t T it Ji&

2018 455 37 B35 3 1 CHEMICAL INDUSTRY AND ENGINEERING PROGRESS « 803 -

FETAREERIARFEIERGETIE (PSE)

R et
(R EATAS B, JbE 100029)

HE: %’rﬁé&%%ﬁlﬂkéﬁ%*“%%lﬂ%@ AL BANBT HAHAAZGHARE R, FEFRLFWAILFE S
EAEDEEF, MENE@IEEFEMGE REE, AEAN T LASHARRSFEALLHT, Lk, T
HENMETHRELFE L “kﬁf\&” ey, ARAMERIEHANEZ TG, PARTSAENLF I LY A
EU IR, RBEMRITAERLIA (process systems engineering, PSE) A A&, SLATUAENT—%T @A
g T WA BYETR: AEPF AT SO TR R, HLEIENSREFARK; AR RGT ML
HASBREZ LT, ANTEREGTR, T RAESARLRRERLHETH,

KR F T HARR; IREAAIAHE; Soshri

HESES: TH3 XEkFRERD: A XEHS: 1000 - 6613 (2018) 03 - 0803 - 12

DOI: 10.16085/j.issn.1000-6613.2017-2266

Developments of process systems engineering(PSE) for transfor mation
and upgrading of chemical industriesin China

YANG Youqji
(China National Chemical Information Center, Beijing 100029, China)

Abstract: The paper discusses the transformation and upgrading of chemical industries in China. The
world economic development background is first introduced, namely the progress of fourth generation
industrial revolution. Also the economic structure reform in China must be understood which is leading
traditional Chinese industrial society transferring into modern service society. Next, “Big but not
strong” is the character of Chinese chemical industries which is discussed briefly. Third, the future
directions of transformation and upgrading of chemical industries in China are discussed. Finally, the
discipline PSE can help this kind of transformation, such are as follows: design of consumer centered
chemical products; multi-scale new process developments and scaleup; theoretical guidance for smart
transformation and upgrading of chemical enterprises and energy and water conservation in green
development of chemical enterprises.
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I FEAE LIRS 7 iR A 20 4D 80 FEARAIML IS %
P KER12 R E: UL LINNHOFF S s A
( Pinch Analysis ) A1 BL < P % M & K 2
GROSSMANN JER M= HKE (Mathematical
Programming). Fi& UAEERESIEM . RIA T 58
THEURERR; M5 DABCE ™, BEAb R R E
A X AN R B 45— N B R E M PSE HiAR
Z——FEHERMEE

1982 4F 24 7E S [ ) LINNHOFF Bodo 1 H A<
(AR T R A Z B e s b M
i A AR [ PR A B X, e e [l i
RO, TR A H TR M FERD,
BT “ AR P22, ) 1089 4F & B 5|4 R AL &
£ (Total Site Integration), BIAYALFHE e #42% W
%, MHERENAHTRERG (RSN
REENFINILD P, £E K AR S TR
BARPRMRBE ERE GEREHRER).

5 EFIRE, 1989 4E EL-HALWAGE 253541 %¢
AT R e 52 e I % ar £ g 0 T 8 T o A A 1Y 5
Yef/b, $EH “FiE S (Mass Pinch)”. 1EJii&E
LR, N BT 1994 £ WANG Fi
SMITH R H (1) “ K Je s bR 7, AAITEE XK R %
R, WRHAFIEKIE T, WP R K BRI R
e 7K R B B/ T A HE LR (9 PR K B A2l X 7 T
RIEVERE A B IR A SR H 2R 0T, 721X B AR HR
RFTE LK RDIREE ;. B ARERE R
K . 1] 2001 4F KIM A1 SMITHP® SO Hofe ™ 2]
“PEIRKIE AR, FH LAR BIE A K 78 B HT B 7K
LB/, TEIX Y AFRAER T KR 1
AP R R K IR B 21 YRR ER
Pemr, HTREH M ER A RE R, )
InE A B AR 2, I AR IR B 5K . 2002 4
ALVES fll TOWLER. 2003 4= EL-HALWAGE $ZH
“CEIJE R, IS I 5 BT RAR T N B i A TR )
ik F P,

e A AT IR At S B LS B . — Mk
MAEEE ARG . Bl N &
ERAMRZEFZYS, FERNH— N2 0
#1” (Pinch) PRI 7 #A RGMELFE ST, 2004 F
SINGHAI A SHENOY #i J& s 435 A H T Re i L 5

FEMI A = RIB A G SREUCAS [R] B B 1 2 = AR
b f/INTTT REHS 2 BN B 7R R, R I IE PRAIE G i
ZIRABE R . 7EIX FLHARFRARER T BT 7] A
ASFRA R B R YRR,

2007 4F TAM Fil FOOU M2 H “miHEs e &7,
W2 A XA — X RS, A X8
& JUMASENACA BETR,  IE RS B ) CO, HEL
T K CO HEBOE R, ik 75 A H — w H & E &
HEBC” gedR (rJEAERRYRE L AR SRE RS HR T
ATREYR . (HEFHERBEIR AR =y, ZER T REZ A,
v DAELSR B e 2 &% X IR ok, H &R
“EHEBCREIRIE A CO, HEPR B o 7EIX B ALFRAL
KRR CO, BRG] BALFRER I E R REFE
R

2] 2010 4F, HTEECAEZFBEAT, RAaEAR
NAET BGOSR . FEMEEOI AR P RGE R, B
B2 PR IR G, X EE R A RS, BT eALk
#5432k, 2012 4F MORRISON 2521575 7 [a) 8ot
B 26 4 Y 15112 CHATURVEDI 2511 %%
RAREIR A GUN 8 = AN Sl TR 7 s B S o i R
2013 4F FOO “5™I3 ] i A £ R /K 81 17K
W25 TH

SRR E, R AR MR 51 R 5
W RS AR R RIEN T, FEAFRIRIN R
WEAEN “RE” M CHE” N A A ER,
Wk 6 Fizw.

XM KRR A TR
HEMER. HrtttFEECSE M ZE 3 XA
A $E ALY : DAspen Energy Analyser, X AN A
A LURIEFEA A K 1 Aspen Plus BX HYSYS HBEAT,
‘BRI B B B TH A 45 5 A SR B O% I I 1
FE-IeEE s, B T IS E, iblE S AR
R RS T A ; @SuperTarget, X & KBC A
AR TR ft AT, {HA2 2016 4 KBC AW

x6 TRXVHRSIBARRELE

e BEARREA O FEAbE RS REMEH
AR, RE  HhE U LINNHOFF BF'2
AR 5 o A EL-HALWAGER**!
TK 28 5K Rk 1Yk KB WANG & SMITHP
TEA KGR R K KIM & SMITHE!
AR HRE AE ALVES & TOWLER?
LR AR YRR SINGHAI & SHENOY
BHI RS gé%ﬁm( AekEdisk  TAM & FOOM!




3 4

BB A2 AR T A R R G TR (PSED

* 813

T H AR A 7 e JF; @i-Heat, X/29¢H PIL
(Process Integration Limited) /A &) 3% T S )R K
IR SPRINT AL A FH R, 046 T 4
Jeri (Heat-int). 4 AR (SITE-int). Rk
A4 (CDU-int). FEIRIEALER (DIST-int). V&%
438 (CRYO-int) PAKEAR SR (Hp-int) 6 M.
FEAZS Tl e X AR A T B B R R J7 T, 2 B =
WK 2015 4E ST ARG SCEREEAR ™. X LAk
ANFFER
5 4iE

(D HEFIESEN G DGR T A ar i, R E
WIEFERE NG IR G Es M A, R E 7 Tl
[ % Je Wb 5N 4 T P s AR s

(2) FRE P47 TR A G, AR S
Reid b, o anEE C, B3R A0ERE8s,
A RAG, BARE) %, SIE K EPRHAR
ASKEFR, B R AT

(3) BRIFg N wAE AR R, TR P ALl
G, g Z oot Bk, Pl rnik
FAITT ) K s

(4) PSE J9fb T3 BRI T4 20 55 E 008 7 s 8 L
ZIOT KRR IVEMBAE TR, N THE R e
W TTH BRI 048 T, A TN TRE. 5
IKANARZS SO i SR L R DT VAR i TR

SR

(1] FAE =27 i E AR Tk Rl 5 6% [].
B Brfimzesr, 2015, 23 (5): 1-6.
LI S S. Development strategy and innovation in China's petroleum
and chemical industry during the 13" 5-Year Plan[J]. International
Petroleum Economics, 2015, 23 (5): 1-6.

(2] BdankE, S QR NSO M CBFE T R[] fL TR, 2016
(2): 29-32.
YAN R Z, JIN H. The key point of supply side reform is
transformation[J]. Management of Chemical Industry, 2016 (2):
29-32.

(31 B 2014 4EFREFRAE AT S DR 5000 A
WAL TZ5 04T, 2015 (3): 19-22.
LIU Guolin. Analyst on import and export trade of China’s petroleum
and chemical industry in 2014[J]. Economic Aanlysis of China
Petroleum and Chemical Industry, 2015 (3): 19-22.

[4] AL AE BALHE. ST En Ao A e 2 Tl i R Bk (2016—
2020 4F) [IBRAI[Z). TA5HM 20161318 5, 2016.
Ministry of Industries and Informatization. Notice about development
plan of petrochemical and chemical industries (2016—2020) (Interior
document) [Z]. 2016.

[5]1 RV WOMBEDPEE, RAEAT AN FEAL? (1], HEAET
5, 2016 (23): 48-51.

(6]

(7

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

WU Y. Break through, how the polyolefin industry get into
high-end?[J]. China Chemical Information, 2016 (23): 48-51.
LEENA Rao. Dow chief:
science company[EB/OL].

we’re not a chemical company, we’re a
http :  //fortune.com/2015/07/15/dow-

chief-chemical-science.

GILBERT K. Former chemical giant dupont attempts to reinvent

institutional investor, 2014[EB/OL]. http :

//www.institutionalinvestor.com/article/3322456/banking-and-capital-

itself once more ,

markets-corporations/former-chemical-giant-dupont-attempts-to-reinv
ent-itself-once-more.html? Articleld=3322456&p=3.

o DAL AE BA S BRI RS LR, T E TS W
HREEHARTR SR R SRS T BT (1.0 O (HFEERED [Z].
2016.

Department of Informatization and software in the Ministry of
Industries and Informatization, Society of Electronics. The general
framework guide on technical system of the connotation of the
integration of information and industrialization (Interior document)
[Z]. 2016.

BT, RIEA. IR L R, Rt AR SR L
4, 2014, 65 (2): 374-380.

LI Defang, SUO Hansheng. Accelerate the process of smart plant,
promate ecological civilization construction[J]. CIESC Journal,
2014, 65 (2): 374-380.

THEE. AMEEWH RS (CPS) MFEILHE T 5 B S EE([R].
2017 AREAG TR LW R A RFES, B, 2017

WANG J M. Theoretical research and practical applications of Cyber
Physical System in petrochemical industry[R]. 2017 Annual Meeting of
Process Systems Engineering Society of China, Kunming, 2017.
BEE, 3O E TSR LR s BRI RHR B 2 55 B
(3. ZJ&Tolk, 2015, 27 (3): 1-4.

QU G H. Economic analysis of obtaining light ethylene cracking
feedstock by importing shale gas derived ethane from the United
States[J]. Ethylene Industry, 2015, 27 (3): 1-4.

FIRT, EAK, ¥HigE, & REKBET LZIRS K RE
POMIT). A LHEE, 2017, 36 (3): 767-773.

LIZY, WANG H Q, HUANG G S, et al. Analysis on status and
development trend of ethylene production[J]. Chemical Industry and
Engineering Progress , 2017, 36 (3): 767-773.

WK, AR — Ak 0t J S o R 1 JE R (0], B B
MZEGE, 2009 (5):  11-19.

YAO G X. The global refining industry:

International Petroleum Economics, 2009 (5):

development and trends[J].
11-19.

KAPUR S. Why integrate refineries and petrochemical plants[J].
Hydrocarbon Processing, 2009, 88 (2): 29-40.

FER. H— L RRAMLTRERIT ] SRAMA
&, 2005, 13 (5): 8-12.

LI Z Q. Integrate refineries and petrochemical plants:
development trend[J].
Industries, 2005, 13 (5): 8-12.

FORHE, AW, WA, S R R — IR 2R R R T
R LITEARZSE, 2016, 24 (12): 9-12.

LUGM, LIP, CHUQ B, et al. A highly integrate refineries and
petrochemical plants development scheme of ethylene production[J].
Technical Economics of Chemical Industry, 2016, 24 (12): 9-12.
Bt QRIS T A e R R S D). R TSR A
T, 2017 (11D: 17,

the future

Modern Petroleum and Petrochemical



<814+ 4 T i J& 2018 4F55 37 &
WETI K. Driving toward to be the pioneers of green development[J]. 2009, 25 (7): 721-728.
China Chemical Information, 2017 (11): 17. [31] LINNHOFF B, FLOWER J R. Synthesis of heat exchanger networks:

[18] %7, WEaEd, VLHOR, A2 m TR ARD]. (T I. Systematic generation of energy optimal networks[J]. AIChE J. ,
e, 2003, 22 (3): 217-222. 1978, 24 (4): 633-642.

QIANY, PANJZ, JIANG Y B, et al. Chemical product engineering [32] LINNHOFF B, HINDMARSH E. The pinch design method forheat
theories and technologies[J]. Chemical Industry and Engineering exchanger networks[J]. Chem. Eng. Sci., 1983, 38: 745-763.
Progress, 2003, 22 (3): 217-222. [33] JIRI J K, PETAR S V, ZDRAVKO K. Recent developments in

[19] MICHAEL Hill. Chemical product engineering—The third paradigm[J]. process integration[J]. Chemical Engineering Research and
Computers and Chemical Engineering, 2009, 33 : 947-953. Design, 2013, 91: 2037-2053.

[20] NG K M. A multidisciplanary hierachical framework for the design of [34] EL-HALWAGI M M, MANOUSIOUTHAKIS V. Synthesis of
consumer centered chemical products[R]. 12th International mass-exchange networks[J]. Am. Inst. Chem. Eng. J. , 1989, 35:
Symposium on PSE, 2015: 15-20. 1233-1244.

[21] AUSTINND, SAHONIDISNY, TRAHAN D W. Computer-aided [35] #Amt. FiEssHemIZ ], AL TREE, 2007, 26 (2): 284-289.
molecular design: an introduction and review of tools, applications, YANG Y Q. Mass exchange networks[J]. Chemical Industry and
and solution tcchniques[J]. Chem. Eng. Research and Design, 2016 Engineering Progress, 2007, 26 (2): 284-289.

(116): 2-26. [36] WANG Y P, SMITH R.Wastewater minimization[J]. Chem. Eng.

[22] ABBIATI, ROBERTO A, DAVIDE M. A modeling tool for the Sci., 1994, 49 (7): 981-1006.
personalization of pharmacokinetic predictions[J]. Computers [37] KWL, BUNF, A KNS REROK SRR R 5 TR 5T
&Chemical Engineering , 2016, 91: 28-37. JE[I]. LT3R, 2015, 66 (1): 32-47.

[23] YANG Youqi. Microscale and nanoscale process systems YANG Y Q, JIA X P, SHI L. Progress of process systems engineering
engineering: challenge and progress[J]. Chinese Journal of Process for water networkand virtual water studies[J]. CIESC Journal, 2015,
Engineering, 2008, 8 (3): 616-624. 66 (1): 32-47.

[24] STEPHANOPOULOS N, SOLIS E O P, STEPHANOPOULOS G. [38] KIM J K, SMITH R. Cooling water system design[J]. Chem. Eng.
Nanoscale process systems engineering: Toward molecular factories, Sci., 2001, 56: 3641-3658.
synthetic cells, and adaptive devices[J]. AIChE J., 2005, 51 (7): [39] ALVESJJ, TOWLER G P.Analysis of refinery hydrogen distribution
1858-1869. systems[J]. Ind. Eng. Chem. Res. , 2002, 41: 5759-5769.

[25] LI Defang. Perspective for smart factory in petrochemical industry[J]. [40] SINGHVI A, MADHAVAN K P, SHENOY U V. Pinch analysis for
Comp. & Chem.Eng., 2016, 91: 136-148. aggregate production planning in supply chains[J]. Comput. Chem.

[26] IBMZA . IBM Smart Manufacturing Solutions, Technical Exchange Eng., 2004, 28 (6-7): 993-999.

Meeting (Interior document) [Z]. Beijing, 2013. [41] TANRR, FOO D CY. Pinch analysis approach to carbon-constrained

[27] Smart Manufacturing Leadership Coalition (SMLC) . Implementing energy sector planning[J]. Energy, 2007, 32: 1422-1429.
21st century smarst manufacturing (Interior document) [Z]. 2011. [42] MORRISON A S, ATKINS M J, WALMSLEY M R W. Ensuring

[28] Smart Process Manufacturing Engineering Virtual Organization cost-effective heat exchanger network design for non-continuous
Steering Committee. Smart process manufacturing: an operations and processes[J]. Chem. Eng. Trans., 2012, 29: 295-300.
technology roadmap (Interior document) [Z]. 2009. [43] CHATURVEDI N D, BANDYOPADHYAY S. Minimization of

[29]1 #Acmt. FEL T AEHE 0 R R BLRATEN]. PELTER, storage requirement in a batch process using pinch analysis[J].
2016 (6): 28-31. Comput. Aided Chem. Eng., 2012, 31: 670-674.

YANG Y Q. Status and problems of smart manufacture in chemical [44] FOODCY, MANAN ZA, TANY L. Synthesis of maximum water
industry of China[J]. China Chemical Information, 2016 (6): 28-31. recovery network for batch process systems[J]. J. Clean Production,

[30] ZEARE, MM, ERE. ARSI R B R[], b T 2005, 13 (15): 1381-1394.

J&, 2006, 25 (7): 721-728. [45] MARIANNE Boix , LUDOVIC Montastruc , CATHERINE

GONG J B, YANG Y Q, WANG J K. Meeting the challenges to

sustainability =~ through  process integration-process  systems

engineering review[J]. Chemical Industry and Engineering Progress,

Azzaro-Pantel, et al. Optimization methods applied to the design of
eco-industrial parks: a literature review[J]. Journal of Cleaner
Production, 2015, 87: 303-317.



