7.0 ECONOMIC EVALUATION (TASK §)

This section evaluates the economics of wax hydrocracking. The
evalyation is achieved by comparing two upgrading complex flow
schemes. In the base case, 'Arge wax is hydrocracked to distillate. 1In
the alternate case, the hydrocracker is removed and the Arge wax is
sent to the fuel oil pool. Each flow scheme is detailed in Section 6.1
(Task 4).

One financial technique used to evaluate the economics of wax
kydrocracking determines the increased value of the feedstock (or the
product from the Fischer-Tropsch reactor) due to wax hydrocracking
vis-a-vis burning it as fuel oil. In the two cases, the products from
the upgrading complex, namely, LPG, gasoline, diesel and fuel oil, were
assigned market values. Feedstock (condensate, wax, etc.) value was
determined once an expected return on investment was éssigned.

'The next economic approach assigned market values to feedstock
(condensate, wax, etc.) as well as to products (LPG, gasoline, diese)
and fuel oil) in the upgrading complex. The change in rate of return
was determined due to the addition of the wax hydrocracker. Also, a
study was completed to determine the effect of blending the external
Tow value refinery stream (LCO) on the feedstock value, as well as on
the rate of return. Again, the two economic techniques previously
discussed were used.

7.1. CALCULATION METHOD

The economic evaluation calculations were donme using a standard
discounted cash flow calculation to find an internal rate of return
(IRR). The object of each calculation was to either calculate an IRR
directly, or determine the feedstock value so that the IRR for the
complex was 20%.  [f an actual economic analysis for a complex showed a
20% IRR, then the complex would be economically attractive. This
analysis assumes that one cannot obtain a 20% return by investing that
money elsewhere. The calculation method is described in Appendix G.
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7.2 FRGCESS UNIT COST ESTIMATES

Erected cost estimates were made for each process unit in the
compiex. Variable and fixed costc were lso estimated. Table V.1
presents a cost summary for the base case flow scheme. Table 7.2
provides the same information for the alterrats case.

7.3 BASIS FOR ECONOMIC AMRLYSIS

The feedstock and product prices used faor this study are shown in
Tables 7.3 and 7.4 These prices are reasonably accurate for a
scenario where the price for o0 is 31E-18 per barrel.

Tre price per gellon for gasoline and diesel were kapt constent,
but the $/MT walues vary sltighily because the density depends en the
material halsnce for the particular cace.

7.4 F-T PRODUCTS UPGRADIMG COMPLEX: ECONOMIC EVALUATION

As described in the introduction, teo topics are discussed in the
ecenomic andlysis. The first subject is to show that the F-T wax is a
valuable prpduct, and the second is to thow the effect of F-T product
cost on the upgrading complex economics.

7.4.1 F-T Wax ¥Yalue

The feed stream of the greatest interest in the compiex is the F-T
waX. The wax has previcusly been regarded as 2 F-T product whose value
can be increased by upgrading. The first point of the economic amaly-
tic 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
alternate (without hydrocractker) cases. If the bate case has a higher
IRR, the conclusion is that upgrading the wax into distillate products
with a hydrocracking unit is attractive.
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The calculations were started with the alternate case. The values
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
complex was 20%. Ffrom this point on, these F-T product stream values
were used in all the economic calculations. This is a rational
approach as it 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. The
results of these calculations are shown in Table 7.5. The calculations
also show the effect of adding LCO into the diesel pool. The detailed
calculations for each case are included as Appendix H.

The first pair of results in Table 7.5 shows the effect of the HC
Unibon unit if LCO is not blended in the diesel pool. An F-T product
value of $121/MT gives a 20% IRR for the complex that does not include
an HC Unibon unit. If the hydrocracking unit is added to the complex,
the IRR increases to 31% (Figure 7.1). The next three pairs of results
show the effect of different amounts of LCO in the diesel pool.

LCO has only a marginal effect on the complex economics for the
alternate cases without the hydrocracker. The F-T product value
increases from $121/MT with 0% LCO to $124/MT with 60% LCO in the
diesel pool. The IRR for the base case increases to 36%, compared with
20% for the alternate case, when the diesel pool contains 60% LCO
(Figure 7.1).

These calculations show that including a hydrocracking unit in the
complex is economically attractive. The erected cost for the complex
will increase significantly, but the added cost s Justified by the
value added to the F-T wax stream. The erected cost for the alternate
case was estimated at $50 MM, including an allowance for offsites. Add-
ing 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 effect of Estimated Erected
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Costs an F-T wax upgrading economics, the cost: were increased by more
tharm 50%. For the Dase case, increasing the Estimated Erected Costs to
R16E MM from 310% KM, drops the IRR fram 31% to 205,

The npext step in the evaluation was to determine the value sdded
ta the F-T wax by including the hydrocracking unit in the complex.
Thit taleulation was done by adjusting the F-T wax value for the base
case until the complex IRR was 20%. The results are chowsn in Table
7.6.

Resuming 2 constant 20% IRR and no LCO, adding an HC Uniben unit
to the complex increases the F-T wax value from $}121/MT to SL46/MT --
an increase of $33/M7 (Figure 7.2). This 9% a very large change. It
is equivaient to &~ increasé in walue for ite wax of aver $21,000,000
pET yEar,

The effect of LLO on <ke complex -ecoromics i3 alse i1lustrated in
Table 7.6. The effect is minimal fer the alternate case, because the
diese” product is a small portion of the overall product slate. The
effezt 15 much larger for the base case, because the fuel oil product
it eliminated. Blending L{D so that the diesel pool contains 60 wi-%
LCO ingreases the F-T wax wvalug $18/MT (from $146/MT to 3S164/MT) over
the baze case without LED. 1t must be kept in mind that the effect of
LCO en the compiex economics is based on a price differential between
L50 .and diese’. A)1 the LCO reguired for blending in the diesel posl
may mot be acchomical y avsilabie and may have fo be substituted by a
similar 1ow cetane, highly aromatic blending component.

The dncremental value added to the F-T wax when a hydrecerzcker 1s
included in tha complax ingreases when LEO is blended into the diesel
peel. The added wvalue 5 $23/MT with no LCO, but it increases to
$38/MT when the diesel pool contains &0 wi-% LCO (Figure 7.2}.
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7.4.2 Effect of F-T Product Cost on Complex Economics

The final step in the economic evaluation was to determine the
effect of the overall F-T product value on the complex economics. This
was done by simply calculating the complex IRR for different F-T
product values. This analysis was only done for the base case. The
results are shown in Table 7.7 and Figure 7.3.

The complex economics are highly dependent on the cost of the F-T
products. The costs for raw materials will determine if an upgrading
complex is economically attractive.

7.5 CONCLUSIONS

Fischer-Tropsch wax is a valuable feedstock. Hydrocracking the
wax 1is economically attractive. The value added to the wax during
conversion 1is high enough to justify the expenditure for a
hydrocracking process unit.

Hydrocracked wax yields an excellent diesel product. The diesel
is of such high qua]it_y that it can tolerate the addition of low value
LCO up to 60 wt-% of the diesel pool. The increase in the value of LCO
blended in the diesel pool adds to the economic attractiveness. This
assumes that a price differential exists between LCO and diesel.

On a relative basis, adding a hydrocracker to a Fischer-Tropsch
upgrading complex is Jjustified. On an absolute basis, the economic
success of the complex is a strong function of the costs for raw
materials, that f{s, the cost of converting coal into liquid
hydrocarbons.
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Takie 7.3

Frice and Cost Basis_ for Econemic Anplysis
$/6al $/MT
LPG 0.30 140
Ga=znline 0.5:2 193-199
Diesel 0.50 158-170
LCO 0.46 128
Fuel 341 (.40 115
Hydroger 2.20/F SCF 940
Fue! Gas 2.10/MM Bty 160
Table 7.4
Utility and Labor Costs
Power, 5/kiWh 0.04
High Pressure Steam, §/H th i.an
Medium Pressure Steam, $/K 1k 1.40
Low Pressure Steam, §/H 1k 3.30
Boiler Feed Watar, §/M gail 0.80
Ceoling Water, EB/H gal 0.10
Fuel, 5/HMM Bt .10
Wage Rete, §/hr 20
Fringe Benefits, % 3%
Supervigion, % 2%
Overhead, % 50




Effect of HC Unibon Unit on Complex IRR

Table 7.5

Case

HC Unibon
LCO in Diesel, wt-%

F-T Product Value,
$/MT

Complex IRR, %

121
31

121
20

Table 7.6

Value Added to F-T Wax by the HC_Unibon Unit

Case

HC Unibon
LCO in Diesel, wt-%
IRR, %

F-T LPG, $/MT
F-T Condensate, $/MT

F-T Wax, $/MT

)
[=1]
(]
]

yes
0
20

121
121

146

7-11

Base

yes
40
20

123
123

154

Alt
no
40
20

123
123

123

yes

60

124
36

Base

yes
60
20

124
124

164

Alt
no
60
20

124
124

124



Tab'e 7.7

Effect of F-T Product Walue on Complex Eeohomics
Complex, [RR for Yarigus F-T Product ¥aluss

Case Base Base Baze Bace

HC Lnibeon ¥ES Yes ¥es ¥es
LCD in Diesel, wt-% g . el a0 a0
F-7 Product Yalue, $/7MT 100 40% 5% 52% 57%
120 2% 33% 35% 40%

140 13% 15% 18% 23%
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% IRR

FIGURE 7.1

ECONOMIC EFFECT OF LCO
ADDITION TO DIESEL POOL

(INTERNAL RATE OF RETURN, %
WS,
LCO CONTENT IN DIESEL POOL, %)
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FIGURE 7.2

ECONOMIC EFFECT OF LCO -

ADDITION TO DIESEL POOL
(F-T PRODUCT VALUE, $S/MT
: V.
LCO CONTENT IN DIESEL POOL, %)

S wgiae = & BASE CASE: WITH HYDROCRACKER |
i——o——o'fmsnun-rwa CASE: WITHOUT HYDROCRACKER
1 |

a” |

-
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F-T PRODUCT VALUE, $/MT
|
i
1
|
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FIGURE 7.3

ECONOMIC EFFECT OF F-T
PRODUCT COST

(INTERNAL RATE OF RETURN, %
vSs.
F-T PRODUCT COST, $/MT)

MINIMUM RATE

INTERNAL RATE OF RETURN {IRR), %

10 '
100 120 140 160

T PRODUCT COST, $/MT



