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Abstract. The actual task of the state is to increase the energy efficiency of the oil refinery. The object of research is a
vacuum distillation unit, including a preheating unit for raw materials and a furnace for heating fuel oil before the
column. Pinch analysis allows to analyze and optimize a large number of heat flows. In this study the analysis and
enhancement of efficiency of the research object is carried out by enthalpy pinch analysis. In order to reduce the heat
load of the furnaces, the additional flows were introduced into the heat exchange system of the oil heating unit. Para-
metric optimization of the new heat exchange system was carried out. The minimum needs of the heat exchange sys-
tem in external energy carriers are determined. An enthalpy cascade of the heat exchange system has been construct-
ed, which clearly shows the distribution of heat between each heat flow of the system. In the analysis of the energy
efficiency of a furnace, an important point is the determination of the optimal heat capacity of the combustion prod-
ucts. In this work, we have determined the optimal flow heat capacity, at which the heat loss with the exhaust gases is
minimal. As a result of the studies carried out, the efficiency of the fuel oil preheating unit has been increased by
maximizing heat recovery, and the cost of external energy carriers has been minimized. By reducing heat loss with
flue gases, it was possible to increase the efficiency of the furnace.

Keywords: vacuum distillation unit; energy efficiency; pinch analysis; heat cascade; enthalpy

Received: 10.03.2023 Accepted: 20.06.2023 Online: 19.07.2023 Published: 19.07.2023

Introduction. Increasing energy efficiency is the main factor in the economic growth of an en-
terprise and the state [1-3]. Energy efficient technologies can reduce the consumption of natural re-
sources and reduce environmental damage [4-6]. Federal Law N 296-FZ of July 2, 2021 “On Limit-
ing Greenhouse Gas Emissions” confirms the relevance of reducing emissions to the environment.

Scientists around the world create energy efficient technologies [7-9]. Modern research in-
cludes computer technology [10-12]. There are many different methods for assessing energy effi-
ciency [13-15]. Current areas of research are the so-called 4-E [16]: enthalpy, exergy, exergoeconomics,
and economic analysis. Research is moving forward and 4-E can be supplemented with environmental
analysis [17-20].

One of the efficient methods for optimizing heat flows is pinch analysis [21]. Theoretical foun-
dations in the field of integration of thermal processes and pinch analysis are presented in the work
of R.Smith et al. [22, 23]. Pinch analysis makes it possible to work with a large number of heat
flows. This method performs parametric and structural optimization of the heat exchange system.

The oil refining industry is energy intensive [20] — the plants have a large amount of heat flows
with large potentials of thermal energy. Therefore, the use of pinch analysis is advisable in oil re-
fineries [24-26].
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The study [27] presents in detail a method for improving the energy efficiency of primary oil
distillation units without making changes to the structure of the heat exchange network. Increasing
the economic efficiency of process units is achieved through the use of mathematical programming
methods. The authors of the study also achieved a reduction in carbon dioxide emissions into the
environment.

A common method for designing heat exchange networks is the graphical method of process
integration [28]. This method has a number of significant advantages, in particular, interactive visu-
alization of the heat exchange network analysis is provided. This advantage can replace the use of
various software products (Aspen Energy Analyser, etc.). This method was practically used in the
modernization of an oil refinery in Kuwait [29]. However, this method is applicable only to heat ex-
change networks with one minimum temperature difference.

One of the main results of the study [30] is the development of a graphical tool for designing heat
exchange networks with the simultaneous presence of several minimum temperature differences.

The work [31] gives an example of optimization of the heat exchange network of the primary oil
distillation unit located in Bahrain. Particular attention is paid to the reduction of carbon dioxide emis-
sions.

Pinch analysis includes various tools: parametric optimization, structural optimization, grand
compound curve, and thermal cascades. There are various options for using pinch analysis: enthal-
py, exergy, etc. [32-34]. The method of structural and parametric optimization based on exergy
pinch analysis was described in previous studies [35]. The novelty of this study is the use of pinch
analysis technology to analyze and develop measures to improve the energy efficiency of a vacu-
um distillation unit of fuel oil.

Methods. Vacuum tubular distillation unit of the fuel profile is designed for processing the fuel
oil fraction and fraction of atmospheric gasoil from the atmospheric tubular plant AT-5 in order to
obtain vacuum diesel fuel, light vacuum gasoil (LVG) and heavy vacuum gasoil (HVG). The general
scheme of the investigated blocks of the vacuum distillation unit VVT-1 is shown in Fig.1.

The objects of study are the fuel oil preheating unit VT-1 and the furnace for heating fuel oil
before the column. The main stages of the study are:

« analysis of the existing heat exchange system of the fuel oil preheating unit using enthalpy
pinch analysis;

« pinch analysis of the vacuum distillation unit:

— parametric optimization of the new heat
exchange system of the preheating unit;

— construction and study of the enthalpy
3 cascade, which shows what is the proportion of

enthalpy in each temperature range;
ﬂL 4 — analysis of the heat exchange system using
Y a grand composite curve, which will optimize the
operation of the fuel oil preheating furnace.

Analysis of the existing heat exchange sys-
tem of the fuel oil preheating unit. Before pro-
ceeding to the conversion of heat flows, namely
6 their integration, it is necessary to understand

=+

Fig.1. General scheme of the investigated blocks
of the vacuum distillation unit

1 — fuel oil in HE-27/1.2; 2 — vacuum component of diesel fuel
and the first pumparound in ACU-10/1.2; 3 — light vacuum gasoil
in HE-22/1.2; 4 — heavy vacuum gasoil and the second pumparound
in HE-26/3.4; 5 — tar and quench in HE-31/3.4;

6 — vacuum column C-4; 7 — furnace F-3; 8 — furnace F-3N;

9 —fuel oil preheating unit

the general structure of the fuel oil preheating
unit. The heat exchange system of the vacuum
unit for the distillation of fuel oil is shown in
Fig.2. The raw material of the unit is fuel oil or
a petroleum product similar in physical and
chemical properties.
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Fig.2. Heat exchange system of the fuel oil preheating unit

According to the set operating mode of the vacuum column, the temperature of the fuel oil
entering the distillation column should be 393 °C. To achieve this temperature, fuel oil after the
heat exchanger HE-31/3.4 enters the block of fire heating of raw materials (fuel oil), which con-
sists of tubular furnaces for heating fuel oil F-3N and F-3. Fuel oil passes through the convection
and radiant sections of the F-3N furnace, where it is heated to a temperature of 320 °C. At the
same time, the F-3N furnace is four-flow. Fuel oil enters it in four flows and is also removed from
it in four flows. Further, the fuel oil enters the F-3 furnace, where, when passing through the con-
vection and radiant sections, it is heated to a temperature of 393 °C.

After passing through the fire heating unit, fuel oil with a temperature of 393 °C enters the
vacuum column in two streams. Vacuum distillation column is designed for vacuum separation of
fuel oil into fractions according to the following fuel scheme: vacuum diesel fraction; light and
heavy vacuum gasoils; tar.

The cold flow of the unit is fuel oil. But for the construction of a cold composite curve, this
flow will be represented as four separate cold flows. Hot flows are fuel oil fractions withdrawn
from the distillation column for this technological scheme. After analyzing the technological
scheme of the unit, five hot streams can be distinguished, which are used to heat fuel oil (cold
streams) in the preheating unit. Heat flows are determined. The flow data are presented in
Table 1.

The flow enthalpy change with a change in its temperature (at constant value of heat capacity
within a given temperature interval) is determined according to the formula

AH =CP[T,-T,], (1)

where CP — flow heat capacity, is the product of mass flow and specific heat capacity, W/°C; T1—
initial temperature; 7> — final temperature.

The hot compound curve combines flows that give off heat. Fuel oil flows that require heating
are combined into a cold composite curve. Cold and hot composite curves are plotted using flow data
(Fig.3, a).
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Table 1
Initial data of heat flows of the unit
Temperature, °C Specific heat Flow
Mass capacity Flow heat enthal
Type Flows flow, at constant capacity, h Py
Initial Final kg/s pressure, kW/°C C '\E/ilr\]/?/e’
kJ/(kg-°C)
Hot flow 1 Heavy vacuum gasoil and second 328 255 56.0 2.8 154.1 -11.2
pumparound from column to HE-26/3.4
Hot flow 2 Heavy vacuum gasoil and second 232 176 56.0 2.4 136.7 7.7
pumparound from E-32/2 to HE-25/1.2
Hot flow 3 | Tar and quench from P-19/1.2 to HE-31/3.4 362 270 442 2.7 118.5 -10.9
Hot flow 4 Tar from E-33/2 to HE-30/1.2 250 150 35.0 2.3 81.5 -8.2
Hot flow 5 Light vacuum gasoil from HE-22/1.2 238 175 21.0 25 52.9 -3.3
to HE-24/1.2
Cold flow 1 Fuel oil from P-201/1.2 to HE-27/1.2 86 101 79.2 2 160.2 2.4
Cold flow 2 Fuel oil from HE-27/1.2 to HE-24/1.2 101 284 39.6 2.4 935 17.1
Cold flow 3 Fuel oil from HE-27/1.2 to HE-23/1.2 101 225 39.6 2.3 89.7 11.1
Cold flow 4 Fuel oil in HE-31/1.2 255 393 79.2 2.7 217.2 29.8
a b
Qrec =41.3 MW QHmin=19.3 MW
390 I 12.6 MW
400
330
300 ATmin =12 °C
270 ATmin =19 °C
g $
~ 510 & 200
150 100
% 4.3 MW
0 10 20 30 40 50 60 0 10 20 30 40 50 60 70
H, MW H, MW

Fig.3. Flow composite curves before (a) and after (b) transformation
1 - cold; 2 — hot

The value of the minimum temperature difference in the heat exchange system is obtained by
changing the position of the cold composite curve on the temperature-enthalpy plane. This is due to
the fact that the initial and final temperatures of the flows must be preserved, but the enthalpy is a
relative value. Only the change in the flow enthalpies is preserved, therefore, compound curves can be
shifted along the x-axis on the TH-diagram [22].

Plotting hot and cold composite curves on the temperature-enthalpy diagram allows you to de-
termine the values of heat recovery, the values of external hot and cold utilities.

We obtained the data by analyzing the composition of the curves:

« the minimum temperature difference is the distance between the compound curves along the
temperature axis on the TH-diagram:

ATmin = 19 OC;

* maximum heat recovery
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QREC =41.3 MW;
« hot utilities
Qrimin=60.6—-41.3=19.3 MW;

« cold utilities
QCmin =0 MW.

The values of hot utilities Qnmin determine the amount of external thermal energy, that is, the
energy of cold streams is not enough. This energy must be supplied from external energy sources.
The external sources are the F-3N and F-3 furnaces.

The cold utility Qcmin values determine the amount of heat energy to be removed from the
system. For a vacuum distillation unit, the residual heat of the hot flows is removed in refrigera-
tors and air coolers. In order to reduce the required number of external hot utilities, it is necessary
to investigate the possibility of post-cooling the existing hot flows in the fuel oil preheating unit
before supplying them to refrigerators and air coolers. We will reduce the heat load of the F-3H
and F-3 furnaces.

Consider the possibility of additional use of each of the hot streams presented in Table 1:

» Heavy vacuum gasoil and second pumparound from E-32/2 to HE-25/1.2. This flow passes
through the heat exchangers HE-25/1.2, HE-23/1.2 and then enters the air-cooling units (ACU).
After passing through the ACU, the flow is cooled from 176 to 150 °C. Although heavy vacuum
gas oil must be cooled down to 80.4 °C before entering the park, the column's second circulating
reflux must be cooled exactly to 150 °C, since this flow after the ACU enters the distillation
column. Therefore, changing the temperature of the second circulating reflux of the column is
unacceptable, as this may cause a change in the operating mode of the vacuum column. But it is
possible to exclude ACU from work. We propose to cool this flow in heat exchangers
HE-25/1.2 and HE-23/1.2 immediately to 150 °C. This will reduce the load on external hot utili-
ties and reduce the power consumption of the ACU.

 Tar from E-33/2 to HE-30/1.2. This flow passes through the heat exchangers and enters
the refrigerators, where it is cooled by heating the circulating water. This tar cooling is neces-
sary. The temperature of the tar when entering the park or bitumen plant should be 96 °C. The
temperature of the tar at the outlet of the preheating unit is 150 °C. We will consider the possi-
bility of additional cooling of tar to 96 °C due to heat recovery. Thus, we exclude the operation
of refrigerators R-35/1.2 and R-35/3.4.

* Light vacuum gasoil from HE-22/1.2 to HE-24/1.2. This flow passes through the heat ex-
changer HE-24/1.2. Then the flow enters the air coolers. Then the flow is discharged into the park
or into the tar line into the park (depending on the requirements for the resulting products). The
temperature of the light vacuum gas oil after the heat exchanger (HE-24/1.2) is 175 °C. The tem-
perature of the light vacuum gasoil at the outlet of the unit should be 80 °C. We propose to cool this
flow down to 80 °C in a preheating unit. We will exclude air coolers and reduce the heat load of
furnaces (F-3N and F-3).

Enthalpy pinch analysis of a fuel oil vacuum distillation unit. Data flows after transfor-
mations are presented in Table 2. Parameters of other flows are not changed. Composite curves on
the temperature-enthalpy plane are shown in Fig.3, b. These composite curves are approximated
to ATmin =12 °C.
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Table 2
Data flows after transformations
R Specific heat
Temperature, ¢ Mass flow capacity Flow heat enﬁ:\z\:\l
Type Flows ! at constant capacity, Py
P kals pacity change
Initial Final pressure, kwree MW
kJ/(kg°C)
Hot flow 2 Heavy vacuum gasoil and second 232 150| 56.0 24 134.2 -11
pumparound from E-32/2
to HE-25/1.2
Hot flow 4 Tar from E-33/2 to HE-30/1.2 250 96} 35.0 2.1 74.4 -11.5
Hot flow 5 Light vacuum gasoil from 238 80} 21.0 2.3 48.7 1.7
HE-22/1.2 to HE-24/1.2

We obtained the data by analyzing the composition of the curves:

« the minimum temperature difference is the distance between the compound curves along the
tem-perature axis on the TH-diagram ATmin = 12 °C;

« the amount of heat recovered (maximum heat recovery), which is determined by the area
of overlap of the flow composite curves along the enthalpy axis on the TH-diagram:
Qrec = 48 MW,

« hot utilities Qumin = 12.6 MW,

« cold utilities Qcmin = 4.3 MW.

The values of external hot and cold utilities were determined with the minimum temperature
difference between the process flows (ATmin = 12 °C).

Due to the construction of composite curves, it is possible to set the value of the minimum
temperature difference in the heat exchange chemical-technological system. So, for shell-and-tube
heat exchangers, the minimum temperature difference must be at least 10 °C. This requirement is
due to the fact that at small values of ATmin, heat exchangers must operate only in counterflow
mode. When designing a new or reconstructing an existing heat exchanger, the optimal value of
ATmin is chosen by achieving an economic compromise between the dependencies on the minimum
temperature difference between process flows in heat exchange equipment, the cost of external utili-
ties (energy carriers), and capital investments in the heat exchange system.

The next stage of research and optimization of the unit is the construction of a heat cascade.
The cascade clearly shows the process of heat exchange between flows [22]. To construct a heat
cascade, it is necessary that the shifted compound curves touch each other at the pinch point. Imag-
ine that hot flows are colder by ATmin/2, and cold flows are colder by ATmin/2. As a result of such a
shift of composite curves along the temperature axis, heat transfer becomes possible between flows
containing composite curves in cold and hot within each temperature interval. Changing the bound-
aries of temperature intervals keeps the heat balance of the entire system.

The energy values of external utilities and the localization of the pinch point will be deter-
mined at ATmin =12 °C. To construct a heat cascade, it is necessary to obtain new temperatures
shifted by ATmin/2. The changed values of the initial and final temperatures of the flows are present-
ed in Table 3. The location of technological flows on the temperature axis after transformations is
presented in Table 4.
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Table 3
Shifted temperature intervals
Flow Type Tin, °C T, °C Tin, °C T, °C
1 Cold 86 101 92 107
2 —— 101 284 107 290
3 - 101 225 107 231
4 - 255 393 261 399
5 Hot 328 255 322 249
6 - 232 150 226 144
7 —— 362 270 356 264
8 - 250 96 244 90
9 —— 238 80 232 74
Table 4
Heat balance in shifted temperature intervals
Temperatures at Value of the Enthalpy
the boundaries of T temperature | ZCPcoig— XCPhot, | change of the .
the intervals Flow distribution interval KW/°C interval, Excess/deficiency
T,°C T,°C MW
399 vy
7 43 217.2 9.339 Deficiency
356 o
51 w» 34 98.7 3.356 Deficiency
322 N 3
N N 32 -55.4 -1.773 Excess
290 N S f RS -
Q. © v 26 38.1 0.991 Deficiency
264 Ol... 1
S 3 156.6 0.469 Deficiency
261
Iil v 12 —60.6 -0.727 Excess
249
|?| 5 935 0.468 Deficiency
244
< Ii 12 19.1 0.229 Deficiency
232 <
I ~ 1 -29.6 -0.029 Excess
231 o & o @
0 ‘1 5 60.1 0.301 Deficiency
VR T — pLy W ; @)
Q'L © Sy 82 -74.1 —6.076 Excess
L1V R— e e G o ‘;L 3
Qg © I 37 60.1 2.224 Deficiency
107 [ 5
5 2113 15 37.1 0.557 Deficiency
92 r———
1 2 -123.1 —0.246 Excess
90 il \
16 —48.7 -0.779 Excess
74 Y

To solve the tabular problem, it is necessary to determine the energy balance for each shifted tem-
perature interval. Formula for determining enthalpy change:

AH; :(ZCF::old —2.CRy )i AT; ()

where XCPcold, ZCPhot — the sum of the flow heat capacities of all cold and hot flows, respectively,
W/°C; ATi — value of the i-th temperature interval, °C.

In formula (2), AH; is the change in enthalpy for each shifted temperature interval. A positive
value of AH; means that there is a shortage of thermal energy in the i-th interval. It is necessary to
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A Hot utilities supply heat from external sources. A negative value
of AHi means that there is an excess of thermal
energy in the i-th interval. Enthalpy changes of each
temperature interval are presented in Table 4.

To consider the possibility of heat recovery be-
tween temperature intervals, it is necessary to build
a cascade of heat flows (enthalpy cascade). The cas-
cade sums up the enthalpy change from top to bot-
tom. It is necessary to build two cascades. In the
first case, the first temperature interval does not re-
ceive thermal energy from external energy carriers,
i.e. Qumin = 0.The enthalpy cascade at zero hot utili-
ties is shown in Fig.4.

Figure 4 shows that the first temperature inter-
val has a net deficiency of thermal energy equal to
-9.339 MW. This deficiency is transferred to the
second temperature interval. The second interval
also has a deficiency of thermal energy of hot
streams 3.356 MW. As a result, the deficiency in the
system is already —12.695 MW. The third tempera-
ture interval has an excess of thermal energy of hot
flows —1.773 MW. The heat deficiency in the sys-
tem decreases and becomes equal to —10.992 MW.
According to this principle, an excess or deficiency
of thermal energy is determined at each temperature
interval. But the task of the study is to determine the
location of the pinch, the values of hot and cold
Cold utilities utilities using a heat flow cascade. It is necessary to
build a second cascade, with non-zero hot utilities.

Heat flows cannot be negative because it is im-
possible to transfer energy up the temperature scale
(from low temperatures to higher temperatures). There should be no negative flows. For this, the
value of the largest negative value is brought to the first interval. In this study —12.69 MW (Fig.4).
The resulting heat flow cascade is shown in Fig.5.

From the constructed cascade, we can conclude that in this case there are no negative heat
fluxes. This indicates the possibility of transferring heat from one temperature interval to another. In
this case, the heat flux is zero in the temperature range 322-356 °C. It can be concluded that the
values of hot and cold utilities are Qnmin = 12.6 and Qcmin = 4.39 MW, respectively. The data are
equal to the values obtained when constructing flow composite curves on the TH-diagram (see
Fig.3, b). The pinch temperature is 322 °C. At the pinch point, the heat flow at the boundary of the

intervals is zero. The real values of hot and cold flows at the pinch point are equal to Tp'?,‘:;h =328

Fig.4. The enthalpy cascade at zero hot utilities

and Tpﬁ‘n"cdh =316 °C respectively. Values are consistent with data obtained from hot and cold compo-

site curves.

Thus, the thermal cascade algorithm makes it possible to simplify the calculation of external
energy carriers and determine the localization of the pinch point. The construction of composite
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322 Do
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Fig.5. Thermal cascade of the heat exchange system of the fuel oil distillation unit
Thinen = 322 °C; Tk, = 328 °C for hot flows; T, = 326 °C for cold flows
flow curves makes it possible to visualize the relationship between hot and cold flows of a heat ex-
change system, i.e. this is necessary for a “conceptual understanding of the process”. The heat trans-
fer system is then analyzed using the third pinch analysis tool, the grand compound curve. This
analysis will optimize the operation of the furnace, which is an external hot source.

The grand composite curve is built on the basis of the thermal cascade obtained earlier. It is
a curve on the plane of shifted temperatures by ATmin/2 and enthalpy. On the x-axis put down the
value of the deficiency of thermal energy in a given temperature interval (Fig.6). Furnace efficiency
before optimization was 80 %. To analyze the furnace, a graph of flue gas temperatures is plotted,
which is an inclined straight line. The same graph shows a grand composite curve. The first point is
the burning temperature (T1fumace = 2000 °C), the second point is the flue gas temperature.

In the unit for different heat exchangers — different value ATmin. For the flows of the heat ex-
change system of the object of study, the shift in temperature intervals is defined and equal to
6 °C. For furnace flue gases, the shift will be equal to 25 °C. Then on recuperative flow heat ex-
changers ATmin =12 °C, and on heat exchangers that transfer heat from flue gases to flows,
ATmin=6+25=31°C.
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2040 Since the ordinate shows shifted
1840 temperatures by AT/2, the flue gas profile
1640 starts at temperature 2000 — 25 = 1975 °C.
The slope of the straight line above the pinch
1440 is unrestricted. By changing the slope of the
o 1240 curve, fuel consumption is optimized. For
- 1040 3 comparison, Fig.6 shows two flue gas lines
840 drawn from the starting point. Line graph N 1
2 passes through the pinch point, line graph N 2
640 passes through the maximum temperature of
440 cold streams. After crossing the straight axis of
/4( 1 ordinates, the heat of the flue gases is removed
16 to the atmosphere, i.e. this is the loss of the

3 -1 01 3 5 7 9 11 13 furnace with flue gases.
AH, MW It can be seen from the graph that flue
Fig.6. Grand compound curve and furnace flue gas profiles gases N 1 for the furnace are more efficient:
1 grand compound curve: 2 flue gases N 1 heat losses with exhaust gases are minimal
CP =0.0076 MW/°C; 3 — flue gases N 2 CP = 0.008 MW/°C and equal to 2.29 MW, flow heat capacity is

minimal.

Actual flue gas temperature 322 + 25 = 347 °C, it is above the acid dew point, i.e. eliminates
the possibility of formation of sulfuric acid, which adversely affects structural materials. Minimum
hot utilities are Qmin = 12.6 MW. Let us determine the optimal flow heat capacity of flue gases us-
ing the formula

b Qi _ 1269

flue gases — - =0.0076 MW/°C. (3)
T,-T, 1975-322

In the ideal case, the energy given up by the fuel Qrel, is equal to the energy that the flow gases
gave up when cooled from the theoretical combustion temperature to the ambient temperature.
Therefore, the formula is applied

Quet = CPhe gasesAT =0.0076(2000-15) =15 MW. (4)

The furnace efficiency is determined by the formula

— Qumin .100%:%.100%:84%. (5)

fuel

1/]furnace

Discussion of the results. Improving the energy efficiency of an oil refinery is an important
and complex task. Pinch analysis allows you to analyze and optimize a large number of heat flows.
Analysis and improvement of the energy efficiency of the objects of study were carried out by en-
thalpy pinch analysis.

Optimization measures are proposed:

+ Change the final temperature of hot flow 2 from 176 to 150 °C, hot flow 4 from 150 to 96 °C,
hot flow 5 from 175 to 80 °C. Thus, the enthalpy of hot flows increases and the costs for their cool-
ing decrease.

« After parametric optimization, the values of the maximum heat recovery, the minimum values
of external energy carriers were determined. In further studies, the structural optimization of the heat
exchange system by pinch analysis will be carried out.

* The efficiency of the furnace can be increased by reducing heat loss with flue gases.
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The technical characteristics of the furnace indicate that the flue gas temperature before opti-
mization is 400 °C. Actual flow heat capacity of flue gases for heating cold flows 12.6 MW:

= 1269 =0.008 MW/°C.

CPuess = 1975 400

If take Qfuel for the ideal case:

Qqe = 0.008(2000—15) =15.88 MW.

The furnace efficiency before optimization is determined by the formula (5):

Numace = % -100 % =80 %.

The calculated efficiency under design conditions is approximately the same. In this study, the
furnace efficiency is increased by 4 %.

Conclusion. The existing heat exchange system of the fuel oil preheating unit was analyzed us-
ing enthalpy pinch analysis, the ways of optimization were determined. To reduce the heat load of
the furnace, the additional flows were introduced into the heat exchange system of the fuel oil pre-
heating unit.

The enthalpy pinch analysis of the fuel oil vacuum distillation unit and the parametric optimi-
zation of the new heat exchange system have been carried out. Hot and cold composite curves are
plotted on the temperature-enthalpy plane. The minimum needs of the heat exchange system in ex-
ternal energy carriers are determined.

An enthalpy cascade at ATmin =12 °C is constructed, which confirms the correctness of pinch
point determination and the values of external energy carriers determined by parametric optimization.

The heat exchange system is analyzed using a large compound curve. This step made it possi-
ble to optimize the operation of the fuel oil heating furnace. The search for the optimal flow heat
capacity of the combustion products of the furnace is an important point in the analysis of the ener-
gy efficiency of the furnace. The optimal flow heat capacity is determined, at which heat losses with
outgoing gases are minimal.

Measures are proposed to improve the efficiency of the fuel oil preheating unit. Heat recovery
is maximized and external energy costs are minimized. By reducing heat loss with flue gases, it was
possible to increase the efficiency of the furnace from 80 to 84 %. The results of the study can be
used to improve the energy efficiency of existing and projected facilities of the oil refining industry.

The authors are grateful to D.D.Tupikov for help in collecting information on the object of
study and to Yu.V.Borisova for informational support.
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