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ABSTRACT

The work is devoted to solving topical issues of energy and resource conservation (ERC) and increasing energy 
efficiency for hydrocarbon processing enterprises, considering the high energy intensity of industry process facilities, 
which is due to both objective reasons and irrational use of fuel and energy resources and direct heat losses. The 
goals and objectives of this work are to generalize and classify ERC approaches, proposals, methodologies and 
methods as applied to the hydrocarbon processing industry with an analysis of cases of their implementation, 
considering the “bottlenecks” of typical process facilities in the industry. The paper analyses the proposed areas 
and approaches to solving ERC problems in oil and gas processing, in particular, the implementation of a systemic 
approach, decomposition principles, thermal integration methods, including between different-level objects, the use of 
pinch analysis to assess the potential for heat recovery and optimize heat exchange systems, the use of digitalization 
methods and computer modeling technologies, etc. As an example of energy and resource conservation, a rectification 
unit of a gas fractionation unit with a heat pump in its composition instead of the traditional approach to creating a 
temperature regime in the column is considered. It has been shown that this will reduce energy costs due to heat loss 
to the atmosphere, the use of its own flow as a coolant with savings in water vapor resources and the cost of cooling 
the product in air coolers. Together, this will lead to a more rational use of the process facility’s own resources.
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INTRODUCTION

Recently, much attention has been paid to issues of 
rational use of energy resources in all areas of human 
activity, especially in energy-intensive industries of 
extraction and processing of natural resources.

At the same time, the demand for energy resources 
and the extraction of fuel and energy resources (FER) 
continue to grow. Thus, the projected increase in energy 
demand in the world may be about 30 % by 2040, and in 
the industrial sector, the growth of energy consumption 
may be at the level of 11 % over 25 years with a growth 
rate of 0.4 % year-1 [1, 2]. Given the trends towards a 

constantly increasing demand for energy, these issues 
will obviously remain among the priorities for quite a 
long time. At the same time, not only the problems of 
optimizing energy consumption for production needs 
are being addressed, but also the currently very relevant 
environmental aspects, considering the priority “green” 
agenda.

The issues of energy and resource conservation 
are especially relevant in the hydrocarbon processing 
industries - oil and gas processing and petrochemical 
industry, which are characterized by high total and 
specific energy costs. This is primarily due to several 
objective reasons:
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- large production capacities of enterprises for the 
preparation and processing of hydrocarbon (HC) raw 
materials and, accordingly, high energy costs;

- continuous production, which determines the 
presence of many complexly interconnected units of 
technological equipment intended for the implementation 
of target or auxiliary processes, as well as high energy 
costs for the movement of raw materials, products, semi-
finished and auxiliary flows within processing facilities;

- a very wide range of changes in key parameters 
for conducting technological processes: variation of 
temperature parameters - from low negative (about 
minus 100°C and below) to high positive (up to 1000°C 
and above), and a very wide range of pressure changes 
- from vacuum to values of hundreds of MPa, which 
requires corresponding costs for their creation and 
maintenance of equipment operating modes;

- growing demands for deepening the processing 
of petroleum with the implementation of secondary 
catalytic processes and the involvement of various oil 
residues in the processing; for improving the quality 
of petroleum products with the satisfaction of not only 
operational characteristics, but also environmental 
requirements.

Considering the long service life of domestic 
industry plants for processing hydrocarbon raw 
materials, the reasons for increased energy consumption 
include the obsolescence of equipment and its high 
degree of wear, which dictates the need for technical 
re-equipment and modernization [3].

As a result, the share of energy costs in the 
processing of hydrocarbons is quite significant and for 
highly energy-intensive oil refineries (OR) it can reach up 
to half of all operating costs, with up to a third of the costs 
directly attributable to the distillation of oil, and when 
implementing catalytic processes for deep processing - 
more than half of the energy consumption [4].

At the same time, despite the objective factors of 
high energy consumption, researchers of the problem 
note the irrational use of energy resources and high heat 
losses during oil and gas refining, and the presence of 
significant reserves of energy and resource conservation 
(ERC) in the industry. According to the known data, the 
potential for increasing energy efficiency (EE) in relation 
to oil refining can be estimated at 40 % [5 - 7].

The theoretical potential savings in thermal energy 
for oil refineries based on calculations can vary in the 

range of 48 - 73 % depending on the adopted temperature 
difference between the streams, and for optimal values of 
the driving force (DF), the actual savings are predicted 
to be around 35 % [8].

It is noted that the main reserves - up to 90 % - are 
directly related to technological processes (with their 
optimization), primarily with recuperative heat exchange 
systems, which will reduce energy consumption by at 
least 10 - 20 % with potential for values in the range of 
40 - 50 % [1].

Researchers of the problem also note the rather low 
level of efficiently used heat in domestic practice, which in 
relation to oil refineries is within 23 - 26 %, and the rest is 
accounted for by irrationally used resources and heat losses. 
Losses are usually associated with heat dissipation into the 
environment from hot surfaces of equipment and pipelines, 
with flue gases from furnaces and other equipment with 
open flame, with the most common coolants - water 
and air - at the level of 8 - 12 %, 14 - 16 %, 48 - 52 % 
respectively [9 - 12].

Thus, it should be noted that it is important to 
address the ERC issues for hydrocarbon processing 
enterprises and improve their energy efficiency, which 
determined the goals and objectives of this work - 
generalization and classification of ERC approaches, 
proposals, methodologies and methods applicable to 
the hydrocarbon processing industry with an analysis of 
examples of their implementation, taking into account 
the “bottlenecks” of typical technological facilities in 
the industry.

EXPERIMENTAL

For the practical implementation of the tasks of 
energy and resource conservation and energy efficiency 
improvement (ERC and EE) of oil and gas processing 
facilities and the evaluation of the results, various 
methods and methodological approaches have been 
proposed:

- methods of mathematical modelling, including 
economic-mathematical, mathematical programming, 
regression analysis [13 - 15];

- pinch analysis, as well as variations of the method - 
construction and analysis of STEP diagrams, which have 
advantages over the analysis of composite curves with 
the ability to customize modernization options and assess 
the ERC potential; THE BASYC SELOOP© method, 
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which is a development of pinch analysis, diagnostics 
and design methods, as well as the construction and 
analysis of grid (mesh) diagrams with the display of 
new heat exchange systems; also thermo-economic 
analysis, combining thermodynamic principles and data 
on production costs for their minimization [16];

- methods of digitalization, artificial intelligence and 
data management (Data mining), computer modelling; 
digital resource conservation considering the costs of 
digitalization for an oil refining enterprise can provide 
a reduction in energy intensity by 3.6 % [17, 18].

The tools for solving ERC problems in the conditions 
of their complexity and multidimensionality in the 
industry are the use of software packages - traditionally 
Aspen HYSYS, as well as more narrowly specialized 
ones, in particular - Pinch-2.02; Anselm DR software for 
collecting and processing a large array of initial data for 
conducting pinch analysis; Aspen One ® V9.0.

RESULTS AND DISCUSSION

Since the emergence of areas related to solving 
the problem of increasing the energy efficiency of 
industrial facilities, a large amount of experience has 
been accumulated in implementing proposals for energy 
efficiency and increasing EE, as well as theoretical 
justification for approaches to their implementation.

In the theory and practice of solving problems 
of rationalization of energy resources use, various 
approaches, methods, ways, directions of ERC are 
proposed. Traditionally several common approaches 
are noted, summarizing and generalizing which, the 
following points can be highlighted:

- optimization of the parameters and operating 
modes of technological equipment of production 
facilities from the standpoint of minimizing energy costs 
for the process; first, this applies to the organization of 
heat and mass transfer processes, as key ones in the 
processing of hydrocarbons and chemical processes - in 
the deep conversion of hydrocarbons [19];

- replacement of process equipment with more 
efficient types and varieties; constructive modernization 
of the equipment and internal elements used; use of 
a method of combining process operations based on 
various types of chemical engineering processes in one 
unit of process equipment;

- involvement in recovery of the maximum possible 

number of flows of technological objects; wider use of 
secondary energy resources (SER) and low-potential 
heat (LPH) with minimization of the use of third-party 
flows;

- development (synthesis) of optimal, flexible, cost-
effective heat exchange systems with wider use of the 
principles of integration of heat flows of multi-level 
technological objects; at the same time, the principle of 
heat integration at the inter-plant level itself can provide 
an additional reduction in energy consumption of up to 
20 - 25 %.

Much attention is paid to the issues of organizing 
thermal integration within a technological facility 
and between them, considering the energy saving 
reserves hidden in this with the possibility of using the 
underutilized potential of some facilities on others. The 
inter-process (IP) heat exchange capabilities and the 
comparison of direct integration within the plant with 
recovery between adjacent units showed a heat saving 
potential of 27 - 42 % when combining IP integration 
with indirect recovery within the facility through its 
steam system.

The literature also considers the issues of using 
thermal potential (including LPH as applied to refineries) 
for generating electric power using engines with an 
organic Rankine cycle (ORC), as well as the possibility 
of producing steam in heat pumps (MVC) with an 
assessment of the conditions of their applicability in 
different countries, or the use of a waste heat steam 
generator [20, 21]. An example of an integrated system 
for generating electric power - the integration of a 
turboexpander into the reboiler system of rectification 
columns during oil distillation with the additional 
possibility of generating electric power at a predictably 
high exergy efficiency is also described [8].

Alternative approaches to solving the ERC problem 
are also proposed preheating of oil before distillation 
using solar energy with the possibility of providing about 
10 % of the required preheating [22]. When analysing 
the objective reasons for high energy costs discussed 
above, it is rational to highlight two key points in the 
structure of energy costs:

- costs of maintaining temperature conditions for 
conducting processes, which is most often achieved 
through heat exchange systems, including heat exchange 
devices and tubular furnaces and the use of appropriate 
heat carriers/coolants;
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- costs for moving flows within facilities and 
creating the pressures required to implement the process; 
this is achieved primarily through pump and compressor 
equipment (PCE).

Taking this into account, approaches to the ERC will 
be determined. In particular, to reduce the first group 
of costs using more efficient varieties, it is possible to 
propose measures to improve operating modes, heat 
exchange systems, to increase the efficiency of using 
the heat and energy potential of installation flows, 
heat recovery, reduce its irrational losses, etc., as well 
as technical aspects of the ERC associated with the 
improvement of devices and their design features in 
order to increase the efficiency of transfer and use of 
energy potential. For the second group of energy costs, as 
ERC measures, it is possible to implement, first of all, all 
possible approaches to reduce hydraulic resistance when 
moving flows along the system of process pipelines 
and through devices - with a decrease in the resistance 
of their internal elements; the second large area here 
concerns the use of more energy-efficient units of PCE 
with the implementation of measures to reduce their 
energy consumption.

When considering the technical aspects of ERC 
measures, it is possible to note both the replacement 
of equipment or elements with more efficient ones, 
and the implementation of methods for increasing the 
efficiency of existing units. It is possible to propose 
replacing heat exchangers with more efficient plate ones, 
which can reduce energy consumption by 23 % or the use 
of devices with twisted tubes or expanded metal sheets. 
Among the possible modifications, it is also possible to note 
the application of ultra-thin graphene coatings, ultrasonic 
technology for protecting heat exchange surfaces from 
scale with an increase in energy saving indicators by 9.1 %, 
the use of a unit for cleaning finned tubes in ACU with 
an increase in EE indicators by 8.5 % [23, 24].

Considering the extreme diversity of approaches, 
techniques and specific proposals proposed by 
researchers in the field of electronic data collection, it 
is necessary to generalize and classify them, which will 
ensure a scientifically based approach when developing 
modernization proposals for specific objects of study.

We note the classification approaches aimed at 
optimizing chemical-technological systems (CHTS), 
which include all complex production facilities of 
the industry and the intensification of chemical-

technological processes (CTP) occurring in them, 
considered at various hierarchical levels.

The main ERC method applied to the CTS is the 
method of best use of the driving force (DF) of processes 
- as a fundamental principle for ERC approaches; as well 
as other methods aimed at ensuring it (in particular, the 
most complete processing of raw materials; optimization 
of modes, rational use of fuel and energy resources - 
FER, etc.). The applicability of the specified methods 
is ensured using various techniques grouped as follows: 
mode-parametric, technological, hardware-design and 
organizational-technical.

Considering the extreme complexity of technological 
enterprises for processing hydrocarbon raw materials, 
it is rational to consider them from the standpoint of 
a systemic approach as complex and large chemical-
technological systems and considering the development 
of energy-resource-efficient (ERE) systems, to consider 
industry facilities as chemical-energy-technological 
systems (CHETS). This accordingly requires the use of 
methods of the theory of analysis, synthesis (in modern 
conditions - automated) and optimization of CHTS, as 
well as engineering theory, for their analysis, study, and 
development.

Of the known principles of automated design, when 
developing ERE systems, the following varieties of 
decomposition principles are used: integral-hypothetical, 
evolutionary. The widely used decomposition approach 
is well suited for developing ERE CHTS as applied to 
the industry, allowing to reduce the dimensionality of the 
tasks being solved, dividing them into subtasks. In this 
case, the solution to the general problem of optimizing 
heat exchange systems and minimizing the number of 
heat exchange devices is carried out using transport 
models of mixed integer programming or a model with 
intermediate points.

In addition to direct methods of assessing energy 
efficiency for industry enterprises, comparative 
assessment methods are also used, for example, the 
Solomon method, developed for oil refineries, used for 
domestic oil refineries. It is also possible to use industry 
benchmarking with the possibility of using the method 
within one company or industry. An energy efficiency 
index without considering heat losses, indicating the 
degree of perfection of the process, has also been 
proposed as an indicator for assessing EE.

When summarizing the literature data, it should be 
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noted that there are a variety of approaches to solving 
the problems of increasing the efficiency of using energy 
potential at hydrocarbon processing facilities, and in 
order to select priority areas of ERC, first of all, it is 
necessary to analyse the process and equipment design of 
the facility under study in order to identify “bottlenecks” 
that require priority solutions.

To solve the problem under consideration, the 
authors analysed various objects of preparation and 
processing of hydrocarbon raw materials, in particular 
preparation and processing of hydrocarbon gases, 
deep processing of hydrocarbon raw materials, 
petrochemicals, concerning the optimization of their 
heat exchange systems [25, 26]. The following methods 
were chosen as research methods:

- a systemic approach and analysis of chemical and 
technical systems, taking into account the complexity 
of industry production facilities, which allows them to 
be structured and facilitate the tasks of ERC analysis;

- decomposition of the systems under study, which 
allows us to simplify the analysis of heat-technological 
schemes and material and energy flows of units, identify 
bottlenecks, energy saving reserves and search for ways 

of thermal integration;
- pinch analysis - as the most effective method for 

finding ways to save energy and optimize the use of its 
own energy potential within a technological facility and 
ways to modernize the heat exchange system.

This paper examines the potential for energy and 
resource conservation for the rectification unit of a 
gas fractionation unit (GFU) by using the heat pump 
principle. The gas fractionation unit (Fig. 1) is designed 
to separate the wide fraction of light hydrocarbons 
(WFLH) into individual alkanes by isolating and then 
separating narrow fractions.

The paper analyses the heat-engineering scheme 
of the unit with the identification of the areas of the 
ERC modernization for the unit. The initial analysis of 
the scheme showed that the unit is represented by six 
rectification units with simple columns for maintaining 
the temperature regime of which the traditional approach 
is used - maintaining the temperature of the top of the 
columns due to condensation and cooling of the distillate 
with the return of part of the flow as irrigation of the 
columns, and the formation of the temperature regime of 
the cube is ensured by installing a reboiler with heating 

Fig. 1. Schematic diagram of a gas fractionation unit.
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and evaporation of part of the bottom liquid. To ensure 
the operating modes, external heat carriers/coolants are 
involved - water vapor and air used in air coolers (ACU).

This is irrational from the standpoint of ERC 
approaches, since it requires energy expenditure for 
steam generation; for air injection into the ACU; in 
addition, direct heat losses of distillate flows occur in 
air coolers - its dispersion into the atmosphere. Analysis 
of the operating modes of the main apparatus of the 
installation - rectification columns showed a low energy 
potential of the unit’s own flows, which does not allow 
for full heat recovery. In confirmation, we note the 
following temperature indicators:

- the temperature of the top of the columns varies 
within the range of 45 - 65°C;

- the cube temperature - within 60 - 128°C.
This allows only some higher temperature flows to 

be involved in the recuperative heat exchange.
In this case, in order to increase the degree of use of 

the own potential, it is rational to consider the principle 
of a heat pump, when it is possible to increase the flow 
potential due to the increase in pressure, which will 
naturally lead to an increase in the flow temperature 
with the possibility of using it as a heat carrier, which 
will eliminate the need to involve third-party heat 
carriers. The literature considers examples of using this 
approach for oil refining enterprises. In particular, the 
possibility of saving up to 11 - 12 MW of heat on hot 
and cold utilities during gas fractionation at oil refineries 
using heat pumps has been shown; in addition, the low-

potential heat of distillate products can be used to heat 
auxiliary flows - industrial heat and friction water. The 
advantages of using heat pumps for rectification units 
over other methods with a reduction in total costs for 
the implementation of the process of up to 45 % have 
also been shown [27, 28].

To determine the possibility of using the heat 
pump principle, the operating parameters in the 
rectification units were analysed, taking into account the 
recommended limitations on the temperature difference 
of flows - no more than 30°C, and the pressures should 
be higher than atmospheric, but not high. Taking this 
into account, more suitable objects for the GFU are 
the columns for separating isobutane-butane (K-3) 
and isopentane-pentane (K-4) fractions, where the 
temperature difference along the column height is 21°C 
and 20°C, and the maximum pressure is 0.95 MPa and 
0.22 MPa, respectively.

The K-3 column rectification unit was selected for 
consideration, implementing the process modelling 
with the traditional method of maintaining the column 
mode and using a heat pump in the Aspen HYSYS 
software package. The current version (Fig. 2) provides 
for cooling and condensation of the upper product flow 
in the ACU with additional cooling in a water cooler, 
and to maintain the temperature of the cube, part of the 
bottom liquid is heated with water vapor in a reboiler. 
The proposed version provides for the inclusion of a 
compressor KC-1 in the circuit on the distillate line K-3 
with the provision of heating of the flow for the possibility 

Fig. 2. Design options for the rectification unit in a traditional version and with the inclusion of a heat pump.
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of using it as a heat carrier instead of steam supplied to 
T-7. To create a K-3 reflux flow, a subsequent pressure 
release is provided when installing a throttle valve D-1 to 
obtain the temperatures necessary for the phlegm.   

The modelling was based on the principles of 
constancy of the component composition of the raw 
material, product quality, and operating parameters in the 
corresponding parts of the column. The initial data for 
modelling are given in Table 1. The resulting model of 
the rectification unit with the inclusion of a compressor, 
recuperative heat exchanger, throttle, and separator in 
the system is shown in Fig. 3.

The process simulation demonstrates the possibility 
of implementing this approach and selecting a 
compressor, throttle and recuperative heat exchanger. 
Its use ensures:

- due to increased energy potential, low-potential 

flow of distillate product using it as a heat carrier in a 
reboiler instead of an external heat carrier - water vapor; 
with the elimination of energy costs for the generation 
of steam and its movement through pipelines and 
through the unit, as well as the elimination of steam as 
a material flow;

- elimination of direct heat losses during cooling of 
the upper product flow in air coolers; and, accordingly, 
energy costs for the operation of the ACU fan.

Additional costs when including a heat pump in 
the system include the costs of new equipment units, 
re-piping of the system, and electricity costs to operate 
the compressor. The approximate energy savings due to 
the elimination of the need for heat-transfer steam and 
savings in the costs of steam condensation in the ACU, 
according to the calculated data (according to the model), 
are estimated at 72 MW.

Composition of raw 
materials, % wt. Values Operating parameters Values

Propane 0.09 Top/feed/cube temperature, ºС 62/76/83
Isobutane 35.59 Top/Cube pressure, MPa 0.85/0.95
n-Butane 64.3 Phlegm ratio 10 - 13
Isopentane 0.02 Number of plates 119

Mole fraction of i-butane in distillate / 
in bottoms product 0.99/0.01

Table 1. Initial data for building the model.

Fig. 3. Model of the rectification unit of the isobutane-butane fraction separation column with the inclusion of a heat pump.
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CONCLUSIONS

In the course of the work, an analysis of oil and gas 
processing problems was performed from the standpoint 
of high total and specific energy costs of the state with a 
generalization and classification of the ERC approaches, 
proposals, methodologies and methods applicable to 
the hydrocarbon processing industry, on the basis of 
which the need for a systemic approach to the study and 
analysis of complex industry objects was noted; their 
decomposition with an analysis of heat-technological 
schemes; identification of “bottlenecks”; determination 
of the heat recovery potential, including low-potential, 
with the definition of thermal integration options, 
including between process facilities of different levels.

Some examples of the implementation of ERC 
approaches at industry enterprises are considered, 
including technological and technical aspects of energy 
saving. An example of a possible modernization for 
a rectification unit using a heat pump instead of the 
heat exchangers traditionally used in units with the 
involvement of third-party heat carriers is considered. 
This approach will ensure the minimization of heat 
losses in air coolers and the costs of condensation and 
cooling, and will also eliminate the use of steam as a heat 
carrier when converting low-potential heat of a distillate 
product into a higher-potential one due to compression 
in a compressor.
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