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B oannoii pabome ucciedyemces nomenyuan snepeocoepedcenuuss 6 npoyeccax pazoeieHus WupoKou gpaxyuu yeie-
6000p0006. Ha ocnosanuu anamuza mexHoIOSUYeCKOU CXembl U NOMOKOGbIX OAHHBIX, C NOMOWbIO Memood NUuHY-
aHanusa, CnpoeKmupOBara CemoyHas OUASPAMMA UHMESPUPOSAHHOU Meni00oMenHol cucmembl. [locmpoernvl cocmas-
Hble Kpusble OJisl panee OnpeoesieHHO20 ONMUMAIbHO20 3HAYEHUs. ONMUMAILHOU PAZHOCIU MEMNepamyp Mexicoy men-
JIOHOCUMENAMU HA MENI00OMEHHOM 060py008anu. Dmo 0ano 803MONICHOCHb ONPEOeumy yeleable 3HAYCeHUs NONe3-
HOUl Mena080I HASPY3KU NPOYEccd, KOIUHeCME0 MEniomsl, KOMopoe Heobxo0umMo omeecmu om npoyeccda, a makice
yenesoe 3HAUCHUE MOWHOCMU DeKynepayuu meniosol IHEpul npu UCHOAb308AHUU KLACCUYECKUX Memo008 NUHY-
unmezpayuu. O6paz cOCMAGHBIX KPUBLIX 2060PUNT O MOM, YUMo 0e3 USMEHEHUSL pedcumMa pabomol KOIOHHbL OdNbHeluee
YeeauueHue IHepeodIPHEKMUSHOCIU HeBO3MONICHO, d IMO 6edem 3a COOOU USMEHEHUe MEXHOL02UUECKO20 PENCUMA Pa-
60mbl 060PYI08aAHUSL, YMO SAGIAEMCI HE NPUEMIIEMbIM, MAK KAK M0 Npueedem K UMEHEHUI0 Kauecmea noayuaemoo
npodykma. Unmezpayus menyiogoeo HAcoca No360Js1em NOGbICUMb MEMNePanypHblll NOMEHYUAL NOMOKA, He UMEHSIS
cywecmsyowull mexnoao2uieckutl npoyecc. s npediazaemo2o npoeKma peKOHCmpyKyuu paccuumanvl IKOHOMUYec-
Kue napamempul npoyecca. IIpogedena oyeHKa YUCICHHBIX 3HAYEeHUL SHEP2ONOmMpedIeHUsl, PEKYREpayuy 6 Cyujecmeay-
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owem u npeonoiazaemom npoexkme. llpumenenus NUHY-aHAIU3A U UHMESPAYUsL MENL0B020 HACOCA NO3GOUNU YMEHb-
wums nompeobnenue copsuux ymuium na 51,74%, xonoonvix ymunum na 46,52%. B cmamoee noxasanvl nymu ymeHo-
wieHust nompeOaeHUst BHEWHUX IHEPLOHOCUMENell 8 Npoyecce pasoeieHUst 1ecKUX Yeiee000po00s, a makdice npeonodice-
Hbl HYmMU NOWA2080U MOOEPHU3AYUU 3A600d.

Energy conservation is one of the most common concerns in gas separation plants. This article contains in-
formation about data extraction and heat integration of separation of light hydrocarbons plant. The pinch analysis
method was selected to perform a reconstruction project. The Composite curves for the previously defined optimal val-
ues of the optimal temperature difference between the heat carriers in the heat exchangers was constructed. This gave
the opportunity to determine the target values of the useful heat load of the process, the quantity of heat which must be
removed from the process, as well as the target value of the capacity of recuperation thermal energy using classical
methods pinch-integration. The Compound curves indicates that the column without changing the operation mode can
not further increase the efficiency. This leads to a change of technological modes of operation equipment. Technologi-
cal streams that are needed for the integration process by using the pinch analysis method were identified. According to
principles of pinch analysis, new composite curves are designed. The heat transfer area and number of heat exchangers
for a retrofitted heat exchanger network have been identified. Application of the methods of pinch-analysis and integra-
tion of heat pumps allows to decrease the external hot utilities usage by 51,74 % and cold utilities usage by 46,52 %,
and also offered the way of step-by-step retrofit of the plant.

KaroueBbie ¢jI0Ba: yrieBOAOPO/IBI, IIMHY-aHAIN3, CETOYHAS AUarpaMma, COCTaBHbIe KPUBbIE, YTUIIUTHI, PEKyIepa-
1M1, TEIJIOBOM HACOC.

Keywords: hydrocarbons, Pinch Analysis, Grid Diagram, Composite Curves, utility, recovery, heat pump.

Beenenue. YpoBeHb 5KOHOMUYECKOTO Pa3BUTHUS JIIOOOH CTPAHbI CETOHS ONPEAENETCS HE KOTMUECTBOM JOOBITBIX
WM TIOTPEOJICHHBIX TOIUTMBHO-3HepreTndeckux pecypcoB (TOP), a 3h(heKTHBHOCTBIO MX UCITONB30BAHMS: SIHEPIOEMKO-
cthio BBII, ynenbHbiME 3aTpatamMu TOP Ha eIMHUIly W3rOTOBJICHHOW MPOAYKIIUH. Macuirab u yCTpOHCTBO yKpauHC-
KOW 9KOHOMHMKH TPEIONPEIEISIOT TOBOJIFHO 3HAUUTEIbHOE KOHEUHOE MOTPeOIeHHE TIEPBUYHBIX YHEPrOPECypCoB. YK-
paurHa OTHOCHUTCSI K SHEprofieUIMTHEIM CTpaHaM. B mocienHue rofsl 3a c4eT COOCTBEHHOM OOBIYM MOTPEOHOCTH B
MIPUPOHOM Ta3e ynoBieTBopsitorcs -Ha 24-27 %, nedru — Ha 10-15 %. Jeduuur yrus, taxke sBisieTcs podIeMoid B
nocienHee Bpems. B TormBHOM OanaHce YKpaunHbl JOMHHUPYIOIIAs pOJIb NPHHAIIIKUT IIPUPOAHOMY Tazy. Ilo mot-
pebseHuo ra3a YKpanHa 3aHUMaeT Iectoe Mecto B mupe nocine CIIA, Poccun, Benukodpuranuu ['epmannu u Kana-
nel [1].

[oBbIlIeHNE KOHKYPEHIIMY Ha PHIHKE MepepabOTKU YIIIEBOAOPOIOB H YMEHBILIEHUE PEHTA0EIbHOCTH IPOU3BOICT-
Ba, BBIHY)KJAET MPEINPHUATHS Ta30XMMUYECKON OTPACIH MCKATh ITYTH HOBBIIIEHUS SHEProdpPeKTuBHOCTU. DPHeKTUB-
HOe dHeprocOepeKeHne SBISETCs OMHOM 13 HanboJee pacpoCTpaHEHHBIX POOJieM Ha XUMUUYECKHX U Hedrexummudec-
KHX 3aBofax [2, 3].

AHAIH3 CyIIeCTBYIOIIET0 Mpouecca. B manHOW paboTe ¢ MOMOIIBI0 METO/Aa MUHY-aHauu3a [4] aHaIu3upyercs
sHepromoTpeOleHre B Ipoleccax pasleleHus [MHUpPoKod ¢Qpakumm Jerkux  yrieBogopoxo  (LIDITY)
(puc 1) Ha ueHTpangbHON razodpaxkunoHupytomeii ycranopke (LII'DY).

el B 3 il
BJES - :
Bep K3 T-10/1 Toresiosts
M puaas
Tlap 3
W Q102
3
Xa
b
KK\ 1 g{,“u‘“u‘ﬁ"
TI#r_K-1
oY T3 4

Hs |

412 m‘;"“

K13

E — emxocmo,; K-1-K-4 — kononusi; T — mennoobmennvie annapamol.
Puc. 1 — IlppHOMnuaibHas JHeProTexHonoruyeckas cxema ycranopku HI'dy
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B Hacrosiee BpeMsi B TEXHOJIOTHYECKOM IPOLIEcce 3aAeHCTBOBAHBI MATh PEKTU(HKAMOHHBIX KOJIOHH. DTO

- xononHa K-1 — y31a BblA€NeHHs 3TaH-NIPONIaHOBOH (ppakumny;

- xononHa K-2 — y3n1a BbieneHus 1300yTaH-0yTaHOBOH (hpaKIum;

- xononHa K3 —y3na pa3zzenenust u300yraH-0yTaHOBOW (ppakiyy;

- xononHa K-4 — y3ma BeIJjeJIeHUS U30TIEHTaH-TIEHTAHOBOH (hPaKIIUH.

Panee, B paborax [5—7], ObLJI0 HAUATO pelICHHE TPOOIEMBI IO 3HEprocoepekenuto pasnenenus LLDITY wa [IT'DY.
C noMomipo anmnapaTa CTOMMOCTHBIX KPUBBIX IOITY4EHO HOBOE 3HaYEHHE AT i opt = 2°C.

Jast HoBoro 3HaueHHUs AT minopt CTPOMM COCTABHBIE KPUBBIE HOBOTO TPOLECCA, C MOMOIIBI0 KOTOPBIX OMPEAEIUM
LeJieBble  3HAYEHUS TOTpeOJIeHHs TOpsSYMX W XOJNOJHBIX  YTWIIMT JJIsi  MHTETPUPOBAHHOTO  Mpolecca
(puc 2).

[Muny nokanuzyercst Ha Temmeparype 71°C — mist TOpSYUX ITOTOKOB, M COOTBETCTBEHHO, ISl XOJIOAHBIX TTOTOKOB —
69°C (puc.2). CocTaBHBIC KPHBBIC MOKA3BIBAIOT, YTO MPHU NOCTIOKEHUH AT, = 2°C, ropsyde yTHINUTBI COCTaBJISIOT
O#min = 40,151 MBT, uto Ha 4,7% MeHblIIe, YeM MpoIlecC MOTy4aeT OT YTUIUTHONW CHCTEMBI B HACTOsIIee BpeMs. Xo-
JIOAHBIE YTHINTH yMeHbImaThest Ha 4,2% ¢ Qcmin = 42,812 MBT 10 QC = 41,026 MBT (puc. 2).

MoIIHOCTh peKymepanuy TEIIOBON SHEPTuU B MHTErpupoBaHHON cucteMe ¢ ATy, = 2°C JOCTUTHET 3HAYEHMS
ORrec =~ 3,7 MBT, T.c. yBenu4uTcs 00Jiee UeM B JIBa pa3a 10 CPABHEHHUIO C CYHISCTBYIOINICH B HacTosIIee BpeMs. Takum
00pa3oM, C TIOMOIIBI0 YrIyOJIeHNs! TEIIOPHEPIreTUIECKON NHTerpauuu npouecca paszaenenus Ha LI'DY, MmoxHO yme-
HBIIUTH 3HepromnorpetieHue Ha 1,96 MBT.
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1, 2 — eopsiuas u xonoouas cocmasnas kpusas; Qumin, Ocmine Orec — NOMpebIsiemast
MOWHOCIb 20PSTHUX YIMUTIUM, XOA0OHBIX YMUIUM U MOwHOCmb pekynepayutt. Qupin =54914 kBm,
Ocmin= 33658, Oyec = 13560 kBm

Puc. 2 — CocTaBHbIe KPUBbIE MOCJIE PEKOHCTPYKIMHU JIs1 HaliieHHOro 3HaUeHust AT,

B cooTBercTBUM ¢ NpUHIMIIAMY NUHY-aHaIu3a [4], A noaydeHHbIX 3Ha4€HUHA AT, om, CIIPOEKTUPOBAHA HOBAS
CETOYHAs JUarpamMma U pacCuyUTaHa MOIIHOCTh TEIUIO0OOMEHHOr0 000pymoBanus (puc. 3).

ITo cocTaBHBIM KpHUBBIM BUAHO (pHC. 2), uTo Aaxe npu 3HaueHuH AT, = 2°C TennooOMeHHas cucTeMa moTpeos-
€T 3HAYUTENbHOE KOJIMYECTBO BHEITHUX SYHEPrOHOCUTENEH (yTUITUT).
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T1-T4 — nosvle pexynepamusnsie meniooomennvie annapamol, C — oxaadumenv, H — naepesameins
Puc. 3 — CeTounasi quarpaMMa ONTHMA3HPOBAHHOI O MPOEKTA PEKOHCTPYKIIAH TEIUI000MEHHOM CeTH

B nnH4-aHanu3e Hanboee MOIXOoASIINM HHCTPYMEHTOM OHHUMAaHHS B3aUMOJICHCTBUS YTHINT C TPOIIECCOM SIBJISI-
ercst «Oonbasi cocraBHas KpuBas» [4]. J{ns ceTouHol quarpaMMbl ¢ ONTHMalbHBIM 3HadeHueM AT, (puc. 3), Obuia
moctpoena oonbinas cocraBHas kpusas (BCK) (puc. 4).

Ha BCK mporiecca paszneneaus [IIDJTY nokazaHa BO3MOXXKHOCTh YCTAaHOBKH TEILIOBOro Hacoca (puc. 4). Murerpa-
LIUsI TEIUIOBOTO HAacoca ¢ MPOLECCOM IMPH Pa3MElIeHHH Hacoca TMOMNepeK MuHYa o0ecreYrBaeT dHeprocoepekeHne 3a
CYeT COKpaIICHHS MOTPEOJICHUS BHEIIIHUX dHeproHocurenei [8—10].

D PeKTUBHOCTL NEHCTBHS TEILUIOBOIO HACOCA YacTO OICHUBAIOT KO3 HUIIMEHTOM MpeoOpa3oBaHus (€), KOTOPHIH
orpesierIsieTcss KaKk OTHOIIEHHE TOJIe3HOM 3HEpruu nepenaBaeMoi Nmpoleccy K 3aTpauyuBaeMoi Ha 3To pabore (ypaBHe-
HHUe 1), T. €. C MOMOIIBIO0 OOJBIION COCTAaBHOM KPHBOH MBI MOXKEM ONPENENIUTh TEIIOBbIE HATPY3KU M HEOOXOAUMBIE
TEMIIEpaTyphI JJIsl THTErpalluy TeIIoBbIX HacocoB B XTC.
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1 — noxasvieaem 603MOAICHOCHb UHMeEZPAYUU MENTI0B020 HACOCA
Puc. 4 — Boabas coctaBHAasi KpuBast

C nomorrsio porpaMmbl «Aspen Hysys» [11] cocTaBieHa KOMIbIOTEpHAs MOJIENb U pacCyUTaHa CyMMapHas Ha-
rpy3Ka Ha MPUBOIBI KOMIIPECCOPOB (pHC 5), KoTopast coctaBmia 1249 kBT.
O +W

b 1
€ 7 (1)

riae; Oy — KonuuecTBo nepeaaBaemoro teria = 18130 kBt; W — MOImHOCTD B TEMJIOBOM 3KBUBAJIEHTE, 3aTpayuBa-
eMasi Ha IpuBoJ] kKomnpeccopa = 1249 xBr.

Koa¢ppunmenrom npeodpazoBanus (€) paseH 15,5.

OrleHKa YHCIIEHHBIX 3HAUYEHUI 3HEPronoTpeOsIeHHs, PEKYIIEPALMH B CYIECTBYIOIIEM U MPEANOoNaraeMoM MpOeKTe
npuBeneHa B Tadsuue 1.

IIpocToii cpok OKyImaeMOCTH TEIUIOBOro Hacoca (P) paccuuThiBaeTcs Mo Gopmyiie (2), Kak OTHOIICHHE KalUTab-
HBIX 3aTPaT K TOJ0BOI SKOHOMHH OT COKpAILIEHUS IIOTPEOICHHS] BHELTHUX YHEPTOHOCHUTEINEH, U cocTaBiseT 4,5 mecsua.
Croumocts KoMipeccopa — okosio 900 Teic. nomi. CIIIA [12].

C
P= AHP + Scompressor + 3 : AHE + BT : (SHE)
Qhot ' Shot + Qcold ' Scold - Wcompressor ' Selec

rae Aty — o0mmasi CToMMOCTh yCTaHOBKH TerioBoro Hacoca = 100 teic. momt. CIIA; Ayg — CTOUMOCTh YCTaHOBKH
teroooMenHuka = 50 Toic. nomn. CHIA; Qo ¥ Ocolg — pa3HHULIA MEXIY Harpy3KOH Ha TOpSYUE M XOJIOHBIC YTHIIUTHI
JIO U TIOCJI€ YCTaHOBKH Ter1oBOro Hacoca, Ohot = 19379; Ocoq = 18130 kBT; Shot — CTOUMOCTH TOAOBOM 3HEPTUU IS
HarpeBa XoJoIHBIX MOTOKOB = 360 mosut. CIIIA 3a 1 kBT rox; Scoq — CTOUMOCTH TOOBOM PHEPTUM TSI OXJIAXKIACHUS
ropsunx motokoB = 30 momt. CIIA 3a 1 kBt rog; W — MolITHOCT B TEIUIOBOM DKBHUBAJICHTE, 3aTpayuBaeMasi Ha PUBOJL
kommpeccopa =1249 kBT; Sejec — CTOUMOCTH TOAOBOM 3HEPTUH i paboThl koMmpeccopa = 500 momr. CIIIA 3a 1 kBt
rox; ¢ — K03 (GUIMEHT, OTPAKAIOIIUN HETUHEHHYIO 3aBUCUMOCTh CTOMMOCTH TEIUIOOOMEHHHKA OT BEJIUUUHBI €ro IM0-
BEPXHOCTH TEMIO0OMEHa /U IIACTHHYATHIX TeIUTOOOMEHHMKOB, Kak mpasuio, ¢ = 0.87 [13].; By — crommocts 1 M
Ter000MeHHO! oBepxHOCTH = 1 ThIC. Hoi1. CIIIA.

) )
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INopsiuas ctpys K-3

Jons mapa=0

Lt=66°C T
IMap K-2 t= 7;1= C - Jloni’napa =0
o 0=13.75 MW
=60 C DHepreTU4ecKui

Houns mapa=1 Hous mapa=0.71

II0OTOK

ql=616.5 kW
T-2 Jounst mapa=0
ITap K-4 t=75 °C 0=2.54 MW
t=63°C DHepreTuyeckui

Jomns napa=1 oJis napa=0.84

q2=110.2 kw MOToK
=75 °’c T-3 JoJist nagg=0.57
o 0=1.84 MW
ITap K-1 OHepreTudecKHii MOTOK HoJist mapa=1
t=54°C q3=522.3 kW

Jons mapa=1

Puc. 5 — Hysys Mojesib NOAKJIIOYEHHUs TEMJI0BOr0 HAacoca

Tadonuna 1 — JHepronoTpedsieHHe U peKynepanus CyllecTBYIONIEH CHCTEMBbI TEII000MEHA U CUCTEMbI
TEMJIo00MEeHA B MPeIJIaraeMoM NMpoeKTe PEKOHCTPYKIHH

DHepreTuyecKas Cymectytomast | Ilpenmaraemas | % oOT cymiecT- glpc?rf;a;a?éiio- % ot cymect-
XapaKTCpUCTUKaA cucremMa TeIio- cucreMa TCII- BYIOLICTO 3Ha- O6MeHa ¢ Termio- BYIHOHOICTO 3Ha4de-
MIPOIIECCOB obOMeHa J1000MeHa YCHUS HUS

BBIM HACOCOM
Mommocts ——rop. | 4 3¢ 40,151 95,3 20,772 48,26432
yTunut, MBT
Mommocts —— xon. | 1) g5 41,026 95,8 22,896 53,48033
yTunut, MBT
Moummocts  pexyne-| 4, 5 3,7 214 23,079 1337,913
paluu TemnoTel, KBT

BruiBonbl. B pesynbrate nccnenoBanus npouecca paszaeneHus LHIDITY wva HI'PY, onpenenensl TeriooOMeHHbIE
CBSI3U MEXKAY TEXHOJIOIMYECKUMH TOTOKaMH, a Takke OblIa IMOCYMTaHa MOLIHOCTh PEKYIIEPAlUH TEIUTIOThI, KOTOopas
cocrasuia 1725 kBt ans cymectBytoriero mpoiecca. CipoekTUpOBaHHAS COCTaBHAs KPUBas BBIABHUIA HEJOCTATKU CY-
LIECTBYIOLIEH TEINTOOOMEHHOW CUCTEMBI, KOTOpBIE MPUBOJIAT K YBEJIHMUYCHUIO SHEpromnotpediaeHus. s HoBoro 3Have-
HUSA AT inopt = 2 °C, CIIPOEKTUPOBAaHA CETOYHAs AMAarpaMMa M paccuMTaHa IIOMaab IOBEpXHOCTH TerooomeHa. Coc-
TaBHbIE KPUBbIE ITOKA3BIBAIOT, YTO MPU AOCTHKEHHU AT, = 2°C, BO3SMOKHO YMEHBIINTH TOpsiYMe YTUIUTHI - Ha 4,7%,
XOJIOJIHBIE YTUIIUTHI - Ha 4,2%.

PaccMoTpeHa BO3MOXKHOCTH YCTAHOBKHM TEIIOBOI'O HACOCA W OIEHEHA SKOHOMHYECKast APQEKTHBHOCTh IMPOEKTa
MHTErpalfy TEIIOBOr0 Hacoca. MHTerpalys TemIoBoro Hacoca Mo3BOJSIET COKPATUTh NOTPEOICHHS TOPIYUX U XOIO/I-
HBIX yTuiauT Ha 51,74 % u Ha 46,52 % oT cymecTByromero 3HaueHus. KanurtaneHsle 3aTpaTsl cocTaBaT 1672,62 ThIC
nomi. CIIA, cpok OKyIaeMOCTH — OKOJIO YEThIPEX C MOJIOBUHONM MeCS1IEB.

Pe3ysbraThl 3T0OI pabOTHl MOTYT OBITH UCIIOIB30BAHBI B ra30pa3/IIUTENBHON U APYTUX OTPACISIX MTPOMBIIUIEHHOC-
TH JUIsl YBETHYCHUS! 3(PPEKTUBHOCTH WCIIOJNB30BAHUS DHEPTHU NPOM3BOACTBEHHBIMH KOMIUIEKCAMHM, CMSITYEHHS I10C-
JIEJICTBUI MApHUKOBOTO 3(h(heKTa U yaydIIeH!s] yCTOWYNBOCTH MPOMBIIICHHBIX PETHOHOB.

Bbnarogapaocth: ABTOpHI OnaromapsT MuHUCTEpCTBO 00pazoBanust 1 Hayku Pecnyonuku Kazaxcran 3a ¢unanco-
BYIO ITOJICPIKKY B paMKax mpoekTta «Co3/iaHue WHTEIPUPOBAHHBIX TEXHOJIOTHH IPOU3BOJCTBEHHBIX KOMILIEKCOB Pec-
nyonuku Kazaxcras ajist obecriedeHus: uX SHepropecypcodd GeKTUBHOCTH U SKOJIOTNIECKON Oe30MacHOCTI»
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