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TABLE XXXIX
PROPYLENE PROPERTIES USED IN ECONOMIC ANALYSIS

Property ' Value
MON, Octane 97
RON, Octane 110
RVP, psi . 5.0
Density, lb/gal. 6.4
Operating Cost, cents/gal. 30

DIPE economics are very sensitive to propylene feedstock cost. In a
refinery where propylene was higher-valued as feed for alkylation or as
polymer grade propylene, the manufacture of DIPE would have a smaller
effect on FCU product value.

8.2 Calculation of Hydrocracking Product Values and Comparison With Pilot
Plant FCC Product Values

An economic analysis of hydrocracking F~T wax was made. The economics for
using Fischer-Tropsch wax as feedstock for a mild-severity hydrocracking
process are given in Table XL. Figure 74 shows the refinery configuration
which set the basis for the economic evaluation. Light ends from the
hydrocracker were valued as fuel gas, i-butane as alkylation feed, n-
butane as gasoline, all C, and C, hydrocrackate as isomerization feed, all
C, to 350°F endpoint hydrocrackate as naphtha reformer feed, all 350+°F
hydrocrackate as diesel fuel, and all off-gas from the naphtha reformer at
its heating value. The hydrocracking product values were calculated using
yvield and density data consistent with the Bechtel/DOE computer modelling
project for the hydrocracking of F-T liquids.® The price structure used
for the hydrocracking case is shown in Table XL, and is the same as was
used with the FCC cases. Table XLI summarizes the yield information and
calculates the value of the hydrocrackate products, in terms of dollars

per day.

Figure 75 plots the "simple refinery" and "complex refinery" product
values for the eight FCC pilot plant runs that were given in Table XXXVII
plus the single-yield hydrocracker product value line. Since both FCU and
hydrocracker diesel are sulfur-free, neither processing scheme offers an
advantage concerning sulfur. Figure 75 shows that the product value for
the hydrocracker process were similar to the FCC product values for a
simple refinery configuration. The hydrocracker product value used was
based on a simple refinery configuration when mild severity hydrocracking
produced 31.4 wt% of C, to 350°F hydrocrackate plus alkylate and 65.4 wt$
of diesel fuel, while catalytic cracking produced 68.2-80.8 wt% of C,-
430°F gasoline plus alkylate and only 2.7-9.0 wt% of diesel. Diesel fuel
has a lower value than gasoline. If hydrocracking severity were higher,
producing more naphtha such as in the all-gasoline mode operation, the
product value from hydrocracking might be higher than from FCC in a simple
refinery configuration. The FCU diesel had an average cetane index of
58.6. For Amoco, the incremental cetane value is between $0.0/cetane-
barrel and %0.04/cetane-barrel, depending on season and location. Using
an average value of $0.02/cetane barrel and a cetane of 75 for
hydrocracker diesel, the price increment for hydrocracker diesel was
calculated to be 0.78 cpg. This calculated value was viewed as too small
to incorporate into the economic analysis. As a sensitivity, a 10%
increase in diesel product value for the hydrocracker case would raise the
value of the hydrocracker productg by 6.2%. This interaction would be
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much smaller for the FCU cases, because the diesel yields are much
smaller.

Figure 75 shows that hydrocracker values are always lower than the FCC
product values for a complex refinery configuration. Since hydrocracking
does not generate olefins, catalytic cracking is preferred because of its
high yields of iso-olefins for use as feedstocks for ether production.

For the reasons discussed above in section 8.1.2, valuation of the
propylene from the FCC process as feedstock for a DIPE unit rather than as
fuel would further increase the value of the FCC process over the
hydrocracking process in a complex refinery configuration.

)

9.0 CONCLUSIONS

The catalytic cracking of F-T wax feedstocks gave high conversions with
low activity catalysts and low process severities. Catalyst selection and
process optimization will depend on product valuation. HZSM-5 and beta
zeolite catalysts gave higher yields of propylene, isocbutylene, and
isoamylenes but a lower gasoline yield than Y zeolite catalysts. For a
given catalyst and process condition, Sasol and LaPorte waxes gave similar
conversions and product selectivities. The contaminant iron F=T catalyst
fines in the LaPorte wax caused higher coke and hydrogen yields.

The net product values for catalytic cracking F-T wax feedstock in eight
pilot plant runs were calculated with the iso-olefins valued as alkylate
or gasoline (simple refinery configuration) and as feedstock to an ether
unit (complex refinery configuration). Irrespective of catalyst, the net
product values from catalytic cracking F-T wax feedstock were always
higher when the iso-olefins were valued as feed to an ether unit rather
than fuel. In a simple refinery configuration, additional experimental
work would be required to identify the catalyst that gave the highest net
product value. In a complex refinery configuration, HZSM-5 and beta
zeolite catalysts gave higher net product values than Y zeolite catalyst
because of their higher ylelds of iso-olefins. The net product values of
the HZSM-5 and beta zeolite catalysts were additionally increased over the
Y zeolite catalyst when propylene was valued as feedstock to an di-
isopropyl ether unit rather than fuel gas.

The product value for mild-severity hydrocracking F-T wax was calculated
from literature data and compared with the product values from the eight
pilot plant runs. The value for the hydrocracking case was below the
values for catalytic cracking using a complex refinery configuration but
were similar to the product values for catalytic cracking using a simple
refinery configuration. If hydrocracking severity were higher, producing
more naphtha such as in the all-gasoline mode operation, the product value
from hydrocracking might be higher than from FCC in a simple refinery
configuration.

The 200-°F product from catalytic cracking pileot plant runs was

demonstrated to be a good feedstock for the production of mixed ethers by
reaction with methanol using conventional technology.
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NOTICE

This report was prepared by the organization named below as an account of
work sponsored by the United States Department of Energy (DOE). Neither
DOE, members of DOE, the organization named below, nor any person acting
on behalf of any of them: (a) makes any warranty, express or implied, with
respect to the use of any information, apparatus, method, or process
disclosed in this report or that such use may not infringe privately owned
rights; or (b) assumes any liabilities with respect to the use of, or for
damages resulting from the use of any information, apparatus, method, or
process disclosed in this report.

Prepared by
Amoco Oil Company {(Amoco Corporation)
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APPENDIX B

Economic Calculations
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analysis work': (ehin De

SUMMARY

A breakdown of the costs for DIPE, MTBE and TAME are shown in Table I,
attached. Details for DIPE and MTBE costs follow.

BASIC PRICE AND PROPERTY INFORMATION

The pertinent price and product quality information that was assumed is
shown in the table below: ’

T, Hw

n Component price, cpg RVP, psi Octane, (R+M)/2 I
Unleaded regular 55.7 9.0 87.0 I
gasoline (ULR)
MTBE 86.0 9.0 108.0
n-Butane 29.8 65.0 90.55
Methanol 50.0

OCTANE AND RVP VALUE

To value refinery intermediates, it is necessary to limit properties from
which to determine value. In this study, octane and RVP properties were
chosen. Using the price difference between ULR and MTBE, one can
calculate the value of octane, by solving for x in the equation below:

86.0-55.7=(108.0-87.0) *x

Solving the above equation for x gives an octane value of 1.44 ¢ /octane-
gallon.

From the price difference between n-butane and ULR, and using the octane
value calculated above, a value for RVP can be determined from the

equation:
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29,8-55.7=(90.55-87) *1.44+(65-9) *x

Solving for x gives an RVP value of -0.55 ¢/RvP-gallon.

These two values are used in subsequent calculations to determine the
value of refining intermediates.

[y

DIPE VALUE CALCULATION

From the May 25, 1992 issue of the Oil and Gas Journal, the following
information was obtained for DIPE production from propylene:

e —————)
Item ] ) value
DIPE RVP, psi 5.0
DIPE RON 110

H.DIPE MON 97

ﬂ DIPE R+M/2 ' 103.5

HVDIPE density, lb/gallon 6.4

n operating costs, cpg 30.0

Using the values for octane and RVP that were previously calculated, a
value for DIPE can be calculated by solving for x in the equation below:

X=55,7+(103.5-87) *1.44+(5-9) *(~0.55)

yielding a DIPE value of 81.7 cpg.

To determine the value of propylene to a DIPE plant, the kinetics of the
chemical reaction must be considered. The equation for producing DIPE
from propylene is shown below:

2C,H, +H,0~C,H,0C,H,

Prom molecular weights, 84 pounds of propylene plus 18 pounds of water
yield 102 pounds of DIPE. On a volume basis, 1.211 gallons of propylene
yield 1.0 gallon of DIPE. To calculate propylene value to a DIPE unit,
consider DIPE value and operating costs and solve for x in the equation
shown below:

1.211+x+30=81.7

The above equation yields 42.7 cpg for propylene value to a DIPE unit.

ISO~BUTYLENE VALUE TO AN MTBE UNIT

From the assumed price structure, MTBE has a value of 86 cpg. The
kinetics of the iso-~butylene to MTBE reaction are:




i
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C,H, +CH,OH~CH,0C (CH,) 3

From molecular weights, 56.1 pounds of iso-butylene plus 32.0 pounds of
methanol produce 88.1 pounds of NTBE. On a volume basis, 0.792 gallons
of iso-butylene plus 0.341 gallons of methanol are required to produce one
gallon of MTBE. Operating costs for an MTHE unit were obtained from the
November 1992 issue of Rydrocarbon Processing, and are shown in the table

below:

e ey
utility price

Utility consumption/bbl of
sther produced

| Electricity, KW-hr 1.0 2.28 ¢/kw-hr
296.0 $2.0/M¥ BTU

i all steam, poundl

Using the above information gives an MTBE operating unit cost of 1.28 cpg
of ether produced. Note that this does not include the methanol cost. To
determine the value of iso-butylene to an MTBE unit, consider MTBE value
and all operating costs, and solve for x in the eguation below:

0.792+x+0.341%50+1.28=86

The value for iso-butylene determined from the above equation is 85.4 cpg.

Values for other refinery intermediates was determined by a similar
method. Please advise if you have any questions.

J. J. Nicholas
Mail station H-4

708/961-6990
Naperville

JIN/3n
Attachment

€. D. Sorrentino, H-4
File 240.1.008
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