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Abstract. The article discusses improving the energy efficiency of an oil treatment
and stabilization facility in the field using pinch analysis methods. Pinch analysis as a
methodology for minimizing the energy consumption of a process involves calculating
thermodynamically justified amounts of energy consumption and approaching them by
optimizing heat transfer processes, energy supply methods, and process characteristics.
Pinch analysis is used in various industries, in particular in oil and gas processing,
petrochemistry and the chemical industry, and can be used both in designing new
technological facilities and in solving problems of optimizing the operation of existing
industries, taking into account the principles of energy conservation. The Total Site
energy system is a complex facility that is part of large industrial enterprises or industrial
parks. As a rule, these are energy production facilities that convert various types of fuels
into heat and electricity, providing basic processes. The main scientific hypothesis is
to find a compromise between full energy recovery at facilities, taking into account
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operational and capital costs. In this paper, the object of research is the heat exchange
system of an oil stabilization unit located in a field with production of 34200 thousand
tons of crude oil per year. The thermal and energy integration of the oil stabilization
and treatment plant has been carried out. As a result of the project's implementation,
the energy consumption of external hot energy sources will decrease by 213.4 MW, or
55%. Greenhouse gas emissions will decrease by about 71%. The discounted payback
period is about 11 months from the moment the reconstruction project reaches its target
capacity.

Keywords: Heat exchangers, composite curves, energy efficiency, Pinch analysis,
cost optimization, crude oil
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AHHoOTanmusa. Makanaja mUHY-TaNIAy SJIICTEPiH KOJJaHa OTHIPHIIN, KOCIMIIUTIKTE
MYHaWIbl JalblHIAy >KOHE TYPAKTaHABIPY KOHIBIPFBICBIHBIH JSHEPrHs THUIMIUIITH
apTTBIpy KapacTelpbuiaabl. [IMHY-Tanmay NpOLECTiH 3HEPrusi TYTHIHYBIH a3auTy
ozicTeMeci peTiHAe JKbUly Oepy NpoLEecTepiH, SHEPrHsMEH XaOIbIKTay oSIicTepiH
KOHE TEXHOJIOTHSUIBIK TPOLECTEPIiH CHIIATTaMalapblH OHTAMIAHABIPY ApKbUIBI
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SHEPTUsl TYTHIHYABIH TEPMOIMHAMUKANIBIK HETI3[EeNTeH KOJIEMiH ecenTeyli >KoHe
oJlapFa >KaKbIHIaynbl KamTamachkl3 erteni. [luHu-Tanmmay opTypnmi camanapna, atam
aliTKaHga MyHail >KoHEe Tra3 eHJey, MyHail - XHUMHs KOHE XHMHsI ©OHEpKIciOiHae
KOJIIaHBLIA/Ibl JKOHE jKaHA TEeXHOJIOTHSUIBIK OOBEKTinepai kobaayna Ja, SHEPrHsIHBI
YHEMEY NPUHIMITEPIH €CKepe OTBIPHIN, KOJNJAHBICTAFbl OHIIPICTEpPAiH KYMBICHIH
OHTaMNMaHIBIPy MoceleNepiH memyae Ae Konnaneuiaabl. Total site sHepreTHKaibIK
XKyHeci ipl OHEPKACINTIK KOCIMOPBIHAAPABIH HEMece HWHIYCTPUSUIBIK MapKTepAiH
KypaMmblHa KIpETiH KYpAeii HbICaH OOJbIN TaObuIaabl. OneTTe, Oy 9p TYPJi OTBHIHBI
KBUTYy MEH DJIEKTp JHEPTUsChIHA alHalAbIPaThIH, HETI3r1 MpouecTepli KaMTaMachl3
€TeTiH SHeprus eHAipeTiH o0bekTiIep. Heri3ri FeuUIbIMU THIIOTE3a ONEPALUSUIBIK JKOHE
KYpZAETi WIBIFBIHAAPIBI €CKEPE OTBHIPBIN, OOBEKTINIEpAE SHEPTHSHBI TOJBIK KalIblHa
KEeNTIpy apachlHa bIMbIpara Keiy Ooubi TaObiansl. by skymbIcTa 3epTTey 00BeKTic
xbu1bIHA 34 200 MBIH TOHHA UK MYHai ©HIIPETIH KOCIMIIIIIKTe OpHalacKaH MYHa bl
TYpaKTaHIBIPY KOHABIPFBICHIHBIH JKbUTY anMmacy ykeci 0onbin Tadbuiagsl. Kymeicta
MYHaH/bl TYPaKTaHIBIPY *XOHE AalblHAAY KOHIBIPFBICHIHBIH JKBUTY-dHEPIeTHKAIBIK
HWHTErpalysachl OpbIHAaNAbl. JKoOaHBI €HTi3y HOTHXKECIHAE CBIPTKBI BICTHIK SHEPIHS
TackIMaNay IIbUIAPbIH SHEprus TYThIHYHI 2 13,4 MBT1-Ka HEeMece 55% - Fa ToMeH e .
[TapHUKTIK razaap WbFapbIHABLIAPH! amaMeH 71% - ra TeMenaeiai. J\uckonTranran
eTely Mep3iMi KaiiTa Kypy jx00ackl OepiIreH Kyarka IIbIKKaH COTTeH OacTall IiaMaMeH
11 aif maMacelH Kypanasl.

Tyiiin ce3mep: JKbuTyanMacTBIPFBIN anmapartap, Kypama KUCBIKTap, SHEprHs
TrimMainiri, Pinch Tanmaysl, mbFbIHIAPAB OHTAWIAHABIPY, IIUKI MyHaK
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AHHoOTanus. B craree paccmarpuBaeTcs NOBBIIEHHE 3HEPro3(p(eKTHBHOCTH
YCTaHOBKM TIOATOTOBKM M CTAaOMIM3alMM HE(TH HAa TPOMBICIE C HCIOJIb30BaHUEM
METOZIOB  MUHY-aHaIn3a. [luHY-aHAMM3  KaKk  METOMOJIOTHS ~ MMHHUMHU3ALUHU
9HEPronoTpedieHus MperycMarpuBaeT pacuéT TEePMOAMHAMMYECKH OOOCHOBAaHHBIX
00bEMOB OTPEOICHNUS PHEPTHH U TPUOJIM)KEHIE K HUM [Ty TEM ONTHMHU3AIMY IPOLIECCOB
TEIUIONiepeIayld, METOJIOB DJHEPrOCHAOKEHUS W IapaMeTpoB TEXHOJOTHUYECKHX
nponeccoB. JlaHHast METOIMKA HAXOAUT IIUPOKOE IPUMEHEHNE B Pa3INYHBIX OTPACIIX
— B He(Te- U TazonepepaboTke, HEYTEXUMHUN U XUMHUUECKOH TPOMBILIIIICHHOCTH — U
MOYKET NCIIOIB30BATHCS KaK MPHU MPOESKTUPOBAHNH HOBBIX TEXHOIOTUYECKNX OOBHEKTOB,
TaK W OPU PELICHUM 3a/1ad ONTHUMH3AaLUK pabOThl NEHCTBYIOLIMX NPOU3BOIACTB C
yu€ToM NPHHLMIOB SHeprocOepekeHus. DHeprocucrema Total Site mpencrasnsier
co00i  CIOXHBI OOBEKT, SBJISAIOMIUNACA YacThI0O KPYMHBIX MPOMBIIUIEHHBIX
MPEANPUATUI WM UHILyCTPUAIBbHBIX MapkoB. Kak mpaBuiio, 3To TemI0HepreTHIecKue
KOMILIEKCBI, TPeo0pa3yromiue pa3inuHble BUIbI TOIUIUBA B TEIJIO M DIEKTPOIHEPTHIO
n 00eCHeunBaOLIME KIIIOYEBbIE TEXHOJIOTMYECKHe mnpouecchl. OCHOBHas HayuHas
TUIIOTE3a MCCIICAOBAHMUS 3aKIII0YACTCS B IOMCKE KOMIIPOMHCCA MEXIY MAaKCUMaIbHOM
peKymepanueid SHEPrud W HEOOXOAMMBIMH OIEPAIMOHHBIMH W KaluTaJIbHBIMU
3arpatamu. B manHO# paboTe 00bEKTOM HUCCIIeIOBAHUS SBIIICTCS CHCTEMa TeITIO00OMEeHa
YCTaHOBKH cTaOmin3anuy He(TH, PACIOIOKEHHOM Ha TpoMbIcie ¢ poo0brueit 34 200
TBIC. T ChIpOW HedTH B rol. [IpoBeeHa TerosHepreTnyeckas MHTErpalus yCTaHOBKH
cTa0MIn3auy 1 HoAroToBky HedTH. [1o pe3ynabraram aHann3a oka3aHo, YTo BHEAPEHHE
MIPOCKTa MO3BOJUT CHHU3WUTH MOTPEOICHHE BHEUIHWX TOPSYMX IHEPrOHOCUTENCH Ha
213,4 MBT, uto cocraisier okoso 55 %. BbIOpOCH MapHUKOBBIX T'a30B YMEHBIIIATCS
npumepHo Ha 71 %. JIMCKOHTUPOBAHHBIA CPOK OKYHNAE€MOCTH COCTaBIIAECT OKOiO 11
MeCALIEB C MOMEHTA BBIXOJ[a MPOEKTA PEKOHCTPYKIIMH Ha MPOEKTHYIO MOILTHOCTb.

KiawueBble  ciaoBa.  TermooOMEHHBIE — amnmaparbl, COCTaBHBIE  KpHUBBIE,
sHeprodpdekTuBHOCTD, Pinch-ananu3, onTummusanms 3arpar, ceipast HeTh

Hccnedosanue evinonneno npu  unancosoli. noodepxcxke Komumema nayxu
Munucmepcmea Hayku u evicuieco obpasosanus Pecnyonuxu Kasaxcmanw (UPH
AP26104837—I1osvruenuesnepeosgpdexmusrocmuobvexmosnedhmeazododvlearouyeti
NPOMBIULTEHHOCIU NYMEM UHmMeZPayuL Rpoyeccos npu no02omosKe u 0odwvlue)

Introduction. To increase energy efficiency and reduce costs in the oil refining
industry, it is necessary to develop comprehensive methods for integrating industrial
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processes and start directly with oil and gas production. It is necessary to develop
an energy-efficient method of targeted energy delivery to the well to prevent oil
paraffination, and it is also necessary to develop energy-efficient methods for preparing
and stabilizing crude oil during production and energy-efficient integrated methods for
liquefying associated petroleum gas (Smit et al., 2000; Khusanov et al., 2017). When
solving the problems of increasing the energy efficiency of technical systems, the issues
of thermodynamic optimization of processes occurring in the elements of thermal power
equipment and in thermal power systems themselves are primarily considered. One of
the most effective methods of parametric optimization of thermal energy processes is
pinch analysis or the method of integration of thermal processes (Tovar-Facio et al.,
2020; Carmona-Martinez et al., 2023). However, one of the main limitations of the
pinch method is its focus on the enthalpy approach to the analysis and optimization of
heat fluxes in the system under consideration.

In connection with the above, there is a need to develop such a method of
thermodynamic analysis and improvement of technical systems that would combine
the advantages of the exergetic method and the method of structural and parametric
optimization of thermal processes based on pinch analysis. Increased energy efficiency
in the manufacturing industry can be achieved through new processes, production chain
upgrades, better process integration, etc. But inter-factory integration (Klemes et al.
1997) and inter-industry integration are still under development, and some results may
be applicable to the low-carbon industry (Kuznetsov et al., 2022). The concept was first
established (Dhole et al. 1993) and later updated by many authors and various aspects
of biomass integration (Amiri et al. 2021), including centralized cooling (Liew et al.,
2015), process modification (Chew et al., 2015), modernization of the heat exchanger
network (Cuéek et al., 2015) and others.

The use of exergetic analysis is important for assessing the stability of chemical
processes, as it demonstrates potential losses in the energy system. This has been proven
for the Total Site with the Omega Total Site Profile for calculating exergetic fracture
and losses in individual processes (Mehdizadeh, et al., 2022). Combined with the
general optimization algorithm, this resulted in a 24% reduction in exergy destruction
in the specific example. The exergetic approach has also been used for multiple back-
pressure steam turbines and optimal design of heat and electricity cogeneration systems
(Pirmohamadi et al., 2019). The cogeneration potential of Total Site energy systems is
crucial because it determines the amount of heat that can be converted to electricity.
Varbanov et al. He presented methods for modeling steam turbines and gas turbines,
which were integrated into models of utility cogeneration systems and synthesis of
individual utility systems (Klemes et al. 1997). Targeting for cogeneration was evaluated
using commercial software and proved the feasibility of the approach (Ren et al., 2018).
The efficiency of steam turbines should be improved, for example, optimization of
the model has demonstrated high energy savings, shaft productivity and profitability
of the bio-processing plant (Pyrgakis et al., 2020). The potential of cogeneration can
also be used by the local energy sector to reduce energy consumption and improve
energy efficiency and cogeneration of electricity (Lee et al., 2020). Optimization of the
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local energy sector is mainly carried out using mathematical programming (MP) to use
seasonal total energy storage at the facility (Liew, et al., 2018), increase efficiency in
conditions of uncertainty (Sun et al., 2017), etc.

The article (Boldyryev et al. 2023) presents a new extension of the common site
method, which takes into account the optimal amount of energy that can be saved at the
inter-factory level. The approach uses the construction of general profiles of an object
with a real temperature, takes into account heat transfer with intermediate utility and
determines the potential of cogeneration within the enthalpy blocks of the total heat
recovery of the object. The total annual cost was determined based on the Total Site
Pinch concept, which makes it possible to find the optimal temperature regime between
the temperature profiles of the facility. The results can be used for detailed design of the
facility's energy system and further development of Total Site methods.

In (Boldyryev et al. 2023), an update of the super-targeting procedure is proposed,
taking into account the separation of flows and mixing in the compression problem.
An original algorithm for constructing composite curves is proposed for analyzing the
distribution of technological flows and flow separation in subsystems above/below
compression before designing a network of heat exchangers. This was then used in
the super target planning procedure to refine capital expenditures. The proposed
methodology can be used for preliminary design of the heat exchanger network in order
to better determine the optimal ATmin, capital cost targets and verify the optimal change
for various energy prices.

The document (Boldyryev et al., 2023) presents a methodology for evaluating
electrified options for the processing industry based on methods of systematic process
integration. Improved heat recovery and focus on electrified utilities were achieved
using a Large Composite Curve and analysis of the main technological flows. The
processing of liquefied natural gas is analyzed and the electrified heating network is
evaluated. This approach can be used to further develop options for decarbonization of
industry and targeting of electricity in processing industries.

Materials and methods

The main methods (Smit et al., 2000) of optimizing energy consumption in an
industrial enterprise are as follows: — operational improvements that optimize the
technological process; — a higher percentage of heat recovery due to increased thermal
integration of the technological process (this includes pinch analysis); - the introduction
of new technologies that increase the efficiency of equipment operation.

To assess energy efficiency and increase it at oil and gas treatment and processing
enterprises, a number of methods and techniques are used to achieve the target values
of optimal energy consumption. These include: pinch analysis; energy efficiency
benchmarking methodology; hyperstructure optimization; stochastic optimization. The
methods of pinch analysis find the greatest application in relation to the industries of the
industry (Kuznetsov et al., 2022).

Total Site is a concept that covers the management and optimization of all aspects
of work in a field or production facility, including extraction, processing, storage and
resource allocation. When using the Total Site concept, all operations — from oil
production to its refining — are considered as a single system (Boldyryev et al., 2023).
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Pinch analysis as a methodology for minimizing the energy consumption of a process
involves calculating thermodynamically justified amounts of energy consumption and
approaching them by optimizing heat transfer processes, energy supply methods, and
process characteristics. Pinch analysis is used in various industries, in particular in oil
and gas processing, petrochemistry and the chemical industry, and can be used both
in designing new technological facilities and in solving problems of optimizing the
operation of existing industries, taking into account the principles of energy conservation
(Boldyryev et al., 2023).

The Total Site energy system is a complex facility that is part of large industrial
enterprises or industrial parks. As a rule, these are energy production facilities that
convert various types of fuels into heat and electricity, providing basic processes.
There is also heat distribution, cogeneration, and cooling. The utility can be supplied
to the main processes from the utility system of the facility or another process due to
the utilization of waste heat. The main scientific hypothesis is to find a compromise
between full energy recovery at the facilities, taking into account the operational and
capital costs of TSHR. This method extends the supertargeting procedure, which is used
for individual processes and at the Total Sites level. However, TSHR is a more complex
system and requires additional consideration to reformulate the overall objectives and
systemic consideration. The initial idea was to apply the concept of supertargeting
(Linnhoff et al., 1986) to shared profiles (TSP), but some functions limit such an
extension. These are heat exchange using intermediate utilities (IMUS), the presence
of zones for generating electricity, shifted temperature TSP, unified ATmin of utility
systems, and others. This study will determine the total annual cost (TAC) of TSHR as a
function of the total ATmin at the site and investigate the behavior of this function over
a wide range of arguments and provide recommendations for cost-effective design of
the TS heat exchange network.

The method is based on the decomposition of TSP into enthalpy blocks, taking into
account real temperatures. Real temperatures make it possible to use certain IMUS in
enthalpy blocks and maximize TS heat recovery (Boldyryev et al., 2023). In addition,
heat and electricity (CHP) cogeneration will be considered within the framework of
enthalpy units that maximize electricity generation. The next steps involve combining
enthalpy blocks to reduce the number of IMU levels (Boldyryev et al., 2023), and hence
heat exchangers and cogeneration zones. Capital expenditures and TAC targeting are
applied to find the most cost-effective solution for TSHR.

When applying process integration, the following rules should be followed:

- heat transfer through pinch should not be carried out;

- for the area above the pinch, there should be no external cooling system.;

- for the area below the pinch, there should be no heat supply to the system from
external sources.

In this case, the technological object is considered as a system with the allocation
of structural units and the establishment of relationships between them. The above
example, in particular, is characterized by the presence of a number of parallel operating
devices of the same type — separators, settling tanks, and electric dehydrogenators; at
the same time, the stages of the target process are carried out sequentially.
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When analyzing the schemes, it is necessary to determine all the flows of matter
and energy — internal (within the system) and external (flows going beyond the system
and coming from systems external to the system under study), followed by determining
the energy characteristics of internal and external flows. To do this, perform material
calculations and, based on knowledge of the temperature parameters of the processes,
determine the enthalpies of the flows with the release of hot and cold flows. The analysis
of the heat exchange system and the collection of data on technological flows, obtaining
flow properties and data on operating and capital costs will be carried out directly at
the research facility (in the field), using an instrumental survey (measurement, survey,
monitoring) and statistical analysis of historical data on resource consumption.

Results and discussion

The oil-bearing reservoir fluid extracted from oil fields has a complex composition.
It contains: oil itself; associated petroleum gas; reservoir waters; drilling mud; various
mechanical (Smit et al., 2000). It is unprofitable to transport such a mixture through
main oil pipelines. Therefore, special oil treatment and stabilization units (OTSU) are
being built and operated directly at the fields. These installations carry out the processes
of degassing, dewatering, desalination and stabilization of extracted raw materials, and
these processes, like most processes in the oil refining and petrochemical industries, are
among the most energy-intensive processes among all industries. Therefore, the search
and synthesis of systemic technological solutions to reduce specific energy consumption
in these areas of industry is an urgent task.

Currently, the most effective methods of improving the energy efficiency of oil
refining plants are process integration methods, and, in particular, the pinch analysis
method (Khusanov et al., 2017).

In this paper, the object of research is the heat exchange system of an oil stabilization
unit located in a field with production of 34,200 thousand tons of crude oil per year (Fig. 1).

6 (hot) 7 (hoty 8 (hot)
| | |

Wide fraction of
light hydrocarbons

Wide fraction of
light hydrocarbons

Wide fraction of
light hydrocarbons

3 (cold)

1 (cold)
2 (cold) Fresh

Vapor  water

4(cold) 5 (hot)
Reservoir water Water with salts

1 — tank with raw materials; 2, 4, 6, 9, 13, 16, 19 — heat exchangers; 3— sump; 5 — electric
dehydrogenator; 7 — furnace; 8— stabilization column; 10 — reservoir of prepared oil; 11, 14, 17 —
separators; 12, 15, 18 — compressors.

Figure 1- Schematic technological diagram of the existing process at the OTSU
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Crude oil with an initial temperature of ~ 0°C from the reservoir 1 of the central
collection point is pumped through a heat exchanger 2 and at a temperature of about 44
° C enters the sump 3. In the sump, reservoir waters are diverted from the target stream,
and the dehydrated oil, after heating in the heat exchanger 4, is fed into an electric
dehydrogenator 5, in which, mixing with a stream of prepared fresh water with with
a flow rate of 13.89 kg/s, it is re-dehydrated and desalinated. Further, the prepared oil,
passing through the heat exchanger 6, is fed under the upper plate of the stabilization
column 8. The temperature of the bottom of the column is maintained between 110-130
° C due to the heat of stable oil circulating through the coils of the tubular furnace 7.
The overpressure in the column is maintained at values from 0.1 to 0.2 MPa, which
creates the best conditions for fractionation of gasoline vapors — a wide fraction of
hydrocarbons — in the cascade of separators 11, 14, 17 and in refrigerating condensers
(the diagram shows separately 12, 15, 18 — condensers and 13, 16, 19 — cooling heat
exchangers). Stable oil leaving the bottom of the column is cooled in the heat exchanger
9 and enters the reservoir of the prepared products. Hot steam circulates in the heating
heat exchangers, and cooling water circulates in the cold ones.

The study of the technological regulations of the process, the technological scheme
and the synthesis of the engineering model (Fig. 2) of the installation using the
mathematical software of Honeywell UniSim® Design allowed us to form a flow table
for the process under consideration (Tovar-Facio et al., 2020) (Table 1).

Table 1 -Table of streaming data of the oil treatment and stabilization unit

} Typeof |, oG CP, °
Ne | Stream name i T,° |7, KW/(ke U G, kg/s KW /o o, kW/(m2
1 |Power cold |0 |44 |235 1257.5 |2957.7 |03
o |Power supply for the electric cold |43 |71 |5.0 1257.5 |6304.8 |0.25
dehydrator

3 | Power supply of the stabilization | 1y 150 |79 |19 1257.5 {2333.1 [0.25
column

4 | Heating of the column cube cold 121 | 124 {20.2 958 19380.7 [0.25

5 |Flow from the separator of the || 9 (32 [4.62 9169 |42359 |0.02
3rd stage

¢ |Flow from the separator of the | 88 |32 (093 3406 |3161  |0.02
2nd stage

7 |Flow from the separator of the 130 |32 |0.97 163.44 (1583  [0.03
Ist stage

g |Bottom of the stabilization hot 121 |84 [3.37 7765 2618 [025
column

Stream numbers in the table. 1 coincide with the numbers of technological flows
on the basic technological scheme (Fig. 1.). The following designations are used in the
flow table: T, — initial flow temperature, °C; C, — specific heat capacity, kW/(kg - °C);
G is the mass flow rate, kg/s; CP is the flow heat capacity, kW/ °C; a is the heat transfer
coefficient characteristic of the flow, kW/(m2- °C

It follows from the regulations and technological scheme of the OTSU (Fig. 1) that

145



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

only utility heat exchangers are used in the technology, and the heat energy recovery
capacity is zero. Using the Pinch 2.02 software package, we will construct composite
curves of technological flows of USPS so that they do not overlap along the axis of flow
enthalpy (Fig. 2).
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1 — cold composite curve of the initial process; 2 — cold composite curve of the initial process after
thermal energy integration; 3 — hot composite curve; O, — useful capacity of the hot utility before thermal
energy integration; Q.. - useful capacity of the cold utility before thermal energy integration; O, — heat
energy recovery capacity; AT - economically optimal the value of the minimum driving force in the
heat exchange system
Figure 2- Composite curves of technological flows of OTSU

minOPT

In this case, the cold process streams are heated in utility heat exchangers and the
useful power used for this heating is equal to O, = 386.8 MW. Hot process streams are
cooled in utility heat exchangers and heat output from them is equal to Q.= 213.4 MW.
In this case, the value 47 = =130°C C is not the driving force of heat transfer, but
simply shows the distance between the curves along the temperature axis.

With a known power consumption and output and the specific cost of energy
resources, it is easy to calculate the total cost of energy resources consumed by a
thermal power system. However, to determine the optimal value of A7 _ it is necessary
to know the cost of reconstructing the heat exchange system. The cost of reconstructing
the heat exchange system is calculated using the dependence of the cost of installed heat
exchange equipment, which is obtained using a regression analysis of the cost of heat
exchangers at oil refineries [A.A. Carmona-Martinez, et al. 2023]:

[Iye =A+ B(5)", (D

where A = 40000 USD is the cost of installing the heat exchanger together with
fittings and delivery; B = 1000 USD is the cost of 1 m? of the heat exchange surface, S;
¢ = 0.87 is an indicator of the nonlinear dependence of the cost of the heat exchanger
on its heat exchange surface. The typical cost of hot utilities at oil refineries is ~ 120
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USD per 1 kW per year, cold ~ 10 USD per 1 kW per year, and the loan rate is 20% for
a period of 10 years.

Using the Pinch-2.02 software package, taking into account the cost data, we
construct cost curves for the reconstruction project of the OTSU heat exchange system

(Fig. 3).
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1 — The dependence of the present value of the installed heat exchange surface on the minimum driving
force of heat exchange; 2 — The dependence of the annual cost of surface utilities on the minimum driving
force of heat exchange; 3 — The total dependence of the present value of the reconstruction project on the

minimum driving force of heat exchange.
Figure 3- Cost curves of the OTSU reconstruction project

And the optimal value of the minimum temperature difference, i.e. the difference, at
which the discounted cost of the reconstruction project will be the lowest, isAT . .=
32°C.

The construction of composite curves for AT . = 32°C (Fig. 2) shows the payload
of hot utilities Q, == 175390 MW, cold utilities — O, = 0 MW and thermal energy
recovery capacity — Q, = 213.4 MW. Thus, by completing the reconstruction project,
it is possible to reduce the consumption of hot utilities by 55%, and to abandon cold
ones altogether and put all refrigerators in reserve. The energy values obtained during
the construction of composite curves for the optimal value of the driving force of heat
transfer are the target energy values that must be achieved during the implementation
of the pinch reconstruction project of the OTSU heat exchange system. In our case, we
need to create a regenerative heat exchange system at the installation in question.

Next, using the laws and rules of pinch analysis to build optimal heat exchange
systems, we synthesize a grid diagram of the OTSU reconstruction project (Fig. 4.)

In the grid diagram, the net capacity of the hot utilities is 173.4 MW, which is 45% of
the currently existing hot utilities. All hot streams are brought to their target temperatures
by cooling them in a regenerative heat exchange system with cold process streams.
Summing up the thermal loads of the regenerative heat exchangers shown in the grid
diagram, we obtain the value of the hot utility, which we obtained when constructing
composite curves for AT . .~ = 32°C. Thus, by placing regenerative heat exchangers
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on the grid diagram, we have shown the possibility of achieving target energy values in
the project of creating a new OTSU regenerative heat exchange system.
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Figure 4- Grid diagram of the OTSU heat exchange system reconstruction project. The flow numbers
correspond to the numbers in the Flow Table 1. The circled values below the image of the heat exchangers
show their thermal load

It should be noted that the synthesized grid diagram of the OTSU heat exchange
system project should serve as a technical specification for designing a regenerative heat
exchange system and preparing working documentation for the reconstruction project.

Conclusions.

The paper performs thermal energy integration and presents a grid diagram of a
regenerative heat exchange system for an oil stabilization and treatment plant. As a
result of the project’s implementation, the energy consumption of external hot energy
sources will decrease by 213.4 MW, or 55%. You can completely abandon cold utilities.
Greenhouse gas emissions will decrease by about 71%. The discounted payback period is
about 11 months from the moment the reconstruction project reaches its target capacity.
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