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EXECUTIVE SUMMARY

If ethanol could be produced at a low enough price to serve as the precursor to
cthylene and butadiene, it and its derivatives could account for 159 billion b, or 50% of
the U.S. production of 316 billion Ib of synthetic organic chemicals, presently valued at
$113 billion. This use would consume 3.4 billion bu of corn, or ~40% of the corn crop.

Fermentation economics are presently very unfavorable as a result of softness in
petrochemical feedstock prices relative to corn and deficiencies in the fermentation
process. Rising demand for oil and continued deterioration of Middle East politics will
take care of the first point, and commercialization of advanced fermentation technology
now in research stages will improve fermentation cconomics.

During the heyday of gasohol in the late 1970s and early 1980s, a 60-million-gal
fuel-grade ethanol plant could be built for a plant investment of ~$80 million, or
$1.30/annual gal. Operating on corn at a net price of $0.038/lb equivalent glucose, the
plant would earn a 30% pretax return on total investment at a selling price of $1.78/gal.

If that plant were to be built today, the investment would rise to $120 million, or
$2.00/gal. The product would have to sell for $2.55/gal to yield a 30% return, as
compared with the current selling prices of $2.15/gal for synthetic ethanol and $1.10/gal
for fermentation grade.

Potential savings to be gained through application of advanced process enginecring
or genetic engineering of improved organisms were evaluated in this study.

The most rewarding development strategy appears to be to demonstrate at pilot scale
the use of immobilized Zymomonas mobilis bacteria in a tluidized-bed bioreactor
operating in a continuous mode over an extended period of time. The operating strategy
should be aimed at increasing cell density to at lcast 50 g/L. by retaining immobilized cells
in the fermenter and/or by recycling after external separation from the broth. Throughput
should be adjusted to control product concentration at ~110 g/LL (i.e., as close o the
threshold of inhibition as possible).

An existing plant retrofitted to the advanced technology, but operated in the batch

mode, would appear to yield a cost-plus-return price of $1.69/gal based on a transfer price



for corn syrup of $0.065/b of equivalent glucose. Howcver, the price is subject to site
economics and the overall financial strategy of the company.

A new, continuous plant could producc at ~$1.80/gal bascd on Zymomonas or at
$1.97/gal based on Saccharomyces yeast.

There appears to bc no inherent design limitation to effect the engineering
improvements required in the advanced process operation.

The above scenario assumes that the presently available, product-inhibited organisms
would be used. In a longer-term, more difficult research effort, it might be possible to
reduce or eliminate product inhibition. As a rcsult, price would be reduced further to
$1.75 for the Zymomonas system or $1.85 for the yeast fermentation.

It is recommended that the engineering proveout of the advanced process be
continued at a pilot scale and that a laboratory program aimed at reducing product

inhibition and/or increasing specific productivity be initiated.
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THE ULTIMATE ETHANOL
TECHNOECONOMIC EVALUATION OF ETHANOL MANUFACTURE,
COMPARING YEAST VS ZYMOMONAS BACTERIUM FERMENTATIONS

1. INTRODUCTION

Since the Middle East oil crisis of 1973, many people in government, academia, and
industry have been concerned about the strategic implications of a loss of a major source
of crude oil for American industry. Accordingly, over the past decade a large number of
research programs have been directed toward exploring the potential use of abundant
renewable materials as basic feedstocks for fuels and chemicals. The Biocatalyst Project,
administered by the Jet Propulsion Laboratory (JPL) as part of the Energy Conversion
Utilization Technologies (ECUT) program of the Department of Energy (DOE), is now
in the forefront of this effort.

This report represents the completion of a part of an overall project to evaluate the
technical and economic status of several newly conceptualized processes for producing
ethanol, butanol, acetone, acetic acid, and aerobically produced specialty chemicals, which
are candidates for research support. The objectives of the project are to identify
strengths and weaknesses in the proposed processes and to assist in developing an
ongoing research strategy along economically rclevant lines. The products to be studied
presently comprise a collective U.S. market for 10.7 billion Ib valued at $2.8 billion. If
their manufacturing processes were converted from petroleum feedstocks to corn, they
would consume 556 million bu.

If ethanol could be produced at a low enough price to serve as the precursor to
cthylene and butadiene, it and its derivatives could account for 159 billion Ib, or 50% of
the U.S. production of 316 billion Ib of synthetic organic chemicals, presently valued at

$113 billion.! This use would consume 3.4 billion bu, or about 45% of the corn crop.



2. SCOPE OF THE STUDY

In the current technocconomic study of the cthanol process, the state of the art for
its fermentative manufacture by the yeast Saccharomyces cerevisiae was reviewed and
compared with expected performance of the newer Zymomonas mobilis bacterium
operating as immobilized cells in a fluidized-bed biorcactor.

From this, scenarios for an improved process were developed based on the
expectations for adapting either system to reach plausible cell densitics and ctfective
concentration levels. The economics of these scenarios were then developed. The
sensitivity of the economics to attaining, exceeding, or falling short of goals for key
operating parameters was also determined. It is hoped that the results will provide a
strong perspective as to the relative merits for supporting rescarch on any of the
alternatives and the dircction the research should be channeled so as to be economically

relevant and improve the technoeconomic position of the process.
3. MARKET POSITION
The United States now leads the major world producers of ethanol (Table 1).7
Production of synthetic cthanol has declined while fermentation ethanol has increased

over the past decade.

Tablc 1. Market position

Production (10° gal)

Producer Synthetic Fermentation Total
United States 110 749 852
Western Europe 119 307 426
Japan 21 5 26




In the United States, the synthetic product was being supplanted by fermentation
grades until oil prices dropped in the early 1980s. At present, the split of industrial
market share is more difficult to predict.

The ethanol market is segmented into traditional uses for ethanol as a chemical
intermediate or solvent; an octane enhancer for gasoline in the newer fuels; and,
potentially, neat fuel for auto flects and peak shaving tuel for power turbines. A further
potential use might be as a feedstock for producing ethylene, as is presently practiced in
Brazil and was practiced in the United States during World War 11

In 1985, chemical uses in the United States amounted to ~90 million gal. The market
has dropped to ~40% of 1965 levels as a result of its demise in use as an intermediate for
acetaldehyde. Other market uses have been stagnant over these years. Consumption has
been for glycol ethers as surface-coating solvents; ethyl acrylates for use in emulsion
polymers for surface coatings, adhesives, and polishes; vinegar; ethylamines for use in
agricultural chemicals; and ethyl acetate as a solvent for surface coatings and plastics.

Solvent uses amounted to 100-120 million gal. This market has been essentially
stagnant over the past two decades. The single largest solvent use has been in
formulating toiletries and cosmetics, particularly for hair and scalp preparations. Changing
hairstyles led to a severe decline in this use in the seventies. Use in coatings, the second
largest solvent use, suffered over the seventies from the availability of cheap isopropyl
alcohol. The fastest growing segment is for houschold cleaning solutions and industrial
disinfectants. The original gasohol market was born by government edict on the
presumption that ethanol could spare petroleum as a liquid fuel. Although that was not
economically feasible, there was a quite valid use for ethanol over the past decade as an
octane enhancer in gasoline in spite of the softness of the gasoline market. Since 1978,
the use of ethanol as an octane enhancer has grown dramatically to an estimated 750

million gal.
4, HISTORICAL DEVELOPMENT
The fermentation of alcoholic beverages from sugars and starches has, of course, been

practiced for thousands of years. Over the past century, fermentation was used exclusively

for producing industrial ethanol uatil about 1930 when synthetic ethanol produced from



cthylene by the indirect ethyl sulfate process was introduced. By 1975, this process had
been completely replaced by the Shell process for the direct hydration of ethylene. Until
the 1950s, the fermentation process commanded >50% of the market; but its share
steadily diminished until the advent of gasohol following the coergy crisis of 1973.

In the Shell process, ethylene gas and water vapor are reacted at 250°C and 1000 psi
over a phosphoric acid catalyst. Yield is 97% at 4.2% conversion per pass. The process
requires 0.63 1b of ethylence/lb of alcohol. Total capacity in Shell direct hydration plants
in the United States, Western Europe, and Japan was 410 million gal in 1982. However,
there has been a considerable shakeout of participants in the synthetic ethanol market
over the past 13 years. U.S. capacity has dropped from a high of 318 million gal in 1965
to 211 million gal in 1983. Three producers are involved: Union Carbide at 120 million
gal; National Distillers at 66 million gal; and Eastman Kodak at 25 million gal. It was said
that Carbide was buying crude Brazilian alcohol in the seventies and refining it here while
cutting back on its synthetic production. More recently, Carbide has been buying
synthetic ethanol on a toll basis from Saudi Arabia. This production is based on ethylene
produced from Saudi wastc flare gas.

Industrial interest in fermentation chemicals had revived in the 1970s as a result of
the oil crisis. In the United States, ethanol fermentation is now dominated by the plants
operated by Archer-Daniels-Midland, which have a combined capacity of 220 million gal.
Other entrics over the past decade, such as the CPC International/Texaco venture at
Pekin, Illinois; the Ashland Oil/Publicker Industries/Ohio Farm Bureau plant at South
Point, Ohio; and Staley’s new plant at Loudon, Tennessec, have been designed more
conservatively at 40-60 million gal. These new plants are augmented by the capacity of
the established industrial fermentation plants of Grain Processing Corporation and
Midwest Solvents and by a myriad of smaller converted liquor distilleries that were
pressed into service to participate in the gasohol market.

Unfortunately, the softening of oil prices in the 1980s removed the newly acquired
competitive cdge for renewable materials compared with fossil feedstocks and resulted in
an almost complete loss of momentum in research in this area of biotechnology. Over
the decade prior to 1973, the prices of ethylenc and synthetic ethanol were relatively
stable at $0.035/1b and $0.35/gal, respectively. However, soaring chemical prices resulting

from the energy crisis of 1973 raised the price of ethylenc to a peak of $0.26 in 1981.



Following this, it dropped back to $0.15/Ib before rising to the 1Q89 price of $0.32 or
$1.22/gal of synthetic ethanol.* This cost is more than the current $1.10 (depressed) price
for fermentation ethanol. If the price continues to rise as expected, the economic

pendulum may swing back in favor of the fermentation process.

5. BIOPROCESS PROBLEMS

In general, fermentation processes have two major problems: (1) inherently poor
yields resulting from the production of by-products, including high levels of carbon dioxide
and hydrogen needed to maintain the electronic balance of the metabolism of the
organism, coupled with the current relatively high cost of renewable sugars and starches
compared with the presently depressed prices for petroleum; and (2) the inhibition of
most organisms by their own products, which causes the fermentation to shut down after
reaching only low product concentrations, as a result of which the recovery of product

from dilute aqueous solution is accordingly expensive.

6. RAW MATERIAL ECONOMICS

Raw material economics has always been one of the most important parameters in
determining the commercial viability of fermentation processes. In the United States,
corn is the principal substrate for fermentation ethanol, comprising 77% of the grain used
and 68% of all substrates. Molasses, grapes, and sugarbeets are more widely used in
Europe. Substrate cost per gallon of product is determined by the combination of

substrate demand and price.
6.1 SUBSTRATE DEMAND

Product yield, as determined by fermentation stoichiometry, is obviously an important

cost-determining factor. The stoichiometry for the simultaneous chemical reactions of the



yeast and bacterium fermentations is outlined in Appendix A and summarized in Table

2 as mol/1000 mol ethanol formed.*?

Table 2. Stoichiometry for simultancous chemical reactions

Saccharomyces Zymomonas
Reacted
Glucose 531.81 508.42
Water 67.91 16.49
Produced
Ethanol 1000.00 1000.00
Glycerol 23.00 5.67
Acetic acid 8.60 5.41
Isoamyl alcohol 2.61 0.00
Lactic acid 1.10 1.03
Succinic acid 0.57 0.00
Acetaldchyde 1.50 0.00
Light ends 0.52 0.52
Carbon dioxide 1080.91 1017.53
Hydrogen 123.77 28.35

Thus, the theoretical yield of ethanol from glucose amounts to 48 wt % for the yeast
system and 50 wt % for the bacterium. In practice, the actual approach to theoretical is
90-95% for the yeast and ~98% for the bacterium because of the consumption of glucose
for cell growth and maintenance. The dilference arises because Z. mobilis consumes only
one net ATP per glucose whereas S. cerevisiae uses two. Hence, the cell yield per unit

of glucose consumed for cells is twice as high for the bactcrium as for the yeast.!%!!



Overall, then, even though the organisms are operating close to their biological limit,
carbon yields for either system are poor as a result of large losses to carbon dioxide and
sundry other by-products. Actual glucose demands amount to 2.19-2.31 Ib/lb ethanol, or
2.27-2.40 gal absolute alcohol/bu of corn for the yeast and ~2.03 Ib/lb, or 2.59 gal/bu for

the bacterium, giving the latter a 7-12% competitive advantage in raw material costs.
6.2 UNCERTAINTIES OF SUGAR PRICE

The cost of the sugar substrate is another very important element of cost, particularly
if the engineering improvements of the process can be realized.

This study was based on the availability of a contract supply of a dilute 45% corn
syrup from an adjoining wet mill at a transfer price of $0.065/b equivalent glucose.
Certainly the hydrolysis can be done better and more cheaply as part of a large wet mill
than as the mash operation used in older distilleries. In addition, handling hydrolysis as
part of the wet mill rather than in fermentation eliminates tying up expensive fermenters
as slow hydrolyzers.

Unfortunately, transfer price information is considered proprictary by wet millers and
is not forthcoming. However, a recent analysis of the feedstock costs for fermentation

ethanol plants'? provided the following cost data (Table 3).

Table 3. Analysis of feedstock costs

Corn pricc* Net corn Ethanol

Period ($/bu) ($/b glucose)  ($/gal)
1Q81-1Q83 2.78 0.035 1.7
1Q81-2Q86 2.86 0.039 1.62
2087-4Q88 1.79 0.009 .11

*#2 yellow corn ex Chicago.



Such net corn figurcs do not include an allowance for the cost and investment necded to
hydrolyze the starch.

To develop a transfer price that could be used to represent a stable period of corn
prices, the following estimate was made by the author as an approximate, if not qualified,
evaluation of substrate costs. The basis was an early 1980 plant processing 60,000 daily
bu to produce 720 million annual Ib of syrup (dry basis). The wet mill yield was assumed
to be 31.6 1b starch/bu. Investment in the wet mill was estimated to be $40 million. As
shown in Table 4, at a corn price of $2.60/bu, a sugar cost of ~$0.081/1b of starch appears

to correspond to a correlation of published data shown in Fig. 1.

6.3 SUBSTRATE COMPETITIVENESS

It cannot be expected that the yield of ethanol from sugar can be increased over its
present biological limit. Consequently, further competitiveness of corn-based processes
will have to depend on increascs in the cost of crude oil relative to corn.

Commercial acceptance of the enhanced fermentation process will ultimatcly depend
on the direction taken by crude oil prices. This market is still soft at ~$17-$20/bbl.
However, James McNabb of Conoco' has pointed out that OPEC is presently operating
at only 60% of capacity. By the early 1990s, production is expected to reach 80%; market
power will shift back from the buyer to the seller, with a corollary increase in oil prices.
At that time, it is expected that the United States will be importing half of its oil supply
instead of the 7% it imported at the time of the 1973 oil crisis. As a result, he forecasts
that although oil prices will remain in the low $20s until 1990, they will reach the mid
$30s by 1995 and $50/bbl by the year 2000 (Fig. 2). Other market watchers are also
foretelling the start of the turnaround in oil prices."*" Thus, a doubling of the price for

ethanol over the next decade is not out of the question.

7. PRODUCT INHIBITION

As with most fermentations, both S. cerevisiae and Z. mobilis are inhibited by their

own substrate and products. Fermentation kinetics and process inhibition have been



Table 4. Evaluation of substrate costs.

Item

Cost
($/1b glucose)

Corn @ $2.60/bu
Coproduct credits
Corn oil 1.7 Ib/bu @ $0.26/1b
60% Gluten meal 2.2 Ib/bu @ $265/ton
Gluten feed 11.5 Ib/bu @ $125/ton
Total credits
Net corn
Enzymes
Labor
Utilities
Maintenance, taxes & insurance
Depreciation
Net cost of manufacture
Selling, administrative & research
Earnings before taxes
Selling price
Savings for contract 45% syrup
Steam 1.15 Ib/lb
Labor
Maintenance & depreciation
Sales, adm., & research
Earnings

Adjusted contract price

0.074

(0.013)
(0.008)
(0.020)
(0.041)
0.033
0.006
0.007
0.008
0.004
0.004
0.062
0.002
0.017
$0.081

(0.006)
(0.001)
(0.001)
(0.001)

(0.007)
$0.065
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studied by a number of researchers for Saccharomyces™® and Zymomonas.”*’ Alihough
agrecment is not perfect, it appears that the yeast fermentation is totally inhibited by
cthanol concentrations of ~105 g/l.. The inhibitory cutoff for the bacterium is distinctly
higher at 127 g/L.. Furthermore, as shown in Fig. 3, the decay in specitic productivity for
Zymomonas is flat at 5.2 g product/g cells-L up to a concentration of 55 g/, after which
inhibition begins. For the yeast the maximum specificity of 1.5 g/g-L. drops over the
whole range of concentration. Thus, as product concentration increases, specific
productivity decreases, as does the dilution rate for a fixed ratio of product to cells. This
adverse effect has a profound influence on cost and leads to a trade-off between
maximiziing conceatration and maximizing dilution rate.

One possible solution to the inhibition problem would be to integrate the
fermentation and distillation sections of the process so as 1o increase productivity while
removing the product from the field of fermentation as rapidly as it forms. This is an
automatic consequence of converting from a batch to a continuous process in which a
proportionate increase in cell density is effected either by immobilizing the cells, as in the
Oak Ridge case,®™* to prevent their loss from the fermenter or by filtering the cells from
the beer and recycling them while maintaining product concentration in the fermenter
ncar the threshold of inhibition. The immobilization approach would be prelerred
because it would avoid passing cclls through a filter and, possibly, a still with possible
deactivation of cells by thermal or mechanical attrition with possible plugging of the trays
of the still.

Thus, assuming that specific productivity (g product/g celi*h) remains constant at
constant (but maximum allowable) product concentration, the higher the cell density the
greater the volumetric productivity (g product/L.+h), the shorter the fermentation time
and, hence, the smaller the fermenter size and investment required for a desired design
capacily; or, for an existing fermentation plant, the greater the throughput and production
level.

Alternatively, new organisms might be genctically engineered to be less inhibited by

product and/or have a higher specific productivity than the wild strain.

12
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8. PROCESS SCENARIO FOR THIS STUDY

This study was based on using a fluidized-bcd bioreactor similar in design to the Qak
Ridge approach. A flow sheet for the process model is shown in Fig. 4. Beer leaving the
fermenter train is passed to a filter unit to separate cells from broth. The cell shurry is
recycled except for a purge bleed equal to the amount produced.

A standard distillation train was assumed for the basccasc. Greater heat economy
might be realized by a more elaborate heat recovery scheme.®* It would be interesting
to comparc the conventional design with cases based on using the Dartmouth
Intermediate Heat Pumps and Optimal Sidestream Return (IHOSR) distillation process.*

In either design, the cell-free broth enters the first (beer) still of the distillation train,
wherein the ethanol azeotrope and low-boiling impurities are scparated from salts, high-
boiling by-products, and water. The aquecous tails {rom the stripping section are semnt to
waste disposal. No recovery of purged cells as distillers grains was assumed in this model.
Fuel oils (amyl alcohols, mainly 3-mcthyl-1-butanol) are removed as a sidestream drawoff
from the beer still. Low boilers are separated overhead in a refiner, and the azeotrope

is sent to a dehydration column to recover absolute ethanol.

9. OPERATING SCENARIO

It was assumed that the plant would be sited in the Midwest adjoining a corn wet mill
with dilute, not-evaporated, 45% syrup supplicd over the fence by pipeline. Capacity was
sized to a 60-million-gal-per-ycar absolutc ethanol plant with a midpoint of construction
in 1984 and operation in 1988 at 90% utility. The investment cstimates include a 30%
contingency for undeveloped design, etc. This uncertainty level is on the high side for
designs based on reaming out existing facilities and on the low side for designs scaled up
from semiworks data. Cost factors and financial viewpoints for the operation were chosen
to represcnt those commonly used by large chemical companies in producing commodity
products. Technical and financial data for the cases evaluated are provided in the

appendixes.

14
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10. PROCIESS DEVELOPMENT STRATEGY

Hopefully, an organism might be genctically engineered that is not inhibited by
product. However, this goal may be very difficult to attain.

Short of this, then, the best fermentation strategy appears to be to control product
concentration at the optimum lcvel vis-a-vis product inhibition whilc operating at as high
a cell density as is physically and/or biologically possible. Assuming a consiant specific
productivity at an optimum product concentration, this operating strategy fixes dilution
rate at a maximum level and minimizes fermenter size and investment. An attempt was

made in this study to define the optima within the limitations of published data.

10.1 BATCH MODE

In the operation of the conventional batch fermenter, it is well known that as the
product accumulates in the fermenter a point is reached at which product inhibition of
the functioning of the organism shuts down the fermentation. The amount of product
produced is controlled by the volume of the fermenter at the maximum attainable product
concentration -- usually a low amount.

In view of this limitation of the batch system, many rescarchers have evaluated the
advantages of removing product from the batch fermenter "as fast as it forms" by various
means in order to sustain the fermentation over a longer period. In such cases, additional
substrate raust be added in such a manner as to not adverscly affect the fermentation by
substrate inhibition. This condition usually results in the use of a fed-batch mode.

In effect, howcever, this approach actually represents a conversion of the batch mode
to a continuous mode in which cells are prevented {rom leaving the fermenter. Thus, in
any continuous system, the product is always being removed from the fermenter as fast

as it forms.

16



10.2 CONTINUOUS MODE

It appears then that the development of a continuous fermentation system is a
fundamental requirement for improving the economic viability of the ethanol process.
Continuous operation has been demonstrated at less than commercial scale by Bajpai and
Margaritis,” Ghose and Tyagi,?"*! Wilke,?***2 Davison and Scott,*** and others.

Scott and Davison® are operating a rack-scale 2.5-m fluidized-bed bioreactor at the
Oak Ridge National Laboratory (ORNL). The process is based on Z. mobilis immobilized
within 1.0-1.5 mm K-carrageenan beads at cell loadings of 15-50 g/L. beads (6.6-22 g/L
fermenter). The fermenter is operated in a continuous mode at 30°C and pH 5.0. It was
reported that plug-flow kinetics is achieved. Yield was reported to be 0.49 g ethanol/g
glucose converted, or 97.5% of the theoretical yield. Glucose spill is <0.1% at an ethanol
concentration of 74 g/l and a volumetric productivity of 60 g/Lh. Volumetric
productivity is normally in the range 50-120 g/L-h but has reached 186 g/L-h with 95%
glucose conversion by recycling cells to higher density. This performance is in sharp
contrast with the volumetric productivities of 1-2 g/IL+h usually reported by conventional

yeast-based plants.

11. FUEL ETHANOL PLANTS OF THE SEVENTIES

The period of the late 1970s marked the heyday of construction of new fuel ethanol
plants or retrofitting of former liquor distilleries. A case presented in Appendix B was
based on a 60-million-gal yeast-based plant with a midpoint of construction of 1976 and
operating in 1980. Cell recycle was not included. Thus, the case is an attempt to
reconstruct the economics for the plants that now constitute the fuel alcohol industry.

Investment in this plant in 1976 dollars amounted to $1.57/annual gal, comprising
$1.31 for direct and allocated plant investment and $0.26 for working capital. Of the
plant investment, the cost of twelve 500,000-gal fermenters accounted for 46%.

The cost of manufacture (mill cost) amounted to $1.00/gal at a cost of sales of $1.26.

This cost performance leads to a pretax return on investment of 30% for a selling price
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of $1.79/gal. Raw maierials comprise 58% of cost of manufacture and 32% of selling
price. Capital-related charges account for 37% of seiling price.

This casc is compared in Table 5 with several estimates fmade in about 1980 by various
organizaiicns: a task force of the American Institute of Chemical Engineers chaired by
L.B. Margiloff of Publicker Industrics;"® a study commissioned by DOE;* and a study
38,3948

made by the Katzern organizaticn for a plant with maximum energy recovery.

Agreement Is generally good considering the diverse viewpoints and bases.

12. EFFECT OF VENTURE TIMING

If the plants described in the preceding section were to be built today, costs would be
substaniially higher. Construction costs for a plant with a midpoint of construction of
1984 would be 73% higher than the plani built in 1976, Also, the cost assumed for
substrate in 1988 was almost twice that used in the carlier estimate. This point is
discussed later. As a net result, the selling price in 1988 would have to be $2.55/gal to
yicld a 30% pretax return as cornpared with currently distressed prices of $1.10/gal for
fuel alcohol.* This may bc one reason why new planis arc not being built.

The estimate for 1988 operation is compared with that for 1980 in Table 6. The

effects of raw material and capital charges are clear. The 1988 cstimate scrves as the

basccase in this studv [or comparison with the cstimates made for more advanced

techoology. It is described in detail in Appendix C.

13. ECONOMIC POTENTIAL OF ADVANCED FERMENTER SYSTEMS

The economic model for the advanced fermenter systermn was used to explore the
potential advantages of operating with ccll recycle and/or improved specific productivity
for both inhibited and noninhibited systems of either S. cerevisiae or Z. mobilis under
either batch or continuous modes.

The conversion economics of the ethanol fermentation process can be improved in

two ways: (1) by increasing product concentration or (2) by incrcasing fermentation rate.
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Table 5. Comparison of estimates
Ethanol process economics
Batch fermentation - no cell recycle

BioEn-
Gene-Er
Estimate AIChE DOE KATZEN Associates
Capacity, Million GPY 40 50 50 60
Midpoint of construction 1981 1976
Investment, $/gal
Direct & alloc. plant invest. 1.28 1.31
Working capital 012 026
Total investment 1.40 1.57
Cost, $/gal Operating year 1980 1983 1983 1980
Corn 1.12 1.20 1.09
By-product credits (0.50) 0.60 (0.47) -
Net corn 0.62 0.60 0.63 0.56*
Other raw materials 0.14 0.07 0.02 0.01
Total raw materials 0.76 0.67 0.65 0.57
Ultilities 0.19 0.20 0.11 0.22
Labor-related 0.07 0.08 0.06 0.06
Capital-related 0.17 0.21 0.15
0.43
Cost of manufacture 1.12 1.03 1.00
SE, D, R&D, adm, & IC . 0.18 0.18 0.26
Cost of sales 1.43 1.30 1.21 1.26
Pretax earnings @ 30% ROI 0.47 0.53
Selling price 1.68 1.79

*Syrup ex wet mill at $0.038/lb equivalent glucose.
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Table 6. Effect of venture timing

50 million GPY ethanol manufacture

Inhibited Saccharomyces yeast

Batch fermentation - no cell recycic

Midpoint of construction
Construction cost index

Operating year
Substrate cost, $/1b cquiv. glucose

Investment, $/million
Direct permanent investment
Allocated power, services & generai
Working capital
Total investment

Cost al
Raw materials
Utilities
Labor-related
Capital-related
Cost of manufacturc
SE, D, R&D, adm, & [.C.
Cost of sales
Pretax earnings based on 39% ROI
By-product credits
Selling price

1976
74

1980
0.038

54.5
24.1
154
94.1

0.57
0.22
0.06
0.14
0.99
0.27
1.26
0.52
178

1984
128

1988
£.065

91.1
26.8
221
140.0




Of the two, increasing product concentration has the greater effect on cost. At any
desired production level, the reciprocal of concentration -- liters/gram--represents the
volume of the equipment required for the complete process: media preparation,
fermentation, product recovery, and product refining. Hence, concentration has a
dominant effect on total process investment.

Fermentation rate affects only fermenter volume and investment. However, since
fermenter investment usually accounts for a large part of total investment, the effect of
ratc on cost can be very large, indeed. At a fixed production level and product
concentration, fermentation rate can be increased and fermenter volume decreased by
increasing cell density, increasing specific productivity, or both.

Increasing cell density by containing the cells in an immobilized state in the fermenter
or by recycling involves the appropriate engineering of the system under the constraints
of broth viscosity and organism viability. However, increasing specific productivity
involves producing a genetic change in the organism, which may be ditficult to achieve in

practice. Nevertheless, both approaches have merit and need to be pursued.

13.1 INHIBITED BATCH SYSTEMS WITHOUT CELL RECYCLE

Inhibited systems exhibit a minimum in cost as product concentration is increased up
to the point of total inhibition. This effect is shown for the batch systems in Table 7 for
a situation involving little or no cell recycle. (Cell density was held constant during the
calculation of sensitivity, which means the cases at low concentrations had a small cell
recycle involved.)

It should be noted that for the batch system, the term “dilution rate" refers to the
reciprocal of the sum of batch time plus turnaround time [i.e., 1/(bt+tt)]. For the large
fermenters used in the models, a turnaround time of 12 h was used for draining, cleaning,
sterilizing, refilling, and inoculating the fermenter after each batch run. This loss of time
is not incurred in continuous operation, which, as will be seen, has a large effect on cost.

It should also be noted that specific productivity as used in this study refers to run
time only, whereas volumetric productivity and dilution rate take into account the

turnaround time for batch operation.
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Table 7. Ethanol from S. cerevisiae and Z. mebilis
in an inhibited batch system
Effect of product concentration

Product Specific Volume Dilution Total Capital Fermenter Ferm inv/
conc. prod’ity prod'ity rate cost cost invest'mt tot plant
(g/L) (g/gh) (g/L+) (1/h) (3/gal) ($/gal) ($million) invest'mt
(%)

S. cerevisiae

40 1.28 0.045 2.78 1.13 2 38
50 1.17 0.038 2.62 1.03 48 40
60 1.04 0.032 2.53 0.97 48 47
70 .84 0.025 2.51 .96 52 46
80 0.63 (.018 2.56 1.02 63 53
90 0.38 0.011 2.82 1.24 94 64
100 0.12 0.604 4.29 2.53 255 3
Z. mobilis
50 52 3.1 0.063 2.37 0.87 29 29
60 4.8 3.5 0.059 225 0.79 26 28
70 4.1 3.7 0.053 2.18 0.74 25 29
80 3.4 37 (.046 2.13 0.71 25 3
90 2.7 3.5 0.039 2.11 0.70 26 33
100 2.0 3.0 0.030 2.12 (.71 30 37
110 1.2 2.3 0.021 2.19 0.78 41 46
120 0.5 1.1 0.009 2.57 1.11 84 64

2.4 g/L celi density




For the yeast, specific productivity and dilution rate are decreased tenfold. However,
because of the opposing elfects of concentration versus productivity, volumetric
productivity is maximized and fermenter investment is minimized at ~55 g/l.. Capital
charges and total cost are minimized at a higher concentration of ~70 g/L. as a result of
the effect of concentration on the rest of the plant as well.

The results for Zymomonas were similar except that the costs for the bacterium cases
were always lower as a result of higher specific productivities, with a minimum cost of
~$2.11/gal compared with a minimum of $2.51 for the yeast. In addition, the bacterium

can operate at concentrations higher than the yeast cutoff.
13.2 INHIBITED BATCH SYSTEMS WITH CELL RECYCLE

Cost is very sensitive to the recycle of cells. As shown in Table 8, cost decreases with
increases in cell density at any product concentration. This effect mainly results from a
concomitant reduction in fermenter investment. Total flow through a fermenter and
specific productivity are fixed, irrespective of cell density, by fixing product concentration
and annual production rate. Consequently, as cell density is increased by recycle,
fermentation time and volume (investment) can be correspondingly decreased in the
design to balance production rate at a constant specific productivity.

For any product concentration, then, it is clearly desirable to operate at as high a cell
recycle rate as possible. For example, Wilke operated at yeast concentrations up to
124 g dry wt/L at a volumetric productivity of 82 g/L+h;*® and Rogers reported operating
with Zymomonas densities of 40 g/L. for >50 h* at a volumetric productivity of 120
g/Lh. However, cell densitics above these may produce unacceptable viscositics and
adverse effects on the organism in the fermenter. This is an important point for further
research clarification.

As a practical matter, it does not appear from the projections of Table 4 that
increasing cell densities much above 50 g/l would have a significant effect on reducing
further the cost of the product. At that cell density, the cost of ethanol by the yeast
system at a concentration of 90 g/l would be $2.09/gal compared with $1.90 for the
bacterium system at 110 g/L of product.
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Table 8. Ethanol from S. cerevisiae and Z. mobilis
in an inhibited baich system
Effect of product concentration and cell reeycle
on cost-plus-return

Product Cost-pius-return ($/oal)
cone. Ceii density (g/1)
(g/L) 5 10 20 50 100 150

S. cerevisiae

40 2.69 2.62 2.58 2.54 2.51 2.49
50 2.52 2.45 2.41 2.37 2.34 2.33
60 2.42 2.33 2.29 2.26 2.23 222
76 2.37 2.27 221 2.17 2.15 2.14
80 2.37 2.24 2.17 2.12 2.09 2.08
90 2.51 2.28 2.16 209 2.05 2.04
100 3.37 2.69 2.35 2.14 2.06 203
Z. mobilis
56 2.33 2.31 2.30 2.28 2.26 224
60 2.21 2.19 2.18 2.16 2.1 2.13
70 2.13 2.11 2.10 2.08 2.06 2.05
80 2.07 2.05 2.03 2.02 2.00 1.99
90 2.04 2.00 1.99 1.97 1.95 1.95
100 2.02 1.97 1.95 1.93 1.92 1.9t
110 2.04 1.97 1.93 1.95 1.89 i.38

120 221 2.04 1.95 1.90 1.87 1.86




13.3 INHIBITED CONSTANT-ENVIRONMENT CONTINUOUS SYSTEMS
WITHOUT CELL RECYCLE

The very real advantage of operating in a continuous mode can be seen from the data
of Table 9. It can be seen that volumetric productivity and dilution rate have values quite
higher at low product concentrations than the respective cases for batch operation. The
difference is related to batch turnaround time. At low concentrations, fermenter
residence time is low and the relative adverse effect of turnaround is high, thus limiting
dilution rates to low values. At high concentrations, fermenter time is very high and the
effect of turnaround becomes insignificant, so that dilution rates for batch versus
continuous operation approach each other.

Turnaround imposes a strict ceiling on eflective dilution rate for batch operation.
Thus, even at a fermenter time of zero, the dilution rate is held to 0.083 h! (1/12 h).
Continuous operation is not so constrained and can approach effective dilution rates near
infinity, at which point the cost of fermenters becomes insignificant relative to total plant
investment.

For operation without cell recycle in a constant-environment continuous mode, the
yeast exhibits a minimum cost-plus-return price of $2.36/gal at a product concentration

of ~65 g/L. The corresponding minimum price for the Zymomonas system is $2.00 at 85

g/L.

13.4 INHIBITED CONSTANT-ENVIRONMENT CONTINUOUS SYSTEMS
WITH CELL RECYCLE

The corresponding data for operation with cell recycle in a constant-environment
continuous system are shown in Table 10. For this case, the minimum cost for the yeast
at a cell density of 50 g/L is $1.97/gal at a product density of 90 g/l.. For the bacterium,
the minimum for a cell density of 50 g/L. is $1.81 at 110 g/L.. These data are plotted in
Figs. 5 and 6. As cell density is increased, the minimum in cost moves toward higher

product concentrations.
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Table 9. Ethanol from S. cerevisiae and Z. mobilis
{nhibited coniinuous system
Effcct of product concentration

Product Specific Volume Dilution Tota! Capiial Fermenter Ferm inv/
CONC. prod’ity prod’ity raic cost cost invest'mt tot plant
(g/L) (/g h) {g/Lh) (/1) ($/gal) ($/gah) ($miition) invest'mt
(%)

S. cerevisiae

40 1.28 0.097 2.52 0.91 24 22
50 1.17 0.071 2.41 (.85 26 26
60 1.04 0.052 2.36 0.82 29 31
70 (.84 0.036 2.36 (.83 3 37
80 (.63 0.024 2.42 {190 49 46
%0 0.38 0.013 2.69 1.14 81 56
100 0.12 0.004 4.15 2.42 244 83

Z. mobilis (constant environment)

5¢ 5.2 12.7 0.254 2.17 (.69 7 9
60 4.8 118 (3.197 2.08 0.64 3 it
70 4.1 141 0.144 2.03 .61 9 13
80 3.4 8.3 0.104 2.00 (.60 11 16
90 2.7 6.5 0.072 2.00 {1.60 14 21
100 2.0 4.8 0.048 2.01 0.62 19 28
110 1.2 3.0 (.027 2,18 0.76 31 39
120 0.5 1.2 0.010 2.48 1.04 75 61

2.4 g/L. cell density
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Table 10. Ethanol from S. cerevisiae and Z. mobilis
Inhibited continuous system
Effect of product concentration and cell recycle
on cost-plus-return

Product Cost ($/eal)
conc. Cell density (g/1.)
(g/L) 5 10 20 50 _ 100 150

S. cerevisiae

40 243 2.37 2.33 2.29 2.26 224
50 232 2.24 2.20 2.17 2.14 212
60 2.25 2.16 2.12 2.08 2.06 2.05
70 2.23 2.12 2.07 2.03 2.01 2.00
80 225 2.11 2.04 1.99 1.97 1.95
90 239 2.16 2.05 1.97 1.94 1.93
100 3.27 2.59 2.25 2.04 1.96 1.93

Z. mobilis (constant environment)

50 2.13 2.11 2.09 2.08 2.05
60 2.04 2.02 2.01 1.99 1.98
70 1.99 1.96 1.95 1.93 1.92
80 1.95 1.92 1.91 1.89 1.87
90 1.923 1.89 1.87 1.86 1.84
100 1.917 1.872 1.85 1.83 1.81
110 1.94 1.873 1.84 1.810 1.795

120 2.12 1.95 1.87 1.810 1.786
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13.5 INHIBITED PLUG-FLOW CONTINUOUS SYSTEMS WITH CELL RECYCLE

It is well known that the kinetics of any first-order reaction system are favored by
operating in a plug-flow regime. The effect on specific productivity of Zymomonas is
shown in Fig. 3. The cost data for plug flow operation with Zymomonas are shown in
Tables 11 and 12 and Fig. 7. In contrast to constant-environment operation (Table 9),
the decay in volumetric productivity and dilution rate with increases in product
concentration is much less scvere. Neither are minima exhibited within the ficld of the
data shown. Minima have to exist with any inhibited systcm, but in this case occur at
concentrations very close to total inhibition.

Without cell recycle, the case for using plug flow is very strong. Thus, plug flow at
a cell density of 50 g/L and product concentration of 110 g/l exhibits a cost of $1.89/gal
compared with a minimum cost of $2.00 for the constant environment case at the same
cell density of 50 g/L. but at an optimum product concentration of 85 g/L.

With the preferred cell recycle mode, the advantage of plug tlow is lost, as shown in
Table 13. At high cell densities, both regimes arc approaching an eftectively infinite
dilution rate cven at product concentrations up to 110 g/l., which would otherwise favor
plug flow. At high dilution rate, the effect of fermenter investment is minimal. As a

result, both regimes exhibit costs of ~$1.80/gal at a product concentration of 110 g/L.
13.6 NONINHIBITED CONTINUOUS SYSTEMS

It would be admittedly difficuit to engincer an organism that is not inhibited by
product. However, if this could be accomplished with Zymomonas or S. cerevisiae, cost
would be reduced further according to the cost projections of Table 14 and Figs. 8 and
9. These depict a continuous systcm operating at various combinations of product
concentration and dilution rates.

Dilution rate can be controlled independently of concentration by constraining or
recycling cells to higher cell densities and/or by developing an organism with a higher
specitic productivity. For dilution rates below 0.083 h! the data can also be used to
represent batch operation. At high product concentrations dilution rates above 0.1 h!

converge near an infinite dilution rate.
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Table 11. Ethanol from Z. mobilis
Inhibited continuous system - plug flow
Effect of product concentration

Product Specific Volume Dilution Total Capital Fermenter Ferm inv/
conc. prod’ity prod’ity rate cost cost invest’mt tot plant
(g/L) (g/gh) (g/L+) (1/h) ($/gal) ($/gal) ($million) invest'mt
(%)
0.51 253 0.211 1.81 0.46 4 7
50 52 12.7 0.254 2.16 0.69 7 9
60 52 12.7 0.211 2.08 0.64 7 10
70 5.1 12.4 0.177 2.01 0.60 7 11
80 49 120 0.150 1.97 0.57 8 12
90 4.7 11.5 0.128 1.93 0.55 8 13
100 4.5 109 0.109 1.91 0.53 8 14
110 4.2 10.3 0.093 1.89 0.52 9 16
120 3.9 9.6 0.080 1.87 0.51 10 17

2.4 g/L cell density
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Table 12. Ethano! from Z. mobiiis
Inhibited continuous system - plug flow
Effect of product concentration and celi recycle
on cost-plus-return

Product Cost {$/gal}

COnC. Cell Density (g/L)

(g/L) 5 10 20 50 100
50 2.13 2.11 2.09 2.08 2.05
60 2.04 2.02 2.01 1.99 1.98
70 1.98 1.96 1.95 1.93 1.92
Q0 1.93 1.91 1.90 1.89 1.87
90 1.90 1.88 1.86 1.85 1.84
160 1.87 1.85 1.84 1.82 1.81
110 1.85 1.82 1.81 1.80 1.79

120 1.83 1.81 1.79 1.78 1.77
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Table 13. Ethanol from Z. mobilis
Inhibited continuous system - constant environment and plug flow
Effect of product concentration

Product Specific Volume Dilution Total Capital Fermenter Ferm inv/

cone. prod’ity prod’ity rate cost cost invest’mt tot plant

(g/'L) (g/gh) (g/Lh) (1/h) ($/gal) ($/gal) ($million) invest'mt
(%)

Constant environment

50 5.2 260.0 5.200 2.08 0.63 0.35 0.5
60 4.8 241.9 4.032 1.99 0.57 0.38 0.6
70 4.1 2058 2.940 1.93 0.53 0.45 0.7
80 34 169.7 2.122 1.89 0.50 0.54 1.0
90 2.7 133.6 1.485 1.86 0.48 0.69 1.3
100 2.0 97.5 0.975 1.83 0.47 0.94 1.8
110 1.2 61.4 0.558 1.81 0.46 1.50 3.0
120 0.5 253 0.211 1.81 0.46 3.64 7.3
50.0 g/L cell density
Plug flow
50 5.2 260.0 5.200 2.07 0.62 0.35 0.5
60 52 259.2 4.321 1.99 0.57 0.35 0.5
70 5.1 254.2 3.631 1.93 0.53 0.36 0.6
80 4.9 245.9 3.074 1.89 0.50 0.37 0.7
90 4.7 235.4 2.616 1.85 0.48 0.39 0.7
100 4.5 223.4 2.234 1.82 0.46 0.41 0.8
110 4.2 210.3 1.912 1.80 0.45 0.44 0.9
120 3.9 196.4 1.637 1.78 0.43 0.47 1.0

50.0 g/L cell density
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Tabic 14. Ethanol from S. cerevisiae and Z. mobilis
Noninhibited continuous system
Effect of product concentration and dilution raic
07 cOost-plus-returs

Product cost {$/aal)
conc. Dilution rate {1/h)
(g/iy Q.01 (1.03 0.06 0.19 0.20 1000006

S. cerevisiae

40 4.41 3.00 2.54 2.50 2.40 229
50 3.87 2.74 2.45 2.34 2.28 217
50 3.5¢ 2.55 2.32 2.22 2.15 208
&9 3.04 2.33 2.15 208 2403 1.97
100 2.76 2.19 2.05 1.99 1.95 191
150 2.39 2.01 1.92 1.88 1.85 1.82
300 2.04 1.85 1.80 1.78 1.77 1.75
Z. modilis
40 4.33 2.96 2.55 2.43 2.35 2.20
50 3.77 2.604 2.36 2.24 2.16 2.07
60 3.41 2.46 2.23 2.13 2.06 1.69
80 2.95 224 2.06 1.99 1.94 1.88
100 2.67 2,10 1.99 1.1 .86 1.82
150 2.30 1.92 1.83 1.79 1.76 1.73

360 1.95 1.76 1.71 1.6G 1.68 1.66
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For a dilution rate of 0.1 h™ at a product concentration of 150 g/L, the cost of ethanol
from Zymomonas would be reduced to $1.79/gal -- a reduction of 30% below the $2.55/gal
basecase cost for the current commercial state of the art. The corresponding cost for the

yeast systcm would be $1.88 -- a 26% reduction.

13.7 EFFECT OFF SUGAR PRICE

As noted carlier, the transfer price for glucose in the form of corn syrup is uncertain
but quite important to the overall economics of the product. The sensitivity of
cost-plus-return price to changes in the price of equivalent glucose is shown in Table 15
and Fig. 10 for an inhibited Zymomonas operating in a continuous constant-environment
system. At the assumed price of $0.065/lb, ethanol price would be $2.00/gal, and substrate
cost would account for 71% of the cost of manufacture and 44% of selling price.
However, at a bare "net corn” price of $0.038/1b sugar, the alcohol could sell for as little
as $1.56/gal. Conversely, at a list price for syrup of $0.12/lb, the ethanol would have to
sell for $2.56/gal. Clearly, the leverage of sugar price is very high.

13.8 GLYCERINE RECOVERY?

With the exception of carbon dioxide, glycerine is formed at the highest concentration
of any of the chemical by-products of the ethanol fermentation process (i.e., at 4.6 wt %
for yeast and at 1.1 wt % for Zymomonas). A brief study was made of the economic
feasibility of recovering glycerine in the distillation train of the yeast system. This requires
the addition of a large still and reboiler to scparate water and other lower boilers
overhead from the glycerine in the tails. A smaller still is also required to remove
glycerine overhead from residual salts and acids. It does not appear economical to
recover glycerine in this way becausc both expense and investment are adversely affected.

The cases with and without recovery compare as {ollows (Table 16).



Table 15. Ethanol from Z. mobilis
Inhibited continuous system - constant environment
Effect of sugar price

Sugar Substrate Selling
price $/gal Cost of mfg. Selling price price
(3/1b) (%) (%) ($/gal)
0.000 0.00 0 0 0.95
0.020 0.27 43 21 1.27
0.038 0.52 59 33 1.56
0.065 0.88 71 44 2.00
0.080 1.09 75 49 2.24
0.100 1.36 79 33 2.56
0.120 1.63 82 57 1.89
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CONTINUOUS CONSTANT ENVIRONMENT SYSTEM

o=

$0.00 $0.02 $0.04 $0.08 $0.08 $0.10 $0.92
SUBSTRATE PRICE -~ $/ib squiv. glucose

Fig. 10. Ethanol ex inhibited Zymomonas Mobilis continucus constant environment system.



Table 16. Glycerine recovery

Cost factor Cost ($/gal)
($/gal) No recovery  Recovery Difference
Expense
Steam 0.190 0.525 $0.335
Cooling water 0.013 0.036 0.023
Capital related 0.150 0.218 0.068
Subtotal 0.353 0.779 0.426
Cost of manufacture 1.002 1.428 0.426
Cost of sales 1.272 1.742 0.470
Earnings @ 30% ROI 0.538 0.840 0.302
Glycerine credit 0.000 (0.492) (0.492)
Net expense $0.280
Investment
H.B. still #1 0.000 0.182 0.182
H.B. still #2 0.000 0.001 0.001
Glycerine storage 0.000 0.004 0.004
Steam 0.302 0.837 0.535
Cooling water 0.022 0.061 0.058
General & services 0.046 0.122 0.076
Working capital 0.260 0.330 0.070
Total investment affected 0.926

14. STRATEGIES FOR INTRODUCING THE ADVANCED TECHNOLOGY

Obviously, much needs to be done in research at rack scale and pilot plant scale to

prove out the projections described in this study. If that can be realized, however, a first

41



step toward implementing the new systems might be to retrofit an cxisting fuel grade

ethanol plant.

14.1 RETROFITTING EXISTING PLANTS

It is beyond the scope of this study to evaluate the nuances of retrofitting existing
planis. Too much depends on the design of the plant and the financial aspects of the
supporting or ancillary busincsscs of the operator.

Howecver, as a first approximation, a case was developed in 1988 bascd on introducing
an inhibited Zymemonas in a batch plant built around 1976. A sugar transfer price of
$0.065 was assummed -- the same as for the 1984 basecase but almost twice as high as the
sugar price basis used in the 1976 plant of Table 6. The results of this case are shown
in Table 17. Product cost would be $1.67 by recycling to a cell density of 50 g/L at a
product concentration of 110 g/L. This cost is, in fact, lower than the 1980 price of $1.78
cven though the substrate cost is much higher.

For such a saving to be realistically obtained, the operator would have to exercise one
of several options:

0 Transfer the now excess fermenter investment off the cthanol books by writing
down in placc and taking the tax saving or applying the excess equipment to another
venture.

o Expand the investment base in medium preparation and product recovery and

distillation to match the increased fermenter capacity at a higher production rate.

None of thesc options may be of interest to incumbent operators. It is suggested that
studies be made pertinent to specific plant cascs to develop a better picture of retrofitting

possibilities.

14.2 DESIGN OF NEW PLANTS

The most advantageous strategy for retrofitting or for the stepwise introduction of the
new technology in new plants appears to follow the right-side path of the following

alternatives for an inhibited system:
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Table 17. Ethanol from Z. mobilis
Retrofitted plant* - inhibited batch system
Effect of product concentration and cell recycle
on cost-plus-return

Product Cost ($/pal)

conc. Cell density (g/1)

(g/L) 5 10 20 50 100
50 1.96 1.94 1.93 1.92 1.90
60 1.88 1.87 1.86 1.85 1.83
70 1.83 1.82 1.81 1.80 1.78
80 1.79 1.78 1.77 1.76 1.75
90 1.76 1.75 1.74 1.73 1.72
100 1.73 1.72 1.71 1.70 1.69
110 1.71 1.70 1.69 1.69 1.68
120 1.70 1.69 1.68 1.67 1.66
120 1.70 1.69 1.68 1.67 1.66

*MPC - 1976; Operating Year - 1988; Substrate @ $0.065/1b.
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Batch basccase
No cell recycle

$2.55/gal-S.c. Yeast

%

Continuous
No cell recycle
$2.36 S.c.
$2.04 Z.m.

I

Batch
Cell recycle

$2.09 S.c.

$1.91 Z.m.

The financial performance of these cases is summarized in Tables 18 and 19. The best

cases for the yeast and bacterium systems are detailed in Appendixes D and E.

It appeared from the results of the study that improvements to either yeast or
bacterium processes could be effective in reducing the cost of producing ethanol to
commercially acceptable levels. However, the Zymomonas process would appear to be

the better choice for development. Accordingly, the following recommendations are made

15.

v

Continuous
Cell recycle
$1.97 S.c.
$1.82 Z.m.

as a guide to {urther research in this area:
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Table 18. Optimized process conditions
60 million GPY ethanol manufacture
Inhibited Zymomonas bacterium
1984 MPC - 1988 operating year

MODE Batch Continuous Continuous Batch Continuous  Continuous
Product concentration, g/l 90 90 90 110 110 110
Cell recycle No No No Yes Yes Yes
Cell density, g/LL 1.8 1.8 1.8 50 50 50
Kinetics - const. envirmt/plug flow PF CE PF PF CE PF

INVESTMENT, $million
Direct permanent investmnt 61.7 49.4 41.3 39.8 29.7 28.7
Allocated power, services & gen. ) 229 22.7 22.7 19.6 19.6 19.6
Working capital 192 185 181 176 171 170

Total investment 103.6 90.7 82.1 77.0 66.4 65.3

COST, $/gal
Raw materials 0.89 0.89 0.89 0.89 0.89 0.89
Utilities 0.12 0.12 0.12 0.11 0.11 0.11
Labor-related 0.10 0.10 0.10 0.10 0.10 0.10
Capital-related 0.6 0.3 011 011 0.09 0.08

Cost of manufacture 1.27 1.25 1.23 1.21 1.19 1.18
SE, D, R&D, adm, & 1.C. 0.30 029 0.28 0.27 0.26 0.26
Cost of sales 1.58 1.54 1.51 1.48 1.45 1.44
Pretax earnings based on 30% ROI 0.58 0.50 0.46 0.43 0.37 0.36
By-product credits 0.00 0.00 0.00 _0.00 0.00 0.00

Selling price 2.15 2.04 1.96 1.91 1.82 1.81




Table 19. Optimized process conditions

60 million GPY ethanol manufacture
Inhibited Saccharomyces yeast
1984 MPC - 1988 operating year

MODE
Product concentration, g/l.
Cell recycle
Cell density, g/l.

INVESTMENT, $million
Dircct permanent investment
Allocated power, services & gen.
Working capital
Total investment

COST, $/gal

Raw materials
Utilitics
Labor-related
Capital-related
Cost of manufacture
SE, D, R&D, adm, & 1.C.
Cost of sales
Pretax earnings based on 30% ROI
By-product credits
Selling price

BATCH
70
No
2.6

91.1
26.8
_22.1
140.0

0.95
0.15
0.10
0.23
1.42
0.35
1.75
0.78
_.0.00
2.55

BATCH
90
Yes
50

47.6
221
19.2
88.9

0.95
0.13
0.10
0.13
1.30
0.29
1.59
0.49
-0.00
2.09

CONTINUOUS
90
Yes
50

35.3
22.1
185
75.9

0.95
0.13
0.10
0.10
1.27
0.28
1.55
0.42
0.00
1.97
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1. Demonstrate continuous operation of the fermentation process on a rack or pilot
scale over an extended run time, say 1000 h.

2. Immobilize the cells and/or add a crossflow filter or similar separation device so
as to retain the cells in the fermenter or recycle them to the desired maximum cell density
while increasing tlow through the fermenter to hold product concentration at its optimum
level relative to feedback inhibition.

3. Consider the concurrent development of a genetically revised organism that is less
inhibited by product and/or has an enhanced specitic productivity.

4. Continue the comparative evaluation of the economics of processes based on

cither organism as new information is obtained from the research program.

16. CONCLUSIONS

Based on the economic analyses, it appears that the use of continuous fermentation
in a fluidized bioreactor system coupled with cell immobilization and/or recycle could
substantially reduce the cost of cthanol and, generically, other products that are now
produced at low product concentrations and volumetric productivities as a result of
product inhibition. Such an economic breakthrough cannot be realized until the system
has been fully demonstrated in a continuous process over an extended period at pilot
scale, optimized according to the findings of this study, and scaled up for the specific
fermentation process of intevest.

However, there appears to be no inherent design limitation in effecting the
engineering improvements required in the process operation.

Such may not be the case in attempting to develop an organism with improved
product tolerance and/or higher specific productivity. The goal is sufficiently important,

however, to warrant the laboratory effort.

17. ACKNOWLEDGMENT

This work was jointly sponsored by the Jet Propulsion Laboratory (JPL) of California
Institute of Technology and the National Corn Growers Association (NCGA). It was

47



conducted under Contract N0.958353 with JPL as part of its project on biocatalysis. The

JPL project is a part of the ECUT program of DOE. The author wishes to thank Dr.
James Eberhardt, DOE Director of ECUT; Dr. M. N. Dastoor, Manager of the
Biocatalysis Program at JPL; and Mr. D. W. Ragsdale, Research Director for NCGA, for

their input and support of the contracted study.

10.

11.

18. REFERENCES

Busche, R. M., "The Biomass Alternative," Appl. Biochem. Biotechnol., 20/21,
655-74 (1989).

Busche, R. M., Ethanaol Indusirial Market Volume and Potential, Bio En-Gene-Er
Associates, Inc., Wilmington, DE, April 18, 1986.

Chem. Mark. Rep., March 24, 1989.

Davison, B. H., Oak Ridge National Laboratory, private communication, Dec 13,
1988.

Kenyon, C. P, Prior, B. A,, and van Vuurei, H. J. J., "Water Relations of Ethanol
Fermentation by Saccharomyces cerevisiae: Glycerol Production under Solute
Stress," Enzyme Microb. Technol.,, 8, 461-64 (1986).

Mills, A. K., Aspects of Yeast Metabolism, I. A. Davis Co., Philadelphia, PA, pp.
62-64, 1967.

Rose, A. H., Economic Microbiology, Vol 1: Alcoholic Beverages, pp. 25-26;
Vol 2: Primary Products of Metabolism, pp. 415-18, Academic Press, New York,
1978.

Prescott, S. C. and Dunn, C. G., Industrial Microbiology, 3rd ed., pp. 128-47,
McGraw Hill, New York, 1959,

Schwandt, W. R., "Impurities in Fermentation Ethanol," A. E. Staley Mfg. Co.,
private communication (1988).

Montenecourt, B.S., "Zymomonas, a Unique Genus of Bacteria,” in Biology of
Industrial Microorganisms, A. L. Dumain and N. Solomon, eds., pp. 261-89, Ben
Cummings, 1985.

Swings, J. and Deley, J., Bacteriol. Rev., 41, 1-46 (1977).

48



12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Lewis, S. M. and Grimes, W. M., Economic Time Series Analysis of the Alcohol
Industry, Enzyme Technology Corp., Ashland, OH, 1988.

McNabb, J. E., World Energy Outlook Through 2000, Conoco Inc., Wilmington,
DE, Sept. 1986.

Lynch, M. C., "Preparing for the Next Oil Crisis,” Chem. Eng. Prog, 20 (March
1988).

McCartney, S., "Surge in Price of Oil Foreseen in Next Decade,” News Journal,
Wilmington, DE, p. B10, Dec. 12, 1988.

Gupte, P., "Price Surge Ahead,” Forbes, p. 55, Dec. 12, 1988.

Anon, "Oil Futures Prices Jump," News Journal, Wilmington, DE, p. B6, Jan. 17,
1898.

Layman, P. L., "Middle East Chemical Industry Eyes New Products, Markets,” C
& E News, p. 20, Mar. 6, 1989.

Jasper, S., "Oil Service Stocks Are Ready to Soar," News Journal, Wilmington, DE,
p- B10, Mar. 13, 1989.

Cysewski, G. R. and Wilke, C. R., "Rapid Ethanol Fermentations Using Vacuum
and Cell Recycle," Biotechnol. Biceng., 19, 1125-43 (1977).

Ghose, T. K. and Tyagi, H. D., "Rapid Ethanol Fermentation of Cellulose
Hydrolysate, 1. Batch vs Continuous System," Biotechnol. Bioeng., 21, 1381-1400
(1979).

Del Rosario, E., et al., Biotechnol. Bioeng., 21, 1477-82 (1979).

Cysewski, G. R. and Wilke, C. R., "Utilization of Cellulosic Materials Through
Enzymatic Hydrolysis, I. Fermentation of Hydrolysate to Ethanol and Single Cell

-Protein." Biotechnol. Bioeng., 18, 1297-1313 (1976).

Bazua, C. and Wilke, C. R., "Elfect of Alcohol Concentration on Kinetics of
Ethanol Production by Saccharomyces cerevisiae," presented at 1st Chemical
Conlference of North American Continent, Mexico City, Dec. 1-5, 1976.

Ghose, T. K. and Tyagi, H. D., "Rapid Ethanol Fermentation of Cellulose
Hydrolysate, I1 Product and Substrate Inhibition and Optimization of Fermenter
Design," Biotechnol. Bioeng., 21, 1402-20 (1979).

Aiba, S, Shoda, M., and Nagatoni, M. "Kinetics of Product Inhibition in Alcohol
Fermentation," Biotechnol. Bioeng., 10, 846-64 (1968).

49



27.

28.

29.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Lee, K. J. and Rogers, P. I, "The Fermentation Kinetics of Ethanol Production
by Zymomonas mobilis,” Chem. Eng. J., 27, B31-B38 (1983).

Rogers, P. 1., Lee, K. J., Skotnicki, M. C, and Tribe, D. E., "Ethanol Production
by Zymoronas mobilis," Adv. Biochem. Eng., 23, 37-84 (1982).

Bajpai, P. K. and Margaritis, A., "Effects of Ethanol Concentration on
Immobilized Zymomonas mobilis for Continuous Production of Ethanol," J.
Ferment. Technol, 65, #2, 233-37 (1987).

Jobses, 1. M. L. and Roels, J. A,, "The Inhibition of The Maximum Specific
Growth and Fermentation Rate of Zymomonas mobilis by Ethanol," Biotechnol.
Bioeng., 28, 534-63 (1986).

Rogers, P. L, Lee, K. J.,, Skotnicki, M. L., and Tribe, D. E., "Ethanol Production
By Zymomonas mobilis," Adv. Biochem. Eng, 23, 37-84 (1982).

Rogers, P. I, Lee, K. J., and Tribe, D. E. "High Productivity Ethanol
Fermentations with Zymomonas mobilis," Process Biochem., U. New South Wales,
Sydney, Australia, Aug./Sept 1980.

Rogers, P. I, Lee, K. J, Skotnicki, M. L., and Tribe, D. E., "Ethanol
Fermentation by Highly Productive Strain of Zymomonas mobilis," in Advances

in Biotechnology, Vol 2, M. M. Young and C. W. Robinson, eds., Permagon Press,
pp- 189-94, 1981.

McGhee, J. E., St. Julian, G., Detroy, R. W., and Bothast, R. I., "Ethanol
Production by Immobilized Saccharomyces uvarum and Zymomonas mobilis,"
Biotechnol. Bioeng., 24, 1155-63 (1982).

Kosaric, N., Ong, S. C, and Duvnjak, Z., "Fuel Alcohol Biosynthesis by
Zymomonas anaerobia: Optimization Studics,” Biotechnol. Bioeng, 24, 691-701
(1982).

Skotnicki, M. L., Tribe, D. E., and Rogers, P. I, "R-Plasmid Transfer in
Zymomonas mobilis," Appl. Environ. Microbiol, 40, 7-11 (July 1980).

Lee, K. J, Pagan, R. J, and Rogers, P. I, "Continuous Simultancous
Saccharification and Fermentation of Starch Using Zymormonas mobilis,"
Biotechnol. Bioeng., 25, 659-69 (1983).

Katzen, R., Ackley, W. R., Moon, G. D., Messick, J. R., Brush, B. F.,, and
Kaupisch, K. F., Low Energy Distillation Systems, Raphael Katzen Associates Int’l,
Inc., Cincinnati, OH (1978).

Katzen, R., Grain Motor Fuel Alcohol Technical and Economic Assessment Study,

U.S. Dept. of Encrgy, HCP/J6639-01, June 1979.

50



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Torres, J. L, Grethlein, H. E. and Lynd, L. R., "Computer Simulation of the
Dartmouth Process for Separation of Dilute Ethanol/Water Mixtures,” presented
at the Tenth Symposium on Biotechnology for Fuels & Chemicals, Gatlinburg,
TN, May 1988.

Tyagi, R. D. and Ghose, T. K., "Batch and Continuous Ethanol Fermentation of
Cellulose Hydrolysate and Optimum Design of Fermenter by Graphical Analysis,”
Biotechnol. Bioeng., 22, 1907-28 (1980).

Maiorella, B. L., Blanch, H. W,, and Wilke, C. R., "Economic Evaluation of
Alternative Ethanol Fermentation Processes," Biotechno! Bioeng., 26, 1003-25
(1984).

Davison, B. H. and Scott, C. D., "Ethanol Production for an Industrial Feedstock
by Immobilized Zymomonas mobilis in a Fluidized Bed Bioreactor,” Biotechnol.
Bioeng. Symp., 17, 629-32 (1986).

Davison, B. H. and Scott, C. D., "Operability and Feasibility of Ethanol
Production by Immobilized Zymomonas mobilis in a Fluidized Bed Bioreactor,”
Appl. Biochem. Biotechnol., 18, 19-34 (1988).

Scott, C. D., Biotechnol. Bioeng. Symp., 13, 237-298 (1983).

Margiloff, I. B., et al., "Ethyl Alcohol as a Motor Fuel," Alcohol Fuel Task Force,
AIChE, New York (1981).

Anon., Second Annual Report on the Use of Alcohols in Fuels, U.S. Dept of
Energy, Office of Alcohol Fuels, Washington, DC, June 1981,

Moon, G. D., Messick, J. R., Easley, C. E., and Katzen, R., "Grain Alcohol Motor
Fuel: Technology & Economics," presented at Automotive Technology Devt
Contractors Coordination Meeting, U.S. Dept. of Energy, Dearborn, MI, Oct. 24,
1979.

Chem. Mark. Rep., Feb 13, 1989.

51






APPENDIX A. PROCESS STOICHIOMETRY






STOICHIGMETRY FOR ETHANOL MANUFACTURE

(MOLES PER MOLE ETHANOL)

GLUCOSE ETHANOL GLYCEROL ACETIC 180AMYL LACTIC SUCCINIC
ACID ALCGHOL ACID ACID
CBH1Z06 C2HB0 C3HBO3 C2H402 C5H120 C3HE0O3 C4HB04
M.W. 188.158 45,068 92.834 65@.@52 88.146 30.078 118.888
BALANCED EQUATIONS

1) 2.5 1

2 1 1

3y 0.333333 1

4 2 1 1

5 2.5 1

b 1 1

7 8.5

87 1 2.5

SACCHAROMYCES CEREVISIAE STOICHIOMETRY

MOLS/1800@ MOLS ETHANOL

1) 438.63 957.393 0.0 @.00 0.00 .00 .00

2 23.09 .20 25.80 g.00 .00 .90 @.20

33 2.78 .08 G.00 8.34 @.208 .00 %.00

45 5.23 2.61 .00 .00 2.61 0.20 .00

5) .55 .00 .00 @.060 @.20 1.1¢ 2.0

6 Q.57 @.20 @.0¢ a.80 2.09 0.0¢ @.57

T 0.47 2.08 @.00 .00 Q.00 2.29 @.00

8) 8.52 .60 .00 0.26 @.8d .00 0.0@

5UM 531.81 10006.80 25.00 B.60 Z2.61 1.10 8.57
C -3190.84 £0002.89 59.08 17.2¢€ 13.e87 3.39 2.28
H -B381.668 6B5000.00¢ 184.00 34.40 31.38 6.6@ 3.42
O ~-3198.84 1000.00 59.00 17.28 2.61 3.30 2.28

ZYMOMONAS MOBILIS STOICHIOMETRY

MOLE/1009 MOLS ETHANOL

1o o09.09  1600.00 .20 ?.00 @.00 0.00 @.08

2) 5.67 0.22 5.67 @.060 @.83 8.00 .00
33 1.72 @.2d 0.00 5.15 .00 8.82 .20

43 0.00 2.8 2.020 ?.90 a.00 2.00 .00

55 @.52 .29 .09 B.a0 .00 1.85 @.00

B3 2.09 2.00 .09 @.0d @.20 2.20Q 2.00

7 .98 0.9¢ 2.00 3.¢00 0.20 .00 2.00

8) @.52 2.920 @.00 .26 @.900 ?.00 .00

SUM 568.42 10690.00 5.67 5.41 .00 1.863 0.00
¢ -505%2.54 2000.00 17.01 19.82 @.80 3.03 2.00
H -6101.8% G&0008.00 45.36 21.865 .20 5.18 .00
0 -38586.54 1020.00 17.01 1@.82 Q.00 3.09 2.00
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ULTETHNG . WKS -1~ #9-Apr-89

ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX 5. CEREVISIAE — NO GLYCERINE RECOVERY

SUMMARY
PRODUCTION LEVEL
53.96 MM GPY
INVESTHMENT~$MILLION
MPC = 1976
Direct Permanent Investment %54.7
Allocated Power, Services & General $24.1
Working Capital $15.5
Total Investment $94.3
COST~%/6GALC 1380 )
Raw Materials $0.57
Utilities Q.22
Labor-Related $0.06
Capital-Related $0.15
Cost of Manufacture $1.00
SE, D, R&D, Adm, & I.C. $9.27
Cost of Sales $1.2
Pretax Earnings Based on: 30% Pretax ROI $0.52
By-~product Credits $0.00
Selling Price $1.79
FINANCIAL CRITERIA
Net ROI 3rd Year {(assumed) 16%
Investors Rate of Return (20 Operating Years) 25%
Year to Break Even —~ Annual Cash 1981
~ Qumulative Cash 1983
- Qum. Disc. Cash (NPU) 1985
Net Present Value $MM (20 years @ 15%) $41.0
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ULTETHNG . WKS -1- @9-fpr-8613

ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX 8. CEREVISIAE - NO GLYCERINE RECOVERY

INVESTMENT

CONDITTIONS

Sited in Iowa on the Mississippi River adjacent to a corn wet mill
and a utility power house for over-the-fence supply of syrup and power.

THIS
UNITS CASE
CAPACITY @ BBOOD HRS MM GFY 6G.0
MID-POINT OF CONSTRUCTION YEAR 1976
CONSTRUCTION COST INDEX 1980=100 74
INVESTMENT CONTINGENCY % INSTALLED = 30%
FERMENTER UNIT INVESTMENT $/GR.GAL.-GROWTH 0. 00
&/6R.GAL.~-PROD'N $6.32
*40% Recommended for new processes
DIRECT PERMANENT INUVESTMENT
SCALE THIS CASE
FACTOR HMM %/ANN. GAL .
FERMENTATION SECTION
Receiving, Prep & Sterilization 2.60 $6 .34 $0.106
Air Compression & feration 0.69 0.20 0.000
Fermentation @.89~-1.00 36.23 0.604
Product/Cell Separation 2.75 2.06 0.034
Fermentation Sub-total $44.62 $0.744
DISTILLATION SECTION STILLS HX'S
Beer Still #1 $0.63 2.07 2.7 $0.045
Beer S5till #2 @.24 0.44 0.67 0.0811
Low-Boilers Still #1 Q.15 0.10 Q.2 ?.004
Low-Boilers Still #2 Q.00 0.00 Q.00 Q.00
Low-Boilers Still #3 2.009 .00 Q.00 @.000
High-Boilers Still #1 Q.00 0.00 .00 0.000
High-Beoilers Still #2 0.20 0.00 0.00 2.000
Azeotrope Still 0.81 1.086 1.88 0.031
Benzene Dehydrator Q.17 9.06 .23 0.004
Decanter 2.03 0.001
Distillation Subtotal $5.75 $0.0256
STORAGE SECTION
Storage - Product $4.34 $0.072
Storage - Byproduct #1 %0.00 Q.00
Storage -~ Byproduct #2 %0 .00 ?2.009
$4 .54 $0.072
TOTAL DIRECT PLANT $54.71 $0.313
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ETHANOL MANUFACTURE
ENERALIZED FERMENTATION ECONOMICS
CEREVISIAE -

ul CD

APT/UNIT
UNITS  BASECASE THIS CASE  UNITS
ELECTRICITY KW $183 $183 1,172
STEAM PPH $45 845 407,852
CODLING WATER GPM $52 $572 25,168
PROCESS WATER GPM $313 5313 838
WASTE DISPOSAL MGPY %3 $3 548,853
GEN'L & SERVICES $MM 10% 10% $27.2
TOTAL ALLOCATED PLANT
TOTAL PERMANENT INVEGTMENT
WORKING CARPITAL
DAYS DAYS
BASIS BASECASE THIS CASE
RAW MAT'L INVENTORY $RAW MATL 2 2
SEMI-FINISHED PRODUCT $(R+M)I/2 5 5
FINISHED PRODUCT $COM 30 30
CAGH $(CO05-0) & &
ACCOUNTS RCD.-TRADE $SP 30 20
ACCOUNTS RCD.-MISC. *COM 0.9% 2.9
DEFERRED CHARGES %COM 1.5% 1.5
TOTAL WORKING CAPITAL
Note: R = raw materials; M or COM =

C05 = cost of sales; SP =

TOTAL INVESTMENT FOR RETURN
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%
-

selling price:

NO GLYCERINE RECOVERY

:

FMM

$MM
$0.23
2.58
4,42
1.23
7.493
Q.48
9.81

$15.493

cast of manufacture;
D = depreciation.

$94

=7
.00

29~-Apr-89

$/ANN. AL

$/ANN.GAL
$0.904
2.012
0.074
9.017
@.132
@.008
0.013

$0.258

$1.573
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ETHANOL MANUFACTURE
GENERALTIZED FERMENTATION ECONOMICS
EX 5. CEREVISIAE - NO GLYCERINE RECOVERY

INFLATION

PRICES & COST FACTORS BASECASE FACTOR THIS CASE

Operating Year 1988 1980 1880

Raw Materials
-Biosugar Syrup $0.028 /lb. d.s. 1.37 $0.038 /lb. d.s.
~Anhyd. Ammonia $0.0246 /lb. 1.45 $0.9066 /lb.
~Phosphoric Acid $0.155 /lb. 1.92 £0.298 /l1h,
~-Potassium Chloride $0.0535 /lb. 1.92 $0.101 /lhb.
~Minor Nutrients $0.451 /1b. 1.92 $0.868 /lh.

Utilities

~Electricity $@.040 /KUWH B.75 $0.030 /KWH
~Steam $2.20 /M 1b. 1.672 $3.57 /M lb.
-Cooling Water £2.24 /M gal. 1.62 $0.06 /M gal.
-Process Water 50.50 /M gal. 1.62 $0.81 /M gal.
~Biodegradation $0.04 /lb. d.s. 1.62 $0.06 /lb. d.s.
~Landfill $2.085 /1b. d.s. 1.62 $0.08 /1b. d.s.
LLabor—-Related
-Dir. Op. Wages & Ben. $26.49 /man-tw. @.60 $15.95 /man-~hr.
~0ir. Salaries & Benefi 18 % DOWRB - 18 % DOWEB
-0p. Supglies & Service 6 % DOW&B - 6 % DOWESB
-GPOH or Operations 23 % DOWSRB - 23 % DOWS&B
-Control Lah $19.22 /man-hr. 0.60 $11.681 /man-hr.
-Tech. Assist. to Mfyg. $22.06 /man-hir. Q.50 $13.32 /man-hr,
Capital-Related
~Maint. Wages & Ben. 1.7 % 0PI - 1.7 % DPI
~-Maint., Salaries & :Ben. 25 % MWEB - 25 % MW&B
-Maint. Mat'l & Service 40 % MWRE - 49 % MUWAB
-Maint. Overhead 4 % MWAB - 4 % MWiB
~GPOH on Maintenance 23 % MWSAB - 23 % MWS&B
~Taxes & Insurance @.3 % DPI - 0.3 % DPI
-Depreciation - DRI g % DPI - 8 % DPI
~Depreciation -~ APS&G E % APS&G - B % APSKG
Cost of Manufacture
-Selling Expense 3 % Sales — 43 % Sales
~Distribution $0.01 /1b. - $0.21 /lb.
~Research & Development 4.5 % Sales - 4.5 % Sales
~Administrative Expense 2 % Sales - 2 % Sales
-Incentive Compensation B % PTE - 6 % PTE
Cost of Sales
-Pretax Earnings 30 % TIFR - 30 % TIFR
~Credit: Byproduct #I] $0.00 /1b. 1.92 %0.00 /1b.
-Cradit: Byproduct #2 $@.00 /lb. 1.92 $0.00 /lb.
-Credit: Byproduct #3 %0.00 /lb. 1.92 $0.00 /1b.
~Product Selling Price $0.00 /1b. 1.92 £0.0@ /lb.
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SALARIES & WAGES
CONTINUQUS FERMENTER CASE

250 MM PPY
DAY ROTATING
DIRECT OPERATORS SHIFT SHIFTS
SYRUP RECEIVING B TRANSFER 1
CHEMICALS RECEIVING & TRANSFER 3 -
INNOCULUM PREPARATION 1
MEDIUM PREFARATICON -

STERILIZATION - 1
FERMENTATION
~CONTROL ROGOM - 2
~PATROL - 2
-AIR COMPRESSION & AMMONIA FEED - 1
DISTILLATION - 3
BEER FILTER & CELL RECYCLE - 2
TOTAL DAY & 4.2-SHIFT OPERATORS 5 2
TOTAL OPERATORS 55

CONTROL LABORATORY

BIOLOGICAL ANALYSIS - 1
CHEMICAL ANALYSIS -
OTHER - -
TOTAL DAY 8 4.2-SHIFT TECHNICIANS @ 8
TOTAL LAE FORCE INCL SUPERVISION @ 20% @.2 10.1
TOTAL LAB FORCE 190.1

TECHNICAL ASSISTANCE TO MANUFACTURING

PROCESS ENGINEERS 1 -
WAGES, SALARIES & BENEFITS SCHEDULE- 1388

OPERATING WAGES - $/HOUR $20.14

TECHNICIANS ~ ANNUAL % $30,500

PROCESS ENGINEERS - ANNUAL & $35,000

PENSION - AS % OF COMPENSATION
FICA

UNEMPLOYMENT COMPENSATION
GROUP LIFE INSURANCE

MEDICAL INSURANCE

DENTAL INSURANCE

A
8%

SAVINGS PLAN
VACATION 4%
TLLNESS 4%

S dNS eSS W
m
s

ABSENCE WITH PERMISSION

TOTAL BENEFITS 31.1%
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SALARIES & WAGES
CONTINUOUS FERMENTER CASE

MIN. FORCE
DAY ROTATING

JIRECT OPERATORS SHIFT SHIFTS
SYRUP RECEIVING & TRANSFER 1 -
CHEMICALS RECEIVING & TRANSFER -
INNOCULUM PREPARATION 1 -
MEOTUM PREPARATION 1 -

STERILTIZATION -
FERMENTATION

-CONTROL ROOM - 1
-PATROL - !
~AIR COMPRESSION & AMMONIA FEED - 1
DISTILLATION - !
BEER FILTER & CELL RECYCLE 1
TOTAL DAY & 4.2-5HIFT OPERATORE 3 5

TOTAL OPERATORS 24

CONTROL LABORATORY

BIOGLOGICAL ANALYSIS - i
CHEMICAL ANALYSIS -
OTHER - -
TOTAL DAY & 4.2-SHIFT TECHNICIANS 4 8
TOTAL LAB FORCE INCL SUPERVISION @ 20% 0.¢ 1¢.1
TOTAL LAB FORCE 12.1

TECHNICAL ASSISTANCE TO MANUFACTURING

PROCESS ENGIMEERS i -

WAGES, SALARIES & BENEFITS SCHEDULE- 1388
CPERATING WAGES -~ 3/HOUR
TECHNICIANS - ANNUAL %
FROCESS ENGINEERS - ANNUAL 3

PENSION - AS % OF COMPENSATION
FICA

UNEMPLOYMENT COMFENSATION
GROUP LIFE INSURANCE

MEDICAL INSURANCE

DENTAL INSURANCE

SAVINGS PLAN

VACATION

ILLNESS

ABSENCE WITH PERMISSION

TOTAL BENEFITS
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ETHANQOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX S. CEREVISIAE - NO GLYCERINE RECOUVERY

MILLION
19890 COST SHEET RATE /UNIT UNITS $MILLION $/gal
Raw Materials
~-Biosugar Syrup $2.038 /lb. d.s. 783.27 30.06 ?.557
~Anhyd. Ammonia $9.066 /1b. 1.33 ©.09 @.002
~Phosphoric Acid $0.298 /lb. 1.11 0.33 @.008
~-Potassium Chloride $0.101 /1b. ?.84 0.09 ®.00z2
~Minor Nutrients $0.868 /1b. @.38 B.33 ?.006
Total Raw Materials $30.90¢ $0.573
Utilities
~Electricity $0.030 /HWH 8.34 0.2 ?2.205
-Steam $3.57 /M 1b. 2.8722 12.2 @.19@
-Cooling Water $9.06 /M gal. 10.76 0.70 2.013
-Process Water $4.81 /M gal. D.356 .29 9.005%
~Biodegradation $0.906 /1b. d.s. 5.81 0.32 ?.006
-Landfill $0.08 /lb., d.s. 0.00 0.00 0.000
Total Utilities $11.81 $0.213
Labor-Related
-Dir. Op. Wages & Ben. $15.95 /man—hr. Q.124 1.39 0.037
-Dir. Salaries & Ben. 18 % DOWEB 0.356 2.007
-0p. Supplies & Service B % DOW&B 0.12 2.002
~GPOH on Operations 235 % DDUWSEB Q.54 0.210
~Control Lab $11.61 /man-he. 2.020 0.23 2.004
~Tech., Assist. to Mfg. $13.32 /man~hr. 2.002 Q.03 . 009
Total Labor $3.726 $0.060
Capital-Related
~Maint. Wages & Ben. 1.7 % DPI $54.7 2.93 B.017
-Maint. Salaries & Bean. 25 % MWAB Q.2 ?.004
~Maint. Mat'l & Service 42 % MW&EB Q.37 0.007
-Maint. Overhead 4 % MW&EH 2.04 %.001
~GPOH on Maintenance 23 % MWSLB Q.27 0.005%
-Taxes & Insurance @.3 % DP1 $54.7 0.16 2.003
~Depreciation - DPI g % DPI $54.7 4.38 2.881
~Depreciation - APSEG B % APS&G $24.1 1.45 0.027
Total Capital $7.83 7.145
Cost of Manufacture $53.80 $0.997
~Gelling Expense 3 % Sales $96.5 2.90 @.954
~Distribution $2.01 /1b. 355.1 3.5% 0.066
~Research & Development 5 % Sales $96.5 4,34 0.031
-Administrative Expense 2 % Sales $96.5 1.93 0.836
~ITncentive Compensation 6 % PTE $28.3 1.70 2.931
Cost of Sales %68.22 $1,264
~Pretax Earnings 30.9 % TIFR $94.3 28.30 @.52
~Credit: Byproduct #1 $0.00 /lb. 0.0 D.00 D.000
~Credil: Byproduct #2 %0.90@ /1lb. 0.9 ?.020 9.000
-Credit: Byproduct #3 $@.00 /1lb. 2.0 2.00 Q.000
Total Sales $96.54 $1.789
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX §. CEREVISIAE - NO GLYCERINE RECOVERY
CASH FLOW (MILLION OOLLARS/YEAR)

Scenario:

1. Invesiment split evenly over three construction vyears.

2 Plant operates at 50% of full scale {the first year.

3. ! 5% the second year.

4, ! 100% ¢ ! the third year.

5 " 120% " thereafter.

6. Five yesar depreciation rate; half-year convention:

(2@, 32, 19.2, 11.5, 11.5, 5.8 %); taxes: 34% fed, 3% state.
INVESTMENT DEP. COST EX D SALES NET EARN ANN CASH
YEAR PI WC e e s merm s s
1975 $18.24 ($18.24)
1976 $18.24 ($18.24)
1977 $18.24 ($18.24
1978 $15.49 $10@.94 $35.96 $48.27 %0.86 ($7.69)
1979 $17.51 $52.12 $72.41 $1.75 $19.26
1980 $10.51 $62.39 $96.54 $14.89 25.40
1981 $6.2 $62.39 $96.54 $17.55 $25.84
1882 $6. 29 $62.359 $96 .54 $17.55 $25.84
1983 G517 $H2.39 $96.54 $19.51 22.69
1984 $62.34 H96.54 $21.561 21.51
1385 $62.39 $96.54 $21.51 $21.061
1986 $62.39 $96.54 $21.51 $21.51
1987 $62.38 %96.54 $21.51 $21.51
1988 $62.39 %96.54 $21.51 $21.51
1939 $62 .29 $96.54 $21.51 $21.51
1996 $62.393 $96.54 21.51 $21.561
1991 %62 .39 $96.54 $21.5] $21.51
1982 $62.39 $36.54 $21.51 $21.51
1993 $67.39 $96.54 21.51 $21.51
1994 $62.39 $95.54 $21.61 %21 .51
1995 $62.349 $96 .54 $21.51 $21.51
1996 s652.38 $96.54 $21.51 $21.51
1997 ($15.49) $62.39 %96.54 $21.51 $37.00
NET RETURN ON INVESTMENT-3RD OFERATING YEAR = 15.6%
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ETHANOL MARNUFACTURE
GENERALIZED FERMENTATLION ECONOMICS
EX S. CEREVISIAE - NO GLYCERINE RECOVERY

Scenario:

1. Investment split evenly over threes construction years.
2. Plant operates at 50% of full scale the first vear.
3. " " 5% " " the second year.
4. ! * 1087% " ! the third year.
5. * ! 100% ! " thereaftier.
6. Five year depreciation rate; half-year convention:;
(20, 32, 19.2, 11.5, 11.5, 5.8 %) taxes: 34% fed, 3% state.
CUM CASH NFY @ 15% %IRR
YEAR ~=—mmmmm s mmen e

1975 ($18.24) ($18.24) -
19768 ($36.48) ($34.10) -
1977 ($54.71) ($47.89) -

1978 ($58.40) ($50.31) -124.9%
1979 ($39.14) ($39.39) -33.8%
18980 (%$13.74) ($26.87) -7.5%
1981 $10.10 (316.37) 4.1%
1982 $33.494 ($7.40) 10.9%
1983 $56.62 $0.01 15.0%
1984 $78.14 $65.13 17.6%
1985 $93.65 $11.45 19.4%
1986 $121.16 $16.07 20.7%

1987 $142.67 $2@.03
1988 $154.19 25,549
1389 €185.72 $26.63
1990 $2067.21 $29.27
1991 $228.72 $31.57
1932 $250.74 $33.57
1993 $271.75 $35.31
18994  $293.26 $36.82
1995 $314.77 $38.13
1936 $336.2 $39.28
1997 $373.2 $40.99

YR R N
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ETHANOL MANUFACTURE
HENERALIZED FERMENTATION ECONOMICS
CEREVISIAE - NO GLYCERINE RECOVERY

BASIC

365.1
54.0
394.6
6R.@
3
363.
407 .
95 .5
2.16
45.@7

a1 rl S

i

DATA

MM PPY
MM GPY
MM PRY
MM GPRY

%

MM PPY
MM PRY

%

1b/1b

MOL WT

MOLES/MOL PRODUCT

a.
@.
@.
.00150

2

S8 9 9

S

—

h3181
Q0000
00000

. 02052
. 02000

.06791
.008E@
.00261
.02200

00110
. Q0057

.08091
12377

/MO
/MoL
/MOL
/MOL
/MOL
/MOL
/MGL
/MOL
/MOL
/MOL
/MOL
/MOL
/MOL
/MOL
/MOL
/MOL
/MOL
/M0l
/1MoL
/MOL
/MOL
/MOL
/MOL
/MOL
/MOL
/MOL

PROD.
PROD.
PROD.
PROD.
PROD.
PRCD.
FRCD.
PROD.
PROD.
FROD.
PROD.
PROD.
PROD.
PRGD.
PROOD.
FRODG.
PROD.
PROD.
PROD.
PROD.
PROD.
PROD.
PROD.
PROD.
FRGO.
PROD.

ANNUAL PRODUCTION LEVEL

"

ANNUAL CAPACITY

OPERATING UTILITY

PRODUCT FORMED IN BEER

PRODUCT FORMED IN BEER AT CAPACITY
MOLAR YIELD-GLUC. TO PROD. IN BEER (E
GLUCOSE DEMAND/PROD (EXCL. SPILL)
PRODUCT MOLECULAR WEIGHT

COMPONENT
~GLUCOSE CONSUMED
-QXYGEN CONSUMED
~AMMONIA CONSUMED
-ACETALDEHYDE FORMED (#1)
~COMPONENT #2 FORMED
-COMPONENT #3 FORMED
~COMPONENT #4 FORMED
-COMPONENT #5% FORMED
~LIGHT ENDS FORMED (#6)
~ETHANOL FORMED (#7)
~COMPONENT #8 FORMED
~COMPONENT #3 FORMED
~COMPONENT #1@ FORMED
~WATER FORMED
~ACETIC ACID FORMED (#11)
~IS0AMYL ALCOHOL FORMED (#12)
~GLYCERINE FORMED (#13)
~COMPONENT #14 FORMED
~LACTIC ACID FORMED (#l%)
~SUCCINIC ACID FORMED (#186)
~COMPONENT #17 FORMED
~COMPONENT #18 FORMED
-~COMPONENT #18 FORMED
~COMPONENT #2@ FORMED
-CARBON DIOXIDE FORMED
~HYDROGEN FORMED
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ETHANGL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS

BASIC DATA

NUTRIENTS IN FERMENTER FEED

FERMENTATION
TYPE
STAGES
CULTURE MODE
PROD INHIBITION
CONDITIONS
STAGE: GROWTH

=
=
=]

FERMENTERS

[ SRR SRS I ]

2 % -N IN CELLS AS %CHO
80.9 mg/g cells ~-H3P04
B1.6 mg/g cells ~KCI1
27.9 mp/g cells ~MINDR NUTRIENTS
23.6 mg/g cells -Mp504 . 7HZ0
.21 mg/g cells ~YITAMIN B1
1.25 mg/g cells ~KI
0.89 mg/g cells -NiClZ
0.72 mg/g cells ~-FeCl3.6H2
9.55 mg/g cells ~CaClz.2H20
@.54 mg/g cells ~-H3B03
.22 mg/g cells =-InS04 . 7TH20
D.15 mg/y cells ~MnS04 .HZ0
7.7 ug/g cells -CuS04 .5H20
5.4 ug/g cells ~NaMo04,2H20
4.3 ugnifg cells ~CoCl2,B6HZ0
@ (@ OR 1) -ANAEROBIC (@) OR AEROBIC (1)
@ (® OR 1) ~CONCUR"NT (@) OR SEQUENT’AL (1)
@ (@ OR 1 -BATCH (@) OR CONTINUQUS (1)
D (@2 OrR 1) =WITH (@) OR WITHOUT (1)
PRODUCTION
33 C ~-TEMPERATURE
6.5 ~pH
80 g/1 == ~PRODUCT CONCENTRATION IN BEER
3.028 g/l ~CELL DENSITY (CHO ONLY)
9.018 1/hr ~DILUTION RATE =+
~PRODUCT PRODUCTIVITY
1.5@ g/g*hr ~Max Specific, g/g cellsxhr
2 % ~Inhihition Factor, % Max
B3 o/grhr -Specific, g/g cells*hr
1.47 g/l*hr ~Volumetric, g/l*thr =*
.00 g/l+hr -CELL PRODUCTIVITY (CHO ONLY)
@ mM/1xhr ~OXYGEN TRANSFERRED
@ mM/mM -0OXYGEN FED / OXYGEN STOICH. DEMAND
0.1 g/1 ~-GLUCOSE SPILL
5 C ~COOLING WATER TEMPERATURE
19 kcal/gmol -HEAT EVOLVED~FRODUCT FORMATION
9 Btu/tr+gal -HEAT REMOVED BY COQOLING COILS

4,147,882
15
5,724,092
500,000
11.5

* w/12 hrs batch mode turnaround

gallons -ACTIVE VOLUME REQUIRED

% gross ~HEADSPACE

gallons ~-BROSS UOLUME (incl. 15% spares)
gallons ~GROSS SIZE

units -NUMBER OF UNITS
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX S, CEREVISIAE - NO GLYCERINE RECOVERY

BASTC DATA

PROOUCT SEPARATION

258 g/1 -CELL CONC. (CHG) EX FILTER
@.05% gal/min*sf -FILTER THROUGHPUT
23,6874 sn f1 -FILTER SI7E

PRODUCT RECOVERY & PURIFICATION
97.8%Cwt % -YIELD ACROSS REFINING

MATERIALS OF CONSTRUCTION

CHOICES SELECTION
FERMENTERS 1,3 1
STILLS 1,2,3,4,5 1
HEAT EXCHANGERS 1,3,5,6 i
STORAGE TANKS 1,3 1

FOR WHICH:
1=CARBON STEEL
2=CARBON STEEL w/3@4 55 TRAYS
=304 STAINLESS STEEL
4=3@4L STAINLESS STEEL
5=316 STAINLESS STEEL
G=MONEL

RETURN ON INVESTMENT

To Calculate Selling Price Required to Provide a Fixed Return,

Enter the Desired Return on Investment: 30 %
OR
To Calculate the ROI Resulting from a Fixed Market Price,
Enter the Market Price for: 1388 /1b.

Enter an Investment Contingency to Represent
the Risk level of the Basic 0ata 30 %
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DISTILLATION DATA MATRIX

DEFAULT IMPURITY IMPURITY

ITEM COMPONENT VaLUE #1
1 NAME
2 PRIORITY AS REFINED PRODUCT LIST 1-4
3
4 NORMAL BOILING PT, €
5 LOSS/COLUMN, WT % 0.59
6 LEVEL AS IMPURITY, WT% 0.20
7 VAP PRESS TEMP, C 900
8 VAPOR PRESS, mm Hg 800000
9 HT VAPORIZATION, Btu/lb 215.@

1@ SENSIBLE HT (LIQ), Btu/(lb) Q.

11 MAX THERMAL STABILITY, C
12 LNCACTIVITY COEFFICIENTS)

50
150

13 ~COMP., #1 in: * KR

14 -COMP. #2 in: * 0.100
15 ~COMP. #3 in: * 0.100
15 ~-COMP, #4 in: * 0.100
17 ~COMP. #5 in: * 2.100
18 ~COMP. #6 in: * 2.100
19 ~-COMP. #7 in: » ®.100
20 ~COMP. #3 in: * 0.100
21 -COMP, #9 in: * 2.100
22 ~COMP. #10 in: * ?.100
23 ~WATER in: * 0.500
24 ~COMP., #11 in: * 0.100
25 -COMP. #12 in: * 0.100
26 ~COMP. #13 in: * @.100
27 ~COMP. #14 in: * 2.100
28 ~COMP. #15 in: * ?.100
29 -COMP, #1B6 in: * 0.100
30 ~COMP. #17 in: * 2.120
31 ~COMP. #18 in: * 2.190
32 ~COMP. #19 in: * ?.100
33 ~COMP. #20 in: * %.100

2

.12e
. 100
. 100
.10@
il
.100
. 100
.100
100
609
.1ee
.100¢
108
. 109
L1009
108
120
. 100
. 160
. 190

=

e S

+ The following values can be used in lieu of actual

activity coefficients; however,

the calculation is raised significantly:

alcohcl/alcohol; ketonae/katona;

aldehyde/ketone = 2.3

other organic/other organic
alcohol/water = 0.8

ather organic/water = 1.0

24 Bi{n) VAPOR PRESSURE CONGT.
35 Al{n) VAPOR PRESSURE CONST.
36 VAPOR PREGSSURE €40 C
37 VAPOR PRESSURE @120 C

ga!

2.

aldehyde/aldehyde

5

~2476,10 -

l‘~J LS

-

24
21

.

703

~
.

272
22.2
21.9

the uncertainty of

B9-Apr-89

LOWER - BOIL
PRODUCT
3

2.100
2.100

>.‘

.l@@
102
. 108
L1089
. 109
. 100
. 1092
.Ba2
. 100
. 102
. 109
.109
. 108
.10
. 100
. 188
. 100
120

S S E 5 0SS S0 SSS S X

=

= 8.1

-2476.10
15.783

ey e
Cdlw i

12121.9
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DISTILLATION DATA MATRIX

DEFAULT TMPURITY IMPURITY IMPURITY
COMPONENT VALUE ¥4 15 6
NAME ACETALHD LITE ENDS
PRIDRITY AS REFINED PRODUCT LIST
NORMAL BOTLING FT1, © 20.2 57.8
LOSS/COLUMN, WT % ©.50
LEVEL AS IMPURITY, WT% .20 0.00 .20
VaP PRESS TEMP, C 300 -190.0 -@.5
YAPOR PRESS, mm Hg 800002 200.0 6£@.0
HT YAPORIZATION, Btu/lb 215.8 244.8 176.4
SENSIBLE HT (LIG)Y, Btu/(lh? 9.50 Q.50 Q.47
MAX THERMAL STABILITY, C 159
LNCACTIVITY COEFFICIENTS)
~-COMP. #1 in: *
~COMP. #2 in: *
-COMPE. #3 in: *
~COMP. %4 in: * AR
~COMFE. &5 in: * A
-COMP. #6 1n: * WA
-COMF. #7 1in: ®
~COMP. %8 in: *
~COMP. #3 1n: *
~COMP. #10 in: *
~WATER ir: *
~COMF. #11 in: *
~COMF. #12 in: *
~COMP. #13 in: *
~COMP. #14 in: *
~COMP. #15 in: *
-COMP. #16 in: *
~COMP. #17 in: *
-COMP. #18 in: *
~COMP. #19 in: *
~COMP . #20 in: *
# The following values can he used in lieu of actual
activity coefficienis;: howsver, the uncertainty of

the calculation

is raised significantly:

alcohol/alcohol: ketone/ketone; aldshyde/aldehyde = 8.1

aldehyde/ketone = 0.3

other organic/cther organic = 0.5

alcohol/water = 0.8

other organic/water = 1.0
Bin) UAROR PRESSURE CONST. ~2476.19 -3408.74 -3925.74
Ain) VAPOR PRESSURE CONST. 15.783 18.259 16.501
VAFPOR PRESSURE 849 C 24222 1685.7 387.0
VAPOR PRESSURE @120 C 12121.9  14554.7 4972.0

72



ULTETHNG . WKS

DISTILLATION DATA MATRIX

ITEM COMPONENT
1 NAME
2 PRIORITY AS REFINED PROQUCT
3
4 NORMAL BOILING PT, C
5 LOSS/COLUMN, WT %
B LEVEL AS IMPURITY, WTY%
7 UAP PRESS TEMP, C
8 UAPOR PRESS, mm Hg
9 HT VAPORIZATION, Btu/lb
10 SENSIBLE HT (LIQ), Btu/(lb)
11 MAX THERMAL STABILITY, C
12 LNCACTIVITY COEFFICIENTS)
13 -COMP. %1 in:
14 -COMP. #2 in:
15 ~COMP. #3 in:
16 ~COMP. #4 in:
17 ~COMP. #5 in:
18 ~COMP. #6 in:
19 -COMP. #7 in:
? ~COMP. #8 in:
z ~COMP. #9 in:
~COMP. $10 in:
~WATER in:

~COMP. #11 in:
~COMP. %12 in:
~COMP. #13 in:
~COMP. #14 in:
~COMP. #15% in:
~COMP. #16 in:
-COMP. #17 in:
~COMP. #18 in:
~COMP. #19 in:
-COMP, #28 in:

Cd G O G DA DI IR S R3S
Gl M3 = & @ W~ O o) P e

LOWw BOIL
DEFAULT PRODUCT
VALUE 17
ETHANOL
LIST 1
78.4
0.50
2.29
300 18.0
800000 42.0
215.9 367.2
@.50 2.68
15@
0.100
@.100
@.100
0.100
0.120
0.10@2
R

*k x& & ok ok ok ok ok A & ok Kk ok Fk ok k ok Kk ¥ & ok

SS90 SSSUS S S X
- ;
=
S

29-Apr—-89

IMPURITY IMPURITY

b

8

S S Sas8 9

. 100
.1ee
.108@
. 100
. 100
. 100
.10@

A
.10@
. 1900
600
. 100
.1009
. 190
. 100
. 100
. 109
.1e0
.10@
. 100
.Loa

* The following values can be used in lieu of actual

activity cosefficients; however,

the calculation is raised significantly:

alcohol/alcohol; ketone/ketone:

aldehyde/tetone = 0.3

other organic/other arganic = 8.

alcohol/uater = 0.6
other organic/water =

24 B{n) VAPOR PRESSURE CONST.
35 A(n) VAPOR PRESSURE CONST.
36 UAPOR PRESSURE @4@ C
37 VAPOR PRESSURE 8120 C

1

.2

aldehyda/aldehyde

5

the uncertainty of

-4984.94 -2476.10
703

20.818
133.3
3411.6

1

3

12

5

2
£
i
A

1.3

%9

@.109
@.100
2.100
@,100
G.102
0.100
?.100
0.100
KA

B.100
@2.509
. 108
. 100
. 100
@.100
8.100
@.100
@.100
@.100
@.100
@.10e

[SSEE SRR

= Q.1

~2475.10
15.703
2422.2

12121.8
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DISTILLATION DATA MATRIX

DEFAULT IMPURITY IMPURITY

ITEM COMPONENT VALUE 310 WATER $11

1 NAME ACET ACD
2 PRIORITY AS REFINED PRODUCT LIST

9

4 NORMAL BOILING PT, C 100.0 118.1
5 LOSS/COLUMN, WT % 0.50

B LEVEL AS IMPURITY, WT% 0.20

7 UAP PRESS TEMP, C 900 0.0 20.0
8 VAPOR PRESS, mm Hg 820000 31.8 11.7
9 HT VUAPORIZATION, Biu/lhb 215.0 370.3 174.2
1@ SENSIBLE HT (LIQ), Btu/(lb) ?.50 1.00 0.52
11 MAX THERMAL STABILITY, C 150

2 LNCACTIVITY COEFFICIENTS)

13 ~COMP., #1 in: * 2.100 ?.600 2.109
14 ~COMP. #2 in: * 0.100 ?.600 Q.100
15 ~COMP. #3 in: * @.100 ?.600 @.100
16 ~COMP. #4 in: * 2.100 2.600 Q.102
17 ~COMP. #5 in: * 0.100 Q.60 2.100
18 ~COMP., #B6 in: * 2.100 0.600 @.100
19 ~COMP. #7 in: * @.109 2.620 @.109
20 ~-COMP. #8 in: * @.100 2.600 2.100
21 -COMP. #3 in: * 0.109 0.600 @.100
22 ~COMP. #12 irn: * KR 9.600 0.100
23 ~WATER in: * 2.602 W H K 0.600
24 ~COMP. #11 in: * 2.100 0.600 R
25 ~COMP. #12 in: * Q.100 0.500 @.10@
2B ~COMP. #13 in: * 0.100 9.600 0.100
27 -COMP. #14 in: * @.1009 0.600 2.100
28 ~COMF. #15 in: * a.100 @.600 0.100
29 ~COMF. #16 in: * @.100 @.600 @.120
30 ~COMF. #17 in: * @.10@ 2.600 0.100
31 ~COMR. #18 in: * @.109 2.600 9.100
32 ~CoMP. #18 in: * 0.100 0.600 @.100
33 ~-COMP. #28@ in: * 9.100@ 0.600 0.100

* The following values can be used in lieu of actual
activity coefficients; however, the uncertainty of
the calculation is raised significantly:

alcahol/alcohol; ketones/ketonei aldehyde/aldehyde = 8.1

aldehyde/tetone = 0.3

other organic/other organic = 8.5

alcohol/water = Q.6

other organic/water = 1.0
34 Bi{n) VAPOR PRESSURE CONET. 247610 -5125.15 -4875%.41
35 Aln) VAPOR PRESSURE CONST. 15,703 20.368 19.299
36 VUAFPOR PRESSURE ©4@ C 2422 .72 54.6 33.9
37 VAPOR PRESSURE @120 C 12121.8 1578.9 Ba7.2
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ITEM COMPONENT

1 NAME

2 PRIORITY AS REFINED PRODUCT
3

4 NORMAL BOILING FT, C

5 LOSS/COLUMN, WT %

6 LEVEL A5 IMPURITY, WT%

7 VAP PRESS TEMP, ©

8 VAPOR PRESS, mm Hg

9 HT VAPORIZATION, Btu/lb
1@ SENSIBLE HT (LIQ), Btu/{lh)
11 MAX THERMAL STABILITY, C
12 LNCACTIVITY COEFFICIENTS)
13 ~COMP. #1 in:

14 -COMP. #2 in:

15 ~COMP. #3 in:

16 ~COMP. #4 in:

17 ~COMP. #5 in:

18 ~COMP. &6 in:

i9 ~COMP. 47 in:
2 ~COMP. #8 in:
21 ~COMP., %9 in:
22 -COMP. %19 in:
2 -WATER in:
24 ~COMP. #11 in:
25 ~COMP. #12 in:
28 ~COMP, #1323 in:
27 ~COMP. #14 in:
28 -COMP. #15 in:
29 ~-COMP. #16 in:
30 ~COMP., #17 in:
31 ~COMP. #18 in:
32 ~COMP. #19 in:
33 ~COMP. #20 in:

* The folleowing values
activity coefficients:

HIGH BOIL
DEFAULT IMPURITY IMPURITY PRODUCT

UALUE ¥1i2 $13 ¥14
I-AM ALK GLYCERINE
LIST
130.5 290.8
2.50
Q.20
900 40.8 153.8
802000 12.02 5.0
215.8 1898.0 396.0
¢.52 9.72 .58
150
* 0.102 @.100 2.100
* 0.100 0.100 2.120
* Q.10 0.100 2.10@
* Q.10 0.100 @.100
* ?.109 0.10@ 2.1209
* 0.108 Q.100 @.100
* 0.100 2.100 2.100
* 0.100 9.100 2.100
* 2.109 ?.100 ©.100
* 2.100 @.100 0,100
* 0.500 0.600 0.600
* @.100 0.100 9.100
* R @.100 0.10@
* 2.100 KRR ?.100
# 2.100 @.100 WK
* 2.100 0.100 9.100
* @.100 0.100 9.120
* @.100 2.100 2.100
* 7.100 2.1020 2.100
* ?.100 0.100 0.100
* 2.1¢0 0.100 0.100

can be used in lisu of actual
however,

the uncertainty of

the calculation is raised significantly:

alcohol/alcohol;

aldehyde/ketone = 0.3

other organic/other
alcohol/uwater 0.6
other organic/water

i

34 B(n) UAPOR PRESSURE CONST.
35 Atn) VAPOR PRESSURE CONST.

36 VAPOR PRESSURE 840 C
37 VAPOR PRESSURE @120 C

ketone/ketone;

aldehyde/aldehyde = 0.1

organic = 0.5
1.0
-B113.16 -8863.29 ~2476.10
21.784 22.378 5.7@3
9.5 .0 2422.2
507.0 .8 12121.9
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DISTILLATION DATA MATRIX

ITEM COMPONENT

NAME

NORMAL BOILING PT, C
LOSS/COLUMN, WT %

LEVEL AS IMPURITY, WT%

VAP PRESS TEMF, C

VAPOR PRESS, mm Hg

HT VAPORIZATION, Btu/lb

1@ SENSIBLE HT (LIQ), Btu/(lb
11 MAX THERMAL STABILITY, C
12 LNCACTIVITY COEFFICIENTS)

(o s s E NN u RN ES ISR G AR KN B

13 ~COMP. #1 in:
14 ~COMP. #2 in:
15 ~COMP. #3 in:
16 ~-COMP. #4 in:
17 ~COMF. #5 in:
18 ~COMP. #6 in:
19 -COMP. #7 in:
20 ~COMP. #8 in:
21 ~COMP. #9 in:
272 ~COMP. #10 in:
23 ~WATER in:
24 ~-COMP. #11 in:
25 ~COMP. #12 in:
28 ~COMP. #13 in:
27 ~COMP. #14 in:
28 -COMP. #15 in:
29 ~COMP. #16 in:
30 ~-COMP. #17 in:
31 ~COMP . #18 in:
32 -COMP. #19 in:
33 -COMP. #20 in:

PRIORITY AS REFINED PRODUCT

UAaLUE

L.

@
@

IS8T

Lo
.20
900

800000

@

ok ok %

*

® ok ok ok Kk ok Kk & FK ok Kk k K ¥ ¥ ¥

215.9

.50
158

$15

LAC ACD

540.9
.56

P

K

¥16

SUc ACD

KR E A

¥ The following values can be used in lieu of actual

activity coefficients; however,

the calculation is raised significantly:

alcohol/alcohol; ketone/ketone;

aldehyde/ketone = 0.3

other organic/other organic

alcohal/water = 8.6
other organic/water =

34 Bi(n) VAPOR PRESSURE CONST.
3% A(n) UAPOR PRESSURE CONST,
36 VAPOR PRESSURE 0840 C
37 UAPOR PRESSURE @120 C

1

@

= Q.

76

aldehyde/aldehyde
5

-2476.10 -2476.10
15.703 15.703
2422.72 2422.2
12121.8 12121.9

the uncertainty of

Q3-Apr-89

DEFAULT IMPURITY IMPURITY IMPURITY

#17

HKARKRA

= 0.1

~-2476.10@
15.703

el
2422.¢2

12121.9



ULTETHNG . WKS ~7- 03-Apr -89

DISTILLATION DATA MATRIX
e mm e =< HTGHER BOIL
DEFAULT PRODUCT IMPURITY IMPURITY

ITEM COMPONENT VALUE #18 ¥19 $20

1 NAME

2 PRIORITY AS REFINED PRODUCT LIST

3

4 NORMAL BOILING PT, C

5 LOSS/COLUMN, WT % .59

B LEVEL AS IMPURITY, WT% @.2@

7 VAR PRESS TEMP, C 0wa

8 VAPOR PRESS, mm Hg U000

5 HT VAPORIZATION, Btu/lb 215.9

1@ SENSIBLE HT (LIG), Btu/{lh) .59

11 MAX THERMAL STABILITY, C 150

12 LNCACTIVITY COEFFICIENTS)

13 ~COMP. $1 in: * 9.1060 0.19¢ 9.100
14 ~COMP. #2 in: x 2.100 0.100 0.100
15 ~COMP. #3 in: ¥ 2.100 B.100 ?.10@
16 ~COMP. #4 in: * 0.100 2.100 2.19@
17 =~COMP. #5 in: * @.100 0.100 @.120
18 ~COMP. %6 in: * ?.100 2.100 g.100
19 ~COMP . #7 in: * §.12¢ 3.109 @.100
20 -COMP. #8 in: * B.100 0.100 D.19@
21 ~COMP. #9 in: * D.102 2.10¢ 2.100
22 ~COMP., #10 in: ® B.100 0.120 @.100
22 ~-WATER in: * ¢.6500 0.6020 0.600
24 ~COMP., %11 in: * .100 g.100 @.100
25 ~COMP. #12 in: * @.120 2.12@ 2.100
26 ~COMP. #1353 in: * 0.10@ 2.100 2.100
27 ~COMP. #14 in: * 0.120 0.109 @.100
28 -COMF, %15 in: * Q.10 Q.19Q @.180
29 -COMP. R16 in: * 9.10@ %.100 2.100
30 ~COMP. $17 in: * @.100 0.100 Q.100
31 ~COMP, $#18 in: * W @.100 2.100
32 ~COMP. #19 in: * 2.100 KRR Q.10
33 ~-COMP . #20 in: * 2.100 0.100 KA AR

* The following values can be used in lieu of actual
activity coefficients; however, the uncertainty of
the calculation is raised significantly:

alcahol/alcohol: ketore/ketone; aldehyde/aldehyde = 2.1
aldehyde/ketone = 0.3
other organic/other organic = 2.5

alcohol/water = 0.6

other organic/water = 1.0
34 B(n) VAPOR PRESSURE CONST. ~2476.,10 -24765.10 -2476.10
35 A(n) VAPOR PRESSURE CONGT, 15.703 15.703 15.7@3
36 VAPOR PRESSURE 4@ C 2422.2 2422.2 2422.2
37 YAPOR PRESSURE 8120 C 12121.9 12121.9 "12121.9
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OFTEN USED PARAMETERS

C THOUSAND ANNUAL POUNDS)H

403,563 PRODUCT FORMED
FORMED WITH PRODUCT
579 -ACETALDEHYDE
@ ~COMPONENT #2
@ ~COMPONENT #3
@ -COMPONENT #4
@ -COMPONENT #5
404 -LIGHY ENDS
403,563 -ETHANOL (PRODUCT)
@ -~COMPONENT #8
@ ~COMPONENT #93
@ ~COMPONENT #10

€1@,717) -WATER

4,524 ~ACETIC AC1D
2,018 -I1S0AMYL ALCOHOL
18,555 -GLYCERINE
@ -COMPONENT #14
868 -LACTIC ACID
539 -SUCCINIC ACID
©  ~COMPONENT #17
@ -COMPONENT #18
@ ~COMPONENT #1989
@ -COMPONENT #20
2,186 ~-HYDROGEN
416,726 —-CARBON DIOXIODE

CONSUMED FOR PRODUCT

859,295 ~GLUCOSE
@ ~AMMONIA
@ -OXYGEN
15,220 CELLS PRODUCED - CHO
1,392 CELLS PRODUCED - NHZ2
FORMED WITH CELLS
9,127 -WATER-CHO
783  ~WATER-NH2
9,918 ~WATER-TGTAL
22,311 ~CARBON DIOXIDE-CHO
CONSUMED FOR CELLS
406,441 -GLUCOSE-CHO
1,473 -AMMONIA~-NHZ
16,226 -OXYGEN-CHQO
596  ~OXYGEN~NHZ
16,922 -OXYGEN-TOTAL
84,509 OXYGEN FED-GROWTH

280,192

67,687
280,182
22,311

11,344

NITROGEN FED-GROWTH

OXYGEN UVENT-GROWTH
NITROGEN VENT-GROWTH
CARBON DIOXIDE VENT-GROWTH
WATER VENT GROWTH

78
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(THOUSAND ANNUAL POUNDS)H
@ OXYGEN FED-PROO'N
@ NITROGEN FED-PROD’'N

@ OXYGEN VENT-PROD’N
@ NITROGEN YENT~PROD'N
416,726 CARBON DIOXIDE VENT--PROD'N
15,745 WATER VENT-PROD'N

433,472 PHI
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WATER BALANCE

WATER IN:
MAKE UP WATER 3,317,840
BIGSUGAR SYRUP 1,305,361
STERILIZER STEAM 188,692
FORMED WITH CELLS 9,910
FORMED WITH PRODUCT (1@,717)
TOTAL IN 4,821,885

WAETER QUT:

AQUECGUS WASTE 4,

538,594

CONDENSATE MAKEUP TO P.H 198,632
FERMENTER VENTS 28,0839
PURGED WITH CELLS 55,636
MOTSTURE IN PRODUCTS 7
TOTAL OUT 4,321,886
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ETHANOL MANUFACTURE
GENERALLZED FERMENTATION ECONOMICS
EX S, CEREVISIAE - NO GLYCERINE RECOVERY

THOUSAND ANNUAL POUNDS (330 DAYS) @ CAPACITY

L 2 3 4 5
CORN ANHYD  NUTRIENTS MIX MIXED
STREAM SYRUP AMMONIA WATER MEDIUM
CELLS -CHOQ
~NH2
-MINERALS
-TOTAL
ACETALOEHYDE
COMPONENT #2
@ COMPONENT %3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
1 ETHANOL
COMPONENT #8
COMPOMENT #9
COMPONENT #10
ACETIC ACID
IS0AMYL ALCOHOL
GLYCERINE
¥0 COMPONENT $14
LACTIC ACID
SUCCINIC ACIOD
COMPONENT #17
$® COMPONENT #18
COMPONENT #19

-

# -1 O3 O

SISV IR SRS I SO S I S IS B SR S B O TR SO I S IO IS IS IS S S S I SN IS

PV QS R G I VI ¢SS T G I s I I U I SN oS B v S S TGS B RGN IS B SRR S I S IS S I IS S BSOS I S

BENZENE )
GLUCQOSE 878,24 870,241
AMMONTA 1,47 2
PHOSPRORIC ACID 1,23 1,231
POTASSIUM CHLORIDE 93 338
MINOR NUTRIENTS 42 475
WATER 1,305,386 3,119,148 4,424,509
CARBON DIOXIDE 2
OXYGEN 2
NITROGEN @
HYDROGEN @
GRAND TOTAL 2,175,602 1,479 2,594 3,119,148 5,297,344
CHECK ON TOTAL
TEMPERATURE, € 20 2 2 20 20
PRESSURE, PSIA 14.7 14.7 14.7 20.8 25.0
STATE SOLN LIQUID SOLIOS LIQUID SOLN
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX S. CEREVISIAE - NO GLYCERINE RECOVERY

THOUSAND ANNUAL POUNDS (330 DAYS) @ CAPACITY

&) 7 8 3 1@
HX &S STERILE HX TS COOLER AIR
STREAM EFFLUENT MEDIUM EFFLUENT EFFLUENT TO FERM
CELLS —-CHO
-NHZ2
-MINERALS
-TOTAL
ACETALDEHYDE
COMPONENT %2
#2 COMPONENT #3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
$1 ETHANOL
COMPONENT %8
COMPONENT %9
COMPONENT %1@
ACETIC ACID
I50AMYL ALCOHOL
GLYCERINE
#0 COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
#0 COMPONENT #18
COMPONENT #19
BENZENE
GLUCOSE 8”®,L4
AMMONTA
PHOSPHORIC ACIO L,
POTASSIUM CHLORIDE
MINOR NUTRIENTS
WATER 4,424,
CARBON DIOXIDE
OXYGEN
NITROGEN
HYDROGEN

- oox;mTm

870,72

|63 B &3]
—
&S

B
0~ 8 — 95 90060 9999988809090 sesSans

ra g s
9 N Gt
XISV R 6% B &1

U':-PALDFJ

&
@SSGLDU’!LNHSP—‘SSSSS@@SSS@S@S@SSSSSSSSS

i~
m
™J
&Y
SO SO~ U0 9, 9908008098000 9889980899890 89

SRR SN

i
i
1
t
¥
i
i

GRAND TOTAL 5,297,344 5,496,036 5,486,036 5,496,036 364,802
CHECK ON TOTAL

TEMPERATURE, C 109 120 40 33

PRESSURE, PSIA 25.0 25.9 26.0 25.0 £52.0

STATE 50L°N SOL'N SOL'N SOLTN GAS
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0

U

G

¥0

31

0

2

P3-Apr-89

ETHANOL MANUFACTURE
GENERALTZED FERMENTATION ECONOMICS
EX S5, CEREVISIAE - NO GLYCERINE RECOVERY

MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (330 DAYS) 8 CAPACITY

STREAM
CELLS ~CHO

~NHZ2

-MINERALS

~TOTAL
ACETALDEHYDE
COMPONENT %2
COMPONENT #3
COMPONENT #4
COMPONENT %5
LIGHT ENMDS
ETHANOL
COMPONENT #8
COMPONENT #93
COMPONENT %10
ACETIC ACIOD
150AMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACIOD
COMPONENT #17
COMPONENT %18
COMPONENT #19
BENZENE
GLUCOSE
AMMONTA
PHOSPHORIC ACID

POTASSTIUM CHLORIDE

MINOR NUTRIENTS

WATER

CARBON DIOXIDE

OXYGEN

NITROGEN

HYDROGEN

GRAND TOTAL
CHECK ON TOTAL

TEMPERATURE, C

PRESSURE, PSIA

STATE

11
COMBINED
FEED

S8R S OS99 ES 0SS ST SEH3

g7@,241
1,479
1,231

938

4725
4,623,201
i

84,609
280,192

12
BEER
1

SO NS0~ 8S8oS9 3TV OIS IS

33
44 .7
SLURRY

83

13 i4

L N PG

'
[
o
[N
oy S

m
S

—
35 IR
Gl

SO SN VUV —S NS S

4,594, 306

44,7
SLURRY

VENT
GROWTH

SO0 8088

]

15
VENT
FROO'N

S

SS9 S Wy

oy
o

89 U8V gT T

S80S S

=

16,745
416,728
@

@

2,186

436,236
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H A0 C SO T

1

10

*9

ETHANOL.

MANUFACTURE

GENERALIZED FERMENTATION ECONOMICS

EX 5. CEREVISIAE

MATERIAL

THOUSAND ANNUAL POUNDS (330 DAYS) @ CAPACITY

STREAM
CELLS ~-CHO

~NHZ

-MINERALS

-TOTAL
ACETALDEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT %5
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT %9
COMPONENT #10
ACETIC ACID
ISOAMYL ALCOHOL
GLYCERINE
COMPONENT %14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT %18
COMPONENT #18
BENZENE
GLUCOSE
AMMONIA
PHOSPHORIC ACID
POTASSIUM CHLORIDE
MINOR NUTRIENTS
WATER
CARBON DIOXIDE
OXYGEN
NITROGEN
HYDROGEN
GRAND TOTAL

CHECK ON TOTAL

TEMPERATURE, C
PRESSURE, PSIA
STATE

16
COMBINED
VENT

[y}
-3

0SSO0 eS99 900009 eeuEDwWEIITY

BALANCE FLOWSHEET

~ NO GLYCE

RINE RECOVERY

17
CELL

18

CELLS TO

EFFLUENT DISPOSAL

W M3 rd

[SVR - SUN )
S0 NS~ UNMMTeNSeSoN—S@IM~AUISSeS N9 @O WM -

4,88

ra a2 gt

-3

—

-

55,63

44.7
SLURRY

84

lS,LL@
1,392
425

17,037

4,88

n

2 —
@&SSCUS-'—‘LDSCU@S@S-\IHSL'TQLHSSS\IU’%SSSSS

rJ
RS I %

3
3]
Ji
| &3} Ta et

{
i
i
i
i
1
{

-J
3
w0
—
[4s]

¥

&)
&3]

[
E-S
-

SLURRY

13
CELL
RECYCLE

2080~ 0 909999899898 OOe9SEee IS

t
i
|
}
!
|
|

o5
VRN GH N AU I SV

I~
IS
]

SLURRY

@29-Apr-89

2@
CRUDE
FILTRATE

L9899 S99

39¢
398,676
0

@

@
4,469
1,893
18,331
@

857
L83

]

@
@
0]
498
]
1,216

326

@
4,558,669

S
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ETHANCL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX S§. CEREVISIAE - NO GLYCERINE RECOVERY

MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (330 DAYS) 8 CAPACITY

21 22
BEFR #1  BEER #1  BE
STREAM FEED MAKE [
P __________________________________ R
CELLS -CHO
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GLYCERINE L
$#@ COMPONENT #14

LACTIC ACID 857

SUCCINIC ACID 583

COMPONENT #17 @
#0 COMPONENT #18

COMPONENT #19

BENZENE

GLUCOSE

AMMONIA

PHOSPHORIC ACID

POTASSIUM CHLORIDE

MINOR NUTRIENTS

WATER

CARBON DIOXIDE

OXYBREN

NITROGEN

HYDROGEN

GRAND TOTAL 5,421,759 873,10@ 4,548,659 417,959

CHECK ON TOTAL

TEMPERATURE, C - 103 120 9

PRESSURE, PSIA - 27.4 29.6 2
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ULTETHNG . WKS

STREAM

~NHZ

COMPONENT

;= —

COMPOMENT
LIGHT ENDS

$#1 ETHANOL

COMPONENT %8
COMPONENT #93
COMPONENT #10
ACID
ALCOHOL

ACETIC

I50AMYL

GLYCERINE
3%

L0

BENZENE
GLUCOSE
AMMONTA
PHOSPHORIC

POTASSIUM CHLORIDE
MINOR NUTRIENTS

WATER

CARBON DIOXIDE

OXYGEN
NITROGEN
HYDROGEN

GRAND TOTAL

CELLS -CHO

-MINERALS
~TOTAL
ACETALDEHYDE
k2
@ COMPONENT #3
COMPONENT #4
5

COMPONENT #14
LACTIC ACID

SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #1193

ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX 5. CEREVISIAE - NO GLYCERINE RECOUVERY

MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (330 0AYS)

@ CAPACTTY

28
BEER #2
TAILS

26
LBS #1
MAKE
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LBS #1  LBS #2
TAILS  MAKE
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STATE

120
30.9

SOL'N SOL'N

@3-Apr-89
29
LBS #2
TAILS
@ i
2 ?
@ @
@ @
@ 4
@ j
2 o)
@ @
0 ?
@ @
0 @
@ @
@ @
@ @
@ @
2 @
@ @
@ ]
@ @
@ i
@ @
@ @
@ )
@ @
@ @
@ @
@ 2
@ @
0 4
i @
@ @
? 0
@ @
@ il
@ ]
37 120
.9 .@
N SOL'N



ULTETHNG.WKS

& - OC O D00

¥1

40

0

ETHANCL MANUFACTURE

GENERALIZED FERMENTATION ECONOMICS
EX S. CEREVISIAE - NO GLYCERINE RECOVERY

MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (330 DAYS) @ CAPACITY

STREAM
CELLS -CHO

-NH2

~MINERALS

~TOTAL
ACETALDERYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT 45
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT #9
COMPONENT #10
ACETIC ACID
I50AMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT %19
BENZENE
GLUCOSE
AMMONIA
PHOSPHORIC ACID
POTASSIUM CHLORIDE
MINOR MUTRIENTS
WATER
CARBON DIOXIDE
OXYGEN
NITROGERN
HYDROGEN
GRAND TOTAL

CHECK ON TOTAL

TEMPERATURE, C
PRESSURE, PSIA
STATE

LBS #3
MAKE

31 32
LBS #3 HBS #1
TAILS MAKE
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ETHANOL MANUFACTURE

MATERIAL BALANCE FLOWSHEET

GENERALIZED FERMENTATION ECONOMICS
EX S. CEREVISIAE - NO GLYCERINE RECOVERY

THOUSAND ANNUAL POUNDS (330 DAYS) @ CAPACITY

S5TREAM
CELLS ~CHO

~NHZ2

~MINERALS

-TOTAL
ACETALDEHYDE
COMPONENT #2
COMPONENT %3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANCL
COMPONENT #8
COMPONENT #9
COMPONENT #1@
ACETIC ACID
Is0AaMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #183
BENZENE
GLUCOSE
AMMONIA
PHOSPHORIC ACID

POTASSTIUM CHLORIDE

MINOR NUTRIENTS
WATER
CARBON
OXYGEN
NITROGEN
HYDROGEN
GRAND TOTAL
CHECK ON
TEMPERATURE
PRESSURE, PSIA
5TATE

DIOXIDE
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C
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ETHANOL MANUFACTURE

?9-Apr-89

GENERALIZED FERMENTATION ECONOMICS
CEREVISIAE - NO GLYCERINE RECOVERY

EX S.

THOUSAND ANNUAL POUNDS (338 DAYS) @ CAPACITY

STREAM
CELLS -CHO

-NH2

-MINERALS

-TOTAL
ACETALDEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANGOL
COMPONENT #8
COMPONENT #9
COMPONENT #18
ACETIC ACIO
ISOAMYL ALCOHOL
GLYCERINE
COMPONENT #14
LLACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPOMENT #18
COMPONENT #19
BENZENE
GLUCOSE
AMMONIA
FHOSPHORIC ACID

POTASSIUM CHLORIDE

MINOR NUTRIENTS

WATER

CARBON DIOXIDE

OXYGEN

NITROGEN

HYDROGEN

GRAND TOTAL
CHECK ON TOTAL

TEMPERATURE, C

PRESSURE, PSIA

STATE

40 41 47
DECANTER DECANTER BENZENE
UP LAYER LO LAYER  MAKE
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ETHANOL MANUFACTURE

GENERALIZED FERMENTATION ECONOMICS

Ex S.

THOUSAND ANNUAL POUNDS

STREAM
CELLS —-CHO

~NHZ

~MINERALS

~TO0TAL
ACETALDBEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT #9
COMPONENT #10
ACETIC ACID
Is0AMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #1939
BENZENE
GLUCQOSE
AMMONIA
PHOSPHORIC ACID
POTASSIUM CHLORIDE
MINOR NUTRIENTS
WATER
CARBON DIOXIDE
OXYGEN
NITROGEN
HYDROGEN
GRAND TOTAL

CHECK ON TOTAL

TEMPERATURE, C
PRESSURE, PSIA
STATE

REFINED
B.P.#1

SOL'N

CEREVISIAE ~ NO GLYCERI
MATERIAL BALANCE FLOWS
(330 DAY
47 48
REFINED AQUED
B.P.#2 WAST
) )
0 0
0 0
0 )
0 )
) 0
) 2
) )
0 )
0 )
0 ) 4,
0 0
) 0
) )
0 ) 4,
) 0 1,
) 0 18,
0 )
0 0
) 0
@ o
5 0
) 0
0 0
0 0
0 0
0 0 1
0 0
) 0
) 0 4,538,
0 0
0 0
0 o
0 0
0 0 4,571,
40 40
14.7 14.7 1
SOL'N 50
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Sy @ CAPACITY
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us MAKE-UP
E WATER
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i @
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2 @
@ @
249 @
281 U
@ 0
@ @
@ @
469 @
993 @
331 2
? 2
857 @
583 @
@ )
@ @
@ @
@ @
498 2
@ @
i6 @
26 @
@ ()
590 3,317,840
@ @
2 )
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944 3,317,840
49 20
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LN LIGUID

2%-Apr-89

50
MAKE-UP
BENZENE

S OS99 H e RaeuV.

&

S 9S9 980N g

1
i
i
i
i
|
1

P

20
14.7
LIQUID



ULTETHNG.WKS

%1

0

10

GENERALIZED FERMENTATION ECONOMICS
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ETHANOL MANUFACTURE

EX S. CEREVISIAE -~ NO GLYCERINE RECOUVERY

MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (330 DAYS) @ CAPACITY

STREAM
CELLS -CHO

~NH2

~MINERALS

-TOTAL
ACETALDEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL
COMPONENT %8
COMPONENT #3
COMPONENT #1@
ACETIC ACID
I50aMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE
GLLUCOSE
AMMONIA
PHOSPHORIC ACID
POTASSIUM CHLORIDE
MINOR NUTRIENTS
WATER
CARBON DIOXIDE
OXYGEN
NITROGEN
HYODROGEN
GRAND TOTAL

CHECK ON TOTAL

TEMPERATURE, C
PRESSURE, PSIA
STATE

91

51 52 53
STERILE  FERM'TR  DISTILL.
STEAM STEAM STEAM
) ) o
) ) 0
@ ) )
0 0 )
) 0 )
) ) 0
0 ) G
) 0 0
) ) )
0 ) )
0 0 0
) ) )
0 ) )
) ) )
o ) )
o ) )
) o )
0 ) )
) 2 0
0 0 )
) ) )
2 0 0
0 0 )
) ) )
) ) )
0 ) )
) ) )
) @ )
) ) 0
198,692 @ 2,992,587
) ) )
0 0 )
) ) 2
) ) 0
198,692 ® 2,997,687
141 141 186
64.7 £4.7 164.7
GAS 5AS GAS

54
COND. MU
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P*WR H'SE COOL WTR
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ETHANCL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX 5. CEREVISIAE - NOQ GLYCERINE RECQUERY

MATERTAL

THOUSAND ANNUAL POUNDS (330 DAYS)

56

FERM'TR
STREAM COOL WTR
CELLS -CHO
~NHZ
~MINERALS
-TOTAL
ACETALDOEHYDE

COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT #%
LIGHT ENDS
ETHANOL
COMPONENT 48
COMPONENT #9
COMPONENT #10
ACETIC ACID
ISoAmMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE

GLUCOSE

AMMONIA
PHOSPHORIC ACID
POTASSIUM CHLORIDE
MINOR NUTRIENTS
WATER 20,398,064
CARBON DIOXIDE
OXYGEN

NITROGEN
HYDROGEN

[SESECEC SIS SIS IS TS B S RS BECIESS B IS R SSRGS B I SV S I B GV SN S G S S R SSRGS S

GRAND TOTAL 20,338,646
CHECK ON TOTAL
TEMPERATURE, C 5
PRESSURE, PSIa i4.7
STATE LIQUIOD

BALANCE FLOWSHEET

oo

ot I

DISTILL.
COOL WTR

76,661,085

SS90 S 9950808909989 99 9908800 e0e809ag

76,661,050
@

14.7
LIQUID

92

@
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DISTILLATION CALCULATIONS

20 21 22 23 24
CRUDE BEER %1 BEER #1 BEER #1 BEER #2

M LB. MOLES/YEAR FILTRATE FEED MAKE TAILS MAKE
ACETALDEHYDE @ 2 Q 0 i
COMPONENT #2 @ 2 @ 4 @
COMPONENT #3 @ 2 2 @ @
COMPONENT 44 2 @ ] 2 @
COMPONENT #5 0 @ @ 2 i
LIGHT ENDS 5 5 5 @ 5
ETHANGL 8,654 3,515 9,472 43 8,611
COMPONENT #8 ] @ 2 (] 2
COMPONENT 49 @ @ 2 @ @
COMPONENT #10 @ @ @ ] 0
ACETIC ACID 74 74 @ 74 @
IS0AMYL ALCOHOL 23 23 @ 23 @
GLYCERINE 1399 199 2 199 4
COMPONENT %14 2 @ 2 @ i
LACTIC ACID 10 10 2 1@ @
SUCCINIC ACID 5 5 @ 5 2
COMPONENT #17 @ @ @ @ @
COMPONENT #18 2 i 2 2 i
COMPONENT #19 @ ] i 2 @
BENZENE i @ i ) @
WATER 251,924 274,986 24,220 250,765 1,159
260,893 284,816 33,697 251,119 9,774
(Storage) 1,183 1,308 1,265 44 1,15@
VAPOR PRESS 40(qg) 57.3 57.3 76.8 54.7 124.1
(Storage)? 293,758 32,696 32,361 358 29,423
VAPOR PRESS 120(q) 1582.4 1590.9 2054.3 1528.2 2191.6
Bl{g) V.P. CONSTANT -5189.7 -5109.9 ~5057.2 ~5113.7 -4932.6
Ala) V.P. CONSTANT 20.373 20.374 20.438 20.359 20.772
TEMPERATURE C 33.9 49.3 107.9 120.0 96.8
PRESSURE mmHg 7560 760 1,368 1,528 1,438

93
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M LLB. MOLES/YEAR

ACETALDEHYDE
COMPONENT %2
COMPONENT #2
COMPONENT #4
COMPONENT %5
LIGHT ENDS
ETHANOL.
COMPONENT #3
COMPONENT #9
COMPONENT #10
ACETIC ACID
ISOAMYL ALCOH
6L.YCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT %18
COMPONENT %193
BENZENE

WATER

{(Storage)

VAPOR PRESS 4@(qg)

(Storage)

UAPOR PRESS 12@(g)
B(g) V.P. CONSTANT
Atg) V.P. CONSTANT

TEMPERATURE C
PRESSURE mmHg

oL

~J

DISTILLATION CALCULATIONS

25 26 27 28 29
BEER %2 LBS #1 LLBS &1 LBS #2 LBS #2

TATLS MAKE TAILS MAKE TAILS
@ @ @ @ U
@ @ i i @
@ @ @ @ @
@ Ui i i @
@ @ ? @ @
i 4 i @ @
861 43 8,568 @ @
2 2 @ @ @
@ @ @ @ @
@ @ @ @ @
@ @ 2 @ @
2 i @ 14 2
0 @ 2 @ @
@ @ @ i i
@ @ @ @ @
@ Y @ @ @
2 i @ @ @
@ @ @ @ @
] i d @ @
@ @ @ @ @
23,061 @ 1,159 @ @
23,922 a7 9,727 @ @
115 7 1,142 2 0
57.5 155.3 124.0 .2 .0
72,962 131 29,256 24 24
1597.7 4069.9 3189.9 .2 .0
-5113.@ -5018.8 -48393.86 0.0 2.0
20.387 21.080 20.774 —-4.605 -4.605
120.9 111.2 120.0 ERR 120.0
1,598 35,030 3,190 (16@) @

94
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DISTILLATION CALCULATIONS
31 32 33 34 35

LBS #3 HBS %1 HBS #1 HBS #2 HBS %2
M LB. MOLES/YEAR TAILS MAKE TAILS MAKE TAILS
ACETALDEHYDE 0
COMPONENT #¢ @
COMPONENT #3 @
COMPONENT #4 2
COMPONENT #5 2
LIGHT ENDS 4
ETHANOL 2
COMPONENT #8 i
COMPONENT #9 @
COMPONENT #10@ @
ACETIC ACID ]
ISOAMYL ALCOHOL 2
GLYCERINE 2
COMPONENT #14 @
LACTIC ACID 2
SUCCINIC ACIO @
COMPONENT #17 @
COMPONENT #18 2
COMPONENT #19 @
BENZENE @
WATER @

=
=
%

=

(S5torage) & ) 2
VAPOR PRESS 40(aq) .0 .0 2422 .2
4 4

@

P

1
i
o]
o
o

(Storage) 24 2
UVAFOR PRESS 120(a) .2 .
B(g) V.P. CONSTANT 0.0 2.0 -~1088.3
Alg) V.P. CONSTANT ~-4.80S -4.605
TEMPERATURE C 120.9 -273.0 150.0 -
PRESSURE mmHg 2 5,823 5,983

—_
—
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o
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i
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ULTETHNG.WKS ~4- 29-Apr-89

DISTILLATION CALCULATIONS

-

2 38 39 40 41 42
AZED AZED DECANTER DECANTER DECANTER BENZENE
M LB. MOLES/YEAR TAILS REFLUX FEED UP LAYER LO LAYER MAKE
ACETALDEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL g,bb
COMPONENT %8
COMPONENT %3
COMPONENT %10
ACETIC ACID
150AaMYL ALCOHOL
GLYCERINE
COMPONENT %14
LACTIC ACID
SUCCINIC ACID
COMFONENT #17
COMPONENT #18
COMPONENT #19
BENZENE
WATER

U9 s Sego 9

H
rJ
™
SIS e .

[ I e R

PO OO S 8N eS8
T oSS Saga9w

(Storange)
VAFOR FRESS 4@(go
(Storage)
VAPOR PRESS 120(g)
Big) V.F. CONSTANT
Ala) U.P. CONSTANT
TEMPERATURE C
PRESSURE mmHg
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DISTILLATION CALCULATIONS
43
BENZENE
M LB. MOLES/YEAR TAILS
ACETALDERYDE
COMPONENT %2
COMPONENT #3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT #9
COMPONENT #10
ACETIC ACID
150AMYL ALCOHOL
GLYCERINE
COMPONENT %14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #193

£ OSBRSS NSEOSE

BENZENE
WATER i,15
1,157
(S5torage)

VAPOR PRESS 40(a)
(Storage?

VAROR PRESS 120(a)

BCa) V.P. CONSTANT

Afg) V.F. COMSTANT

TEMPERATURE C

PRESSURE mmHg

97
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DISTILLATION CALCULATIONS

2 22 23 24 25
CRUDE BEER #1 BEER #1 BEER %2 BEER %2

M LB. MOLES/YEAR FILTRATE MAKE TAILS MAkE TAILS
K1 C(COMPONENT 3t) 7 7 7 7
K2 (COMPONENT #) WATER WATER WATER WATER
V.PLUCKL) 2273.9 3411.6 1538.7 3411.6
V.P LK) 1012.4 1528.93 674.4% 1528.3
OAMMA-K L1 IN K2 1.822 1.822 1.82¢ 1.822
GAMMA-KZ IN K1 1.822 1.822 1.822 1.822
ALPHA 2.334 4.0645 1.443 3.894
AVG COLUMN ALPHA 3.509 2.669
MOL FRACT. K1 (MAKE OR TAILS) @.281 @.00017 @2.881 €.955499
MOL FRACT. K1 (FEED) 0.033 ©.281
MOL FRACT. KZ (MAKE OR TAILS) @.719 1.200 ©.119 @.964
alI. GAMMA-KL IN KZ 1,364 .822 1.008 1.748
ADJ. GAMMA-KZ IN Kl 1.049 1.000 1.594 1.801
MINIMUM REFLUX RATIO (ADJUSTE 2.5 @.2
ACTUAL REFLUX RATIO 0.7 Q.3
MINIMUM THEOR. PLATES (INFINI 3 5
THEORETICAL PLATES 14 12
PLATE EFFICIENCY -% 50% 80%
ACTUAL PLATES 28 15
PRESSURE mm Hg (REVISED 1,417 1,537
TEMPERATURE C (REVISED) 109 39
AVERABE MOLECULAR WEIGHT 25.91 18.11 42.76 19.83
GAS DENSITY - LB/CF @.e96%7 0.070% @.1770 @.@774
CROSS SECTIONAL AREA - 5O FT 137.7 37.9
COLUMN HEIGHT -~ FT 56.6 av.v
COLUMN DIAMETER 13.2 7.0
K1 (MPPY) 436,351 396,683
Hv (HEAT VUAPORIZ.-Btu/Lhk) BGH.5 966 . 4 397.1 917.7
Cn (HEAT CAPACITY - Biu/Lb/F) ?.840 @.937 @.696 0.972
HEAT LOAD - MM Btu/Hr 135.665 226.008 30.122 31.343
CONDENSER COOLING WATER - GPM 10053 2232
CALANDRIA STEAM - MPPH (150 PSIG) 283.72 56.58
COLUMN COST - %10@2 3086 MPC -~ BARE EQUIPMENT

- ALl CARBON STEEL $232.3 $87.8

- 0.5 w304 5.5, TRAYS $255.5 £36.6

- ALL 3@4 STAINLESS STEEL $367.8 £140.8

- ALL 3@4L STAINLESS STEEL $404.6 $154.9

- ALL 316 STAINLESS STEEL $496 .8 $190.1
CONDENSER OR CALANDRIA SURFAC 11,939 12,556 3,048 1,742
COND. OR CALAND. COST - $100@ 3086 MPC ~ BARE EQUIPMENT

~CARBON STEEL $374.1 $334.8 $99.8 $62.7

-304 STAINLESS STEEL 35235.8 o527 $139.8 $87.8

~316 STAINLESS STEEL 3u61.2 $592.2 $149.7 $94.0

~MONEL $729.5 $763.9 $194.7 $122.3
SUBTOTAL 4,534,356 442,447
SUBTOTAL 4,518,609 415,473
SUBTOTAL 4,517,791 415,473
MINIMUM REFLUX RATIC 2.5 0.2
Cn SUBTOTAL #1 296,908 1,355 269,932 26,974
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DISTILLATION CALCULLATIONS
2 22 23 24 25
CRUDE BEER #1 BEER ¥1 BEER %2 BEER #2
M LB. MOLES/YEAR FILTRATE MAKE TAILS MAKE Talts
Cn SUBTOTAL #2 @ 14,391 @ 0
Cn SUBTOTAL #3 436,351 4,518,609 20,878 415,473
Crn CHECK 2.750 2.997 2.525 @.956
Hv SUBTOTAL #1 16@,298 732 145,732 14,566
Hv SUBTOTAL #2 @ 8,432 2 @
Hv SUBTOTAL #3 423,391 4,384,306 20,258 4@35,133
Hv CHECK 5492.5 965.6 252.7 904.5
MIN. PLATES(NORMAL)
COL.COST-C/S NORMAL
COL.CO5T-5/S NORMAL
MIN.REFLUX{NORMAL)
C.5. AREACNORMAL)
HEAT LOADRCNORMAL)
CON/CAL COSTCNORMAL)
REFLUX FACTOR 0.275 0.878
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DISTILLATION CALCULATIONS

20 26 27 28
CRUDE I.BS #1 LBS #1 LBS #2
M L8, MOLES/YEQAR FILTRATE MAKE TAiLs MAKE
K1 (COMPONENT &) £.5,4.3 6,5,4,3 3
K2 (COMPONENT %) 7 7 4.5,8
U.PLKLD) 3954.09 4972, ERR
V.PL(RZD 2550 .5 J411.6 ERR
GAMMA-K1 IN K2 1.185 1.185% 1.000
OAMMA-KZ IN Kl 1.000 1.000 1.105
ALPHA 1.685 1.611 ERR
AVG COLUMN ALPHA 1.648 ERR
MOL FRACT. K1 (MAKE OR TAILS) 0.286 . 008 ERR
MOL FRACT. K1 (FEED) 0.001 @.000
MOL FRACT. K2 (MAKE OR TAILS)H @.314 1.000 ERR
ADJI . GAMMA-KL IN K2 1.e87 1.185 ERR
ADJ. GAMMA-KZ IN K1 1.200 1.000 ERR
MINIMUM REFLUX RATIO (ADJUSTE 20.1 ERR
ACTUAL REFLUX RATIO 251 ERR
MINIMUM THEOR. PLATES C(INFINI 15 ) ?
THEORETICAL PLATES 34 @
PLATE EFFICIENCY -% 20% 8a%
ACTUAL PLATES 4z i
PRESSURE mm Hg (REVISED)? 3,021 @
TEMPERATURE C (REVISED) 111 (273)
AVERAGE MOLECULAR WEIGHT 49.70 42.73 ERR
GAS DENSITY - LB/CF @.3911 ©.3470 ERR
CROSS SECTIONAL AREA - SO FT 2.9 2.0
COLUMN HEIGHT - FT 78.3 2.0
COLUMN DIAMETER 1.9 0.0
K1 (MPPY) 359 @
Hv (HEAT VAPORIZ.-Btu/Lb) 238.0 397.5 ERR
Crn (HEAT CAPACITY - Btu/Lb/F) 0.648 9.696 ERR
HEAT LOAD - MM Biu/Hr 2.133 4,679 @.000
CONDENGER COOLING WATER - GPM 232 ) )
CALANDRIA STEAM - MPPH (150 PSIG) 5,46
COLUMN COST - 41000 3085 MPC -~ BARE EQUIPMENT
- ALL CARBON STEEL $54.3 0.0
~ C.5 w/3@4 5.5, TRAYS $59.7 $0.0
- ALL 304 STAINLESS STEEL $38.1 $0.0
- ALL 304U STAINLESS STEEL $96.9 $0.0
- ALL 316 STAINLESS STEEL 8119.0 $0.0
CONDENSER OR CALANDRIA SURFAC 268 2h0 ?
COND. OR CALAND. CDST - $1000 3088 MFC - BARE EQUIPMENT
~CARBON STEEL $18.3 $18.0 $2.0
~%04 STAINLESS STEEL $25.6 $25.2 $0.0
~316 STAINLESS STEEL $27.4 $27.0 0.9
-MONEL $35.7 $35.1 $0.0
SUBTOTAL 289,273
SUBTOTAL 20,878
SUBTOTAL 20,878
MINIMUM REFLUX RATIO 20.1 ERR
Cn SUBTOTAL #1 1,517 268,414 @
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M LB. MOLES/YEAR
Cn SUBTOTAL
Cn SUBTOTAL
Crn CHECK

Hv SUBTOTAL #1
Hv SUBTOTAL
Hv SUBTOTAL
Hv CHECK
MIN. PLATES(NORMAL?
COL.COST~-C/S MORMAL
COL.CO8T-5/5 NORMAL
MIN.REFLUX(NORMAL)
C.5. AREA(NORMAL)
HEAT LOADCNORMAL)
CON/CAL COST{NORMAL
REFLUX FACTOR

DISTILLATION CALCULATIONS

20
CRUDE
FILTRATE

26
LBS %1
MAKE

@

2
?.500
792

2

4]
215.9

) 18

27
Les #1
TAILS

53]
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ERR
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DISTILLATION CALCULATIONS

20 31 32 33
CRUBE .BS ¥3 HBS #1 HES #1

M LB, MOLES/YEAR FILTRATE TATLS MAKE TAILS
k1 (COMPONENT &) 2 WATER WATER
K2 (COMPONENT #? 3 14 14
V.PL CKL) 1.9 ERR Jess.9
VLR LOKR2) 12121.9 ERRE  183951.1
GAMMA-K 1 IN K2 1.00@ 1.827 1.822
GAMMA-KT TN K1 1.000 1.822 1.822
ALFHA ERR ERR ERR
AVG COLUMN ALFHA ERR
MOL FRACT. K1 (MAKE OR TAILS) ERR ERR ERR
MOL FRACT. K1 (FEED) 1.008
MOL FRACT. K2 (MAKE OR TAILS) ERR ERR ERR
ADJ. GAMMA-KL IN K2 ERR ERR ERR
ADJ . GAMMA-KZ IN Kl ERR ERR ERR
MINTIMUM REFLUX RATIO (ADJUSTED) ERR
ACTUAL REFLUX RATIO ERR
MINIMUM THEOR. PLATES (INFINITE REFILUX @
THEORETICAL PLATES @
PLATE EFFICIENCY ~% 80%
ACTUAL FLATES @
PRESSURE mm Hg (REVISED) 5,382
TEMPERATURE C (REVISED) (273)
AVERAGE MOLECULAR WEILGHT ERR ERR 653.48
6GAS DENSITY - LB/CF ERR ERR 9.2477
CROSS SECTIONAL AREA - SQ FT 0.2
COLUMN HEIGHT - FT 0.0
COLUMN DIAMETER 0.2
K1 (MPPY) @
Hv (HEAT VAFORIZ.-Biu/Lb) ERR ERR 396.0
Cn (HEAT CAFACITY - Btu/Lb/F) ERR ERR 0.580
HEAT LOAD - MM Btu/Hr 0.000 0.000 .00
CONDENSER COOLING WATER - GPM (15 C dT @
CALANDRIA STEAM -~ MPPH (150 P 2.0 @.20
COLUMN COST - #1000 3086 MPC - BARE EQUIPMENT

- ALL CARBON STEEL %0 .9

- C.5 w/304 5.5. TRAYS $0.0

- ALL 384 STAINLESS STEEL 30.2

- ALL 3@4L STAINLESS STEEL 32.0

- ALL 316 STAINLESS STEEL $0.0
CONDENSER OR CALANDRIA SURFAC @ (] @
COND. OR CALAND. COST -~ $1000 35Q86 MPC - BARE EQUIPMENT

~CARBON STEEL $0.0 2.0 $0.@

-204 STAINLESS STEEL 30.0 $0.0 $0.0

-316 STAINLESS STEEL $0.0 0.0 $0.0

-MONEL $0.0 $0.0 $0.¢
SUBTOTAL @ 338
SUBTOTAL 2 338
SUBTOTAL ] (]
MINIMUM REFLUX RATIQ ERR
Cn SUBTOTAL #1! 2 Uil @
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HBS #2 HBS #2
MAKE TAILS
14 14
15,16,17 15,16,17
&18 818
ERR 18951.1
ERR 1.8
1.000 1.000
1.000 1.00@
ERR ®xwxxn#xxx
ERR
ERR Q.000
0.000
ERR 1.000
ERR 1.000
ERR 1.000
ERR
ERR
@
]
20%
0
5,983
(273)
ERR 118.@93
ERR 1.6711
0.0
0.0
2.0
@
ERR 396.0
ERR 0.580
0.000 0.000
@
0.00
$0.0
$0.0
$0.0
$0.0
$6.0
2 @
$0.0 0.0
$0.0 $0.0
$0.0 $0.0
$0.0 $0.0
338
338
@
ERR
@ Q
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DISTILLATION CALCULATIONS

20 31 32 33
CRUDE LBS &3 HBS #1 HBS #1
M LB. MOLES/YEAR FILTRATE TAILS MAKE TAILS
Cn SUBTOTAL 42 2 @ @
Cn SUBTOTAL #3 @ @ 338
Cn CHECK ERR ERR 0.500
Hv SUBTOTAL #1 @ @ @
Hv SUBTOTAL #2 @ 0 U
Hv SUBTOTAL #3 @ @ 231
Hv CHECK ERR ERR 215.0
MIN. PLATES(NORMAL)
COL.COST-C/5 NORMAL
COL,.COST-5/5 NORMAL
MIN.REFLUXINORMAL)
C.5. AREA(CNORMAL)
HEAT LOADNORMAL)
CON/CAL COST(NORMAL)
REFLUX FACTOR ERR
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HBS #2
TAILS
i
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20 36 57 38
CRUDE AZEQD azZEd AZED
M LB. MOLES/YEAR MAKE

FILTRATE

TAILS

K1 (COMPONENT %)
K2 (COMPONENT #)

V.PLCKLD)

UV.PL(K2)

GAMMA-K L IN K2

GAMMA-KZ IN K1

ALPHA

AU6 COLUMN ALPHA

MOL FRACT. K1 (MAKE OR TAILS)

MOL FRACT. K1 (FEED)

MOL FRACT. KZ (MAKE OR TAILS)

ADI. GAMMA-K1 IN KZ

ADJ. GAMMA-KZ IN K1

MINIMUM REFLUX RATIO (ADJUSTED)

ACTUAL REFLUX RATIO

MINIMUM THEQOR. PLATES (INFINITE REFLUX)
THEORETICAL PLATES

PLATE EFFICIENCY -% 8@%
ACTUAL PLATES 50
PRESSURE mm Mg (REUVISED

TEMPERATURE C (REVISED)

AVERAGE MOLECULAR WEIGHT

GAS DENSITY - LB/CF

CROSS SECTIONAL AREA - S0 FT 95.7

COLUMN HEIGHT - FT 9.0

COLUMN DIAMETER 190.9

K1 (MPPY)

Hv (HEAT VAPORIZ.-Btu/Lb)

Cn (HEAT CAPACITY - Btu/Lb/F)

HEAT LOAD - MM Btu/Hr 61.616 54.868
CONDENGER COOLING WATER - GPM 6849 (10 C delta T
CALANDRIA STEAM -~ MPPH (150 PSIG)H b4.02

COLUMN COST $1000 3086 MPC - BARE EQUIPMENT

- ALL CARBON STEEL $3@1.5
- C.5 w/304 5.9, TRAYS $351.6
- ALL 384 STAINLESS STEEL £476.6
- ALL 384L STAINLESS STEEL €524.2
-~ ALL 316 STAINLESS STEEL 86435 .4
CONDENSER 0Ok CALANDRIA SURFAC 9,520 53,048
COND. OR CALAND. COST - %1000 3085 MFC - BARE EQUIPMENT
~CARBON STEEL $295.0 $89.8
-394 STAINLESS STEEL $415.1 $139.8
~316 STAINLESS STEEL B442.6 $149.7
~MONEL $575.3 $194.7
SUBTOTAL
SUBTOTAL

SUBTOTAL
MINIMUM REFLUX RATIO
Cn SUBTOTAL #1

104

03-Apr-89

39
DECANTER
FEED



ULTETHNG . WKS -8- @9-Apr-89

DISTILLATION CALCULATIONS

20 36 37 38 39
CRUDE AZEQD AZEOD AZEQ DECANTER

M LB, MOLES/YEAR FILTRATE MAKE TAILS REFLUX FEED

Cn SUBTOTAL %2

Cn SUBTOTAL #3

Cn CHECK

Hv SUBTOTAL #!

Hv SUBTOTAL 42

Hv SUBTOTAL #3

Hv CHECK

MIN. PLATES(NORMAL)
COL.COST-C/S NORMAL
COL,CQO5T~5/5 NORMAL
MIN.REFLUX{NORMAL)
C.5. AREACNORMAL)
HEAT LOADCNOGRMAL)
CON/CAL COSTUNORMAL)
REFLUX FACTOR
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DISTILLATION CALCULATIONS
2 40 41 42
CRUDE DECANTER DECANTER BENZENE
M LB. MOLES/YEAR FILTRATE UP LAYER LO LAYER MAKE

K1 (COMPONENT %)
K2 (COMPONENT #)

YV.PL(KD)

UV.PL(K2)

GAMMA-K1 IN K2

GAMMA-KZ IN K1

ALPHA

AYe COLUMN ALPHA

MOL FRACT. K1 (MAKE OR TAILS)H
MOL FRACT. K1 (FEED)D

MOL FRACT. K2 (MAKE OR TAILS)
ADJ . GAMMA-KI IN KZ

ADT. GAMMA-KZ IN KI

MINIMUM REFLUX RATIO (ADJUSTED)
ACTUAL REFLUX RATIO

MINIMUM THEOR. PLATES (INFINITE REFLUX)
THEORETICAL PLATES

PLATE EFFICIENCY -%

ACTUAL PLATES 50
PRESSURE mm Hg (REVISED)
TEMPERATURE € (REVISED)

AVERAGE MOLECULAR WEIGHT

GAS DENSITY - LB/CF

CROSS SECTIONAL AREA - SO FT 7.0
COLUMN HEIGHT - FT 606.0
COLUMN DIAMETER 3.0
K1 (MPPY)

Hv (HEAT YAPORIZ.-Biu/Lb)

Cn (HEAT CAPACITY - Bitu/Lb/F)

HEAT LOAD ~ MM Btu/Hr

CONDENSER COOLING WATER - GPMDECANTER VOLUME - GAL.
CALANDRIA STEAM - MPPH (150 P 3,865

COLUMN COST - %1000 3086 MPC - BARE EQUIPMENT

- ALL CARBON STEEL $363.9
- 0.8 w/304 S.5. TRAYS $69.3
- ALL 384 STAINLESS STEEL $81.0
- ALL 3041 STAINLESS STEEL $89.1
- ALL 316 STAINLESS STEEL $109.4

CONDENSER OR CALANDRIA SURFACE - 5Q FT
COND. OR CALAND. COST - $10@0€¢ 3086 MPC - BARE EOQUIPMENT
-CARBON STEEL
~3@4 STAINLESS STEEL
-316 STAINLESS STEEL
~MONEL

SUBTOTAL

SUBTOTAL

SUBTOTAL

MINIMUM REFLUX RATIO
Cn SUBTOTAL #1
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX S. CEREVISIAE - NO GLYCERINE RECOVERY

SUMMARY
PRODUCTION LEVEL
54 MM GRY
INVESTMENT-$MILLION
MPC = 1984
Direct Permanent Investment $91.1
Allocated Power, Services & General $26.8
Working Capital $22.1
Total Investment $140.0
COST-%/GALC 1988 )
Raw Materials $@.95
Utilities $0.15
lLabor-Related $0.10
Capital-Related $0. 27
Cost of Manufacture $1.42
SE, D, R&D, Adm, & I.C. $0. 35
Cost of Sales $1.78
Pretax Earnings Based on: 3@% Pretax ROI $0.78
Bv~-product Credits $0.00
Selling Price $2.55
FINANCIAL CRITERIA
Net ROI 3rd Year (assumed) 16%
Investors Rate of Return (20 Operating Years) 23%
Year to Break Even - Annual Cash 1989
- Cumulative Cash 1991
~ Cum. Oisc. Cash (NPY) 1994
Net Present Value $MM (2@ years @ 15%) $56.7
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ETHANOL MANUFACTURE

GENERALIZED FERMENTATION ECONOMICS

EX &. CEREVISIAE - NO GLYCERINE RECOVERY

INVESTMENT

CONDITIONS

10~-Apr-84

Sited in Iowa on the Mississippi River adjacent to a caorn wet mill
and a utility power house for over-the-fence supply of syrup and oower.

CAPACITY @ 8000 HRS MM GPY
MID-POINT OF CONSTRUCTION YEAR
CONSTRUCTION COST INDEX 1980=100

INVESTMENT CONTINGENCY % INSTALLED =
FERMENTER UNIT INVESTMENT $/6R.GAL.-GROWTH
8/6R.,GAL . -PROD'N
*40% Recommended for new processes

DIRECT PERMANENT INVESTHMENT

SCALE
FACTOR
FERMENTATION SECTION
Receiving, Prep & Sterilization 0.60
Air Compression & Aeration 2.60
Fermentation 2.89~1.00
Product/Cell Separation 0.75
Fermentation Sub~total
DISTILLATION SECTION STILLS
Baer Still #1 $1.1%5
Beer Still #2 @.41
Low-Boilers S5till #1 0.25
lLow-Boilers Still #2 2.09
Low-Boilers Still #3 0.00
High-Boilers Still #1 ?.00
High-Boilers 5till #2 2.020
Azeotrope Still 1.41
Benzene Oehydrator .29

Decanter
Distillation Subtotal
STORAGE SECTION
Storage - Product

Storage - Byproduct #i
Storage - Bvoroduct #2Z

TOTAL DIRECT PLANT

110

HX'S

oS

SR SR SV

.03
.76
17
.00
.00
.00
.00
.85
.10

THIS
CASE
60.1
1364
128
30%
$0.00
$10@.34

THIS
SMM

$5.17
.17
@.42
.00
0.20
2.00
0.00
2.25
@.40
0.03

$10@.45

$7.53
$0.00
$0.00

$7.53

$91.11

CASE
B/ANN.GAL .

$¢.198
¢.00@
0.954
@.086

$1.217

$0.125
0.000
.00

$0.125

$1.517
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONGMIGS
EX . CEREVISIAE - NO GLYCERINE RECOVERY

APL/UNIT
UNITS BASECASE THIS CASE  UNITS $MM £/ANN. GAL
ELECTRICITY KW $183 $183 1,164 $0.21 $0.004
STEAM PPH $45 $45 439,923 19.80 @.330
COOLING WATER 5PM $52 $52 26,227 1.26 @.9723
PROCESS WATER GPM $313 $313 101% 0.32 0.005%
WASTE DISFOSAL MGRY 3 $3 535,570 1.72 2.029
GEN’L & SERVICES $MM 10% 10% $33.9 3.39 @.2586
TOTAL ALLOCATED PLANT $26.80 $0.446
TOTAL PERMANENT INVESTMENT F117.491 $1.963
WORKING CAPITAL
DAYS DAYS
BASIS BASECASE THIS CASE FMM B/ANN.GAL
RaW MAT'L INVENTORY BRAW MATL 2 2 80.31 $2.005
SEMI-FINISHED PRODUCT $CR+MY/E 5 5 @.88 0.215
FINISHED PRODUCT $COM 30 30 6,32 ?.105%
CASH $(C05-0) 3] 6 1.43 D.924
ACCOUNTS RCD.-TRADE $G5P 30 32 11.35 @.189
ACCOUNTS RCD.-~-MISC. ACOM 98.9% @.3% 8.69 ?0.912
DEFERRED CHARGES *CoM 1.5% 1.5% 1.15 2.013
TOTAL WORKING CAPITAL 22.172 0. 368

Note: R = raw materials: M or COM = cost of manufacture:
CO5 = cost of sales: 5P = selling price; D = depreciation.

TOTAL INVESTMENT FOR RETURN $140.04 $2.331
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX S. CEREVISIAE -~ NO GLYCERINE RECOVERY

INFLATION

PRICES & COST FACTORS BASECASE FACTOR THIS CASE
Operating Year 1988 1988 1988

Raw Materials

~Biosugar Syrup $0.06% /1lb. d.s 1.00 $@.065 /lb. d.s.
~Anfhiyvd. Ammonia $0.046 /1b. 1.00 $@.046 /lb.
~Phosphoric Acid $0.155 /1b. 1.00 $0.165 /1b.
~Fotassium Chloride $0.053 /lb. 1.00 $0.0%3 /l1lb.
~Minor Nutrients $0.45%1 /lb. 1.00 $0.451 /1b.

Utilities

~Electricity $0.040 /KWH 1.00 $0.040 /KWH
~Steam $72.2@0 /M 1lb. 1.00 $2.20 /M 1b,
~Cooling Water $2.04 /M agal. 1.00 $0.04 /M gal.
-Process Water $0.50 /M gal. 1.00 $0.50 /M gal.
~Biodegradation $0.94 /1b. d.s. 1.00 $0.04 /1lb. d.s.
-Landfill $0.05 /1lb. d.s, 1.00 $2.05 /1b. d.s.

Lahor~Related

-Dir. Op. Wages & Ben. $26.40 /man-hr. 1.00 $26.40 /man-hr.
-Dir. Salaries & Benefi 18 % DOW&B - 18 % DOW&B
-0p. Supplies & Service 6 % DOW&AR - & % DOWERB
~-6GPOH on Operations 23 % DOWSKB - 23 % DOWSEB
-Control Lab $19.22 /man-hr. 1.00 $19.22 /man-hr,
-Tech. Assist. to Mfg. $22.06 /man-hr. 1.00 F22.068 /man-hr.
Capital-Related
-Maint. Wages & Ben. 1.7 % DPI e 1.7 % DPI
~Maint. Salaries & Ben, 25 % MW&B - 25 % MWaB
~Maint. Mat’l & Service 4@ % MWRB - 40 % MWAB
~-Maint. Overhead 4 % MWEB - 4 % MWRB
-GPOH on Maintenance 23 % MWSRB - 23 % MWSEB
~Taxes & Insurance 0.3 % DRI - .3 % DPI
-Depreciation - DPI 8 % DPI - 8 % DOPI
-Depreciation — APSE&L B % APSKG = & % APSRG
Cost of Manufacture
~-Selling Expense 3 % Sales - 3 % Sales
-Distribution $0.01 /1b. - $0.01 /lb.
~Research & Development 4.5 % Sales - 4.5 % Sales
-Administrative Expense 2 % Sales - 2 % Sales
~Incentive Compensation 6 % PTE - & % PTE
Cost of Sales
-Pretax Earnings 30 % TIFR e 30 % TIFR
—Credii: Byproduct #1 $0.0@ /1b. 1.00 $0.00 /lb.
-Credit: Byproduct #2 $2.02 /1lhb. 1.00 $0.00 /1b.
~Credit: Byproduct #3 $0.00 /lb. 1.00 $9.00 /lb.
-Product Selling Price $0.00 /1b. 1.00 $0.00 /1lb.
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SALARIES & WAGES
CONTINUOUS FERMENTER CASE
256 MM FPY
DAY ROTATING
DIRECT OPERATORS SHIFT SHIFTS
SYRUP RECEIVING & TRANSFER 1 -
CHEMICALS RECEIVING & TRANSFER 3 -
INNOCULUM PREFARATION 1 -
MEDIUM PREPARATION -
STERILIZATION
FERMENTATION
-~CONTROL ROOM - 2
-PATROL - 2
-AIR COMPRESSION & AMMONIA FEED - 1
DISTILLATION - 3
BEER FILTER & CELL RECYCLE - 2
TOTAL DAY & 4.2-SHIFT OPERATORS 5 12
TOTAL OPERATORS 55
CONTROL LABORATORY
BIOLOGICAL ANALYSIS - 1
CHEMICAL ANALYSIS - 1
OTHER - -
TOTAL DAY & 4.2-SHIFT TECHNIGIANS @
TOTAL LAB FORCE INCL SUPERVISICON @ 20% 2.0 10.1
TOTAL LAB FORCE 10.1
TECHNICAL ASSISTANCE TO MANUFACTURING
PROCESS ENGINEERS 1 -
WAGES, SALARIES & BENEFITS SCHEDULE- 14988
OPERATING WAGES - %/HOUR $20.14
TECHNICIANS - ANNUAL % $30,500
PROCESS ENGINEERS ~ ANNUAL % $35,000
PENSION - AS % OF COMPENSATION 8.1%
FICA 5.8%
UNEMPLOYMENT COMPENSAT ION 0.85%
GROUP LIFE INSURANCE 2.7%
MEDICAL INSURANCE 3.6%
DENTAL INSURANCE 0.8%
SAVINGS PLAN 2.5%
UACATION T.4%
TLLNESS 1.4%
ABSENCE WITH PERMISSION @.2%
TOTAL BENEFITS 31.1%
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SALARTIES & WAGES
CONTINUOUS FERMENTER CASE

MIN. FORCE
DAy ROTATING
DIRECT OPERATORS SHIFT SHIFTS
SYRUP RECEIVING & TRANSFER i -
CHEMICALS RECEIVING & TRANSFER -
INNOCULUM PREPARATION 1 -
MEDIUM PREPARATION 1 -
STERILIZATION -
FERMENTATION
—CONTROL. ROOM - 1
-PATROL - 1
-AIR COMPRESSION & AMMONIA FEED - L
DISTILLATION - L
BEER FILTER & CELL RECYCLE - 1
TOTAL DAY & 4.2-SHIFT OPERATORS 3 5
TOTAL OPERATORS 24
CONTROL LABORATORY
BIOLOGICAL ANALYSIS ~ 1
CHEMICAL ANALYSIS -
OTHER - -
TOTAL DAY & 4.2-SHIFT TECHNICIANS @ 8
TOTAL LAB FORCE INCL SUPERVISION @ 20% 0.0 1.1
TOTAL LAB FORCE 12,1
TECHNICAL ASSISTANCE TO MANUFACTURING
PROCESS ENGINEERS 1

WAGES, SALARIES & BENEFITS SCHEDULE- 1988
OPERATING WAGES - $/HOUR
TECHNICIANS - AMNUAL $
PROCESS ENGINEERS - ANNUAL &

PENSION - AS % OF COMPENSATION
FICA

UNEMPLOYMENT COMPENSATION
GROUP LIFE INSURANCE

MEDICAL INSURANCE

DENTAL INSURANCE

SAVINGS PLAN

VACATION

TLLNESS

ABSENCE WITH PERMISSION

TOTAL BENEFITS
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX 8. CEREVISIAE - NO GLYCERINE RECOVERY

MILLION

1988 COST SHEET RATE /UNIT UNITS SMILLION $/gal
Raw Materials
~Biosugar Syrup $0.865 /1lb. d.s. 779.45 50.66 B.937
-Anhyd. Ammonia $9.246 /lb. 1.32 2.06 0.9201
~Phosphoric Acid $0.155 /lb. 1.19 8.17 @.003
~-Potassium Chloride $0.053 /l1b. 0.84 0.04 0.001
—Minor Nutrients $0.451 /1b. 9.38 @.17 @.0083
Total Raw Materials $51.11 $0. 5945
Utilities
~Electricity $0.040 /KWH 8.20 B.34 0.006
~Steam 2.20 /M 1b. 3.1358 6.90 @®.128
~Cooling Water $0.904 /M gal. 11.22 @.45 ?.008
-Process Water $0.50 /M gal. Q.43 0.22 0.004
~-Bicdegradation $0.904 /1ib. d.s. 4,75 2.19 Q.004
~Landfill Q.05 /1lb. d.s. 0.00 .00 0.000
Total Utilities $8.09 $0.150
Labor-Related
~-Dir. Op. Wanes & Ben. $26.40 /man—hr, 9.125% 3.29 B.061
~Dir. Salaries & Ben. 18 % DOWEB .59 3.011
-Op. Supplies & Service 6 % DOWEB 2.20 0.004
~GPOH on Operations 23 % DOWsSEB 0.89 B.217
~Control Lab $19.22 /man-hr. 0.020 @.329 0.087
-Tech. Assist. 1o Mfg. $22.06 /man-hr., 0.002 ?.04 0.001
Total Labor $5.40 $0.100
Capital-Related
-Maint. Wages & Ben. 1.7 % DPI $91.1 1.55 0.029
~Maint. Salaries & Ben. 25 % MUWRB 2,39 0.007
~-Maint. Mat’l & Service 49 % MWEB @.62 0.011
-Maint. Overhead 4 % MWaB .06 9.001
~GPOH on Maintenance 23 4 MWSEB .45 ©.008
~Taxes & Insurance @.3 % 0PI #91.1 @.27 @.005
-Depreciation - DPL 8 % 0PI $91.1 7.28 B.135
~Depreciation - APSRG & % APSRG $26.8 1.61 @.032
Total Capital $12.23 Q.228
Cost of Manufacture $76.84 $1.421
~Selling Expense 3 % Gales $135.0 4.14 Q.77
~Distribution $@.01 /1b. 355.8 3.56 0.066
~Research & Development 5 % Sales %$138.0 6.21 B.115
~Admiristrative Expense 2 %4 Sales $138.0 2.76 2.251
~-Incentive Compensation 6 % PTE $42.0 2.52 0.047
Cost of Sales $36.03 %1.776
-Preta= Earninas 0.0 % TIFR $140.9 42.01 @.777
~Credit: Byproduct #1 $0.00 /1b. 0.2 0.92 Q.200
—Credit: Byproduct #2 $0.20 /l1b. 2.2 .00 @.000
~Credit: Byproduct #3 $0.00 /lb. 6.0 2.00 2.000
Total Sales $138.04 $2.553
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ETHANOL. MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX S. CEREVISIAE - NO GLYCERINE RECOVERY
CASH FLOW (MILLION DOLLARS/YEAR)

Scenario:
Investment split avenly over three construction vears.

Plant operates at 590% of full scale the first vear.

" " 79% ! the second vear.
" ! 100% ! " the third year.
" 100% ¢ " thereafter.

[N I BN N CYRREN I S £

Five vear depreciation rate; half-vear convention;
(20, 32, 19.2, 11.5, 11.5, 5.8 %) taxes: 34% fed, 3% state.

INVESTMENT DEP. COST EX D SALES NET EARN ANN CASH

YEAR PI o e e e
1983 $30.37 ($30.37)
1984  $30.37 ($30.37)
1986 $30.37 ($30.37)
1986 $27.12  $18.22  $49.23  $69.02  $0.99  ($2.91)
1987 $29.16  $70.82 $103.53  $2.24  $31.39
1988 $17.49  $87.13 $138.04  $21.05  $38.55
1989 $10.48  $87.13 $138.04  $25.47  $35.95
1390 $10.48  $87.13 $138.04  $25.47  $35.95
1991 $5.28  $87.13 $138.04  $28.74  $34.03
1992 $87.13 $138.04  $37.07  $32.07
1993 $87.13 $138.04  $32.07  $32.07
1994 $87.13 $138.04  $32.07  $32.07
1935 $87.13 $138.04  $32.07  $32.07
1996 $87.13 $13B.04  $32.07  $32.07
1937 $87.13 $138.04  $32.Q7  $32.07
1998 $87.13 $138.04  $32.07  $32.07
1399 $87.13 $138.04  $32.07  $32.07
2000 $87.13 $138.04  $32.07  $32.07
2001 $87.15 $138.04  $32.07  $32.07
2002 $87.15 $138.04  $32.07  $32.07
2003 $87.13 $138.04  $32.07  $32.07
2004 $87.13 $138.04  $32.07  $32.07
2005 ($22.12) $87.13 $138.04  $32.07  $54.2

NET RETURN ON INUVESTMENT-3RD OPERATING YEAR = 15.6%
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX §. CEREVISIAE - NO GLYCERINE RECOVERY

Scenario:
Investment split evenly over three construction years.
Plant operates at 50% of full scale the first year.

" ! 75% " " the second vear.
" ! 100% " " the third year.
! ! 100% " ! thereafter.

(SRRt EEC ST S

Five vear depreciation rate; half-year convention;
(20, 32, 19.2, 11.9, 11.5, 5.8 %) taxes: 34% fed, 3% state.

CUM CASH NRU @ 15% %IRR
YEAR —--ommrs mmem e e
1883 ($30.37) ($30.37) -
1984  (86@.74) ($56.78) -
18985  (391,11) ($79.75) -
1986 (%$94.03) ($81.66) -110.86%
1987 ($B2.63) ($63.71) -32.5%

1988  (%24.09) ($44.55) -8.2%
19849 $11.86 ($29.01) 2.0%
1990 $47.81 ($15.49) 3.7%
1991 #%81.84 ($4.37) 13.7%
1992 $113.91 $4.75 16.3%
1993 $145.499 $12.68 18.1%
1934 $178.06 $19.57 13.4%
1985 $210.13 $25.57 20.4%
1996 $242.20 $30.78 21.1%
1997 $274.28 $35.31 21.6%
1938 $306.35 $39.2 22.1%
1989 $338.42 $42.68 22.47%
2000 $370.49 $45.66 d2.6%
2001 $402.57 $48.2 22.8%
2002 %434 .64 $50.51 23.0%
2003 $466.71 $52.47 23.1%
2004 $498.78 $54.17 23.2%
2005 $552.98 $56.67 23.3%
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X 5.

SCALE 0OF OPERATION

PRODUCT STOICHIOMETRY
MOLES/MOL PRODUCT
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/MOL PROD.
/MOL PROD.
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/MOL PROD.
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/MOL PROD.
/MOL. PROD.
/MOL PROD.
/MOL PROD.

12-Apr-89

MANUFACTURE
FERMENTATION ECONOMICS
CEREVISIAE - NO GLYCERINE RECQUERY

ANNUAL PRODUCTION LEUVEL

ANNUAL CAPACITY

OPERATING UTILITY

PRODUCT FORMED IN BEER

PRODUCT FORMED IN BEER AT CAPACITY
MOLAR YIELD-GLUC. 7O PROD. IN BEER (E
GLUCOSE DEMAND/PRQOD (EXCL. SPILL)
PRODUCT MOLECULAR WEIGHT

COMPOMENT
-GLUCOSE CONSUMED
~OXYGEN CONSUMED
~AMMONIA CONSUMED
-ACETALDEHYDE FORMED (#1)
~COMPONENT #2 FORMED
-COMPONENT %3 FORMED
~COMPONENT #4 FORMED
~COMPONENT #5 FORMED
~LIGHT ENDS FORMED (#86)
~ETHANOL FORMED (#7)
~-COMPONENT #8 FORMED
~COMPONENT #9 FORMED
~COMPONENT #10 FORMED
-WATER FORMED
-ACETIC ACID FORMED (#11)
~-1S0AMYL ALCOHOL FORMED (#12)
~GLYCERINE FORMED (¥13)
~COMPONENT #14 FORMED
-LACTIC ACID FORMED (#15)
~SUCCINIC ACID FORMED (#16)
~COMPONENT $#17 FORMED
~COMPONENT #18 FORMED
~COMPONENT #19 FORMED
~COMPONENT #2@ FORMED
~CARBON DIOXIDE FORMED
-HYDROGEN FORMED
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ETHANOL MANUFACTURE
GEMNERALIZED FERMENTATION ECONOMICS
EX §. CEREVISIAE -~ NO GLYCERINE RECOVERY

NUTRIENTS IN FERMENTER FEED

18-Apr -89

8 % ~N IN CELLS AS %CHO
80.9 mp/g cells -H3ZP04
61.B mg/g cells -KCIL
27.9 mg/g cells -MINOR NUTRIENTS
23.6 mo/g cells ~MigG04 . THZQ
.01 mg/g cells ~UITAMIN B1
1.25 mg/n cells -1
B.89 mo/n cells -NiCl2
@.72 mg/g cells -FeCl13.6H20
@.55 mp/g cells ~CaCl2.2HZ0
2.54 mg/g cells -HZB03
.22 mg/g cells -InS04 . TH20
@.15 mg/g cells ~MnS04 . HZ0
7.7 ug/g cells ~Cus04 ,5H20
5.4 ug/g cells ~NaMaoO4.2H20
4.3 ug/g cells ~CoCl12.6H20
FERMENTATION
TYPE @ (9 0R 1) -ANAEROBIC (©) OR AEROBIC (1)
STABES @ (@ CGR 1) ~CONCUR'NT (@) 0OR SEQUENT’AL (1)
CULTURE MODE @ (@ OR 1) -BATCH (@) OR CONTIMUQUS (1)
PROD INHIBITION 2 (@ OR 1) -WITH (@) OR WITHOUT (1)
CONDITIONS
STAGE: GROWTH PRODUCTION
33 353 C ~TEMPERATURE
4.9 4.0 -pH
/] T8 /1l == ~FRODUCT CONCENTRATION IN BEER
2.454 2.6548 g/l ~CELL DENSITY (GCHOD ONLY)
.00 2.023 /hr ~DILUTION RATE =* ERR
~PRODUCT PRODUCTIVITY
1.50 a/g*hr -Max Specific, g/g cells*hr
56 % -Inhibition Factor, % Max
8.84 g/qg*hr -Specific, g/q cells+*hr
Q.00 1.61 g/l*hr ~Yolumetric, g/l*xhr =*
.06 .00 g/lxhr -CELL PRODUCTIVITY (CHO ONLY)
2 @ mM/Ll*hr -OXYGEN TRANSFERRED
5 @ mM/mM -0XYGEN FED / OXYGEN STOICH. DEMAND
-- 2.1 g/l ~GLUCOSE SPILL
5 5 C -COOLING WATER TEMPERATURE
-- 19 kcal/gmol ~HEAT EVUOLVED-PRODUCT FORMATION
2 10 Biu/hr*gal -HEAT REMOVED BY COOLING COILS
* w/l2 hrs batch mode turnaround
FERMENTERS
@ 3,783,131 galloens ~ACTIVE VOLUME REQUIRED
15 15 % gross -HEADSPACE
o 5,236,187 gallons ~GROSS UOLUME (incl. 15% spares)
@ 500,000 gallons -GR0OSS SIZE
0.0 12.5 units ~NUMBER OF UNITS
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2= 12-Apr-89
ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX §. CEREVISIAE - NO GLYCERINE RECOUERY
BASIC DATA
PRODUCT SERARATION
L0 o/l ~CELL CONC. (CHO) EX FILTER
Q.053 pal/mineksf -FILTER THROUGHPUT
27,120 sg ft -FILTER SI7E

PRODUCT RECOUERY & PURIFICATION
98.5% (wi )% -YIELD ACROSS REFINING

MATERIALS OF CONSTRUCTION

CHOICES SELECTION
FERMENTERS 1.3 1
STILLS 1,2,3,4,5 1
HEAT EXCHANGERS 1,3,5,8 1
STORAGE TANKS 1,3 1

FOR WHICH:

=CARBON STEEL

=CARBON STEEL w/304 55 TRAYS
304 STAINLESS STEEL

=304 STAINLESS STEEL

Z16 STAINLESS STEEL

-MONEL

jTJr—~

il

[Spauy] -T—‘A &
ll

]

RETURN ON INUVESTMENT

To Calculate Selling Price Required to Provide a Fixed Return,
Desi

Enter the Desired Return on Investment: 30 %
ORr
To Calculate the ROI Resulting from a Fixed Market Price,
Enter the Market Price for: 1948 /1b.

Enter an Investment Contingency to Represent
the Risk lLevel of the Basic Data 38 %
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX 5, CEREVISIAE -~ NO GLYCERINE RECOVERY

SUMMARY
PRODUCTION LEVEL
54 MM GPY
INVESTMENT-$MILLION
MPC = 1984

Direct Permanent Investment $35.3
Allocated Power, Services & General %22.1
Working Capital $18.5
Total Investment $75.9

COST-%/6AL( 1988 >
Raw Materials $0.95
Utilities $0.13
Labor-Related $0.10
Capital-Related $0.10
Cost of Manufacture $1.27
SE, 0O, R&D, Adm, & I.C. $0.28
Cost of Sales $1.55
Pretax Earnings Based on: 30% Pretax ROI $@.42
By-product Credits $0.00
Selling Price $1.97

FINANCIAL CRITERIA
Net ROI 3rd Year {assumed) 16%
Investors Rate of Return (20 Operating Years) 25%
Year to Break Even -~ Annual Cash 14989
= Cumulative Cash 14991
-~ Cum. Disc. Cash (NPU) 1993
Net Present Value $MM (20 vyears 8 15%) $32.8
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ETHANOL MANUFACTURE
ENERALIZED FERMENTATION ECONOMICS
EX §. CEREVISIAE ~ NO GLYCERINE RECOVERY
INVESTMENT

CONDITIONS

@9-Apr-893

Sited in lowa on the Mississippi River adjacent to a corn wet mill
arid @ utility power house for over—the-fence supply of svrup and power.

CAPACITY © 8000 HRS MM GPY
MID-POINT OF CONSTRUCTION YEAR
CONSTRUCTION COST INDEX 1386=100
INVESTMENT CONTINGENCY % INSTALLED +
FERMENTER UNIT INVESTMENT $/GR.GAL.-GROWTH

$/GR.6AL.-PROD'N

*4@0% Recommended for new processes
DIRECT PERMANENT INUVESTMENT

SCALE
FACTOR
FERMENTATION SECTION
Receiving, Pren & Sterilization 0.6
Air Compression & Aeration 0.6
Fermentation @.89-1.00
Product/Cell Separation 0.75
Fermentation Sub-total
DISTILLATION SECTION STILLS HX 'S
Beer Still #1 $1.01 $3.13
Bear Still %2 @.41 @.76
Low-Boilers Sti1l11 #1 0.25 D.17
Low-Boilers Still #2 @.20 ¢.00
Low-Boilers Still %3 Q.00 B.00
High-Boilers Still #! Q.00 9.00
High-Boilers Still #2 Q.06 .00
Areotropge Still 1.41 1.84
Benzene Dehydrator 0.29 0.10

Decanter

Distillation Subtotal

STORAGE SECTION

Storage - Product
Storage - Byvproduct #1
Storage - Byvoroduct %2

TOTAL DIRECT FLANT
124

THIS
CASE
b@e.0
1984
128
30%
$0.00
$10.94

THIS CASE

BMM

$10.23
@.20
4.91
3.26

$18.4@

£4.14
1.17
@.42
0.00
.00
Q.20
2.00
3.25
@.49
¢.e3

$9.41

$7.51
$0.00
$0.00
$7.51

$35.32

S/ANN. GAL .

$0.171
®.000
@.082
@.a5%4

$0.307

$0.069
0.019
2.007
0.000
@.00@
¢.000
?.000
0.054
@.007
0.001

$0.157

$0.125
0.000
0.000@

$0.125

$0.589
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ETHANGL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX S. CEREVISIAE ~ NO GLYCERINE RECOVER

API/UNIT
UNITS BASECASE THIS CASE  UNITS
ELECTRICITY KW $183 $183 1,164
STEAM PPH $45 $45 363,573
COOLING WATER GPM 52 52 24,005
PROCESS WATER GPM 3313 $313 538
WASTE DISPOSAL MGPY $3 $3 456,170
GEN'L % SERVICES $%MM 10% 10% $28.7
TOTAL ALLOCATED PLANT
TOTAL FPERMANENT INVESTMENT
WORKING CAPITAL
DAYS OAaYs

BASIS BASECASE THIS CASE

RAW MAT'L INVENTORY FRAW MATL 2 2
SEMI-FINISHED PRODUCT B(R+M)/2 5 5
FINISHED PRODUCT HOOM 39 3@
CASH $(CO5-D) B B
ACCOUNTS RCD.-TRADE $5R 30 30
ACCOUNTS RCD.-MISC. %LCOM 2.9% @.9%
DEFERRED CHARGES %COM 1.5% 1.5%
TOTAL WORKING CAPITAL
Note: R = raw materials:; M or COM =
COS = cost of sales; &P = selling price;

TOTAL INVESTMENT FOR RETURN

125

Y

$MM

$MM
$0.31
2.82
5.65%
1.31
8.786
2.62
1.83

$18.50

cost of manufacture;
depreciation.

D

$75,04

@9-Apr-89

$/ANN.GAL

$/ANN. GAL

$1.266
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
Ex §. CEREVISIAE - NO GLYCERINE RECOVERY
INFLATION
PRICES & COST FACTORS EBASECASE FACTOR THIS CASE

Operating Year 1988 1988 1988

Raw Materials

~Biosugar Syrup $0.065 /lb. d.s. 1.00 $90.065 /1b. d.s.
~Anhyd. Ammonia $0.046 /1b, 1.00 $0.9045 /1b.
-Phosphoric Acid $0.155 /1b. 1.092 $@.15% /1b.
-Potassium Chloride $0.0%3 /lb. 1.90 50.853 /1b.
-Minor Nutrients $0.451 /1b, 1.00 $@.45%1 /lb.

Utilities

~Flectricity 50.040 /KWH 1.00 $2.040 /KWH
~Steam 2.20 /M lb. 1.00 $2.20 /M 1lb.
~Coaling Watar $0.84 /M gal. 1.00 $0.84 /M nal.
~Process Water $0.50 /M gal. 1.00 $0.50 /M oal.
-Biodegradation $@.04 /lb. d.s. 1.00 $@.04 /lb. d.s.
-Landfill $@.05 /1b. d.s. 1.00 $0.05 /1lb. d.s.

Labor-Related

~Dir. Dp. Wages & Ben. $26.40 /man-hr. 1.00 i28.40 /man-hr,
-Dir. Salaries & Benefi 18 % DOWARB - 18 % DOWRB
~0p. Supplies & Service 6 % DOW&SB - 6 % DOW&B
~GPOH on Operations 23 % DOWSEB _ 23 % DOWS&
-Contrel Lab $19.22 /man-hr. 1.00 $19.22 /man—hr.
-Tech. fAssist. to Mfg. $22.06 /man-hr. 1.00 22,06 /man-hr.

Capital-Related

-Maint. Wages & Ben. 1.7 % 0PI - 1.7 % DPI
-Maint. Salaries & Ben. 25 % MUW&B - 25 % MW&B
-Maint. Mat’l & Service 49 % MWEB - 49 % MW&B
-Maint. Overhead 4 % MWER - 4 % MWREB
~GPOH on Maintenance 23 % MWSRR e 23 % MWSEB
-Taxes & Insurarce 2.3 % DPI - 0.3 % DPI
~Jepreciation - 0PI 8 % DRI - 8 % DPI
~Depreciation - AFSEG & % APSEE - 6 % APS&G
Cost of Manufacture
~5elling Expense 3 % Sales -= 3 % Sales
~Distribution $0.01 /1b. - %0.01 /lb.
~-Hesearch & Develooment 4.% % Sales - 4.5 % Sales
~Administrative Expense 2 % Sales - 2 % Sales
-Incentive Compensation & ¥ PTE - & % PTE
Cost of Sales
~Pretax Earnings 20 % TIFR - 30 % TIFR
~Credit: Byvproduct #1 $0.00 /1hb. 1.00 $0.20 /1b.
~Credit: Bvproduct #2 $@.00 /ib. 1.00 $0.00 /lb.
~Credit: Byproduct #3 $30.00 /lb. 1.0 $2.00 /lb.
-Product Selling Price $2.00 /lhb. 1.00 %0.00 /1b.
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SALARIES & WAGES
CONTINUOUS FERMENTER CASE

SYRUP RECEIVING & TRANSFER
CHEMICALS RECEIVING & TRANSFER
INNOCULUM PREPARATION
MEDIUM PREPARATION
STERILIZATION
FERMENTATION

-CONTROL ROOM

~PATROL

-AIR COMPRESSION & AMMONIA FEED
DISTILLATION
BEER FILTER & CELL RECYCLE

TOTAL DAY & 4.2-SHIFT OPERATORS

TOTAL OPERATORS

CONTROL LABORATORY
BIOLOGICAL AMALYSIS
CHEMICAL ANALYSIS
OTHER

@9-Apr-89

250 MM FPY

DAy
SHIF

TOTAL DAY & 4.2-SHIFT TECHNICIANS

TOTAL LAB FORCE INCL SUPERVISION @ 20% @.

TOTAL LAB FORCE
TECHNICAL ASSISTANCE TO MANUFACTURING

PROCESS ENGINEERS

WAGES, SALARIES & BENEFITS SCHEDULE-

OPERATING WAGES - $/HOUR
TECHNICIANS ~ ANNUAL $
PROCESS ENGINEERS - ANNUAL %

PENSION - AS % OF COMPENSATION
FICa

UNEMPLOYMENT COMPENSATION
GROUP LIFE INSURANCE

MEDICAL INSURANCE

DENTAL INSURANCE

SAVINGS PLAN

VACATION

TLLNESS

ABSENCE WITH PERMISSION

TOTAL BENEFITS

$20.
$30,5
$35,0
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SALARIES & WAGES
CONTINUOUS FERMENTER CASE
MIN. FORCE
DAY ROTATING
DIRECT OPERATORS SHIFT SHIFTS
SYRUP RECEIVING & TRANSFER i -
CHEMICALS RECEIVING & TRANSFER -
INNOCULUM PREFARATION 1 -
MEDIUM PREPARATION 1 -
STERILIZATION -
FERMENTATION
—CONTROL ROOM - 1
-FPATROL - 1
-AIR COMPRESSION & AMMONIA FEED - L
DISTILLATION - 1
BEER FILTER & CELL RECYCLE - 1
TOTAL DAY & 4.2-SHIFT OPERATORS 3 5
TOTAL OPERATORS 24
CONTROL LABORATORY
BIOLOGICAL ANALYSIS - 1
CHEMICAL ANALYSIS -
OTHER - -
TOTAL DAY & 4.2-SHIFT TECHNICIANS @ 8
TOTAL LAB FORCE INCL SUPERVISION @ 20% 2.9 10.1
TOTAL LAB FORCE 10.1
TECHNICAL ASSISTANCE TO MANUFACTURING
PROCESS ENGIMEERS 1 -

WAGES, SALARIES & BENEFITS SCHEDULE- 1988

OPERATING WAGES - $/HOUR
TECHNICIANS ~ ANNUAL $
PROCESS ENGINEERS - ANNUAL %

PENSION - AS % OF COMPENSATION
FICA

UNEMPLOYMENT COMPENSATION
GROUFP LIFE INSURANCE

MEDICAL INSURANCE

DENTAL INSURANCE

SAVINGS PLAN

VACATION

[LLNESS

ABSENCE WITH PERMISSION

TOTAL BENEFITS
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ETHANOL MANUFACTURE
GENERALIZED FERMEMTATION ECONOMICS
EX 5. CEREVISIAE - NO GLYCERINE RECOUERY

MILLION
1988 COST SHEET RATE /UNIT UNITS $FMILLION $/gal
Raw Materials
-Biosugar Syrup $0.265 /lh. d.s. 779.34 5@ .66 0.939
—-Anhyd. Ammonia $2.046 /lb. 1.32 Q.06 0.091
~Phosghoric Acid $0.159 /1b. 1.10 h.17 0.903
-Potassium Chloride $@.053 /l1b. @.84 0.04 @.001
~Minor Nutrients $0.451 /lb. d.38 9.17 2.203
Total Raw Materials $51.19 $0.947
Utilities
~Flectricity B0 .04Q /HWH 8,30 .34 ?.006
~5team $2.20 /M 1b. Z.5915 5.70 0.106
-Cooling Water £0.04 /M gal. 1@.27 @.41 0.008
~Process Water $0.50 /M gal. 2.2 ¢.14 0.003
-Biodegradation $0.04 /lb. d.s. 4.80 0.19 0.004
~Landfill F0.205 /1lb. d.s. 0.00 .02 @.a00
Total Utilities $6.78 $0.126
Labor-Related
~Dir. Op. Wages & Ben. $26.49 /man-hr. 2.124 3.2 0.061
~Dir. Salaries & Ben. 18 % DOWEB 0.%9 ?.011
~-0p. Supplies & Service & % DOWEB 0.2 ?h.004
-GPOH on Operations 245 % DOWSRE ©.89 @.817
-Control Lab $19.22 /man-hr, 2.220 .39 a.007
~Tech. fssist. to Mfg. $22.06 /man—hr. 0.902 0.24 0.001
Total Labor $5.40 $0.100
Capital-Related
~Maint. Wages & Ben. 1.7 % DPI $35.3 0.60 @.011
~Maint. Salaries & Ben. 25 % MWRB 0.15 @.083
-Maint. Mat’l & Service 49 % MWEB .24 2.004
-Maint. Overhead 4 % MWEB .02 . 000
—-GP0OH on Maintenance 23 % MWSAB a.17 Q.203
~Taxes & Insurance .3 % DRI F35.3 2.11 @.002
~Depreciation - DOPI 8 % DPI $39.3 2.83 Q.952
-Dapreciation - APS&G B % APSKG $22.1 1.33 0.025%
Total Capital %5.45 0.101
Cost of Manufacture $68.73 $1.273
~Selling Expernse 2 % Sales $106.6 3.20 2.054
-Distribution $2.91 /lb. 355.2 3.55% 0.066
-Research & Davelopment 5 % Sales $106.6 4.80 @.089
~Administrative Expensa 2 % Sales $196.6 2.13 @.039
~Incentive Compensation B % PTE $22.8 1.37 @.025
Cost of Sales $83.77 $1.552
-Pretax Earnings 30.0 % TIFR $75.9 22.79 0.422
~Credit: Byproduct #1 $0.00 /1b. 2.9 0.00 0.000
~Credit: Byproduct #2 $0.00 /1b. 0.0 2.20 ?.000¢
~Gredit: Byproduct #3 $0.0¢ /1lb. @.9 Q.00 ?.000
Total Sales $106.56 $1.974
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ETHANOL MANUFACTURE

ENERALIZED FERMENTATION ECONOMICS
EX S. CEREVISIAE - NO GLYCERINE RECOVERY

CASH FLOW (MILLION DOLLARS/YEAR?

Scenario:
Investment split evenly over three

[y

13

o L

]

m

YEAR
1983
1984
13985
1986
1987
139882
1989
199@
1991
1992
14933
1934
1995
1396
1997
1998
1999
2000
2001
2002
2003
2004
2025

Plant coperates at H90% of full

" . 5%
100%
" " 100%

Five vear depreciation rate:

"

"

half-vear

(2@, 32, 19.2, 11.5, 11.5, 5.8 %);

INVESTMENT DEP.

PI W -
$11.77
$11.77
$11.77

$18.5@ $7.9068

B11. 20

$6.78

$4 .08

$4.06

$2.05

($18.5@)

COST EX O

B44,
F65.
$79.
$79.
$79.
$79.
$79.
$79.
$79.
579,
$79.6
$73.
79,
$79.
§79.
$79.
$79.
$73.
$79.
$79.

94
41

fop s Beslier i vplia v BN o3
r3 PRI P TS P T

S B S R )

juy

construction vears.

scale the
the second

first

year.

vear.

the third vear.
thereafter.

34%

convention:
taxes:

23~

Apr—-89

fed, 3% state.

SALES NET EARN ANN CASH

$53.
$79.

5106
%106
$106
$106

$106.

5106

$106.

£106
$106
$106
$106
$106

$106.
$106.
$1026.5

$106

$106.

%106

28
92
.ob
.56
.56
.56
56
.56
56
.58
.56
.56
.56
.56
56
56
56
.5b
56
.5bb

NET RETURN ON INVESTMENT-3RD OPERATING YEAR =
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%0.81

$2.02
$12.71
$14.42
$14.47
$15.69
$16.98
$16.498
$16.98
$16.98
$16.598

($11
(%11

($11.

($10.

$13.3
$19.
$18.
$19.
$17.
516.
$16.
£16.
516.
B16.
$16.
.98
.98

$16
$16

$16.
$16.
816,
.38
.38

$16
$16

$35.

A7)
L7

77)
63)
32
49
48
48
74
98
938
98
38
98
98

98
98
398

47
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX 5. CEREVISIAE - NO GLYCERINE RECOVERY

Scenario:
1. Investment split evenly over three construction vears,

2. Plant operates at 50% of full scale the first vear.
3. " " 5% ! ! the second vear.
4, " " 100% " " the third year.
5 " " 100% " g thereaftar.

6. Five vear depreciation rate; half-year convention;

(2@, 32, 19.2, 11.9, 11.5, 5.8 %); taxes: 34% fed, 3% state.

YEAR ———ommme mmemm e e
1983 (#11.77) ($11.77) -
1984 ($23.54) ($22.01) -
1985 ($35.32) ($30.91) -
1986 ($45.94) ($37.90) -184.9%
1887 (%32.62) ($30.28) ~43.0%
1988 ($13.13) ($20.59) -10.4%

1389  $5.35 ($12.60) 3.1%
1990  $23.83  ($5.66) 10.6%
1991 $41.56  %0.14 15. 1%
1992 $58.54  $4.,97 17.9%
1993 $75.52  $9.16 19.9%
1994  $92.49  $12.81 21.3%
1995 $109.47  $15.93 22.3%
1996 $126.45  $18.75 23.0%
1997 $143.43  $21.15 23.6%
1998 $160.40  $23.23 24.0%
1399 $177.38  ©25.05 24.3%
2000 $194.36  $26.62 24.5%
2001 $211.33  $29.00 24.7%
2002 $228.31  $29.18 24.9%
2003 $245.29  $30.23 25.0%
2004 $262.27  $31.13 25.1%
2005 %287.74  $32.77 25.2%
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SCALE OF OPERATION

PROOUCT

EX S.

355.2
h4.0
394.6
bo.@
30
3h1.4
491.6
96.5
2,105
46.0Q7
STOICHIOMETRY
MOL. WT. MOLES/MOL
180.18 @.53181
32.00 0.0006¢0@
17.02 ©.0000e
44.05 @.00150
.00
.00
.00
. G0
58.10 @.00as52
45. @7 1.00800
.0
.ae
.20
1§.02 -@.06791
E@.O5 ©.00860
88.15 0.00261
92.04 0.02300
. 0@
92.28 @.00110
118.09 0.08057
.02
.00
.20
.02
44,01 1.880691
2.02 Q. 12377

ETHANOL

Q9-Apr-89

MANUFACTURE
GENERALTZED FERMENTATION ECONOMICS
CEREVISIAE - NO GLYCERINE RECOVERY

MM
MM
MM
MM
%
MM
MM
%
ib
MO
[l)
M
M
/M

PPY ANNUAL PRODUCTION LEVEL

GFY

PRY ANNUAL CAPACITY

GPY

0

OPERATING UTILITY
PPY FRODUCT FORMED IN BEER
PEY FRODUCT FORMED IN BEER AT CAPACITY
MOLAR YIELD-GLUC. TO PROD. IN BEER (E
/1b GLUCOSE DEMAND/PROD (EXCL. SPILLD
L WT PRODUCT MOLECULAR WEIGHT

RODUCT

Ol PROD.
oL PROD.
0L PROD.

/MOL PROD.

M
/M
/M
/M
/M
/M
/M
/M
/M
/M
/M
/M
M
/M
AM
/M
/M
/M
/M
/M
/M
/M

0L PROD.
OL PROD.
oL PROD.
0L PROD.
0L PROD.
0L PROD.
oL PROD.
oL PROD.
OL PROD.
oL PROO.
OL PROD.
oL PROD.
oL PROD.
oL PROD.
oL PROD.
oL PROG.
oL FROD.
OL PROD.
QL FRGD.
OL PROG.
0L PROD.
oL PROD.

132

COMPONENT
-GLUCDOSE CONSUMED
~0XYGEN COMSUMED
~AMMONTIA CONSUMED
~ACETALDEHYDE FORMED (#1)
-~COMPONENT #2Z FORMED
~COMPONENT #3 FORMED
~COMPONENT #4 FORMED
~COMPONENT #5 FORMED
-LIGHT ENDS FORMED (%6
~ETHANOL FORMED (#7)
~COMPONENT #8 FORMED
~COMPONENT #3 FORMED
-COMPONENT #1@ FORMED
-WATER FORMED
-ACETIC ACLD FORMED (#11)
~I1S0AMYL ALCOHOL FORMED <(#12)
-GLYCERINE FORMED <(#13)
~COMPONENT #14 FORMED
-LACTIC ACID FORMED (#1h)
~SUCCINIC ACID FORMED (#16)
-COMPONENT #17 FORMED
~COMPONENT #18 FORMED
-COMPONENT #19 FORMED
—COMPONENT #2@ FORMED
-CARBON DIOXIDE FORMED
-HYDROGEN FORMED
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX 5. CEREVISIAE - NO GLYCERINE RECOVERY

NUTRIENTS IN FERMENTER FEED

8 % -N IN CELLS AS %CHO
.9 mg/g cells -H3F04

.B mg/g cells ~-KCl
g
[

oy
Ll

mg/g cells ~-MINOR NUTRIENTS
mg/g cells ~MgS04.7HI0

Q! mo/g cells -UITAMIN Bl

.25 mg/g cells -KI

.89 mo/g cells ~NiCl12

mg/g cells ~Fel13.6H20

.55 ma/g cells -CaCl2.2H20

.54 ma/g cells ~H3803

2 mg/g cells ~InS04 ., 7HZ0

5 ma/g cells ~-MnS04 . H20

.7 ug/g cells ~CuS04 .5H20
4
3

Ll ~

OSSOSO MNTM
~J

7
5.4 ug/g cells ~MNaMo04.2H20
4.3 ug/g cells ~CoCl2.6HZ0
FERMENTATION
TYPE @ ¢® OR 1) ~ANAEROBIC (@) OF AERGBIC (1)
STAGES @ (@ OR 1) ~CONCURNT (8) OR SEQUENT'AL (1)
CULTURE MODE 1 (2 OR 1) ~BATCH (@) OR CONTINUOUS (1)
PROD INHIBITION @ (®2 0OR 1) -WITH (@) OR WITHOUT (1)
CONDITIONS
STAGE: GROWTH PRODUCTION
33 33 C ~-TEMPERATURE
4.9 4.¢ ~pH
] 90 g/l *# ~-PRODUCT CONCENTRATION IN BEER
3.239 50.00@ g/l ~-CELL DENSITY (CHO ONLY)?
Q.08 8.208 L/tr ~DILUTION RATE = ERR
~PRODUCT PRODUCTIVITY
1.50 o/o+hr ~Max Specific, a/g cells*hr
25 % ~Inhibition Factor, % Max
D.38 g/o*hr -Specific, g/g cells*hr
7.00 18.75 g/l*hr ~UYolumetric, g/l*hr =
@.67 .00 g/lxhr -CELL PRODUCTIVITY (CHCQ ONLY)
23 D wM/1shr -0XYGEN TRANSFERRED
5 @ mM/mM -OXYGEN FED / OXYGEN STOICH. DEMAND
~- 2.1 g/l ~GLUCOSE SPILL
5 5 C ~COOLING WATER TEMPERATURE
— 19 kecal/gmol ~HEAT EVDLUVED-PRODUCT FORMATION
29 114 Btu/hr+*gal -HEAT REMOVED BY COOLING COILS
*+ /12 hrs batch mode turnaround
FERMENTERS
2 324,067 gallons ~ACTIVE VOLUME REQUIRED
15 15 % npraoss ~HEADSPACE
] 448,53]1 gallons ~BROSS VOLUME (incl. 1%5% spares)
] 500,000 gallons ~GR0OSS SIZE
2.0 2.9 units ~NUMBER OF UMITS
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ETHANCL MANUFACTURE

GENERALIZED FERMENTATION ECONOMICS
EX 5. CEREVISIAE - NO GLYCERINE RECOUERY
BAGSIC DATA
PRODUCT SEPARATION
500 g/l -CELL CONC, (CHO) EX FILTER
0.853 gal/min*sf -FILTER THROUGHPUT
19,994 sq ft -FILTER SIZE

PRODUCT RECOVERY & FURIFICATION
98. 3% (wt )% ~YIELD ACROSS REFINING

MATERIALS OF CONSTRUCTION

CHOICES SELECTION
FERMENTERS 1,3 1
STILLS 1,2.3.4.,5 i
HEAT EXCHANGERS 1,2,5,86 1
STORAGE TANKS 1,3 1
FOR WHICH:

1=CARBON STEEL

2=CARBON STEEL w/304 SS TRAYS
3=304 STAINLESS STEEL

4=3041L STAINLESS STEEL

5=316 STAINLESS STEEL

E=MONEL

RETURN ON INVESTMENT

To Calculate Selling Price Reaguired to Provide a Fixed Return,

Enter the Desired Return on Investment: 20 %
OR
To Calculate the ROI Resulting from a Fixed Market Price,
Enter the Market Price for: 1988 /1lb.

Ernter an Investiment Contingency to Represent
the Risk lLevel of the Basic Data 30 %
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DISTILLATION DATA MATRIX

~~~~~~~~~~~~ e i e LOWER BOIL
DEFAULT IMPRURITY IMPURITY PRODUCT
ITEM COMPONENT UalLUE 1 £z #3

1 NAME

2 PRIORITY AS REFINED PRODUCT LIST 1-4

3

4 NORMAL BOILING PT, C

5 LOSS/COLUMN, WT % 0.5

6 LEVEL AS IMPURITY, WT% B.20

7 VAP PRESS TEMP, C 920

8 UAPOR PRESS, mm Ho 300000

9 HT VAPORIZATION, Btu/lb 215.0
19 SENSIBLE HT (LIQ), Btu/(lh) 2.5

11 MAX THERMAL STABILITY, C 150

12 LNCACTIVITY COEFFICIENTS)
13 ~COMP. #1 in: oW - 0.100 0.100
14 ~COMF . %2 in: . 109 MK RN 2.100
158 ~COMP. #3 in: . 100 2.100 AR
16 ~COMP. #4 in: 100 @.100 100
17 ~-COMF. #5 in: L1060 0.100 1860
18 ~-COMP. %6 in: . 100 2.120 109
19 ~COMP. #7 in: . 100 0.100 120
2 -COMP, #B in: 120 D.120 100
21 ~COMP. #9 in: . 100 D.100 100
22 ~COMP. $#1@ in: . 100 0.100 100
3 ~WATER in: .60 @.602 21l
4

-COMP. #11 in:
-COMP. #1Z2 in:
~COMP. #13 in:
-COMP. #14 in:

. 100 @.1¢0
. 108 @.10@
. 120 2.1de
. 100 D.109

@

[ENEECURN NI S B o S T LN T % B SR
-\!

USRS S9SN
—
]
=

Ak ok ok ok kR ok K R Kk ok K ok %k ¥ K ok Kk ok &

-

8 ~COMP., #15 in: . 109 Q.18 100
9 ~COMP. #16 in: L1020 ?.100 100
0 ~COMP, #17 in: .109 @.100 100
1 -COMP. ¥18 in: .120 @.100 100
32 ~COMP. #19 in: . 100 @.190@ 100
33 -COMP ., #22 in: . 109 @.100 ?.100
* The following values can be used in lieu of actual
activity coefficients;: however, the uncertainty of
the calculation is raised significantly:
alcohol/alcohal; ketone/ketone; aldehyde/aldehvde = 0.1
aldehyde/ketone = 0.3
other organic/other organic = 2.5
alcohol/water = 9.6
other organic/water = 1.0
34 B(n) VAPOR PRESSURE CONST. -2476.10 ~2476.10 ~2475.10
35 A(n) VAFOR PRESSURE COMST. 15.703 15.703 15,703
36 UAPDOR FPRESSURE @40 C 2422.2 2422.2 2422.2
27 YAPOR PRESSURE B1Z0 C 12121.9 12121.9 12121.9
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34 B(n) VAPOR PRESSURE CONST.
35 Aln) UAPOR PRESSURE CONST.

36
37

IS}

DISTILLATION DATA MATRIX

COMPONENT

NAME
PRIORITY

NORMAL BOILING PT, C
LOSS/COLUMN, WT %
LEVEL AS IMPURITY,
VAP PRESS TEMP, C
VAPOR PRESS, mm Hao
HT UAPORIZATION, Btu/lb
SENSIBLE HT (LIQ),
Max THERMAL STABILITY, C
LNCACTIVITY COEFFICIENTS
-COMP. #1 in:
-COMP. #2 in:
~COMP. #3 in:
-COMP. #4 in:
~COMP. #5 in:
~COMP . #6 in:
~COMP. %7 in:
~COMP. #8 in:
-COMP. #9 in:
-COMP. %10
~WATER
~COMP.
-COMP .
~COMP.
~COMP.
~COMP.
~COMP.
-COMP.
~COMP.
-COMP.
~COMP,

WT%

in:
in:
in:
in:
in:
in:
in:
in:
in:
in:
in:
in:

¥11
¥12
¥13
ti4
$15
t1e
117
$18
$19
120

AS REFINED PRODUCT

Btu/(1lt)

DEFAULT
UALUE

IMPURITY IMPURITY IMPURITY
14 5 *6

LIST

57.8
@.59
0.20

300
800000
215.0
2.50
150

.@o
-8.5
6.0

176.4
Q.47

K % ok Ak Kk ok ok ok ok ¥k ok ok ok Ok Kk

% Kk kK & X

¥ The following values can be used in lieu of actual

activity coefficients;

however, the uncertainty of

the calculation i5 raised significantly:

alcohol/alcohol;

aldehvde/ketone = 0.

other organic/other
alcohcl/water = 0.6
other organic/water

VAPOR PRESSURE @40 C
UAPOR PRESSURE @120 C

betone/ketone;

aldehvde/aldehyde = @.1

-

o}
organic = 0.5
= 1.0
-2476.10 ~3498.74 -3925.74
15.703 18.259 18.501
2422.2 1585.7 387.0
12121.9 14554.7 4872.0
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DISTILLATION DATA MATRIX

~~~~~~~~~~~~~~~~~~~~~ LOW BOIL
DEFAULT  PRODUCT
ITEM COMPONENT VALUE *7
1 NAME ETHANCL
2 PRICGRITY A8 REFINED PRODUCT LIST 1
3
4 NORMAL BOILING PT, C 78.4
5 LOSS/COLUMN, WT % .50
5 LEVEL AS IMPURITY, WT% Q.29
7 VAP PRESS TEMP, C 30@ 18.@
8 VAPOR PRESS, mm Hg 800000 40.8
9 HT UAPORIZATION, Btu/lb 215.9 367.2
12 SENSIBLE HT (LIQ), Btu/{lh)} 2.502 0.68
11 MAX THERMAL STABILITY, C 150
12 LNCACTIVITY COEFFICIENTS)
13 -COMP. #1 in: * 0.102
14 ~COMP. #2 in: * 2.100
15 ~COMP . #3 in: * 0.100
18 ~COMP. #4 in: * 0.100
17 ~COMP. #5 in: * 2.100
18 ~COMP. #B in: ¥ 0.120
19 -COMP. #7 in: * R
20 ~COMP. #8 in: * @.108
21 ~COMP., #9 in: * 2.100
22 ~COMP. #1@ in: » 0.109
23 ~-WATER in: * 0.600
24 ~GOMP, #11 in: * @.100
25 -COMP. #12 in: * ?.100
26 -COMP., ¥13 in: * 0.100
27 ~COMP. $14 in: * 2.10@
28 ~COMP. $#15 in: * 2.100
29 -COMP. #16 in: * @.100
30 ~COMP. #17 in: * @.100
31 ~COMP. %18 in: * 9.120
32 -COMP. $#19 in: * @.100
33 ~COMP. %20 in: * D.190

29-Apr-89

IMPURITY IMPURITY

#8 #93

0.100 2.108
@.100 @.100
.10 2.100
P.162 2.100
7.100 0.109
2.100 3.190
2.180 2.100
NN D.100
?.100 P

B.100 2.100
0.600 @.600
0.100 Q.100
2.100 0.100
2.100 @.100
@.100 2.100
?2.190 @.100
2.100 9.109
Q.100 @.10@
@.100 2.100
0.100 0.100
2.100 2.100

* The following values can be used in lieu of actual

activity coefficients: however,
the calculation is raised significantly:

alcohol/alcohol: bketona/kestane;
aldehyde/ketone = 0.3
other organic/other organic = 0.5

alcohol/water = Q.6

other organic/water = 1.0
34 B(n) VAPOR PRESSURE CONST. -44984 .94
35 Al{n) UAPOR PRESSURE CONST. 20.813
36 UAPOR PRESSURE @40 C 133.3
37 VAPOR PRESSURE @120 C Z411.6

137

the uncertainty of

aldehyde/aldehyde = 0.1

~2476.10 -2476.10
15.703 15.7@3
242272 2422.2

12121.9 12121.9
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18
19
0o
21
a7
23
24
25
pl
27
?

"

L
20
31
32

29

34
35
36

ot

-4~ Q9-Ap-—-89
DISTILLATION DATA MATRIX
DEFAULT IMPURITY IMPURITY
COMPONENT YALUE 312 WATER #11
NAME ACET ACD
FRIORITY A% REFINED PRODUCT LIST
NORMAL BOILING FT, C 109.9 118.1
LLOSS/COLUMN, WT % 2.50
LEVEL AS IMPURTITY, WT% ?.20
VAP PRESS TEMP, C S0 0.0 20.0
VAPDR PRESS, mm Hg 800000 31.8 11.7
HT VAFODRIZATION, Btu/lb 215.0 97@.3 174.2
SENSIBLE HT (LIQ), Btu/tlh) 2.50 1.00 0.52
MAX THERMAL STABILITY, C 150
INCACTIVITY COEFFICIENTSD
~COMF. #1 in: * D.100 2.600 @.10@
~COMP, %2 in: * ©.100 2.600 @.100
-COMP . #3 in: * 0.100 2.600 2.100
=COMP. #4 in: * @.100 0.600 ©0.100
~COMP. #5 in: * B.100 0.600 @.100
~COMP. %6 in: * 0.100 0.600 2.100
-COMF. #7 in: * ©.100 2.600 0.100
~COMP. #8 in: * Q.100 0.600 0.100
~COMP. #9 in: * Q.100 0.600 0.100
-COMP. #1@ in: * KE N 2.600 0.100
-WATER in: * 2.600 RO R 2.600
~COMP. #11 in: * ?.100 0.600 X
~COME. #12 in: * 0.100 0.600 Q.12
-COMP. #1353 in: * D.180 0.600 @.100
~COMP. #14 in: * 0.100 0.600 0.120
-COMP, #15 in: * .10 0.600 2.120
-COMP. #16 in: * @.100 2.600 @.100
-COMP. #17 in: * 3.100 @.606 @.100
-COMP. #18 in: * 0.100 @0.600 %.100
-COMP. $#19 in: * 2.100 0.600 0.100
-COMP. #2@ 1in: * 0.100 2.600 2.100
* The following values can be used in lieu of actual
activity coefficients: howaver, the uncertainty of
the calculation is raised significantly:
alcohcl/alcohol: ketone/ketone; aldehyde/aldehyde = @.1
aldehvde/ketone = 0.3
other organic/other organic = 0.5
alcohol/water = 0.6
other organic/water = 1.0
B(n) UAPOR PRESSURE CONST. -2476.10 -5123.15 -4875.41
Aln) VAPOR PRESSURE CONST. 15,703 20,368 19.048
UAPOR PRESSURE 049 C 2422 .2 54.6 33.9
UAFOR PRESSURE 81260 C 12121.9 1528.9 807.2
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DISTILLATION DATA MATRIX
DEFAULT IMPURITY IMPURITY IMPURITY
COMPONENT VALUE 15 16 %17

NAME LAC ACD  sUC aCDh
PRIORITY AS REFINED PRODUCT LIST

NORMAL BOILING PT., C

LOSS/COLUMN, WT % 0.50

LEVEL AS IMPURITY, WT% 2.20

UAaP PRESS TEMP, C 900

UVAPOR PRESS, mm Ho 800000

HT UAPORIZATION, Btu/lb 215.0 540.0 336.0

SENSIBLE HT (LIQ), Btu/(lb> P.50 2.5%8 ?.58

MAX THERMAL STABILITY, C 159

LNCACTIVITY COEFFICIENTS)
~COMP. %1 in:
-COMP. #2 in:
-COMP. %3 in:
~COMP. #4 1n:
~COMP. &5 in:
-COMP. #5 1in:
~COMP . #7 1n:
-COMP. #8 in-:
-COMP. %9 in:
~COMP. #19 in:
~WATER in:
~COMP. #11 in:
-COMP. #12 in:
~COMP. #1373 in:
~COMP. #14 in:
~COMP. #15 in:
~COMP. #15 in:
~COMP . #17 in:
~COMP. #18 in:
~COMP. #19 in:
~COMP. #20 in:

£ % K Kk X ¥ %

ok % ok kK

w ok Kk Kk ok K X
>

+ The following values can be used in lieu of actual
activity coefficients: however, the uncertainty of
the calculation 1s raised significantly:

alcohol/alcohol: ketone/tetone: aldehyde/aldehyde = 0.1
aldehyde/ketone = 8.3

other organic/other organic = 0.5

alcohol/water = 2.6

other organic/uater = 1.0

Bin) UAROR PRESSURE CONGT. ~2476.10 -2476.19 -2476.10@
ACrn) UARPOR PRESSURE CONST. 15.7@3 15.703 15.703
UAPOR PRESSURE @40 C 2422.2 242272 2422.2
UAFOR FPRESSURE @120 C 12121.9 12121.9 12121.9

140
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DISTILLATION DATA MATRIX

DEFAULT
ITEM COMPONENT VALUE
1 NAME
2 PRIORITY AS REFINED PRODUCT LIST
3
4 NORMAL BOILING PT, C
5 LOSS/COLUMN, WT % .50
6 LEVEL AS IMPURITY, WT% .20
7 UAP PRESS TEMP, C 900
8 UAPOR PRESS, mm Hg 300000
9 HT VAPORIZATION, Btu/lb 215.0
19 SENSIBLE HT (LIQ)Y, Biu/(lh) 0.50
11 MAX THERMAL STABILITY, C 150
12 LN(ACTIVITY COEFFICIENTS)
3 ~COMP. #1 in: *
14 -COMP. #2 in: *
15 ~COMP. %3 in: *
16 -COMP. #4 in: *
17 -COMP. %5 in: *
18 ~COMP. %6 in: *
19 ~COMP. #7 in: *
20 ~COMP., #8 in: *
21 -COMP. #9 in: *
22 ~COMP. %10 in: *
23 -WATER in: *
24 ~COMP. #11 in: *
25 ~COMP. #12 in: *
28 ~COMP, ¥13 in: *
27 -COMP. #14 in: *
28 ~COMP. #15 in: *
24 -COMP. #18 in: *
30 -COMP. #17 in: *
3 ~COMP, #18 in: *
32 -COMP., #1939 in: *
33 ~COMP. #2@ in: *

HIGHER BOIL

PRODUCT IMPURITY IMPURITY
18 ¥19 #20
0.100 0.100 0.122
2.100 0.100 0.100
0.100 2.100 2.100
9.100 2,120 2.120
@.100 0.100 0.102
0.108 @.100 2.100
0.120 2.100 2.100
0.100 0.100 @.100
2.100 2.1920 9.100
0.100 2.100 0.100
D.600 0.600 0.600
0.100 @.100 0.100
0.100 2.1920 0.109
3.100 Q.100 ?.100
0.100 2.100 B.10@
9.100 @.129 2.160
0.120 2.100 @.100
2.100 2.100 @.100

AN 0.120 9.100
0.100 WK 0.1006
Q.10 G.109 WA,

* The following values can be used in lieu of actual

activity coefficients: however,
the calculation is raised signific

alcohol/aleohol;s ketone/ketons;
aldehyde/ketone = 0.3

other arganic/ather organic = @
alcohol/water = @.65
other organic/water = 1.0

34 B(n) VAPDR PRESSURE CONST.
35 Aln) UAFOR PRESSURE CONST.
36 UAFOR PRESSURE @40 C
37 UAPOR PRESSURE @122 C

141

antly:
aldehyde/aldehyde
.5
-2476.1@ -2475.10
15.703 15.703
2422.2 2422.2
12121.9 12121.9

thae uncertainty of

= 0.1

-2476.10

15.703
2422.7

12121.9
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( THOUSAND ANNUAL POUNDS)?

401,530 PRODUCT FORMED

FORMED WITH PRQODUCT

576 -ACETALDEHYDE
® -~COMPONENT #2
@ -COMPONENT %3
® ~COMPONENT #4
@ -COMPONENT %5
402 ~LIGHT ENDS
491,590 -ETHANOL (PRODUCT)
@ -COMPONENT #8
@ -COMPONENT #9
@ -~COMPONENT #10

(1@,685) -WATER

4,502 -ACETIC ACID
2,008 -1sCAMYL ALCOHOL
18,465 -GLYCERINE
@ -COMPONENT #14
864 -LACTIC ACID
587 -SUCCINIC ACID
@ -COMPONENT %17
@ -~COMPONENT #18
@ -COMPONENT #19
@ -COMPONENT #20
2,175  -HYDROGEN
414,689 ~CARBON DIOXIDE
CONSUMED FOR PRODUCT
855,192 -GLUCOSE
@ -AMMONIA
@ ~-0OXYGEN
15,146 CELLS PRODUCED ~ CHO
1,385 CELL.S PRODUCED - NHZ
FORMED WITH CELLS
085 ~WATER-CHO
779 -WATER-NHZ
9,861 -WATER-TOTAL
22,202 ~CARBON DIOXIDE-CHGO
CONSUMED FOR CELLS
30,292 ~GLUCOSE-CHO
1,471 ~AMMONIA-NHZ
16,147 -0OXYGEN-CHO
692  -OXYGEN-NH2
16,839 -OXYGEN-TOTAL
84,196 OXYGEN FED-GROWTH
278,822 NITROGEN FED-GROWTH
67,356 OXYGEN VENT-GROWTH

NITROGEN VENT-GROWTH

92 CARBON DIOXIDE VEMT-GROWTH

88 WATER VENT GROWTH

142
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OFTEN USED PARAMETERS
{ THOUSAND ANNUAL POUNDS)
@ OXYGEN FED-PROO'N
@ NITROGEN FED-PROD'N

@ OXYGEN VENT-PROD’N
@ NITROGEN VENT~-PROD'N
414,639 CARBON DIOXIDE VENT-PROD*N
16,663 WATER VENT-PROD'N

451,352 PHI
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WATER BALANCE

WATER IN:
MAKE UP WATER 2,523,783
BI0SUGAR SYRUP 1,298,846
STERILIZER STEAM 169,595
FORMED WITH CELLS 3,861
FORMED WITH PRODUCT (10,66%)
TOTAL IN 5,991,470

WATER OQUT:
AQUEOUS WASTE 3,766,642
CONDENSATE MAKEUP TO P.H 163,585
FERMENTER UENTS 27,952
PURGED WITH CELLS 27,282
MOISTURE IN PRODUCTS 74
TOTAL OUT 5,891,470
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS

Q

. CEREVISIAE - NO GLYCERINE RECOVERY

THOUSAND ANNUAL POUNDS

STREAM
CELLS -CHO

~NHZ

~MINERALS

-TOTAL
ACETALDEHYDE
COMPONENT #2
COMRONENT #3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT %8
COMPONENT #19@
ACETIC ACID
IsOAMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE
GLUCOSE
AMMONTA
PHOSPHORIC ACID
POTASSIUM CHLORI
MINOR NUTRIENTS
WATER
CARBON DIOXIDE
OXYGEN
NITROGEN
HYDROGEN
GRAND TOTAL

CHECK

TEMPERATURE, C
PRESSURE, PSIA
STATE

1
CORN
SYRUP

(88

MU SS90 0SS0 080l SS.

865,93

DE

1,298,896

[ SIS

ON TOTAL

(330 DAYS) @
z 3

ANHYD  NUTRIENTS

AMMONTA

i
t
}
!
i
i
|

S WLWWUTIS eSS S8 lSssseeo S8

1,47

1,22

93

4?2
?
@
@
@
1,471 2,582
20 20
14.7 14.7
LIQUID SOLIDS

145

@9-Apr—89
CAPACITY
4 5
MIX MIXED
WATER MEOTUM
2 @
2 @
@ ?
@ @
2 2
2 @
2 2
2 2
i} @
@ 0
@ 2
@ ?
@ 2
] @
2 @
@ 2
@ 0
7 @
@ 2
2 @
2 @
@ 0
2 i
5] @
@ 865,930
2 @
@ 1,225
i 933
2 423
2,354,188 3,6%3,083
@ @
@ )
@ @
® )
2,354,188 4,521,%9%
20 20
20.8 25.0
LIQUID SOL°N
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STREAM

— 3 C OO T

COMPONENT
#0 COMPONENT
COMPONENT
COMPONENT

LIGHT ENDS

$1 ETHANOL
COMPONENT
COMPONENT
COMPONENT

ACETIC ACID
Is0AMYL ALCOROL

GLYCERINE
£@ COMPONENT

LACTIC ACID
SUCCINIC ACID

CELLS —~CHO
-NHZ
~MINERALS
-TOTAL

ACETALGEHYDE

™3

ETHANOL. MANUFACTURE
OENERALIZED FERMENTATION ECONOMICS
EX 5. CEREVISIAE - NO GLYCERINE RECOVERY

MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDE (330 DAYS) @ CAPACITY

B 7 8

g

HX 59 STERILE HX TS COOLER
EFFLUENT MEDTUM EFFLUENT EFFLUENT

%
#3
#4
1S

8
15
i@

k14

S A S S OO0 eSS geEI®
S90S 09I eSS AEeg

SO O XU HLUIS® 89 998 ae9 o

Neoooo o898 0SS .S w9

COMPONENT #17

#2 COMPONENT #18
COMPONENT #19
BENZENE /
GLUCOSE 865,930 865,93 BAEL, 9350 865,83
AMMONTIA ? @
PHOSPHORIC ACID 1,225 1,22 1,225 1,22
POTASSIUM CHLORIDE 933 93 933 953
MINOR NUTRIENTS A23 42 423 423
WATER 3,855,083 3,822,687 3,822,678 3,822,678
CARBON BIOXIDE @ ? @
OXYGEN @ i 14
NITROGEN @ @ @
HYDROGEN @ @ @
GRAND TOTAL 4,521,595 4,691,192 4,691,190 4,691,190

CHECK ON TOTAL

TEMPERATURE, C 100 120 40 33
PRESSURE, PSIA 25.0 25.0 25.0 25.0
STATE SOL'N SOL'N SOL'N SOL'N

146
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ETHAMOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX §. CEREVISIAE - NO GLYCERINE RECOVERY
MATERIAL BALANCE FLOWSHEET
THOUSAND ANNUAL POUNDS (330 DAYS) @ CAPACITY
11 12 13 14 15
COMBINED BEER BEER VENT VENT
STREAM FEED 1 2 GROWTH PROD'N
P e e o e D — e e e e emem e e e o dam e e o i e i e e
R CELLS -CH @ 15,146 233,206 @ @
0 -NHZ @ 1,385 21,382 0 ?
D -MINERALS i 423 6,513 @ @
U ~TOTAL @ 16,954 261,041 @ @
C ACETALDEHYDE @ ? @ @ 576
T COMPONENT #2 @ @ i @ @
#2 COMPONENT #3 2 i @ @ 14
COMPONENT #4 @ @ @ @ @
COMPONENT #5 @ @ @ @ @
LIGHT ENDS @ 2 443 i ?
1 ETHANOL B i 443,045 @ @
COMPONENT #8 @ 0 8 i @
COMPONENT #9 @ ) @ i @
COMPONENT %10 @ @ @ @ @
ACETIC ACID 14 0 4,967 @ @
ISOAMYL ALCOHOL @ i 2,215 9 )
GLYCERINE @ @ 20,371 0 @
$#0 COMPONENT %14 @ @ 2 ? ]
LACTIC ACID 0 U 953 0 2
SUCCINIC ACID @ @ 647 @ ]
COMPONENT #17 2 @ @ @ )
$#@ COMPONENT #18 @ 0 @ @ @
COMPONENT #183 @ 2 2 @ 0
BENZENE @ @ @ @ @
GLUCOSE 865,920 835,638 446 @ @
AMMONTIA 1,471 @ @ 1% @
PHOSPFHORIC ACID 1,225 1,225 1,352 @ @
POTASSIUM CHLORIDE 933 4923 1,829 @ ?
MINOR NUTRIENTS 23 @ @ @ 2
WATER 2,822,678 3,821,251 4,185,555 11,288 16,663
CARBON DIOXIDE @ @ @ 22,202 414,688
OXYGEN 84,196 @ @ 57,358 2
NITROGEN 278,822 @ /] 278,822 2
HYDROGEN @ 2 i @ 2,175
GRAND TOTAL 5,055,678 4,676,002 4,322,064 379,669 434,104
CHECK ON TOTAL 4,922,064
TEMPERATURE, C 33 33 33 33 33
PRESSURE, PSIA - 44.7 44.7 14.7 14.7
STATE - SLURRY SLURRY BAS 6AS
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# 4O C O

t1

#0

10

ETHANOL

MANUFACTURE

GENERALIZED FERMENTATION ECONGMICS
Ex &. CEREVISIAE - NO GLYCERINE RECOVERY

THOUSAND ANNUAL POUNDS

STREAM

CELLE ~THO
~NHZ
-MINERALS
~TOTAL

ACETALDEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT %5
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT #3
COMPONENT #1110
ACETIC ACIO
IS0AMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT %17
COMPONENT %18
COMPONENT #19
BENZENE
GLUCOSE
AMMONTA
PHOSPFHORIC ACID
POTAGSIUM CHLORIDE
MINOR NUTRIENTS
WATER
CARBON
OXYGEN
NITROGEN
HYDROGEN
GRAND TOTAL

CHECK ON TOTAL
TEMPERATURE, ©
PRESSURE, PSIA
STATE

DIOXKIOE

MATERTAL BALANCE FLOWSHEET

{330 DRYS) @ CAPACITY

1
COMBE
VE

B
INED
NT

[Se BRSNS R e R SR SR SN AN

=

S eS8 OS99 aeas e

=SS

x O3 0

[us]
[ERTRES B s o N S SR I SV S R N

-1 U1 0o

i

=3 0 b
-J

(ol

I

e

—
E=S
-J

BAS

17 18
CELL CELLS TO
EFFLUENT DISPOSAL

Y, 206 15,146

LD,

21,322 1,385

6,513 420

261,041 16,950

0 @

0 0

iy 0

0 0

o 0

14 3

44,334 2,879

0 0

2 o

2 0

457 3z

222 14

2,078 132

o 0

95 5

65 4

2 )

o 0

2 o

0 2

45 45

0 @

135 3

103 7

0 0

418,834 27,207

? 0

0 0

2 o

2 o

707,453 47,284
27,453

33 33

44.7 14.7

SLURRY  SLURRY

19

CELL
RECYCLE
212,060
19,937
65.093
244,089
@

<

126
96

391,632

E8@,211
680,169
o la)

44 .7
SLURRY

29-Apr-89

20
CRUDE
FILTRATE
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=
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4 O0OC OO D

t1

k0

3]

STREAM
CELLS ~CHO
-NHZ
-MINERA
-TOTAL
ACETALDEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT %5
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT %9
COMPONENT #19@
ACETIC ACID
I50AMYL
GLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE
GLUCOSE
AMMONIA
PHOSPRORIC AC

POTASSIUM CHLORIDE

MINOR MUTRIEN
WATER

CARBON DIOXID
OXYGEN
NITROGEN
HYDROGEN

GRAND TOTAL

EX

LS

ALCOHOL

1D

15

E

ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS

S. CEREVISIAE - NO GLYCERINE RECOUERY

MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (330 DAYS) © CAPACITY

21
BEER %1
FEED

[
E-N
=
S8 N NEINSSS

[

@ M3

4,182,23

4,649,797

CHECK ON TOTAL

TEMPERATURE,
PRESSURE, PSI
STATE

C
A

SOL'N

22
BEER #1
MAKE

39
436,38

N
(53}
[nz]
ég
899 USSRV TS

23
BEER #1
TAILS

—
o
Q0 —~

-

0 o=
LW P

o =

fovy

[Eg e}
jsoliy
S 899~ 9N NSNS LA™ P,PNEENEeSSS

E-
[

—

A B

o M

3,745, 84

SOL'N

~

24
BEER #2
MAKE

396,719

93}
N9 eSS0 S99 S

&3

20,88

28-Apr~89
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX S. CEREVISIAE ~ NO GLYCERINE RECOVERY

MATERIAL

BALANCE FLOWSHEET

THOUSAND ANNUAL FOUNDS (330 DAYS) @

25

BEER #Z
STREAM TAILS
CELLS -CHO
-NH2
~MINERALS
~TOTAL

ACETALDEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT %5
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT #9
COMPONENT %10
ACETIC ACID
I50AMYL ALCOHOL
GLYCERTNE
COMPONENT #14
LACTIC ACID
SUCCINIC ACIO
COMPONENT #17

39,6

-3

DS 9 09SO/ NDITLEEERSESSC

COMPONENT %18
COMPONENT #19
BENZENE
GLUCOSE
AMMONIA

PHOSPHORIC ACTO
POTASSIUM CHLORIDE
MINOR NUTRIENTS

WATER 415,509
CARBON NIOXIDE )
OXYGEN 0
NITROGEN )
HYDROGEN 0
GRAND TOTAL 455,181
CHECK ON TOTAL
TEMPERATURE, C 120
PRESSURE, PSIA 30.9
STATE SOL "N

i

LRV

26

LBS #1
MAKE

[SSEES A ST SO SV S I S S A S

o
[depy e
oe sy
o

D e S 999890089099

§
i
|

e

e
£

w

O wm
™ O =
- —
Z

150

27
L.BS #1
TaILs

20,88

41%,658

120
61.7
SOL'N

CAPACITY

28

L8¢&
MaA

2
KE

@9-Apr-89

29
LBS #2
TAILS
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ETHANOL MANUFACTURE

GENERALIZED FERMENTATION ECONOMICS

EX S.

CEREVISIAE ~ NO GLYCERINE RECOVERY

LBS #3

THOUSAND ANNUAL POUNDS (3230 DAYS) @
31 32
LBS #3 HBS #1
TAILS MAKE

STREAM
CELLS ~-CHO

~NHZ

~MINERALS

~TOTAL
ACETALDEHYOE
COMPONENT $2
COMPONENT %3
COMPONENT #4
COMPONENT #5
LIGHT ENOS
ETHANGL
COMPONENT #8
COMPONENT %9
COMPONENT #10
ACETIC ACID
ISOAMYL ALTOHOL
GLYCERINE
COMPONENT #14
LACTIC ACIO
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE
GLUCOSE
AMMONIA
PHOSPHORIC ACID
FOTASSIUM CHLORIDE
MINOR NUTRIENTS
WATER
CARBON DIOXIDE
OXYGEN
NITROGEN
HYDROGEN
GRAND TOTAL

CHECK ON TOTAL

TEMPERATURE, C
PRESSURE, PSIA
STATE

MAKE

S99 0S990 9S AT ENEITEEES

5 i S90S 00U eIV STSES

151

SO0 80O ST RIS

i 9]
(2733 129 (273)
.@ .@ 115.7
SOL'N SOL'N SOL'N

CAPACITY
33
HBS #1
TAILS

1
1
{
1
i
i
H

o
ool

~
=

fuy

| 5 Bt

[dx o]
| 9SS 0SS M NNGII9HFLIIS I SINESEISIES

-

3,1

|8 B
-3

150
115.7
SOL’N

?9-Apr~-89

(273)
115.7
SOL'N
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ETHANCL MANUFACTURE
GENERALIZEDR FERMENTATION ECONCMICS
£EX 5. CEREVISIAE - NO GLYCERINE RECOVERY

MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (33@ DAYs) ® CAPACITY

35 26 37 38 39
HBS #2 AZEQ AZEQ AZED DECANTER
5TREAM TAILS MAkKE TAILS REFLUX FEED

CELLS -CHO
~NHZ
~MINERALS
-TOTAL
ACETALDEHYDE
T COMPONENT #2
#@ COMPONENT #3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
#1 ETHANOL
COMPONENT #8
COMPONENT %9
COMPONENT %10
ACETIC ACID
ISOAMYL ALCOHOL
GLYCERINE
#3 COMPONENT %14
LACTIC ACIO
SUCCINIC ACID
COMPONENT #17
#@ COMPONENT #18
COMPONENT #193
BENZENE
GLUCOSE
AMMONTIA
FHOSPHORIC ACID
POTASSIUM CHLORIDE
MINDOR NUTRIENTS
WATER
CARBON DIOXIDE
OXYGEN
NITROGEN
HYDROGEN

[ I e B R i v

aC

4

IS 9S00 98966

258,68 394,632 258,57 316,96

IS 0SS 009N ENSSeS00 9

o
el

1,751,01

-
Y
w
iy
=
—

1,756,38

>
-J
3
~2
-~J
eSS eSS N eSS ea s

™3
[ep]
e
OO eSS o0 LY eEEeERER VNS S I eR

74,78

SO S MOS0 —~ 9 90090 S Se—oS .0 g o9
S 9980090 oS00SS elNe S gw

SRR S S

|
i
{
]
i
H

GRAND TOTAL 583 2,056,964 394,713 2,036,861 2,148,172
CHECK ON TOQTAL

TEMPERATURE, C 150

PRESSURE, PSIA 115.7

STATE SOL'N SOL'N SOL"N SOL'N SOL°N

S5

152



ULTETHNG . WKS g~

— CC oo

i1

10

10

ETHANGL MANUFACTURE

GENERALIZED FERMENTATION ECOMOMICS

EXx S.

MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (330 DAYS) @

42 41
DECANTER DECANTER
UP LAYER LO LAYER

42
BENZENE
MAKE

STREAM
CELLS ~CHO
~NHZ
~-MINERALS
-TOTAL
ACETALDEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPOMENT #5
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT %9
COMPONENT #10
ACETIC ACID
150AMYL ALCOHOL
GLYCERINE
COMPONENT 414
LACTIC ACID 2
SUCCINIC ACID @
COMPONENT #17 2
COMPONENT #18 @
COMFONENT #19 0
BENZENE
GLUCOSE
AMMONTIA
PHOSPHORIC ACID
POTASSIUM CHLORIDE
MINOR NUTRIENTS
WATER
CARBON DIOXIDE
OXYGEN
NITROGEN
HYDROGEN
GRAND TOTAL
CHECK ON TOTAL
TEMPERATURE, C
PRESSURE, PSIA
STATE

[V S SN IS SN I AN BN IS

258,577 98,38 58,28

SO 9ES

L
I
3

)
[%p]
'
0SS eSS a9 S
-Jd
-~}

&
s}
S EH T XU H INST eSS PSS

S99 WO 9o AE NS SS9 SS9 ISR

2,836,063

112,864 91,154

SOL'N SOL’'N SOL'N

153

CEREVISIAE - NO BLYCERINE RECOUVERY

09-Apr -89
CAPACITY
43 44 45
BEMZENE FUSEL OIL REFINED
TALILS  DRAW-0FF  PRODUCT
7 2 2
B @ il
2 2 @
® @ 2
i i i
@ 2 @
0 @ 2
@ i @
@ il @
i ? G
104 f 394 ,63%¢
2 @ @
@ @ @
5 2 i
4 ] @
2 @ @
@ @ @
@ @ @
0 @ ]
@ @ @
i 2 0
0 @ %
@ @ ?
0.21 @ 2
2 2 @
@ 9 @
@ @ @
2 @ @
@ i @
20,801 0 79
Q @ 0
? @ @
0 @ 2
® @ @
20,905 0 394,713
40Q
14.7
SOL’N SOL N SOL N
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX S. CEREVISIAE - NO GLYCERINE RECOVERY
MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (320 DAYS) & CAPACITY

A6 47 48 4% 5@

REFINED REFINED AQUEOUS MAKE-UP MAKE-UP

STREAM B.P.#1 B.P.#2 WASTE WATER BENZENE
CELLS ~-CHO ] 0 @ @ @
-NHZ @ @ @ @ 4
~MINERALS @ @ @ i @
~TOThHL @ @ ] @ @
ACETALDEHYDE @ @ @ @ @
COMPONENT %2 @ i il i @
COMPONENT #3 @ i @ 0 @
COMPONENT %4 @ @ 0 @ ]
COMPONENT #5 @ @ i @ 2
LIGHT ENDS 2 @ 399 @ @
ETHANOL @ @ 4,074 i 2
COMPONENT #8 @ @ @ @ a
COMPONMENT #3 2 @ @ i 2
COMPONENT %10 @ @ @ @ @
ACETIC ACID @ @ 4,470@ i} @
ISOAMYL ALCOHOL @ @ 1,894 @ 4]
GLYCERINE @ @ 18,332 2 @
COMPONENT #14 @ a @ ] @
LACTIC ACID [ @ 858 @ @
SUCCINIC ACID ] a 583 @ @
COMPONENT #17 @ i ] i /]
COMPONENT #18 0 @ @ @ ]
COMPONENT %19 @ @ i @ @
BENZENE @ @ @ @ 2
GLUCOSE @ @ 4072 @ @
AMMONTA @ @ 2 @ @
PHOSPHORIC ACID 0 i 1,217 2 ]
POTASSTIUM CHLORIDE @ 4 926 @ @
MINOR NUTRIENTS @ @ @ 0 @
WATER ij @ 3,766,642 2,523,783 0
CARBON DIOXIDE @ @ @ @ @
OXYGEN @ @ @ 2 @
NITROGEN Vi i ] @ @
HYDROGEN @ ] @ (4 @
GRAND TOTAL @ 0 3,799,900 2,523,783 2

CHECK ON TOTAL

TEMPERATURE, C 4@ 40 40 20 20
PRESSURE, PSIA 14.7 14.7 14.7 14.7 14.7
STATE SOL'N S0L°N S0L'N LIQUID LIGQUID
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GENERALIZED FERMENTATION ECONOMICS

_._11...

ETHANOL MANUFACTURE

EX S. CEREVISIAE - NO GLYCERINE RECOVERY

THOUSAND ANNUAL FOUNDS

STREAM
CELLS -CHO

~NHZ

~MINERALS

~TOTAL
ACETALDEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT #9
COMPONENT #10
ACETIC ACID
ISOAMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE
GLUCOSE
AMMONIA
PHOSPHORIC ACID
POTASSIUM CHLORIDE
MINOR NUTRIENTS
WATER
CARBON DIOXIDE
OXYGEN
NITROGEN
HYDROGEN
GRAND TOTAL

CHECK ON TOTAL

TEMPERATURE, C©
PRESSURE, PSIA
STATE

51
STERILE
STEAM

w0
OSSNSO N OO0 S VeSS S8Se0o9aeg

169,5

52
FERM’ TR
STEAM

(330 DAYS)Y @

53
DISTIL
STEAM

2,709,

2,709,

S ! 99900009 IVLSNSTSSSTISE IO

141
Ba.7
GAS

16

155

CAPACITY
54
L. COND. My
P’WR H'SE
@ ]
@ @
@ @
? 2
@ 2
@ @
] @
i 2
@ @
il ?
2 @
@ @
@ ]
@ 4
@ L4
@ @
@ 2
(/] 4
2 0
2 @
@ @
@ @
@ @
@ @
i 2
@ @
@ @
@ 2
i (3]
9090 169,595
@ ]
@ @
@ ]
@ @
doa 169,585 -
136 112
4.7 20.8
GAS LIQUID

Q9-Apr-89

55
MEDTUNM
COoL WTE

rJ
[
o]
w3
ra
rJd
SO NS ITINI LI IOTIII IS

14.7
LIQUID
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ETHANOL MANUFACTURE
GENERALIZED FERMENTATION ECONOMICS
EX 5. CEREVISIAE - NO GLYCERINE RECOVERY

MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (330 DAYS) @ CAPACITY

56 52

FERM’ TR DISTILL.

STREAM COOL WTR COOL WTR
CELLS -CHO @ @
—~NHZ @ 4]
~-MINERALS @ @
~TOTAL 0 @
ACETALDEHYDE @ @
COMPONENT #2 0 @
COMFONENT #3 @ 2
COMPONENT #4 @ &
COMPONENT %5 @ )
LIGHT ENDS 2 @
ETHANOL @ @
COMFPONENT #8 @ @
COMPONENT #93 @ @
COMPOMENT #10 @ @
ACETIC ACID %) @
I50AMYL ALCOHOL @ @
GLYCERINE @ @
COMPONENT #14 @ @
LACTIC ACID @ @
SUCCINIC ACID @ 6
COMPONENT %17 @ @
COMPONENT #18 @ ]
COMPONENMT #19 9] i
BENZENE @ @
GLUCOSE @ @
AMMONIA 2 @
FPHOSPHORIC ACIC @ 2
POTASSIUM CHLORIDE @ @
MINOR NUTRIENTS ] @
WATER '@,2498,918 72,533,838
CARBOM DIOXIDE @ @
OXYOEN @ @
MITROGEN @ @
@ @

HYDROGEN

20,298,918 72,533,938

GRAND TOTAL

CHECK ON TOTAL
TEMPERATURE, C 5 ]
PRESSURE, PSIA 14.7 4.7
STATE LIQUID LIQUID

156
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DISTILLATION CALCULATIONS

20 21 22 23 24
CRUDE BEER #1 BEER #1 BEER #1 BEER #2
M LB. MOLES/YEAR FILTRATE FEED MAKE TAILS MAKE

- ACETALDEHYDE 2
COMPONENT #2 @
COMPONENT #3 @
COMPOMENT #4 @
COMPONENT #5 0

5

5

0 0 ) )

) ) ) )

) ) ) )

) ) ) )

0 ) o 0

LIGHT ENDS 5 5 (@) 5
ETHANOL 8,65 9,516 9,473 43 8,612
COMPONENT #8 ) o ) ) 0
COMPONENT #9 ) ) ) 0 )
COMPONENT #10 ) ) ) 0 )
ACETIC ACID 74 74 ) 74 )
1SOAMYL ALCOHOL 23 23 ) 23 )
GLYCERINE 199 139 ) 139 0
COMPONENT #14 ) 0 ) ) )
LACTIC ACID 10 10 ) 10 0
SUCCINIC ACID 5 5 0 5 )
COMPONENT #17 ) 2 ) ) 0
COMPONENT #18 0 ) 0 0 o
COMPONENT #19 ) 0 ) ) )
BENZENE ) ) ) ? o
WATER 203,076 232,140 . 24,222 207,917 1,153
218,046 241,971 33,700 206,271 3,775

(Storage) 1,194 1,308 1,765 44 1,150
UAPOR PRESS 40(q) 57.8 57.8 76.8 54.7 124.1
(Storage) 29,761 32,699 37,364 359 29,476
UAPOR PRESS 120(n) 1602.5 1601.9 2059.3 1528.0 3181.6
Blao) U.P. CONSTANT  -5107.72 -5107.7 -5057.2 ~5119.0 ~4992 .6
ACa) V.P. CONSTANT 29,375 20.376 20,498 20,357 20.772
TEMPERATURE C 33.0 41.5 107.9 120.0 95.8
PRESSURE mmHg 760 760 1,368 1,528 1,438
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M LB. MOLES/YEAR
ACETALDEHYDE
COMPONENT %2
COMPONENT %3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL
COMPONENT %8
COMPONENT #9
COMPONENT #10
ACETIC ACID
IsoamMyL ALCOHOL
GLYCERINE
COMPONENT %14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE

WATER

{Storage)
UVAPQOR PRESS

{(Storaae)
VAPOR PRESS
Bia) V.P.
Aln) U.F.
TEMPERATURE C
PRESSURE mmHg

40(q)

120(qg)
CONSTANT
CONSTANT

DISTILLATION CALCULATIONS

25
BEER #2
TAILS

ISR I s B SR S S R SR SIS S I S IR S SS IS SIS I GS I S

i

| &S

23,86

23,924

115
57.5
2,962

1597.7

26
LBS #1
MAKE

0 080 9O 99

A3

=

5090999800898 g

27
LBS #1
TAILS

9]
N
m
SO0 RS9I TS

S 9=

2
1,159

9,728

1,143
124.0
29,259
3189.9
-4983 .6
20.774
120.0
3,190

158

28
LBS %2
MAKE

OSSOSO C0 0SS0 S S |

H
i
1
)

[

29
LBS #2
TAILS

A9-Apr-89

S5 S99 S

o &

[N

S e

.0
-4 .605
ERR
(160
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31 32 33 34 38 36

LBS 43 HES ¥1 HBS #1 HBS #2 HBS 42 AZEO
M LB. MOLES/YEAR TAILS MAKE TAILS MAKE TAILS MAKE
ACETALDEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT #9
COMPONENT #1@
ACETIC ACID
150AMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE
WATER

NmMoSso9

5,615

S80S .Sl g

SIS R SO o G I S S S S B O ISR S G S GV S I S S IS o R G
&

S OSSR
PUS S0 Ra®

tJ &

[= p I o8]

rJ
LI R o ¥

§
i
:
{
H

=

(]
&
e’
=
m
O

=
~
u
0

(Storage)
VAPOR FPRESS 40(q)
(Storage)
UAPOR PRESS 120(qg)
B(g) V.P. CONSTANT
ACg) YU.P. CONSTANT
TEMPERATURE C
PRESSURE mmHg

3 -
.
FS
w3
—_
o
~
MNS NS 9 PSS
.
[¥]
fo
53]

VUM S PO
=
@- -
NSO S e
|
[
[ o
3
rJ oo
gy o= .
g M3
i

i
5
rY e
ISEO RS
- S- .
i
0GOS
S

i
(SRS I
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0Oy
N o=

H
U1
&
=
H

N R
J

3

-
-
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DISTILLATION CALCULATIONS
37 28 39 4@ 41 472

AZED AZED DECANTER DECANTER DECANTER BENZENE
M LB, MOLES/YEAR TAILS REFLUX FEED UP LAYER LO LAYER MAKE
ACETALDEHYDE
COMPONENT #2
COMPONENT 43
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL 8,566
COMPONENT #8
COMPONENT #9
COMPONENT %10
ACETIC ACID
IS0AMYL ALCOHOL
GLYCERINE
COMPONENT %14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE
WATER

N
™
@
n s

PO OS 009HNESSS SN eS o
[ep]
pERC S B SIS S I I SR oS I O IS I SRR SN RS R S

(Storage)
UAPOR PRESS 40(qg)
(Storage)
VAPOR PRESS 120<(n)
B{a) U.P. CONSTANT
Alg) UV.P. CONSTANT
TEMPERATURE C
PRESSURE mmHg
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DISTILLATION CALCULATIONS
43
BENZENE
M LB. MOLES/YEAR TAILS

ACETALDEHYDE 0
COMPONENT 42 )
COMPONENT #3 ?
COMPONENT #4 o
COMPONENT #5 )
LIGHT ENDS )
ETHANOL 2
COMPONENT #8 )
COMPONENT #9 0
COMPONENT #10 )
ACETIC ACID 0
1SOAMYL ALCOHOL )
GLYCERINE 2
COMPONENT #14 0
LACTIC ACID 0
SUCCINIC ACID )
COMPONENT #17 2
COMPONENT #18 )
COMPONENT #19 0
BENZENE )
WATER 1,155

1,157

{Storage)
VAPOR PRESS 40(g)
(Storage)
VAPDOR PRESS 126(a)?
B(a) U.P. CONSTANT
Ala) V.P. CONSTANT
TEMPERATURE C
PRESSURE mmHg
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DISTILLATION CALCULATIONS

20 272 23 24 25
CRUDE BEER #1 BEER #1 BEER #2 BEER #7

M LB. MOLES/YEAR  FILTRATE MAKE TAILS MAKE TAILS
K1 (COMPONENT #) 7 7 7 7
K2 (COMPONENT #) WATER WATER WATER WATER
U.PL (KL 2273.7 3411.6 1538.7 3411.6
VLB LKD) 1010.3 1578.9 574.5 1528.9
GAMMA-H 1 IN K2 1.8272 1.822 1.822 1.827
GAMMA-K2 IN K1 1.827 1.822 1.822 1.822
ALPHA 2.934 4.065 1.443 3.894
AUG COLUMN ALPHA 3.500 2.669
MOL FRACT. KI (MAKE OR TAILS) 0.281 0.00021 0.881 0.03593
MOl FRACT. K1 (FEED) 0.039 0.7281
MOL FRACT. K2 (MAKE OR TAILS) 9.719 1.000 @.119 0.964
ADI. GAMMA-K! IN K2 1.764 1.822 1.008 1.746
ADJ. GAMMA-K2 IN K1 1.049 1.000 1.594 1.001
MINIMUM REFLUX RATIO (ADJUSTE 0.4 0.2
ACTUAL REFLUX RATIO 2.5 0.3
MINIMUM THEOR. PLATES (INFINI 5 5
THEORETICAL PLATES 14 12
PLATE EFFICIENCY ~% 50% 80%
ACTUAL PLATES 27 15
PRESSURE mm Hg (REVISED) 1,420 1,537
TEMPERATURE € (REVISED) 109 39
AUVERAGE MOLECULAR WEIGHT 25.91 18.13 42.76 19.03
6AS DENSITY - LB/CF 0.0364 0.0705 0.1770 0.0774
CROSS SECTIONAL AREA ~ SQ FT 123.3 37.9
COLUMN HEIGHT -~ FT 55.6 37.7
COLUMN DIAMETER 12.5 7.0
K1 (MPPY) 436,389 395,719
Hv (HEAT UAPORIZ.-Btu/Lb) 568.5 965.7 397.1 917.7
Cn (HEAT CAPACITY - Biu/Lb/F) 0.340 0.997 0.596 0.972
HEAT LOAD — MM Btu/Hr 121.584 195. 405 30.125 31.346
CONDENSER COOLING WATER - GPM 9010 2237
CALANDRIA STEAM - MPPH (150 PSIG) 225.01 36.58
COLUMN COST - $1000 3085 MPC - BARE EQUIPMENT

~ ALL CARBON STEEL $215.5 $87.9

~ £.S w/304 5.5. TRAYS $238.2 $96.6

~ ALL 304 STAINLESS STEEL $343 .7 $140.8

- ALL 304L STAINLESS STEEL $377.5 $154.9

- ALL 316 STAINLESS STEEL $4673.3 $19@.1
CONDENSER OR CALANDRIA SURFAC 18,693 12,856 , 048 1,741
COND. OR CALAND. COST - $100@ 3386 MPC - BARE EQUIPMENT

~CARBON STEEL $333.0 $338.3 $99.8 $62.7

-304 STAINLESS STEEL $465.2 $473 .6 $139.8 $87.8

~316 STAINLESS STEEL $499.5 $507.5 $143.7 $94.0

~MONEL $649.3 $659.7 $194.7 $127.72
SUBTOTAL 3,767,407 442,486
SUBTOTAL 3,746,659 415,509
SUBTOTAL 3,745,841 415,509
MINIMUM REFLUX RATIO 0.4 0.2
Cn SUBTOTAL #1 296,932 1,356 269,957 26,977
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DISTILLATION CALCULATIONS

2 22 23 2 25

CRUDE BEER #1 BEER #! BEER #2 BEER #2
M LB. MOLES/YEAR FILTRATE MAKE TAILS MAKE TAILS
Cn SUBTOTAL #2 @ 14,392 ij 2
Cn SUBTOTAL #3 436,389 3,748,659 20,880 415,529
Cn CHECK @.750 ®.986 2.525 @.956
Hv SUBTOTAL #! 160,312 732 145,746 14,568
Hv SUBTOTAL #2 il 8,433 2 2
Hv SUBTOTAL #3 423,428 3,635,284 20,260 403,168
Hv CHECK 582.5 964.7 282.7 904.5
MIN. PLATES(NORMAL)
COL.COST-C/S NORMAL
COL.COST-5/5 NORMAL
MIN.REFLUXCNORMAL)
C.5. AREACNORMAL)
HEAT LOADCNORMAL)
CON/CAL COST(NORMAL)
REFLUX FACTOR @.275 @.878
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20 26 2 28
CRUDE [.BS #1 LEBS #1 LBS #2
M LB. MOLES/YEAR FILTRATE MAKE TAILS MAKE
K1 (COMPONENT #) 6.,5,4.,3 €6,5.4,3 3
W2 (COMPONENT 2 7 7 4.,5,8
VoPLCRLD) 3954 .0 4872.0 ERR
U.PL (K2 2550.5 3411.6 ERR
GAMMA-KT IN K2 1.105 1,185 200
GAMMA-KZ IN K1 1.000 1.000 1.105
ALFPHA 1.B685 1.611 ERR
AVG COLUMN ALFHA 1.648 ERR
MOL FRACT. K1 (MAKE OR TAILS) @.086 .00 ERR
MOL FRACT. K1 (FEED) 0.001 @.000
MOL FRACT. KZ (MAKE OR TAILS) @.914 1.000 ERR
ADI. GAMMA-K1 IN K2 1.087 1.185 ERR
ADJT. GAMMA-KZ IN K1 1.000 1.000 ERR
MINIMUM REFLUX RATIO (ADJUSTE 20.1 ERR
ACTUAL REFLUX RATIC 25.1 ERR
MINTMUM THEOR. PLATES (INFINI 15 2 @
THEORETICAL PLATES 34 @
PLATE EFFICIENCY -% 8% 80%
ACTUAL PLATES 42 @
FRESSURE mm Hg (REVISED) 3,821 2
TEMPERATURE C (REVISED) 111 (273)
AVERAGE MOLECULAR WEIGHT 48.70 42.73 ERR
GAS DENSITY — LB/CF 0.3911 0.3470 ERR
CROSS SECTIONAL AREA - SO FT 2.8 0.9
COLUMN HEIGHT - FT 78.3 2.0
COLUMN DIAMETER 1.9 2.0
KL (MPPY) 359 @
Hv (HEAT VAPORIZ.-Btu/Lb? 323.0 397.5 ERR
Cr (HEAT CAPACITY - Biu/flLh/F) ©.6548 9.696 ERR
HEAT LOAD - MM Btu/Hr 5.134 4.680 0.000
CONDENSER COOLING WATER - GFM 232 ) &
CALANDRIA STEAM - MPPH (150 FSIG) 5.40
COLUMN COST - %1000 3086 MPC - BARE EQUIPMENT
- ALL CARBON STEEL $54.3 $0.0
- 0.5 w/3bd 5.5, TRAYS $59.7 $0.2
- AlLL 304 STAINLESS STEEL $8a.1 0.0
- ALL 384L STAINLESS STEEL $96.9 0.0
- ALL 316 STAINLESS STEEL $119.0 $0.0
CONDENSER OR CALANDRIA SURFAC 268 26@ @
COND. QR CALAND. COST - %1008 34086 MPC - BARE EQUIPMENT
-CARBON STEEL $18.3 $18.0 $0.09
~304 STAINLESS STEEL $25.6 $25.2 $2.0
~-316 STAINLESS STEEL $27.4 27,0 0.9
~MONEL $35.7 $35.1 $0.9
SUBTOTAL 289,300
SUBTOTAL 20,880
SUBTOTAL 20,880
MINIMUM REFLUX RATIO 20.1 ERR
Cn SUBTOTAL #1 1,518 268,439 )
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29
LBS #2
TAILS

kY

4,5.8

12121.9
14554.7
1.000
1.10%
ERR

ERR

ERR
ERR
ERR

ERR
ERR

ERR
ERR
9.000

50.
$0.0
$0.8
$0.0

SN

S S

09-Apr-89

3@
LBS ¥3
MAKE

$2.0
$0.0
$0.0
$0.90
$2.0

$0.0
2.2
3.0
50.0

ERR
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DISTILLATION CALCULATIONS

2 2 27 2 29 30

CRUDE LBS #1 LBS #1 LBS #2 LBS #2 LBS #3
M LB. MOLES/YEAR FILTRATE MAKE TAILS MAKE TAILS MAKE
Cn SUBTOTAL #2 i @ i 0 @
Cn SUBTOTAL %3 @ 20,880 @ 2 @
Cn CHECK B.500 @.525 ERR ERR ERR
Hv SUBTOTAL #1 792 144,954 @ ? 9
Hv SUBTOTAL #2 ) 2 @ @ @
Hv SUBTOTAL #3 @ 20,260 0 i @
Hv CHECK 215.0 252.9 ERR ERR ERR
MIN. PLATES(NORMAL)
COL.COST-C/5 NORMAL 54
COL.COST-S/5 NORMAL 88
MIN.REFLUX{NORMAL)
C.5. AREACNORMAL) 3
HEAT LOADCNORMAL) 5
CON/CAL COSTINORMALD 18 18
REFLUX FACTOR @.889 ERR ERR
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DISTILLATION CALCULATIONS
20 3t 32 33 54 35
CRUDE  LBS #3  HBS #1  HBS 1  HBS #2  HBS #2
M LB. MOLES/YEAR  FILTRATE  TAILS MAKE TAILS  MAKE TAILS
K1 (COMPONENT #) z WATER  WATER 14 14
K2 (COMPONENT #) 3 14 14 15,16,17 15,18,17
518 818

U.PL (KL 1.0 ERR  3853.9 ERR 18951 .1
U.P.(K2) 12121.9 ERR  18951.1 ERR 1.0
BAMMA-K L IN K2 1.00@ 1.822  1.822 1.000  1.000
GAMMA-KZ TN KI 1.000 1.822  1.822  1.000  1.000
ALPHA ERR ERR ERR ERR **»+xxxxs
AVE COLUMN ALPHA ERR ERR
MOL FRACT. K1 (MAKE OR TAILS) ERR ERR ERR ERR  0.000
MOL FRACT. K1 (FEED) 1.000 0.000
MOL FRACT. K2 (MAKE OR TAILS) ERR ERR ERR ERR  1.000
ADJ. BAMMA-KL1 IN K2 ERR ERR ERR ERR  1.000
ADJ. BGAMMA-KZ IN Kl ERR ERR ERR ERR  1.000
MINIMUM REFLUX RATIO (ADJUSTED) ERR ERR
ACTUAL REFLUX RATIO ERR ERR
MINIMUM THEOR. PLATES C(INFINITE REFLUX 0 0
THEORETICAL PLATES 0 0
PLATE EFFICIENCY -% B80% £0%
ACTUAL PLATES 0 0
PRESSURE mm Hg (REVISED) 5, 982 5,382
TEMPERATURE C (REVISED) (273) (273)
AVERAGE MOLECULAR WEIGHT ERR ERR  £33.85 ERR  118.09
6AS DENSITY - LB/CF ERR ERR  8.9690 ERR  1.6709
CROSS SECTIONAL AREA - SOQ FT 0.0 0.0
COLUMN HEIGHT - FT 0.0 2.0
COLUMN DIAMETER 0.0 0.0
K1 (MPPY) o y
Hv (HEAT UAFORIZ.-Btu/ib) ERR ERR  396.0 ERR  396.0
Cn (HEAT CAPACITY - Btu/Lb/F) ERR ERR  0.580 ERR  0.580
HEAT LOAD ~ MM Biu/Hr ¢.000 0.000  ©.000  ©.000  0.000
CONDENSER COOLING WATER - GPM (15 C dT 0 0
CALANDRIA STEAM - MPPH (15¢ P 0.00 0.00 ¢.00
COLUMN COST - $1000 3386 MPC - BARE EQUIPMENT

- ALL CARBON STEEL $0.0 $0.0

~ C.5 w/304 5.5. TRAYS 0.0 $0.0

- ALL 304 STAINLESS STEEL $0.0 3.0

- ALL 3@4L STAINLESS STEEL 0.0 $0.0

- ALL 316 STAINLESS STEEL 0.0 $0.0
CONDENSER OR CALANDRIA SURFAC o 0 0 0 0
COND. OR CALAND. COST - $1000 3086 MPC ~ BARE EQUIPMENT

~CARBON STEFL 0.0 $0.0 $0.9 $0.0 $0.0

~3@4 STAINLESS STEEL 0.0 $0.0 $0.0 $0.0 $0.0

-316 STAINLESS STEEL 0.0 $0.0 $0.0 $0.0 $0.0

~MONEL $2.0 $0.0 $0.0 $0.0 $0.0
SUBTOTAL 2 338 358
SUBTOTAL ) 538 338
SUBTOTAL 0 0 o
MINTMUM REFLUX RATIC ERR ERR
Cn SUBTOTAL #1 2 ) i 0 Y



ULTETHNG.WKS ~6- @9-Apr-84

DISTILLATION CALCULATIONS

20 31 32 33 34 35

CRUDE LBS #3 HBS #1 HBS #1 HBS #2 HBS #2
M LB. MOLES/YEAR FILTRATE TAILS MAKE TAILS MAKE TAILS
Cn SUBTOTAL #2 @ il 2 @ @
Cn SUBTOTAL #3 2 2 338 2 338
Cn CHECK ERR ERR 2.500 ERR 2.520
Hv SUBTOTAL #1 @ 2 2 2 2
Hv SUBTOTAL #Z (i} ? @ Q 2
Hv SUBTATAL %3 (4] (%] 231 @ 231
Hv CHECK ERR ERR 215.0 ERR 215.9
MIN. PLATES(NORMAL) ERR
COL.COST-C/S NORMAL 2
COL.COST-S/5 NORMAL @
MIN.REFLUX{NORMAL)
C.5. AREA(NORMAL)
HEAT LOADCNORMAL)
CON/CAL COST(NORMAL
REFLUX FACTOR ERR ERR
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DISTILLATION CALCULATIONS

2@ 36 37 38
CRUDE AZED AZEOD AZEO
MAKE TAILS REFLUX

FILTRATE

K1 (COMPONENT %)
2 (COMPONENT #)

U.P.(KL)

UV.PL(K2)

GAMMA-K T IN K2

GAMMA-KZ IM K1

ALPHA

AVG COLUMN ALPHA

MOL FRACT. K1 (MAKE OR TAILS)

MOL FRACT. K1 (FEED)

MOL FRACT. KZ (MAKE OR TAILS)

ADJI. GAMMA-K1 IN HKZ

ADJ. GAMMA-KZ IN Kl

MINIMUM REFLUX RATIO (ADJUSTED?

ACTUAL REFLUX RATIO

MINIMUM THEOR. PLATES (INFINITE REFLUX)
THEORETICAL PLATES

PILATE EFFICIENCY -% 86%
ACTUAL PLATES 50
PRESSURE mm Hg (REVISED)

TEMPERATURE C (REVIGED)

AVERAGE MOLECULAR WEIGHT

GAS DENSITY - LB/CF

CROSS SECTIONAL AREA - SO FT 33.8
COLUMN HEIGHT - FT 92.0
COLUMN DIAMETER 1.9
KL (MPPY)

Hv (HEAT YAPORIZ.-Btu/Lh)
Cn (HEAT CAPACITY - Btu/Lb/F)

HEAT LOAD - MM Btu/Hr B1.622 54,874
CONDENSER COOLING WATER - GPM 6850 (10 C delta T)
CALANDRIA STEAM ~ MPPH (150 PSIG) 64.03

COLUMN COST - $1000 3486 MPC - BARE EQUIPMENT

- AlLL CARBON STEEL $301.5

- 0.5 w/304 5.5. TRAYS $3351.6

- ALL 304 STAINLESS STEEL $476.6

- ALL 304L STAINLESS STEEL $524.3

- ALL 316 STAINLESS STEEL $h43.4
CONDENSER OR CALANDRIA SURFAC 9,528 3,049

COND. OR CALAND. COST - %120@ 3085 MPC - BARE EQUIPMENT

-CARBON STEEL $295.1 %39.8
-304 STAINLESS STEEL $413.1 $139.8
-316 STAINLESS STEEL $442.6 $149.8
—MONEL $575.4 $194.7

SUBTOTAL

SUBTOTAL

SUBTOTAL

MINIMUM REFLUX RATIO

Cn SUBTOTAL #1
168
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M LB, MOLES/YEAR
Cn SUBTOTAL #2
Crn SUBTOTAL %3
Cn CHECK

Hv SUBTOTAL
Hv SUBTOTAL
Hv SUBTOTAL
Hv CHECK
MIN. PLATES{NORMAL)
COL.COST-C/5 NORMAL
COL.COST-5/5 NORMAL
MIN.REFLUX{NORMAL?
C.5. AREA(NORMAL)
HEAT LOAD(NORMAL )
CON/CAL COST(NORMAL
REFLUX FACTOR

¥l
¥2
3

DISTILLATION CALCULATIONS

2 36 37 38
CRUDE AZED AZED AZED
FILTRATE MAKE TATLS REFLUX

)
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DISTILLATION CALCULATIONS
20 43 41 42
CRUDE DECANTER DECANTER BENZIENE
M LB. MOLES/YEAR FILTRATE Ur LAYER LO LAYER MAKE
K1 (COMPONENT #)
KZ (COMPONENT #)

V.PLOKLY

U.PL (K2

EAMMA-K 1 IN K2

GAMMA-KZ IN K1

ALPHA

AVG COLUMN ALPHA

MOL FRACT. K1 (MAKE OR TAILS)
MOL FRACT. K1 (FEED)H

MOL FRACT. KZ (MAKE OR TAILS)
AbJd. GAMMA-KL IN KZ

ADJ . GAMMA-KZ IN K1

MIMIMUM REFLUX RATIO (ADJUSTED)
ACTUAL REFLUX RATIO

MINIMUM THEOR. PLATES CINFINITE REFLUX)
THEORETICAL PLATES

PLATE EFFICIENCY -%

ACTUAL PLATES 3
PRESSURE mm Hg (REVISED)
TEMPERATURE C (REVISED)

AVERAGE MOLECULAR WEIGHT

GAS DENSITY - LB/CF

CROSS SECTIONAL AREA ~ SQ FT 7.
COLUMN HEIGHT - FT 6D.
COLUMN DIAMETER 3.
KL (MPPY)

Hv (HEAT VAPORIZ.-Btu/Lb)

Crn (HEAT CAPACITY - Btu/Lb/F)

HEAT LOAD - MM Btu/Hr

CONDENSER COULING WATER - GPMDECANTER VOLUME - GAL.
CALANDRIA STEAM - MPPH (150 P 9,866

COLUMN COST ~ $10@0 3086 MPC - BARE EQUIPMENT

- ALL CARBON STEEL $63.
- C.5 w/304 S.5. TRAYS $69.
- ALL 384 STAINLESS STEEL $81.
- ALL 304L STAINLESS STEEL $89.

ALL 316 STAINLESS STEEL $109.

CONDENSER OR CALANDRIA SURFACE - SO FT
COND. OR CALAND. COST - £120@ 3086 MPC - BARE EQUIPMENT
~-CARBON STEEL
~304 STAINLESS STEEL
-316 STAINLESS STEEL
-MONEL

SUBTOTAL
SUBTOTAL
SUBTOTAL
MINIMUM REFLUX RATIO

C 3T0TAL
n SUBTOTAL #1 170
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TAILS

6.97

8.

3

21
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$3L.
$33.

$43,
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M LB. MOLES/YEAR F

Hv
Hv

SUBTOTAL #2
SUBTOTAL #3
CHECK

SUBTOTAL #1
SUBTOTAL #2
SUBTOTAL #3
CHECK

MIN. PLATES(NORMAL)
COL.COST~C/5 NORMAL
COL.COST-S/5 NORMAL
MIN.REFLUXCINORMAL
C.S. AREA(NORMAL)
HEAT LOADCNORMAL)
CON/CaAL COST(NORMAL)
REFLUX FACTOR

..1@..

DISTILLATION CALCULATIONS

28 40 41 42
CRUBE DECANTER DECANTER BENZENE
ILTRATE UP LAYER LO LAYER MAKE

171
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ULETIPRZ.WKS ~1- 12-Apr-89

ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS
INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

SUMMARY
PRODUCTION LEVEL
54 MM GPY
INVESTMENT-$MILLION
MPC = 14984
Direct Permanent Invesiment $29.3
Allocated Power, Services & General $13.9
Working Capital $17.1
Total Investment FER. 3
COST-¢/6AL( 14988 )
Raw Materials $0.89
Utilities $@.11
Labor-Related $0.10
Capital-Related 80.09
Cost of Manufacture $1.19
S€, D, R&D, Adm, & I.C. $@.26
Cost of Sales %1.45
Pretax Earnings Based on: 30% Pretax ROI %2 .37
By-product Credits $0.00
Selling Price $1.81
FINANCIAL CRITERIA
Net ROI 3rd Year (assumed) 16%
Investors Rate of Return (20 Operating Years) 25%
Year to Break Even — fAnnual Cash 13989
- Cumulative Cash 1931
- Cum. Disc. Cash (NPY) 19494
Net Present VYalue MM (Z0 years & 15%) $28.3
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ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS
INMHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

INVESTMENT
CONDITIONS
Si1ted 1in Jowa on the Mississippi River adjacent to a corn wet mill
and a utility power house for over-the-fence supply of syrup and power.
THIS
UNITS CASE
CAPACITY @ 8000 HRS MM GPY £0.2
MID-POINT OF CONSTRUCTION YEAR 1934
CONSTRUCTICN COST INDEX 18980=100 128
INVESTMENT CONTINGENCY % INSTALLED + 507
FERMENTER UNIT INUESTMENT $/GR.GAL.-GROWTH $0.00
$/GR.6AL.~-FPROD N $135.86

*4Q% Recommended for
DIRECT PERMANENT INUVESTMENT

Nk processtés

SCALE
FACTOR
FERMENTATION SECTION
Receiving, Prep & Sterilization 2.60
Air Compression & Aeration Q.60
Fermantation ©.89-1.09
Froduct/Cell Separation B.75
Fermertation Sub-tctal
DISTILLATION SECTION STILLS HX 'S
Beer Still #1 $0.94 §2.75
Beer Staill #2 0.41 @.78
l.ow-Boilers S5till %1 ©.25 @.17
lLow-Boi1lers Still #2 Q.00 Q.00
Low-Boilers Still #3 @.0@ Q.00
High-Boilers S1il1 #1 .00 ?.00
High-Boilers 5ti111 #2 0.08 O,
Arectrope Sti1ll 1.41 1.34
Benzene Dehydrator Q.29 ?.10
Decarnter
Distillation Subtotal
STORAGBE SECTIDN
Storage - Product
Storage — Byproduct #1
Stocage - Bynroduct #2

10

Tal DIRECT PLANT

176

THIS CASE
EMM F/ANN. GAL,

$3.07 %0.151
2.00 0.0ea
@.93 ©.015
2.81 @.047

£12.81 $@.213
$3.59 $0.061
1.17 ©.019
@.42 @.007
2.00 0.000
©.00 0.008
0.0 2.000
Q.00 0.000
3.25 @.854
0.40 @.007
0.03 @.201
$8.4956 $0.149

37.52 $2.125

0. 00 B.000

£0.00 0.020

$7 .52 $0.125

$249.29 $0.488



ULETIPRZ.WKS

ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS
INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

APT/UNIT
UNITS BASECASE THIS CTASE  UNITS $MM
ELECTRICITY kol %183 $183 541 $0.12
STEAM FFPH %45 545 329,326 14.82
COOLLING WATER kM §52 $52 23,049 1.2
PROCESS WATER GPM $313 $3513 484 0.15
WASTE DISPOSAL MGPY 53 $3 373,584 1.901
GEN'L. & SERVICES $MM 10% 10% $26.3 2.63
TOTAL ALLOCATED PLANT $19.93
TOTAL PERMANENT INUESTMENT $49.22
WORKING CAPITAL
DAYS DAYS
BASTS BASECASE THIS CASE MM
RAW MAT L INVENTORY FRAW MATL 2 2 $0.28
SEMI-FINISHED PRODUCT F(R+M)/2 5 g Q.77
FINISHED PRODUCT SCOM 30 A0 9.2
CASH £(COS-D) 6 8 1.23
ACCOUNTS RCD.~-TRADE $SP 36 30 8.06
ACCOUNTS RCD.~MISC, %COM @.9% ?.9% .58
DEFERRED CHARGES ZCOM 1.5% 1.5% 9.98
TOTAL WORKING CAPITAL $17.13
Note: R = raw materials; M or COM = cost of manufactiure:

05 = cost of sales: SP = selling price; O =

TOTAL INVESTMENT FOR RETURN

$66.35

177
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$/ANN. HAL

£/ANN.GAL

depreciation.

$1.105



ULETIPRZ.UWES ~-1- 12-Apr-89

ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS
INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

INFLATION
FRICES & COST FACTORS BASECASE FACTOR THIS CASE

Operating Year 1988 1988 1988

Raw Materials
-Biosugar Syrup $2.9065 /1b. d.s. 1.00 $0.0R5 /1b. d.s.
~Anhyd, Ammonia $0.046 /1b. 1.00 $@.046 /lb.
~Phosphoric Acid $2.155 /1h. 1.00 $0.155 /lb.
-FPotassium Chloride $50.053 /1b. 1.09 $0,053 /1b.
~Mirnor Notrients $2.451 /lh. 1.0 30.451 /1h.

Utilities

~Electricity $0.040 /KWH 1.00 $0.040 /KUWH
~Steam $2.20 /M lb. 1.00 $2.20 /M lb.
~Cooling Water $0.04 /M gal. 1.00 $0.04 /M ngal.
—-Process Water 0.50 /M gal. 1.00 $0.50 /M gal,
—~Biodegradation $0.24 /lb. d.s. 1.00 $0.04 /lb. d.s.
~Landfill $2.25 /lb. d.s. 1.00 3@.05 /1lb. d.s.

Labor-Related

=Dir. DOp. Wages & Ben. $25.40 /man—hr. 1.00 326.49 /man—-hr.
-Dir. Salaries & Benefi 18 % DOWsB - 18 % DOWARB
~0p. Supplies Service 6 % D0OWRB - 5 % DOWRE
=~GPOH on Operaticons 23 % DOWSER - 23 % DOWSEB
~Control Lab $19.22 /man—hr. 1.00 $19.22 /man-hr.
~Tach., fAssist. to Mfg. Z22.06 /man-hr, 1.00 $22.06 /man-hr.

Canital-Related

~Maint. Wages & Ben. 1.7 % DPI - 1.7 % 0PI
-Maint. Salaries & HBen. 25 % MWEB - 25 % MWEB
—Maint. Mat’'l & Service 4@ % MWRB - 49 % MWEB
-Maint. Overhead 4 % MWERB ~-= 4 % MW&ES
~GRPOH on Maintenance 22 % MWSRB - 23 h MWSARB
—Taxes & Insurance @.3 % 0PI - 0.3 % DPI
~Dapreciation - DPI 2 % DPI - 8 % DPI
-Depreciation ~ APS&G 5 % APSRG - B % APSRG
Cost of Manufacture
-Selling Expense 3 % Sales - 3 % Sales
~Distribution $8.21 /lb. - $Q.01 /1b.
~Research & Development 4.5 % Sales e 4.5 % Sales
~Administrative Expense 2 % Sales - 2 % Sales
~Incentive Compensaticn 6 % PTE - B % PTE
Cost of Sales
~Pretax Earnings A0 % TIFR - 30 % TIFR
~Credit: Byproduct #1 $0.900 /lb. 1.00 $@.0@ /lb.
~Craedit: Byproduct #2 $0.00 /l1lb. 1.00 %0.00 /1b.
~Credit: Byproduct #3 F0.00 /1ih. 1.00 $0.20 /1ib.
~Product Selling Price $0.00 /lb. 1.00 B2.00 /lb.
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SALARIES & WAGES
CONTINUGUS FERMENTER CASE

DIRECT OPERATORS

SYRUP RECEIVING & TRANSFER
CHEMICALS RECEIVING & TRANSFER
INNOGULUM PREPARATION
MEDIUM FREPARATION
STERILIZATION
FERMENTATION

~CONTROL ROOM

-PATROL

-AIR COMPRESSION & AMMONIA FEED
DISTILLATION
BEER FILTER & CELL RECYCLE

TOTAL DAY & 4.2-SHIFT OPERATORS
TOTAL OPERATORS

CONTROL LABORATORY
BIOLOGICAL ANALYSIS
CHEMICAL ANALYSIS
OTHER

TOTAL DAY & 4.2-SHIFT TECHNICIANS
TOTAL LLAB FORCE INCL SUPERVISION @
TOTAL LAR FORCE

TECHNICAL ASSISTANCE TO MANUFACTURING

PROCESS ENGINEERS

WAGES, SALARIES & BENEFITS SCHEDULE- 1988
OPERATING WAGES - $/HOUR
TECHNICIANS - ANNUAL %
PROCESS ENGINEERS -~ ANNUAL #

FPENSION - AS % OF COMPENSATION
FICA

UNEMPLOYMENT COMPENSATION
GROUP LIFE INSURANCE

MEDICAL INSURANCE

DENTAL INSURANCE

SAVINGS PLAN

VACATION

ILLNESS

ABSENCE WITH PERMISSION

TOTAL BENEFITS 179

20%

12-Apr-89

250 MM PPY
DAY ROTATING

SHIFT

$2@.14
$3@,500
$35,000Q

8.1%
5.8%
2.6%
0.7%
3.6%
?.8%
2.5%
7.4%
1.4%
0.2%

SHIFTS
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SALARIES B WAGES
CONTINUOUS FERMENTER CASE

DIRECT OPERATORS

SYRUP RECEIVING & TRANSFER
CHEMICALS RECEIVING & TRANSFER
INNGCULUM PREFARATION
MEDIUM PREPARATION
STERILIZATION
FERMENTATION

~CONTROL. ROOM

-FATROL

—-AIR COMPRESSION & AMMONIA FEED
DISTILLATION
BEER FILYER & CELL RECYCLE

TOTAL. DAY & 4.2-SHIFT OPERATORS
TOTAL OFPERATORS

CONTROL LABORATORY
BIOLOGICAL ANALYSIS
CHEMICAL ANALYSIS
OTHER

TOTAL DAY & 4.2-SHIFT TECHNICIANS
TOTAL LAB FORCE INCL SUPERVISION @
TOTAL LAB FORCE

TECHNICAL ASSISTANCE TO MANUFACTURING

PROCESS ENGINEERS

WABES, SALARIES & BENEFITS SCHEDULE- 1988

OPERATING WAGES - $/HOUR
TECHNICIANS - ANNUAL %
PROCESS ENGINEERS ~ ANNUAL $

PENSION - AS % OF COMPENSATION
FicA

UNEMPLOYMENT COMPENSATION
GROUP LIFE INSURANCE

MEDICAL INSURANCE

DENTAL INSURANCE

SAUINGS PLAN

UACATION

1LLNESS

ABSENCE WITH PERMISSION

T S ENEF 1
TOTAL BENEFITS 180

MIN.
DAy
SHIFT

20% 2.0
1@.1

12-Apr—89

FORCE
ROTATING
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1988 COST
Raw Materia
~Biosugar

~fnhyd. f

ETHANOL MANUFACTURE
IYMOMONAS MOBILIS
INHIBITED SYSTEM - PLUG FLOW ~ CELL RECYCLE

SHEET

ls
Syrup
mmonia

~Phosphoric fcid

~Potassiu

m Chloride

-Minor MNutrients

Total R
Utilities
~Electric
~S5team
~Cooling
~Process

aw Materials
ity

Water
Water

—Biodegradation

~lLandfill

Total Utilities

Labor-Relat
-Dir. Op.
~Dir. Sal

-0p. Supplies & Service

~GBPOH on
~Control
~Tech. As

ed

Wages & Ben.

aries & Ben.

Operations
Lab
sist. to Mfg.

Total Labor

Capital-Rel

ated

~Maint. Wages & Ben.

-Maint. Salaries & Ben.
-~Maint. Mat'l

~Maint. 0O
~GPOH an
~Taxes &

~-Deprecia

~Deprecia

verhead
Maintenance
Insurance
tion - DPI
tion - APSAG

Total Capital

Cost of Man
-Salling
~Distribu

~Research & Development
~Administrative Expense
~Incentive Compensation

Cost of Lal

ufacture
Expense
tion

es

~Pretax Earnings

~Credit:
~Credit:
~Credit:

Total Sales

Byproduct #1
Byproduct #2
Byproduct #3

& Service

JUNIT

$0.
30.
$0.
$@.
$0.

$@.
2

$Q.
$0.
$0.
$Q.

$19.

$22

&40

3
3@
30
&0

240
.20
@4
5@
04
25

.4@
18

b

W
]
3

.26

-

L] PN o
D LO ST

>

3

.81

oy M3 N

2.0
.Q0
.00
.00

> /b d.s.

/i,
/1b.
/1lh.
/1b.

/K WH

M 1b.
/M gal.
/M gal,

/lb. d.s.
/lb. d.s.

Jman-—hr.
% DOWRB
% DOWER
% DOWSER
/man~-hr.
/man—hr.

% DPI

% MWEB
% MW&B
% MWER
% MWSRB
% 0PI

% 0PI

% APS&G

% Sales
/1b.

% Sales
% Sales
% PTE

% TIFR
/1b,
/lb.
/1b,

181

MIL

LION

UNITS

™2

5.4
1.07
.60
.45
2

.21

4.57
L3474
. 86

2
.

A7
.00

I NS

#©
™~
phal
Lx}

@ O

$98.
355.
$98.
$98.

$19.

0SS

$66.

)
RIS ISR

$MILLION

$48.10

2.18
5.16
@.33
0.10
2.1@
@.00
$5.95

3.29
?.59
2.20
©.39
©.33
Q.04
$5.40

0.50
@.12
0.20
2.02
@.14
@.09
2,34
1.20

12~Apr-89

$0.100

0.9289
@.e02
@.004

.080
9.003
2.002
@.043
9.@022
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ETHANOL MANUFACTURE
ZYMOMONAS MOBIL1S
INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

CASH FLOW (MILLION DOLLARS/YEAR)

Scenario:

1. Investment split evanly over three construction years.

2. Plant operates at 50% of full scala the first year,

3. ) ! 5% ! ! the second vyear.

4. 100% ! ! the third year.

5. 100% ! ! thereafter.

5. Five yvear deprecietion rate; half-year convention;

(20, 32, 19.2, 11.5, 11.5, 5.8 %) tawxes: 34% fed, 3% state.
INVESTMENT DEPR. COST EX D SALES NET EARN ANN CASH

YIZAR 71 R e e
1983 $9.76 ($3.76
1384 $9.78 ($3.76)
1985 $9.75 ($9.76)
1986 $17.13 $5 .86 $42.38 $493.01 $@.48 ($10.79)
1387 $9.37 $61.69 $72.51 $1.55 $10.92
1988 $5.62 $74 .58 $98.02 $11.22 $16.84
1939 $3.37 $74.58 398.02 $172 .64 $16.01
1390 $5.37 $74.58 $98.02 $12.64 $16.01
1951 $1.70 $74.58 $92.02 $13.69 $15.329
1392 $74 .58 $98.02 $14.76 $14.76
1993 $74.58 %98.02 $14.76 $14.76
1834 £74.58 $96.072 $14.76 $14.76
1995 $74.58 £386.072 $14.76 $14.76
1996 $74.58 $38.072 $14.76 $14.76
1997 $74.58 $98.02 ®14.76 $14.7
1998 $74 .58 $98.02 $14.76 $14.76
194913 $74.,58 $38.82 $14.76 $14.7E6
2000 $74 .58 $98.082 $14.76 $14.76
2001 $74 .58 $38.02 $14.78 $14.,76
2002 $74.58 $95.02 $14.76 $14.76
2003 $74 .58 $38 .02 $14.76 $14.76
2004 $74.498 $98.02 $14.76 $14.76
2005 ($17.13) $74.58 $98.07 $14.76 $31.90

NET RETURN ON INVESTMENT-3RD OFPERATING YEAR = 15.6%
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ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS
INHIBITED S5YSTEM - PLUG FLOW - CELL RECYCLE

CASH FLOW (MILLION DOLLARS/YEAR)

Scenario:
1. Investment split evenly over three construction years.

2. Plant operates at 5@0% of full scale the first year.
3. " " 75% ; " the second year.
4. " " 100% " " the third vear.
5 ! " 180% " " thereafter,

6. Five year depreciation rate: half-year convention;

(20, 32, 18.2, 11.%9, 11.5, 5.8 %) taxes: 34% fed, 3% state.

CuM CASH NPY @ 15% %IRR

YEAR ~—m=mmo= smmemmmms e
1983 ($9.76) ($39.76) -
1984 ($19.53) ($18.25) -
1985 ($29.29) ($25.64) =

1986 ($40.08) ($32.73) -205.0%

1987 ($29.16) ($26.49) -45.3%
1889 ($12.32) (818.11) -11.5%
1989 $3.69 (311.19) 2.5%
19496 $19.70 ($5.17) 10.3%
1991 %£35.29 ($0.149 14.,9%
1892 $49,8E $4.06 17.8%
1393 $64.562 $7.7@ 18.8%
1954 $79.38 $10.88 21.2%
1385 $34.15 $12.64 22.3%
1396 #108.91 $16.04 23.0%
1997 $123.67 $18.12 23.6%
1998 $138.44 $19.94 24.90%
1989 %153.20 $21.52 24.3%
2000 $167.37 22.89 24.5%
2001 $182.73 $24.08 24.7%
2002 $197.49 $25.12 24.9%
2003 $212.26 $26.02 25.0%
2004 $227.02 $26.80 25.1%
2005 $258.91 $28.28 25.2%
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ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS
INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

BASIC DATA
SCALE OF OPERATION
355.6 MM PPY ANNUAL PRODUCTION LEVEL
54.0 MM GPY ! y "

39%.1 MM PPY ANNUAL CAPACITY
EQ.0 MM GFY ! !
90 % OPERATING UTILITY
362.6 MM PPRY FRODUCT FORMED IN BEER
402.3 MM PPY PRODUCT FORMEDR IN BEER AT CAPACITY
98.0 % MOLAR YIELD-GLUC. TO PROD. IN BEER (E
2.83 1b/lib GLUCOSE DEMAND/FROD (EXCL. SPILL)

46.07 mMOL WT PRODUCT MOLECULAR WEIGHT
PRODUCT STOICHIOMETRY
MOL. WT. MOLES/MOL PRODUCT COMPONENT
18@.16 ©8.50642 /MOL PROD. -GLUCOSE CONSUMED

32.00 @.90000 /MCL FROD. -OXYGEN CONSUMED
17.02 @.00200 /MOL PROD. -AMMONLA CONSUMED
44,05 0.00000 /MOL PROD. -ACETALDEMYDE FORMED (#1)
. 0@ /MOL PROD. -COMPONENT #2 FORMED
.00 /MOL PROD. ~-COMPONENT #3 FORMED
.20 /MOL PROD. -COMPONENT #4 FORMED
. 0@ /MOL PROD.  ~COMPONENT #5 FORMED

88.10 @.00052 /MOL PROD. -LIGHT ENDS FORMED (#B)
46.07 1.90008 /MOL PROD., -ETHANOL FORMED (#7)

.08 /MOL PROD.  -COMPONENT #8 FORMED
. 0@ /MOL PROD. ~COMPONENT #9 FORMED
.00 AMOL PROD. -COMPONENT #1@ FORMED

18.82 -0.01649 /MOL PROD. ~WATER FORMED
b0 .25 0.00541 /MOL PROD. -ACETIC ACID FORMED (¥11)
38,15 2.00000 /MOL PROD. -IS0AMYL ALCOHOL FORMED (#12)
92.09 @.@e%67 /MOL PROD. -GLYCERINE FORMED (#13)
.0@ /MOL PROD. -COMPONENT #14 FORMED
99.08 @.00103 /MOL PROD. -LACTIC ACID FORMED (#1%)
tig.e49 @.2000@ /MOL FROD. ~SUCCINIC ACID FORMED (#1B)

.0 /MOL PROD.  ~COMPONENT #17 FORMED
. @0 /MOL FROD. -COMPONENT #18 FORMED
.02 AMOL PROD.  -COMPONENT #19 FORMED
L@@ /MOL PROD. ~-COMPONENT #22 FORMED
44.01 1.@1753 /MOL PROD. -CARBON DIOXIDE FORMED

2.02 ©.02835 /MOL PROD.  -HYDROGEN FORMED
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ETHANOL MANUFACTURE

ZYMOMONAS MOBILIS

INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

NUTRIENTS IN FERMENTER FEED

FERMENTATION
TYPE
STAGES
CULTURE ™MODE
PRCOD INHIBITION
CONDITIONS
STAGE: GROWTH
33
g,

(&3

=9

2.087
2.908

™J
&3]
~J

FERMENTERS

12
80.9
61.6
27.9
23.6
0.21
.25
.84
72
.55

&

D99 —

Q-9 89

53
5.0
110

30.000
1.147

—
™

S D @ 18]

= e e S .

. [N I % 3

NN~ S 89—y

=~
O =

48,305

15
656,858
35,000

%

mg/g
mg/q
mg/g
mg/g
mo/og
Mo/ g
mg/g
ma/ g
Mg/
ng/g
mg/g
ma/g
ug/og
ua’/g
ug/g

cells
cells
cells
cells
cells
cells
cells
cells
cells
cells
cells
cells
cells
cells
cells

(@ OR 1)
(@ OR 1)
(0 OR 1)
(@ OR 1)

PRODUCTION

C
g/l *%

a/l
1/hr

o/g*hr

%
g/g*hr

g/ lxhr

g/ l*hr
mMs 1l *hr
mM/ mM
g/l

C
kcal/gmol
Btu/hrxgal

gallons
% gross
gallons
gallons

185

~N IN CELLS AS
~H3P04
~KC1
~MINOR NUTRIENTS
-Mg504.7H20
-~UVITAMIN Bl
~-KI
-NiCl12
~-FeCl3.6HZ20
-CaCl2,2H20
~HaB03
-Zn504.,7H20
~MnS04 . H20
-Cub04.5H20
-NaMo04,2H20
-Call2.6H20

*CHO

~ANAEROBIC (@) OR AEROBIC (1)
~CONCUR'NT (@) OR SEQUENT'AL (1)
~-BATCH (@) OR CONTINUQUS (1)
~WITH (@) OR WITHOUT (1)

-TEMPERATURE
.,DH
-PRODUCT CONCENTRATION IN BEER

~CELL DENSITY (CHO ONLY)

-DILUTION RATE » ERR

~PRODUCT PRODUCTIVITY
-Max Specific, of/g cells*hr
-Kinetics: CSTR (@) or Plug Flow
-Activity Factor, % Mawx
-Specific, g/g cells*hr
~Yolumetric, g/lshr =»

~CELL PRODUCTIVITY (CHO ONMLY)

~OXYGEN TRANSFERRED

~0XYGEMN FED /7 OXYGEN STOICH. DEMAND

~GLUCOSE SPILL

~COOLING WATER TEMPERATURE

~HEAT EVOLVED-PRODUCT FORMATION

~HEAT REMOVED BY COOLING COILS

* w/12 hrs batch mode turnaround

~ACTIVE VOLUME REQUIRED
~HEADSPACE
-GROSS VOLUME (incl.
~GROSS SIZE

15% spares)
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ETHANOL. MANUFACTURE
ZYMOMONAS MOBILIS
INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

BASIC DATA

Q.0 1.9 units -NUMBER OF UNITS

PRODUCT SEPARATION

250 g/l -CELL CONC. (CHO) EX FILTER
@. @57 gal/m1n*sf ~FILTER THROUGHPUT
16,715 s f4 -FILTER SIZE

PRODUCT RECOVERY & PURIFICATION
98. 1% Cwt % ~YIELD ACROSS REFINING

MATERIALS OF CONSTRUCTION

CHOICES SELECTION
FERMENTERS 1,3 i
STILLS 1,2,3,4,5 1
HEAT EXCHANGERS 1,3,5,6 1
STORABE TANKS 1,3 1

FOR WHICH:

1=CARBEON STEEL

2=CARBON STEEL w/3@4 55 TRAYS
@4 STAINLESS STEEL
B4l STAINLESS STEEL
16
ON

«F*L.‘

=3
= J \:
5=3 IqINLL S STEEL
B=M
RETURN ON INVESTMENT

To Calculate Selling Price Repuired to Provide a Fixed Return,

Eritar the Desired Return on Investment: 30 %
OR
To Calculate the ROI Resulting from a Fiwed Market Price,
Erter the Market Price for: 1988 /b

Eriter an Investment Contingency to Represent
the Risk Level of the Basic Data 5004

VENTURE TIMING

Midpoint of Comstruction (i.e. 19XX) 1964 -4
Operating Year {(1.e. 19XX2 1988

186
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DISTILLATION DATA MATRIX

COMPONENT

NAME

PRIORITY AS REFINED PRODUCT

1

3

4 NORMAL BOILING PT, C

5 LOSS/COLUMN, WT %

B LEVEL AS IMPURITY, WT%
{ VAR PRESS TEMP, C

8 UAPOR PRESS, mm Hg

9 HT VAPORIZATION, Biu/lb

1@ SENSIBLE HT (LIQ), Btu/(lt)
11 MAX THERMAL STABILITY, C
12 LNCACTIVITY COEFFICIENTS)
13 ~COMP. #1 in:

14 -COMP. #2 in:

15 ~COMP. #3 in:

16 ~COMF. #4 in:

17 ~COMP. #5 in:

18 ~COMP. #6 in:

19 ~COMP. #7 in:

20 ~-COMP. #8 in:

2 -COMP. %3 in:

22 ~-COMP. #10 in:
23 ~WATER in:
24 -COMP. #11 in:
25 ~-COMP. #12 in:
26 -COMP. #13 in:
27 -COMP. #14 in:
28 -COMF. #15 in:
29 ~COMP. #16 in:
30 -COMP. #17 in:
31 ~COMP. ¥13 in:
32 -COMP. #19 in:
33 -COMP. #20 in:

LOWER BOIL

DEFAULT IMPURITY IMPURITY PRODUCT
VALUE ¥1 2 *3
LIST 1-4
0.52
6.20
300
800000
215.9
0.50
150
* WA 2,100 0.190
* ©0.100 MK 0.100
* 0.100 2.100 KEAK
* 9.100 2.100 7.100
* 2.10@ 0.100 0.120
* 0.100 0.100 @.100
* 0.109 0.1280 @.102
* 0.100 2.100 0.100
* 0.100 2.100 D.100
* v.100 2.100 @.100
* 0.500 0.600 0.600
* 0.100 B.100 0.169
* @.10@ 2.100 9.1900
¥ 0.100 0.100 0.100
* 0.129 Q.100 0.1002
* 2.100 Q.128 0.100
* 0.100 0.100 0.100
* 0.100 9.100 0.100
* Q.100 2.100 9.100
* 0.102 0.120 0.100
* 0.108 0.100 2.100

* The following values can be used in lieu of actual

activity coefficients;

however,

the uncertainty of

the calculation is raised significantly:

alecohol/alcohol; ketone/ketone; aldehyde/aldehyde = 6.1

aldehyde/ketone = 0.3

other organic/other organic = 0.5

alcohol/water = 0.6
other orgariic/water =

34 B(n) VAPOR PRESSURE CONST.
35 A(n) VAPOR PRESSURE CONST.
36 VAPOR PRESSURE €40 C
37 VAPOR PRESSURE @128 C

1

.@
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-2476.10 -2476.10 ~-2476.10

15.703 15.703 15.783
2422.2 2422.2 2422.2
2121.9 12421.8 12121.9
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DISTILLATION DATA MATRIX

DEFAULT IMPURITY IMPURITY IMPURITY

ITEM COMPONENT VALUE #4 #5 35!
1 NAME ACETALHD LITE ENDS
2 PRIQRITY AS REFINED PRODUCT LIST
3
4 NORMAL BOILING PT, C 20.2 57.8
5 LOSS/COLUMN, WT % Q.50
£ LEVEL AS TMRURITY, WTZ .20 Q.00 .20
7 VAP PRESS TEMP, C G900 ~-10.0 ~@.5
& VAPOR PRESS, mm Hg 200000 200.0 60.@
9 HT VAPORIZATION, Btu/lb 215.8 244.8 176.4
1@ SENSIBLE HT (LIQ), Btu/tlh) ?.5@ 2.50 Q.47
11 MAX THERMAL STABILITY, C 150
12 LNCACTIVITY COEFFICIENTS)
13 ~COMP. #1 in: *
14 ~COMP. #2 in: #
15 ~COMP. #3 in: *
16 ~COMP. #4 in: * XN
17 ~COMP. #5 in: * AE R
18 -COMP. #b in: * L
15 ~COMP. #7 in: *
20 ~COMP ., #8 in: *
21 ~COMP. #3 in: *
22 -COMP. %10 in: *
23 ~WATER in: *
24 ~COMP. #11 in: *
25 ~COMP. #12 in: *
26 -COMP. %13 in: *
27 ~COMP. #14 in: *
28 ~COMP. #15 in: *
29 ~COMP. #16 in- *
30 ~COMP. #17 in: *
31 ~COMP. #1B8 in: *
32 ~COMP. #19 in: *
23 ~COMP. #2Q@ in: *
* The following values can be used in lieu of actual
activity ceoefficients; however, the uncertainty of
the calculation is raised significantly:
alcohol/alcohol: ketone/ketone: aldehyde/sldehyde = 0.1
aldehyde/ketone = 0.3
other organic/other organic = €.5
alcohol/water = 0.6
other organic/water = 1.0
Z4 Bi{n) UAPOR PRESSURE CONST. -2476.10 -24@88.74 -3925.74
35 A(n) UAPOR PRESSURE CONST. 15,7032 18.259 18.501
36 UAPOR FRESSURE @40 C 2422.2 1585.7 387.@
37 VUAPOR PRESSURE €120 C 12121.9  14554.7 4972.0
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DISTILLATION DATA MATRIX

~~~~~~~~~~~~~~~~~~~~~ -=1 QW BOTIL
DEFAULT PRODUCT IMPURITY IMPURITY
ITEM COMPONENT VALUE 7 48 #9
1 NAME ETHANDL
2 PRICRITY AS REFINED PRODUCT LIST 1
3
4 NORMAL BOILING PT, C 78.4
5 LOSS/COLUMN, WT % Q.52
6 LEVEL AS IMPURITY, WT% 2.20
7 VAP PRESS TEMP, C 500 18.0
8 VAPOR FPRESS, mm Hg 300000 40.0
9 HT UVAPQGRIZATION, Btu/lb 215.0 367.2
19 SENSIBLE HT (LIQ), Btu/{lh) @.5@ 0.68
11 MAX THERMAL STABILITY, C 150
12 LNCACTIVITY COEFFICIENTS)
13 ~-COMP. #1 in: 0.100 0.100 9.100
14 -COMP. #2 in: 0.100 @.100 @.100
15 ~COMP. %3 in: 0.100 B.100 ?.1900
16 ~COMP. #4 in: 2.199 2.100 9.120
17 ~COMP. #5 in: 0.109 2.100 2.100
18 ~COMP. #6 in: ?.100 0.100 @.120
i9 ~COMP. %7 in: R 0.100 0.129
20 ~COMP. #8 in: 2.100 KRR 2.100
21 -COMP. #9 in: 2.100 2.100 WK
~COMP. #10 in: 2.100 2.100 0.109
~WATER in: .52 0.6002 0.620
~COMP. #11 in: . 100 0.100 9.100

~COMP. #12 in:
~COMP. %13 in:
~COMP. #14 in:
-COMP. #15 in:
~COMP., #16 in:
~COMP. #17 in:
~COMP. #18 in:
~COMP. #19 in:
~COMP. #20 in:

.10 ?0.100 @2.100
. 180 2.100 2.100
. 120 0.100 @.100
. 129 9.12@ @.100
. 100 2.120 @.1002
. 100 2.100 0.100
.100 2.120 0.190
@.100 ©.120 @.109
@.100 2.1920 0.100

ST 9

* ok ok R ok ok ok A ok Kk k K ow ok ok ok ok & k ok ok

Ol N - & @ & 30 0 bW

T Gd G W PRSPPI

* The following values can be used in lieu of actual
activity coefficients: however, the uncertainty of
the calculation is raised significantly:

alcohol/alcohol;: ketone/ketone; aldehydes/aldehyde = 8.1

aldehyde/ketone = 0.3

other organic/other organic = 0.5

alcohol/water = 0.6

other organic/water = 1.0
34 B(n) VAPOR PRESSURE CONST. -4984.94 ~2475.10 -~2476.10
35 A(n) VAPOR PRESSURE CONST. 20.819 15.703 15.7@3
35 VAPOR PRESSURE @40 C 133.3 2422.2 2422.2
37 UVAPOR PRESSURE @12¢ C 2411.6  12121.9 12121.9
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CISTILLATION DATA MATRIX

DEFAULT IMPURITY IMPURITY

ITEM COMPONENMT UALUE 1o WATER #i1
1 NAME ACET ACH
2 PRIORITY AS REFINED PRODUCT LIST
]
4 NOHEMAL BOITILING FT, C 100.0 11e.!
5 LOSS/COLUMN, WT % @.50
b LEVEL &% ITMPURLITY, WTYE @.20
7 UAPR PRESS TEMP, C 302 0.0 20.0
g UpPOR PRESS, mm Hg 200000 1.8 11.7
9 HT VAPORIZATION, Btu/sib 215.0 97@0.3 1742
1@ SENMSIBLE HT (LTG0, Btu/(lb} Q.50 1.09 2.52
1L MAX THERMAL STABILITY, C 159
2 OLNCACTIVITY COEFFICIENTS)
13 ~COMP. #! 1in: * 2.100 @.600 ©.100
14 -COMP. #2 1in: * 0.100 @.600 Q.100
15 ~COMP ., #3 in: * @.100 2.600 2.100
16 ~COMP., %4 in: * 0.100 2.600 Q.100
17 -COMP, #5 in: * @.10¢ Q.60 2.100
18 ~COMP. #5 in: * 9.100 0.600 @.100
19 ~COMP. #7 in: * Q.10 2.6002 2.100
20 -COMP . #8 in: * @.100 2.600 @.100
21 ~COMP. #3 in: * 0.100 0.R00 0.100
22 ~COMP, #1@ in: * HOR KK 0.600 0.100
23 ~WATER in: * 2.600 o @.600
24 ~COMP. #11 in: * .10 0.600 PRV
25 ~COMP. #18 in: * 0.1692 0.-00 @.100¢
26 ~COMP ., #1323 in: * 0.100 2.600 @.100
27 ~COMP. #14 1in: * @.100 0.500 2.100
28 ~COMP. #15 1in: * 2.100 Q.500 9.100
29 -COMP. #16 1in: * 0.100 2.600 0.100
20 ~COMP., #17 in: * Q.100 0.600 2.100
31 ~COMP. #18 in: * 0.100¢ 0.600 0.100
32 ~COMP, #19 in: * 0.190 0.600 0.100
33 ~COMP. #2@ in: * Q.109 0.500@ @.100
* The following values can be used in lieu of actual
activity coefficients; however, the uncartainty of
the calculation is raisaed significantly:
alcohol/alcohol: ketone/keione: aldehyde/aldehyde = 0.1
aldehyde/ketone = 8.3
other organic/octher organic = 0.5
alcohol/water = @.6
cther organic/water = 1.@
34 B(n) UVAPOR PRESSURE CONST. ~2476.10 -51235.15 -4875.41
35 A{n) UAPOR PRESSURE CONST. 15.703 20.368 19.099
35 UAPOR PRESSURE @40 C 2422 .2 54.5 33.9
37 VAPOR PRESSURE ©120 C 12121.9 1528.49 807.2
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DISTILLATION DATA MATRIX

12~Apr-89

HIGH BOIL
PRODUCET
#14

0.190
®.106
2.100
. 100
. 100
L1009
.100
L1009
. 100
. 100
.E09
. 100
. 120
180
L1060
. 100
@.100
2.100
@.100
2.100

OOY SO0 S099aS

= 0.1

15.703

QR D
L4§.L.ntf.

DEFAULT IMPURITY IMPURITY
COMPONENT VALUE ¥12 ¥13
NAME I-AM ALK GLYCERINE
PRIORITY AS REFINED PRODBUCT LIST
NORMAL BOILING PT, C 130.6 290.0
LOSS/COLUMN, WT % 0.50
LEVEL AS IMPURITY, WT% 0.20
VAP PRESS TEMP, C 1o 1) 49.8 153.8
UARPOR PRESS, mm Hg 20000 10.92 5.0
HT UAPORIZATION, Btu/lb 215.9 198.9 396.0
SENSIEBLE HT (LIQ), Btus(lb) 2.5@ 2.72 .58
MAX THERMAL STABILITY, C 150
LNCACTIVITY COEFFICIENTS)
~COMP. #1 in: * 9,199 2.120
-COMP., #2 in: * @.100 2.109
-COMP. #3 in: * 0.109 D.120
~COMP. #4 in: * 2.100 0.12@
~COMP. #%5 in: * 2.100 2.1920
~COMP. #B6 in: * 0.100 @.120
~COMP. %7 in: * ?.109 2.1020
~COMP . #8 in: * 2.10@ 0.100
~COMP. #9 in: * 2.100 2.100
~COMP. %10 in: * ?.120 @.100
~WATER in: * @.500 Q.500
~COMF. #11 in: * 2.100 0.100
~COMP, #12 in: * MAAR 2.100
~-COMP. #13 in: * @.100 KoK
-COMP. 14 in: * 0.120 0.100
-COMP. %15 in: * 0.120 ©.100
~-COMP. #16 in: * @.100 @.100
~COMP. %17 in: * @.106 2.1008
~-COMP. #18 in: * 2.10Q Q.10
~COMP. #19 in: * 0.1006 2.100
~COMP. %20 in: * 2.1900 2.100
* The following values can be used in lieu of aciual
activity ceefficients; however, the uncertainty of
the calculation is raised significantly:
alcohol/alcohol: ketonae/ketone; aldehyde/aldehyde
aldehyde/ketone = 0.3
other organic/eather organic = @.5
alcohol/water = 0.6
other organic/water = 1.0
B(n) VAPOR PRESSURE CONST. -65113.16 -88683.29 ~2476.10
Atn) VAPOR PRESSURE CONST. 21.7¢84 22.378
UVAPOR PRESSURE 849 C 9.5 .0
VAPOR PRESSURE 8120 C 507.@ 0.8

191
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DISTILLATION DATA MATRIX

DEFAULT IMPURITY IMPURITY
ITEM COMPONENT VALUE $15 *16

I NAME LAC ACD  SUC ACD
2 PRIORITY AS REFINED PRODUCT LIST

4 NORMAL BOLLING FT, C

LOLOSS/COLUMN, WT % Q.50

B LEVEL AS IMPURITY, WT% 0.20

7 UAP PRESS TEMF, C 900

8 UAPOR PRESS, mm Hg 800000

9 HT VAPORIZATION, Btu/lb 215.0 L4Q.0 396.0
1@ SENSIBLE HT (LIQ), BEtusClb) g.50@ Q.56 3.58
11 MAX THERMAL STABILITY, C 150

2 LNCACTIVITY COEFFICIENTS)

13 ~COMP. %1 in: *

14 ~COMP . #2 in: *

15 =~COME . #3 in: A

L6 -COMP ., ¥4 in: *

17 ~COMF, #5 1in: *

18 ~-COMP, #5 1n: *

19 ~COMP. %7 1n: *

28 ~COMP., #8 in: *

21 ~COMP L. #3 in: *

22 -COMP, #1@ 1n: *

23 ~-WATER in: %
24 ~COMP., %11 1in: *

25 ~COMP. #12 in: *

26 ~COMP . #13 in: »
27 ~COMP ., #14 in: *

oe ~COME, #1% in: * Y,

24 ~COMP, #16 in: * WK
20 ~COMP . #17 in: *

31 ~COMP . RI8 in: *

32 ~COME L #19 in: ¥

33 ~COMP L #2060 i ®

* The following values can be used in lieu of actual
activity coefficients; however, the urncertainty of
the calculation is raized significantly:

alcoholsaleohols keto
aldehyde/katone = 0.3
nther organic/other o
aloohsl/water = 2.6

other organic/water = 1.0

rganic = @5

54 B(n) UAPOR PRESSURE CONST. ~2476.10 -2476.10
35 Aln) UAPDR PRESSURE CONST. 15.703
-

36 UAPOR PRESSURE 240 © ZATEL 2
37 UAPOR FRESSURE @120 C 12121.9

192

ne/tetone: aldehyde/aldehyde
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IMPURITY
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DISTILLATION DATA MATRIX
~~~~~~~~~~~~~~~~~~~~~ HIGHER BOIL

[TEM COMPONENT
1 NAME
2 PRIORITY AS REFINED PRODUCT
3
4 NORMAL BOILING T, C
5 LOSS/COLUMN, WT %
& LEVEL AS IMPURITY, WT%
7 UAP PRESS TEMP, C
8 UAPOR PRESS, mm Hg
9 HT VAPORIZATION, Btu/lb
19 SENSIBLE HT (LIQ), Btu/(1lb)
11 MAX THERMAL STABILITY, C
12 LNCACTIVITY COEFFICIENTSD
13 -COMP. %1 in:
14 ~COMP. #2 in:
15 ~COMP. #3 in:
16 -COMP. %4 in:
17 ~COMP, #5 in:
18 -COMP. #6& in:
19 ~COMP. #7 in:
20 -COMP. #8 in:
21 -COMP. #3 in:
22 -COMP. #1@ in:
23 ~WATER in:
24 ~-COMP. #11 in:
25 ~-COMP. ¥12 in:
26 ~COMP., #13 in:
27 ~COMP. #14 in:
28 ~COMP. #15 in:
29 -COMP. #16 in:
30 -COMP. #17 in:
31 -COMP. %18 in:
32 -COMP. #1939 in:
33 ~COMP. #20 in:

VALUE t18 #19
LIST
2.50
0.28
508
800000
215.0
2.50
159
* @.100 2.100
* @.100 .10
* 2.1020 0.100
* 0.1008 0.10@
* 0.100 2.100
* 0.100 2.100
* @.100 @.100
* D.100 0.100
* 2.100 0.100
* @.100 2.100
# 0.6800 0.600
* 2.100 D.100
* 2.100 0.100
* 0.120 2.100
* 2.10@ 2.10Q
* 2.120 ?9.100
* 0.100 @.106
* @.100 0.100
* KRR M 2.10@
* ?.100 KK EK
® Q.10 ?.100

* The following values can be used in lisu of actual

activity coefficients;

howevear,

the uncertainty of

the calculation is raised significantly:

alcohol/alcohol;

aldehyde/ketone = 0.3
other organic/other
alcohol/water = B.6
other organic/water =

34 B(n) VAPOR PRESSURE CONST.
35 Aln) UAPOR PRESSURE CONST.
36 VAPOR PRESSURE €40 C

37 VAPOR PRESSURE #8120 C

1.

0

katone/ketone;

arganic = 0.5

-2476.10 -2476.10
15.783 15.783
2422.2 2422.2

12121.9 12121.9

193

aldehyde/aldehyde

12-Apr-89

DEFAULT PRODUCT IMPURITY IMPURITY

20

. 109
.10
. 1920
. 100
.100
. 100
. 100
. 100
. 1020
.1eo
.6500
. 129
. 1009
. 108
. 129
. 100
. 100
. 100
. 108
. 190

HRAKH

S8 MO0V gRe e

= @.1

~2476.10
15,703
2422.2

12121.9
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OFTEN USED PARAMETERS

({ THOUSAND ANNUAL POUNDS)

402,933

S
<
rJ
[
L
[SSERCNEE ST RN SRR < BN N I SV R S I

=Y

o

\:7 S d

[Sp]

S

N
[s9] ol s
— [mp) =N

RS = B S IS B SRS R e

Il
0 @

Lol
o
s
)T

§01,133

)
@
8,17%
L,
4,902
BE31
. et
34295

11,983

16,30
1,191
§,71%5

561
9,276

46,378
153,584

7,102
153,584
11,983

b,213

oL

PRODUCT FORMED
FORMED WITH PRODUCT
-ACETALDERYDE
~COMPONENT #2
~COMPONENT #3
~COMPONENT #4
~COMPONENT #5
~LIGHT ENDS
~ETHANOL (PRODUCT)
~COMPONENT #8
~COMPONENT %9
—COMPONENT #10

P -WATER

~ACETIC ACID
~150AMYL ALLCOHOL
~GLYCERINE
~COMPONENT #14
~LACTIC ACID
-SUCCINIC ACID
~COMPONENT #17
~COMPONENT #18
~COMPONENT #19
~COMPONENT #20
~HYDROGEN
~CARBON DIOXIDE

CONSUMED FOR PRODUCT
~GLUCOSE

~AMMONIA

~OXYGEN

7% CELLS PRODUCED -~ CHO
I CELLS PRODUCED - NHZ

FORMED WITH CELLS
~WATER-CHO
~WATER-NHZ
~WATER-TOTAL
~CARBON DIGXIDE-CHO

CONSUMED FOR CELLS
~GLUCOSE~CHO
~AMMONIA-NHZ
~OXYGEN-CHD
~OXYGEN-NHZ
-0XYGEN-TOTAL

OXYBEN FED-GROWTH
NITROGEN FED-GROWTH
OXYGBEN VENT-GROWTH
NITROGEN UVENT-GROWTH

CARBON DIOXIDE VENT-GROWTH
WATER VENT GROWTH

194
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OFTEN USED PARAMETERS
( THOUSAND ANNUAL POUNDS)
0 OXYGEN FED-PROD'N
® NITROGEN FED-PROD'N

2 OXYGEN VENT-PROD™N
@ NITROGEN VENT-PROD'N
391,681 CARBON DIOXIDE VENT-PROD'N
14,515 WATER VENT~PROD'N

406,196 PHI

195
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MAKE UP WATER
BIOSUGAR SYRUP

WATER BALANCE

STERILIZER STEAM
WITH CELLS
FORMED WITH FROOUCT

FORMED
TOTAL

WATER 0OUT:

AQUEQUS WASTE
CONDENSATE MAKEUP TQ P.H
FERMENTER VENTS

IN

FURGED WITH CELLS

MOISTURE IN PROQUCTS

TOTAL

ouT

196

1,917,318
1,228,774
143,282
5,533
(2,598

3,280,308

7,097,336
143,282
20,728
28,883

79

,230,208

o)

12-Apr-89
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-

# 0O C OO0,

%1

30

10

ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS
INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

MATERIAL

BALANCE FLOWSHEET

12-Apr-89

THOUSAND ANNUAL POUNDS (330 DAYS) @ CAPACITY

1

CORN
STREAM SYRUP
CELLS -CHO
~NHZ
-MINERALS
-TOTAL
ACETALDEHYDE

COMPONENT #2

COMPOMENT #3

COMPONENT 44

COMPONENT #5

LIGHT ENDS

ETHANOL

COMPONENT #8

COMPONENT #9

COMPONENT #10

ACETIC ACID

ISOAMYL ALCOHOL

GLYCERINE

COMPONENT #14

LACTIC ACID

SUCCINIC ACID

COMPONENT #17

COMPONENT #18

COMPONENT %19

BENZENE

GLUCOSE

AMMONIA

PHOSPHORIC ACID

POTASSIUM CHLORIDE

MINDR NUTRIENTS

WATER 1,226,77

CARBON DIOXIDE

OXYGEN

NITROGEN

HYDROGEN

GRAND TOTAL 2,044 623
CHECK ON TOTAL

TEMPERATURE, C 20

PRESSURE, PSIA 14.7

STATE SOL'N

817,54

D990 P~ O QRUWVIDOeEOH OV SVE VDU EIS

_
2 3

ANHYD  NUTRIENTS

AMMONTIA

SS9 S TR

1,19

o0
[ BRI}

rd L

OSSO UAOHSSeee.eaes

2 2
14.7
LIQUID S0LIDS

197

4 5
MIX MIXED
WATER MEDIUM

[ep > B N CS I SRR S B G I o S I G IS TS S T NS TGO SRSV GS IS S B OSSR B IS B OV

817,84

66

50

22
1,774,023 3,000,310
@ 2
2 @

2 @
2 i

1,774,836 3,82@,053

20 2
20.8 25.0
LIQUID SOL™N
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$1

13

10

ETIPRZ (WKS

INH

THOU

STREAM

~CHE

CELLS
~NHZ
~MINERALS
~T0TAL
ACETALDEHYDE
COMPONENT #2

COMPONENT 3
COMPOMENT #4
COMPONENT #5
LIGHT ENDS
ETHANGL
COMPONENT #8
COMPONENT %9
COMPONENT %10
ACETIC ACID
1S0AMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACIOD
SUCCINIC ACID
COMPONENT #17

COMPONENT #18
COMPONENT #19
BENZENE

HLUCOSE

AMMONTIA
PHOSPHORIC ACID
POTASSIUM CHLOR

MINOR NUTRIENTS
WATER

CARBON DIOXIDE
OXYGEN

NITROGEN
HYDROGEN

GRAND TOTAL

CHECK OW TOT
TEMPERATURE, C
PRESSURE, PS5IA
STATE

2 12-Apr
ETHANDL MANUFACTURE
JYMOMONAS MOBILIS
IEITED SYSTEM - PLUG FLOW - CELL RECYCLE
MATERIAL BALANCE FLOWSHEET
SAND ANNUAL POUNDS (330 DAYS) @ CARACITY
(8 7 8 G 10
HX &% STERILE HYX T8 COOLER AIR
EFFLUENT MEDTUM EFFLUENT EFFLUENT TO FERM
@ ] & & ]
5] @ ? 0] @
@ ] @ ? @
@ ) @ & i
@ % @ (4] @
@ (] @ @ ?
@ ] ] 1] ]
@ @ @ @ (]
0 ] @ @ 5]
2 @ @ i 4]
@ @ @ @ @
@ B @ @ @
@ ] 14 @ %
@ @ 3 @ 0
@ (] 0 @ ]
@ @ 4] @ @
) ? @ @ @
? ] @ @ 9
@ @ ] @ @
@ (% @ @ @
@ @ 4] i )]
d ] @ @ @
] @ ] @ d
@ @ @ @ |
817,849 g17,849 817,848 817,849 (]
] 5] ] 1] @
BRI b&1 661 bhE1 @
IDE 504 504 504 504 ]
228 228 22 228 &
3,000,810 3,144,092 3,144,092 3,144,092 ?
@ @ 4] 4] 1%
] %) 2 @ 465,378
2 @ 2 p 153,584
@ @ @ ] @
3,820,053 3,963,334 3,963,334 3,963,334 199,962
AL
100 120 40 33 33
25.0 25.9 25.0 25.0 (2.0
SOL'N SOL'N SOL'N SOL'N GAS

-39



ULETIFRZ.WKS ~3- 12-Apr-89
ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS
INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE
MATERIAL BALANCE FLOWSHEET
THOUSAND ANNUAL POUNDS (33@ DAYS) @ CAPACITY
11 12 13 14 15
COMBINED BEER BEER VENT VENT
STREAM FEED 1 12 GROWTH PROD'N
P _________________ e e e e e e o o o e o v e U U P
R CELLS -CHO @ 8,175 113,542 @ @
0 ~NHZ @ 1,121 16,394 i 0
D -MINERALS @ 228 3,341 2 4]
u -T0TAL 0 9,524 139,277 % 2
C  ACETALDEHYDE 0 @ i 2 2
T COMPONENT #2 @ 2 @ @ 0
#@ COMPOMENT #3 @ @ @ @ @
COMPONENT #4 @ @ @ @ @
COMPONENT #5 2 ? @ @ )
LIGHT ENDS 2 @ 454 @ @
#1 ETHANCOL i @ 453,647 @ i
COMPONENT #8 2 2 Y @ @
COMPONENT #9 @ @ @ @ 2
COMPONENT #10 @ @ @ @ (]
ACETIC ACID ? @ 3,199 @ 0
IS0AMYL ALCOHOL 2 2 @ 4 a
GLYCERINE 2 2 5,144 2 @
$¥2 COMPONENT #14 @ @ (%) 2 ]
LACTIC ACID i ) 914 4 2
SUCCINIC ACID 2 @ @ @ @
COMPONENT #17 @ 2 @ 2 2
$0 COMPONENT #18 0] @ @ @ @
COMPONENT #19 @ @ 2 i @
BENZENE i} 2 2 @ )
GLUCOSE 817,849 801,500 366 @ i
AMMONTA 1,191 2 @ 0 @
FHOSPHORIC ACID 661 b& 1L 745 @ i
POTASSIUM CHLORIDE 594 504 567 % @
MINOR NUTRIENTS 22 @ 2 0 @
WATER 3,144,092 3,143,412 3,513,781 6,213 14,515
CARBON DIOXIDE ? @ @ 11,983 391,681
OXYGEN 46,378 ) 2 37,102 @
NITROGEN 153,584 @ i 155,584 2
HYDROGEN @ @ @ 2 500
GRAND TOTAL 4,164,488 3,955,601 4,124,091 208,882 406,596
CHECK ON TOTAL 4,124,881
TEMPERATURE, C 33 33 33 33 33
PRESSURE, PSIA - 44.7 44.7 14,7 14.7
STATE - SLURRY SLURRY GAS GAS

199
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o

s

[ B o

=+ — (2

#1

1d

ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS
INHIBTITED SYSTEM -~ PLUG

THOUSAND ANNUAL FOUNDS (338 DAYS)H

MATERIAL BALANCE FLOWSHEET

16 17 18

COMBINED  CELL  CELLS T0

STREAM UENT  EFFLUENT DISPOSAL
CELLS ~CHO @ 119,542 8,175
“NHZ ® 16,394 1,121
~MINERALS ) 3,341 229
~TOTAL @ 139,277 9,524
ACETALDEHYDE ¢ 0 @
COMPONENT #2 o o o
COMPONENT #3 @ @ )
COMPONENT 4 G o o
COMPONENT #5 o ) @
LIGHT ENDS @ G4 4
E THANOL 0 54,437 3,723
COMPONENT #8 o o o
COMPONENT 8 0 0 )
COMPONENT #10 0 @ )
ACETIC ACID @ 384 ol
1S0AMYL ALCOHOL o 5 0
GLYCERINE o 517 472
COMPONENT #14 0 2 0
LAcTIC ACID 0 110 7
SUCCINIC ACID @ 0 0
COMPONENT #17 @ y 0
COMPONENT #18 0 o Y
COMPONENT #19 0 @ o
BENZENE 4 @ o
GLUCOSE % 44 44
BMMONT A 2 2 0
PHOSPHORIC ACID o 9 6
POTASSTUM CHLORIDE o 58 5
MINOR NUTRIENTS o 2 2
WATER 20,728 422,366 28,883
CARBON DIOKIDE 403,664 ) 0
OXYGEN 37,107 ) 0
NITROGEN 153,584 4 o
HYDROGEN 500 0 @
GRAND TOTAL 615,572 B17,446 42,765

CHECY On TOTAL 517,446

TEMPERATURE, © 33 33 53
PRESSURE, PSIA 14.7 44,7 14.7
STATE BAS  SLURRY  SLURRY

200

FLOW - CELL RECYCLE

CAPACITY

19
CeELL
RECYCLE

111,367

E=Eelric

Yo, 202
3,112
129,753
@

&

2

@

@

@

-~
&=

{88}

a3 a3

)
S
L
BN
0
[SERNNS B EY

HE S G B S s

- vy
575,223
Ty an
5(5,18L

44.7
SLURRY

12-Apr-89

20
CRUDE
FILTRATE

[
fEa I SR I O I S s NN B S RS B SN

<
il

¥

= O
[2spng]
oo

3,097,41

S oo s

0
7,506,645

20

SOLN
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ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS

INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

THOUSAND ANNUAL

STREAM
CELLS ~CHO
~NHZ2
~MINERALS
~TOTAL
ACETALDEHYDE
COMPONENT #2
COMPONENT 43
COMPONENT #4
COMPONENT #5
LIGHT ENDS
1 ETHANOL
COMPONENT %8
COMPONENT #9
COMPONENT #10
ACETIC ACID
ISOAMYL ALCOHOL
GLYCERINE
COMPOMENT #14
LACTIC ACIOD
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE
GLUCQSE
AMMONIA
PHOSPHORIC ACID
POTASSIUM CHLORIDE
MINOR NUTRIENTS
WATER
CARBON DIOXIDE
OXYGEN
NITROGEN

# - 0DC DD WU

]

1@

10

GRAND TOTAL

CHECK ON TOTAL
TEMFERATURE, C
PRESSURE, PSIA
STATE

21 22
BEER #1 BEER #1
FEED MAKE

w o

Gl W
&2
Ao

438,

I
1l
1
1a)
Cd

E-S AN}
U1 jos]
P fmn
eSS ,EFHTUUINTINDODSS S RPNl NUSSONSeS

[es]
=

&
rJ

O
w3 o

e
5]
P
&3]
I
EN
S
3]
o
0
Tt

3,962,398 874,271 3
-~ 109
- 27.5
SOL'N SOL'N

201

23
BEER #1
TAILS

1,99

I
ol jas} o
rJ = V]
LS VUSWUTSNGSSIOD EPESUINTITDS NSO

o
[Ssputy]

4
=)
-]
[
n
]

, 288,125

POUNDS (338 DAYS) 8 CAPACITY

24
BEER #2
MAKE

ST ISR S i S R SN S

&3]
w
[#a]

397,214

£J

=

g
OS89 g9 9098 S99 I/VES

12~-Apr~89
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ETHANOL. MANUFACTURE
ZYMOMONAS MOBILIS

INHIBITED SYSTEM - PLUG

BALANCE FLOWSHEET

MATERIAL

THOUSAND ANNUAL POUNDS

25
BEER #Z
TAILS

STREAM

F) ——
R CELLS -CHO
0 ~NH2
D -MINERALS

U ~TOTAL

¢  ACETALDEHYDE

T COMPONENT #2

COMPONENT %3

COMPONENT t4

COMPONENT #5

LIGHT ENDS

1 ETHANOL 3
COMPONENT #8

COMPONENT #3

COMPONENT #10Q

ACETIC ACID

I50AMYL. ALCOHOL
GLYCERINE

COMPONENT #14

LACTIC ACID

SUCCINIC ACID

COMPONENT %17

COMPONENT #18

COMPONENT #19

BENZENE

GLUCOSE

AMMONIA

PHOSPHORIC ACID
POTASSTIUM CHLORIDE

MINOR NUTRIENTS

09 90 NS

0
o

-3
—

-
3 [

S

10

#0

eSO oS 9geE

[ IS IR ST O R

WATER 415,230
CARBON DIOXIDE @
OXYGEN @
NITROGEN @
HYDROGEN @
GRAND TOTAL 455,751
CHECK ON TOTAL
TEMPERATURE, C 12
PRESSURE, PSIA 3@.9
S5TATE SOLN

L

26
BS #1
MAKE

i
I
1
I

IS S I SN SRS SRS RN

[

o L
0 Ul
jup i s]

[

3

[N IR SR SV s ISR S I GV SV I GN T I o T o B B S o i oS NS B G S

[ = |

111
58,14

SOL'N

202

FLOW

(350 DAYS)

- CELL

27
LBS #1
TAILS

PSR IS IR O B o oSS B SR S R S R GVRR S B S I O SRS

20,306

[SS I

a

416,174

120
BE1.7
SOL'N

12-8pr -89
RECYCLE
® CAPACITY
28 249
LBS #2 LBS #2
MAKE TAILS
4] 9]
@ ]
] 0]
@ @
@ 2
(%] @
@ @
0 @
@ @
@ @
2 @
@ @
@ @
6] @
@ @
] @
4] )
@ ]
@ ?
@ ]
@ 2
@ ]
@ @
@ @
@ @
@ @
2 @
@ @
@ 2
@ ]
@ @
@ @
(6] a
@ @
4] 1]
(2739 129
.0 @
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ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS

THOUSAND ANNUAL POUNDS (320 0AVE) € CAP

39 31 32
LBS %3 LBS #3 HBS #1 HEB
STREAM MAKE TAILS MAKE T
P __________________________ o ke o e i e e e e o ————
R CELLS —-CHO @
0 ~NH2 @
0 ~MINERALS 2
U ~TOTAL ?
C ACETALDEHYDE @
T COMPONENT #2 @
#@ COMPONENT #3 i
COMPONENT #4 @
COMPONENT 25 @
LIGHT ENDS [
#1 ETHANGL B
COMPONENT #8 0
COMPONENT #9 2
COMFONENT #10 2
ACETIC ACID 2
I50aMYL ALCOHOL )
GLYCERINE @
#@ COMPONENT #14 2
LACTIC ACID 2
SUCCINIC ACID @
COMPONENT $#17 @
#@ COMPONENT #18 @
COMPONENT #19 i
BENZENE @
GLUCOSE 2
AMMONIA @
PHOSPHORIC ACID @
POTASS5IUM CHLORIDE @
MINOR NUTRIENTS 0
WATER @
CARBON DIOXIDE 2
OXYGEN @
NITROGEN @
HYDROGEN 0
GRAND TOTAL @ i 2
CHECK ON TOTAL
TEMPERATURE, C (273) 120 (273
PRESSURE, PSIA Y .0 .@
STATE SCL'N SOL N S0LN

S SO0 S90S DIOUV VOISO IS
99 89999999900 EB 98w

203

ACITY

23
S #1
ATILS

B IR SR S N T ST SRS I SV R SV

SN

24
HBS #2
MAKE

i
t
t
i
4
i

12-Apr-89

]
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£l

230

0

ETHANOL MANUFACTURE
LYMOMONAS MOBILIS
INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (330 DAYS)Y @ CAPACITY

STREAM
CELLS -CHO

~NHZ

-MINERALS

~TOTAL
ACETALDEHYDE
COMPONENT #2
COMPONENT %3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT #9
COMPONENT #10@
ACETIC ACID
ISOAMYL. ALCOHOL
GLYCERINE
COMPONENT %14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE
GLUCGSE
AMMONIA
PHOSPHORIC ACID
POTASSIUM CHLORIDE
MINOR NUTRIENTS
WATER
CARBON DIOXIDE
OXYGEN
NITROGEN
HYDROGEN
GRAND TOTAL

CHECK ON TOTAL

TEMPERATURE, C
PRESSURE, PSIA
STATE

35
HBS #2
TAILS

S 000 OSSO0 E UGBTI TA

i
1
t
!
I
1

=

150

SOL'N

3 37 38
AZED AZED fZED
MAKE TRILS REFLUX

@ @ @

@ @ @

2 @ @

2 @ @

@ i 2

2 @ @

0 0 4]

@ 2 @

@ ? 2

@ 2 @
259,004 395,124 258,300
@ @ 0

@ @ @

@ @ 1%

@ @ @

@ @ @

@ @ )

@ @ @

@ Y @

@ @ @

@ @ @

@ 14 @

@ ? 2
1,753,185 2 1,753,197
@ 1] @

@ @ i

i @ @

@ @ @

2 i) 2
47,330 79 26,503
@ @ @

@ 2 ]

0 @ @

] 2 @
2,059,530 329%,205 2,038,600

SOL'N SOL'N S0L°N

12-Apr-389

3%
DECANTER
FEED

=

[SST SR S I NS B

1,758,579

SOV EMNS 9.

SOL'N



ULETIPRZ . WKS -9-

# 4 000D

<

1

10

0

ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS

INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

MATERTIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (33@ DAYS)Y @ CAPACITY

40 41 432 43
DECANTER DECANTER BENZENE BENZENE FUSEL

STREAM UP LAYER LO LAYER MAKE TAILS
CELLS ~CHO @ 2

-NH2 2 ?

~MINERALS Vij @

-TOTAL 2 @
ACETALDEHYDE ?

COMPONENT #2
COMPONENT %3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL 258,96
COMPOMENT #8
COMPONENT #8
COMPONENT #10
ACETIC ACID
IS0AMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONMNENT #17
COMPONENT #18
COMPONENT #19
BENZENE

GLUCOSE

AMMONIA

PHOSPHORIC ACID
POTASSIUM CHLORIDE
MINOR NUTRIENTS
WATER

CARBON DIOXIDE
OXYGEN

NITROGEN

HYDROGEN

j53)
joe]
|8

iy}

s
-]
n
43}
0
in
’CJCJ
OS99 N9 SS90 PSRRI

an
S S9SN S oS RSS IS ABRD

P
Y
g v
eSO LSSI/TIULIYYITRITSTEISIEIIRE
g
~1
93]
&
™3
=
e}
-3

GRAND TOTAL 2,038,603 112,204 91,273 20

CHECK ON TOTAL
TEMPERATURE, C
PRESSURE, PSIA
STATE SOL’N SOLN SOL'N 5

205

i
S Qe8NS Y~ 09000V CTHIS P, S

N
3

44

DRAW~-OFF

SOL'N

12-Apr~89
45

OIL REFINED

PRODUCT

2

]

2

@

@

2

@

2

@

5]

295,124

]

~d
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ETHANDOL MANUFACTURE
IYMOMONAS MOBILIS
INHIRITED SYSTEM - FLUG FLOW - CELL RECYCLE

MATERTIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDOS (332 DAYS)Y @ CAPACITY

45 ATt 48 43 210
REFINED REFINED AQUEQUS MAKE-UP MAKE-UP
STREAM B.P. %1 B.p.12 WASTE WATER BENZENE
P i o o e o e ety e n a o e e s e e ISR e e s m e o e i o e e
R CELLS -CHO @ @ @ @ @
0 ~NHZ @ @ @ @
D -MINERALS @ @ @ @
U -TOTAL @ @ i @
C  ACETALOEHYDE @ i
T COMPONENT #2 2
#@ COMPONENT ¥3 @
COMPONENT #4 @
COMPOMENT #5 i
LIGHT ENDS 399
¥l ETHANOL 4,086
COMPONENT &8 @
COMPONENT %9 ]
COMPONENT #1@ @
ACETIC ACID 2,815

ISOAMYL ALCOHOL
GLYCERINE
#0 COMPONENT #14
LACTIC ACIR
SUCCINIC ACID
COMPONENT #17
#2 COMPONENT %18
COMPONENT #19
BENZENE
GLUCOSE
AMMONIA
PHOSPHORIC ACID
POTASSIUM CHLORIDE
MINOR NUTRIENTS
WATER
CARBON DIOXIDE
OXYGEN
NITROGEN
HYDROGEN

IS
a
!

o
=

=
&3}

M
w {7 2 [
S OSSN MN SIS SOOI INEU

3,087,33

1,817,3

S¥
e
SO0 9N OO O S9DOESe9Ee99008e R eewm

9 0S99 999900 MNOOO9OS90IRND 00 ETEID

S8 o9 e aw

GRAND TOTAL @ @ 3,111,442 1,817,318
CHECK ON TOTAL

TEMPERATURE, C 41 40 4@ 20 20

PRESSURE, PSIA 14.7 14.7 14,7 14.7 14.7

STATE SOL'N SOLN SOL’N LIQUID LIQUID

[N ]

206
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ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS
INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

THOUSAND ANNUAL POUNDS (330 DAYS) @ CAPACITY

51 52 53 54 55
STERILE FERM'TR DISTILL. COND. MU MEDIUM

STREAM STEAM STEAM STEAM P*WR H'SE COOL WTR
P ______________________________________________ —
R CELLS ~-CHO
0 ~NH2
n ~MINERALS
U -TOTAL

C ACETALDEHYDE

T COMPONENT 2

#@ COMPONENT #3
COMPONENT #4
COMPONENT %5
LIGHT ENDS

$1 ETHANOL
COMPONENT #8
COMPONENT %9
COMPONENT #10
ACETIC ACID
ISOAMYL ALCOHOL
GLYCERINE

@ COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17

#0 COMPONENT #18
COMPONENT #19
HENZENE
LLUCOSE
AMMONTIA
PHOSPHORIC ACID
POTASSIUM CHLORIDE
MINOR NUTRIENTS

SN0 OeS 908 9S00SS TEOYS
| 9 89S 9 MNOR S90S 9999999909803 EeR I

[ 9T 9O909 SO0 eR YIS

WATER 143,28 2,454,778 143,282 1,849,55

CARBON DIOKIDE

OXYGEN

NITROGEN

HYDROGEN

GRAND TOTAL 143,282 2,464,780 143,282 1,849,556
CHECK ON TOTAL

TEMPERATURE, C 141 141 186 112 5

PRESSURE, PSIA 64.7 E4.7 164.7 20.8 14.7

STATE GAS GAS GAS LIQUID LIGUID
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e e By S R

oz

31

11

.20

vy

ETHANOL MANUFACTURE
ZYMOMONAS MOBILIS
INHIBITED SYSTEM - PLUG FLOW - CELL RECYCLE

MATERIAL BALANCE FLOWSHEET

THOUSAND ANNUAL POUNDS (330 DAYS) © CARACITY

56 52
FERM'TR DISTILL.

STREAM COOL WTR COOL WTR
ceLLs -CHO 0 @
-NHZ @ 2
~MINERALS (0] @
~TOTAL & @
ACETALDEHYDE @ 4

COMPONENT #2 i Q
COMPONENT #3 4] @
COMFPONENT #4 @ il
COMPONENT #5 @ (4]
@
@

LIGHT ENDS @
ETHANOL @
COMPONENT #8 0 @
COMPOMENT %3 i @
COMPONENT #1@ @ (4]
GCETIC ACID @ @
Is0AMYL ALCOHOL @ @
GLYCERINE @ @
COMPONENT #14 0 @
LACTIC ACID @ @
SUCCINIC ACID @ a
COMPONENT #17 @ 2
COMPONENT #18 @ 4]
COMPONENT #19 @ @
PENZENE @ ]
G1LUCOSE i @
AMMONIA 0 ]
PHOSPHORIC ACID @ @
POTASSTUM CHLORIDE @ @
MINOR WNUTRIENTS 2 a
WATER 20,366,802 69,817,173
CARBON DIOXIDE @ @
OXYGEN i 4
NITROGEN ) @
HYDROGEN @ @
GRAND TOTAL 20,366,802 69,017,173
CHECK ON TOTAL
TEMPERATURE, C 5 @
PRESSURE, PSIA 14.7 14.7
STATE LIQUTID LIQUID

208
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M LB. MOLES/YEAR
ACETALDEHYDE
COMPONENT #2
COMPONENT %3
COMPONENT %4
COMPONENT #5
LIGHT ENDS
ETHANOL
COMPONENT #8
COMPONENT #9
COMPONENT %10
ACETIC ACID
ISOAMYL ALLCOHOL
BLYCERINE
COMPONENT #14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE

WATER

(Storage)
UAPOR PRESS 40<(g)
(Storage)
VAPOR PRESS 12@(q)
B(n) V.P. CONSTANT
Alg) V.P, CONSTANT
TEMPERATURE C
PRESSURE mmHn

DISTILLATION CALCULATIONS

20
CRUDE
FILTRATE

w
m
ai

¥

E-Y

e
~J
—
[#a]

e

1,180
58.5
29,757
1619.3
~5106.0
20,582
33.0
760

2
£

BEER #1
FEED

-5106.7
20.382
4

.

%
B0

~J

209

BEER #1
MAKE

9,48

32,404
2059.3
~5057.7
70.498
107.9
1,369

23
BEER #1
TAILS

P S n
NS LGS W e
F s G e - b= s DI
O S — N SO~} W

12-Apr-89

24
BEER #2
MAKE

[e~)
[=3]
™~
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M LB. MOLES/YEAR
ACETALDEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT %5
LIGHT ENDS
ETHANDL.
COMPONENT #8
COMPONENT %9
COMPOMENT 410
ACETIC ACID
I150AMYL ALCOHOL
GLYCERINE
COMPONENT #14
LACTIC ACIO
SUCCINIC ACID
COMPONENT #17
COMPONENT %18
COMPONENT #19
BEMZENE

WATER

(Storage)
VAPOR PRESS

(Storage?
UARPOR PRESS 120(qg)
BCg) U.P. CONSTANT
Alg) U.P. CONSTANT
TEMPERATURE C
PRESSURE mmHg

4@0<q)

]

DISTILLATION CALCULATIONS

25 25 27 78 29

BEER #2 LBS #1  LBS #1  LBS #2  LBS #2
TAILS MAKE TAILS MAKE TAILS

0 ) o 0

o ? 0 %)

) ) 0 o

0 0 0 )

0 ) o 0

0 4 0 0

567 43 8,579 )

0 ) ) )

%) 0 o 0

0 0 ) 0

0 0 0 0

0 o 0 0

0 0 ) )

0 0 ) 0

0 0 0 0

® ) 0 5

o 0 0 )

0 0 o 0

5 0 ) 0

) ) 0 )

23,092 o 1,160 0

23,954 47 9,740 0

115 7 1,144 0
57.5 155.% 174.0 .0 )
2,966 192 729,295 24 2

1597.7  406@.7  5189.9 .0
-5113.0 ~5Q19.5 -4993.5 0.0 )
20.387 71.079  20.774  -4.605  -4.50
120.0 111.7 120.0 ERR 120

1,598 3,030 3,190 (160)

210
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LBS %3
MAKE
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ULETIPRZ .. WKS -g- 12-Apr-89

DISTILLATION CALCULATIONS
31 32 33 34 35 36

LES #3 HBS #1 HES #1 HBS #4 HES #2 AZEQ
M LB. MOLES/YEAR TAILS MAKE TAILS MAKE TAILS MAKE
ACETALDEHYDE
COMPONENT #2
COMPONENT #3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL.
COMPONENT #38
COMPONENT #9
COMPONENT #1@
ACETIC ACID
IS0AMYL ALCOHOL
GLYCERINE
COMPONENT %14
LACTIC ACID
SUCCINIC ACID
COMPONENT #17
COMPONENT #18
COMPONENT #19
BENZENE
WATER

o
=]
8]
ST H S99 OO MND a8 e

s I oS B S I A I SN SR G N SN S I S T S IS BV N T RN B GS BE N
S99 9SS 8999 3Ie9eIIDIBI

S I 9000999990 S00NSeeSaD

<
b
[

(Storage)
UAPOR PRESS 40(qg)
(Storage)
VAPOR PRESS 120(q)
B{qg)» V.P. CONSTANT
Alg) U.P. CONSTANT
TEMPERATURE C
PRESSURE mmHg

r .

LS S SIS

JaR A

SIS0 OB
(=]
=]

2

O I
a3

. 2.0 2.0 2.0
-4 .,605 -4.,6685 -4 .605 -4.605
ERR 15@.0 ERR 15@.0
(160@) 2 (160) 2

@

¢
g

P

S M S

211
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DISTILLATION CALCULATIONS

37 A8 349 1@ 41

AZED AZED DECANTER DECANTER DECANTER

M LB. MOLES/YEAR TAILS REFLUX FEED UF LAYER LO LAYER
ACETALDEHYDE @
COMPONENT %2 0
COMPONENT #3 @
COMPONENT %4 @
COMPONENT #5 @
LIGHT ENDS @
ETHANOL 8,577
COMPONENT #8 i
COMPONENT #9 @
COMPONENT #1@ @
ACETIC ACID @
Is0AMYL ALCOHOL @
BlLYCERINE @
COMPONENT #14 @
LACTIC ACID @
SUCCINIC ACID @
COMPONENT #17 @
COMPONENT #18 @
COMPONENT #1939 @
@

BENZENE
WATER 4
8,561
(Storage)

UAPOR PRESS 4@(q)
{Stiorage)

VAPOR PRESS 120(qg)

B(n) V.P. CONSTANT

Alg) V.P. CONSTANT

TEMPERATURE C

PRESSURE mmHg

212
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BENZENE
MAKE
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M LB. MOLES/YEAR
ACETALDEHYDE
COMPONENT #2
COMPONENT %3
COMPONENT #4
COMPONENT #5
LIGHT ENDS
ETHANOL
COMPONENT %8
COMPONENT #9
COMPONENT #1@
ACETIC ACID
IS0AMYL ALCOHOL
GLYCERINE
COMPONENT %14
LACTIC ACID
SUCCINIC ACLD
COMPONENT #17
COMPONENT #18
COMPONENT #193
BENZENE

WATER

(Storage)
UVAPOR FRESS 42(gQ)
(Stcrage)

VAPOR PRESS 120(qg)
B(g) U.P. CONSTANT
fitg) V.P. CONSTANT

TEMPERATURE C
PRESSURE mmHg

43
BENZENE
TAILS

SN T oS

[ax I =

213
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DISTILLATION CALCULATIONS
20 22 23 24
CRUDE BEER #1 BEER ¥1 BEER #2
M LB. MOLES/YEAR FILTRATE MAKE TAILE MAKE
K1 (COMPONENT #) 7 7 7
k2 (COMPONENT %) WATER WATER WATER
V.PLCKELD 2282.0 5411.6 1938.7
ULPL K2 1911.3 1528.13 b74.5
GAMMA-K L TN K2 1.822 1.822 1.822
GAMMA-KZ TN K1 1.822 1.822 1.822
ALPHA 2.934 4,065 1.443
AVUG COLUMN ALPHA 3.499 2.669
MOL FRACT. K1 (MAKE OR TAILS) 0.281 0.80225 ©.881
MOL FRACT. 1 (FEED) @.247 @.281
MOL FRACT. KZ (MAKE OR TAILS) ©.719 1.000 @.119
ADI. GAMMA- }1 IN ¥Z 1.364 1.822 1.208
ADT . GAMMA-KZ IN Kl 1.049 1.000 1.5594
MINIMUM REVLJX RATIO (ADRJUSTE .32 ®.2
ACTUAL REFLUX RATIO .3 3.3
MINTMUM THEGR. PLATES C(INFINI B 5
THEORETICAL PLATES 13 2
PLATE EFFICIENCY -% 507 8O%
ACTUAL PLATES 26 15
FRESSURE mm Hg (REVISED) 1,424 1,537
TEMPERATURE C (REVISED) 1049 39
AVERAGE MOLECULAR WEIGHT 25.81 18.07 42.76
6GAS DENSITY -~ LB/CK @.09&6 0.a724 D.1770
CROSS SECTIONAL AREA - SQ FT 112.8 38.0
COLUMN HEIGHT -~ +T 54.6 37.7
COLUMN DIAMETER 11.49 7.0
K1 (MPPY) 436,936 397,214
Hv (HEAT VAPCRIZ.-Btu/Lh) BEE.G 968.72 3971
Ca (HEAT CAPACITY - Biu/lb/F) .84 $.999 ?.686
HEAT LOAD - MM Btu/Hr 1@9.438 168.768% 30.162
CONDENSER COOLING WATER - GPM 8110 2235
CALANDRIA STEAM - MPPH (150 PSIG) 1396.33
COLUMN COST - $1000 3086 MPC - BARE EQUIPMENT
ALL CARBON STEEL $202.1 $87.8

- C.5 w/304 5.5, TRAYS 222.3 $95.6

~ ALL 304 STAINLESS STEEL $320.4 $149.9

- ALL 3041 STAINLESS STEEL $352.5 $155.0

- ALL 316 STAINLESS STEEL $432.6 $180.2
CONDENSER OR CALANDRIA SURFAC 9,614 9,376 3,052
COND. QR CALAND. COST - $1000 3086 MPC - BARE EQUIPMENT

-CARBON STEEL $298.1 $290.5 $499.9

~304 STAINLESS STEEL $417.3 %406 .86 $139.9

-316 STAINLESS STEEL $447.1 $435.7 $149.8

-MONEL $081.3 $566.4 $134.9
SUBTOTAL 3,882,405
SUBTAOTAL 3,876,959
SUBTOTAL 3,075,503
MINIMUM REFLUX RATIO 2.3 0.2
Cn SUBTOTAL #1 297,304 1,357 270,233

214

12-Apr -

25
BEER #2
TAILS

WATER

2411.6
1528.49
1 jo N iee]

e Yy
1.822
5.894

@.035939

2.964
1.748
t.ee1

189.03
@.e774

917.7
@.972
31.37%

36.61

1,743

$62.
£87.
$34.
$122

Ld = 0 1

443,040
416,030
416,030

27,011

89



ULETIPRZ.WKS

M3
i

DISTILLATION CALCULATIONS

2 22 23

CRUDE BEER #1 BEER #1
M LB. MOLES/YEAR FILTRATE MAKE TAILS
Cn SUBTOTAL #2 @ 4,08
Cn SUBTOTAL #3 436,336 3,076,495
Cn CHECK 0.759 @.93
Hv SUBTOTAL #1! 160,513 73
Hv SUBTOTAL #2 @ 2,28
Hv SUBTOTAL #3 42%,95%9 2,985,557
Hv CHECK 592.5 967.
MIN. PLATES(NORMAL)
COL.CO8T~C/5 NORMAL
COL.COST~5/5 NORMAL
MIN.REFLUX{NORMAL?
£.5. AREA(NORMAL)
HEAT LOADCNORMAL)
CON/CAL COST(NORMAL D
REFLUX FACTOR @0.275%

215

(SR o VIR SN R e SRR ¥ s R 4]

24

BEER %2
MAKE

14

20
2
£

20,90
8.52
45,92

0
B
)
7
@
85
7

)
y £
252,

2.878

12-Apr--89

25
BEER #<
TAILS
i
416,030
©.955
14,586
4]
493,674
304.5
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DISTILLATION CALCULATIONS

20 26 27 28
CRUDE LBS #1  LBS #!  L.BS #2
M LB. MOLES/YEAR  FILTRATE MAKE TAILS MAKE
K1 (COMPONENT ) £,5,4,3 6,3,4,3 3
K2 (COMPONENT #) 7 7 4,5,65
VLR L (KD 3954.4  4972.0 ERR
ULPL(K2) 650,88 3411.5 ERR
GAMMA-KT IN K2 1.105 1.105 1.000
GEMMA-KZ IN K1 1.000 1.000 1.105
ALPHA 1.685 1,611 ERR
AUG COLUMN ALPHA 1.648 ERR
MOL FRACT. K1 (MAKE OR TAILS)  2.@86 . 000 ERR
MOL FRACT. K1 (FEED) 0.001 ¢.000
MOL FRACT. K2 (MAKE OR TAILS)  ©.914 1,000 ERR
ADJ. BAMMA-K1 IN #2 1.087 1.105 ERR
ALY, GAMMA- K2 TN K1 1.000 1.000 ERK
MINIMUM RESLUYX RATIO (ADJUSTE 20.1 ERR
ACTUAL REFLUX RATIQ 25. 1 ERR
MIMNIMUM THEQR. PLATES (INFINI 15 ) 0
THEQORETICAL PLATES 74 0
PLATE EFFICICNCY -% 8@% 80%
ACTUAL PLATES 47 2
PRESSURE mm Hg (REVISED) 3,021 0
TEMPERATURE © (REVISED) 111 (273)
AVERAGE MOLECULAR WETGHT 49.70 2.73 ERR
GAS DENSITY - LBsCF 0.3911 0.347Q ERR
CROSS SECTIONAL AREA - SQ FT 2.9 0.0
COLUMN HETE HT - FT 78,3 0.0
COLUMN DIAMET 1.9 0.0
K1 (MPPY) 359 o
Hy (HEAT UAPORIZ.-Btu/Lb) 332.0 397.5 ERR
Cn (HEAT CAPACITY - Biu/Lb/F)  @.GB4ag 2.696 ERR
HEAT LOAD - MM Btu/Hr 3.138 4.686 @.000
CONDENSER COOLING WATER - GPM 23F 0
CALANDRIA STEAM - MPPH (150 PSIG) 5.47
COLUMN COST — $1000 3386 MPC -~ BARE EQUIPMENT
-~ ALL CARRON STEEL $54.3 $0.0
- 0.9 w/304 5.5. TRAYS $59.7 $0.0
~ ALL 304 STAINLESS STEEL $58.72 $0.0
~ ALL 304L STAINLESS STEEL $97.0 $0.0
ALL 315 STAINLESS STEEL $119.0 $0.0
CONDENSER OR CALANDRIA SURFAC 269 260 0
CONO. OR CALAND. COST ~ %1000 3Q86 MPC - BARE EQUIPMENT
~CAPPON STEL! $18.3 $15.0 0.0
~-304 STAINLESS STEEL $25.6 $25.7 $0.0
-Z16 STAINLESS STEEL $27.5 $27.0 $0.0
~MONEL $£35.7 $35.1 0.0
SUBTOTAL 289,661
SURTOTAL 2@,906
SUBTOTAL 20,906
MINIMUM REFLUY RATIO 20.1 ERR
Cn SUBTOTAL #1 1,519 268,774 @

216
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29 30
LBS #7  LBS #3
TAILS MAKE
3 2
4,5.6 3
12121.9 ERR
14554 . ERR
L. 200 1.000
1.105 1.006
ERR ERR
ERR
ERR ERR
ERR
ERR ERR
ERR ERR
£RR ERR
ERR
ERR
0
0
807%
0
0
(395
ERR ERR
ERR ERR
0.0
0.0
2.0
0
ERR ERR
ERR ERR
0.000 0.000
0
0.00
$0.0
£0. 0
50 .0
$0. 0
$0.0
0 )
$0.0 $0. 0
$0.0 50 .0
$0.0 $0. 0
$0.0 $0.0
0
)
0
ERR
0 o
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DISTILLATION CALCULATIONS

2 26
CRUDE LBS #1
M LB. MOLES/YEAR FILTRATE MAKE

Cn SUBTOTAL #2 @
Cn SUBTOTAL #3 @
Cn CHECK ©8.500
Hv SUBTOTAL #! 793
Hv SUBTOTAL 42 2
Hv SUBTOTAL #3 2
Hv CHECK 215.0
MIN. PLATES(NORMAL)

COL.COST-C/S NORMAL 54
COL.COST-5/5 NORMAL 88

MIN.REFLUX(NORMAL)
€.5. AREA(NORMAL)
HEAT LOADINORMAL)
CON/CAL COST(NORMAL) 18
REFLUX FACTOR @.080

&3]

27
LBS #1
TAILS

217

-
<

LBS #2
MAKE

ERR

12-Apr~89

ERR
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DISTILLATION CALCULATIONS
20 31 32 33 34 35
CRUDE LBS #3 HBS #1 HES #1 HES #2 HBS #2
M LB. MOLES/YEAR FILTRATE TAILS MAKE TAILS MAKE TAILS
k1 (COMPONENT #) 2 WATER WATER 14 14
K2 (COMPONENT %) 3 14 14 15,16,17 15,16,17
%18 &1e

UV.PLKL) 1.0 ERR 38535.9 ERR 18951.1
V.PLORE) 12121.9 ERR 189%1.1 ERR 1.0
GAMMA-KL IN KZ 1.000 1.822 1.822 1.000 1.00e¢
GAMMA-KZ IN k1 1.000 1.822 1.822 1.000 1.000
ALPHA ERR ERR ERR ERR ERR
AVE COLUMN ALPHA ERR ERR
MOL FRACT. K1 (MAKE OR TAILS) ERR ERK ERR ERR ERR
MOL FRACT. K1 (FEED) 1.002 ERR
MOL FRACT. K2 (MAKE OR TAILLS) ERR ERR ERR ERR ERR
ADJ . GAMMA-K1 IN K2 ERR ERR ERR ERR ERR
ADS. GAMMA-KZ IN K1 ERR ERR ERR ERR ERR
MINIMUM REFLUX RATIO (ADJUSTED) ERR ERR
ACTUAL REFLUX RATIO ERR ERR
MINIMUM THEOR. PLATES (INFINITE REFLUX @ @
THEORETICAL PLATES @ ]
PLATE EFFICIENCY ~% 80% aa%
ACTUAL PLATES 0 @
PRESSURE mm Mg (REVISED) @ @
TEMPERATURE C (REVISED) C273) (273)
AVERABE MOLECULAR WEIGHT ERR ERR ERR ERR ERR
GAS DENSITY - LB/CF ERR ERR ERR ERR ERR
CROSS SECTIONAL AREA - SO0 FT 2.0 2.0
COLUMN HEIGHT - FT 2.2 0.0
COLUMN DIAMETER 2.9 @.0
K1 (MPPY) @ ]
Hv (HEAT YAPORIZ.-Biu/Lb) ERR ERR ERR ERR ERR
Crn (HEAT CAPACITY - Btu/Lb/F) ERR ERE ERR ERR ERR
HEAT LOAD - MM Btu/Hr 0.000 @.000 2.000 @.000 ©.200
CONDEMNSER COOLING WATER - GFM (1% C 47 @ 2
CALANDRIA STEAM - MPPH (156 P 0.00 .00 Q.08
COLUMN COST - #1000 3Q85 MPC -~ 8ARE EQUIPMENT

~ ALl CARBON STEEL 50.0 $0.0

= C.5 w/3@4 5.5, TRAYEG $0.0 $2.0

- ALL 304 STAINMLESS STEEL $0.0 $¢.0

- ALL 204L STAINLESS STEEL $0.0 50,0

~ ALL 516 STAINLESS STEEL $0.0 0.0
CONDENSER OR CALANDRIA SURFAC o) ] 2 2 @
COND. OR CALAND. COST - $100@ 3086 MPC - BARE EQUIPMENT

-CARBON STEEL ¥0.0 $0.0 $0.0 $2.0 $0.0

-304 STAINLESS STEEL 50.0 $0.0 $0.0 $0.0 £0.09

-316 STAINLESS STEEL $0.0 $0.0 B¢.0 $0.0 $0.0

~MONEL 0.0 0.0 $0.0 %0.0 $0.2
SUBTOTAL 2 @ @
SUBTOTAL ] @ 0
SURBTOTAL 0 @ @
MINIMUM REFLUX RATIO ERR ERR
Cri SUBTOTAL #1 @ @ @ @ (]

218
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M LB. MOLES/YEAR

Cn SUBTOTAL #2

Cn SUBTOTAL #3

Cn CHECK

Hv SUBTOTAL #1

Hv SUBTOTAL #2

Hv SUBTOTAL 43

Hv CHECK

MIN. PLATES(NORMAL)
COL.COST-C/S NORMAL
COL.COST-5/5 NORMAL
MIN.REFLUXINORMAL)
¢.5. AREAINORMAL)
HEAT LOADINORMAL)
CON/CAL COST(NORMAL
REFLUX FACTOR

-6~ 12~-Apr-88

DISTILLATION CALCULATIONS

2 31 32 23 34 35
CRUDE .BS &3 HBS #1 HES #1 HBS #2 HBS #2
FILTRATE TAILS MAKE TAILS MAKE TAILS
2 2 @ @ @
@ @ @ 2 @
ERR ERR ERR ERR ERR
2 2 @ @ @
4 2 0 @ @
@ ) @ @ ]
ERR ERR ERR ERR ERR
ERR
0
2
)
ERR ERR

219
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DISTILLATION CALCULATIONS

20 36 a7 38 29
CRUDE AZED AZED AZED DECANTER

M LB. MOLES/YEAR FILTRATE MAKE TAILS REFLUX FEED
K1 (COMPONENT #)
K2 C(COMPONENT #)

V.P.(KL)

V.PL K2

GAMMA-KL IN K2

GAMMA-KZ IN K1

ALPHA

AVYG COLUMN ALPHA

MOL FRACT. K1 (MAKE OR TAILS)

MOL FRACT. K1 (FEED)

MOL FRACT. K2 (MAKE OR TAILS)

ADJ. GAMMA-KL IN K2

ADT . GAMMA-KZ IN K1

MINIMUM REFLUX RATIO (ADJUSTED)

ACTUAL REFLUX RATIO

MINIMUM THEOR. PLATES C(INFINITE REFLUX)
THEORETICAL PLATES

PLATE EFFICIENCY -% 80%
ACTUAL PLATES 50
PRESSURE mm Hg (REVISED)

TEMPERATURE C (REVISED)

AVERAGE MOLECULAR WEIGHT

GAS DENSITY - (B/CF

CROSS SECTIONAL AREA - SQ FT 93.9
COLUMN HEIGHT - FT 30.0
COLUMN DIAMETER 10.3
K1 (MPFY)

Hv (HEAT UAPORIZ.-Btu/Lhb)
Cn (HEAT CAPACITY - Biu/Lb/F)

HEAT LOAD - MM Biu/Hr 61.699 54.942
CONDENSER COOLING WATER - GPM 6858 (10 C delta T)
CALANDRIA STEAM ~ MPPH (150 PSIG) 64.11
COLUMN COST - 41200 3Q86 MPC ~ BARE EQUIPMENT

- ALL CARBON STEEL $301.7

- C.5 w/3@4 5.5. TRAYS 331.8

- ALL 304 STAINLESS STEEL $476.9

- ALL 304L STAINLESS STEEL $524.6

- ALL 3168 STAINLESS STEEL $643.8

CONDENSER OR CALANDRIA SURFAC 3,532 3,052
COND. OR CALAND. COST ~ #1000 3086 MPC - BARE EQUIPMENT

~CARBON STEEL $235.5 $99.9
-3@4 STAINLESS STEEL $413.8 $139.9
~316 STAINLESS STEEL $443.2 $148.9
-MONEL $576.1 $194.9

SUBTOTAL

SUBTOTAL

SUBTOTAL

MINIMUM REFLUX RATIO
Cn SUBTOTAL #1 220



ULETIPRZ.WKS

M LB. MOLES/YEAR

Cn SUBTOTAL #2

Cn SUBTOTAL #3

Cn CHECK

Hv SUBTOTAL #1

Hv SUBTOTAL #2

Hv SUBTQTAL #3

Hv CHECK

MIN., PLATES(NORMAL)
COL.COST~C/S NORMAL
COL.COST~S5/5 NORMAL
MIN.REFLUX{NORMAL )
C.S. AREACNORMAL)
HEAT LOADCNORMAL )
CON/CAL COST(NORMAL
REFLUX FACTOR

DISTILLATION CALCULATIONS

2 36 57 38
CRUDE AZED AZED AZED
FILTRATE MAKE TRILS  REFLUX

)
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DECANTER
FEED
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DISTILLATION CALCULATIONS
20 4@ 41 2
CRUDE DECANTER DECANTER BEMZENE
M LB. MOLES/YEAR FILTRATE UP LAYER LO LAYER MAKE

K1 (COMPONENT %)
K2 (COMPONENT #)

V.P LKD)

U.PLOOKZ)

GAMMA-K T TN K2

HAMMA-KZ IN K1

AL.PHA

AVE COLUMN ALPHA

MOL FRACT. K1 (MAKE OR TAILS)
MOL FRACT. K1 (FEED)

MOL FRACT. K2 (MAKE OR TAILS)
ADT. GAMMA~KL IN K2

ADJ. GAMMA-KZ IN K1

MINIMUM REFLUX RATIO (ADJUSTED)
ACTUAL REFLUX RATIO

MINIMUM THEDR. PLATES C(INFIMNITE REFLUX)
THEORETICAL PLATES

PLATE EFFICIENCY -%

ACTUAL PLATES 3@
PRESSURE mm Hg (REVISED)
TEMPERATURE C (REVISED)

AVERAGE MOLECULAR WEIGHT

GAS DENSITY - LB/CF

CROSS SECTIONAL AREA - SQ FT 7.0
COLUMN HEIGHY -~ FT 0.0
COLUMN DIAMETER 3.0

KL (MPPY)

Hyv (HEAT VAPORIZ.-Btu/Lb)

Cn (HEAT CAPACITY - Btu/Lb/F)

HEAT LOAD - MM Btu/Hr

CONDENSER COOLING WATER - GPMDECANTER VOLUME -~ GAL.
CALANDRIA STEAM - MPPH (159 P 9,878

COLUMN COST ~ $1@00 3088 MPC - BARE EQUIPMENT

- ALL CARBON STEEL $65.0
- C.5% w/384 5.5. TRAYS $64.3
- ALL 304 STAINLESS STEEL $81.1
- ALL 304L STAINLESS STEEL $89.2
- ALL 216 STAINLESS STEEL $109.4

CONDENSER 0OR CALANDRIA SURFACE - 50 FT
COND. OR CALAND. COST - %1002 3Q86 MPC - BARE EQUIPMENT
-CARBON STEEL
~3@04 STAINLESS STEEL
~316 STAINLESS STEEL
~MONEL

SUBTOTAL
SUBTOTAL
SUBTOTAL
MINIMUM REFILLUX RATIO

43
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72-73.
74.
75.
76.

77-101.

102.

103-127.

128-137.

138.

139.

INTERNAL DISTRIBUTION

. Brown
. Byers
. Carlsmith
. Cosgrove
. Davison
. Donaldson
. Faison
ulkerson
. Genung
reenbaum
. Judkins
. Maclnnis
. Scott
T. C. Scott
G. W. Strandberg
R. 1. Van Hook, Jr.
J. Woodward
Central Research Library
Laboratory Records
Laboratory Records - RC
ORNL Y-12 Technical Library, Document Reference Section
ORNL Patent Section
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EXTERNAL DISTRIBUTION

R. M. Busche, Bio En-Gene-Er Associates, Inc., 533 Rothbury Rd,
Wilmington, DE 19803-2439

P. Dugan, Idaho National Engineering Laboratory, P. O. Box 1625, Idaho
Falls, ID 83415

M. F. Erker, National Corn Growers Association, 1000 Executive Parkway,
Ste. 105, St. Louis, MO 63141

M. E. Gunn, Jr., Office of Industrial Technologies, U.S. Department of
Energy, Forrestal Building, 1000 Independence Avenue, SW, Washington,
DC 20585

E. E. Hoffman, U.S. Department of Energy, DOE Field Office, Oak
Ridge, P. O. Box 2001, Oak Ridge, TN 37831-8600

L. Johnson, Idaho National Engineering Laboratory, P. O. Box 1625,
Idaho Falls, ID 83415
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143-147.
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149-158.

159.

160.

161.

162.

164.

165-174.

L. Keay, U.S. Department of Energy - Idaho Operations Office, 1 Energy
Drive, Idaho Falls, ID 93402-1220

J. Kintzle, National Corn Growers Association, 1000 Executive Parkway,
Ste. 105, St. Louis, MO 63141

Office of Assistant Manager, U.S. Department of Energy, DOE Field
Office, Oak Ridge, P. O. Box 2001, Oak Ridge, TN 37831-8501

Lee R. Lynd, Dartmouth College, Hanover, New Hampshire

O. P. Manley, U.S. Department of Energy, GTN/ER-15, Washington, DC
20545

G. Petersen, Jet Propulsion Laboratory, M/S 89-2, 4800 Oak Grove Drive,
Pasadena, CA 91109

W. M. Polansky, U.S. Department of Energy, GTN/ER-16, Washington,
DC 20545

P. H. Salmon-Cox, Office of Industrial Technologies, U.S. Department of
Energy, Forrestal Building, 1000 Independence Avenue, SW, Washington,
DC 20585

W. W. Schertz, Argonne National Laboratory, 9700 S. Cass Avenue,
ES/362, Argonne, IL 60439-4816

D. E. Wiley, Office of Industrial Technologies, U.S. Department of
Energy, Forrestal Building, 1000 Independence Avenue, SW, Washington,
DC 20585

J. Wise, Battelle-Pacific Northwest Laboratory, P. O. Box 999, MS K6-66,
Richland, WA 99352

C. E. Wyman, Solar Energy Research Institute, 1617 Cole Boulevard,
Golden, Colorado 80401

Office of Scientific and Technical Information, P. O. Box 62, Oak Ridge,
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