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INTRODUCTION

Yhe Fischer-Tropsch process 1s a commertially proven method of
obtaining distillate product via indirect coel Tiguefaction. In this
process, synthesis gas from a coal gasifiar is converted inte trons-
portatien fueal, with Tight pgase: and wax being formed as by-products.
Actual yield and product characleristics are dependent on the specific
Fischer-Tropsch reactor configuration and operating conditions.

The focus of the subject pregram was to maximize the yield of
marketable distiitate fuels from the Fischer-Tropsch process 1in 2
technitally feasible and economic manner. Hith this 4n mind, UOP in-
vestigated the molecular nature of several Fischer-Tropsch by-product
waxes. Processing methods were developed for upgrading and tlending
the 1tght gas and wax by-products of the Fischer-Tropsch {F-T} re-
action, Related program elements included an overall ecenomic evaiu-
ation of the proposed processing schemes.

TASK DESCRIPTIONS

The program was split.into eix tasks. A brief description of each
task follows.

- rement of -
WOP procured several waterials from the product posl of a fixed-

bed commercial Arge reactar. Commercially produced Arge wax was used
in the characterization {Tack 2) and hydrocracking {Task 3) portions of
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the program. Several liquid products were also obtained from the Arge
complex. These materials were used in the blending study (Task 4).

Samples of three F-T waxes produced in pilot plants were also ob-
tained for characterization. One of the pilot plant sampies (Mobil
wax)} was used in the hydrocracking study. '

Tas .0 --Characterjzation of Fischer-Tr h Wa

Techniques were developed to characterize Fischer-Tropsch waxes
using gel permeation chromato‘g_raphy (GPC), high resolution mass spec-
trometry (HRMS), nuclear magnetic resonance (NMR), i'nfrared spec-
troscopy (IR), gas chromatography and various other physical analyses.

Jask 3.0 =-Hydrocracking of a Commercial Fischer-Tropsch Arge Wax

UOP’s HC Unibon* process was used to upgrade the commercial Arge
Fischer-Tropsch wax. Pilot plant work completed under this program
demonstrated that catd?ytic hydrocracking is an excellent process for

producing high quality transportation fuel from Fischer-Tropsch wax in

a relatively low severity operation. Optimum conditions for conversion
of wax to diesel fuel by hydrocracking were determined in this task.

Yask 4.0 --Biending Study of Fischer-Tropsch Nateria)

UOP used a proprietary Catalytic Condensation process (oligomeriza-
tion) to upgrade C3/Cg by-products of the Fischer-Tropsch reaction
to obtain a more valuable distiliate product. The blending characteris-
tics of this material, as well as those of the hydrocracked wax, with
other straight-run Fischer-Tropsch synthesis products were evaluated.

Laboratory analyses were obtained for these blends and used to

adjust computer-based blending correlations. Also, laboratory analyses
were obtained for blends of Fischer-Tropsch products with aromatics
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rich, Tow value Tight cycle odl (LCO) from fluid catalytic cracking of
petroleum derived vacuum gas oils. Corrections were made to traditienal
bienging carrelations to account for the Blending characteristics of
LCO,

Blends of hydrocracked F-T7 wax and LCO were studied because of the
exceptional quality of the distillate wade from F-T wax. The
distillate has virtually no aromatic content. The abzense of aromatics
gives this product the desirable features of high cetane number and
high smeke point. The diesel fuel produced by the hydrocracker
shatters the 2-D diese]l specification of 40 (minimum) by over 30 cetane
numbers. A good way to capitalize on the high cetane product is to
btend a low value, highly arcmatic material such as LCO into the diesel
pocl. Results of the blending study show that the final diesel pool
tould cantain up to 60 wt-% of a typical LCO and stil1 have the
reguired product cetane. The API gravity of the diesel pocl would
actually improve 2s a resuit of the tlending because the hydrocrackad
wax distiliate was at the high end of a typica]l range (almost too
Tight). Blending the hydrocracked distillate with the heavier LLO
brings the diesel poel back in Tine with a typical diesel API gravity.

XKey diesel properties such as cetane numbaer, pour point, flash
point, wiscosity, API gravity and distillation were determnined For com-
ponents and blends to svaluate the accuracy of normal blending correla-
tions.

- 1¢ Eval f the Upqr Prac
The results of the studies outlined above were used to evaluate
the overall economics of maximizieg transportation fuel yleld of the
Fischer-Tropsch process via by-product upgrading and blending.
Wax hydrocracking was incorporatad into an overall Fischer-Tropsch

product upgrading complex along with othef processes such as catalytic
condensation and the catalytic reforming. The associated preduct
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streams were blended to yield maximum distillate. In this task, the

capital and operating costs were determined and economic calculations

were made to verify the feasibility of the proposed conceptual complex.

T D --Characterization and rocracking of Tot nt Dert

Mobil Fischer-Tropsch Wax

The Mobil wax was produced in a two-stage Fischer-Tropsch synthe-
sis process in a slurry reactor using a precipitated iron catalyst.
This system used 2 low ratio Hz/CO feed gas.

The Mobil wax was characterized and upgraded using catalytic hydro-
cracking. The objective of this task was to demonstrate the process-
ibility of the Mobil wax in pilot plant hydrocracking and to compare
the properties and processibility to that of the commercial Arge
Fischer-Tropsch wax. The operating conditions were the same as the
*optimum™ cases in Yask 3.0: Commercjal Arge Wax Hydrgcracking. Also,
Mobil wax is very high in iron content and techniques to remove this
iron were investigated.

The development program for Fischer-Tropsch Wax Characterizat{on
and Upgrading was completed by UOP at the end of July, 1988. The final
report covering all the described tasks is available from the National
Technical Information Center. The following section describes the ap-
proach and key findings in Task 5: Economic Evaluation of the Upgrading
Process Scheme.

ECONOMIC EVALUATION (TASK 5)

An economic evaluation of wax hydrocracking is achieved by com-
paring two upgrading complex flow schemes (Figures 1 and 2). In the
base case, Arge wax is hydrocracked to distillate. In the alternative
case, the hydrocracker is removed and the Arge wax is sent to the fuel
o1l pool.
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dre financial technigue used to evaluate the economics of wax
hydrocracking determines the increased value of the feedstack (or the
product from the fischer-Tropsch reactor} due to wax hydrocracking in-
stead of burning it as Fuel ofl. In the two cases, the products from
the upgrading compiex, ramely, LPE, gasoline, diese) and fuel nil, were
assigned market valuss. Fasdstock (condensate, wax, ate.) value was de-
termined once an expected return on investment was assigned.

The next eccnomic approach assigned market values to feedstock
{cordensite, wax, etc.) Bs well as to products (LPG, gasoline, diesel
_and fue) o171} in the wpgrading complex. The change in rate of return ™
wa: determinag due tp the addition of the wax hydrocracker.

The econowic evaluigtion calculatipons were done using a standard
discounted cash flow calculation to Ffind ap internal rate of raturn
(IRRY. The object of machk calculation was to mither caiculste an IRR
directly, or determine the Feedsfock value so that the IRR for the com-
plex was 20%. If an actual econeomic analysis For a complex showsd a
20% IRR, then the complex was assumed to be economically attrictive in
this study. This analysis assumes that one cannot pbtain & 20% raturn
by investing that money elsewhere. '

Erected cpst mstimates were made for each protest unit in the com-
plex. Variable and fixed costs were also estimatad. Table 1 presents
a cost summary for the base case flow scheme. Table 2 provides the
same information for the altarnative case.

The feedstock and product prices used for this study are shown in
Tables 3. These prices are warket values when the price for ofl was
$£1B8-19 per barrel. The utility wnd 1abor costs used in the study are
shown in Table d,

The price per gallon for gasaline ang dlese) were kept constant,
but the §/MT wvalues vary sl1ighily bducause the density depends on the
material balance foar the particular case.
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F-T Wax Value

The feed stream of the greatest interest in the complex is the F-T
wax. The wax has previously been regarded as a F-T product whose value
can be increased by upgrading. The first point of the economic analy-
sis was to test the validity of that hypothesis. The test was done by
determining_ the change in the IRR for the base {(with hydrocracker) and
alternative (without hydrocracker) cases. If the base case has a higher
IRR, the conclusion is that upgrading the wax into distillate products
with a hydrocracking unit is attractive.

The calculations were started with the alternative case. The
vaiues for the three F-T product streams (LPG, condensate and wax) were
assumed to be equal. These values were varied until the IRR for the
compliex was 20%. From this point on, these F-T product stream values
were used in all the economic calculations.. This is a rational ap-
proach as 1t is difficult to assign market value to F-T product
streams. The second step in the evaluation was to. add the HC Unibon
unit to the complex and recalculate the IRR for the complex. A F-T
product value of $121/MT gives a 20% IRR for the complex that does not
tnclude an HC Unibon unit. If the hydrocracking unit is added to the
complex, the IRR increases to 31%.

These calculations show that tncluding a hydrocracking unit in the
complex is economically attractive. The erected cost for the complex
will increase significantly, but thé added cost is Justified by the
value added to the F-T wax stream. The erected cost for the alterna-
tive case was estimated at $50 M4, including an allowance for offsites.
Adding an HC Unibon unit to the complex increases the complex Estimated
Erected Costs (EEC) to $109 MM. The added cost includes the costs for
the HC Unibon unit, larger process units in the complex, and larger
offsite facilities. To understand the sensativity of EEC on F-T wax
upgrading economics, the costs were increased by more than 50%. For
the base case, increasing the Estimated Erected Costs to $168 MM from
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$105 MM, drops the ERR from 31% to 20%. This shows that the base case
EEC determinatian is not critical for a favorable comparison. Even if
the EEC increases 50%, the base case IRR 15 equal to the return without
s hydrocracker.

The next step in the evaluation was to determine the value added
te the £-T wax by including the hydrocracking unit in the complex. This
caleulation was done by adjusting the F-T wax value for the base tase
until the complex IRR was 20%. .

Assuming a constant 20% IRR, adding an HC Unibon unit to the com-
plex increases the F-T wax value from $121/MT to S146/MT -- anm increase
of $23/BT. This is a very large change. It i% equivalent to am fncrease
in value for the wax of over §21,000,000 per year.

f f F-T Product C Eomptex ics

The final step in the economic evaluation was te determine the ef-
fect of the overall F-T product value on the complex economics. Tuis
was done by simply calculating the complex IRR for different F-T
product values. This analysts was only done for the base case {Figure
3.

The steep slope of Figure 3 indicates that the complex economics
are highly dependent on the cast of the F-T products. The costs for
raw materials will determine iF an upgrading complex is eronomically
attractive.

Riesel Pool Plgnding

A hydrocracker is justified in a Fischer-Tropsch upgrading complex
based on the value added to F-T wax as 1t is upgraded from fuel ol to
disti11ate fual. Additional ecenomic gains ars pessible simply by

biending 1 Tow value material into the diesel pool without deviating
from pool specifications. The size of the pool will increase while the
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unit value ($/gal.) remains constant. A refinery LCO was used to repre-
sent a2 low value, high aromatic blend stock. LCO was blended into the
diesel pool until the cetane index of the blended product fell to with-
in 5 numbers of the minimum. At this point, the diesel pool was com-
prised of 60 wt-X LCO. This shows how tolerant the hydrocracked distil-
late is to blending. It will accept more than fts weight of highly
aromatic blend stock. As the LCO content of the diesel pool is in-
creased from 0 to 60 wt-%, the IRR for the upgrading complex increases
from 32 to 40%. In this case, the magnitude of the IRR increase ob-
tained by blending is almost as large as the IRR increase obtained by
adding a hydrocracker to the complex (increase of 20 to 32% IRR).

The actual amount of LCO added to the diesel pool would depend on
other factors as well. -Fuel stability may limit blending. Also, the
diesel pool aromatics content or sulfur level m2y be limited for en-
vironmental reasons. In either of these events, hydrocracked F-T wax
distillate would still maintain excellant blending capacity -because it
is inherently low in sulfur and aromatics content,

F-T technology would most Tikely be impTemented on a wide scale at
a time when petroleum stocks were dwindling. Under these conditions, a
large portion of the crude oil being refined would be very heavy and
sour, and blend stocks such as LCO would be prevalent. Given this scen-
erio, it is especially important to consider what to do with materials
such as LCO. _ ‘ ‘

CONCLUSIONS
Fischer-Tropsch wax s a valuable feedstock. Hydrocracking the
wax is economically attractive. The value added to the wax during con-
version is high enough to Justify the expenditure for 4 hydrocracking

process unit.

On a relative basis, adding a hydrocracker to a Fischer-Tropsch up-
grading complex is Justified, issuming the untreated wax is valued as
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fusl oil. On an absolute basis, the economic success of the complax is
a strong function of the costs for raw materials, that 15, the cost of
converting esal into liguid hydrocarbons.

Distillate produced by hydrocracking F-T wax has a tremondous po-
tential for blanding with Yow value stocks. F-T diesel has virtually
np aromatics and no sulfur. A low value blend stock such as LCO could
be added to the diesel pool until a specifi:atian such as cetane number
or sulfur Yevel ware reached. Blending not anly improves the IRR for
the complex, but also addresses the strategic issue af what to do with
a material such as LCO. At & time when F-T technplogy is widely
practiced, materials like LCO will be even more prevalent than taday.

* HC Unibon is a trademark and/or service mark of UOP.
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Table 3
nd Cos i r ic Anal
$/Gal SN
LPG 0.30 140
Gasoline 0.52 193-199
Diesel 0.50 158-170
LCo 0.46 128
Fuel 0i1 0.40 115
Hydrogen 2.20/M SCF 900
Fuel Gas 2.10/MM Btu 100
Table 4§
il 2 a
Power, $/kWh 0.04
High Pressure Steam, $/M 1b 3.80
Medium Pressure Steam, $/M 1b 3.40
Low Pressure Steam, $/M 1b 3.30
BoiTer Feed Water, $/M gal 0.80
Cooling Water, $/M gal 0.10
fuel, $/MM Btu ' 2.10
Wage Rate, $/hr 20
Fringe Benefits, % 35
Supervision, % 25
Overhead, % 50
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FIGURE 1

FISCHER-TROPSCH PRODUCT
UPGRADING COMPLEX

BASE CASE FLOW SCHEME
(FLOW RATES IN METRIC TONS PER DAY)
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FIGURE 2

FISCHER-TROPSCH PRODUCT UPGRADING
COMPLEX

ALTERNATIVE CASE FLOW SCHEME
(FLOW RATES IN METRIC TONS PER Dav)
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ECONOMIC EFFECT OF F-T

WTERNAL RATE OF RETURN DWR), %

FIGURE 3

PRODUCT COST

(INTERNAL RATE OF RETURN, %
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