95 RON with ETBE: A panacea for the RFS?

ARA BARSAMIAN and ELISEO CURCIO, Refinery Automation Institute

Since the US Congress mandated
the Renewable Fuels Standard (RFS),
the refining industry and renewable
fuel producers, mainly US ethanol
producers, have been at odds with
each other: refiners have resented
paying significant capital for renew-
able identification numbers (RINs)
to meet their renewable volume ob-
ligations (RVO); ethanol producers
have been clamoring to increase the
gasoline ethanol content to 15 vol%
or more; and consumers have been
impacted by the enormous subsidies
for renewables at the pump.

Is it too good to be true? An obvious
solution is to use bio-ETBE, widely
used in Europe, Latin America and
Japan in concentrations of up to 22
vol% (about 10 vol% ethanol equiva-

lent). Ethyl tert-butyl ether (ETBE)

is an ether made with bio-ethanol,

containing about 45 vol% ethanol.

When compared with ethanol,

ETBE advantages include:

It can be blended directly

at the refineries

It can be shipped via pipelines

It has low vapor pressure

(no 1 psi waiver needed)

* Low Reid vapor pressure
(RVP) reduces volatile organic
compound (VOC) emissions

 High octane and low RVP
promote reduction of aromatics
(carcinogenic precursors)

* Less water absorption,
less corrosion, no azeotropes

* Proven user of 10 vol%
ethanol-equivalent in gasoline
without harmful effects

OPTIMIZER

RECIPE INVENTORY (bbis) PRICE

SPEC US 35RON Optimum Recipes

COMPONENT VOL% BBLS INITIAL FINAL __REMAINING $/BBL Minimum __Maximum Linear Non Linear Status
Light Naptha 094 951692 000 1000000 48308 5530 RON [ s oK
i . 000 000 1000000 | 10.00000 56 20] MON EE oK
Heavy Naptha 000 000 1000000 | 10,0000 sso0l M1 AKI 8 EY
00 000 000 1000000 | 10,0000 30.30] RVP 13 2yl oK
n-Butane-2 1 423148 000 1000000 | 576852 280 M * T10 7 140. o) oK
Iso-Octane 375 170615 000 1000000 | 820385 7220 T50 170, 250, s oK
Alkylate 2200 10000 00 000 1000000 000 sor1| M T90 230, 374, 5051 oK
GC87Reg 2200 10000 00 000 10,000.00 000 6537 FBP 430, B oK
ETBE 2200 1000000 000 1000000 000 7450| E-200 oo
000 000 I E300 0
000 000 DIINDEX 12110} 04|
000 000 L 1160 o)
000 000 © APIGRAVITY 500} 800} | oK
000 000 SP Gravity 0
000 000 “ SULFUR 140 an oK
000 000 © OXYGENATE 220} 220} 20 oK
000 000 OXYGEN 7] a4
000 000 BENZENE 4] o4 oK
000 000 AROM 0 3 oK
000 000 OLEFINS 250} 309 oK
C T

M Max
TOTAL % 10000 4545455 44545.45
- T
OBJECTIVE FUNCTION 16730165

SOLUTION STATUS o codes
NUM OF VIOLATIONS 1
NUM OF SOLVER VARIABLES o

ECONOMICS

COsT,$ $61.25 Benzene Credits [$/ mil]

SALES PRICE, § $65.37 Be e Credits

PROFIT, $/BBL s412
TOTAL PROFIT, § $187,301.65

ur
Sulfur Credits

Example 1: 95 RON with 22 vol% ETBE.
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* Upgrades low-octane naphtha
and conventional regular
to 95 RON

* Provides RIN credits by

using bio-ETBE

* Higher mileage due to

higher energy density.

After the California-promoted
hysteria against using methyl tertia-
ry-butyl ether (MTBE), potential us-
ers were wary of lawsuits, although
bio-ETBE is radically different in
terms of health hazards. It is interest-
ing (and ironic) to note that while the
use of MTBE is prohibited in the US,
we do export it to others.

ETBE is produced in the US in mi-
nuscule amounts for export. This can
be remedied by converting existing
MTBE facilities to ETBE by substi-
tuting bio-ethanol for methanol.

Blending gasoline with ETBE. In ad-
dition to the advantages mentioned
here, ETBE uses cheap naphtha that
is inexpensive and abundant thanks
to shale crude production, in addition
to using also cheap butane.

Successful blending tests runs
were conducted with 22 vol% ETBE,
equivalent to using 10 vol% etha-
nol, shown in 33 vol% ETBE,
equivalent to using 15 vol% ethanol,
shown in and 44 v% ETBE,
equivalent to using 20 vol% ethanol,
shown in

Getting the US Congress, the oil
refining industry and ethanol lobbies
to agree on using more ethanol (in the

form of bio-ETBE) and moving to a
95 RON standard is the next step. ®
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OPTIMIZER

RECIPE (bbis)
COMPONENT VOL% BBLS INITIAL FINAL __REMAINING

pti ecipes
Linear Non Linear Status

Light Naptha Spec 353 1068 31 000 1000000 | 593169 5530

Medium Naphtha ! [ 2446 741354 000 1000000 | 258646 5620

1000000 | 10,0000 58.00]

Heavy Naptha 000 000 0.00
ane-1 000 oot 000

1000000

ane-2 1114 337570 000 1000000

Iso-Octane 000 000 000 1000000

Alkylate 1137 344547 000 1000000

GC87Reg 1650 500000 1000000

ETBE 3300 1000000 000 1000000 000 7450

000 000

000 000

000 000

000 000

000 000

000 0.00

N nax
TOTAL % 10000 3030303 1000 500,000.00 | 5969697
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© APIGRAVITY 500} 800 sz
SP Gravity o0

“ SULFUR 140 281 oK

“ OXYGENATE 330} 330] 300 oK
OXYGEN 7! 55|

© BENZENE 4 03 oK

500 80s oK
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ECONOMICS
$61.61 Benzene Credits [$/ mil]

cosT,$

SOLUTION STATUS o codes SALES PRICE, § $65.37 Benzene Credits 000)
NUM OF VIOLATIONS 3 PROFIT, $/BBL $3.86 Sultur Credits [$/ mil)
NUM OF SOLVER VARIABLES o TOTALPROFIT,s  [$116,888.18 Sulfur Credits oo
' ' % ETBE
Example 2: 95 RON with 33 vol% .
OPTIMIZER
INVENTORY (bbis) PRICE SPEC US 95RON Optimum Recipes
COMPONENT VOLY% BBLS INITIAL FINAL __REWAINING $/BBL Minimum __Maximum Linear NonLinear _ Status
Light Naptha Spec [[000 000 000 1000000 | 10,000.00 5530 M~ RON g s3] oK
m o[ esrr 81095 000 1000000 | 118005 56.20 MON 8 e oK
Heavy Napth: 000 001 000 1000000 | 999000 sso0 M AKI 8 e
Butane-1 000 000 000 10.00000 | 10,000.00 39,30 RVP 13, any oK
Butane-2 843 101631 000 1000000 | 808360 3280 fv T10 7: 140 s oK
Iso-Octane 000 000 000 1000000 | 10,000.00 7220 T50 AT 250, w257 oK
Alkylate 000 000 000 1000000 | 10,000.00 5971 T90 230, 374 2200 oK
GC87Reg 660 200000 200000 | 1000000 | 800000 a7 [l v FBP 430 547 oK
ETBE 4400 10000.00 000 10,000.00 000 74.50 E200 a0j
000 000 E-300 0oy
000 000 DIINDEX 12110 il
000 000 I 1160} s
000 000 AP GRAVITY 500 800 e oK
000 000 I SP Gravity 0og
000 000 ¥ SULFUR 140 a5 oK
000 000 ¥ OXYGENATE 440 440) a0y oK
000 000 I~ OXYGEN s
000 000 BENZENE 14 0z oK
000 000 ¥ AROM 500 a3 oK
000 000 OLEFINS 250 100 oK
l ]
_ N Max
TOTAL % 10000 2272727 10.00 __500,00000] 6727273
L oenwe Econowics
OBJECTIVE FUNCTION 5191065 cosT,$ $63.00 Benzene Credits [s/ mil]
SOLUTION STATUS 0 coses SALES PRICE, § us 37 Benzene Credits 000
NUM OF VIOLATIONS 2 PROFIT, S/BBL [s228 |
NUM OF SOLVER VARIABLES o TOTALPROFIT,s  [($51,91065 000

Example 3: 95 RON with 44 vol% ETBE.
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