicators of product fractions, which are 
part of the control system of the GFU unit, provide their 
calculation (assessment) in real time with a frequency of 10 s, 
which is more than enough to control the inertial rectification 
process. Figure 9 shows that virtual analyzers are 
dependencies (mathematical models) between key indicators 
of product quality and process parameters. Figure 10 shows 
on the process flow chart which virtual analyzers were 
implemented were used during the design of the control 
system: 
• propane content in dry gas. 
• content of isobutane in the propane fraction. 
• ethane content in the propane fraction. 
• propane content in the isobutane fraction. 
• butane content in the isobutane fraction. 
• isobutane content in the butane fraction. 
• pentane content in the isopentane fraction. 
• isopentane content in the stable natural gasoline. 

 
Figure 10: GFU unit flow chart with virtual analyzers 
 
The quality of the implemented virtual analyzers is at a high 
level, which is confirmed during operation by a minimum 
deviation and a high degree of correlation with laboratory 
analysis data. The process control system receives all the 
necessary data from the process control system and transmits 
control actions and calculated information in the opposite 
direction with a frequency of 10 s. From the Yokogawa 
Centum CS3000 DCS to the AVEVA APC control system, 
the following are transferred: setpoints from operator (SP), 
current values of the process parameters (PV), restrictions for 
the control system parameters, diagnostic parameters of the 
status of control loops, PID controller operating modes 

(MODE), enable / disable signals multi-parameter controllers, 
watchdogs, laboratory test values. In the opposite direction 
are transmitted: the values of the settings for the slave PID 
controllers (SP_OUT), the state of the multi-parameter 
controllers, watchdogs, readings of virtual analyzers. Special 
algorithms for diagnosing data transmission, implemented 
both on the control system side and on the control system side, 
are used to assess the status of control loops and the reliability 
of transmitted input / output information, ensuring the 
reliability of the system. In the event of an emergency in 
which the operation of the control system is not possible, the 
diagnostic algorithms will automatically turn off the 
multi-parameter controllers, informing the operator about 
this and transfer the control system PID controllers to 
predefined operating modes and transferring control to the 
operator. Monitoring and determining the quality of work of 
the control system are based on the analysis of key 
performance indicators (KPI) of the functioning of both the 
system itself and the technological installation. Information 
on the effectiveness of the APC is presented in the form of 
reports in MS Excel format. To build reports, AVEVA APC 
Reporter software is used. These reports are used in the 
maintenance and continuous improvement of the quality of 
the control system and the technological installation. Reports 
can be generated both “on demand” for a specified period, and 
automatically for a certain period (shift, day, month, etc.). 
The information contained in the reports is provided in a 
convenient tabular and graphical form and can be modified in 
accordance with the wishes of the customer. The standard 
report includes data on the operation of virtual analyzers, data 
on the operation of each multi-parameter controller, summary 
reports on key indicators of the quality and overall 
performance of the installation. Analysis of the effectiveness 
of the control system is carried out by comparing the current 
values of KPI indicators with predetermined restrictions. 
There is a standard set of key parameters for the effectiveness 
of the control system. During the implementation of the 
project, the specified set is supplemented with key parameters 
of the efficiency of the technological installation. 

 
Figure 11: Comparison of the specific heat consumption of the 
installation before and after the introduction of the advanced process 
control (APC) 
 
Dynamic simulation  
Advanced Process Control (APC) provides strict control of 
key process variables based on a dynamic model. This 
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eliminates the mutual influence and mismatch of the 
operation of individual control loops. As a result, production 
processes become more efficient - and economic benefits 
increase. As part of the project, a high-fidelity dynamic model 
of the process was developed in the DYNSIM Sim Sci 
software. Figure 12 shows the dynamic model in the software 
environment. 

 
Figure 12: Dynamic model of gas fractionation unit 
 
6. THE ECONOMIC EFFECT OF IMPLEMENTING 
AVEVA APC 
 
The introduction of the process control system at the 
installation of the Central Federal State Institution 
Uralorgsintez showed the high efficiency of this solution. The 
declared economic effect was fully confirmed after the 
implementation of the AVEVA APC. The overall economic 
effect of the introduction of the process control system at the 
GFU unit amounted to $ 948,036,112 / year. Figure 11 shows 
the effect which was obtained by reducing the consumption of 
thermal energy used for heating the columns, while 
maintaining the basic technological limitations and 
specifications for the quality of the products obtained. The 
estimated payback period was five months. The successful 
implementation of the control system was facilitated by the 
professionalism and support of the staff of plant, the 
laboratory of the plant, and the specialists of SIBUR. The 
SIBUR company is carrying out systematic work to develop 
this area at its facilities: new projects are underway to create a 
process control system, work is underway to examine 
technological facilities for the feasibility of implementing 
such systems. These events make a significant contribution to 
the development of the enterprise and significantly increase 
production efficiency. 

 

7. CONCLUSION 
 
To summarize all the above, APC is more a set of methods 
than just software, which includes reorienting the culture of 
the entire enterprise to optimize existing processes. At the 
core of the APC solution is a software package that is tightly 
integrated with existing DCS and works on complex 
mathematical models. 
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