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1 Refinery Optimization Problem

This appendix provides the complete mathematical formulation, parameter sampling procedure,
normalization, and feasibility restoration operator used for the refinery optimization problem
discussed in Section “Refinery Optimization Problem”.

1.1 Problem description

We consider a small refinery pooling problem with three feed streams, one intermediate pool, and
two final gasoline products. The feed streams are straight-run naphtha (SRN), fluid catalytic
cracked gasoline (FCC), and alkylate (ALK). The final products are regular gasoline and premium
gasoline. The refinery decides how much of each feed stream to send to the pool, how much material
to send from the pool to each product, and how much ALK to bypass directly to premium gasoline.
The feed quality values are listed in Table [I| the product specifications are listed in Table [2| and
the decision variables are listed in Table [l

Table 1: Feed quality values for the refinery pooling problem.

Feed Octane Sulfur

SRN 72 25
FCC 92 100
ALK 94 )

Table 2: Product demand and quality specifications.

Product Demand Oct. min Sul. max

Regular  [80,120] 87 50
Premium  [40, 80] 91 30

*Correspondence should be addressed to M.M. Faruque Hasan at hasan@tamu.edu, Phone: (979) 862-1449.



Table 3: Decision variables for the refinery pooling problem.

Variable Description

LSRN SRN flow to pool

TrCCo FCC flow to pool

TALK ALK flow to pool

YR Pool flow to regular gasoline

yp Pool flow to premium gasoline

z ALK bypass flow to premium gasoline
Po Pool octane value

Ps Pool sulfur value

1.2 Physical-space formulation

The objective is to maximize profit, defined as product revenue minus feed cost:

& =rpyr + rp (yp + 2)
— CSRNZSRN — CFCCLFCC — CALK (TALK + 2) .

The feed availability constraints are

U

0 < zgrN < ASgrns
U

0 < zpce < Apce,

0<zaLk +2 < AKLK-
The pool capacity and product demand constraints are

ZTSRN + Trcc + ALk <5,
80 < yr < 120,
40 < yp + z < 80.

The material balance around the pool is

TSRN + TrCcC + TALK = YR + Yp-

The pool octane and sulfur balances are

72xsRN + 92zrcc + 942aLK = po (YR + yp),
25zsrN + 100zpcc + 5zaLk = ps (Yyr + yp) -

The product quality constraints are

POYR = 8TYR,

psyr < 50yr,
poyp + 94z > 91 (yp + 2),
psyp + 52 < 30 (yp + 2) .

Thus, the physical-space refinery optimization problem is



max o
s.t. —@.

The problem is nonlinear and nonconvex because the pool qualities po and pg are decision variables
that appear multiplied by product flow rates.

(7)

1.3 Parameter variation and data generation

For data generation, feed qualities and product specifications are fixed, while economic and
availability parameters are varied. The sampled parameter vector is

T
0= [csrn croc cak TR TP ASpny Afce A¥k 5] - (8)
The sampling bounds are listed in Table

Table 4: Sampling bounds for varied refinery parameters.

Parameter Lower Upper

CSRN 45 75
CFCC 55 90
CALK 75 115
TR 80 120
TP 95 145
Al 15 150
AV 35 120
AY 70 120
S 110 200

To avoid physically or economically meaningless instances, sampled parameters are required to
satisfy
CFCC 2 CSRN 1 2,
CALK = CFCC *+ 2,
rp > TR + 9,
"R = crcc + 3, 9)
rp = CALK t 3,
A§ax + Afoe + Ak = 120,
S 4+ AY; x> 120.

Each sampled instance satisfying these rules is solved to generate training and testing data.

1.4 Normalized formulation

For a scalar quantity ¢ with lower and upper bounds ¢” and ¢V, the normalized variable is defined
as

q—q* L U L
(j:mv q=q +(q —Q)Q- (10)

The normalized sampled parameters are



csrN = 45 + 30ésrN,
croc = 55 + 35¢rce,
CALK = 75 +40¢ALK,
rr = 80 + 407R,
rp = 95 4+ 507p, (11)
Alrx = 15+ 135Aggx,
AY = 354 85Apcc,
AY =70 + 5041k,
S =110+ 90S.

The normalized decision variables are

ZsRN = 150ZsRN,
zrcc = 120Zpcc,
ALK = 120ZA1k,

= 1204R,
YR AZ/R (12)
yp = 80yp,
z =802,
po = 72+ 22po,
ps = 5+ 95pg.
The normalized decision vector is
[ZSRN |
Trcc
TALK
g=| ", o0<gy<1 (13)
yp
z
Po
L ps |
For compactness, define
Q = 1209R + 807p. (14)

The normalized feed availability constraints are

15025rN < 15 + 135Aggy,
1202rcc < 35 + 85Apcc, (15)
120& a1k + 802 < 70 + 50 A1 k.

The normalized capacity and demand constraints are

1502srN + 120ZFce + 1202a1k < 110 + 909,
80 < 1209r < 120, (16)
40 < 809p + 802 < 80.
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The normalized material balance is
1502srN + 120Zpcc + 1202a1x = Q.
The normalized pool quality balances are

10800ZsrN + 11040Zpcc + 112802 a1k = (72 + 22p0) Q,
3750ZsrN + 12000Zpcc + 600ZALk = (5 + 95ps) Q.

The normalized regular gasoline quality constraints are

(22p0 — 15) g > 0,
(95ps — 45) g < 0.

The normalized premium gasoline quality constraints are

(22p0 — 19) gp + 32 > 0,
(95ps — 25) gp — 252 < 0.

(17)
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