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Integrating refinery unit operations with
production planning optimization
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Zhejiang University, Hangzhou Zhejiang 310027, China)

Abstract: Traditional production planning models do not consider constraints on operating conditions of the process;
therefore, the total optimality of the planning site and the process site cannot be guaranteed. To achieve the total optimal
production plan for the refinery enterprise by considering the operating conditions for all major units, we build an optimal
production plan model for a refinery enterprise with integrated operating conditions for all major units. This mathematical
model considers the cut points of the crude oil distillation unit (CDU) and the conversion of the fluid catalytic cracker
(FCC), and is incorporated with the mass balance of material, product quality constraints and the major units models with
operation conditions. It is used for the total optimization for the refinery production plan while simultaneously optimizing
the operating conditions of major units. A production planning model with swing CDU fractions is obtained in a case study
of a real refinery. The results shows that this production planning model integrated with process operation could obtain
the optimal operating conditions at the same time achieving a higher refinery profit. Besides, this model provides better

guidance for the practical production.
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product market and inventory constraints)
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2.4 ARIZH (Blending constraints)
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Table 1 Boiling ranges of typical crude oil fractions
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LRRsl ASTM/°F ASTM/°C  TBP/°C
BHIEAM 90~220  32.2~104.4 102~114.1
A i 180~400 82.2~204.4 56.6~220.7

S 330~540 165.5~282.2 134.4~309.8
BRI 420~640 215.2~337.8 180.7~380.8
R ECH 550~830  287.8~443.3 253.2~490.4
Pl FLRM 750~1050 398.8~565.6 398.7~614.5
ok s 7 1000 537.8 574.6
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Fig. 1 Main flow diagram for solving the refinery-

planning model

4 MNHHZEHI(Case study)
4.1 HiFEHIA (Basic configuration of a refinery)
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Fig. 3 TBP curves of three crude oils
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Table 2 Market situation of raw material and
final products
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JR i a( EE ) 0~70 4, 644
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J (et 0~50 5,122
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Rl 0~10 6, 900
O 93# KM 0~40 8, 035
0# S&3ih 0~40 7,050
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4.2 THEER 5591 (Computational results)
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Table 3 Raw material purchase and final production
under different modes
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S 8.73 7.95
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Fig. 4 Comparison of CDU fraction yields
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Table 4 CDU fraction cut points and yields of crudeoil b under different modes

s T [i] 5 L)) BRI
YIEMRE Tn o 1°C Wy /%  VIERREEHET, . /°C X RERIEE yy, / %

A 85.4 3.1 70.35~100.55 2.1~4.8
GIVEY: e 177.6 9.8 162.55~192.55 5.3~12.9
S 2453 9.2 230.25~260.25 3.8~13.7
L3RR 317.0 11.2 302.00~332.00 5.9~16.8
R P 444.6 22.5 429.55~459.55 18.1~26.5
TR P 594.6 29.1 579.55~609.55 24.2~35.3
IR 15.1 13.2~17.5
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5 451 (Conclusion)

ABERINT TR A PE S T 1 B SR SR
FATCREE I O T S HURe b, R &5 5 ok 2
B T2, 5Nl g s 2 0 2 e 3 [
e 5. AW RS T AP Rl T2 44k
JR IR BT AR AR TR FR T B3R W, SOk 1 2R
THRIBERY, lFAR R T AT AR IO I 3 Y 2 AR
RS T4 23 1 ] i ik s 2 W03 1) 2 7 o R A
R, B B Dok ) B P AR (Rl AR I ) (R A =
R, PUAAS 20 E 4] FRE 4 126975.3 757G, $¢m
T16.9%, RV ik 5O (1) 5 ool 25 2 0 2 0 A
FIBTE S A AR, T AR ST H 1)



778 G U R VU 531 45
ATy S P AR SR mes (A AT ek [12] JAMES H, GLENN E, MAR 1. Petroleum Refining: Technology and
SR 2 1 B —y 5 Economics [M]. 4th ed. New York: CRC Press, 2001.
RAGRANIIE ST N B & A — 0N e
o I NN S —, 13] LI W, HUI C W, KARIMI [, et al. A novel CDU model for refinery
! = A W vl & R S VAT AN N J 5 [
Tﬁ,ﬁz%/ﬁ: %E*’P{/\E\ }_Lnl:lﬁ‘ﬁ;‘kﬂ‘xﬁﬁfﬁ ﬁxtér planning [J]. Asia-Pacific Journal of Chemical Engineering, 2007,
éEfLi/+jaU B{]/%Zuﬁ . 2(4): 282 —293.
[14] BAEERR. 58D, 24 A TRt A3 2R IR PRI 0], 4T
N 224 .
S ik (References): S, 2010, 61(1): 124 — 131,
(YANG Jiali, RONG Gang. Refinery planning optimization inte-
[1] SHOBRYS D E, WHITE D C. Planning, scheduling and control sys- grated with quality tracking and constraints [J]. Journal of Chemical
tems: why can they not work together [J]. Computers & Chemical Industry and Engineering(China), 2010, 61(1): 124 — 131.)
Engineering, 2000, 24(2): 163 — 173.
[2] MORO L FL,ZANIN A C, PINTO J M. A planning model for refin-
ery diesel production [J]. Computers & Chemical Engineering, 1998, fx 55 UiBH( Appendix Notation)
22(Suppl.): S1039 — S1042.
[3] PINTO J, JOLY M, MORO L. Planning and scheduling models for ;f%ﬁujﬁh HH
Z N
refinery operations [J]. Computers & Chemical Engineering, 2000, N N N NI
o ey 3 o—BITBPEA % WA FAG B i
L PR > %% ¥ .
[4] ZHANG J, ZHU X, TOWLER G. A level-by-level debottlenecking b—{%{t%é%f%a{ﬁlﬂéﬂ&ﬁ?%é&,
approach in refinery operation [J]. Industrial & Engineering Chem- blend— &2 EHAES; C—2EE BALIN T2
istry Research, 2001, 40(6): 1528 — 1540. CDU— gL TS c— B & e (E w5
[5] LI W, HUI C W, LI A. Integrating CDU, FCC and product blending cov— AR E AL R, D—hih sk E;
r.nod;.solsnt(; ;(egfi)nt;r(})flp())lan;(l)r;gg [J]. Computers & Chemical Engineer- FCC—iAr 2y s S FI— BB RN 27
ing, , : - . N sy s
FO— | |‘!| g P 2y EL I_\ 7= =
[6] ALHAJRI I, ELKAMEL A, ALBAHRI T, et al. A nonlinear pro- %Ei{tﬂ*ﬁ?i iﬂlf, {H:I:lnﬁ';fi’
gramming model for refinery planning and optimisation with rigorous NP E NS £ O— i
process models and product quality specifications [J]. International ON—VIM=ELHHE; P — ik A ZRIE
Journal of Oil, Gas and Coal Technology, 2008, 1(3): 283 — 307. PPt M R 1 Q— iR
[7] ALATTAS AM, GROSSMANN I E, PALOU-RIVERA I. Integration R—IEEIN T &, s— IS+
(;f n;r'lcl)i:e[?; c;'uje (:i?tilll;lti(;n LlTlit In'odelcs‘ }':n réf:nerl); planni;gz(());;t]i— U— AT I T3 B o— USRI
izati . Industria ngineering Chemistry Research, s . ‘ ) . o
— UA Y AT LY S — I L T 22
[8] HANDOGO R. Optimization on the performance of crude distillation LSk
unit (CDU) [J]. Asia-Pacific Journal of Chemical Engineering, 2012, k—AAL L Tow— FBR; up— L FK.
7(S1): S78 — S87. T kR
(91 H67%, FIH, F1/NEE, 25 M) MR AT S TS AR EP_ 208 8 i APl : BP0
FIRAAL [7]. FFERFARARPIERR) , 2007, 47(6): 870 - 873. - i reag
P m—Fm PR, w4
(JIANG Dong, WANG Rugiang, HE Xiaorong, et al. Integration of B, Hm AT
optimal production planning with operating model of a refinery gas n, ’I‘LI—%TL n/%%ﬁfwﬁé, u, ul—%u, nAINLEEE.
rectification plant [J]. Journal of Tsinghua University (Science &
Technology), 2007, 47(6): 870 — 873.) M A~

[10]

(11]

WANG R, LI C, HE X, et al. A novel close-loop strategy for inte-
grating process operations of fluidized catalytic cracking unit with
production planning optimization [J]. Chinese Journal of Chemical
Engineering, 2008, 16(6): 909 — 915.

UcEL, BTN, FUBLAE, 2. i TR A B A R
PBRY (1], Al 56T, 2004, 35(5): 63 - 67.

(QIU Ruchen, YUAN Xigang, KONG Ruirui, et al. Predictive mod-
eling for Engler distillation of the distillate from crude atmosphere
column [J]. Petroleum Processing and Petrochemicals, 2004, 35(5):
63 -67.)

B (19890, B, W-LRFITA:, HuiHEo s m Al A r=

PRI R RS 5 LAk, E-mail: hzhao@iipc.zju.edu.cn;

W (1963-), B, #I%, HATWHH57 14 R REUERL S %

L TR G BT BRI R RE L) AL S 5 4 T, E-mail:

grong @iipc.zju.edu.cn;

BB R TREARSE

(1969-), 4, gk AN, HurHIFT 1k

AR #2504k, E-mail: ypfeng @iipc.zju.edu.cn.



