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Table 1 The basic data of stations
v A EEMERH iR BR /(m3/h) it e FBR /(m¥/h)
Bk A, / 100 500
1# 15 HEIRIb 0.9 100 200
2# HITH 0, HEIRIb 0.8 100 200
RSN HEIRID 0.9 100 200
A4 I 17 1 150 250
Kl TR / 50 200
T2 BERELRSY
Table 2 The basic data of pipe sections
BB BE m TR T B /(mP/h) FiiE ERR /(m*/h)
TSl — 14 1 1402 200 500
14 I S —24 I s 2452 200 400
24 TEIVFH U — 34 E1YHH 1395 200 400
S I —A I 1456 150 300
A# MG — R 795 150 200
F®3 EEMBRR
Table 3 The initial state of pipeline
Wk T S TS AR AR AR /m?
G95-001 95# i 7500

G92-002 92# KM 1402
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B RASCHR TR A BT L R A TR A, SRffsh

HER G5 W im AP HEAEF /m?
G92-002 92# 753 3500
D00-003 O# 457 8200
G92-004 92#VKiM 1800
G95-005 95#VKiM 2300
G92-006 924753 5600
R5 =gtk
Table 5 Delivery plan
it I Wk FF#&E] /h 25 ] /h HIIM R /(m/h)
1 Ry G92-002 0 10 150
2 14 {13 D00-003 22 28 200
3 1# NG G92—-006 56 67.5 120
4 2# HIyh, G92-002 9 22 150
5 24 Ik D00—003 22 47 100
6 24 {1 G92-004 54 58 100
7 24 HHITH G95-005 58 63 150
8 2# I G92-006 63 67.5 150
9 3# I, G95-001 45 15 200
10 3# I D00-003 455 50 100
11 3#EHIHY G92-004 55 59 100
12 A4 I G95-001 0 45 210
13 A4 I D00—003 40 55 150
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Fig. 2 Comparison of calculation results



LT P A SR ] 67 1o it i A S VR BE L1

211

N 2 s . IESRATLIE AR SCEIE R SGHE
FVBCRIIE T PSOR . LR ARFERT N 29.04 s,

KA A TR BE TR E 3 s o, o# SEh LA
B RN, 9267 LA (AR, 95#IRIM DAk A5k
No B ZE M FR B EROR IR, B AR
BN (EIH) 3 A (IR 24, . 250
Jof B R [l o M ARRERE R IR . S5,
B TE B AERTEA (HNh) T KD, BEFIRS R

S

DR
3HENHIE

24

1#EDRLL

B3 #tRizBE

Fig. 3 Batch transportation diagram

- (a)E ik
0 i 1 1 1 1 1 1
0 10 20 30 40 50 60
B iE/h
mE ----- e LR e R

B4 iiminETLE

Fig. 4 Fluctuation of flow rates in stations

MR ARG E BRI, ARRFRESEEE,
S AR R R AR I 4 FTR, 45 TE BT R AR
fEUNE 5 fR .

g R, SR RE AR R E A, A
3 N R AR EIM ) —E R, Hod, 24, 64,
114 ][] 60 1) SET 9 225 SRR 1] 3 0 2 T 1.50 hy 1.84 h
F11.00 h, =) ATHH bRdi 25N 434 h, HEL3
AL, 4 1#EI SIS R 2 D00-003 HER AT, {55

B [8)/h

. 7500
6705
5249
™
S
3854 X
&
1402
0
40 50 60
250 N
(b)AR ik

72010 e —\|:

T E/(me/h)

0 10 20 30 40 50 60
B [El/h
mneE ----- merR ---—-- METR




Sl L e
212 AImEEEg 2018 4F 6 H M3 BH 2
- (a) EIE—1#ENARIL
T e 1 e et
400
= 300
£
B
ES 200
100 |
0 —d e e e
0 10 20 30 40 50 60
B fE)/h
wE ———- RELR EHRETR
450 450
L () 2#EN;HuE—3#EN R ik
400 400 [T T T T T m s — - ————
350 350 [
300 300
< 250 = 20
£ £
1 200 0 200
S B
150 150 -
100 100
50 [ 50
0 ——d e T 1 L 1 L 1 0 [ R (NN S— | IR TR R LI I
0 10 20 30 40 50 60 0 10 20 30 40 50 60
B [8)/h 8 [E)/h
— hE ———- RELR SRR TR wE ———- RELR EHRETR
350 250
L (d) S#ED T IE—A#ENH UG (e) A#ENRIE—R b
300 [T T T T T oo
r 200 _
250 [
150 |
200 [
< 3 I :
£ 150 I — 3 o b [
I | I8 [
1= | 1= L |
100 [ [
[ 50 [
50 | :
o T T S T S S B R S S T T T LAY ST SN S B AU
0 10 20 30 40 50 60 0 10 20 30 40 50 60
BYfEl/m BffEl/h
— & ———- REELR SRR TR e ———- RELR SRHITE TR

&5

1

ERRETLE

Fig. 5 Fluctuation of flow rates in pipeline segments




T P e I AR ) 2 4 Bt I A T R RE A

213

TR CARAET 26 s 2 )5 B BON, R
AR, 2# ENH S 2 )5 A B 2D LA 150 m/h 13
ZAT, T 24 EIH G L R E i i T 2k D00—-003 it
YO, PRI sl 7 AR i i v A D00—003 bR . #
13 1V 36 7E 28 hA™ 25 SN, W G92-004 itk
Sk 2 5T 47 hB Ik 24 HIH G, 24 EHIT R B AT 2
SR, I 23 6 5 SR BT[] 747 114 501 0 285 o o ] i
HIF, DI I a2 ) S 25 . S TR s AR
Af 1) e (A%, L BE B AT 24 7 o IR 1A] 147 %) 25 9 4% SR s
B MiRIZ1TE 58 hivh, 1#. 2#. 3#EIVHEE AN [F]
B HEA T MR, (025 R BRI de N B B 29 ROR
BRITEATL AW, TFHEATZE A 3# E s (B) 11# 55
SKEFIA T ) A MR . 27 iR, ASBIRLR AT (15
FETHRI RS AR SRR B IE s TR T, KR
Hiu TG 2 FH P A SR s T 7

/

575 30k

4 g

(D) AR SCERAS LA Ui T 32 0 R 55 68 G B8 R I P 1l
MAEIE, 8 T2, KR R ) 6 2y
WEFARRAE, S DR/ NG SR I ) 2 0 22 8 H AR Y
BT, AT AR R SR I A i R A ) AR IR O
CRIFEAR b, IO 305 R0 S koK ik H e
L IEsap

) AT, BRI R, SR AR R4S
KGR INFTORIE E R &, a1 L%
Ko

(3) WA AR ELAT T I, AR R T2 2 B A 1
JHAETIE Xk W37 ) it A 3R R R BAT — 5 Y
SRS =

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

WK, REE . A E T AR [1]. AR , 2006, 02: 116—120, 124. [CHU F X, WU C C. Optimal design of
pipeline for transmitting petroleum products[J]. Acta Petrolei Sinica, 2006, 02: 116—120, 124.]

DUAN Z G, LIANG Y T, GUO Q, et al. An automatic detailed scheduling method of refined products pipeline[C]// IEEE International
Conference on Control and Automation. IEEE, 2016: 816—823.

R, SKIAR, BB AT . R TR I BRI Tk []. Tz, 2015, 07: 685-688. [LIANG Y T, ZHANG H R, SHAO Q.
Progress in the study on scheduling optimization of products pipeline network[J]. Oil & Gas Storage and Transportation, 2015, 07: 685—
688.]

NEIRO S S, PINTO J M. A general modeling framework for the operational planning of petroleum supply chains[J]. Computers &
Chemical Engineering, 2004, 28(6): 871-896.

REJOWSKI R, PINTO J M. A novel continuous time representation for the scheduling of pipeline systems with pumping yield rate
constraints[J]. Computers & Chemical Engineering, 2008, 32(4-5): 1042—1066.

CAFARO D C, CERDA J. Operational scheduling of refined products pipeline networks with simultaneous batch injections[J]. Com—
puters & Chemical Engineering, 2010, 34(10): 1687—1704.

CAFARO V G, CAFARO D C, MENDEZ C A, et al. MINLP model for the detailed scheduling of refined products pipelines with flow
rate dependent pumping costs[J]. Computers & Chemical Engineering, 2015, 72: 210—221.

CAFARO D C, CERDA J. Optimal scheduling of multiproduct pipeline systems using a non-discrete MILP formulation [J]. Computers
& chemical engineering, 2004, 28(10): 2053—-2068.

REJOWSKI R, PINTO J M. Efficient MILP formulations and valid cuts for multiproduct pipeline scheduling[J]. Computers & Chemical
Engineering, 2004, 28(8): 1511—1528.

MENDEZ C A, HENNING G P, CERDA J. Optimal scheduling of batch plants satisfying multiple product orders with different due-
dates[J]. Computers & Chemical Engineering, 2000, 24(9—10): 2223-2245.

MAGATAO L, ARRUDA L V R, JR F N. A mixed integer programming approach for scheduling commodities in a pipeline[J].
Computers & Chemical Engineering, 2004, 28(1): 171—185.

CAFARO V G, CAFARO D C, MENDEZ C A, et al. Detailed scheduling of single-source pipelines with simultaneous deliveries to
multiple offtake stations[J]. Industrial & Engineering Chemistry Research, 2012, 51(17): 6145-6165.

RELVAS S, BARBOSA-POVOA A P F D, MATOS H A. Heuristic batch sequencing on a multiproduct oil distribution system[J].
Computers & Chemical Engineering, 2009, 33(3): 712—730.

FILHO E M D S, BAHIENSE L. Scheduling a multi-product pipeline network[J]. Computers & Chemical Engineering, 2013, 53: 55—
69.

BOSCHETTO S N, MAGATAO L, BRONDANI W M, et al. An operational scheduling model to product distribution through a pipeline



214 Rk FER 20184E 6 A 355 2

network[J]. Industrial & Engineering Chemistry Research, 2010, 49(12): 5661—5682.

[16]  XUSEPT, ok, Fik . SO HE SIS B BT (3], %2, 2009, 04: 34-37. [LIU Z Z, LIANG Y T, YU D. Design of
simulation software for Luoyang-Zhengzhou-Zhumadian oil product pipeline[J]. Oil & Gas Storage and Transportation, 2009, 04: 34—
37.]

(17] X, W], e, AL, S50, PO — oot pl s dh i 1 IR B A TAE B AR S (7], I UhEIZ , 2010, 120 954-956. [LIU X Z,
WU M, WANG W Q, WANG D D, CAI N. Scheduling operating management system for Fushun-Bayuquan products pipeling[J]. Oil &
Gas Storage and Transportation, 2010, 12: 954-956.]

(18] XU, 5Fuk, 2 H T, BRI Frs 78T B9 I 7H i A8 18 94 B8 - 2 SR PF (D). Uiz, 2013, 09: 986—989. [LIU J, GUO
Q, JIANG X X, LIANG Y T. Scheduling software for Great Southwest Pipeline under new operation mode[J]. Oil & Gas Storage and
Transportation, 2013, 09: 986—989.]

(191 Bi%y, QoK sk ok, d8ar, KRBT BE T DR BE I AR TA B it i A TE VR TR A1 34 il [J]. 9 I, 2017, 36(12): 1391-1400.
[LIAO Q, LIANG Y T, ZHANG H R, SHAO Q, ZHANG H. An automatic scheduling method for multiproduct pipeline based on depth
search [J]. Oil & Gas Storage and Transportation, 2017, 36(12): 1391-1400.]

[20]  BR¥ESR, BEKIE, £, AL R, AT . 2R 2 A YN ik A A B R AR (7], A eEdR, 2015, 09: 1148-1155. [ZHANG
H R, LIANG Y T, WANG N, REN Y H, SHAO Qi. Optimal scheduling of multi-source single-distribution pipeline with multi-batch
sequential transportation[J]. Acta Petrolei Sinica, 2015, 09: 1148—1155.]

[21] ZHANG H R, LIANGYY, LIAO Q, et al. A hybrid computational approach for detailed scheduling of products in a pipeline with multiple
pump stations[J]. Energy, 2016, 119: 612—628.

[22] ZHANG HR, LIANG Y T, XIAO Q, et al. Supply-based optimal scheduling of oil product pipelines[J]. Petroleum Science, 2016, 13(2):
355-367.

[23]1  BoGR, B, TR, BUGoR, BEST . R K T 2SR A T T TR BRI Y (1], AR FE ], 2017, 01: 115-122[DUAN
Z G, LIANG Y T, ZHANG H R, YAN X H, LIAO Q. A multi-product pipeline scheduling model coupled with hydraulic constraints[J].
Petroleum Science Bulletin, 2017, 01: 115-122.]

Optimal scheduling of product pipelines based on demanding time-win-
dows

LIAO Qi, LIANG Yongtu, SHEN Yun, YUAN Meng, ZHANG Haoran

Beijing Key Laboratory of Urban Oil and Gas Distribution Technology, China University of Petroleum-Beijing, Beijing 102249,
China

Abstract Product pipelines, serving downstream markets, need to adopt a scheduling mode based on users’ demand. So far,
some research has focused on the optimization of product pipeline scheduling, but little has considered the demanding time-win-
dows, which often lead to the dissatisfaction of users. Aiming at single-source and multi-distribution product pipelines, this
paper sets the minimum deviation between the actual delivery time-windows and users’ required time-windows as an objective
function and proposed a MILP model solved through the ant colony algorithm and the branch and bound algorithm, which take
the constraints of batches, injection, delivery and time nodes into consideration. Then the paper chose one of product pipelines
in China as an example, then modeled and solved the detailed scheduling plan. The results demonstrate the strong efficiency and
practicability of the model in solving the detailed scheduling plan with only a small deviation.

Keywords product pipelines; optimization of scheduling plan; demanding time-window; MILP model; branch and bound; ant
colony optimization algorithm
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