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Abstract: [Objective] The geographical disparity between methanol production and consumption, compounded by the limited capacity of
current storage and transportation facilities, hinders large-scale, long-distance, low-carbon, and efficient methanol transport. Concurrently,
the ongoing decrease in refined oil consumption has led to significant overcapacity in existing refined oil storage and transportation facilities.
Therefore, when establishing an optimized methanol storage and transportation network, it is essential to comprehensively consider the
integration and reutilization of existing refined oil storage and transportation facilities to maximize resource sharing and economic efficiency.
[Methods] To address this, a framework for planning a regional methanol multimodal transport system was developed, encompassing

supply, transportation, and demand. Multiple transport modes, namely road tankers, rail tankers, methanol pipelines, and refined oil
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pipelines, were considered comprehensively. Three methanol multimodal-transport scenarios were defined: current methanol supply-demand
capacity (Scenario 1), 2030 methanol supply-demand capacity (Scenario 2), and 2030 methanol supply-demand capacity with increased
refined-oil surplus capacity (Scenario 3). On this basis, an optimization model for the regional multimodal transport of methanol, suitable for
the collaborative optimization of multiple routes and modes, was established. The objective function was to minimize the total cost of
methanol transportation, construction of methanol pipelines, transformation of refined oil pipelines, construction of methanol storage tanks,
and transformation of refined oil storage tanks. Constraints such as methanol material balance, construction of methanol pipelines, and
transformation of refined oil pipelines were incorporated to conduct an optimization analysis of the layout of methanol storage and
transportation facilities. [Results] The proposed model was applied to a regional multimodal transport system in China, significantly
reducing the storage and transportation costs of methanol by integrating multiple modes of transportation including refined oil pipelines. In
Scenario 1, the main refined oil pipelines I, II, and III were all repurposed for methanol transport, resulting in an overall load rate increase of
27%-47% compared to their exclusive use for refined oil transport. [Conclusion] The proposed planning framework and optimization
model can provide effective technical paths and decision-making support for the planning of regional methanol storage and transportation

facilities in China. Incorporating the surplus capacity of refined oil pipelines into the methanol multimodal transport system is of great

practical significance for promoting the coordinated development of regional energy. (7 Figures, 8 Tables, 28 References)

Key words: methanol, multimodal transport, methanol pipeline, refined oil pipeline, surplus capacity, facility planning optimization
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Fig.1 Schematic diagram of regional methanol multimodal transport system
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Fig.2 Planning framework for regional methanol multimodal transport system

®1 3HBAERSAKEAR

R R

Table 1 Design of three methanol multimodal transport scenarios

IS A BE TR P RE T B TE T AR RE
Wil T R SRR B O T R SRR B B O HEESEREAT IR
W2 2030 4F AT R A = R L 2030 47 %7 A T et e HEHE SEREATIH I
W3 2030 4F AT R AL = 0 2030 4F- AT R T B A L 2030 £E&EE TS AT DL

S{Z@T\ Eﬁ@? i_u\ EEHD{HEI'_&

BHOESEL A

B 4 %I TaM I 5, A C@AL 0 g X I8 2 Ukis
AR R AT TF 5, SRR 537 5 T 10 2 SNkE 22

P2 5 0 A BT s R TR S 9
P Sl it ith £ SO 9%, JFAE L

BCE .
SRSV P B UF AN

PP I f O 72 8L
SLti b o B F R BT
BT R T T OS5 [N 3R

3 PR S WK AL BRI T

3.1 REMRIR

AR g ST A R, 6 AR R i dn R TR A AR B DA
5 18 R i R TR R R O R AR W B IUFR inIE
W J= CR I AR ), 36 5 DL DI [R5 B2, 5 A da 4l
B X 48 ) Y v 5 58 B, 0kt B 5 4 i AT 5T A B
oAIE D 1 B U R LTS B L, AOAS 25 RS A ik

PRV 2 R A il 8, 8855 DA B3 H Ay 8] B, 5
St B IS AT RS n ) B2 B TE 3R AT R B 1 BuAk
ik R, RV FH s i vl /5 0 8 4 R 0 AR R I
B3k 1 e K ds s @A E R & Fhig o7 i ig 7).
P& A4 @A B B TR TR 156 51 2 4k
T AL s ©AH FE FBETE o 7 AT e A7 1E 125 0 AN
EME .
3.2 BfreR#

R F, LS = o Smax) TR A
R LT S R, RN R 5 H s R, Horp g
%ﬁmiﬁﬁﬁA%hta&c&uG:uz
Gumax} TN FITAE 538 T R (RIS w5 TG HR (1L S 'ﬁélsz
M Thae, HH & H b 5 @ S E e MES
W g5 g Ron, K g B A mES
%GPEQC&HD=me%Mﬁ?Wﬁ$W
TRV EMES, TR AR TH &R, HPEE

yqcy.pipechina.com.cn 1069




iB{T 5% | Operation & Management

202549 A H44% H oW THLAHE

AN HEA AN D, HDocD; LN={1,2,...,
N} T8 X IR 2 SUBRIE R G T E 1 SIS, T
G H n Fon, ELEATE R AL RO AL, T R
SR A, B SUGUD=N; LL Z={1,2,...,Zna}
T s T MRS, BT X5 H z R, K
HEEIER T AEEGNZ, HZocZ: LA X =1{1,2,...,
Xonan} T BT W IS B E RN B ES, R 5

F x Fore BLURAR IPL IR, TP JR 73 B 07 2 W R
T T AT SO R T L TS0 R A
FR i DX 3 22 U PR A S 2 1) H A ek B TR 2 BT
TR AT RERIR T, 5 F R AE A P
FH P A T R R B e B YR 50 B P s R
i G TR Fy AR R T i B O 9% P IR A 2
H F e, HRiBA0h:

mnF=F +F,+F;+F,+Fs= Z Z Z Vo 2lnw Cnz + Z Z (a/,,,n/ OnpPVibny lnw Cy + Wy Vi by Cn ) +

neN weN zeZ

neN n'eN

Z Z VJPn,n’ ln,n’ca + Z (KIRnc/l + KanCr ) + Z KJRnC‘P ( 1 )

neN n'eN neN nenN

KA V. AN n RIS 2 85210 2’
A, t L, AT A 0 554 0’ Z A8, km;
cn: MK T3 2z BB S RA, Jo/(tkm)s a,, N
TR n 5 n R T ) B R v/t
S T B n 577 A " 2 [) 3 7 R R 108 (1 B B R,
m; p NEENMEE, tm’s Vip,,, N5 n FI R
B F BB S n FEER, t Vi, AT
5 n R SO R RS T B S T A e PR,
Kir, NAETT R n AHT W R TE R PER &, € Kipy N
FETT 05 n AR B A BE R R R & 6 o N
WA T8 B AR 2] Y, 0/ (mekm)s ¢, 9ES0E A ThE
ERAT BT, T0/(tkm)s ¢, v cas o~ o 23 AN
g FR T A T PR MRS B P L T At P A R SR A ) B
FH, B 32 P i 8 B 7 JF At 9% ) L oSt i e i 4
Rrg s sk, Jo/to

N RI R, RIS n 5 R n' 2
[ P4 P 8 1, SR FHRR SRR 5™, 2 S0 A i) sk ia
ATER AR EE B, DA B R A B AR
33 HREH
33.1 PEAA-FHLH R

XA AL A RS H S AR
1A K. [FIRE, 0T R SRS A, iR N 5 ATE
FH BT FERE I ORFRUCHD o #5710 S L0 2 F )~ 1l
290, BT A E B H AR S R RN SR T
MRS R ES B S T RIEFERE A, R REAN:

Wat DD V=3 D Varet 0 nEN (2

neN zeZ neN zeZ
Kb W Q) 705 i n 2277 AR IR & to
332 TEREHARAR

RS A 18] SO VR T A T, (H S AL

1070 yqcy.pipechina.com.cn

H I N SR VAT AR — RIS B T8, T E B E
BHRESENRIEILE, HAREREN:

BIPn,n': E BIPn,n’,x

neN,n eN 3)

xeX

Ay = Zan,ﬂ,x neN,n eN (4)
xeX

Suw=Y Ours NEN, MW EN (5
xeX

BIPn,n’,x6n,n’,x < a’n,n',xvﬂ’n,n’ < BIPn,n’,xén,n’,x+l

(6)
neN,neN, xeX

BIPn,n’,xun,n’,x < VIPn,n/ < BIPn,n',xun,n’,xH
neN,neN, xeX

KA Bipy,y N JCAR R, B n 55 R 0’ Z 8T
FHEZEE N B, =1, B0 Bip,,y =05 Bupyyw N 0%
B, YA 0 5 A R EE A T x BB
W Bipy =15 B Bipy o =03 @ N n 51550
ZAEEL T xR ERRE m/ts 6, N
Mon 575 50" ZBUE S TE AL T AR x BB ) 1 AR
B ms w, AR 0 S5 R 0 Z G2 E BT
x R EO R to

F B SEPRr TARER, AR R 3 M A Z A i e
BN E S s AR 2 AT RUTE AR AE B Tl TE N, A
VPR BRI B TE, HoX M 2 R R 508

7

BIPn,n’ + BIPn’,n” + BIPn”,n <2 ne N, ne N, n"eN ( 8)

Ban,n’ =0 HGSP,n'GGPUDp (9)

333 mdbih i R R

AR A R A T, HLTE A T R
A7 ZR AR H ik ORI, BRI RT X 12 it il A
T SEf I . OGN A BRI R E AR W] RS




ATV, S 25 R8RS BORE A YRR X2 AUBRIE R gL i

Operation & Management | iE{7 5 &8

B AR R R ST I R G A e, DA HE T
25 it T DI FP i36 L S St il A T B

W2 1) 38 e I DR £ it T T ) A% 6 VG B, RS
ISP e r W
VJPn,n’ < BJPn,n’ymaxn,n’ + (1 - BJPn,n’) emaxn,n’ ne N, I’l’ € N
10
GBJPn,n <emaxnn n€N7 n €N (11)
VJPnn ’
>ﬁBJPnn nEN,nEN (12)
Cmaxn.n
Vjpn,,,r < Crmaxnn’ neN, nweN (13)

KA Bip,,y N ICEE, F TR n 5 A 0 Z I8 B0E
B T TE I Bypyy =15 750 By =05 €maxnne N T 5
n 5758 0" Z I BRI ETEFIRGEI, & Ymaxnw AT
mon 55 R ' Z B B R EE R ¢ 0 AFIR
REJSOEREL L B W I L TE R e I LA
334 WEHHEEZIXHR
v T TR TG R Y T, T R T AT
B F R E, AR W ACE A, X R
WRILAN:
K, = MZ Viewn n€N
weN

A 9 A e R s e R A

a4

8 D7

8
G9 D o

33.5 AR E L R

P it R T T 50 Tk RS, T (RO
SRR RS A R AT A S LSO o A BE ) S0 P A R A
PEELR Z AR, % R4, PR S HER RS, DR
KSR R S RGBS, DA A AR ) e A
L IhReE R, X A RRIE AN

Kry =« Z Vibwn n€N

neN

15

T ke SRS T A P 2 S0 R B
3.4 1REUKAR

b R X3 2 AP A B R G B R A
# % (Mixed Integer Linear Programming, MILP)## 7Y,
FIH DK Gurobi 22 ARRNRIEAT K AE, LLS 2] AL
R R [X ek 2 QI fifh s Bt AR 7 52

4 5H5n b

4.1 EHisH

u*%lziﬁ%iﬁﬁééié%éﬁ(3 B BRI B
TR P TR A7 7E 2 B O 70 3 B 88D N B, 1% &R
G AuHE 23 ML R (SRS S1~823), 25 AN K
W (%5 N D1~D25, Hr D25 H T %R X 5 4k

G12 [X 45k &My

o
Gl1

B3 HERXESAKERAIHREE

Fig. 3 Distribution of multimodal transport systems in a certain region of China
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Table 2 Parameters of new methanol pipelines for different models in a certain region of China
EIEMS EERE/(10°ta ") HARE/(mt D BEJE £ H/mm AR AL/ (tm ™)
AN 0~250 0~0.085 2 7.85
hEE 250~500 0.850~1.700 3 7.85
KAt 500~750 1.700~2.550 4 7.85

#3 PEXXEHFZRERRESERASHE

Table 3 Parameters of construction and transformation costs for storage and transportation facilities in a certain region of China
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Table 4 Designed throughput and surplus capacity of refined oil pipeline in a certain region of China

FIARFES/(10° ta ™) A5 F7/(10° ta )
EE itdE/ (10 ta D) — BB WeitsE/(10 ta ™) -
SEfR 2030 4E S 2030 4
S4—S3 520 295 325 D14—D15 1 000 530 580
S3—D3 520 295 325 D15—D16 1 000 530 580
S4—D1 160 100 110 D16—S10 1 000 530 580
D1—S4 400 350 385 S10—D18 800 98 105
DI—D3 100 50 55 S10—S20 500 475 475
S4—D4 1 000 530 580 S20—S22 500 475 475
D4—S7 1 000 530 580 S22—S823 500 475 475
S7—D12 1 000 530 580 S23—S19 500 475 475
DI2—D13 1 000 530 580 S23—D19 60 60 60
D13—D14 1 000 530 580 S13—S12 60 60 60
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Fig. 4 Comparison of methanol production and demand in a certain region of China
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Fig. 5 Sankey diagrams for the methanol multimodal transport system under three scenarios
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Table 5 Flow direction and transport volume of methanol transported by pipeline and railway under Scenario 1

BHikeE smyd B2/t Emsma BHyX B8R0 BHige  smyd BEa0tY
S3—D3 Hig 119 D14—D15 (8! 158 S17—-823 Bk 60
S4—83 (=BG 64 D15—D16 it 128 S18—S19 Rk 60
S4—D1 Hig 58 D16—S10 (B! 39 S21-822 2Rk 30
S4—D4 i 190 D23—D25 i 355 S22—-823 ik 60
S7—-DI2 (=B 223 D24—D25 (EB 500 S23—-D24 2Rtk 60

S10—-820 Hig 109 S5—G5 R 60 D3—-D2 Bk 48

S13—812 (=BG 60 S6—G6 2Rk 50 D3—-G3 Rk 20

S13—-S15 Hig 352 S8—D9 itk 60 D7—-D8 ik 46

S19—-D25 Hid 500 $8—Gl15 Rk 60 D9—DI10 ki 33

$20—822 g 169 S9—D10 ki 2 DI16—S10 BREE 60

S22-823 HiE 269 S9—DI11 ik 38 D20—D21 Bk 35

S23—-S819 (=B 40 S13—S12 BRi% 60 D24—D25 2Rk 60

S23—-D25 Hig 480 S13—-S14 itk 60 G5—D5 BRE% 45
D4—S7 (=B 128 S14—-D20 Rtk 60 G6—S5 Rk 25

D12—D13 Hig 196 S15-S14 itk 60 G15—-D7 2Rk 60

DI3—Dl14 Eid 187 S16—S17 g 60
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Table 6 Flow direction and transport volume of methanol transported by pipeline and railway under Scenario 2

EKE BmAX BE/A0'D EmEma BmrX BR300 Egs BT BE/A0'D
S3—D3 HiE 147 D23—D25 HIE 500 S22-5823 RIS 60
S4—D4 B 530 D24—D25 il 500 S23—-D24 B 60
S7—-DI2 HiE 530 S5—G5 R 60 D3—D1 R 60

S10—S20 (=80 475 S5—-G6 N 53 D3—D2 RIS 29
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Table 7 Flow direction and transport volume of methanol transported by pipeline and railway under Scenario 3
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D13—D14 Hig 580 S17—823 R 60 D20—D21 Bk 49

D14—DI15 (=BG 580 S18—S19 BRik 60 D24—D25 Rk 60

D15-D16 Hig 580 S20—821 ik 49 G5—-D5 2Rk 46

D16—S10 Hig 541 S21—-822 B 60 G15—D7 Bk 10
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Fig. 6 Proportion of transport volumes by pipeline, railway and tanker under three scenarios
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Table 8 Summary of the transformation of refined oil pipeline under three scenarios
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Fig. 7 Load rate changes of existing pipeline segments under five scenarios
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