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III. PROCESS FEEDSTOCK COST CEILING ANALYSIS

Mittelhauser Corporation performed am economic analysis of 500 TPD and
1000 TPD ASU process plants (Reference 3) using costs derived from pilot
plant estimates by Kuester (Reference 14) and plant performance parameters
provided by Argonne National Laboratory. The product yield assyimed in the
Mittelhauser Corporation analysis was 80 galloms per dry ton feedstock.

A 90 percent plant factor was also assumed. Feedstock moisture content
was not defined, and no cost or credit was included for supplementary gas
fuel or byproduct gas sale. The Mittelhauser ecoromic analysis used the
leveled cost method to compute the product selling price required to provide
a 15 percent return on investment. To the scaled-up capital costs from
Xuvester (Reference 14) were added contingency, working capital, and start-
up expenses. Sensitivity analyses were performed on capital requirewent,
feedstock cost, product yield, tax credit, and cost of capital inputs.

The present study uses most cost elements and the same basic leveled cost
structure as Reference 3. Product value, however, is treated as an input,
consistent with the assumption that the product will be fully substitutable
with commercial diesel oil (Reference 21) or No. 2 heating oil (which

have essentially equal refiner's prices). Reversing the Mittelhauser
leveled cost analysis, the feedstock cost censistent with a 15 percent

ROI is computed, using projected fuel prices as input parameters.

In the leveled cost analysis, the total capital requirement is distributed
annually over the plant lifetime using a capital recovery factor determined
by the required ROI. Other elements (operating and waintenance, incone
taxes, and revenues) are estimated on an anmual basis. The leveled cost
analysis captures the time value of money (via the capital recovery factor),
but omits the effect of differing price escalation rates awmoung the various
cost and income elements. To capture some of this effeci, the leveled

cost analysis is performed for plant operation start dates in 1985, 1990,
and 1995. Except for items such as fuel costs which are specified for 1985
according to the best currently available Information, the individual

cost elements from the Mittelhauser report are inflated separately to

1985, 1950, and 1995 using nominal price escalation rates (Reference 2).
With the price escalation rates used in this apalysis, the leveled cost
method is conservative in that a more realistic net present value analysis
would give higher feedstock cost ceiling results. The leveled cost
approach is retained for this reason (future price escalators are upcertain)
and for comparability with the previous work.

Tables ‘I1I-1, III-2, and III-3 display, for illustration, some of the
detailed capital cost estimates developed for the 1985, 1990, and 1995
plant starts, respectively. These tables show the total capital require—
ment for a 1000 TPD (dry feedstock equivalent) capacity plant. Working
capital and start-up expenses are varied with product yield and feedstock
moisture as noted in the tables. Plant installed costs are varied with
feedstock moisturé centent by scaling the volume of the combustor—
pyrolyzer system for the added water throughput as follows:
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Feedstock Moisture Content

oz 202 352 50%
Equipment Volume Scale Up 1.0 1.12 1.24 1.34

(ESU)

Finally, the dry basis installed cost is scaled up for feedstock meisture
content according to the following convention {Reference 13):

Installed Cost = MIF x DBC, where

DBC = dry basis cost

MIF = moisture increase cost factor, and
0.6

MIF = (2/3) x (ESU) + 1/3

Plant operating costs, revenues, and the derivation of the feedstock delivered
cost ceiling for the 1000 TPD plant are shown for illustration in Tables I1I-4,
I1X-5, and I1I-6. The main difference between these 0&M costs and those

used by Mittelhauser in Reference 3 is that a ecost is included for purchased
gas supplemental fuel (or a by-product gas credit is included as appropriate).

The overall system energy balance is based on the mass balance given by

J.L. Kuester in the Arizona State University process flow sheet (Reference 14).
The pyrolyzer steady state energy demands were calculated on a dry feed basis.
Pyrolysis gas recycle is the fluidizing medium for the pyrolyzer. Off-gas
from the Fischer-Tropsch reactor and char from the pyrolyzer cyclone
separator are considered as fuel for the combustor (References 10 and 19).
The various heat values, compositionm and amounts available of the Fischer-
TropschVoff-gas are predicated on values from the aforementioned process

flow sheet. A 500 TFD plant mass balance used for this purpose is shown

in Figure 1I1.1l. Assumed system temperatures are shown in Figure III.2.
Because of the relatively good efficiency associated with fluidized bed

heat transfer, an overzll system efficiency of 80 percent is used. Ounce

the dry feed system energy requirements were calculated, increases in
moisture content resulted in increased energy requirements by the amount

of extra heat needed to heat and vaporize the excess water. Additionally,

as the Fischer-Tropsch product vield increased, the amount of by-product
off-gas decreases although- the combustor-pyrolyzer system dcmands remain
relatively constant. A break even point is reached below which make-up

gas must be purchased (see Figure II11.3). .Annual by-product gas for the

500 TPD, 90 percent plant factor case is displayed in Table III-7.

In Tables III-4, 11I-5, and IIT-6, annual feedstock cost is equal to

annual gross revemies less income taxes, annualized capital costs, and
pet anpual O&M costs. Feedstock costs are expressed in 1985 dollars per
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(1012 pTU/YR)
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Figure III.3:7 Pyrolytiec Conversion of Cellulose to Fuel--500 TPD
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YIELD (gal/dry

40

60

a0

100

TABLE III-7 SURPLUS RIGH BTU GAS*
(1011 pTU/YR)

MOISTURE CONTENT

ox 20% 35z
ton)
3.99 2.18 0
2.18 .39 (1.70)
-40 (1.39) (3.48)
(1.38) (3.18) (5.27)

S0%

(3.25)

(5.05)

(6.82})

(B.62)

%500 TPD plant

capacity, 90 percent plant factor
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- Feedstock Cost Ceiling
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dry ton for subsequent use with the feedstock supply curves discussed in
the previous chapter. The computer feedstock costs are cost ceilings in
that they are the maximum unit costs consistent with at least the assumed
15-percent ROI requirement. '

Figures T11.4, III.5, and IJI.6 illustrate the effects of changes in plant
capacity, plant yield, operation start date, and feedstock molsture on the
feedstock cost ceiling. -

As indicated by Figure IXI.4, the size of plants which can be feasibly
supplied with feedstock is an impertant commercializatiom factor. Particu—-
larly when considered in light of the steeply rising feedstock supply
curves presented in Chapter II, this capital cost sensitivity suggests that
fairly sharp plant performance thresholds exist. Below these threshold
performance levels the process econonics would not support the aquisition of
sufficient feedstock guantities for a mationally significant petroleum
savings impact. Above these performance levels (depending principally omn
petrcleum fuel prices) the process economics would make available large
quantities of cellulosic feedstocks end the feasibility of larger plants
would be enhanced.

The plant economy is also sensitive to feedstock moisture content, as
illustrated in Figure III.5. Figure 111.6 indicates the graduval improvement
in plant economics prejected for operation starts im 1985, 1990, and 1995.
This improvement is due to the higher nominal price escalator assigned to

the product revenue stream (10.5 percent) as compared to the assumed capital
cost nominal inflator (9.0 percent) and the assumed 8.0 percent general
inflation rate. Purchased gas fuel cost (or by-product gas revenue) is
assigned a 12.9 percent nominal price inflator, which limits the degree of
improvement in plant economy over time for higher feedstock moisture contents.
Nominal price inflators are comsistent with mid-term 'high" fuel price projec-
tions published by DOE in the EIA "Annual Report to Congress, 1979" (Reference 2).

The 1985 base prices for product, by-product gas, supplementary gas, and
electricity noted in Tables 1II-4, III-5, and I1I-6 are alsc consistent
wirh the mid-term DOE/EIA "high" price projeections from Reference 2.

Record high increases in oil and gas prices in recent weeks indicate that
the 1979 EIA price projections are too low. For example, the refiner's
price for No. 2 heating oil currently runs 12 cents per gallon under the
residential retail price (Reference 2). In the Baltimore, Maryland arez
the retail price paid for home heating oil in February, 1981 was $1.29 per
gallon. At a 10.5 percent nominal price inflator, this would indicate a
1985 refiner's price of $1.75 per gallon. Acecordingly, the $1.43 1985
base price for product oil and other fuel prices used in Tables III-4,
III-5, and I1I-6 obrained from Reference 2 (called "high" projections in
this 1979 document) are together used as the "low" fuel price scenario for
this study. A middle fuel price scenario is defined in terms of assumed
1985 fuel prices consistent with a 1985 product value of $1.75 per gallon.
Subsequent to 1985, the nominal fuel price escalators noted in Tables I1I-4,
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1I11-5, and 111-6 are retained im all price scenariocs. The high fuel price
scenario defived for this study is consistent with a $2.00 per gallon 1985

product value.

Plant feedstock cost ceilings are tabulated for 1985, 1990, and 1995 operation
starts in Tables III-8, III-9, and III-10. These results are expressed in
1985 dollars. This analysis indicates that the ASU process will probably
become commercially feasible for 20 and 35 percent moisture feedstocks if
performance levels approaching those assumed in the earlier economic
analysis by Mittelhauser Corporation are attained (i.e., 80 gallon per ton
yield and 90 percent plant factor). Plant feasibility at these performance
levels for 50 percent moisture feedstocks 1s less clearly indicated, since
minipum wood feedstock delivery costs are projected at over $30 per tom

in 1985. Nonetheless, the high fuel price scenario results indicate
marginal wood conversion feasibility by 1985 and clear—cut feasibility by
1990 (see Figure II.4, Chapter 1I).

At a more methodical approach to amalyzing the feedstock cost ceiling
results, minimum feasible plant performance levels are associated with
each fuel price scenario in Table III-11. The minimum feasibility criter-
iou uvsed in this procedure is a 20 percent moisture (RDF) feedstock 1985
cost ceiling of $8 per ton. This feedstock cost corresponds with
approximately 10 million tons of RDF availability in 1985 (see Figure 1I.2
discussed in the previous chapter).

The analysis shown in Table III-11 suggests that the present ASU/DOE project
cormercial plant performance goals of 80 gallons per ton product yield and
90 percent plant factor (as reflected in the earlier economic study by
Mittelhauser Corporation) are unnecessarily high. It is evident from
examination of these results that a 60 gallons per ton yield would probably
suffice for commercialization of the ASD process to an extent adequate to
justify DOE support of the project. TFor example, at 60 GPT, 1000 IPD
capacity, 70 percent plant factor RDF conversion plants should be feasible
if the 1985 product value is at least $1.43 per gallon in 1985 dollars.

Reviewing previous discussions, these results are based on an assumpticn of
product equivalence with commercial distillate fuel oil and an assumption
that the pilet plant costs proposed by ASU are correct. The analysis
includes as-delivered feedstock moisture content in the plant energy
balance, capital costs, and operating costs.

It is possible that the feedstock supply curves (Chapter II) used in this
analysis are teo optimistic. This could occur, for example, if steeply
tising fuel prices drive delivered feedstock costs up unexpectedly or if
average transportation distances are greater. than estimated. Such a feed-
stock cost increment can be hypothesized for RDF as follows:

(1) The 0.7 x 108 Btu/dry ton imbedded energy associated with RDF
could conceivably add §2.50/dry tom to the projected 1985 feed-
stock cost if the cost of this imbedded energy is increased by
50.50 per gallon of oil equivalent and if fully borne by the
feedstock purchaser.
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