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2H2] 7§ Petroleum Logistic Network

of crude oil plants

North Sea, Gulf of Mexico, Middle East Antwerp, Texas, Singapore

Europe, America, Far East & Aus

T, RCip, R

1C, 1, HD,

ip,

oo] MAlS - ;
=H|e] HAIS} Deterministic Formulation
[Index]

i: Loading source of crude(i =1,2,3 : NorthSea, Gulf of mewico, Middle Bast)

j: Refinery plant(j=1,2,3 : Antwerp, Tezas, Singapore)

k: Product market overseas (k=1,2,3 : Burope, America, Far Bast)

r: Type of product (r=12,3 : Gasoline, Dist, Fuel)

piLevel of process intensity(p=1,2 : Medium, High)
[Data]

& : Crude supply at loading source i(B/D)

P,: Price of crude at loading source i($/B)

S8C,; : Shipping cost from loading source i to refinery j($/B)

T, : Mazimum throughput at refinery j(B/D)

RG,,: Cost of refining crude i at refinery j on processing intensity p($/B)

Gy, Vields rate per barrel of product r refining crude i at refinery j on processing intensity p

P, : Price of type of product r($/B)

IC,, : Fventory cost of product r at refinery j (8/B/D)

HD,, : Homeland demand of product r at refinery j (B/D)

D,,; : Demand of product r at market k(B/D)

DC,;, : Distribution cost of product + from refinery j to market k (§/B)

wf: Weighting penalty for short of Market demand about product r at refinery j ($/B)

[Decision Variables]

X, : The amount of shipping crude i to refinery j(B/D)

R, : The amount of crude i refined at j on processing intensity p(B/D)

Y, : The distribution amount of product r from refinery j to market k(B/D)
1, : lnventory of product r at refinery j(B/D)

By, :the amount of product r falling short of demand at market k




2H2] At peterministic Formulation

[Objective function, Constraints]

Mn Z= Y)Y (R+5C,

EE kit Bk,

+ L X DB+ DC,) Y+ LN NRC,R, +

st S (for all i)

(for all j)

DR A< 1
iy
zP:Rw*‘

<0 (for all i and j)

Z)M+E' D, (for all r and k)

= HD,

; (forall v and j)

22 GiR, —Zk) Yo~

=0

o b =

2H[2] A3} stochastic Formulation

[Index]
i:Loading source of crude(i=1.2,3 : NorthSea, Gulf of mezico, Middle Bast)
i+ Refinery plant (j=1,2,3 : Antwerp, Texas, Singapore,
*: Product market overseas (k=1.2,3  Burope, America., Far Bast)
7: Type of product(r=12,3 : Gasoline, Dist, Fuel)
p:Level of process intensity(p=12 : Medium, High)

[Data]
S, Crude supply at loading source i(B/D)
P, i Price of crude at loading source i($/B)
8C; : Shipping cost from loading source i to refinery j($/B)
T, : Mozimum throughput at refinery j(B/D)
RC),,: Cost of refining crude i ot refinery j on processing intensity p($/B)
Gy, : Yields rate per barrel of product r refining crude i at refinery j on processing intensity p

1C;
HD,, : Homeland demand of product r at refinery j (B/D)
D, : Demand of product + at market k(B/D)

DG, : Distribution cost of product r from refinery j to market k ($/B)

Weighting penalty for short of Market demand about product r at refinery j (3/B)

[Decision Variables]

X, : The amount of shipping crude i to refinery j(B/D)

Ry, : The amount of crude i refined at j on processing intensity p(B/D)
The distribution amount of product r in scenario s from refinery j to market k(BfD)
fnvmm/ of product r in scenario s at refinery j(B/D)

:the amount of product r falling short of demand in scenario s at market k(B/D)

282 A3} stochastic Formulation

[Objective function, Constraints]

Min

7= L (B+5C)%;+ 222304,}?,, ZE[EZ%}(&,WQQ)

IRYCIROHY

st S (for all i)

X:)EP: Ry, =

T, (for all j)

0 (for all i and j)

+EL=

ork:

D, (for all s.r and k)

;=HD,

(for all s, and j)
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Input Data

Crude 3 SCu (5/8)
Crude o . N
antwerp exas  singapore
north sea 5474 -
a0t of mescs e north sea 092 199 283
) gulf of mexico  1.82 054 3.66
migdEeet S middle east 201 288 102
Refinery Costs ($/B) Antwarp Costs ($/8) Texas Costs ($/8) Singapoer
PrOCSs  prent  wti dubai  brent  wti dubai  brent  wti dubai
Intensity
Medium 253 373 313 337 497 417 295 435 365
High 590 745 667 716 969 8.42 653 857 155
Distribution Inventory costs - .
Costa(é/py)  Med.  SouthAm. FarE. (o/b/) . gasoline  Dist Fuel
Antwerp 09 221 32 antwerp 45273 47220 43316
Texas 183 161 338 texas 44610 46410 42809
Singaporc 2.3 281 102 singapore 37681 43134 32227
Possible economic situation
1) Good 20%
product costs(s/bbl) Product] ) )
Gasoline |  Dist Fuel
Antwerp | Texas | Singapore | [Market
Gasoline | 9055 | 9446 86563 Europe 78000 | 58,500 | 58500
- Overseas -
Dist 8922 | 9282 8562 emand |__America | 52000 | 45500 [ 32500
Fuel 7536 | 8627 6445 Far East 57720 | 54,600 | 43680
2) Fair 50%
product costs(s/bbl) Product] R R
- Gasoline |  Dist Fuel
Antwerp | Texas | Singapore | [Market
Gasoline | 6965 72,66 6664 Europe 60000 | 45,000 | 45000
ov
Dist. 6863 71.40 6586 || porrs | Ameica | 40000 | 35000 | 25000
Fuel 5797 6636 | 4958 Far East | 44400 | 42,000 | 33600
3) Poor 30%
product costs(s/bbl) Product]
Gasoline |  Dist Fuel
Antwerp | _Texas | Singapore | [Market
Gasoline | 876 [ soss [ sses [ curope 42000 | 31500 | 31500
"
Dist 4804 | 4998 | 4610 n:n?:: Amerca | 28000 | 24500 | 17,500
Fuel 2058 | 4645 3471 Far gast 31080 | 20400 | 23520

Optimal Solution(Deterministic Model)

1 Scanario_Good os ETS 2 ScanatioFair ETS 3 Scenario Poer AR
3203506 = ssiaont

Az Az Az oF AT T
° o [ HEgxu o0 o
pro) 151768 2007 HEex2 e 24
o ° 22000 HEgxs 0 2550
5319 300000 o HEsxa 300000 I3
e ° o g2 o0 o
o ° 3 HEgxs 0 o
° ° 45000 =m0 31500
12183 nes 293 HESx2  19%0% 2428
ams17 aarres o IEsxa 0008 °
° ° o ZEgR O °
° ° o ZEHR2 O °
° o 2o ZEERA O 12000
wma 1817%9 o ZmgR2 9763 °
o ° ° ZEgRm O o
° ° 3 zEgRR O o
o ° a0 mEgR 0 31500
25319 300000 300 HEHR22 300000 17500
o ° 280 mEGR O 1150
“en ° ° zE4RZ O o
o ° ° zEgRE O o
° ° o zEHRR O °
° ° 14553 ZEHRL O 29396
° ° som2 zEgR2 O 3572
= 23853 ° mmgRa 3787 °
12085 i1 ° °
00564 208 ° °
ecs2 0928 ° °
o ° o °
° ° o °
° 21000 875 °
° ° ° °
° ° °
° ° °
= ° °
52000 00 ZEHHE2Z O o
° oj - e s ZEHEBS O °




Optimal Solution(Stochastic Model)

Stochastic olg AN R
BH|8 88,541,404
olE AN ol§ AL oE AN ol AL ol§ AL ol AN
EECEEE 0 mHEsviur o  mmYa1l 0  AFNHYIL 0 AmS ML 0 ANHELL 28920
M X12 131965  HE 1112 0 A= V2112 0 X3 3112 0 HMFHD2 o0 X E-112 0
Tamyxs 0O mmviiz 0 AESY213 0 HEHYZ 0 HEHm3 0 ANHE3 57720
AEsXo1 255319 ANsHvi2l 0 HEsY221 0 AWV 0 mspu21 0 AIMELl 0
HHx22 44681 HE V1122 0 3 V2122 o AF v3122 0 HXMH N2 5974  HXHE-122 o
X3} Xx23 [ X3} vi123 o Ao v2123 o X3 v3123 0 HXMHn23 o0 A3 £123 0
EECE 0 EMHVII3L 49080 XS Y2131 60000 AIH Y331 42000 HESUIL 0 MWHEdL 0
RS X32 117331 AN V1132 52000 Asf Y2132 40000 EM Y3132 28000 AW M2 0  AMHE12 0
A|HSY X33 482669  A|H 3 v1133 o AH3v2133 1080  AH{v3133 31080 K n33 0 A E-133 31080
HRSRUL 0 AMvi2n 0 smsv21 0 a1 0 Hsfpil 0 AEME21 0
HESRI2 0 AMsivi2l2 26532 AMsjv2212 2532 AN$YI22 0 AMHRI2 0 mMHE22 0
L 0 mMsjvi2z 17724 AINSvV2213 41724 ARM3jY3213 20400 AT D213 0 HMSE23 43320
AHS R122 131965  AF 8 V1221 o A V2221 o 23 v3221 o HE3 221 0 AHH E-221 o
HESRIST 0 mMvI222 0  mEsv222 0  HNHYI22 0 AN D22 42574 AMHE22 0
M V1223 36876 MM V223 276 AW v3223 0 HMHR23 0 23 £-223 0
X3 v1231 58500 AX3j Y2231 45000 HEaY V3231 31500 HXH D31 0 3 £-231 0
E|%8)v1232 18968 AXsj Y2232 32468 AN V3232 24500 AFsf 232 0 X E-232 0
HMe V1233 0 AMY233 0 ANV 0 ANSDIB 0 ANHE233 0
A3 1311 0 A= V2311 0 23 v3311 0 HMyBIL O A3 £311 0
CAMSR231 0 &MV 0 AMHY2B12 0 HRHVIR 0 XS B2 0 HIYE3L2 0
M R232 0 ANsvI3z 5745 AW Y2313 745 ANV 0 AWHBIZ 0 mMHEn3 0
EECESH [ 2 v1321 0 3 v2321 0 X3 v3321 0 EM#H B21 14855 AXHE-321 0
ANHRI2 0 mmMVI32 0 AN Y2322 0  ANHYI2 0 AN B2 42850 HMHE32 0
HESHR321 236 HMVI3 0 AEY2323 0 HIHVI3 0 N33 21468 AWHE 0
AH R322 117005 AN V1331 SES00 &K Y2331 45000 AN V3B 31500 AW B31 5745 AHEBL 0
HXR331 192049 AXS| Y1332 32500 AR Y2332 25000 X Yy3332 17500 A B2 0 X3 £-332 o

EVPI(The expected Value of Perfect Information)

= With Perfect information,

= 0.2%111,073,047+0.5*89,409,506+0.3%69,914,011=87,893,566

= Without Perfect information, can at best minimize expected cost by solving the

stochastic program = 88,541,404

= EVPI=87,893,566- 88,541,404 = 647,838

VSS(The Value of Stochastic Solution)

= What is the value of including the randomess?

- Suppose we just replaced the “random” quantities by their mean values and

solved that problem.

- Solve the “mean-value” problem to get a first stage solution, and solve all the

weighted (by probability) scenarios to get a second stage solution.

= We would expect in the long run to make an average cost of

=0.2*113,877,559+0.5*89,409,506+0.3%75,746,647 = 90,204,259

= VSS =90,204,259 - 88,541,404 = 1,662,855
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EHAE XXM} 2H(RO-UPM Formulation)

st

Yx; < S (forall i)
BBR, = T; (Gor all §)
SR, - X, =0 (for all irj)

SISIER, + D0 DTG A+ STzl - TS TP, 06,

Ly A,200

it ZZ!C Lot DEEL =)

=Y. XXX (P, +DC,;)¥

X| =3} 2 ¥ (RR-UPM Formulation)

+ DTG R+ Sn EETE, + DCa) Y+ DIG A, + DT
\; = S, (for all i)
;R <0 (for all i,j)
;p;.;; B
SV, +Ep =D, (or all 5,7.k)

DN D W

= HD,; (for all sr.j)
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