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EXECUTIVE SUMMARY 

If ethanol could be produccd at a low enough price to serve as the precursor to 

ethylene and butadiene, it and its derivativcs could account lor 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 of corn, o r  -40% of the corn crop. 

Fermentation cconomics are presently very unfavorable as a result of softness in 

petrochemical feedstock prices relative to corn and deficiencies in the fcrmentation 

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 economics. 

During thc heyday of gasohol in thc late 1970s and early l98Os, a C33-million-gal 

fuel-grade ethanol plant could be built fo r  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 investmcnt at a selling price of $1.78/gal. 

If that plant were to be built today, thc investment would rise to  $120 milion, or  

$2.00/gal. The  product would havc to sell for $2.55/gal to yield a 30% return, as 

compared with the current sclling prices of $2.15/gal for synthetic ethanol and $l.lO/gal 

for fermentation grade. 

Potential savings to  be gained through application of advanccd process engineering 

or genetic engineering of improved organisms were evaluated in this study. 

The most rewarding development stratcby appears to bc to demonstrate at pilot scale 

the use of immobilized Zymumul~n~ nzubilis bacteria in a tluidized-bed bioreactor 

operating in a continuous mode over an extcndcd period of time. The  operating strategy 

should be aimcd 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/L (Le., as close to the 

threshold of inhibition as possible). 

An existing plant retrofitted to  the advanccd technolo3, but operated in the batch 

mode, would appear to yield a cost-plus-return price of $1.69/gal based on  a transfer price 
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for corn syrup of $0.065/lb of equivalcnt glucose. However, the price is subject to site 

economics and the ovcrall financial stratcgy of the company. 

A new, continuous plant could producc at -$1.80/gal based on Zyrnomopzns or  at 

$1.97/gal based on Sacchnroinyces yeast. 

There appears to be no inherent design limitation to effect the engineering 

improvcments 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 rescarch effort, i t  might be possible to 

reduce or  eliminate product inhibition. As a result, price would be reduced furthcr to 

$1.75 for the Zymoinonns system or $1.85 for the yeast fermentation. 

It is  recommended that the engineering proveout of thc 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 thc potential use of abundant 

renewable materials as basic feedstocks for fuels and chemicals. The Biocatalyst Project, 

administered by the Jct  Propulsion Laboratory (JPL) as part of the Energy Conversion 

Utilization Technologies (ECUT) program of the Departrncnt of Energy (DOE), is now 

in the forefront of this effort. 

This report rcpresents the completion of a part of an overall project to  evaluate the 

technical and cconomic status of several newly conceptualized processes for producing 

ethanol, butanol, acetone, acctic acid, and aerobically produced specialty chemicals, which 

are candidates foe research support. The objectives of the project are to identify 

strengths and weaknesses in the proposed processes and to assist in devcloping 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 petroieum 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 

ethylene and butadiene, it and its derivatives could account for 159 billion Ib, or 50% of 

the US. production of 316 billion lb of synthetic organic chemicals, presently valucd at 

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

1 



2. SCOPE OF THE STUDY 

In thc current technoeconomic study of  thc cthaiiol process, the state of thc art for 

its fcrmentative manufxture by the yeast Sncch~r-oi?zyce~ ceivvisiae was rcviewed and 

compared wit!i expected performance of the newcr Zynsirzonnr mobifis bactcriurm 

operating as immobilized cells in a fluidized-bcd 5' L rorcactor. 

From this, scenarios for an improved process wcrc developed based on  the 

expectations for adapting either system to i-eacb plausihlc cell densities and cffcective 

concentration lcvcls. Thc economics of thcse S C H ~ X ~ Q ~  were then developed. The 

sensitivity of thc economics to attaining, exceeding. or  falling short of goals for key 

operating parametcrs was also determined. It  is hoped that thc results wi!! provide a 

strong pernpcctive as to thc relative merits for supporting rcscarch on any of the 

alternatives and the direction the research should be channeled so as to bc economically 

relevant and irnprove the technoeconomic position uf the process. 

3. MARKET POSITION 

The United States now leads the major world producers of ethanol (Table 1)' 

Production of synthetic ethanol has declined while fermentation ethanol has increased 

over thc past decade. 

Tablc 1. Market position 

_..__..I_ Production /lo6 gal) 

Producer Synthetic Fer mc n t a t io n Tot a1 

Uriitcd States 110 749 852 

Western Europc 119 307 426 

Japan 21 5 26 
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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 ncwer fuels; and, 

potentially, neat fuel for auto fleets and peak shaving fuel 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 amountcd to -90 million gal. The market 

has dropped to -40% of 1965 levels as a result of its demise in use as an interrnediate for 

acetaldehyde. Other market uses have been stagnant over these years. Consumption has 

been for glycol ethers as surface-coating solvents; ethyl acrylates for usc in emulsion 

polymers €or surface coatings, adhesives, and polishes; vinegar; ethylamines for use in 

agricultural chemicals; and ethyl acetate as a solvent for surface coatings and plastics. 

Solvent USCS 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 household 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 feasiblc, thcre was a quite valid use for ethanol over the past decade as an 

octane enhancer in gasoline in spite of the softness oE 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 cthanol until about 1930 when synthetic ethanol produced from 
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ethylene by thc indircct ethyl sulfate process was introduced. Hy 1975. this process had 

bccn completely replaced by the Shell process for thc direct hydration of ethylene. Until 

the 1950~~  the fermentation process commanded ~ 5 0 %  of the market; but its share 

steadily diminished until the advent of gasohol following the energy crisis of 1973. 

In the Shell process, ethylene gas and water vapor are reacted at 250°C and 1000 psi 

over a phosphoiic acid catalyst. Yield is 9'7% at 4.2% convcrsion per pass. The  process 

requires 0.63 Ib of ethylcncilb of alcohol. Total capacity in Shell direct hydration plants 

in the United States, Wcslern Europe, and Japan was 410 million gal in 1982. IIowever, 

there has been a considerable shakeout of participants in the synthetic ethanol market 

over the past 13 years. 1J.S. capacity has dropped from a high of 318 million gal in 1965 

to 211 million gal in 1983. Thrce producer5 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 sevcntics 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 waste flare gas. 

Industrial interest in fermentation chemicals had revivcd in the 1970s as a result of 

the oil crisis. In the United States, ethanol fermentation is now dominated by the plants 

operated by ,4rcher-Daniels-Midland, which have a combined capacity of 220 million gal. 

Other entries over the past decade, such as the CPC Intcrnational/Texaco venture at 

Pekin, Illinois; the Ashland Oil/Publicker IndustrieslOhio Farm Bureau plant at South 

Point, Ohio; and Staley's new plant at Loudon, Teiinessce, have been designed more 

conservatively at 40-60 million gal. These new plants are augmented by the capacity of 

the established industrial fermentation plants oE 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. 

Unfortimately, the softening of oil prices in the 1980s removed the newly acquired 

competitive edge for renewable materials compared with fossil feedstocks and resulted in 

an almost complete loss o f  momentum in research in this area of biotechnology. Over 

the decade prior to  1973, the prices o f  ethylenc and synthetic ethanol were relatively 

stable at $0.035/lb and $0.35/gal, respectively. Howcver, soaring chemical prices resulting 

from the energy crisis of 1973 raised the price of ethylene to a peak of $0.26 in 1981. 
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Following this, it dropped back to $0.15/lb before rising to the 1Q89 price of $0.32 or 

$1.22/gal of synthetic ethanoL3 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 thc 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 causcs the femcntation to shut down after 

reaching only low product concentrations, as a result of which the recovery of product 

from dilu le aqueous solution is accordingly expensive. 

6. RAW MATERIAL, ECONOMICS 

Raw material economics has always been onc 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, grapcs, and sugarbeets arc 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 fcrmentation stoichiometry, is obviously an important 

cost-determining factor. The  stoichiometry for the simultaneous chemical reactions of thc 
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yeast and bacterium fermentations is outlined in Appendix A and summarized in Table 

2 as rno1/1000 mol ethanol f ~ r r n e d . ~ - ~  

Table 2. Stoichiometry for simultaneous chemical reactions 

Reacted -.._.I_ 

Glucose 

Water 

Produced 

Ethanol 

Glycerol 

Acetic acid 

Isoamyl alcohol 

Lactic acid 

Succinic acid 

Acetaldehyde 

Light ends 

Carbon dioxide 

Hydrogen 

531.81 

67.91 

1080.00 

23.00 

8.60 

2.61 

1.10 

0.57 

1.50 

0.52 

1080.91 

123.77 

508.42 

16.49 

1000.00 

5.67 

5.41 

0.00 

1.03 

0.00 

0.00 

0.52 

1017.53 

28.35 

Thus, the theoretical yield of ethanol from glucose amounts to 48 wt % for the yeast 

system and 50 wt 96 for the bacterium. In practice, the actual approach to theoretical is 

90-95% for the yeast and -98% for the bactcrium because of the consumption of glucose 

for cell. growth and maintenance. 'The diCfcrence arises because Z. rriobilis consumes only 

one net ATP per glucose whcreas S. cer-evisine uses two. Hence. the cell yield per unit 

of glucose consumed for cells is twice as high for the bactcrium as for the yeast.'0," 
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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 7-2296 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 transler pricc of $0.065/lb equivalent glucose. 

Certainly the hydrolysis can be done better and more chcaply 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 fcrmenters 

as slow hydrolyzers. 

Unfortunately, transfer price information is considered proprictary by wet millers and 

is not forthcoming. However, a recent analysis of the fccdstock costs for fermentation 

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

Table 3. Analysis of feedstock costs 

Corn pricc" Net corn Ethanol 

Period ($bu)  ($Ab glucosc) ($/gal) 

lQ8l-lQ83 2.78 0.035 1.71 

1 Q81-2Q86 2.86 0.039 1.62 

2Q87-4Q88 1.79 0.009 1.11 

*#2 ycllow corn ex Chicago. 
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Such net corn figures do not include an allowance for thc cost and investment needed to 

hydrolyze the starch. 

To develop a transfer price that could be used to represent a stable period of corn 

prices, the following cstirnate 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 (diy basis). The wet mill yield was assumed 

to be 31.6 lb starchbu. Investment in the wet mill was cstimated to be $40 million. A. 

shown in Table 4, at a corn price of $2.6O/bu, a sugar cost of -$0.08l/lb of starch appears 

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

6.3 SUBSTRATE COMPETITIVENESS 

I t  cannot be cxpectcd that the yield of ethanol from sugar can be increased over its 

present biological limit. Conscquently, further competitiveness of corn-based processes 

will have to  depend o n  increases in the cost o f  crude oil relative to corn. 

Commercial acceptance of the enhanced fermcntation process will ultimatciy depend 

on the direction taken by crude oil prices. This market is still soft at -$17-$20/bbl. 

However, James McNabb of C o n ~ c o ' ~  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 thc seller, with a corollary increase in oil prices. 

At that time, i t  is expectcd that the Uiiitecl 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 $ 2 0 ~  until 1990, they will reach the mid 

$ 3 0 ~  by 1995 and $50/bbl by the year 2000 (Fig. 2). Other market watchers are also 

foretelling the start of thc turnaround in oil prices.'"19 Thus, a doubling of the price for 

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

7. PRODUCT INHlBITION 

As with most fermentations, both S. cer-evisiae and Z. rnobilis are inhibited by their 

own substrate and products. Fermentation kinctics and process inhibition have been 
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Table 4. Evaluation of substrate costs. 

cost 

Item ($Ab glucose) 

Corn @ $2.60/bu 

Coproduct credits 

Corn oil 1.7 lb/bu @ $0.26/lb 

60% Glutcn meal 2.2 lbhu  @ $265/ton 

Glutcn feed 11.5 Ibbu @ $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) 

(0.00s) 

[0.020) 

(0.04 1) 

0.033 

0.m 

0.007 

0.008 

0.004 

0.004 

0.062 

0.002 

0.017 

$0.081 

(0-W) 

(O.rn1) 

(0.001) 

(0.001) 

(0.007) 

$0.065 
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studied by a number of recearchcrs for Sncchnmnyce~"~  '' and Z ~ , M O ~ ~ O Y E R S . ' ~ - ~ ~  Aleliough 

agreement is not perfect, it appears that the yeast fermentation is totally inhibited by 

ethanol concentrations of -105 s/L. The inhibitory cutoff for the bacterium is distinctly 

higher at 127 g/L Furthermore, as shown in Fig. 3, thc tlccay in specific productivity for 

Zyrn~:nonar is  flat at 5.2 g product/g cells-L up to a concentration of 5.5 after which 

inhibition bcgins. For thc yeast the maxirriurn specificity of 1.5 s/s*L drops over the 

whole range of concentration. Thus, as product concentration increases, spccific 

pioductivity decreases, as does the dilutioil rate for a fixed ratio of product to cells. This 

advc~sc  effect has a profound iiiflucnt:e on cost and [cads to a trade-off betwccn 

maximizing concentration and maximizing dilution rate. 

One  possible solution to the inhihition problcm w d d  bc to integrate the 

fermentation and distillation sections of thc process so as lo increasc productivity while 

removing the product from the field of fermentation as rapidly as i t  forms. This is an 

autoi-natic consequence of converting fioni a batch io a continuous process in which a 

proportionate incrcast: in ccll density i s  cffccted either by immobili,ing the cells, as in ehe 

Oak Ridge case,43 to prcvent their loss from the fcriiientcr o r  by filtering the cells from 

the beer and recycling them whilc maintaining product concentration in the fermenter 

near the threshold of inhibition. 'Ihc immobilization approach would be p1-derrcd 

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 piodaictivity (g product/g ccll -h) remains constant at 

constant (but maximum allowable) product cmcentration, the higher the cell density thc 

greater the volumetric productivity (g product/l,.h), the shorter the fermentation time 

and, hence, the smaller the fermentcr size and investment required for a ciaired design 

capacity; or, for an existing fermentation plant, the greater the throughput and production 

level. 

Alternatively, new organisms might be genetically engineered to be Jess inhibited by 

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

12 
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OCESS SCENARIO FOR THIS STUDY 

‘Ihis study was based 011 using a fluidized-bcd bioreactor similar in design to  the Oak 

Ridge appioach. A flow shcet for the process model is shown in Fig. 4. Bccr leaving the 

fermenter train is passed to a filter unit to separate cells from broth. The cell slurry 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 inore claborate heat recovery ~che rne .~” ’~  It would be interesting 

to cornpare the conventional design with C ~ S C S  based o n  using the Dartmouth 

Intermediate Heat Pumps and Optimal Sidcsiream Rcturn (IHOSR) distillation process.40 

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  aqueous tails from the stripping section are sent to 

wastc disposal. No recovery of purged cells as distillers grains was assumed in this model. 

Fuel oils (amyl alcohols, mainly 3-methyl-1-butanol) are rcmoved as a sidestream drawoff 

from the beer still. L o w  boilers are scparated overhead in a refiner, and the ueot rope  

is sent to a dehydration column to recovcr absolute ethanol. 

9. OPEIIA’IING SCENARIO 

It was assumed that the plant would be sited in the Midwest adjoining a corn wet mill 

with dilute, not-evaporated, 45% syrup supplied ovcr the fence by pipeline. Capacity was 

sized to a 60-million-gal-per-year absolute ethanol plant with a midpoint of construction 

in 1984 and operation in 1988 at 90% utility. The  investment estimates include a 30% 

contingency for undevelopcd 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  represent those commorily used by large chemical companies in producing commodity 

products. Technical and financial data fo r  thc cases evaluated are provided in the 

appendixes. 
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10. PROCESS DEVETDPMENT STRATEGY 

Hopefully, an organism might be genetically engineered that is nut inhibited by 

product. However, this goal may be very difficult to attain. 

Short of this, then, the best fcrmentation stratcgy appears to be to control product 

concentration at the optimum lcvel vis-a-vis product inhibition while operating at as high 

a cell density as is physically and/or biologically possiblc. Assuming a constant spccific 

productivity a t  an optimum product conccntration. this opcrating strategy fixes dilution 

rate at a maximum lcvd  and minimizes fermenter size and investment. A n  attempt was 

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

10.1 BATCH MODE 

In the opcration of the conventional batch fermenter, i t  is well known that as the 

product accumulates in the Ccrmenter a point is i a c h e d  at  which product inhibition of 

thc functioning of the organism shuts down the fermcntation. The  amount of product 

prodiiccd is controlled by the volume of thc fermenter at the maximum attainable product 

concentration -- usually a low amount. 

In view of this limitation of the batch system, many researchers have evaluated thc 

advantages of removing product from the batch fermcnter "as fast as i t  forms" by various 

means in ordcr to sustain the fermentation over a longcr period. In such cases, additional 

substrate must be added in such a manner as to not adversely afkct the fermentation by 

substrate inhibition. 'I'his condition usually results in the use of a fed-batch mode. 

In effect, however, this approach actually represents a conversion of thc batch rnode 

to a continuous modc in which cells are pievented from leaving the fermenter. Thus, in 

any continuous system, the product is always being removcd from the fermenter as fast 

as it forms. 
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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,23 Ghose and T ~ a g i , ~ ~ . ~ '  Wilke,m,2a,42 Davison and S c ~ t t , ~ ~ , ~ '  and others. 

Scott and Davisonls are operating a rack-scale 2.5-m fluidized-bed bioreactor at the 

Oak Ridge National Laboratory (ORNL). The  process is based on  2. rnobilis immobilized 

within 1.0-1.5 mm K-carrageenan beads at cell loadings of 25-50 g/L beads (6.6-22 g/L 
fermenter). The  fermenter is opcrated in a continuous mode at 30°C and p H  5.0. It was 

reported that plug-flow kinetics is achievcd. 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/L.h. Volumetric 

productivity is normally in the range 50-120 @L.h but has reached 186 gL.h with 95% 

glucose conversion by reqcling cells to higher density. This performance is in sharp 

contrast with the volumetric productivities of 1-2 @L.h usually reported by conventional 

yeast-based plants. 

11. FUEL ETHANOL PLANTS OF THE SEVENTIES 

The period of the late 1970s marked the heyday oE construction of new fuel ethanol 

plants or retrofitting of former liquor distillcries. A case prcscnted 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 €or 46%. 

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

This cost pcrformance leads to a pretax return on investment of 30% for a selling price 
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of $1.7Y/gal. Raw Inaterial< comprise 58% of cost of marnlsfacturc and 32% of sclling 

price Capital-related chargcs account for 37% of selling price 

' h i s  casc is compaicd in Table 5 wi!h several estimates :-ciatie in about 1980 by various 

organk-kons. a task force of the Amcricarl Institute of Clneniicdl E n g k x r s  chaircd by 

I.B. Margiloff of Tublicker and a study 

madc by the Katzeri o rga ik i t i cn  for a plant with maximum energy rc~oveiy.~* 39748 

Agicemmt is gene1 ally good considering the diversc viewpoiilts and bases. 

a study commissioned by 

12. EFFECI' (OF VENTURE '1 IMING 

If thc plants dcscribcd in the preceding scctioli were to be built today, costs would be 

substantidlly higlhcr. Constrw:tion costs for a plant with a midpoint of construction of 

1984 would be 73% higher tham the plarni built in 19'76. Also, thc cost assurncd for 

substrate in 1988 was almost twicc that used in the carlier estimnatc. This point is 

discussed later. As a net result, tke selling p i c e  in 1988 .;.dould have to be $2.55/gal to 

yield a 30%, pretax return as comparcd with currently distrcsscd priccs of $l.lO/gal lor 

fucl alcohol." This may be one reason why new plants arc not being built. 

?'Re estimate for 1988 operation is comp;ired with that for 1980 in Table 6. 'I'hc 

cffects of raw material and capital charges arc clcar. Tkc lM. . -g i rnate  scwcs as..& 

-. bwca.sa. . . . . . . . . in this stl~d,v for cornparkm~ with the ~ A ~ a t c s  madc fc~....nore: a d y . a ~ . s i  

-. I t  is described in detail in Appendix C. 

13. ECONOMIC PO I'ENTIAL OF ADVANCED FERMENTER SYSTEMS 

The economic model for the  advanced fcrmcntcr system was used to explore the 

potential advantages o f  operating with cell rccyclc and/or improved specific productivity 

for both inhibitcd and noninhibitcd systems of either S.  cerevisine or  Z. mobilis under 

either batch o r  continuous modes. 

' l h e  conversion economics of the ethanol fermentation process can be improved in 

two ways: (1) by increasing product concentration or (2) by increasing ferrncntation rate. 
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Table 5. Comparison of estimates 
Ethanol process economics 

Batch fermentation - no cell recycle 

Estimate AIChE DOE KATZEN 

BioEn- 
Gene-Er 

Associates 

Capacity, Million GPY 40 

Investment, $/ea1 
Midpoint of construction 

Direct & alloc. plant invest. 
Working capital 

Total investment 

Cost, $/ea1 Operating year 
CI Corn \o 

By-product credits 

Other raw materials 
Total raw materials 
Utilities 
Labor-related 
Capital-related 

Net corn 

Cost of manufacture 
SE, D, R&D, adm, & IC 

Cost of sales 
Pretax earnings @ 30% ROI 

Selling price 

1980 
1.12 

0.62 
0.14 
0.76 
0.19 
0.07 

{0.50) 

- 

0.43 

- 
1.43 

50 

I983 
1.20 

l0.60) 
0.60 
0.07 
0.67 
0.20 
0.08 
0.17 

- 

- 
1.12 
0.18 
1.30 

50 
1981 

1.28 
0.12 
1.40 
- 

1983 
1.09 

(0.47) 
0.63 
0.02 
0.65 
0.11 
0.06 
0.21 

- 

- 
1.03 
0.18 
1.21 
0.47 
1.68 

60 
1976 

1.31 
- 0.26 
1.57 

- 1980 

- 
0.56" 

0.57 
0.22 
0.06 

- 0.01 

- 0.15 

1.00 

1.26 

1.79 

0.2t1 

0.53 

"Syrup ex wet mill at $0.038/lb equivalent glucose. 
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Of the two, increasing product concentration has the greatcr e r f m  on cost. At  any 

desired production level, the reciprocal of concentration -- liters/gram--represents the 

volume of the equipment required for thc complete process: media preparation, 

fermentation, product recovery, and product refining. Hcnce, mncen tralion has a 

dominant effect on total process investment. 

Fermentation rate aflects only fermenter volume and investment. However, since 

fermenter investment usually accounts for a large part o f  total investment, the effect of 

rate on cost can be very large, indeed. At a fixed production level and product 

concentration, fermentation rate can be increased and fcrmenter 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 undcr the constraints 

of broth viscosity and organism viability. However, incrcasing specific productivity 

involves producing a genetic change in the organism, which may be difficult to  achieve in 

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

13.1 INHIBITED BATCH SYSTEMS WITHOUT CELL RECYCLE 

Inhibited systems exhibit a minimum in cost as product conccntration is increased up 

to the point of total inhibition. This effect is shown for thc batch systems in Table 7 for 

a situation involving little or  no cell recyclc. (Cell density was held constant during the 

calculation or sensitivity, which means the caws 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 @.e,, l/(bt+tt)]. For thc large 

fermenters used in the models, a turnaround time of 12 h was uscd for draining, cleaning, 

sterilizing, refilling, and inoculating the fermcntcr aftcr each batch run. This loss of time 

is not incurred in continuous operation, which, as will be seen, has a large cffect on cost. 

It should also be noted that specific productivity as uscd in this study refers to run 

timc only, whereas volumetric productivity and dilution rate take into account the 

turnaround time for batch operation. 
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For the yeast, specific productivity and dilution rate are decreased tenfold. However, 

because of the opposing effects 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 Zyrnomonns were similar except that the costs for the bacterium cases 

werc 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, thc bacterium 

can operate at concentrations higher than the yeast cutoff. 

13.2 INHIBITED BATCH SYSTEMS WITH CELL RECYCLE 

Cost is vcry scnsitive to  the recycle of cclls. As shown in Tablc 8, cost decreases with 

increases in cell dcnsity at any product concentration. This cffcct mainly results from a 

concomitant rcduction in fermenter investment. Total flow through a fermcntcr and 

specific productivity are fixed, irrespectivc of ccll density, by fixing product concentration 

and annual production rate. Consequently, as cell density is increascd by recycle, 

fermentation time and volume (investment) can be correspondingly dccreased in the 

design to balance production rate at a constant specific productivity. 

For any product concentration, then, i t  is clearly desirable to operate at as high a ccll 

recycle rate as possible. For example, Wilke operated at yeast concentrations up to  

124 8 dry wt/L at a volumetric productivity of 82 g/L.h;*' and Rogcrs reported operating 

with Zyrnomonns densities of 40 g /L  for >50 h32 at a volumetric productivity of 120 

g/L.h. However, cell densities abovc these may produce unacceptable viscosities and 

adverse effects on the organism in the fermenter. This is an important point for further 

research clarification. 

As a practical matter, i t  does not appear from the projections o f  Table 4 that 

increasing cell densities much above 50 g/L would have a significant effect ow reducing 

lurthcr thc cost of the product. At that ccll dcnsity, the cost of ethanol by the yeast 

system at a concentration of 90 g/L would be $2,09/gal comparcd with $1.90 for the 

bacterium system at 110 g/L, of product. 
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13.3 INHIBITED CONSTANT-ENVIRONMENT CONTINUOUS SYSTEMS 

WITHOUT CELL RECYCLE 

The  vcry rcal 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 

highcr at low product concentrations than the respective cases for batch operation. The 

difference is related to  batch turnaround timc. 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  effective dilution rate €or 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 fcrmenters 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-rcturn price of $2.36/gal at a product concentration 

of -65 g/L. The corrcsponding minimum pricc for the Zymonzonns system is $2.00 at 85 

&- 

13.4 INHIBITED CONSTANT-ENVIRONMENT CONTINUOUS SYSTEMS 

WITH CELL RECYCLE 

The corresponding data for operation with cell rccycle 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 10. Ethanol from S. cer-evisiae and 2. mobilis 
Inhibited continuous system 

Effect of product concentration and cell recycle 
on cost-plus-return 

Product Cost ($/gal) 
conc. Cell density (a) 
(a) 5 10 20 50 100 150 

S. cer-evisine 

40 2.43 2.37 
50 2.32 2.24 
60 2.25 2.16 
70 2.23 2.12 
80 2.25 2.1 1 
90 2.39 2.16 
100 3.27 2.59 

Z. mobilis (constant environment) 

50 
60 
70 
80 
90 
100 
110 
120 

2.13 
2.04 
1.99 
1.95 
1.923 
1.917 
1.94 
2.12 

2.11 
2.02 
1.96 
1.92 
1.89 
1.872 
1.873 
1.95 

2.33 
2.20 
2.12 
2.07 
2.04 
2.05 
2.25 

2.09 
2.01 
1.95 
1.91 
1.87 
1.85 
1.84 
1.87 

2.29 
2.17 
2.08 
2.03 
1.99 
1.97 
2.04 

2.08 
1 .B 
1.93 
1.89 
1.86 
1.83 
1.810 
1.810 

2.26 2.24 
2.14 2.12 
2.06 2.05 
2.01 2.00 
1.97 1.95 
1.94 1.93 
1 .% 1.93 

2.05 
1.98 
1.92 
1.87 
1.84 
1-81 
1.795 
1.786 
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13 5 INHIBITED PLUG-FLOW CONTINUOUS SYSTEMS WITII Cb1.L RECYC1,E 

It is well known that the kinetics of any first-ordcr rcactiorn system are favored by 

operating in a plug-flow regime. The effect on specific productivity of Zymomolzns is 

showrr in Fig. 3. The cost d d a  for plug flow operation with Zymoimrans arc shown in 

Tables 1 1  and 12 and Fig. 7. In contrast to constant-environment operation (Tabk 91, 

the decay in volumetric productivity and dilution rate with increases in product 

concentration is much less severe. Neither are minima exhibited withill thc fleld 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 vcry strong. ‘l’hus, plug flow at  

a cell density of 50 d L  and product concentration of 110 g/L exhibits a cost of $1.89/gal 

compared with a minimiurn cost of $2.00 for the constant cnvironmcnk case at the sane 

cell density of 50 g/r, but at an optimum product concentration of 85 g/L. 

With the preferred cell recycle mode, the advantage of plug flow is lost, as shown in 

Table 13. At high ccll densitics, both regimes are approaching an cffeciively infinite 

dilution rate even at product concentrations u p  to 110 g/L, which would othcnvise favor 

plug flow. At high dilution rate, the effect of fermenter invcstment is minimal. As a 

result, both regimes exhibit costs of --$1.80/gal a t  a prodiict conccntration of 110 g/L. 

13.6 NONINHIMZTED CONTINUOUS SYSTEMS 

It would be admittedly difficult to engineer an organism that is  not inhibited by 

product. However, if this could be accomplished with Zyinoinoms or  S. cerevisine, cost 

would be reduced further according Lo thc cost prujections of ‘I’able 14 and Figs. 8 and 

9. These depict a continuous system operating at various combinations of product 

concentration and dilution rates. 

Dilution rate can be controlled illdependently 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 t-,clow 0.083 h-’ t he  data can also be uscd 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 2. 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 
(sn> (s/@-l) (giL (1N ($/gal) ( $ W )  ($million) invest’rnt 

(%I 

50 
60 
70 
80 
90 
100 
110 
120 

‘4 
c-, 

0.5 1 
5.2 
5.2 
5.1 
4.9 
4.7 
4.5 
4.2 
3.9 

25.3 
12.7 
12.7 
12.4 
12.0 
11.5 
10.9 
10.3 
9.6 

0.21 1 
0.254 
0.21 1 
0.177 
0.150 
0.128 
0.109 
0.093 
0.080 

1.81 
2.16 
2.08 
2.01 
1.97 
1.93 
1.91 
1.89 
1.87 

0.46 
0.69 
0.64 
0.60 
0.57 
0.55 
0.53 
0.52 
0.5 1 

4 
7 
7 
7 
8 
8 
8 
9 
10 

7 
9 
10 
11 
12 
13 
14 
16 
17 

2.4 g/L cell density 
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Table 13. Ethanol from 2. mobilis 
Inhibited continuous system - constant environment and 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 

(sig ’h) (g/L*h) (W ($/gal> ($/sal> ($million) invest ’mt 
(W 

Constant environment 

50 5.2 
60 4.8 
70 4.1 
80 3.4 
90 2.7 

‘4 100 2.0 
110 1.2 
120 0.5 

(c, 

50.0 ceIl density 

Plug flow 

50 5.2 
60 5.2 
70 5.1 
80 4.9 
90 4.7 
100 4.5 
110 4.2 
120 3.9 

50.0 g/L cell density 

260.0 
241.9 
205.8 
169.7 
133.6 
97.5 
61.4 
25.3 

260.0 
259.2 
254.2 
245.9 
235.4 
223.4 
210.3 
196.4 

5.200 
4.032 
2.940 
2.122 
1.485 
0.975 
0.558 
0.21 1 

5.200 
4.321 
3.631 
3.074 
2.616 
2.234 
1.912 
1.637 

2.08 
1.99 
1.93 
1.89 
1.86 
1.83 
1.81 
1.81 

2.07 
1.99 
1.93 
1.89 
1.85 
1.82 
1.80 
1.78 

0.63 
0.57 
0.53 
0.50 
0.48 
0.47 
0.46 
0.46 

0.62 
0.57 
0.53 
0.50 
0.48 
0.46 
0.45 
0.43 

0.35 
0.38 
0.45 
0.54 
0.69 
0.94 
1.50 
3.64 

0.35 
0.35 
0.36 
0.37 
0.39 
0.41 
0.44 
0.47 

0.5 
0.6 
0.7 
1 .o 
1.3 
1.8 
3.0 
7.3 

0.5 
0.5 
0.6 
0.7 
0.7 
0.8 
0.9 
1 .o 
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$2.1 4 

$2.09 

$2.04 

$2.00 

$1 .os 

$1 .91 

$1.86 

$1 .82 

$1.78 

$1.74 

ETHANOL ex INHIBITED ZYMOMONAS 
CONTINUOUS PLUG Flow SYSfEM 

45 56 71 89 112 

PRODUCT CONCENTRATION - g/I 
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$4.47 

$3.90 

$3.55 

$3.1 6 

$2.82 

$2.51 

$2.24 

$2.00 

$1 -78 

$1 -58 

ETHANOL ex NON-INHIBITED SACCHAROMYCES 
CONTINUOUS SYSTEM 

48 65 100 158 251 

PRODUCT CONCENTRATION - o/i 



For a dilution rate of 0.1 h-' at a product conccntration of 150 g'L, the cost of ethanol 

frorn Zymomonns 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 systcrn would be $1.88 -- a 26% reduction. 

As noted earlier, the transfer price for glucose in the form of corn syrup is uncertain 

but quite important to the overall ecoraomics of the product. The  sensitivity of 

cost-plus-return price to changes in the pricc of equivalent glucose is shown in Table 15 

and Fig. 10 for an inhibited Zyino~nonns operating in ;i continuous constant-environment 

system. At  the assumed price of $O.O65/lb, ethanol pricc would be $2.00/gal, and substrate 

cost would account for 71% of thc cost of manufacture and 44% of selling price. 

However, at a bare "net corn" price of $0.038/lb sugar, the alcohol could sell for as little 

as $ .56/gal. Conversely, at a list price for syrup of $0.12/lb, the ethanol would have to 

sell for $2.56/gaI. Clearly, the leverage of sugar price is very high. 

13.8 GLYCERINE RECOVEIIY? 

With the exception of carbon dioxidc, glycerine is  formed at the highest concentration 

of any of the chemical by-products of thc ethanol fermentation process (i.e., at 4.6 wt % 

for yeast and at 1.1 wh % for Zymomonns). 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 separate water and other lower boilers 

overhead from the glycerine in the tails. A smaller still is also required to removc 

glycerine overhead from residual salts and acids. It does not appear economical to 

recovcr glycerine in this way bccausc both expense and investment are adversely affected. 

The cases with and without recovery compare as follows (Table 16). 
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Table 15. Ethanol from 2. mobifis 
Inhibited continuous system - constant environment 

Effect of sugar price 

Substrate Selling 
$/gal Cost of mfg. Selling price price 

(W (%I ($/gal) 

0 . 0 0  
0.020 
0.038 
0.065 
0.080 
0.100 
0.1 20 

0.00 0 
0.27 43 
0.52 59 
0.88 71 
1.09 75 
1.36 79 
1.63 82 

0 0.95 
21 1.27 
33 156 
44 2.00 
49 2.24 
53 2.56 
57 1.89 
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Table 16. Glycerine recovery 

Cost Tac tor cos t  ($/gal) 
($/gal) No recovery Recovery Difference 

Expense 

Steam 

Cooling water 

Capital related 

Subtotal 

Cost of manufacture 

Cost of sales 

Earnings @ 30% ROI 

Glycerine credit 

Net expense 

Investment 

H.B. still #l 

H.B. still #2 

Glycerine storage 

Steam 

Cooling water 

General & services 

Working capital 

Total investment affected 

0.190 

0.013 

0.150 
0.353 

1.002 

1.272 

0.538 

O.OO0 

O.OO0 

O.Oo0 

0.000 

0.302 

0.022 

0.046 

0.260 

0.525 

0.036 

0.218 

0.779 

1.428 

1.742 

0.840 

(0.492) 

0.182 

0.001 

0.004 

0.837 

0.061 

0.122 

0.330 

$0.335 

0.023 

0.068 

0.426 

0.426 

0.470 

0.302 

(0.492’) 

$0.280 

0.182 

0 . 0 1  

0.004 

0.535 

0.058 

0.076 

0.070 

0.926 

14. STRATEGIES FOR INTRODUCING T H E  ADVANCED TECHNOLOGY 

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

prove out the projections described in this study. If that can be realized, howcver, a first 
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step toward iniplementing the new systcrns might be io retrofit an existing fuel grade 

ethanol plant. 

14.1 ME'T'ROFITTING EXIS'PIPJG PLANIS 

It is beyond th:: scope ol' this study to evaluate the nuances of retrofitting existing 

plants. Too much depcnds on the design of' :he plant and thc financial aspects of the 

supporting or ancillary blnsincsscs o f  the opcrator. 

However, a s  a first approximation, a case was devcbpcd i t 1  1888 bascd o n  i n t d u c i n g  

an inhibited Zymornoi?n.c. in a batch plant built around 19'76. A sugar trans:'er price o f  

$O.O6S was assummed -- thc same as for thc 1984 basccasc but almost twicc as high as the 

sugar pricc basis used in thc 1976 plairi of Table 6. Thc  rcsults of this case arc shown 

in 'T'able 17. Product cost would be $1.67 by recycling to a cell density of 50 gjL at a 

product conccntration of 110 g/L. This cost is, in fact, lowcr than thc 1'680 price of $1 -78 

cvcn though the substrate cost is much highcr. 

For such a saving io bc rcalktically obtained, the operator wculd have to cxcicise one 

of several options: 

o Transfer the now excess fcrrnenter investmcnt off thc cthanol books by writing 

down in place and taking the tax saving or applying the excess cquipmcrrt to another 

venture. 

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

distillation to match the increased li:rrncntcr capacity at a higher production rate. 

None of thesc options may be of interest to incunsbcnt operators. It is suggcstcd that 

studics be made pertinent to specific plant eases to dcvclop a bctter picture of retrofitting 

possibili tics. 

14.2 DESIGN OF NEW PLANTS 

'l'he most advantageous strategy for retrofitting o r  for the stcpwisc introduction of the 

ncw technology in new plants appears to follow the right-side path of thc following 

alternativcs for an inhibited system: 
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Table 17. Ethanol from 2. mobifis 
Retrofitted plant" - inhibited batch systcrn 

Effect of product concentration and cell recycle 
on cost-plus-return 

Product Cost ($/gal) 
conc. Cell density (a) 

5 10 20 50 100 

50 
Go 
70 
SO 
90 
100 
110 
120 
120 

1.96 
1.88 
1.83 
1.79 
1.76 
1.73 
1.71 
1.70 
1.70 

1.94 
1.87 
1.82 
1.78 
1.75 
1.72 
1.70 
1.69 
1.69 

1.93 
1.86 
1.81 
1.77 
1.74 
1.71 
1.69 
1.68 
1.68 

1.92 
1.85 
1 .so 
1.76 
1.73 
1.70 
1.69 
1.67 
1.67 

190 
1.83 
1.78 
1.75 
1.72 
1.69 
1.68 
1.66 
1.66 

"MPC - 1976; Operating Year - 1988; Substrate @ $0.065/lb. 
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Batch basecase 

No cell recycle 

$2.55/gal-S.c. Yeast 

Continuous 

No cell recycle 

$2.36 S.C. 

$2.04 Z.m. 

Batch 

Cell recycle 

$2.09 S.C. 

$1.91 2.m. 

..._..... -4 ....... ~ I 
Continuous 

Cell recycle 

$1.97 S.C. 

$1.82 Z m .  

The financial performance of thcsc cases is surnmarizcd in Tables 18 and 19. The best 

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

15. RECOMMENDATIONS 

It appeared from the rcsults of the study [hat improvemcnts to either yeast or 

bacterium processes could be effective in reducing the cost of producing ethanol to 

commercially acceptable lcvels. Howcver, thc Zyinomonns process would appear to be 

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

as a guide to further research in this area: 
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Table 18. Optimized process conditions 
60 million GPY ethanol manufacture 

Inhibited Zymornonas bacterium 
1984 MPC - 1988 operating year 

MODE 
Product concentration, s/L 
Cell recycle 
Cell density, g& 
Kinetics - const. envirmt/pIug flow 

INVESTMENT, $million 
Direct permanent investmnt 
Allocated power, services & gen. 
Working capital 

cn t Total investment 

COST, $/gal 
Raw materials 
Utilities 
Labor-related 
Capital-related 

Cost of manufacture 
SE, D, R&D, adm, & I.C. 

Cost of sales 
Pretax earnings based on  30% ROI 
By-product credits 

Selling price 

Batch 
90 
No 
1.8 
PF 

61.7 
22.7 
19.2 

103.6 
- 

0.89 
0.12 
0.10 
0.16 
1.27 

1.58 
0.58 

2.15 

- 
- 0.30 

- 0.00 

Continuous 
90 
N O  

1.8 
CE 

49.4 
22.7 
18.5 
90.7 
- 

0.89 
0.12 
0.10 

1.25 

1.54 
0.50 

2.04 

0.13 

- 0.29 

- 0.00 

Continuous 
90 
No 
1.8 
PF 

41.3 
22.7 
18.1 
82.1 
I_ 

0.89 
0.12 
0.10 

1.23 
0.28 
1.51 
0.46 

1.96 

- 0.11 

- 

- 0.00 

Batch 
110 
Yes 
50 
PF 

39.8 
19.6 
17.6 
77.0 
- 

0.89 
0.11 
0.10 
0.11 
1.21 
0.27 
1.48 
0.43 
- 0.00 
1.91 

I_ 

- 

Continuous Continuous 
110 110 
Yes Yes 
50 50 
CE PF 

29.7 28.7 
19.6 19.6 
- 17.1 - 17.0 
66.4 65.3 

0.89 
0.11 
0.20 
0.09 
1.19 
- 0.26 
1.45 
0.37 
0.00 
1-82 

- 

- 

0.89 
0.11 
0.10 
- 0.08 
1.18 
- 0.26 
1.44 
0.36 

1.81 
- 0.00 



Table 19. Optimized process conditions 
60 million GPY ethanol manufacture 

Inhibited Saccharomyces yeast 
1984 MPC - 1988 operating ycar 

.I___ MODE 
Product concentration, B/x, 

Cell density, g/r, 
Cell recycle 

lNVESTM-ENT, $million 
Direct permanent investment 
Allocated power, services & gen. 
Working capital 

To tal investment 

COST, $&I! 
Raw materials 
Utilitics 
Labor-rela ted 
Capital-related 

Cost of manufacture 
SE, D, R&D, adm, & I.C. 

Cost of sales 
Prctax earnings based on 30% ROI 
By-product credits 

Selling price 

BATCH 
70 
No 
2.6 

91.1 
26.8 
22" 1 
140.0 
1_- 

0.95 
0.15 
0.10 
0.23 
1.42 
0.35 
1.75 
0.78 
0.00 
2.55 

-__ 

B'4r2'CH 
90 
Yes 
50 

47.6 
22.1 
I___ 19.2 
88.9 

0.95 
0.13 
0.10 
0.13 
1.30 
0.29 
1.59 
0.49 

2.09 
.___ 0.00 

CONTINUOUS 
90 
Yes 
50 

35.3 
22.1 

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 oE the fermentation process on a rack or pilot 

scale over an extended run time, say lo00 h. 

2. Immobilize the cells and/or add a crossflow filter or similar separation device so 

as t o  retain thc cells in the fermenter or recycle Lhcm to the desired maximum cell density 

while increasing now through the fermenter to hold product concentration at its optimum 

level relative to  feedback inhibition. 

3. Consider the concurrcnt development of a genetically revised organism that is less 

inhibited by product and/or has an enhanced specific productivity, 

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

either organism as new information is obtained horn the research program. 

15. 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 ethanol 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 scalcd up for thc specific 

fermentation process of intcrcst. 

However, there appears to be no inherent design limitation in cfkcting the 

engineering improvements required in the process opera tion. 

Such may not be the case in attempting to devclop an organism with improved 

product tolerancc and/or higher specific productivity. The goal is sufficiently important, 

however, to warrant the laboratory effort. 

27. 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 No.958353 with JPL as part of its project on biocatalysis. Tne 

JPL project is a part of the ECUT program of DOE. The author wishcs 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. 

18. REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Busche, R. M., "The Biomass Alternative," Appl. Biochem. Biotechnol., 20121, 
655-74 (1989). 

Busche, R. M., Ethanol Industnkl Marker Volume and Potentid, Bio En-Gene-Er 
Associates, Inc., Wilrnington, DE, April 18, 1986. 

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

Davison, €3. H., Oak Ridgc 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 cer-evisiae: Glycerol Production under Solute 
Stress," Enzyme Microb. Technol., 8, 461-64 (1986). 

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

ROSC, A. H., Economic Microbiology, Vol 1: Alcoholic Beverages, pp. 25-26; 
Vol 2: Primaiy F'roducts of Metabohism, pp- 415-18, Academic Press, New York, 
1978. 

Prescott, S. @. 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., "Zymomonns, a Unique Genus of Bacteria," in Biology of 
Industiial Microorganisms, A. L. Dumain and N. Solomon, eds., pp, 261-89, Ben 
Cummings, 1985. 

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

48 



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

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

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

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

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

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

Anon, "Oil Futures Prices Jump," News Journrrl, 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 Arc Ready to Soar," News Journal, Wilmington, DE, 
p. BZO, Mar. 13, 1989. 

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

Ghose, T. IC and Tyagi, H. D., "Rapid Ethanol Fermentation of Cellulose 
Hydrolysate, I. Batch vs Continuous Sys tern," BiotecFtnol. Biueng.., 22, 1381- 1400 
(1979). 

Del Rosario, E., e t  at., 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." Biofecfinol. Bioeng., 18, 1297-1313 (1976). 

Bazua, C. and Wilke, C. R., "ETTect of Alcohol Concentration on Kinetics of 
Ethanol Production by Succhmruntyces cerwisiiie," presented at 1st Chemical 
Conf'erence 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. Biueng., 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. Lee, K. 9. and Rogers, P. I., '"The Fermentation Kinetics of Ethanol Production 
by Zymorlzonas mobilis," Chcm. Eng. J., 27, B31-B38 (1983). 

28, 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

Rogers, P. I., Lee, W. J., Skotnicki, M. C., and Tribe, D. E., "Ethanol Production 
by Zymoinonas mobilis," A h .  Biochem. Eng., 23, 37-84 (1982). 

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

Jobses, I. M. L. and Roels, J. A., 'The Inhibition of The Maximum Specific 
Growth and Fermentation Rate of Zymomonns anobilis by Ethanol," Biotechnol. 
Bineng., 28, 534-63 (1986). 

liogers, 1'. I., Lee, K. J., Skotnicki, M. L., and Tribe, D. E., "Ethanol Production 
By Zymoinonm rnobilis," Adv. Biochem. Eng., 23, 37-84 (1982,). 

Rogers, P. I., k c ,  K. J., and Tribe, D. E., "High Productivity Ethanol 
Fermcntations with Zymoinonas mobilis," Process Riochem., 1J. New South Wales, 
Sydney, Australia, Aug./Scpt 1380. 

Rogers, P. I., Lee, K. J., Skotnicki, M. L., and Tribe, D. E., "Ethanol 
Fermentation by Highly Productive Strain of Zymomonns mobilis," in Advances 
in Biotechnology, Vol2, M. M. Young and C. W. Robinson, eds., Ycrmagoli Press, 
pp. 189-94, 1981. 

McGhee, J. E,, St. Julian, G., Dctroy, R. W., and Bothast, W. J., "Ethanol 
Production by Immobilized Sncchnromyces wnium and Zymomonas niobilis," 
Biotechnol. Rineng., 24, 1155-63 (1982). 

Kosaric, N., Ong, S. C., and Duvnjak, Z., "Fuel Alcohol Biosynthesis by 
Zyrnoinonns rrnnerobin: Optimization Studies," Biotechnol, Rioeq., 24, 691-701 
(1982). 

Skotnicki, M. I,., Tribe, D. E., and Rogers, P. I., "R-Plasmid 'Transfer in 
Zymomonns rnohilis," Appl. E I I V ~ ~ O R .  Microbiol., 40, 7-1 1 (July 1980). 

Lec, K. J., Pagan, R. J., and Rogers, 1'. I., "Continuous Simultaneous 
Saccharification and Fermentation of Starch Using Zyinomonrrs mobilis," 
Biotechnol. Bioertg., 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 KatLen Associates Int'l, 
Inc., Cincinnati, OH (1978). 

Katzcn, R., GI-& Motor Fuel Alcohol Technical aizd Economic Assessment Study, 
U.S. Dcpt. of Energy, HCP/JG639-131, June 1979. 

50 



40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

Torres, J. L, Grethlein, H. E. and Lynd, L. R., "Computcr Simulation of the 
Dartmouth Process for Separation oE Dilute EthanolNater  Mixtures," prcsentcd 
at the Tenth Symposium on Biotechnology for Fuels & Chcmicals, 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 
Alternativc Ethanol Fermentation Processes," Biotechnok Bioeng., 26, 1003-25 
(1984). 

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

Davison, 3. H. and Scott, C. D., "Operability and Feasibility of Ethanol 
Production by Immobilized Zymornonns iizobilis in a Fluidized Bed Bioreactor," 
AppZ. Biochem. Biotechnol., 18, 19-34 (1988). 

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

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

Anon., Second Annunl Report on the Use of Alcohols ifl F L ~ c ~ s ,  U.S. Dept of 
Energy, Office of Alcohol Fuels, Washington, DC, June 1981, 

Moon, G. D., Messick, J. R., Easlcy, C. E., and Katzcn, R., "Grain Alcohol Motor 
Fuel: Technology & Economics," presented at Automotive Technology Devt 
Contractors Coordination Mecting, US. Dept. of Energy, Dcarborn, MI, Oct. 24, 
1979. 

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

51 





APPENDIX A. PROCESS STOICHIOMETRY 





S T Q I C H I O M E T R Y  FOR E T H A N O L  M A N U F A C T U R E  

(MOLES FER MOLE E T H A N O L )  

G L U C O S E  E T H f l N O L  G L Y C E R O L  A C E T I C  ISOClMYL L A C T I C  S U C C I N I C  
f l C I G  A L C G H O L  A C I O  A C I D  

___-_-- _ _ _ _ _ - _  ------- ------- I-----_ ------- - -_____ 
C6ki1206 C Z H 6 0  C3H803 C Z H 4 0 2  C5H120 C3H603 C4H604 

M.W.  180.156 46.068 32.a34 60.052 86.146 Y0.078 llS.038 
6 A L A 14 C E D E Q U h T I O N S 
1 )  0.5 1 
2 )  1 1 
3 ,  8.333333 

4 )  L I 
5 i  61.5 
6 )  1 

0 . 5  
8 )  1 0 . 5  

7 ,  
0 

1 
1 

1 
1 

SACCHAROMYCES C E R E U I S I A E  S T O I C H I O M E T R Y  

C -3193.84 2000.08 
H -6381.68 E800.80 
fi -3130.84 l000.8Q 

8.00 0.00 
2 3 . 0 8  G.80 

0 .00  8 . 3 4  
k3.00 8.00 
0 .30  0.00 
@ . a @  0.630 
0 . 0 0  0.00 
0 .00  a.26 

0.08 
B.G0 
0.80 
2 . 6 1  
0.80 
0.00 
@.a0 
8 .03  

0 . 0 0  
0 . 0 0  
0.00 
8 . 0 0  
1.10 
0.0a 
0.80  
8.00 

8.00 
0.00 
@.a0 
6.08 
0.00 
a.57 
0.00 
0.00 

6 3 . 0 0  17.20 13.07 3.30 2 . 2 8  
184.00 34-46? 31.36 6.6Q 3 - 4 2  

69.00 17. I]g 2 . 6 1  3.38 2 . 2 8  

Z YflOMONhS HOE I L I S 5T0 I CH I OMETRY 
PlOL5/1800 MCLS E T H A N O L  
l i  508.00  1000.00 0.00 8.00 0.00 0.00 0.0a 
2) 5 . 6 7  8 .30  5 . 6 7  0.08 Q.063 B . 0 @  0.00 
3 )  1 .:2 0.00 B.80 5 .15  0.30 0.@0 0 . 0 0  
4) 0 . 0 6  0.00 0 . 8 0  0.QB 3.80 0.00 8.08 
5 )  0.52 0.00 0.00 0.80 0.oa 1 .a3 0 . 0 0  
6) 0.00 8.00  a . O O  8.00 0.00 0.00 0 .QO 
7 ) 0 .08  Q.0E 0.00 0 . 8 @  0.80 0.80 0.0G 
8 )  8.52 8 . 3 8  0 .80  3 . 2 6  0 . 3 0  a.00 0 . 8 0  

SUM 508.42 1088.00 5 .67  5.41 8.0Q 1 .a3 0.0a 

.- 

_ _ _ _ _ _ _ _  --_----- I------- --I----- _-____-_ 

C -3058.54 2k3k30.08 17.81 10.82 @.a8 3.09 0.80 
H -6101.89 6@@0.08 45 * 36 2 1 . 6 5  Q.00 6.16 @.00 
0 -3050.54 1080.00 17.81 1t3.82 0 . 3 @  3.83 0.00 
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WATER t.12 

1 
1 

1 

.Sf iCCHfiRGflYCES C E R E V I S I A E  S T O i  C H I O V E T R ' Y  
i-lCiLS/ 1000 M O L 3  E'It-lr?i\iOL 
1 )  0 . 0 0  8 . 0 0  39'7.33 0.0G 
;i 8.00 0 .  80 E9.80 -69.110 

0.00 0.00 0.08 0.00 
:+ ) 0.08 0.00  13 .0'7 0.00 
5 )  0 . 0 0  0.00 0.00 0.08 
6 )  0 . 5 7  8 . 8 0  0.00 8 . 5 7  
7 )  L'.  2 J  0.80 8 . 3 3  0.00 

G.OO 0.52 0 . 5 2  0 . 5 :  

7 ., 
J .  

m n 7 

I-: i 
(7 / 

0 . 0 8  
115.80 

8 . 0 U  
7.84 
0 . 0 8  
E.OO 
0 . 3 3  
0 . 0 0  

S U M  i .50 0 . 5 2  1080.91  -67.31 123.77 
T 0 T R L 

c 3.80  Z.09  1880.31 0.@0 0.00 . 0000EG108 
t i  6 . 0 0  4 . 1 8  0 . 0 0  - 1 7 -  d 5 . 0 1  C' 2 4 7 . 5 5  I00000B00 
0 1.58 1 . 0 5  2161.81 -67.31 0 . 8 0  .@0008Q@@ 
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APPENDIX B. 1970s BASECASE 





ULTETHNG.WKS -1- @9-Apr-89 

ETHANOL MANUFACTURE 
GENENALI ZED FERMENTATION ECONOMICS 

EX S. CEREUISIAE - NO GLYCERINE RECOVERY 
SUMMARY 
-I^---- 

PRODUCTION LEVEL 
53.96 MM GPY 

-.--I I - - - I I - -- - - - - 
INVESTMENT-$MILLI ON 

MPC = 1'376 
_ _ _ l _ l l - _ _ _ - _ - _ - - _ l l _ - z - - - - - - - - -  

D i r e c t  Permanent Investment 
Allocated Power ,  Service3 & General 
Wor-l- ing Capital 

lot a 1  Investment 

C o s t  o f  Manufacture 
SE, 0 ,  R&D, Adm, & I . C .  

Cost o f  Sales 
Pretah Earnings Based on: 30% Pretar: Rl3 I  
By-product Credits 

Selling P r j c e  

$54. '7 
$24.1. 
$15.5 

$ 9 4 . 3  

----I 

$0.57 
$ 0 . 2 2  
$0.06 
$0.15 

$1 . O O  
$@. 27 

$1 a 2 6  
$ 0 . 5 2  
$0 " 0 0  

$1.79 

_---_ 

--1-- 

t--INHNCIHL CRI TE-:R[A 
I____I____ --- 

Net ROT 3 r d  Year ( a s s u m e d )  16% 
Investors Rate o f  Return ( 2 0  Operating Years) 25% 

Year t o  B r e a k  Even - Annual C a s h  1981 
- Cumulative C a s h  1 E383 
- C u m .  Disc. C a s h  ( N P U )  1985 

Net Present Value $MM ( 2 0  y e a r s  Q 15%) $41 . @  
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E 7 H H NO I_ MANU F A C 1 U R E 
GENERALLIED FERMENTATION ECONOMICS 

EX S. C F R E V I S I N E  - NO G L Y C F P I N t  HFCIIOERY 

I N 0 t S T MEN 1 
_ _ - _ _ _ _  ~ 

Sited i n  Iowa on t h e  M i s s i s s ~ p p i  River adjacent to a c o r n  W C ? ~  m i l l  
and a utility p o w e r  house f o r  over-the-fence s u p p l y  o f  s y i - u p  and p o w e r .  

U N I T S  

CAf'ACI I Y  Ca 8000 HFiS MM GFY 
MID-POINT OF CONSTRUCTION YEAR 
CONSTRUCTION COST INDFX 1980= tOO 
INVESTMENT CONTINGENCY % INSTALLFD * 
FkRMENTER IJNTT INVESTMENT $/GR.GAL.-GROWTH 

$ / G R .  G A L  I -PROD ' N 
*46% Recommended f o r  new rrocesscs 

13 IRECT PERMANENT INVESTMENT 
_ _ _ - _  _ _ _ _ _ _ _ _ c _ - - _ - - _  ----- 

SCALE 
F A C T O R  
-___-I - 

FERMFNIATION SFCTION 
Receiking, P r e p  & Sterilization 0.50 
A i r  Compression 5, Aeration 0.60 
Fer men t at 1 on 
Producl/Cell Sepdr-at ion 0.75 

0.89-1.00 

Fermentat ion Sub-total 

D I S T I L L A T I O N  SECTION 
Beer- Still 81 
Beer Still $7, 

Low-Boilers Still 81 
Low-Rollers Still #2 
Low-Boilers Still #3  
HLgh-Boilers Still E l  
Hiyh-Bailers Still 82 
n:eotrope Still 
B e n z e n e  Dehydrator 
Decanter 

Distillation Subtotal 

STORAGE SECTION 
Storage - P r o d u c t  
Storage .- Byproduc t # 1 
St o r a g e  - B y p r o d u c  t 8 2  

TOTAL DIRECT PLANT 

S T I L L 5  
$ 0 . 6 3  

0.24 
0.15 
0.00 
0.00 
0.00 
0.00 
0.81 
0.17 

H X ' S  
$2 07 

0.44 
0 .10  
0.00 
0.00 
0.00 
0.00 
1.06 
0.06 

Ilk1 I s 
CASE 

6Q.U 
197'6 
74 
30% 

$0.00 
9iE.32 

_. __ ... - 

T H I S  CASE 
rEMM S;/ANN.GAL. 

- - __ - - - .- 

$ 6 . 3 4  
0.00 

3 6 . 2 3  
2.06 

- - - - -. - 
$ 4 4 . 6 2  

$2.70 
0.67 
0.24 
0.00 
0.00 
0.00 
0 .00  
1 .88  
0.23 
0.03 

$5.75 
- - - - _- - 

$4.34 
$0.00 
$0 I00  

- - - - - ._ ._ 

50.106 
0.000 
0.604 
0.034 

$0.744 
- - - - .. ._ 

$0.045 
0.011 
0. ID04 
0.000 
0.000 
0.000 
0.000 
0.031 
0.004 
0.001 

50.096 
_ _ _ - - -  

$QJ .07? 
0 * 0BP) 
0.000 

$4.34 

$54.71 

sa,. 0'72 

$0.913 
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ETHANOL MANUFACTCIRE 
GENERALIZED FERMENTATION ECONOMICS 

EX 5 .  CERE'JISIAE -- NO GLYCERINE PECiSVEFiY 

INVESTMENT 

ELECTRIC I T Y  KW $183 $183 1,170 
STEAM PPH $45 $45 402,952 
C O 0 L I N G  WATER GPM $52 $52 25'1G8 
PROCESS WATER G P rdi $313 $313 e38 
WASTE 0 ISPOStlL. MGPY $3 $3  548,853 
GEN'L .  K SERUICE.5 $MM 18% 10% $ 2 7 . 2  

T 0 TAL PERM AN EN T I N UE S T PIE N T 

$ 0 . 2 1  
18.1.3 
1.31 
0.26 
1.4'3 
2 . 7 2  

$ 2 4 . 1 2  

$78 .94  

-- 

BASIS BASECF\S€ T H I S  CASE $MM $/ANN. G A L  
- ._ ., - I - -----_I.- -_._-I-._ .- --- --- - --- 

RAW MAT' L INVENTORY $RAW M A T L  2 2 SQ.2.3 $ 0 . @ @ 4  
S E M I - F I N I S H E D  PRODIJCT $ ( R + M  ) / 2  5 5 0.53 O . O l #  
FINII;HEC! PRODtJCT $cow 30 30 4 . 4 2  Q .  074 
CASH $ ( COS-u ) ti 6 1.03 0.017 
ACCOUNTS RCD.-TRADE $SP 30 30 7 . 9 3  0 , 1 3 2  
ACCOUNTS f?CD.-MISC. %COM 0.3% 0 . 4 %  8.48 0.008 
DEFERRED CHARGES %COM 1 . S %  J. .5z  0 . 9 1  0.@17 

TCITHL WORKING C A P I T A L  

._._I___I._ 

$ 1 5 . 4 3  $0.258 

N o t e :  R = rau materials; M o r  COM = c o s t  o f  manufacture; 
COS = c o s t  o f  sales; SP = selling p r i c e ;  D = d e p r e c i a t l o n .  

$ 9 4 . 3 3  $1.573 
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ETHnNOL MANUFACTURE 
GENEWfiL 1 ZED FERMENT0 i ION ECONOMICS 

t x  3. CEREWISIAF - NO GLYCERTNE RECCJVERY 

PRICE5 & Ci3SP F R C T O K S  
. - _ _  

Operating Year 

Raw M t l t e r i a l s  
-E 1 o suear 5 y r iup 

R n h y d .  hmi.ionis 
-Phosphor  ic Rcid 
-P3tdssium C h l o r i d e  
- M  i n o r  N u  t r 1 e n  t s 

Ut 1 1  1 t le:, 
-Electricity 
-Stcam 
Cooling W a t e r  

-Procesc. Water 
Diodegradation 

-I_andfi 1I 

L3bor-Related 
- U i r - .  O p .  Wages E; Ben. 
- D i r .  Sc71arie5 E; Denefi 
- 0 p .  5 1 i p p i i e b  & S e r L i c e  
- G P O H  on Clperr7t ions 
-Control Lab 
-Tech.  Assist. to MFy. 

Capital-Related 
-Maint. Wages & B e n .  
- M a i n t .  Salaries & .6cn. 
-Maint. Mat'l & S e r v i c e  
-Malnt, O v e r h e a d  
- G P U H  on Maintenance 
-Ta>.es E; Insurance 
-Depreciation - DPI 
-Depreciation - APS8G 

Cost o f  Manufacture 
-Selling Ehpense 
Uistrihution 
R e s e a r c h  & D e v e l o p m e n t  

-Administrative E \ p e n s e  
-1ncen t ivc Compensat i o n  

Cost o f  S s l e s  
-P r e t a .h~ E a r n  1 ng 5 

-Credit: U y p r o d u c t  #l 
-Credit: B y p r o d u c t  #ll 
-Credit: B y p r o d u c t  8 3  
-Product Selling Price 

I I \ IFLATION 
F F\ C. T O R RASECASE 

1988 

$ 8 . 8 2 8  /lb. d . 5 .  
$@.E46 l i b .  
$6.155 / l b .  
$0,053 /lh. 
$0.451 / l b .  

$0.040 /KWH 
$2.20 / M  l b .  
$0.04 / M  g a l .  
$0.50 / M  g a l .  
$0.04 /lb. d . s .  
$0.05 / l b .  d.s. 

$26.40 /man-hr. 
18 % C)UW&Ei 
6 % DOW&B 

23 % DUWS&B 
5 1 9 . 2 2  /man-hr. 
$ 2 2  .Q6 / m a n - - h r .  

1 . 7  % DPI 
'25 % MW&B 
40 % MWKFJ 
4 % MWRE 

23  % MWSbB 
6.3 % DPI 
8 X DPI 
6 % APS&G 

3 % Sales 

4 . 5  x Sales 
2 72 Sales 
6 % PTE 

$0.01 /lb. 

30 % I I F R  
Sc3.00 / l b .  
$0.00 /lb. 
$0.00 / l b .  
$0.00 / l b .  

T H I S  CASE 

1980 

$0.038 / l b .  d . 5 .  

$O.Q66 /lh. 
$0.298 /lh. 
$ Q . l Q l  / l b .  
$0.368 / l b .  

$0.030 /KWH 
$3.57 / M  lb. 
$0.06 /M gal. 
$0.81 / M  gal. 
$0.06 /lb. d . 5 .  
$0.08 / I h .  d . 5 .  

$!5.% /man-hr. 
18 % DOWBB 

t3 % DOW&B 
2 3  X DOWS&B 

$11.61 /man-hr. 
$13.32 /man-hr. 

1 . 1  % D P I  
2s x MWKB 
40 % MW&B 
4 % MW&B 

2 3  % MWS&B 
0.3 2 DPI 
8 x DPI 
6 % APSLIG 

3 X S a l e s  

4 . 5  S a t e s  
2 7; Sales 
6 'X PTE 

$0.01 /1tlS 

30 % T IFR 
$0.00 /Its. 
$V).BB / l b .  
$0.00 / l b .  
$0 .0@ / I h .  
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D I R E C T  OPERATORS 
.---____--_II I 

SYRlJP RECEIVING & TRANSFER 
CHEMICALS RECElUING & TRANSFER 
I NNOCULUM PREPARATION 
MED IIJM PREPARATION 
S T E R I L I Z A T I O N  
FERMENTAT I O N  

--CONTROL ROOM 
.-PAT R 0 L 
-A IR  COMPRESSION & A M M O N I A  FEED 

D I S T I L L A T  I O N  
BEER F I L T E R  & CELL RECYCLE 

TOTAL 5 A Y  & 4 .2 -SHIFT  OPERAlORS 
TOTAL OPERATORS 

CONTROL LABORAI O R V  
--I--- -__."._I--___- 

BIOLOGICAL ANALYSIS 
CHEMICAL ANALYSIS 
OTHER 

TOTAL DAY & 4 .2 -SHIFT  TECHNICIANS 
TOTAL LAB FORCE I N C L  SCIPEPUISION @ 

TOTAL LAE FORCE 

WHGES, SHLARIES & BENEF I T S  SCHEDULE.- 1988 
.-- - 

OPERATING WAGES - $/HOUR 
TECHNICIANS - ANNUAL 4; 
PROCESS ENGINEERS - ANNUAL !E 

PENSION - A S  X OF COMPENSATION 
F I C A  
UNEMPLOYMENT COMPENSATION 
GROUP L I F E  INSURANCE 
MEDICAL INSURfiNCE 
DENTAL INSURANCE 
SAVINGS PLAN 
VACATION 
ILLNESS 
ABSENCE WITH PERMISSION 

25Q MM PPY 

SHIFT SHIFTS 
DAY ROTAT I NG 

- 1 

1 
- - 

3 
- 
1 
1 

- 
-. 

----_ I 

0 
20% 0.0 

10.1 

1 

$20 .14  
$ 3 0 , 5 @ 0  
$35,00Q 

8.1% 
5 . 9 %  
0 I6"i, 
6 . 7 %  
3 . 6 %  
0 . 8 %  
2 . S %  
7 . 4 %  
1 . 4 %  
G1.27: 

1 
1 

8 
10.1 

T O T A L  BENEFITS 31.1% 
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D I R E C T  OF'ERfiTOPC, 
. - -. - - I - - - - - .. _ _  - - _ - 

SYRUP R E C E I V I N G  B TRPINSFER 
L'HEMICftl..S R E C E I V I N G  & TRANSFEK 
I N N O C U L I J M  P R E P A R A T I  ON 
MEDIUM PREPARATION 
ST E R I  L L T  ZAT I ON 
FER MEN T PIT I O N 

- P f l  IROL.  
- A I P  COMPKESSION & A M M O N I A  FEEll 

D 1 5 1 I I. L A  1- I ON 

-Cord r R o L  HOOIY 

BEER F I L r m  e ELL RECYCLE 

T U T A L  D ~ Y  R 4 . 2 - w r ~  i W F R A T O R L -  
T O T A L  OPERATORS 

CONTROL LABORAT OR\/  

E I GLOG I C A L  nrd:jL 1's IS 
C k i E M I C A !  ANALYSIS  
OTHEf? 

I O T A L  D A Y  5. 4 . 2 - S H L F T  TECHNICI f iNS  
T01AL L A B  FOliLE INCL. S U P t R V I S I O N  @ 

r U T H L  L A B  FORCI 

PEt\ISION - A S  X OF C O M P E N S A l l ~ l N  
F I C A  
UNEMPLOYMENT COMFENSATIGN 
GROllP LIFE INSURANCE 

D E N T A L  INSURANCt  
9AVINGS PI..FiN 
Vi7LAT I ON 
1 L L N c c.- $2 

ABSENCE W I T H  PERMISSION 

tim IcAi .  r rdsumwx 

L3 . I  

_ 1 
1 

-. 

1 
1 

- 
- 

1 

T O T A L  E E N E F I T S  
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ETHANOL MANUFACTURE 
GENERALIZED FERMENTATION ECONOMICS 

EX S. CEREUISIAE - NO GLYCERINE RECOVERY 
.-______----______________^_____________I 

1980 COST SHEET 
- __ - ... - - - I - - I - - - - - - - - 

Raw Materials 
-Biosugar Syrup 
-Anhyd. Ammonia 
-Fhosphor ic A c i d  
-Potassium Chloride 
-Minor Nutrients 

Total R a w  Materials 
Ut i l  itics 

-Electricity 
-St eam 
-Cooling Water 
--Process Water 
-Biodegradation 
-Landfill 

Labor-Re lat ad 
Tota l  Utilities 

-Dit-. Op. Wages & Ben, 
- D i t - .  Salaries & Ben. 
-0p. Supplies & Service 
---GPOH on Operat ions 
-Control Lab 
--Tech. A55i5t. to Mfg. 

Total Labor 
Capltal-Related 

-Maint. Wages 9 Ben. 
-Maint. Salaries & Ben. 
- P l a i n t .  Mat.'l ti S e r v i c e  
-Maint. Overhead 
--GPOH on Maintenance 
-Taxes  & Insurance 
-Depreciation D P I  
-.Depreciation APSBG 

Total Capital 

Cost o f  Manufacture 
-5011 trig E.spense 
-Distribution 
-Research Fi Develnpment 
-Administrative C f i p e n s e  
-Incentive Compen3ation 

C o 5 t  o f  Sales 
-Preta.: Earnings 
-Credit: Byproduct $1 
-Credit. Byproduct # 2  
-Credit: Byproduct # 3  

Total Sales 

H I L L  I ON 
HATE / U N I T  UNITS $MILLTON 

$0.038 /lb. d.s. 
$3.066 / l b .  
$0.298 / l b .  
$0.101 / l b .  
$0.868 / l b .  

$0.030 /KWH 
$3.57  / M  l b .  
$0.06 / M  gal. 
$0.81 / M  gal. 
tfi(4.06 / I b ,  d . 5 .  
$0.08 /lb. d . 5 .  

$15.95 /man-hr. 
18 % DOW&B 
s x rJOW&B 

2 3  x DOWSYrB 
$11.61 /man--hr. 
$13.32 /man-hr. 

1.7 % D P I  
25 % MW&B 
40 X MW&E 

4 X MW&O 
23 % MWSSlB 

0.3 % rJP1 
8 % UP1 
6 % APSBG 

3 % sales 

5 % Sales 
2 X Sales 
6 % PTE 

SG9.01 / l b .  

30.0 % TIFR 
$0.00 / l b .  
$ O m @ @  / l b .  
$0.00 / l b .  

783.22 
1 . J J  7 - z  

1.11 
0.84 
0.38 

8.34 
2.8722 

10.76 
0.36 
5.01 
0.00 

0. 124 

0.  020 
0.00: 

$54.7 

$54 .7  
$54.7 
$ 2 4 . 1  

$96.5 
355.1 
$96.5 
$96.5 
$ 2 8 . 3  

$ 9 4 . 3  
0.0 
0 .0  
0 . 0  

30. Q6 
0.09 
0.33 
0 .09  
0.33 

$30,90 

0.25 
10.24 
c1.70 
0.29 
0.332 
0.80 

$11.81 

1.39 
0.36 
0.12 
0.54 
0.23 
0.03 

53.26 

0.93 
0.23 
0.37 
B . 0 4  
0.27 
0 .16  
4.38 
1 .45  

$7 .83  

$53.88 
2.313 
3.55 
4 . 3 4  
1.93 
1.70 

$68.22 
2s. 30 

8 . 0 0  
0.130 
0.00 

$96;. 54  

I---.- 

--11- 

----- 

0.557 
a .  002 
0 006 
G1. 002 
0.006 

$0.573 

0.005 
0.190 
0.013 
0.005 
0.006 
0 0 0@0 

$0.219 

0.037 
0.007 
0.007, 
0,010 
0 004 

,000 
$8 L 060 

0,017 
0,004 
0,007 
a .  n01 
0.  a05 
0 " 883 
0.081 
@ a 027 
0.145 

$0.997 
0.854 
0.066 
0.081 
0.036 
0.B31 

$1.264 
G9.524 
0 * 000 
0 * 000 
0 "  080 

- -, - _. .. 

$1,789 
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ETHAN 0 L MANUFACTURE 
GENERALIZED FERMENTATION E C O N O M I C S  

EX S .  CEFIEVISIAL: -- NO GLYCERINE RECOVERY 

CfiSH FLOW ( M I L L I O N  OOLLARS/YEAR) 
- - - .. I - - - _ - - - - - - - - _ - - __ I __ - - _ - .. .- .- I - - - - - - - - - 

__." __ l_._____l_. .. 

S c e n a r i o :  
1. 

3 .  
4. 
5. 
C .  

7 
L .  

YF-iiR 

1975 
11376 
1977 
1978 
1 9'7 9 
1986 
1178 1 
1982 
138,: 
1384 
1985 
1986 
1987 
1988 
1389 
1990 
1391 
1997 
1393 
1994 
1995 
1996 
1997 

I n v e s t i f l e n t  s p l i t  e v e n l y  o v e r  t h r e e  c o n s t r u c t  i on  y e a r s .  
P l a n t  o p e r a t e s  s t  5G1X o f  f u l l  s c a l e  t h e  f i r s t  y e a r .  

10QX " t h e  t h i r d  y e a r .  
100% 

75% t h e  s e c o n d  y e a r .  

" t he r  e a f t e î  . 
F i v e  y e a r  d e p r e c i a t i o n  r a t e ;  h a l f - y e a r  c o n d e n t i o n ;  
( 2 0 ,  3 2 ,  19.2, 11.5, Ll.5, S . 8  % j ;  t a . < c s :  34% f e d ,  3% s t a t e .  

INVESTMENT DEI'. COS1 EX D 
wc .. ._ P I  

. - __ __ - 
$18.24 
$18.24 
$18.24 

$15.49 $10.94 
$1 '7 .51 
$10 .51  
$6 -23 
$G.L'9 
$ 3 "  17 

( $15.49 ) 

$35.96 
$52. e :  
$ 6 2 .  3% 
$62.39 
$62.39 
$ 6 2 . 3 9  
$62.3'3 
$62.39 
$62.33 
$62.39 
$62.39 
$62 39 
$62 I 39 
$62 " 3 3  
$62.39 
$G?. 39 
$ 6 2 . 3 8  
$62.59 
$E:. 39 
$E?. .3'3 

SALES NE1 EfiRlU ANN C A S H  

$48.27 
$ 7 2 . 4 1  
$96.54 
$36. S 4  
$96.54 
$35 "54 
$ 9 6 . 5 4  
596.54 
$96.54 
$96.54 
s96.54 
496.54 
$96.54 
$96 I 5 4  
$9G .54 
$ 9 E .  54 
$96 .54  
$ Y E .  54 
$96.54 
$96.54 

$0 .86  
$1.75 

$ 1 4 . 8 5  
$17.55 
$17.55 
$ 1 J . I 5  I. 
SL. 1 .51 
$21.51 
$2 1 . 5 1  
$ 2 1 . 5 1  
$21.51  
$2 1 . 5 1 
$21 .51  
$21.51 
$521 .E,! 
$21.51 
$21 -51  

$21.51 
$21.51. 
$21 .51  
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E 1HPINOL MANUFACTURE 
GENERhLIZEU FERMENTHTLON ECONOMICS 

EX 5. CEREUISIAE - NO GLYCERINE RECOVERY 

C A S H  F1.OW ( M I L L I O N  DOLLHRS/YEAR) 
_.__.--I_.__.__I---___-- -- ------.--._.__--l-l..l._._ 

- 11----1-- -.-I.-_--- 

Scenario: 
1. I n v e s t m e n t  aplit e v e n l y  o v e r  t h r e e  construction yea r s .  
2 .  P l a n t  operates at 502 of full s c a l e  t h e  first year. 
3 . 75% t h e  s e c o n d  y e a r .  
4. 100% ” the third year. 
5. 180% I‘ thereafter . 
6. F i v e  y e a r  depreciation r a t e ;  ha l f - yea r -  c o r l v e n t i o n ;  

- 

( 2 0 ,  3 2 ,  1 9 . 2 ,  11.5, 11.5 ,  5 . 8  X ! ;  t a x e s :  34% fed, 3% state. 

1975 
1976 
19’7  
1978 
197‘3 
1980 
1981 
1982 
1383 
1934 
1985 
1986 
1987 
1988 

1990 
1991 
1992 
1933 
1994 
19‘35 
199E 
1997 

1989 

( $ 1 8 . 2 4  ( $ 1 8 . 2 4  ) - -. 
( $ 3 6 . 4 8  ) ($34 .10  ) 
( $ 5 4 . 7 1 )  ( . $ 4 7 . 8 9 )  - 
( $ 5 9 . 4 0 )  ( $ 5 0 . 3 1 )  - -124.9% 
( 5 3 9 . 1 4 )  ($39.30)  - ~ 3 . 8 %  

( $ 1 3 . 7 4 )  ( $ 2 6 . 6 7 )  -7.5% 
$1@.1v) ( $ 1 E . 3 7 )  4 . 1 %  
$ 3 3 . 9 4  ( $ ‘ i ’ . 4 8 i  18.9% 
556.62  $0.01 15.0% 
$78.14 $ 6 . 1 3  17.6% 
$99.65 $11.45 19.47; 

$ 1 2 1 . 1 6  $16.87 20 .7% 
$142.67  $?#.BY 21.7% 
$ 1 6 4 . 1 3  $23 .59  22.4% 
5185.’70 $ 2 6 . 6 3  22.9% 
$207.2  1 $ 2 9 . 2 7  2 3 . 3 %  
$228.72 $31.57 2 3 . 6 %  
$250.24  $33.57 2 3 . 9 x  
6271. ‘75 $35.31 24.176 
$293.16 $ 3 6 . 8 2  2 4  - 2 %  
$314.77 $38.13 2 4 . 3 %  
$336.29 $ 3 3 . 2 8  2 4 . 4 %  
$373.29 $461 * 99 2 4 . 5 %  

-- 
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ETHANOL MANUFACTURE 
G E NE R A L I Z E D F E H M E N T H- I  I (I! N E C O N 0 M I C 5 

EX 5 .  CEHEVISIAE - NO GLYCERINE RECOVERY 
.- ._ .- - - - - - - - - - - .- - -. - - - - - I - - - - .. -- . - - - - - - - -. - - - .. 

B A S I C  D A T A  

SCALE OF OPERATION 
. m . i  riri P P Y  RNNUAI. PRODUCTION LEVEL 

3'34.6 MM PPY ANNUfiL C A P A C I T Y  
5 4 . 0  MM GPY 

6 0 . 0  M M  GPY 
90 X OPERATING UT IC I T Y  

363 .2  MM PPY PRODUCT FGRMED i r i  BEE:R 
4 0 3 . 6  MM F'PY 13RODUCT FORMED I N  DEER A T  CAPACITY 

9 6 . 5  %. MOLAR YIELD-GLUC. T O  PROD.  I N  tiE.ER ( E  
2.16 l h / l b  GLUCOSE DEMAND/PHOD (EXCL. SPILL  ) 

4 5 . 0 7  M O L  WT PRODUCT MOLECULAR WEIGHT 
PRODI-JC'i STO I CH I OMFTRY 

MOL. WT. MOLES/MOL PRODUCT C 0 MP 0 NE N 'I 
188 16 Q .  5 3 1 4 1  / M O L  PROD. -GLUCOSE COIVSUMEU 

32 . O O  0 .0000B /MOL PROD. -OXYGEN CONSCJMED 
17 .62  0 . 0 @ 0 0 0  / M O L  PROD. -AMMONIA CONSUMED 
44.  k?5 0.0QIlSV) / M O L  PROD. -ACETALGEHYUE FORMED ( # 1  i 

. 6 0  / M O L  PROCI. -COMPONENT # 2  FONMED 

. O O  / M O L  PROD. -COMPONENT # 3  FORMED 

.OO / r i m  PROD. -COMPONENT $3 FORMED 

. O O  / M O L  PROD. -COMPONENT #5 FORMED 
8 8 . 1 0  0 . 0 0 0 5 2  /MOL PROD. -LIGHT END5 FORMED ( # E  i 

. O O  / M O L  PROD. -COMPONENT #8 FORMED 

.00 / M O L  PROD. --COMPONENT 89 FORMEU 
- 0 0  / M O L  PROD.  -COMPONENT #10 FORMED 

3 € .  0'7 1 . 00Q0m /P1OL PROD. -ETI-{ANOL FORMED i #7 j 

1 8 . 0 2  -0.06'791 / M O L  PROD. --WATER FORME0 
6i4.05 0 . 0 0 8 6 0  / M O L  PROC). -ACETIC ACIU FORMED ( t i l l )  
88 .15  0 . 0 0 2 6 1  /MOL P R O D .  -ISOAMYL ALCOHOL FORMED (812) 
9 2 . 0 9  0 . 0 2 3 0 0  i M O L  PROD. -GLYCERINE FORMED ( # 1 3 )  

. O O  /MOL PROD. -COMPONENT #14 FORMED 
90.08 0 . 0 0 1 1 0  / M O L  PROD. - L . A C T I C  A C I D  FORMED ( 8 1 5 )  

1 1 8 . 0 9  0 .00057  /MOL PROD. --SUCCLNIC R C I D  FOPMED ( # 1 6 )  
. O O  /MOL PROTI. -COMPONENT ~ 1 . 7  FORMED 
. 00 /MOL. PROD. -COMPONENT #18 FORMED 
.0Q / M O L  PROD. -COMPONENT #19 FORMED 
. O O  iMOL PROD. -COMPONENT #20 FORMED 

4 4 . 0 1  1.018091 / M O L  PROD. -CARSON DIOXIDE FORMED 
2 . 6 2  0.12377 / M O L  PROD. -HYDROGEN FORMEU 

68 



ULTETHNG. WKS -1- 0 9-Ap r-13 9 

NUTRIENTS I N  FERMENTER m a  
3 %  

9 6 . 9  N Q / ~  c e l l s  
G i . 6  mg/g c:p,lls 
2 7 . 9  m g i g  c e l l s  
23.6 mg/g c e l l s  
@.a1 mg/y ~ ~ 1 1 5  
1.25 mg/g c e l l s  
13.89 mq/g c e l l s  
0 .72  mg/y c e l l s  

5 .54  mg/g c a l l a  
0 . 2 2  mg/g c e l l 5  
0.15 mgig c e l l s  

7 . 7  ug/g c e l l s  
5 . 4  ug/g c e l l s  
4 . 3  u g / g  c e l l s  

8 .55  NQ/Q cells 

-rJ IN CELLS AS XHO 
.- I 1  ;3 P 0 4 
- K C  1 
-MI NOR IVlJ 1-R I EN TS 

-Mg504.7\-120 
- -V ITAMIN B 1  
-K 5 
-NlC12 
-FeC13.6H20 
-CaC12 . Z H ; I O  

-7nS04.7H20 
--.MnSO4 . ti20 
-CuS04,5H20 
- - N ~ M o O ~ . Z H ~ O  
-CoC 1 2  I 6 ti2U 

__ H 3 B 0 3 

FERMENTATION 
TYPE 
STAGES 
CULTIJRE MODE 
PEOD I N H I B I T I O N  
CONDITIONS 

STAGE : GROIATH 
33 

6 . 5  
il 

0 .  Q0 
0.05 

;z 

FERMENTER5 

2.777 
0.00 

0 ( 0  OR 1 )  -ANAEROBIC ( Q  CIR AEROBIC 1 ) 
il ( 0  OR 1 )  -CONCUR ’N7 ( 0 OF: SEQUFNT’AL ( 1 ) 
0 ( 0  OR 1 )  -RATCH ( 0 )  OR CONTINUOIJS ( 1 )  
0 ( 0  OH 1 )  -WITtI  ( 0 )  OR WITHOlJT t 1 f 

PRODUCTION 
33 c -TEMPERATURE 

80 Q / l  * *  -PRODIJCT CONCEN’TRPITIOM I N  BEER 
6 . 5  - P H  

3 . 0 2 8  g / l  
13.018 l / h r  

1.50 g/g*hr 

0.63 g / g * h r  
1 .47  g/l*hr 
0 .00  g / l * h r  

42 x 

0 m M / l * h r  
8 m M / w M  

0 . 1  g / l  
5 c  

9 Btu/hr*gal 
19 E cal/gmnl 

--CELL DENS1 TY ( CHO ONLY ) 
-D ILUTION RHTE * 
-FRODUCT PROOUCTlV IT f  

-Mae. S p e c i f i c ,  g / g  c e l t s * h r  
-Inhibition F a c t o r ,  % Mali 
-Specific, g / g  cells*hr 
-Unlumetr ic ,  g/l*hr * 

-CELL PRODUCT I U I T Y  ( CHO ONLY ) 
- 0 X YE EN T R F.1 N S F ERR E D 
-OXYGEN FED / OXYGEN STOICt i .  DEMAND 
-GLUCOSE S P I L L  
-COOLING WATER TEMPERHTURE 
-HEAT EVOLVED-PRODUCT FORMATION 
-HEAT REMOVED EY COOLTNG C O I L S  
* w/l? h r s  batch mode tu i -na round  

Q 4,142,882 gallans - A C T I V E  VOLUME REQUIRED 

0 5,734,092 gallons -GROSS VOLUME C i n c l .  15% s p a r e s  ) 
0 560,000 Q a l l O f l S  -GROSS S I Z E  

15 15 7; g r o s s  -HEADSPACE 

0 .0  11.5 units --NUMBER OF UNITS 
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PRO o IJC -r 5 EP AR A I i ON 
250 g:1 -CELL CONC. {C,t-iCI 1 EX FZILTER 

0 . 0 5 3  gal/min*sf -FlL.TER 'iHROUGHPCIT 
23,674 5 q  f t  -FILTER 51 ZE 

P R O D U L . 1  RECCIVERr & P U R I F I L A T I O N  
97. EJk( wt jx -Y IELD ACROSS REFINING 

MATEP I h l ~  S OF CONSTRI!I: 1 I O N  
C H O I C E S  SELECT I O N  

F F R MEN T E: R 5 1 , 3  1 
ST.I ILLS 1 , 2 , 3 , 4 , 5  1 
HE AT E X C H A Iv G E R S 1 ,3,5,6 1 
5 TORAGE T A N K S  ! , 3  1 

FOR WHICH:  ' 
l=CftRET)l i i  STEEL 
2-CARBON STEEL ~ 1 ' 3 0 4  SS TRAY'; 
3=304. STAINLESS STEEL 
4-3041 STHINLESS STEEL 

G =PI 0 NE L 
c- 7 a - - a 1 6  S T A I N L E S S  STEEL 

RETUFtPJ OPJ INVESTMEN V 

To Calculate Selling F r i c e  P e q u i r e d  to P r o v i d e  a F i r e d  Re tu rn ,  
Enter t h e  D e s i r e d  Heturn on Investment 3c3 % 
OF 

To Calculate t h e  R O I  Resulting f r o m  a F i . z e d  Marlet P r i c e ,  
E n t e r  t h e  M a r l e t  Price f o r  1988 / l b .  

F n t e r  an Iriue:, tment  C i i n t  i n g a n c y  to Represent 
t h e  R i s l  I - e v e 1  o f  tl;e Basic G a t a  30 2 
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D I S T I L L A T I O N  R h T A  MATRIX 
LOWER B O I L  --_-__.-----__I-----_I___ 

DEFAULT IMPURITY IMPURITY PRODUCT 
I TEN COMPONENT VALUE ttl #2 #3 

-_----- - --_I.___ _ _ _ _ _ - _  
1 NAME 
2 PRIORITY AS REFINED PRODUCT L I S T  1-04 
3 
4 NORMAL B O I L I N G  P T ,  C 
5 LUSS/COLUMN, WT X 0.50 
G LEVEL A S  I M P U R I l Y ,  WTX 0.20 
7 UAP PRESS TEMP, C 9a0 
8 VAPOR PRESS, mm H g  8690000 
9 HT UHPORTZATION, Btu/lh 215.0 

10 SENSIELE HT ( L I Q ) ,  Etu/(lb) 0.50 
1 1  M A X  THERMAL S T A B I L I T Y ,  C 150 
12 L N (  A C T I V I T Y  COEFFICIENTS ) 
13 -COMP. #1 in: * a ' 100 
14 -COMP. 82 in: * 0.100 
15 -C;OMP. lt.3 in: 0.100 0" 100 .Z;i:%X 

16 -COMP. 8 4  in: * 0.100 0.100 0.100 
17 -COMP. $5 in: * 0.100 0.100 0.100 
18 -COMP. $6 in: * 8.100 0.1(36 11.100 
19 -COMP. 8'7 in: * 0.100 0.100 El. 1110 
2B -CUMP. $3 i n :  * 0.100 0.100 0.108 
2 1  -COMP. #9 in: * VI.100 0.100 Q. 100 
22 -COMP. % # . I @  i n :  * 0.1B0 e .  IMO 0.1BFl 
Z? -WATER in: * 0.G0Q @ . G O @  0 B 600  
2 4  -COMP. $1.11 in: * 0 .  10VI 0.100 8 .10 i l  
25 -CC)MP. #12 in: * 0"10@ 0.100 8.100 
26 -COMF. It13 in: # 0.100 0.100 0.1DB 
27 -COMP. 814 in: * w. 100 0.10u 0; 10Q 
28 -COMP. 815 in: * 8.180 0.10G1 a .  10B 
i? 9 -COMP. i t16 in: * 0.1QB 0.100 0 .  100 

31 -COMP, #lFi in: 0" lB0 0.100 
32 --COMP. 819 in: * 0 1.00 0.180 @.1e0 
,3 3 -COMP. tZG3 in: 8.180 01.180 0 .  tnia 

* 

30 -CUMP, tt.1'7 in: * 0: lBiD 0.1E0 G1.1081 
0.1cm # 

* 

* T h e  following values can  b e  used in l i e i ~  o f  a c t u a l  
activity coefficients; however ,  t h e  u n c e r t a i n t y  d f  

thc calculation ii r -a i se r l  sign1 f i c a r i t l y  

a l c o h b l  / a l c o h o  1 ; h e t  onc / l , e t  Gne ; a 1 d e h y d e / a  1 d e h y d e  = 0.1 
a l d e l i y J e / l . e t o n e  = 0"3 
o t h e r  o r -gan ic /o the r  organic = 0.5 
a l c o h o l / w a t e r  = 6.6 
( I t t i e r  or-ganic/water = 1.0 
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D I S T L L L A T I O N  D A T A  MATRIX 
. .  

NAMF 
P R I O R I T Y  A 3  R E t I N F  L) PRODUCT I JSI  

U.50 
0.251 
300 

8000UB 
215.0 
d.50 
1S0 

* 
f 

* 
* 
+ 
6- 

t 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
x 
* 

10.: 57. i? 

Q . @ U  .OO 
--1U.0 -D.  5 
260.0 60.0 
244" 8 176.4 

0 . 5 @  0 .4 '1  

alcoho!/alcohal; I. e t a n e i l . e t o n e ;  a1.i:iaiiydei'al dt7hyde = 0 .  1 
a l d e h y d e / I  etone = 0 . 3  
o t h e r  o r g a n i c l i c t h e r  organ1.c = 0 . 5  
olcohnllii~ater 2 6.6 
f i ther  o r - g a n i c i w a t e r  = 1 . 0  

E n j 'JiiPOR PKE';i;l.JRE CONST . -24 '76 .  151 -3488.  '74 -2925.74 
i'li n ) V A P O R  PRE-SSURE C O N S T .  15.703 18 .259  18.581 
V A P O R  FRE5SUHE ia451 c 2422.2 1585.7 3 8 7 . 0  
!!APOR FRE.T.SSURE P l 2 0  C 1 .2121 .9  1 4 5 5 4 . 7  4572.0 
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D I S T I L L A T I O N  DATA MNTRIX 
LOW B O I L  ---_--_------- --___ 

DEFAULT PRODUCT IMPURITY IMPURITY 
ITEM COMPONENT VALUE #7 #8 89 

1------ 

1 NAME 
2 PRIORITY AS REFINED PRODUCT L I S T  
3 
4 NORMAL B O I L I N G  P T ,  C 
5 LOSS/COLUMN, WT % 0 . 5 8  
6 LEVEL AS IMPURITY,  WT% 0 . 2 0  
7 URP PRESS TEMP, C 900 
8 VAPOR PRESS, m m  Hg 800000 
9 HT VAPORIZATION, e t u / l b  215.0 

1D SElJSiULE HT ( L I Q ) ,  E ; t u / ( l b )  0 .S0 
11 M A X  THERMAL S T A B I L I T Y ,  C 150 
1 2  L N ( A C T I U 1 T Y  COEFFICIENTS ) 
13 -CCiMP. #l  i n :  * 
14  -COMP. #2 in: * 
1s -COMP. # 3  in: * 
16 -COMP. #4 i n :  * 
17 -COMP. 85 i n :  2: 

18 -COI*lP. #E; i n :  * 
19 -COMP. #7 i n :  * 
20 -COMP. #8 in: * 
21 -COMP. #9 i n :  * 
2 2  -C:OMP. 81.0 i n :  * 
3 3  i. -WATER i n :  * 
24 -COMP, #11 i n :  * 
25 -COMP. # l?  in: * 
2 G  -COMP. #13 i n :  1c 

27 -COMP. #14 i n :  * 
28 -COMP. #15 i n :  *. 
2 9  --CCIMP. #16 in: * 
30 -COMP. 817 in: * 
31 -COMP. #18 ln: * 
32 -COMP. 819 in: * 
33 -COMP. #20 in: * 

78 .4  

18.8 
40.0 

3 6 7 . 2  
0 .68  

0.100 
0.100 
0.100 
@ . I @ @  
0” l Q O  
0 .100 

0 . 1 0 8  
0.100 
0 .  10Q 
0. ti08 
63.100 
I D .  100 
0.16969 
0.lVJ0 
C a .  10Q 
0.100 
0.100 
0.100 
0.100 
0.100 

s * x i 

0.100 
0.100 
0.100 
0.1010 
0.100 
0.100 
0.100 

0 * 108 
0.180 
69.6@0 
0.108 
W. lQO 
0.180 
0.100 
0.180 
Q.10Q 
8 .100  
0.100 
0.108 
0.10a 

* > is 6 

0.10lD 
0.100 
s. 100 
0.100 
0.100 
0.100 
e .  100 
0 * 100 

0 a l Q 0  
Q. 60B 
0.100 
0.100 
0.180 
0.10ro 
0.108 
# ,  106 
0.10Q 
0.100 
v ) .  le8 
0.1690 

h r: n x 

* The following v a l u e s  can b e  u s e d  in lieu o f  actual 
a c t i v i t y c oe f f i ( 2  i en t 5 ; how e v e r  , t he u nc e r t a i n t y o f 
t h e  calculation i s  raised s i g n j , f i c a r r t l y :  

alcohol/alcohol; P e t o n e l k e t o n e ;  a ldehyde /a ldehyde  fz 0 . 1  
aldehyde/} etnne = 0 . 3  
o t h e r  organic/other o r g a n i c  = 0 . 5  
alcohol/water = 0 .6  
o t h e r  organic/water .= 1 . 0  

34 B (  n ) VAPOR PRESSURE CONSY. -4984.94 -2476.10 -2476.18 
35 A(n) UPlPOR PRESSURE CONST. 20.819 15.703 15.703 
3E VAPOR PRESSURE @40 C 133.3 2 4 2 2 . 2  2 4 2 2 - 2  
37 VAPOR PRESSURE @120 C 3411.6  12121.3 12121.9 
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I TEN 

1 
7 L - 
3 

4 
5 
6 

8 
9 
10 
1 1  
12 
13 
I d  

15 
15 
1 7 
18 
19 
20 
21 

-J 

7 7  

17 '- -J 

L L  

2 4  
25 
26 
27 
28 
29 
30 
31 
32 
33 

34 

1 b 
37 

7 , -  ,I 3 

- 1  

DEFAULT 
Ur?l.lJE C 0 M P 0 NE N T 

- - - .. . . ._ 

NAME 
PRIORITY AS REFINED PRODUCT L I S T  

NORtlf7L ROIL ING P T ,  C 

LEVEL A S  IMPURITY, WT% 
OAP PRESS TEMP, C 
VAPOR PRESS, vlrq Hg 
HT URPORIZATION, B t u / l b  
SENSIBLE HT ( L I Q ) ,  B t u / (  l b )  
MAX THERMAL S T f i S I L I T Y ,  C 
ILN( r 3 C ' i ~ I U I T Y  COEFFICIENTS ) 

LOSS/COLUMN, w'r s/. 

-COMP. #1 i n :  
- C O M P .  112 in: 

--COMP. # 3  i n :  
- -COMP.  #4 1 1 7 :  

-CGMP. #5 i n :  
- - -C@MP. #6  i n :  
-COMP. #7 i n :  
-COMP. #8 i n :  
-COMP. 89 i n :  

-WHTER in: 
--COMP. #11 in: 

-COMP. $12 i n :  
-COMP. #13 117: 

-COMP.  # 1 4  i n :  
-COMF?. It15 i n :  
--COMP. 1116 ln: 

-COMP. #17 i n :  

-COMf?.  819 i n :  
-COMP. It20 i n :  

- -COMP. #10 1 ~ i :  

---COMP. #18 in: 

C I .  5 0  
0 . 2 0  
900 

800000 
215.0 
0.50 

I 5 0  

x 
* 
* 
* 
* 
* 
* 
* 
* 
* 
+ 
* 
* 
* 
* 
* 
* 
* 
x 

* 
* 

1 MPUR I TY 
410 

- - - - - - 

0.100 
0. 100 
Q. 100 
0.100 
Q. 100 
0.100 
0.1uo 
0.100 
0.100 

0.600 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 

* , \  ?\ ,a, 

100.0 

3 0 . 0  
31.8 

970.3 
1 .OO 

V).fi0Q 
0 "  Gc l rd  
3.600 
0.600 
0.60cd 
0. F i Q @  
0. 600 
0. LO0 
0. 6 0 0  
0. 600 

0. s0a 
0.6Q0 
0.600 
0 .E00 
0 . €00 
0 . EQ@ 
0. 600 
0 . 6 @ 0  
0. 608 
0.600 

,.' d ,. ", 

* The f o l l n l d i n y  valt ies c d n  b e  u s e d  i n  l i e u  of  actual 
z t c t i ~ i t y  c o e f f i c i e n t s ;  hoiwever,  t he  u n c e r t a i n t y  of  
t h e  c a l c u l a t i o n  i s  r a i s e d  s i g r i i f  i c a n t  l y .  

a 1 c o ho  1 / a l c o h o  1 i 
a l d e h y d e / l . e t o n e  = 0 . 3  
other. o r g a n i c / o t h e r  o r g a n i c  = 0 . 5  
a l c o h o l / w a . t e r  = 0.6 
o t h e r  o r g a n i c / w a t e r -  = 1.0 

I- e t o n e  / k e t on e ; a 1 d e  h :; d e  / d 1 d e  h y de 

1 1 6 . 1  

20.0 
11 . '7 

1 7 4 . 2  
0.h? 

0.100 
0.180 
0.10Q 
0.108 
0.100 
0. 100 
0.100 
0.100 
0.100 
0.100 
0.600 

0.105 
0.100 
0.180 
a "  t o0  
0.100 
Q. 100 
0.100 
0.100 
QJ. 100 

-, ,̂  '* .1 

= Q.l 

B (  n ) UAFOR PRESSURE CONST. --1!476, 1,Q -5123. 15 -4875.41 
f i :  n ) UciF'OR PRESSURE C O N S T .  15.'703 2 8 . 3 6 8  19.899 
VAPOR PI-?ESSI_IRE-: '$40 C 24;: "2 5 4 . 6  33 .9  
'JWPOR PRESSURE hl20 C 12121.9 1528.9 807.2 



I J L T E T H N G .  WKS 09-Apr-Ej9 

D I S T I L L A T I O N  D A T A  M A T R I X  
HTEH BOIL .-1-----* ----- ----- 

DEFAU1.T  IMPlIRI 1 Y  I E I P U R I T  Y PRODUCT 
I T E M  C 0 PIP 0 NE N 'r V A L U E  #l?  #13 #14 ------- _. -..- 

1 N A M E  I - A M  A L K  G L Y C E R I N E  
2 P R I O R I T Y  A S  R E F I N E D  P R O D U C T  L. I S T  
3 
4 NORMAL BI)ILI~.IG T-'r, c 1 3 0 " 5  290.0 
5 L O S S / C O L U M N ,  WT X 0.50  
G L E V E L  A S  I M P U R I T Y ,  WT% 0.20  
7 VAP PRESS T E M P ,  C 900 40.8 153.13 
8 U A F O R  PRESS, m m  Hg  80Q000 lrD.0 5 . 0  
9 H T  V A P O R I Z A T I O N ,  Btt i / lb  215.0 198.0 396.0 

10 SENSIBLE H T  ( L I Q ) ,  E l t u / ( l t )  0 .50  0.72 0 .56  
11 m x  THERMAL STAEILITY, c 150 
12  L - N (  A C T I V I T Y  C O E F F I C I E N T S  ) 
13 -COMP. # I  i n :  x 0.100) 0.100 0.100 
14 - C O M P .  # 2  i n :  * O.lQ0 0.1.00 0.1b0 
15 - C O M P ,  # 3  i n :  * 0.100 0.lGl0 0.10B 
16 -COMF'. #4 i n :  * 0.1130 0.1fl0 @ . I 0 0  
17 -COMP. #5 i n :  0 "  100 0.100 0.100 

i t  B ,  100 18 -COMP. &G i n :  0.180 0.19O 
* 0.10Gl 19  - C O M P .  #7 i n :  Q . l O O  0.100 

20 -COMP. #8  i n :  * 0.100 8.1Q0 0.100 
21 -COMP.  # 9  i n :  * 0 .  tOQ @*1a0 0.100 

-COMF. #.la i n :  0.100 @.1@0 Q.1630 2: 
* 0 , 6 0 0  0.500 0.600 23 -WATER i n :  
* 0.100 0. 100 --COPIF. #11 i n :  0.180 2 4  

2 5  - C O M P .  812 i n :  x 0.100 0.100 
26 --COI.IP. 813 i n :  * 0.100 x x x x  0.100 
27  -CQPlP. 814 i n :  0.100 0.1430 
2 8  -COMP.  #15 i n :  0.100 0.100 0.136 

* 0.100 29 - C O M P .  #1fi i n :  0 . l Q 0  0.100 
30 -CGMP.  #17 i n :  0.100 0.100 0.100 
31 -COt lP .  # l a  i n :  * 0.100 0.100 0.100 

* 0.10Q -COMP. #19 i n :  0 .1e0 0.180 
3 3  -COMP.  #20 i n :  * 0.1a0 0.100 0.100 

* 

* 

* 
* 

* 

7') ,? i. 

* The fo l lowing  value5 cctn be used i n  lieu o f  a c t u a l  
a c t i v i t y  coefficients, however, t h e  u n c e r t a i n t y  o f  
t h e  c a l c u l a t i o n  1 5  r a i s e d  significantly: 

a l c o h o l / a l c o h o l ,  Cetone/k e t o n e ,  a ldehydeialdehyde I- 0 . 1  
a ldchyde/Letone  = 0 . 3  
o t h e r  a r g a n i c / o t h e r  organic = Q . 5  
alcahol/cmtei-  = 0.6  
o t h e r  o r g a n i c / w a t e r  = 1 . 0  

34 !3( n ) V A P O R  PRESSURE C O N S T .  -6113.16 -8863.29 -2476.18 
35 A (  n ) V A P O R  P R E S S U R E  C O N S T .  21.'784 22.376 15.703 
36 V A P O R  PRESSURE @40 C 3 . 5  .0 2 4 2 2 . 2  
37 V A P O R  PRESSURE @ l 2 0  C 507.0 Q.8 12121.9 
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I IEM 

1 
1 
3 

4 
5 
6 
7 
8 
9 

1 0  
11  
12 
13  
1 4  
15  
16 
17 
18 
1 9  
20  
2 1  
2 2  
23 
24 
2s 
26 
27 
28 
29 
30 
31 
;5? 

33 

34 
35 
36 

NORI'IAL BOIL ING P T ,  L 
L@SS/COLUMN, W'I X 
LEVEL AS IMPURITY, WT% 
WAF PRESS TEMP, C 
VAPOR PPESS, m m  Hg 
HT VAFORIZATION, B t u / l b  

M A X  THERMAL S T A B I L I T Y ,  C 
1. N i ACT I V I T Y COEF F I C I EN T S ) 

SENSIBLE I4T ( L I Q  ) ,  R t u / (  l b  ) 

- C O M P .  $1 i n :  
--COMP. #2 i n :  
-C@MP. # 3  i n :  
- C @ M P .  8 4  i n :  
-COMP. # 5  i n :  
- -COMP. #6 i n :  
-COMP. #? i n :  
- - -COMP.  #F: in: 

- C @ M P .  #9 i n :  

-. W R T E R i n :  
- -COMP. 811 i n :  
-COMP.  #12 i n :  
- C O M P .  #13 i n :  
- C O M F .  #14 i n :  

- C @ M P .  # l 0  in: 

- C O M P .  #ll; l n :  
- - C O M P .  #16 l n :  
- C O M P .  #1'7 in: 
- -COMP. B18 i n :  
- C O M P .  #19 i n :  
- C O M P .  #20 i n :  

0 . 5 Lil 
0 .20  

90p1 
800000 

z15.Q) 540.0) 3 9 6 . 0  
0 . 5 0  0 .56  0 . 5 8  

1 c;c9 

* 
* 
* 
v? 

* 
t 

* 
* 
* 
* 
* 
* 
x. 
h 

)6 

* 
* 
* 
* 
* 
* 

* T h e  f o l l o w i n g  %va lues  c a n  b e  u s e d  i n  l l e u  o f  a c t u a l  
a c t i v 1.1 y c n e  f f 1 c 1 en t 5 , how e v e r  , t he u n c  et- t a 1 n t y o f 
t h e  c a l c u l a t i o n  i s  r a i s e d  s l g r i i f l c a n t l y  

a l c o h o l / a l c o h o l ;  L e t o n e / k e t o n e ;  a l d e h y d e ~ a l d e h y d e  = 0 . 1  
a l d e h y d e / L e t o n e  = 0 . 3  
o t h e r  o rgan ic /o t , he r -  organic = 0 . 5  
a l c o h o l / w a t e r  =- 0 . 6  
o t h e r  o r q a n i c / w a t e r  = 1 . 0  

E (  n j VAPOR PRESSURE CONST. -2476.10  -2476.1vJ -2476.10 
A(n ) VRPOR PRESSURE CONST. 1 5 . ? 0 3  15.?03 1 5 . 7 0 3  
VAPOR PRESSURE 040 C 2422 .  :: 242:. 7, 24::. 2 

37 VAPOR PRESSURE @120 C 12121 .9  12121 .9  12121.9  
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ITEM C 0 11 F 0 NE N T 

1 N A M E  

3 
4 NORMNL B O I L I N G  FT,  C 
5 L.OSS/COLUMW, W f  7: 

7 L'W PRESS TEMf", C 
8 VHPCjf? PRESS, mm HQ 
5 Hl '  VAP(IRIZNTION, B t u i l b  

1QI SENSIBLE WT ( L I Q ) ,  B t u / (  t b )  
11 M A X  THERMAL S T H B I L I T Y ,  C 
12 LN(  A C T I V I T Y  CLIEFFICIENT3 j 
13 - C O W .  # 1  i n :  
1 4  -COMP. $1 i n :  
15 --COPIF. # 3  in: 
16 -COMP. # 4  i n :  
17 --COMP. #5 i n :  
18 -COtlP. #ti i n :  
1 9  -COi ' lP.  #7 1.n: 

20 -COMP. #8  i n :  
2 1  -COMP. # Y  i n :  
22 --COMP. #10 i n :  
23 -WA 1-ER i n :  
2 4  --COMP. 811 i n :  
2s - C 0 M P .  #12 i n :  
26 -COPlP.  #15 i n :  
27 -CrJMP. #14 i n :  
28 - -COMF.  %15 i n :  
29 -COMP.  $16 in: 
30 -COMP. B l ' i  i n :  
31 - - C O W .  #18 i n :  
32  -COMP. #19 i n :  
33 -COMP.  #Z0  i n :  

2 w?Io;~IrY A S  REFINEU PRODIJCT 

E LEVEL as IMPURITY, w n  

U E F A U L  r 
UNLLJE 

- I -. - _. - .- 

L I S T  

0 ,5Q 
Q . 2 0  

9GIn 
G t7i 0 r3 0 0 

215.0 
13.50 

150 

* 
* 
* 
* 
* 
* 
* 
JC 

* 
* 
* 
4t 

* 
* 
* 
* 
* 
* 
* 
* 
* 

0!3 -fip r -8 Y 

IMPURITY 
#20 

I--^--- 

Q . l U ( 3  
0.100 
G ? .  1100 
8 . 1 B f l  
0.100 
0.1418 
@ " I @ @  
0.1Q0 
B.1QQ 
@.I@@ 
0. E00 
13.lQ0 
0.100 
0,100 
0. ltlk!! 
0.10Q 
0.100 
0.100 
0.1QB 
@ . l a @  

h F> r: A 

* T h e  f o l l o w i n g  values cr7n b e  u s e d  i n  lieu o f  f i c t u a l  
a c t i v i t y  c ~ e f f i ~ i e n t s ,  h o w e v e r ,  t h e  u n c e r - t a i n t y  o f  
t h e  c a l c ~ i l a t i o n  1 s  raised siqnificantly 

a l z o h o l / a l c o h o l ,  l . e t o n e / l e t o n e ,  a l d e h y d e / a l d e h y d e  = 0.1 
aldehyde/Letono 2 6.3 
o t h e r  organic/other organic =. 0 . 5  
a l c o h o l / w a t e r  = 0 . 6  
o t h e r  organic/water = 1 . 0  

34 R (  n ) VAPOR PRESSURE CONST. - - 2 4 7 t .  18 -2476.10  -24'76.10 
35 A (  ) V a P m  PRESSURE CONST. 15.703 15.70.5 1 5 . 7 0 3  
36 VAPOR PRESSURE: @40 C 2 4 2 2 . 2  2 4 2 2 . 2  2422  * 2 
37 VAPOR PRESSURE @ 1 2 0  C 12121.9 12121.9  ' 12121.9  
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403,563 F’RODUC 1 FORME0 
FC)RMED h!ITH FROI)UCl. 

5’; ij -ACE T H L 0 E 1-I Y D E 
0 -COMPONENT #2 
0 --LOMPONENT 83 
0 --COMPONENT $4 
G? -COMPONENT $5 

404 -~i..l(;HT ENC)S 
463 , 553 -E.i HANOL PROIJlJCT 

@ -COMPONENT 
0 --COMb’ONENf #9 
0 --COMPONENT #10 

< 18,717) -WAl-ER 
4,524 
2,018 

1’3,555 
QI 

86 8 
5 90 

@ 
0 
a 
0 

2,116 
4 1 6  J 2 6  

839 , 255 
a 
0 

15,220 
1,392 

9 , 1 2 7  
7 8 3  

9 , 9 1 0  
2 2 , 3 1 1  

3 6 , 4 4 1  
1 , 4 7 9  

1 6 , 2 2 6  
E 96 

1 6 , 9 2 2  

84,609 
2810,192 

6 7 , 6 8 7  
280 ,132  

2 2 , 3 1 1  
1 1 , 3 4 4  

- A c t ?  IC A C l  u 
- I 5 0 AM Y L 
-GL Y C E R I N E  
-COMPONENT # 14  
-LAClIC ACIU 
- SUCC I N  I C A C  I D 

COWPUNEN1 3 1’1 
-COMPONEN i U 18 
-COMPONENI 819 
-COMPONENI 82 i l  

-CARBUN DIOXIDE 

fil- C 0 HO L 

IiYDFiOGEN 

C O N s u r w )  FOR PRODIII: r 
--6 ILUC US E 
-AMMON I A 
-OXYGEN 

C t L L S  PROUUCEO - CfIO 
CELLS PRODUCED - NHZ 
FORMED WITH CELLS 

-WATER - C H 0 
WATER- NH2 
WATER-TOTAL 

-CAREON D I O X  IDE-CHO 
CONStJMECl FOR CE-LLS 

--GLUCOSE -CHO 
- i3 M M 0 Id I A - N H 2 
-0XYGEN-CHQ 

0 X Y SEN -- NH 2 
-OXYGEN-TOTAL 

O X Y  C;EN FED-GROW T H  
NITROGEN FED-GROWTH 

OXYGEN UENl  --GROWTH 
NITROGEN VENT-GROWTH 
CARBON D I O X I D E  VENT-GROWTH 
WATER VENT GROWTH 

78 



ULTETHNG.WKS 

OFTEN IJSED PARAMFTERS 

(THOUSHND fiNNUFIL POUNDS ) 
-----------------____I_ 

0 O X Y G E N  FED-PHOU’N 
0 NITROGEN FED-PROU’N 

(D OXYGEN UENT-PROD’N 
0 NITROGEN VENT-PROD ’ N  

4 1 6 , ‘7 2 6 CARBON D 1 O X  I DE VENT --P R 0 D ’ N 
16 ,745 WATER VENT-PPOD’N 

0 9 -- Ap r - 8 9 

4 3 3 , 4 7 2  PHI 
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WPiTFR IN: 

WfjTER BALANCE 

MhYE IJP WCiTER 
EIOSUGHP 5YRUF 
S T E R I L I L E F I  STFAM 
FORMED W I T t i  CELLS 
TOPMCD WITt-I FKODUCl 

T O T A L  i N  

WATER O U i :  

09-Apr- -89 

CONDENSfiTE MAKEUP TO P ,  H 198,63? 
F EF MEN T EF: VE 14-r s ~ i ~ , o a 9  
PURGED WITH CEILLS 55 ,636 
PIOISTIJPE IN P R O D l l C T C ,  73 



U L T E T H N G .  WKS -1- 09-Ap r - 8 9  

S T R E A M  

ETHANOL MANUFACTURE 
G E N E R A L I Z E D  F E R M E N T A T I O N  E C O N O M I C S  

EX S.  C E R E V I S I A E  - NO G L Y C E R I N E  RECOUERY 

MATERIAL B d L A N C E  F L O W S H E E T  

THOUSAND n N N U A L  POUNUS ( 330 DAYS @ C A P A C I T Y  

______________-_-__-_l__________l__l____ 

1 7 &. 3 4 5 
CORN ANHYD N U T R I E N T S  M I X  M I X E D  

SYRUP A M M O N I A  WATER MED I UM 

R C E L L S  -CHO 0 0 
0 -NHZ 8 0 
D - M I N E R A L S  0 0 
U -TOTAL 0 0 
C f l C E T A L O E H Y D E  Q) 0 
T COMPONENT # Z  0 8 
#0 COMPONENT # 3  8 0 

COMFONENT $4 0 0 
COMPONENT #5  0 Q 
L I G H T  E N D S  0 Q 

81 E T H A N O L  0 0 
COMPONENT #8 Q) Q! 

COMPONENT #9 0 0 
COMPONENT 810 0 e 
F i C E T I C  A C I D  0 Q 
1 S O A M Y L  ALCClHOL 0 c? 
G L Y C E R I N E  0 0 

#0 COMPONENT 814 0 0 
LACTIC A C I D  8 Q 
S U C C I N I C  A C I D  GI 0 
COMFONENT #17 0 0 

# 0  COMPONENT # l S  8 D 
COMPONENT #19 iil 0 
E E N Z E N E  0 0 
G L U C O S E  870 , 2 4 1  0 
AMPION I A Q) 1 , 479 
P H O S P H O R I C  A C I D  Q) 0 
P O T A S S I ( J M  CHLURIOE B 8 
M I N O R  N U T R I E N T S  8 0 
WATER 1,305,361 a 
C A R B O N  DIOXIDE CJ 0 
O X Y G E N  0 0 
N I T R O G E N  0 0 
H Y  DR O G E N Q) c? 

GRAND T O T h L  2,175,6@:?  1 ,479  

\ 

._ .- ._ - I - - I - I - - -. - - _--- - ._ - - - - - - 

CHECK O N  T O T f i L  
T E M P E R A T l J R E ,  C 20 20 
PRESSURE, PSIA 14.7 14.7 
sTa'rE SOL'N L I Q I J I U  

0 0 0 
0 Q c? 
0 0 0 
0 0 (3 
0 0 (3 

G1 0 Q) 
0 0 0 
0 0 0 
0 0 0 
Q! 0 8 
8 0 0 
Q) 11 0 
0 0 0 
Q) 0 0 
0 0 0 
GI 0 0 
0 0 0 
8 8 0 
GI 0 0 
Fl a 0 
0 0 0 
0 0 0 
0 0 0 
e, 8 G, 

0 0 8 7 0 , 2 4 1 
0 0 8 

1,231 0 1,231 
938 0 938 
4 2 5  0 4 2 5  

0 3,119,1128 3,424,509 
0 Q 0 
0 0 0 
0 0 0 
0 G1 8 

2 , 5 9 4  3 , 1 1 9 , 1 4 8  5,297,344 
------ - --- _ _ ^ _  --- I-_ 

20 20 28 
1 4 . 7  211.8 2 5 . 0  

S O L I D S  L I Q U I D  sai- 1 N 



ULTETHNG. WKS - '7 - 

ETHAN O I~ MAN 11 FACTURE 
GENERALIZED FERMENTATION ECONOMICS 

EX S .  CEREVISI f iE  - NO GLYCERINE RECOVERY 

Pi A T  E R I A L BAL A NC E FL 0 W SH E E 1 
- - - _ _  - - - - - - - - .- ... - - - - - . . - - - - - - - - - - ... - I - - - - ._ - - 

- - .- ... - - - _ _  -- - - - - - .- - - - - - - - - - - - .- - - - - - - - 
THOUSAND ANNUAL POUNDS ( 3 3 0  DAYS) 63 CAPACITY 

6 
HX S S  

STREAM EFFLUENT 
p -__-I-- --- - 

R CELLS -CHO 
0 - NH2 
D -M INERl lLS 
U - io1 A I  
C ACE T A L D E H Y D E  
T COMPONENT #2 
$0 COMPONENT $3 

COMPONENT # 4  
COMPONENT #b 
L IGt IT  ENDS 

COMPONENT # 8  

COMPONENT #la 
nCETIC ACID 
ISOAMYL ALCOHOL 
G LY C CR I NE 

#0 COMPONENT # l 4  
L h C T I C  n C I D  
SCJCCINJC AC J D  
COMI'ONENT it. 17 

ffU COMPONENT #18 
COMPONtNT 819 
BFNZFNF 
GLUCOSt 
nMMONIA 
PHGSPHflRIC A C I O  
PrJTASbl UM CHL ORIDF 
M I N O R  NUTRIENTS 

It1 ETIiANUL 

COWONEN r $9 

- - .- _ _  - .. ._ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
B 
0 
0 
0 
0 
0 
0, 
0 
0 
0 
0 
0 
0 

870  , 24 1 
0 

1 1 2 3 1  
933 
425 

7 
STERILE 
MEDIUM 
- __ - - - - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(D 

0 
0 
c3 
0 
0 
c3 
0 
0 
0 
0 
0 
0 

8 ' iB  , 2 4  1 
0 

1,231 
938 
425 

4 ,Ej23,:01 
0 
0 
0 
QI 

5,495,036 

120 
2 5 . 0  

SOL ' N 

8 
HX TS 

E F F L U E N 1 

0 
0 
0 
0 
0 
0 
cn 
0 
0 
0 
0 
0 
0 
0 
0 
PI 
0 
0 
0 
0 
0 
0 
0 
0 

8'70,241 
0 

1 , 2 3 1  
039 
4 2 5  

4 , 623,201. 
0 
(L1 

0 
II 

5,496,03€ 

40 
2 5 . 0  

S O L ' N  

- - - _. -. .. 

9 
I:: 00 L E  A 

EFFl lJENT 
- . .. - - - - 

0 
0 
0 
0 
0 
e 
0 
0 
0 
0 
0 
0 
a, 
0 
0 
0 
0 
t3 
0 
8 
0 
0 
0 
c) 

R'70,24 1 
0 

1 1  231 
938 
425 

4 623,:PIl 
0 
0 
0 
8 

09-Apr-89 

10 
A I R  

ro  FERN 
- - - - I - - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
v) 

0 
0 
43 
0 
13 
0 
13 
0 
0 
Q 
0 
0 
il 
0 
8 
Q 
0 
QI 
0 
0 

94,609 
:n0,1s: 

G1 
I---_ ~ 

364 , 802 

33 
srd.13 

GAS 

s2 
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P 
R 
O 
D 
C! 
I: 
T 
$0 

$1 

843 

#El 

S T R E A M  

I '7 ,I - 

ET H A PI 0 L MANU F t31 C T U R E  
G E N E R A L I Z E D  F E R M E N T A T I O N  ECONOMI[CS 

EX S ,  C E R E U T S I A E  -. NO G L Y C E R I N E  RECO'JEPY 

M A T E R I A L  B A L A N C E  F L O W S H E E T  
-.-I I- l-.__-._-l__.I-----_._-_ _- 

._ I - - _ _ _ _ _ _ _ - _ _ _ - - _ _ _ _ _ . - - - - . - - - - -  ~ 

T H O ! k X N D  A N N U A L  P O U N D 5  ( 3 3 0  DAY5 1 id C A P A C I T Y  

CELLS -CHO 
-NH;Z 
-M I N E R H L S  
-- T 01 AI- 

H C E T A L O E H Y D E  
COMPONE.NT # 2  
COMPONENT $3 
COMPONENT #4 
COMPONENT #l; 
L 1 GHT ENOS 
E T  H Ft N O L 
COMPONENT $8 
C0MPONENT #9 
COMPONENT 8 I0 
A C E T I C  A C I D  

G L Y C E R I N E  
COMPONENT #14 
L6CTJ.C A C I D  
S U C C I N I C  F \ C I D  
CGMPONENT # 1'7 

COMPONENT # 1 Y 
E E N Z E NE 
G L u c  0 s E 
A M M O N I A  
P H O S P H O R I C  A C I D  
P O T A S S I U M  C H L O H I U E  
M I N O R  N U T R I E N T S  
WATER 
C R R B O N  D I O X I D E  
O X Y G E N  
N I T R O G E N  
HYDROGEN 

IsoariYL ALCOHOL 

COMPONENT # 18 

GRAND T O T A L  

T E M P E R A T U R E ,  C 
PRESSURE, P S I A  
S T A  l-E 

CHECK ON T O T A L  

11 
CUMBlNEO 

FEED 

0 
0 
0 
v) 

0 
0 
0 
a 
(D 

0 
0 
0 
Q 
0 
0 
0 
0 
0 
(D 

0 
0 
0 
a 
@ 

8 7 0 , 2 4 1  
1 ,479 
1 ,231  

938 
4;15 

4 , G 2 3 , 2 Q 1  
0 

84,609 
280,192 

0 

5 , 862 ? 3 16 

33 

---I--- 

_-  
-- 

12 
BEER 
#1 

15,2:0 
1 1 39:. 

425  
17 , 037 

0 
0 
0 
a 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 

539,800 
0 

1 , 2 3 1  
w a  

B 
4 , 6 Z 1 1 7 6 ' i  

0 
Q 
0 
0 

5,480,773 

33 
44.7 

S L lJR RY 

--I--- - 

- - I - - - - 

13 
BEER 

#-: 

15,221 
1,592 

425 
17,038 

0 
0 
0 
@ 
0 

404 
4 0 3 , 5 6 5  

0 
0 
0 

4 , 524 
2,0153 

13,555 
0 

SE 8 
590 

0 
a 
8 
0 

504 
0 

1 l z 3 1  
938 

0 
4,594 , 306 

0 
0 
0 
a 

5,044,539 
5,044 , 5 3 3  

33 
44 .7  

S LIJRRY 

----^-I 

- I - - - - __ 

14 
VENT 

GROWTH 
-I----- 

0 
0 
0 
B 
0 
0 
0 
0 
0 
0 
0 
B 
B 
0 
0 
Q 
0 
0 
G1 
0 
0 
0 
0 
0 
0 
0 
0 
P, 
0 

11 ,344 
22,311 
67,687 

280,132 
0 

0'3 -Apr-89 

15 
VENT 

PROD ' N - - ---- 
0 
0 
0 
0 

579 
0 
0 
v) 

0 
1'1 
@ 
PI 
0 
v) 

a 
@ 
c1 
0 
0 
D 
8 
111 
0 
D 
Q 
0 
0 
0 
B 

16,745 
416,726 

0 
G3 

2 , 186 

38 1 ,534 

33 
14 .7  

G A S  

436,236 

-- 
J-3 

14.7  
GAS 

83 
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P 
R 
0 
0 
U 
C 
T 
#0 

# l  

#0 

#0 

ET H A N O L. M A N U F t j  C T U R E 
GENERALIZED FERMENTATION ECONOMICS 

EX 5 .  CEREVISIAE: - N O  CiLYCERINE RECOVERY 

MPlTER I AI.. BAL.ANCE FLOWSHEET 

THOUSAND ANNUAL POUNDS ( 3 3 0  DAYS) (3 CAPrACITY 

-- --- _.-...---I_. _- .. .. .- 

. .. ._ - -. - - I - - - - . - .. .. ._ - - - - - .- - - - - I __ .- - - - - I .- 

STRERM 

CELLS -CHO 
-NHZ 
. M I NEP A I.. 5 
-TOTFIL 

RCETALOEHYDE 
COMPONENT $2 
COIYPONENT #3  
COMPONENT #4 
COMPONENT # S  
LIGHT ENDS 
E THANOL 
COMPONENT 88 
COMPONENT 89 
COMPONENT #10 

ISOAMYL ALCOHOL 
G L Y  CF R I NE 
COMPONENT #14 
LACTIC A C I D  

COMPONENT #17 
COMPONENT #18 
COMPONENT It 1 Y 
BEN Z E NE 
G I-IJCOSE 
AMMONIA 
t’IIOSPHORIC ACID 

- - - - - - - - - - - - - 

A c E r I c  ACIU 

SUCCINIC R C I U  

16 17 18 
COMBINED CELL CELLS T O  

UENl EFFLUENT D I S F O S A L  

POTASSIUM CHLORIDE 
MINOR NUTRIENTS 
WATER 
CARBON D IOXIDE 
OXYGEN 
NITROGEN 
HYDROGEN 

GRAND TOTAL 

TEMPERATURE, C 
PRESSURE, P S I A  
STHTE 

- - - - - - - - - - - - - -- - - 

CHECK ON TOTAL 

- - I .- - - - 
0 
a 
0 
pl 

57 9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
e 
8 
0 
0 
0 
0 

2 8 , 0 8 9  
439 ,037  

6 7 , 6 3 7  
280 ,192  

2 , 1 8 6  
. - - - - - - 
8 1 7 , 7 7 1  

33 

1 4 . 7  
G A S  

- .. 

153,221 
1 , 3 9 2  

425 
17,038 

0 
0 
0 
0 
0 
5 

4 , 8 8 7  
0 
0 
0 

55 
24 

‘-4-5 
0 

11 
7 
0 
0 
0 
0 
6 
0 

15 
11 

0 
55,537 

0 
0 
0 
0 

7 7 , 9 2 1  
7 7 , 9 2 1  

33 
44 .7  

SLURRY 

77 

_----I-- 

1 5 , 2 2 0  
1 , 3 9 2  

4 2 5  
17 ,  0.77 

0 
0 
0 
0 
0 
5 

4 , 8 8 7  
0 
0 
0 

5s 
24 

2 2 5  
0 

11 
7 
0 
0 
0 
Q 
6 
QI 

15 
I 1  
e 

5 5 , 6 3 6  
0 
0 
0 
0 

7 7 , 9 1 9  

33 
14 .7  

S LIJRRY 

- - .- - - - - 

1 9  
CELL. 

RECYCLE 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
B 
e 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

-- ._ - - - - - 
”) 
L 

3 

33 
-.-, 

44 :7 
SLURRY 

20 
CR!lUE 

F ILTRATE 

0 
0 
0 
0) 
a 
0 
0 
0 
0 

399 
393 ,676  

8 
0 
B 

4 , 4 6 9  
1 , 9 9 3  

i a ,  331 
0 

857 
583  

0 
0 
0 
0 

433 
0 

1 , 2 1 6  
92 6 

0 
4 , 5 3 8 , 6 6 9  

0 
0 
0 
0 

4,3F;S, 618 

33 
14.7 

SOL N 

- - - - - - - 

84 
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R CEI. LS -CHO 
0 -NH2 
D -MINERr?LS 
i J  - i C l T A l  
C A C E TAL D E C47 0 E 

80 COMPONENT #3 
COMPONEN T #4 
COMPONENT #5 
Ll'(il.4 I ENDS 

COMPONENT #8  
COMPONENT 89 
CQMPONFNT # 10 
ACETIC PICID 

G L Y C E R I N E  
# @  COMPONENT #14  

LACTIC A C I O  
S U C C I N I C  A C I O  
COMPONENT #17 

&0 COMFONENT #18 
COMPONENT # 19 
EENZENE 
GLUCOSE 
AM MON I A 
PHOSPI.1OR I C  hC I D  
POTASSIUPI CHLORIDE 
M I N O R  NUTHIENTS 
WRTER 
CARBON DIOXIDE 
O X Y  6EN 
NITROGEN 
HYDR0GEN 

GEAND T O T A L  

TEMPERATURE, C 
PRESSURE, P S I A  
STATE 

T C o M w N m - r  # z  

8 1  ETHANOL 

I s a w w  AI. COI-KIL 

-I-- --I- - ----- - 

C'HECK ON T O T A L  

Q 
0 
0 
0 
0 
0 
B 
0 
0 

389 

0 
0 
P) 

4,469 
1 , 9 9 3  

l a  7 331 
0 

857 
583 

8 
0 
0 
0 

493 
0 

1 , 2 1 6  
926 

0 
4 , 9 5 4 , 1 4 2  

0 
0 
0 
a, 

5 , 4 ? 1 , 7 5 9  

439 ,344  

- - - - - - - 

_ _  
-- 

S O L  ' N 

Q 
0 
0 
0 
0 
e 
0 
0 
0 

299 
4JFi,351 

0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
B 
0 
0 
0 
0 
Q 
0 
0 

4 3 6 , 3 5 1  
0 
0 
0 
c3 

873 1B0 
- - .- - I - .- 

109 
2'7.4 

SOL ' N 

GI 
0 
0 
a 
0 
0 
t3 
0 
0 
0 

1 ,  993 
0 
0 
0 

4 , 4 6 9  
I ,  993 

18,351 
0 

857 
583 

0 
0 
0 
0 

499 
0 

1 , 2 1 6  
926 

0 
4 ,517  I 791 

0 
0 
0 
0 

4 , 5 4 5 ,  ss9 
-- - _ - - - - 

GI 
P, 
m 
GI 
0 
Q) 
0 
0 
0 

393 
3 3 6 , 6 8 3  

0 

0) 
0 
0 
0 
0 
v) 

0 
0 
0 

13 
0 
QJ 
0 
0 
0 
d 
8 

2 0 , 8 7 8  
0 
@ 
0 
la 

417,959 
-__--_ 

99 
2 9 . 7  

SOL ' N 

s5 



s 1.REAM 
p 
P C E L L S  --CHO 

.- - - .- - _ _  - .. .. ,~ - 

0 --Nii;1 
D -PI I N E R A L S  
U - T O T f i L  
C hCETALDEHYOE 
T COMPONENT 82 
it0 C O M P O N E N T  # 3  

C O M P O N E N T  #4 
c I1 M P 0 NE NT # 5 
LLTGHT ENDS 

C O M P O N E N T  #Q 
C O M P O N E N T  #Y 
COI'IP\ONFNT U 10 
A C E T I C  A C I D  
I S O A M Y L  rlLCOHOL. 
G ILY C E R  Z NE 

# O  C O M P O N E N T  8 1 4  
L A C T I C  A C I D  
C , I I C C I I \ i I C  A C I D  
C O M P O N E N T  #I? 

#8 C O N F O N E N T  tt18 
C O M P O N E N T  # 19 
B E N Z E N E  
GLUCOSE 
AMMON I A 
P H O S P H O R I C  A C I D  
P O T  ASS I (JM C HLOR I UE 
M I N O R  N U T R I E N T S  
W A T E R  
CARBON 0 I O X  I D E  
O F Y E E N  
N I T R O G E N  
H Y  D R 0 G E N 

GRAND T O T A L  

T E M P E R A T U R E ,  C 
PRESSIJRE, PSIA 
S T A T E  

8 1  E T H A N O L  

~.. - - - - - _. .. .. ._ - - - - - 

C H E C K  ON T O T A L  

25 
BEEF #2 

'r A I I.. s 

0 
0 
0 
0 
0 
8 
0 
0 
8 
0 

39,668 
0 
0 
0 
0 
e 
0 
0 
0 
0 
0 
0 
c? 
0 
0 
c? 
0 
0 
0 

415,473 
0 
8 
0 
0 

455, 141 

120 
30 .3  

S O L ' N  

- - - - -- - - 

:.E 27 
L B S  # l  L B S  #1 

M A K E  T A I L S  
- - - - - - - - - - ._ - I 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0) 

0 0 
Q 0 

35 9 40 
1,983 334, t j99 

a, e 
0 0 
0 0 
0 0 
0 0 
(D 0 
0 0 
0 0 
0 0 
0 e 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 20,878 
8 0 
0 0 
Q 0 
0 0 

2,342 415 ,617  

_. - - - - - - - - - - - - - 

111 120 
58.4  6 1 . 7  

S O L  ' N SOL r4 

2 8  29 
LBS $ 2  L R S  lt;? 

MAC: E 

Q 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
VI 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
- .- -. - - - - 

( 2 7 3  i 
.0  

S O L  ' N 

T A I L S  
- __ - - - - ._ 

0 
0 
0 
Q, 
0 
0 
0 
e 
0 
0 
0 
ii) 

0 
0 
0 
e 
el 

e, 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

120 
. 0  

SOL N 

- - - - - - - 
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STREAM 
p ---_----__---__ 
R CELLS -CHO 
0 -NH2 
0 -MINERALS 
U -TOTAL 
C RCETALDEHYDE 
T COMPONENT 82 
#0 COMPONENT #3 

COMPONENT 44 
COMPONENT #5 
LIGIIT ENDS 

COMPONENT #E! 
COMPQNENT #9 
COMPONENT #10 
nCETIC  ACID 
ISOAMYL ALCOHOL 
GLYCERINE 

#0 COMPONENT # 1 4  

SUCCINIC ACID 
COMPONENT $17 

a@ COMPONENT 818 
COMPONENT # l 9  
BENZENE 
GLUCOSE 
AMMON I A 
PHQSPHORIC A C T D  
FOTA55IUM CHLORIDE 
MINOR IJUTRIENTS 
WATER 
CfiRBON D I O X I D E  
OXY6EN 
NITROGEN 
HY D R 0 6 EN 

GRANO TOTfjL 

TEMPERATURE, C 
PRESSURE P S I A  
STATE 

# 1  ETHANOL 

Lame ACID 

_--_. -------1--- 

CHECK O N  TOTAL 

-7- 
.I 3 77 30 31 c)L 

LBS #3  L B S  # 3  HB5 #1 HES # l  
MAKE 
-I---- 

0 
0 
0 
0 
0 
0 
0 
Q 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
e 
0 
0 
0 
0 
B 
0 
8 
0 
0 

0 

- - -___ 

( 2 7 3  ) 
.B  

SOL 9 rj 

T A I L S  
1---1-- 

0 
e 
e 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
e 
0 
0 
a 
(D 
0 
0 
0 
0 
0 
0 
c7! 
0 
0 
0 
0 
0 
CJ 

0 

120 
.Q 

SOL ' N 

_ _  - ._ I ... ._ ._ 

87 

MPiKE 

0 
0 
0 
e 
0 
0 
8 
0 
3 
0 
0 
ti 
0 
0 
0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
e 
8 
e 
0 
0 
B 
0 
0 
0 
0 

0 

( 2 7 3  ) 
115.7 
SOL ' N  

:3 4 
HBS # ?  

MPIKE 

Q 
0 
0 
e 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q, 
0 
F1 
0 

403 
Q 
0 
0 
0 

498 
0 

1 ,21s 
926 
0 
e 
0 
ia 
0 
0 

3 , 2 2 3  

156 
115.7 
SOL ' N 

._ - - - - - 

0 
e 
pi 
0 
0 
a 
0 
8 
0 
0 
0 
0 
0 

B 
Q 
c3 
0 
0 
0 
0 
0 
B 
a 
0 
PI 
5 
;a 
0 
0 
0 
Q 
0 
0 
8 

8 

-. .- - - - - - 

( 273 i 
115.7 
SOL ' N 
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P 
R 
0 
D 
1J 
C 
T 
#0 

# 1  

#e  

&El 

- - .. . . .- - - - _. - - - - - - 
C € L L S  --LHO 

+ t i ?  
-MTNEHRLS 
-TOTAL 

A C E T A L D E H Y D E  
C O M F O N F N T  # ?  
C,I~~' IF]ONENT # 3  
COMPONENT $4 
COMPONENT B5 
L I G H T  E N D S  
E 'r H W N i? I- 
COMPONE:NT $$ 
COMPONENT %Y 
COMf-'IINENT $t 10 

I S O A M Y L  A L C O l i 0 L  
G L Y C E R I N E  
COMPONENT 8 1 4  

S U C C I N I C  nCIO 
COMPONENT # 17 
COMPONENT $18 
COMF-'ONENT # 19 
BENZENE 
G L U C O S E  
AMMON I A 
P H 0 S P t -I!) R I C A C I D 
P O T A S S I U M  CHLORIDE 
MINOF? N U T R I E N T S  
WATER 
C A R B O N  D I O X  I D E  
OXYGEN 
N I TRDSEN 

A C E T I C  nC;ID 

L A c - r I r ,  K I D  

HY D f? 0 GE N 
____. ._ . I___.I  ~ 

GRi-INTI TO'TfiL 

T E M P E R A T U R E  C 
PRESSCJFE, PSIA 
S T A T E  

CtiECC' ON T O T A L  

35 
I iBS $2 

T A I L S  
_ _ - _ _  

0 
0 
0 
B 
0 
8 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
0 
a 
0 

db3 
0 
Q 
0 
0 
0 
Q 
0 
c: 
0 
e 
0 
0 
B 
0 

c 3 -.. 

_. - - ._ .- 

36 
A Z L O  
MAkE 

._ - _ _  - - - - 
0 
e 
0 
e 
0 
0 
0 
0 
8 
c.3 

254.657 
8 
0 
8 
0 
0 
0 
0 
0 
Q 
0 
0 
0 

1 ,'7'313,959 
0 
0 
B 
0 
G7 

4 7 .  ?6'i 
0 
0 
8 
0 

- - - - - - 

77 d l  

A 7 F O  
T R I L 5  

- - - - - . 
0 
0 
0 
0 
8 
0 
0 
0 
8 
0 

3 9 4 ,  '3 Y5 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

ii' Y 
0 
0 
0 
0 

7 
L 

. - - - - - - 

39 
D E C A N T E R  

FEED 
- - - - - - - 

0 
B 
0 
e 
0 
0 
0 
0 
e 
0 

316 936 
B 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

1 756,225 
0 
0 
0, 
0 
0 

74,762 
0 
0 
0 
0 

2: 147,923 

a 

- - _ - _ -  

S O L  ' N 

88 
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ETHANOL MANUFACTURE 
GENERALIZED FERMENTATION ECONOMICS 

EX S .  CEREVISIAE - NO GLYCERINE RECOVERY 

MATERIAL BALANCE FLOWSHEET 

THOUSAND ANNUAL POUNDS (330 DAYS) 0 CAPACITY 

--------I----I- - - ---- -.- 

__---_--_-lI-------____l___l__l___ 

4 0  4 1  
BECtfNTER GECANTER 

STREAM UP LAYER L O  LAYER 
p -_I__ L ---1------ - - - - - - - ----- .- 
R CELLS -CHO 0 0 
0 -NH? 0 0 
D -MINERALS (II 0 
U -TOTRL 0 0 
C ACETALDEHYUE 0 0 
T COMPONENT # ?  0 0 
#0 COMPONENr 83  0 0 

COMPONENT $ 4  0 fa 
COMPONENT 85 0 0 
L IGHT ENDS 0 0 

#1 ETHANOL 258,553 58,383 
COMPONENT #8 0 Q) 
COMPONENT #9 0 0 
COMPONENT # I 0  0 0 
ACETIC ACID 0 0 
ISOAMYL ALCOHOL 0 0 
GLYCERINE 0 0 

80 COMPONENT # 1 4  0 # 
LACTIC  ACID 0 0 
SIJCC IN T C, A C  I D 0 8 
C'OMPONENT # i 7  0 0 

#0 COMPDNENT It18 0 0 
COMPONENT # 19 0 0 
E? EN Z E NE 1,750,853 5 ,377  
GI- u c 0 s E 0 0 
WlMONIF1 0 0 
F'HOSP\-iOR I c AC IO 0 B 
POTHSSICIM CHLC)RIDE 0 0 
MINOR NUTRIENTS 0 0 
WATER 2 6 , 4 6 8  4 8 , 2 9 4  
CARBON O l r J X I O E  0 # 
O X Y G E N  13 0 
NITROGEN 0 0 
H Y OR0 GE N 0 0 

GRAND TOTAL 2 , 0 3 5 , 8 7 4  1 1 2 . 0 5 4  

TEMPERft rURE C 
PRE5SUKE, P S I A  
STATE s o L w  SOL 'I N 

- - - - - - - I I - - - - - - - ----------- 

CHECK ON TOTAL 

42  
BENZENE 

MAKE 
- - I - - - - 

0 
0 
0 
0 
0 
0 
0 
G3 
0 
0 

58 I 2 7 9  
8 
0 
0 
0 
0 
0 
6? 
0 
0 
0 
0 
0 

0 
0 
&? 
0 
0 

27 ,495  
0 
0 
0 
0 

91 'I 150 

5: 377 

- - - - - - .- 

SOL ' N 

43 4 4  
EENLENE FUSEL OIL 

T A I L S  DRAW-OFF 

0 0 
0 0 
0 Q 
0 w 
0 0 
# 0 
0 e 
0 0 
B 0 
0 Q) 

104 0 
0 8 
0 @ 
0 8 
0 0 
0 0 
0 0 
e 0 
0 0 
rn 0 
0 0 
0 0 
0 0 

0 . 2 1  0 
a 0 
B 0 
B 0 
0 0 
0 0 

2 0 , 7 9 9  a 
0 0 
D 0 
0 0 
8 0 

20,905 0 

- I - - - - - - - I - -. .- - 

-. I - .. - - - I_ - - - - - - 

SOL ' N SOL 'I N 

45 
REFINED 
PRORUCT 

0 
0 
0 
8 
0 
0 
0 
0 
Q 
0 

B 
0 
0 
0 
0 
0 
8 
0 
e 
0 
€4 
0 

0 
8 
0 
0 
0 

79 
0 
0 
8 
69 

354 ,676  

------- 

394,595 

"3 

--I_..̂  -- 

4 0  
14 .7  

SOL ' N 

89 
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F 
R 
0 
D 
U 
C 
T 
#0 

81 

80 

#0 

S TR.EFIM 

CELLS -CHO 
,--N\i2 
-MINERALS 
- - T O T A L  

(1 CE 1- fl L DE t i  Y DE 
COMPONENT E2 
COMPONENT #3  
COMPONENT #4 
COMF'ONENT #5 
L. I SI-iT ENDS 
E T H A N  0 L 
COMPONENT #Il 
COMPONENT # 9  
COMPONENT #I0 
ACETIC A C I D  
ISOAMYL ALCOHOL 
G L Y  C EP I NE 
COMPONEI\IT t t l 4  

SUCCINIC A C I U  
COMPONENT tt 17 
COMPONENT #1? 
COMPONENT # l 9  
BENZENE 
G 1. u c 0 s f 
HMMON I f i  
IPHOSPHORIC A C I U  
FCJ'lTASSIUM CHLORIDE 
M I NOR NIJ TR I EN T S 
WATER 
C A R R O N  D I O X I D E  

I\II TRrJGEN 
HYDROGEN 

GRAND TOTnL 

TEMPERATURE ~ C 
PRESSURE:: F S I A  
STATE 

- - - - - .. - _ _  - - - - .. -. - 

LAc- r IC ACID 

OxYGErJ  

... - - _. __ - ._ - - - - .I __ 

CHECK ON rOTFiL 

46 47 
REFINED REFINED 
B . P . # l  E.P.#T: 

.- ._ - - - - - - -. - .. 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
P, 
e 

- 
0 
0 
0 
0 
0 
0 
0 
v) 

0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
8 
0 
Q 
0 
0 
0 
FJ 
G3 
0 
0 

45 
AQUEOUS 

WASTF 
- - - - - - - 

0 
0 
0 
0 
la 
0 
0 
0 
Q 

399 
4,081 

0 
0 
0 

4,469 
1,393 
18,331 

0 
857 
583 
0 
0 
0 
0 

498 
0 

1 $ 2 1 6  
9:G 
0 

49 
MA t< E -UP 

Upl TER 
- - - .- __ ._ - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
@ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

40 
14.7 

SOL ' N 

4,535,590 5,31'7,840 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 4 , 5 ' 7 1 , 9 4 4  3,5117,040 

40 40 ;1 B 
14.7 1 4 . 7  14 , '7 

S O L  ' N S O L  ' N LlOClIn 

50 
M A  K E- UP 
m / z m k  
_ _ _ ^  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
m 
0 
0 
0 

0 
0 
0 
0 
0 
c) 

0 
0 
01 
0 

'7 
L. 

- ._ - - - - - 
7 1 

20 
14.'7 

L l Q U l D  
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ET H A N 0 L M A NU F A C T U R E 
GENERALIZED FERMENTATION ECONOMICS 

EX S .  CEREVISIAE - NO GL.YCERINE RECOVERY 

MhTERIAL BHLHNCE FLOWSWEET 

THOUSAND CiNNUAL POUNDS (330 n A Y S )  Q CAPACITY 

---I---.------- - -  -----.-I- - - 
- I I I - - - - - - - .- - .- .- - - I - -.. - - - - - - - - - - - - - - 

51 
STERILE 

STREAM STEAM 
p 
R CELLS -CHO 0 
0 -NH2 0 
D - MINERALS 0 
IJ .-TOTAL 0 
C ACETALDEHYDE 0 
i COMPQNFNT # 2  0 
#0 COMPONENT #3 0 

COMPONENT # 4  gl 
COMPONENT #5 0 
L IGHT ENDS 0 

#1 ETHANOL 0 
COMPONENT #8 0 
COMPONENT #3 0 
COMPONENT #10 0 
ACETIC ACID 0 
ISOAMYL ALCOHOL 0 
GLYCERINE 0 

#@ COMPONENT #14 Q 
LACTIC A C I D  0 
SUCCINIC ACID 0 
COMPONENT #17 0 

#Q COMPONENT #18 0 
COMPONENT #19 0 
BENZENE 0 
G LUC 0 S E GI 
AMMONIf? 0 
PHOSPHORlC ACID 0 
POTASSIUM CHLORIDE 0 
MINOR NUTRIENTS 0 
WATER 198,692 
CARBON DIOXIDE 0 
OXYGEN 0 
NITROGEN 0 
HYDROGEN 0 

- - -- - - I - - I - .- - - - - - - I - - - - 

---I----------- - I - - - - - 

52 
FERM TR 

STEAM 
I - -_ I I - - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

53 54 55 
D I S T I L L .  COND. MU MEDIUM 

STEfiM P’WR H’SE COOL WTR 

0 PI 0 
c3 0 0 
0 0 8 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
e 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
e 0 0 
0 GI 0 
0 0 0 
0 0 0 
0 0 0 
0 Q 0 
0 0 0 
0 0 0 
0 8 0 
0 0 0 
0 0 0 
0 8 0 
0 0 0 
0 0 0 
0 B 0 
0 0 0 
0 0 0 

?:992,687 198,692 2,564,817 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

------- --_.-I-- 

-I-----I ------I -. - - -- - - 
GRAND TOTAL 198,692 8 2,992,687 198,692 2:564,817 

CHECK ON TOTAL 
TEMPERATURE, C 1 4 1  141 186 110 5 
PRESSURE, P S I A  64 .7  64 .7  164.7 20.8 1 4 . 7  
STATE G A S  GAS GAS L I Q U I D  L I Q U I D  
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ET l i  FIN 0 I.. M ANUF A C  T IJR E 
GENERFlLT ZED FERMENI'ATION ECONUMLCF* 

EX S. CEREUISIAE - Nci GLYCERINF RECIIUERY 

MATEt I IAL .  RA!.ANCE FLOWSHEET 

THOUSAND ANNCIA1 POUNDS i 136 D A Y S  ) I3 CAFACITY 

. .___.._____-I__.___ I ________._I.___-__-___.-._._- 

~ 

56 
FERM ' TR 

STREAI1 C O O L  WTR 
p 
R CELLS -CHO 0 
13 ... NI-i'Z v) 

u --MINERALS 0 
U - T O T  AI.. a 
C ACETHLDEHYDE 0 
T COMPONENT It.? 0 
# 0  COMPONENT 8 3  Q 

COMPONENT R4 0 
COMPONENT #5 0 
LIGI- IT ENDS 0 

8 1 ETHANOL 0 
COMPONENT 8 8  0 
COMPONENT #9 0 
COMPONEN 1' # 10 0 
ACETIC RCID 0 
ISOFtMYL hLCOHOL 0 
GLYCERINE 0 

#El COMPONENT 814 0 
L A C T I C  R C I D  0 
S U C C I N I C  PICID 0 
COMPONENT E17 0 

80 COMPONENT #18 0 
COMPONENT 819 0 
BENZENE 0 
GLUCOSE 0 
AMMON If? 0 
PHOSPHORIC A C I D  0 
POTASSIUM CHLORIDE 0 
MINOR NUTRIENTS 0 
WATER ; 2 Q 1 3 9 S , 6 4 6  
CARBON C! [ O X I D E  Q 
OXYGEN 0 
N I T R O  GE N 0 
H Y DR 0 GEM 0 

GRAND TOTAL. 2 0 , 3 9 8 , 6 4 6  

- - .- ... . .. - - - - - - - __ - - - - - - - - 

- - - - - - _ _  ._ .- - - - - - - ... - - - - - - 

CHECK ON T O T A L  
TEPIPERRTIJRE, C 5 
PRESSURE, P S I H  14 .7  
STATE L IQIJ I  U 

52 
D I S T I L L .  
Cool- W I R  
- _ - - - _. - 

0 
0 
0 
0 
Q 
8 
0 
0 
Q 
0 
Q 
e 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

76 ,  f L  1 ,050 
0 
Q 
0 
0 

'76 , G G  1 , 050 

61 
1 4  .? 

L I Q U I D  

_. - - - - ._ _. 
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20 
C R U D E  

M LR. M O L E S / Y E A R  F I L T R A T E  
---- ---- 

A C E T A L D E H Y D E  
COMPONENT # 2  
COMPONENT #3 
COMPONENT #4 
COMPONENT 85 
L I G H T  ENDS 
E T H A N O L  
COMPONENT #j3 
COMPONENT # 9  
COMPONENT #10 
ACETIC A C I D  
I S O A M Y L  A L C @ H O L  
G L Y C E R I N E  
COMPONENT # 1 4  
L A C T I C  A C I D  
S U C C I N I C  A C T O  
COMPONENT #17 
COMPONENT #18 
COMPONENT #I9 
B E N Z E N E  
WATER 

( S t o r a g e  ) 

( 5 t C>raQe ) 
VAPOR FRESS 4 0 ( a )  

VAPOR P R E S S  120iO ) 
E l (  q ) V . P .  C O N S T A N T  
A (  o ) V . P .  CONSTPINT 
T E M P E R A T U R E  C 
PRESSURE.  mmHg 

- - - - - - - 
e 
0 
0 
I? 
0 
5 

8 , 654 
0 
0 
0 

74 
2 3  

199 
0 

10 
5 
0 
0 
0 
0 

3 1 , 9 2 4  

2 6 0 :  993 

1 , 1 9 3  
5 7 . 3  

29,759 
1596.4  

-5109.7 
20.373 

33.0 
7G0 

-----I- 

2 1  
BEEP # l  

FEED 
- I - - - .- - 

8 
0 
0 
0 
0 
5 

9,515 
0 
0 
0 

74 
2 3  

199 
0 

10 
5 
0 
0 
0 
0 

274 , 986 
- - - - - - - 

284,816 

1 ,308  
57 .3  

32 , 6% 
15f l0 .9 

-5109.9  
? a .  3'14 

40.3 
760 

22 
BEEF? # l  

MAKE 
--I_--_-- 

0 
0 
0 
0 
0 
5 

4 , 4 7 2  
0 
0 
0 
0 
0 
0 
0 
0 
0 
e 
0 
0 
Q 

2 4 , 2 2 0  

33,F;c37 

1 , 1 6 5  
7 6 . G  

32 ,361  
2059.3 

-5057.2 
20.498 

1 0 7 . 9  
1 368 

-I x - -. __ - 

2 3  
eEER # l  

T A I L S  
- - - - - - - 

0 
CI 
0 
0 
0 
0 

4'3 
0 
0 
0 

74 
2 3  

193 
0 

18 
5 
0 
0 
8 
0 

250, 765 

251,119 

44  
5 4 . 7  

359 
1528.2 

-5119.7 
20.359 

120.0 
1 ,528 

- - _ _  - - - - 

09-Ap r -8 9 

2 4  
BEER #? 

MAKE 
- - .- - - - - 

e 
e 
0 
0 
0 
5 

8,611 
0 
0 
0 
0 
a 
0 
rz, 
0 
13 
0 
Q 
0 
0 

I ,  159 

9 , 7 7 4  

1 , 1 5 0  
1 2 4 . 1  

2 9 , 4 2 3  
3191.6 

-4992.5 
2 0 . 7 7 2  

96.8 
1,435 

- - - - - - - 
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M ILB. PlOL.ES/YEi iR 

ii C E T fiL DE ii'YD E 
COMPOIJENT WZ 
COMPONENT # 3  
COMPONENT #4 
CI)MPONENT 115 
ILIGHT ENDS 
E T H t i  N n I 
COMPONENT lt8 
COMPONENT 8 9  
COMPOPJENT #10 
A C E T I C  A C I D  
1 S O A M Y L  A L C O H O L  
GLYCERINE 
COMPONENT .& 14  
LLRCT I C AC 10 
S U C C I N l C  H C i D  
COMPONENT $17 
COMPONEN1- 818 
COMPONENT # 1 9  
BENZENE 
Wr3TFR 

- - - - ._ .. - - - ._ - - . . - - 

( S t o r a g e  ) 

( Stcr -age ) 
VAPOR PRESS 48(a 1 

V A P O R  PFtESS 1:0(q 1 

t3i q 1 V .  P .  C.ONSTAt\JT 
TEMPERATURE C 

B(O ) U . P .  CONSTAN7 

7 c  
L J  

BEEG #2 
1 i l l  LS 

- - - - - -. . 

0 
0 
0 
e 
0 
e 

RG 1 
0 
e 
0 
e 
0 
0 
e 
0 
0 
0 
0 
e 
0 

23,061 

23  9:: 

115 
5'7.5 
2,962 
1597 . ' i  

.-5! 1.3. (i? 

Z@. 387 
12e.0 

- .. - - - - .. 

PRESSURE mmHg 1!598 

:b 
I. B .5! # 1 

M F: k E 
- - - - - - ._ 

0, 
Q 
Q 
0 
e 
4 

43 
0 
e 
0 
o 
0 
0 
Q 
0 
8 
e 
e 
0 
e 
0 

47 

7 
155.3 

1 4 1  
4060. 9 

2 1  .e88 
111.: 
3 030 

- - - - - _. _ _  

-sei8 . a  

7 -? i i  

I.RS # I .  
T A I L S  

.. - .- - - - I 

e 
0 
e 
0 
e 
0 

8:5G8 
0 
8 
k3 
0 
0 
0 
0 
e 
e 
0 
13 
a 
0 

1,159 

9 ~ 727 

1 143 
1 2 4 . 0  

29,255 
3189 .9  
-4993.6 

2L4.774 
120.8 
5 :  l O l d  

- - - . - - - - 

PlPll- t 
_--  -- 

0 
0 
e 
0 
Q\ 
0 
0 
0 
0 
0 
0 
0 
e 
0 
0 
0 
e 
e 
e 
e 
0 

e 

Q 
.e 
24 
.e 

O . Q  
-4 .Ee5  

FRR 
( l E 0  ) 

- - - - - - - 

0 

e 
.0 
24 
. o  

0.0 
- 4 . 6 0 5  

ERR 
( 16@ ) 
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DISTILLATION CALCULATIONS 

31 
LBS 83 

M LB. MOLES/YEAR TA I L.5 

32 33 34 35 
HBS 81  HBS # l  HBS #2 HBS #2 

MAKE TAILS MAKE TAILS 

356 
AZEO 
MAKE 

ACETALDEHYDE 
COMPONENT 82 
COMPONENT # 3  
COMPONENT #4 
COMPONENT #5 
LIGHT ENDS 
ETHANOL 
COMPONENT #8 
COMPONENT # 9  
COMPONENT #10 
ACETIC A C I @  
ISOAMYL ALCOHOL 
GLYCERINE 
COMPONENT #14 
L A C T I C  lCICID 
SUCCINIC PICID 
COMPONENT #17 
COMPONENT $18 
COMPONENT #19 
BEN 2 ENE 
WATER 

0 
0 
0 
0 
0 
0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
------I 

( S t o r a g e  ) 0 
VAPOR PRESS 4 0 ( q )  .0  

( S t o r a g e  ) 24 
VAPOR PRESS 1 2 0 i q )  . 0  
B(q ) U.P. CONSTANT 0.0 
A (  q ) U.  P . CONSTANT -- 4 .605 
TEMPERATURE C 120.0 
PRESSIJRE m m t i g  0 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 c1 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 Q 
0 0 0 0 
0 0 0 e 
0 5 0 5 
0 0 0 0 
0 0 0 0 
0 0 G7 0 
0 0 0 0 
0 il 0 0 

0 5 e 5 

- - - - - - .- -_ 

0 
. a  
24 
.0  

0 . 0  
-4 .605 
-2 '73,0 

5 , 8 2 3  

12 0 12 
2422.2 .0  2422.2 

24 2 4  2 4  
4915.8 . v )  4915.8  

- 1 685 .3' 6.0 -1088.3 
11.269 -4,605 11 . Z 6 9  

150.0 - 2 7 3 . 0  15Q. 0 
5,983 5 ?  823 s ,  48.3 

v) 

0 
0 
0 
v) 

0 
5 ,615  

0 
8 
0 
0 
0 
0 
P) 
0 
0 
0 
0 
0 

22,207 
2 ,624 

30,445 
----.-- 
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ri LR. M O L E S ~ Y F A R  
_ _ _ _ _ _ _ _ - _ _ _ - _ -  
HCFT ALC!kti\r DF 
COMPONENT #Z 
COMPONCK T E2 
i;OMPONFNT 8 4  
CUMPONFNT #5 
I IGHT ENDS 
E 1 HPINOL 
COMPOI\IEt\II #8 
COMPONENT #9 
COMt'OiNENT ttlio 
f l C E T l C  M C I C J  
I S O A M Y L  ALCTJIiOL 
GLYCERINE 
COMPONEN r # 14 
LAC1 IC H C I D  
S U C C I N I C  A C I D  
COMFQNENT # 17 
COMPUNtNT # 18 
COMPONENT It 19 
U [I N Z FINK 
W A i \  F7 

4 1  42 
DECANTER BENZENE 
LO LAYER MAKE 
_-  .._ - - ------ - 

G9 
0 
0 
0 
0 
0 

1 , 2 6 5  
a 
8 
e 
a, 
0 
0 
e 
d;l 
0 
0 
0 
(D 

68 
1 ,5'2Ei 
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M LE!. MOLESIYEAR 

ACETALDEHYDE 
COMPONENT #2 
COMPONENT #3 
COMPONENT #4 
COMPONENT #5 
L I G H T  ENDS 
ETHANOL 
COMPONENT 88 
COMPONENT #9 
COMPONENT #10 
ACETIC ACID 
ISOAMYL-  ALCOHOL 
GLYCERINE 
COMPONENT #I4 
LACTIC HCID 
SUCCINIC K I D  
COMPONENT # 1 7  
COMPONENT # 1 8  
COMPONENT It1 9 
BENZENE 
WAlER 

- - _ _  - - - - - - - - - - - - 

( S t o r a g e  

( S t o r a g e )  
VAPOR PRESS 4 0 ( q  

VAPOR PRESS lZ0Cq ) 
B (  a j U.P. CONSTANT 
A ( q  ) U.F. CONSTANT 
TEMPFRAl  URE C 
PRESSURE nmHg 

O I S T I L L A T I O N  CALCULATIONS 
_I_____-I__-I---L-illll-l 

43 
BENZENE 

T A I L S  
- - - - - - - 

0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
a 
0 
0 
0 
0 
0 
Q 
0 

1 , 1 5 4  

1,157 
----I-- 
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M LU. MOLES/YEAR 

20 
C H IJ DE 

F- ILTRA TE 

K 1  < COMPONEN1- # ) 

t12 (COMPONENT I t - )  

V . P . ( K l )  
V . P . ( k ? )  
G A M M A - K l  I N  K2 
GAMMf?-K;I [ N  K1 
li L P t-l A 
AUG COLUMN ALPHA 
MOL FHACl . K1 (MAKE Of? T H I L S  ) 
MOL FRACI. b: 1 ( FEED j 
MOL FHACT. K ?  (MAKE OR TAILS ) 

AD.J - GAMMA-k1 I N  K2 
AUJ. GAMMA-K;I I N  Kl 
MINIMUM REFLUX R A T I O  ( AUJUSTE 
ACTUAI. REFLUX R A T I O  
MINIMUM 1'HEOR. PLATES ( INFTNI  
THEORETICfllL PLATES 
PLATE EFFICIENCY - X  

PRESSURE mm l ig  ( REUISECl j 
TEMPERATURE C ( REVISED ) 

G A S  DENSITY - LB/CT 
CROSS SECTIONAL AREA - 513 FT 
COLUMN HEIGHT - FT 
COLUMN DIriMETER 
K1 ( M P P Y  j 
HV ( HEitT VAPOPIZ :-Etil/l..h ) 
Cn (HEA1' CAPACITY - O t u / L h i F )  
t iEAT L O h D  - MI1 Btu/Hr 
CONDENSER C O O L I N G  WATER - GPPl 

AC-ruHL PIATES 

A V E R A G E  M O L F C U L ~ R  uE1Gi-i-r 

22 
E3EE.H 81 

MAKE 
- - ... .. .. .- - 

7 
w n -r E R 

22'79. n 
1 0 1 0 . 4  

1 . 8 2 2  
1 . 8 2 2  
2 . 3 3 4  
3 . 5 0 0  
0 .  ,281 
0 . 0 3 3  
0.-719 
1 . 3 6 4  
1 . 0 4 9  

0 . 5  
0 . 7  

Ei 
14  
50% 
28 

1,41.7 
1 e 9  

25.91 
0 . 0 9 6 2  

13'7.7 
5 6 . 6  
1 3 . 2  

436 ! 351 
6 G 8 . 5  
0 . 8 4 0  

135.665 
10053 

CALANDRIR STEAM -- MPPI-1 (150  P S I G j  

?3 

BEER kt1 
T A I L S  

- - - - _ _  .. .- 
7 

W A - r w  

3 4 1 1 . 6  
1528.9 

1 . 8 2 2  
1 . e 2 2 
4 .865  

id. 00n17 

1 . 3 0 0  
1-82? 
1 a @I00 

1 8 . 1 1  
0 . 0 7 0 5  

9 6 6 . 4  
0 , 9 3 7  

2 2 5 . 0 0 8  

263.'7;2 

COLUMN C O S r  - tL100B 3486 MPC -- BARE EQUIPMENT 
- hl..l.. CARBON STEEL. $ 2 3 2 . 3  
- C.5 w i 3 0 4  S.5. TRI'IY'J $255" 5 
- ALL 3 8 4  STAINLESS STEEL $357 " 8 
-. ALL 3@4L STAINLESS STEEL $404.  E 
- ALL lSS6 STAINLESS S-FEEL $496 .6  

CONDENSER OR CALANDRIA SIJRFAC 11 :939 12  ~ 551; 
- COND. OR C A L A N D .  COST 

-CHRRGN STEEL 
-304 STfiINLESS STEEL. 
-316 SIAINLESS STEEL 
-. MO N E L 

24 
BEER $2 

MAKE 

7 
WATER 

1539 .  '7  
6 7 a . 5 
1.822 
1 . 8 2 2  
1 . 4 4 3  
2 . 6 6 9  
e .  881 
0 . 2 8 1  
0 "  119 
1 . 0 0 8  
1.594 
0.2 
0 . 3  

5 
1 -> 

88% 
IC; 

1 , 5 3 7  
95 

42. .76 
0 . 1 7 7 0  

3 7 . 3  
3 7 . 7  

'7 . 0 
396 ! 613 

3 '3 7 . 1 
e .  fi"36 

3 0 ,  1 ' 7 7  

223:  
1- tL. 

$8'7 2 R 
$ 9 6 . 6  

$140 .  8 
$ 1 5 4 . 9  
5 1 9 0 . 1  

2 648 - 
91000  36186 MPT, - BARE EQUIPMENT 

$ 3 7 4 . 1  $ 3 9 4 . 8  $99.8 
$ 5 ' 3 . 8  $55'1 . 7 $139.8 
S 5 f i l . 7  4592.2 5 1 4 9 . 7  
$73'3.5 5 7 6 3 . 9  $1 94 . '7  

S U B T 0 T il I.. 
5 U B T 0 'F A L. 
SClBlClTflL 
MINIMUM REFLUX R A T I O  
Cn SUBTOTAL # l  

4 ,534 ,356  
4 , 5 1 C3 ,6 0 9 
4 , 5  17 I 79 1 

0.5 0 . ;1 
296 ,906  1 , 3 5 5  269,932 

98 

'7 r ,J 

BEER #2 
TAILS 

7 
WATER 

3 4 1 1 . 6  
1528. Y 

1 . E l ? ?  
1 * 8 2 2  
3 894 

@I . 1.) 3 [j y y 

0 . 9 6 4  
1 .746  
1 . 0 0 1  

1Y.vI3 
0.07'74 

9 1 7 . '7 
0 .  972 

3 1 . 3 4 3  

2 6 . 5 8  
-- 

1 , 7 3 2  

$62 . '7 
$ 8 7 . 8  
$ 9 4 . 0  

$ 1 2 2 . 3  

442 , 4 4 7  
415 ,473  
4 1 5 :  4 7 3  

26,9'74 
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O I S T I L L A T I O N  CHLCULATIONS 
_-- - - -__- - -cI_I- - . I - II - - - - - -  

20 2 2  2 3  
CPUDE BEER 81 BEER $1 

M LB .  M@LES/YEAH F ILTRATE MAKE Ti? I LS 

Cn S U R T n T A L  e2 e 14,391 
c7n 3UBTOTFtL 83  436,351 4,518,689 
Cn CHECK 0.750 0.997 
Hu SIJBTOTfit- #1 160,238 732 
tlv CUETOTAL tt.2 Q 8,432 
Hv S U B T O T A L  #3 423,391 4,384,JaE 
Hv C,HECK 592 .5  965.6 
M I N .  P L A T E S (  NORMAL ) 
C O L .  COST-C/S NORMAL- 
C O L .  COST-S/S NORMAL 
MlN.REFLUX(NnHMHL) 
C . S . AREA( N O R M A L  ) 
HEAT L O A O  t NORMAL ) 
C O N / C A t  COST(  NORMAL ) 
RFFLUX FACTOR 

___I--_ ~ ----I - -- ...---...-- - - I - - - - *_ - - - - - - 

0 "  275 

2 4  
BEER $2 

MAKE 
- - - - - I - 

8 
20 878 

0 .  s:5 
145 732 

Q 
20,258 

25:  a 7 

e .  8'78 

25 
['IEER # Z  

TAILS 
-. - ._ 

0 
4 15,473 

0.956 
14,566 

Q 
4QS113i3 
904.5 
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V . P . ( W l )  
?I . F . ( I.:?. > 
GAPlMA-P: l  I N  I(? 

G A M M A - K I  I N  K 1  
ALFHR 
AVG COLUMN ALPHA 
MOL FF?RCT.  Kl i MfKF OR T A I L S  .) 
MOL.. FRRCT. K1 ( F E E D )  

A D J  . G A M M A - K 1  I N  Kt2 
HDJ.  G(?MMh--E2 I N  K l  
MINIMUM REFLUX R A I I O  (ADJUS-IE 
ACTUAL REFLUX RATIO 
MINIMUM THEOR. PLATES ( I N F I N I  
THEORETICAL PLATES 
PLIOTE EFFICIENCY - %  
ACTUM PLATES 

rioc F H A C T .  ~2 ( M A K E  OR I -AILS  j 

PRESSURE i . l ~  Hg { RE:VlSED ) 
TEMPERATURE C REVISED j 
AVERAGE MOLECULAR WEIGHT 
G A S  DENSITY I -  LB/CF 
CROSS SECTIONAL hREH - SO FT 
COL.CJMN HETGHT - FT 
COLUMN U IHMETER 

t i v  !HEAP UAPORIZ :-Btu/Lb j 

C n  (HEHT CAPACITY - B t u / L b / F )  
HEAT LOAD - MM Bt,u/Hr 
CQNDENSER COOt..JNfi WATER - GPM 

~i ( r iPPY ) 

'7 

3954.  0 
2550.5 

1.1635 
1.00F3 
1 .E85 
1.64-8 
0.686 
0.001 
0 .914 
1.0s-7 
1.00Qi 

2 0 . 1  
z 5 . 1  

15 ) 

3 4  
E@;{ 
42 

3 ,021  
111 

49.70 
0 .3911  

2 . 9  
7 8 . 3  

1 . 9  
359 

335.0) 
0 . 6 4 8  
3 .133  

2352 ) 

CALANDRIA STEHM - r i P w  cis0 PSIG) 

'7 

99-i72. 0 
3411.6 

1.105 
1.000 
1 .611 

.000 

1 .000 
1.105 
1.000 

42 , * ; 7 , j  

0.3470 

397.5 
0 . 6 9 6  
4.679 

5 . 4 6  

4 , 5 . 6  

E R R  
ERR 

1 * 000 
1. t05  

ERR 
ERR 
ERR 

0 .000 
ERf i  
EPR 
EHR 
ERR 
ERR 

0 
8 

ea;! 
0 
0 

( 2 7 3  
ERR 
ERR 
0 . 0  
0 . 0  
0 . 0  

0 
ERR 
ERR 

0.000 
0 

COLUMN COST - $10D0 31385 MPC - BARE EQUIPMEN-r 
- ALL CARSON STEEL $54.3  $0.0 
- C.S 1*r/304 S . S .  TRAYS $59 * 7 $ 8 . 0  
- ALL 3 0 4  STAINLESS STEEL $88.1 $0.0 
-- HLL 3 0 4 L  STAINLESS STEEL $96.9  $0.0 
.- ALL 316 S' IHINLESS STEEL $119.0  $ # . G I  

CONDENSER OR CAI..ANDRIA SURFAC 268 2 6 0  0 
COND. OR CALAND. COST - $1000 3Q8E MFC - BARE EQU1PMEN.P 

-CARBON STEEL $18.3 $18.(3 $0 .0  
-304 STAINLESS STEEL $25.6 $25.2 $0.0 
-316 STAINLESS STEEL- $27.4  $27 .0  $0 .8  
--MONEL $35.7  $35.1  $8.0 

SUB T 0 TAL- 289,273 
SUBTOTAL 20,878 
SUBTOTHL 20,878 
MINIMUM REFLUX RATIO 2 0 . 1  ERR 
C n  SUBTOTAL 81 1,517 2 6 8 , 4 1 4  0 

100 

29 
LDS 3: 

T A I L S  
- - - - ._ - - 

J 

4.5.G 

1 2 1 2 1  ' 9  
14554.7 

1 .@PILI 
1.105 

ERR 

ERR 

ERR 
FRR 
ERR 

ERR 
ERR 

ERR 
ERR 

0 .000 

0 .00  

0 

$0 .B  
$0 .0  
$6 .0  
$0.0 

0 
0 
0 

0 

30 
LEIS # 3  

MHKE 

7 

- 
A 

ERE 
ERR 

1"000 
1.  000 

EHR 
F-RR 
ERR 
EHR 
ERR 
I t i R  
ERfY 
FRR 
ERR 

0 
0 

80% 
0 
0 

( 2'73 ) 

EPR 
ERR 
0.D 

15 .0  
0 . 0  

0 
FRR 
ERR 

0.000 
0 

$0.0 
%0.0  
$0.0 
$0 .0  
50,0 

0 

$0 .0  
$0 .0  
$0 .0  
$0.0 

E R R  
Q) 



U L T E T H N G .  WKS -4- 09-Rpr  -8 3 

.--__I -- _--- 
Cri S U E T O T A L  82 
Cn S U B T O T A L  85 
Cn CHECK 
t.1v SLlBTnTAL 81 
Hv S U B T O T A L  # Z  

Hv CHECK 
M I N .  P L A T E S  ( NOHMAL f 
C O L  COST-C/S  N O R R A L  
C O L . C O S T - S / S  NORMAL 
M I N .  R E F L U X  ( NORMAL ) 
C . S . A R E A (  NORMAL ) 
H E A T  LOAD( NORMAL 
C O N / C A L  COST( NORMAL ) 
REFLUX F A C T O R  

tiv S w ' r o T A L  $ 3  

D I S T I L L A T I O N  C A L C U L A T J O N S  
_____1_4-__-1___1---_------ 

20 26 27 28  29 3G1 
C R U D E  LBS 81 LBS # l  L B S  $ 2  L R S  #2 LBS # 3  

M LR. tlOLES/YEHR F I L T R A T E  MAKE T A I L S  M A K E  T A I L S  M A K E  
_. -_ 

ERR ERR 
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U L T E T H N 6 .  WKS 

M LI!. M O L t S / Y k A F i  

.- lJ - 

DISTILLAlION CALCULATIONS 

31 
l..OC; #3  

1- R I I_ s 
- - - - - ._ . . 

? 

3 

1 . 0  
1 2 1 2 1 . 9  

1 .00@ 
1 .000 

EPR 

ERR 

ERR 
ERR 
ERR 

I'1INTMCJM I.IEFL.IJX R A T I O    ADJUSTED ) 

ACTIJA I .  REFLUX R A T I O  
M I N I M U M  THEOR I PL-ATES LNFINITE R E F L U X  
THEORE 1.1 C A L  PL hTES 
P L A T E  E F F I C I E N C Y  -7; 
A C T  IJPIL. P L ~ A - i E S  
PRESSURE mm Hg I R E V I S E D  ) 
TEMPERP l U R E  i: ( R E V I S E D  ) 
A L1 E R A G E M 0 L E  1: I.! L F\ R WE I G t i  T ERR 
Gas DENSITY' - LR/CF ERR 
CROSS S E C T I O N A L  AREA - SQ FT 
COLUMN H E I G H T  - FT 
COLUMN DIAMETER 
K l  (MPPY ) 
Hv ( H E R T  V f i F O R i Z .  --Otu/Lb ) ERR 
C n  ( H E A T  C A P A C I T Y  - -  B t u / L h / F - )  ERR 
HEAT LOArJ  - MM B t u / H r  0 . 0 0 0  
CONDENSER C O O L I N G  WATER - G P M  i 15 C dT  
C A L A N D F I A  STEAM -- MPPH t 150 P 0 .00  

PI A I-: E 
- - - - - - . . 

WATER 
1 4  

ERR 
E t2 ii 

1.822 
1.822 

ERR 
ERR 
ERR 

1 .a00 
ERR 
E rq ii 
ERR 
E e 17 
ERR 

0 
0 

80% 
0 

5 ,983 
( 273 ) 

ERF! 
E I! I-i 
0 . 0  
0 . 0  
0 . 0  

0 

ERR 
(3.009, 

0 

EiiR 

COLIJtlN COST -- $1006 31386 MFC - EARL- EQUIPMENT 
- A L L  C A R B O N  STEEL 
- C . S  w/304 5.5. T R A Y S  
- ALL- 304 S T A I N L E S S  S T E E L  
- PILL 304L S T A I N l . E S 5  STEEL 
.- A L L  ,316 S T A I N L E S S  S T E E L  

CONDENSER OR CAL.ANDR11A SURFAC 0 

-CARRUN S T E E L  $0 .0  
-304 S T A I N L E S S  S'YEEI. $ 0 . 0  
-316 S T A I N L E S S  STEEL $0 .0  
- MGNEL $0 .0  

COND.  OR CPILAND. COST .- $ 1 ~ 0 0  3 ~ 8 ~  MPC - 

SGBTOTAL 
SUBTOTAL 
SUB T 0 T A L  
MIN IM?)M REF-LIJX R A T I O  
Cn SUBTOTAL #1 

$0.0  
$0 .0  
90.0, 
$0 .0  
$0.0 

0 

T A l L S  
.. .. .. - ._ .- .. 

WATEK 
14  

3 8 5 3 .  y 
18451.1 

1 . 5 2 2  
1 . 8 2 2  

ERR 

ERR 

ERR 
ERR 
ERR 

G53.48 
9 . z 4'7'7 

396.0  
0 .580  
0 .0o0 

0 .00  

0 
BARE EQUIPMENT 

$0.0 $0.8 
$0 .0  $0 .0  
$ 0 . 0  $0 .0  
$ 0 . 0  $0 .0  

338 

0 

0 0 

338 

ERR 

09-Apr-89 

3 4  
Hi35 #2 

MPIKE 
- - I - __ - - 

1 4  
1 5 , 1 6 , 1 7  

d l E  
ERR 
ERR 

1.000 
1.000 

FRR 
ERR 
ERR 

0.00Q 
I R R  
E R R  
ERR 
ERR 
ERR 

0 
0 

80% 
0 

5,983 
( 273 ) 

k R R  
ERR 
0 . 0  
0 . n  
0 . 0  

0 
ERR 
ERR 

0.000 
8 

$0.0  
$0 .8  
$0 .0  
4 0 . 8  
$0.0 

0 

.E0, ,@ 

00.0  
50 .0  
$8 .0  

ERR 
0 

8. G300 

I .@El0 
1 .@00 
1.000 

118.03 
1.6711 

3'36 . O  
0.53(21 
0 .  D00 

0 .80  

0 

$0.0 
50.a 
$0.0  
$0 .0  

338 
33% 
0 

0 
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20 
CRUDE 

M LE. M O L E S / Y E A H  F I L T R A T E  

Cn S U B T O T A L  # Z  
Cn S U B T O T A L  # 3  
Cn CHECK 
Hv S U B T O T A L  # l  
Hv S U B T O T H L  it2 
Hv S l l B T O T f t L  # 3  
Hv CHECK 
MIN.  P L A T E S (  N O P M A L  ) 
C O L . C O S T - C I S  NORMAL 
COL.COST-S/S NORMAL 
M I N .  R E F L l J X  ( NORMAL ) 
C, . S  . A R E A (  N O R M A L  ) 
HEAT L O A D (  NORMAL ) 

C O N / C H L  CUST(  NORMAL 
R E F L U X  F A C T O R  

--------------- - - - I - - - 

31  
L B S  #3 

T A I L S  
----.^I - 

0 
8 

E R R  
0 
4) 

0 
E R R  

ERR ERR 

35 
HBS #2  

T A I L S  
-- - - - - I - 

a 
338 

0 . 5 0 8  
0 
D 

231 
215.6 
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3 ~ Q4S 
BARE EOUIFMENT 

$9c.3. ti 
$133.8 
$ i 4 9. '7 
$ 1 9 4 . 7  

SIJBTOTfiL 
SUETOT AI-. 
s u 13 1- o -r ii L 
PI I rd I MUM P E F LUX n i i~  I G 
Zn SLJt iTOTAL #1 
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U L T E T H N G .  WE5 -8- 0 9.- 19 p r - 8 9 

D I S T I L L A T I O N  C A L . C U L A T I O N S  
____-___I___---I-________ 

20 36 37 35 39 
CRUDE A Z E O  A Z E O  AZEO D E C A N T E R  

M L B .  MOLES/YEAR F I L T R A T E  M A K E  T A I L S  REFL\JX FEED 

Cn S U B T O T A I  #2 
Cn S V E l T O T A L  IF3 
C n  CHECK 
Hv SlJBTOTFtL #I 
Hv SCJBTOTr?L W2 
t iv S U B T O T A L  $3 
Hv CHECK 
M I N .  P L A T E S (  NORMAL ) 
COL.COST-C/S  NORMAL 
COL.CUST-S/S NORMOL 
M I N . R E F L U X ( N O R M A L )  
C.  5.  A R E A !  NORMAL ) 
tIEAT LOAD( NGRMAL ) 
C O N / C A L  C O S T (  NORMF1L ) 
REFLUX FACTOR 

----_ _ - _ _  ------c I ----_-- -I----- I -.--I-- _-I----  _-I____ 

1 05 
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D i S T i L L A t  ION CALCULATIONS 

0 9 - A  p T- 8 3 

20 4 0  4 1  4 2  43 
CRUDE DECANTER [IECAN I E R  BENZENE BENZENE 

i'l LB.  MOLES/YEAR FILTRATE UP LAYER LO L.AYER MAKE T H I L S  

Kl ( CClMPONENT # i 
K Z  (COMPONENT # )  

... . .. -. - - - - - - - - ._ . . - - - - - - I_ - I - .. - I - - _ _  .. - - - - - .- - .I - - -- ... - - - - - - _ _  

U . P . ( E l )  
V . P .  ( K 2  ) 
G A M M A - K 1  I N  E 2  
GAMMA-K? I N  K1 
ALPHA 
r?UG COLUMN ALPHA 
M O L  FRACT . k l  (MAKE OR l A I L S  i 
M O L  FRFICT. Kl ( F E E D )  
MOL FRACS.  C;;I (Mr?KE OR T A I L S  ) 
PlUJ. GRMMA-K1 I N  K2 
ADJ. G R M M A - K 2  I N  K l  
MINIMUM REFLUX R A T I G  FiDJUSTEn i 
ACTUAL REFLUX r iATIO 
MINIMUI'1 THEOR. P L F I T E S  ( I N F I N I T E  REFLUX ) 

THEORE r I C A L  PLATES 

ACTUAL PL.HTES 
PRESSURE mm Hg (REVISED) 
TEMPERATURE C ( REVISED ) 
AVERRGE MOLECULHR WEIGHT 
G A S  DENSITY - LB/CF 
C R O S S  SECTIONAL nREA - SO FT 
COLUMN HEIGHT - FT 
COLUMN IITfiMETER 
Kl (MFPY)  
I-lv ( HEPIT VAP@R!Z. --BtLJ/\_b ) 
C n  (HEHT i2HPi ICTTY -- OtL;;Lb/f' j 

HEAT L O A O  .~. MM B t i . i / H r  
CONDENSER COOLING WATER - GPMDECnNTER VOLUME .- GAL 
CALANDRIi i  STEAM - MPPH (150  P 3,565 
COLUMN COST - $1000  3Q86 MPL - BRWE EQUIPMENT 

PLATE EFFICIENCY - - %  

7 . a  
6 0 . 0  

3.u 

E .  325 

8 . 0 8  

-- ALL CAHDON STEEL 

- ALI.. 504 STAINLESS STEEL 
- ALL 3 @ 4 L  STAINLESS STEEL 
--  ALL 316 STAINLESS STEEL 

- C.:) ~ / 3 @ 4  S.S, T R A Y S  

CONDENSER OR CAL.ANDRIH SURFACE - 1  Si2 FT 
COND. OR CALAND. COST - $100@ 3086 MPC. 

-CARBON STEEL 
- 3 0 4  S'IYPiINLES', STEEL. 
-316  STAINLESS 5'rEE.L 
- M 0 NE L 

$63.0 
$61.3 
$ 8 1 . 0  
$ 8 9 . 1  

$ 1 0 9 . 4  
385 

$ 2 2 . 3  
$31 .2  
$ 3 3 . 5  
$4;. 5 

EARE EDIJIPMENT 

SUETOTAL 
SUB T 0 T A I.. 
S l lE  T C) T A (. 
MINIMUM REFLUX R A T I O  
Cn SURTUTAL # t  
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ULTETHNG-WKS -1- 10-Apr-89 

ETHANOL MANUFWTURE 
GENERALIZED FERMENTATION ECONOMICS 

EX 5 .  CEREUISIAE - NO ELYCERINE RECOVERY 
SUMMdRY 
- - - - - - - 

PRODUCT ION LEIJEL 
54 M M  GPY 

INVESTMENT-$MILLION 
MPC = 1984 

Direct Permanent Investment 
flllocated Power, Services & Gener-a1 
Work.ing Capital 

l'nt a 1 Investment 

COST-$/GAL( 1Y88 1 
I----------------- 

Raw Materials 
Utilities 
Labor-Related 
Capital-Related 

Cost o f  Manufacture 
SE, 0, R&U, Adm, & I.C. 

Cost o f  Sales 
Pretax Earnings Based o n :  30% Pretax ROI 
By-product Credits 

Selling Price 

FINANCIAL CHI rERIA 

Net HOI 3rd Year (assumed) 
Investors Rate o f  Return ( 2 0  Operating Years) 

Y e a r  to B r e a k  Even - Annual Cash 
- Cumulative Cash 
- C u m .  Disc. C a s h  ( N P V )  

Net Present Value 5MM ( 2 0  years Ca 15%) 

$ 9 1 . 1  
$ 2 6 . 8  
$ 2 2 . 1  

$0. Y5 
$0.15 
$0.10 
$8.23  

$1 .42  
$0.35 

16% 
23% 

1989 
1991 
1994 

556.7 
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E 1 HA N 0 I.. M 14 N UF A C .I U R E 
GENERALIZED FERMENTATION ECONOMICS 

EX S .  CEREUISlAE - NO GLYCERINE RECUUEHY 

INUtSTMENT 
-_-_I.___-----_ .~ .. ._ "- _ _ _ -  

. ._ - - - - - - -- . 
CONUITlONS 
. - - - - _ - - ._ - - 

S i t e d  i n  I o u a  o n  % h e  M i s s i s s i p p i  R i v e r  a d j a c e n t  t o  a corn wet m i l l  
and a u t i l i t y  p o w e r  h o u s e  f o r  o v e r - t . h e - f e n c e  s u g r i l y  o f  s y r u p  and p o w e r .  

UNITS 

C w f i c I - r Y  s0v)a HRS MM GPY 
MID-POINT OF CONSTRUCTION YEAR 
CONSTRUCTION COST INOfX  1980-100 
I N V E S  TMEN.1 CONT I NGENCY X INSTALLEO * 
FERMENTEH UNI  I INVESI  MENT $ / G R .  Gf\L.. --GROWTH 

$/GR.GAL.-PROU'N 
*40X Recommended f o r  n e u  p r o c e s s e s  

U 1REC'T' PERMPlNENT INVEC3 TMEN i 
-I_._. ~. ______-____.._.I...___--_I-I_. 

SCALE1 
F A C T O R  
-- 

FERMENTATION SECTION 
R e c e i v i n g ,  P r e p  & S t e r i l i z a t i o n  0 . 6 0  
R i r .  C o m p r e s s i o n  fi A e r a t i o n  0.GO 
F e r m e n t  a t  i o n  0 .89 -1  . O O  
P r i i d u c  t /Cel 1 Separ -a t  I o n  0. '75 

THIS  
CASE 

6 0 . 1  
1984 

128 

$Q). @0 
$10.94 

3@% 

THIS  CASE 
9 ; M N  $/fjNN. G A L .  

- - - _ . _ I  I 

$11.30 
@ . a 0  

57 .29  
3 . 9 4  

F e r m e n t a t i o n  S u h - - t o t e l  

D l S T I L L A i l O N  SECrION 
B e e r  S t i l l  191 
B e e r  S t i l l  #2 
Lsw-Bollers S t  11 1 It1 
L o w - B o i l e r s  S t i l l  $2 
L o w - B o i l e r s  S t i l l  #5 
H i g h - - B o i l e r s  S t  111 $1 
H l g h - B a l l e t - s  S t l l l  4 2  
A z e o t r o p e  S t i l l  
B e n z e n e  D e h y d r a t o r  
D e c a n t  e r  

S T J L L - S  
$1 15 

8 . 4 1  
0 . 2 5  
0.00 
0 .00  
0 .00  
0 .0a  
1 .41  
0 .29  

H X ' S  
$4.03 

0,76  
0 .17  
0 .OO 
0 .u0 
0 .00  
0 .00  
1 . H 5  
0 .10  

$73.14 

$5 .17  
1.1-7 
0.42  
0 .00  
0 .00  
0 .00  
0 .00  
3 . 2 5  
0 . 4 0  
0 .03  

- 

D i  s t i 1 l a  t i o n  S u b t  o t a 1 

STORPiGE SECTION 
S t o r a g e  - P r o d u c t  
S t o r a g e  - B y p r o d u c t  # I  
S t o r a g e  - B y g r o d u c t  8 2  

TOTHL DIRECT PL-ANT 

$10.45  

$7.53 
$0 .00  
$Q. 00  

$7.53 

$91.11  

_. - - - - - 

- - - - _ I I 

$0.193 
a .  0(D0 
0 .954 
0.066 

$ 1 . ? 1 /  
_ ._ ._ - .- - 

50.086 
0.019 
0.007 
0.000 
0 .000 
0 .000 
0 .00 i l  
0.054 
0.0417 
0.001 

$0 .174 
_ _ _ - _ _  

$0 125 
0.000 
a .  000 

50.125 

$1.517 
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ULTETHNG, WKS -1- 1 0 -- Fip r -,8 3 

ELECTRICITY KW *183 $183 1 , 1 6 4  
STEAM PPH $45 $45 439,913 
COOLING WATEH GPM $52 $52 2 6 , 2 2 7  
PRGUESS WATER GPM $513 $313 101s 
WAS TE DISFOSHL MGPY $3 $3  F;35:570 
GEN'L Fu SERVICES $MM 10% 1 VI% 433 .9  

TU'IHL ALLOCHTED PLANT 

TOTBL PERMANENT INVES TMENI' 

RAW M A T ' L  INVENTORY 
SEMI -F IN ISHEO PRUDUCT 
F I N I S H E U  PRODUCT 
CASH 

ACCOLJN TC, H C D .  -MISC. 
DEFERREU C HAHGES 

ACCOUPdTS RCC! .-TRADE 

TOTAL.. UOHKING CAPITAL 

$117.91 $1.963 

$/ANN. G A L  9;MPi 
I I - - - - ._ - - - - - - _. 

$0 .31  $@.Bias 
0 .  88 0.815 
S . 3 2  @ . I 0 5  
1 . 4 3  0 . 8 2 4  

11.35 0.189 
B . G 9  u.1312 
1 .15 0 .019  

LL.12 $8.368 

- I--_._- 
$.-' 1 

Note :  R = r a w  m a t e r i a l s ;  M o r  COM = c o s t  o f  manu fac tu re ;  
(20% = c o s t  o f  s a l e s ;  SP = selling p r i c e ;  0 = d e p r e c i a t i o n .  
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ULTETIHNG . WKS -1- 

ETHRNOL. M A N U F A C T U R E  
GENERALIZED FERMElN'TDi'T 10N ECONOMlCS 

E,! 5 .  C E R E V I S I A E  -- N O  G L Y C E R I N E  HECO!,ERV 
~ 

I J t  1 l i t  ~ e c ,  
-Electricity 
- S t e a m  
--Coolir ig  Water 
- P r o c e s s  W a t e r  

-Landf  i I 1  
i o d e  Q r a d r3 t 1 (3 n 

Labor.  -Re l a  t e d  
-!lit-. U p .  WaQe5 & B e n .  
- D i r . .  Salaries ti R e n e f i  
-00. S i u p p l i e s  & S e r v i c e  
- GPOH o n  13pera t  ions 
- C o n t r o l  Lah 
-Tech. A s s i s t .  to Mfg. 

C F i f I l  t a l - P e l a t e d  
- M a i n t .  Wages rZ Ben. 
- M a i n t .  S a l a r i e s  K H p n .  
- M a i n t .  M a t ' l  & Serdice 
- 114 t n t  . O v e r h e a d  
-GPOH on M a i n t e n d r i c e  
.- Tab e5 & 1 n s u r a n c c  
- D e p r e c i a t  i o t l  - DPI 
- D e p r e c i a t i o n  - APS&b 

Cost o f  M a n u f a c t u r e  
- S e l l i n g  F r r i e n s e  
-01 s t r i b u t  1 o n  
- R e s e a r c h  S D e v e l o p m e n t  
- A d m i n i s t r a t i v e  E ~ p e n s e  
- I n r e n t  i v e  Campensat i o n  

Cost of S a l e s  
- P r e t a >  E a r n i n g s  
- C r e d i t :  B y p r o d u c t  # I  
- C r e d i t  : B y o r o d u c t  #2 
- C r e d i t  E y p r o d u c  t #3 
- - P r o d u c t  S e l l i n g  Price 

I NFILtAT I ON 
BRSKCASL F A C T O R  

1988 

$0 .055 / l b .  1:i.s. 
60.046 /lh. 
rt;G?,155 / l b .  
$0.1?53 1111. 
$0.451 / l b .  

$0. 040 /KbJH 
$ 2 . 2 0  / M  l b .  
$0.04 / M  g d l .  

$0.04 / l h .  d . s .  
";.G35 / l h "  d . 5 .  

$ 0 , ~  /ri g a l .  

$26 . 40 / r ' ~ a n - - h r .  
18 x IDUW&ti 
6 X DOW&B 

23  % DOWS&B 
%19,2'1 / m a n - h r .  
$22.06 imai i -hr - .  

1 . 7  % UP1 
2 5  % MW&B 
46 7; MWKB 

4 % MWKB 
2 3  X MUS&B 

0 .3  7: DPI 
6 % DPI 
G 7: APSRG 

3 X S a l e s  

4.5  % Sales 
i A Sales 
6 % PTE 

$0 .01  / I b .  

-, 01 

30 X 1 I F R  
$0.00 / l b .  
iG0.0Q / l b .  
$0.00 / l h .  
10.00 / l b .  

1386 

1 .@e 
1 .0@ 
1 .0B 
1 .@0 
1 .a0 

1 .El0 
1 .an 
1 . O O  
1 . # @  
1.00 
1.00 

1 . O O  
- _. 

- 
_ _  

1 . O O  
1 . O O  

-- 
.- - 
_ _  
- .  
_ _  
_ _  
-. 

_ _  
.- 

._ - 
-- 
-- 

- _  

1.0o 
1 . O O  
1 . O O  
1 .OO 

$0.0F;5 / l b .  d . 5 .  
$0.046 : l h .  
$ 0 . 1 5 5  / l b .  
$ @ . 0 5 3  / l b .  
$ 0 . 4 5 1  / l b .  

$Q .040 /KWI-i 
$;1.21? / M  l h .  
$0.04 / M  g d l .  
$0.50 / M  g a l .  
$0.64 i l h .  d . s .  
$0.05  i 1 . b .  d . s .  

$26.40 /man--hr. 
18 % DOW&B 

6 % DOW&B 
2 3  :L C)I)WS&B 

$1.9.22 /man--hr. 
:$2Z.Q6 /man--tit-. 

1 . 7  % DPI 
25 % MW&R 
40 % MW&B 

4 x MW&B 
23  MWS&B 

8 . 3  x DPL 
B X GPI 
6 % APS&G 

3 S a l e s  

4 . 5  X S a l e s  
2 Z S a l e s  
6 % PTE 

$0.01 / l b .  

30 % TIFR 
se.00 / l b .  
$0.@0 / l b .  
$0.00 / l b .  
$0.B0 / l b .  
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SALARIES & WAGES 
CONTINUOUS FERMENTER CASE 

_ _ _ _ _ _ - - - - - - - -  ~ 

DIRECT OPERATORS 
---------------- 

SYRUP RECEIVING & TRANSFER 
CHEMICALS RECEIVING & TRANSFER 
INNOCULUM PREPARATlON 
MEDIIJM PREPARATION 
S T E R l L I Z A T I O N  
FERMENlATION 

-CONTROL ROOM 
-P A T R O L  
- A I R  COMPRESSION & AMMONIA FEED 

D I S T I L L A T I O N  
BEER F I L T E R  & CELL RECYCLE 

TOTAL D A Y  & 4 . 2 - S H I F T  OPERATORS 
TOTAL OPERATORS, 

CON-IROL LABORATORY 
- .-__ _ _  

P I O L O G  I C A L  ANALYSIS 
CHEMICAL. ANALYSTS 
OTHER 

TOTAL DplY & 4 . 2 - 5 H I F T  TECHNICIANS 
TOTAL- LAB FORCE l N C L  SUPERVISION @ 

TOTWL LAB FORCE 

TECHNICRL ASSISTANCE T O  MANUFRCTUPING 
------- ----- -- ---... .. 

PFiUCE5S ENGINEERS 

WAGES, SALARIES & BENEFITS SCHEDIJLE- 1988 
I----- 

OPERATING WAGES - $./HOUR 
TECHNICIANS - ANNUAL $ 
PROCESS ENGINEERS - ANNUAL $ 

PENSION - AS % OF COMPENSATION 
F I C A  
UNEMPLOYMENT COMPENSATION 
GROUP L I F E  INSURFINCE 
MEDICfiL INSURANCE 
DENTAL- INSURANCE 
SA'JINGS PLAN 
VACATION 
I LLNE s s 
ABSENCE WITH PERMISSION 

250 MM PPY 

SHIFT  SHIFTS 
D A Y  ROTATING 

_. .- _. - - -I--- 

- 1 

1 

- - 3 
- 

- 1 
1 

- 1 
1 - 

.- -. 

1 

8 .1% 
5 . 8 %  
5.6X 
@ . 7 X  
3.6% 
@.8X 
2.5% 
7 . 4 %  
1 . 4 %  
0.2% 

5 1 . t %  

- I .- _. __ 
1o.r AL BENEFITS 
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S A L A R I E S  & WfiGES 
CONTINUOUS FERMENTER CASE 

D I R E C l  OPERATORS 
- - - - - - - I - - - - - - - - 

SYRUP R L L L I V I N G  B TRANSFER 
C H E M I C h L S  R E C k i ( J l N 6  K TkRN5FER 
INNUCULUM PREPARATION 
MEDIUM P R E P R P A T I O N  
S T E R  I L I L A  T I ON 
tFCHMtN1 A T I O N  

P f ?  1 R O L  

D l S T I L L A T I O N  

-CON r f m  ROOM 

- A I R  COMPRES5lON 9, AMMONIA F t E U  

w t H  F r L r E i !  tt CFI L R E C Y C I  F 

l C i T A L  DAY II 4 . 2 - 5 t i I F l  O P F R A T O R S  
TOTAL OPEPATORS 

M I N .  FORCE 

S H I F T  S H I F T S  
DlDiY R O T K I  ING 

- 
3 5 
24 

P E N S I O N  - f'i5 Z OF COMPENSATION 
F 1 ci-l 
UNEMPL.(iYMENT COMFENSATION 
GROUP L l F E  1NSIJRhNCE 
M E D I C A L  I NSUFANCE 
DENTAL. INSURANCE 
SAVINGS PLfird 
V A C A T  ior>i 
I L L N E S S  
FIGSENCE W I T H  P E R M I 5 S I O N  

1 
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ETHANOL MANUFACTURE 
GENERALIZEU FERMENTHTION ECONOMICS 

EX S .  CEREVJSIAE - NO GLYCERINE RECOVERY 

1988 COST SHEET .................... 
Raid Materials 

-8iosugar Syrtip 
-6nhyd. Ammonia 
-Phosphoric Acid 
-Pot  a 5 5 i urn C h 1 o r  i de 
-Minor Nutrients 

Total Raw Materials 
U t  i 1 i t i e s 

--E 1 e c t r- i c i t y 

-S t earn 
-Cooling Water 
-Process Water 
-Biodegradation 
-Landf i 11 

Labor-Related 
Total Utili t ias 

-D i t - .  OD. Wa.ges & Ben. 
-@ir. Salaries & Ben. 
- 0 0 .  Supplies & Service 
-6POH on Operati~ns 
-Control Lab 
-Tech. As5i5t. to Mfy. 

Total Labor 
Capital-Related 

-Maint. Wages & Ben. 
--Maint. Sal.aries & B e n .  
-Maint. Mat'l & S e r v i c e  
-Maint. Overhead 
--GPOH on Maintenance 
-Taxes & Insurance 
-Depreciation - DP1 
-Depreciation - AF'S&I; 

T o t a l  Capital 

Cost o f  Manu facture 
-Selling Erpense 
- D 1 5 t r 1 but i on 
-Rerearch & Development 
--Administrative Ehpenlje 
-1ncent ive Cornpensat ion 

C o s t  o f  Sales 
-Pr e t a A: Earn 1 ng 5 

--Credit: byproduct, It1 
-Credit : Byurr iduct  #2 
-Cred 1 t, : Byprodust $ 3  

MILLION 
RATE /UNIT IJNITS $MILLION 

$0.065 /lb. d.3. 
$0.846 /lb. 
$0.155 /lb. 
$0.053 / l b .  
$0.451 / l b .  

$0.040 /KWH 
$2.20 /M lb. 

$0.56 / M  g a l .  
50.04 / l b .  d.5.  
$0.05 / l h .  d . s .  

$0.04 /M g a l .  

$ 2 6 .  40 /man-.hr-. 
18 x UOW&H 
6 % DOW&B 

23 % OOWS&B 
$19.22 /rqan-hr. 
$22.06 /man--hr. 

1.7 X DPI 
25 X MW&R 
40 % PlW&B 

4 % MW&B 
2 3  % MWS&B 

0.3 % D P I  
8 % UP1 
6 X APSBG 

3 % sales 

5 x Sales 
2 % 5,les 
6 X PIE 

$0 .0 t  ilb. 

7srO.0 X TIFR 
$0.00  / l b .  
$@.00 i l b .  
56.8Q) / l b .  

779.45 
1.3? 
1.10 
8.84 
0.38 

8.30 
3 . 1 3 %  

11.22 
0.43 
4.7s 
@.e@ 

0.125 

0.0ZQ 
@ I002 

$91.1  

$91.1 
591.1 
$26 .8  

$135.0 
35s I 8 

$138-6 
$110.0 

$42.0 

'3140.0 
0.8 
0.0 
0.0 

- - - - .- - - - 

50. S 6  
0.06 
0.17 
0.04 
0.17 

$51.11 

0.34 
6.90 
0.45 
a . 2 2  
0.19 
0.00 

$8.09 

3.29 
0.59 
Q.20 
Q.89  
Q.39 
41.04 

S5.40 

1.55 
0.39 
0.62 
63.06 
0.45 
Q.27 
7.29 
1 .61  

$12 2 3  

$76 "84 
4 . 1 4  
3.5E 
6 .21  
2 .76  
2 . 5 2  

5 9 6 .  63 
42.01 

0.00 
0.00 
0.60 

$138.04 

---_.- 

$ / g a l  
L - -. - - - - - 

0.937 
0.001 
0.003 
(3.001 
0.003 

$0.945 

0.0rOs 
0.128 
8.008 
0.  @ID4 
0.004 
B .  000 

$0.150 

0.061 
B.011 
B .004 
0.017 
0.007 
@ , @ ( D l  

$0 100 

0.029 
0.007 
0.011 
0.001 

0.685 
0.135 
0 * 03G1 
0.226 

$ t  . 4 2 1  
0 161'17 
8.066 
0 .  11s 
0.051 
D .  a47 

$1.776 
0.777 
0 * OB8 
0,0063 
B .008 

$ 2 . 5 5 3  

0.00a 

----- 

I- --- 

----- 
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ETHANOL M ANUF A C  T URE 
GENERALIZED FERMENTNTION ECONOMICS 

EX S. CEREVIS lAE - NO GLYCERINE RECOVERY 

CRSH FLOW (MILLION DOLLARS/YEAR ) 

- - - - - - - I I I - - - - - - - ... . - - - - - - - ... .. ._ ._ - - - - - - - - - I 

___II___--_-._.-.. ~ ~ 

c3c e n a  r i i) : 
1 .  
7 '- . - 
5 .  

4. 
5. 
ti" 

YFAR 

1983 
1984 
1185 
1986 
198.1 
1988 
1989 
193a 
1911s 
199: 
1'393 
1994 
1 '3q5 
1996 
1337 
1 3 Y S  
19953 
76900 
200 1 
11002. 
2005 
;It704 
2@05 

_ _ _  

Investment s p l i t  e v e n l y  sver t h r e e  c o n s t r u ~ t  i o n  y e a r s .  
P l a n t  o p e r a t e s  a t  5B% of  f u l l  s c a l e  t t i e  f i r s t  y e a r .  

10Q)% " t h e  t h i r d  y e a r .  
1 O O x  " t h e r e a f t e r .  

75% 'I t h e  s e c o n d  y e a r .  

F i v e  year- d e p r e c i a t i o n  r a t e ;  ha l f -year  conuention; 
(20, 3 2 ,  19.2, 1 1 . 5 :  1 1 . 5 ,  5 . 8  7 : ) ;  t a x e 5 :  34% f e d ,  3% s t , a t e .  

INVESTMENT DEP. COST EX 0 SALES NET EARN ANN CASH 
WC ._.. -__I._.__-- P I  

-. - - .. 
$30.37 
$ 3 8 .  37 
$38.37 

$ 2 2 . 1 2  $ 1 8 . 2 2  $49.23 
$;i'Li. 16 $78.82 
$1'7.49 $87.13 
510.48 $87.13 
$10.48 ¶i8?.13 

$5 ~ 2 8  $87.13 
$87 I 1 3  
% s a ? .  1.3 
$87.13 
$87.13 
$87.13 
$8'7. 13 
$87.13 
$87.13 
$87.13 
$87.13 
$87.13 
$57.13 
$87,13 

($22.12 ) $87.13 

__-_I 

$69.02 
$163.53 
5138. e)4 
$138.04 
$131.04 
$138.04 
$138.04 
$138.04 
$138.04 
$1  31 . 8 4  
4.138.04 
(6138.04 
$138.04 
$138.04 
5138.04 
$138.04 
$158. e4 
$138.04 
$1 38.04 
$138.04 

- - - - _ - .- 

$ 0  I 99 
52 -114 
$21 .05 
$25" 4'7 
$25.47 
$ 2 1 . 7 4  
$3?.  07 
$32.07 
$32. 07 
$71 

J L  . Q7 
P; 7 ? <. .87 
~ d i .  07 
$32.0 '7  
$32 .0 -?  
$3: . 07 
$32.67 
$32 .07  
$32.07 
$32.07 
$3 i! . 0 '7 

ill 7 1 

15" E X  

( 530.37 ) 
( $30 ~ 3';' ) 

( $ 2 . 9 1 )  
$31 3'3 
538 * 55 
$ 3 S  I 9'; 
$35 .95  
$ 3 4 .  a3 
$32 " 67 
$32.07 
$3;: . 0.7 
$32 " 0'7 
$ 3 2 .  pi7 
$32.0-7 
$32.07 
$3  2 . 0 '7 
$ 3 2 . 0 7  

$32 1 @7 
532, Q7 
$32.07 
$32 . e7 
$54.>28 

( $ 3 0 . 3 7  j 
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ETHANOL.. MfiNUFACTURE 
GENERAL1 ZED FERMENTATION ECONOMICS 

EX S .  CERE:UISIAE - NC) G L Y C E R I N E  RECOVERY 

CASH FLOW (MILl . . I i !N UOLLARS/YEAR 
--I _ _ _ ^  

--__-__--_---------_------------ 
Scenario: 

1. Tr ives tp i en t  s p l i t  e v e n l y  over t h r e e  construction y e a r s .  
2 .  Plant o p e r a t e s  a t  5@% o f  ful.1 5 c a l e  t h e  f i r s t  year. 
3 =  75% 'I t h e  second year. 
4 .  1@0X 'I t h e  t h i r - . d  y e a r .  
5 .  100x " L herea f t el-. 
6. F i v e  year depreciation r a t e ;  ha1 f-year c o n v e n t i o n ;  

( 2 0 :  32, 19.2,  11.5: 1 1 . 5 ,  5 . 8  % ) ;  ta ; *es :  34% f e d ,  3% s t a t e .  

CIJM CPISH NPLJ @ 15% % I R R  
yr-I"Iv L - - I - - I - -  I---- 

1983 ( $38.3'7 ) 830 .  .37 ) _. - 
1994 ( $ 6 0 . 7 4 )  ( $ 5 6 . 7 8 )  I -- 
1955 ( $ 9 1 . 1 1 )  ($73.75!  -I 

1986 ( $ 9 4 . 0 3 )  ( 5 9 1 . 6 6 )  - 1 l 0 . 6 X  
1987 ( $ 6 2 . 6 3 )  ( $ 6 3 . 7 1 )  - 3 2 . 5 %  

-8 7") 1 988 ! $24.09 j ( $44.55 j L/ L /e 

-I--  

1989 $11.86 
1Y90 $47.91  
1991 $91.84 
1992 $113.41. 
1993 $145.99 
19'34 $1'78.@6 
1995 $210.15 
1996 $242.28 
199-/ $174.28  
1998 $ 3 0 6 . 3 5  
1999 $338.42 
2000 $376.49 
20u1 $4632.57 
2087, $334.64 
2083 $ 4 6 6 . 7 1  
2004 $498.78 
2005 $552.94  

($29.Gll i 3.0% 
( $15.49 ) 9 . 7 x  

( $ 4 * 3 7 )  13.7% 
$4.75  16.3% 

$12.613 18.1% 
$1 9 .57 19.4% 
$25.57 20.4X 
$ 3 0 . 7 8  2 1  . l X  
$35.31 21.6% 
$3Y.  25 zz. 1% 
$42.138 22.4x 
545.66 22 .6% 
$48 * 2 5  22.8% 
$ 5 0 .  S l  L S . @ X  

$ 5 2 . 4 7  23.1% 
$54 > 17 23 I 2 %  
$56.67 23.3% 

7 'i' 
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S C A L E  OF O P E H A T I O N  
355.9 MM PPY 

5 4 . 1  MM GPY 
395.4 MM PPY 
60.1 MM GPY 

361.4 MM P P Y  
401.6 MM PPY 
96.5 X 
2 . 1 6  l b / l b  

46.e-7 MOL W1 

90 70 

PRODUC r S T O r C W I O M E T H v  
M O L  U T .  
180.16 

32 .@0 
17.02 
44.05 

.OO 

.OO 

.OO 

.OO 
88.10 
46.07 

.OO 

.OO 

.0e 
i8.02 
60.05 
88.15 
92.03 

.OO 
90.09 

l l R . O F 3  
.OO 
.OO 
.OO 
.OO 

44.01 
2.02 

M 0 1- E: S / M 0 L P R 00 I IC T 
0.53181 / M O L  P R O D .  
0.v)00@0 / M O L  PNOD, 
0.0000@ /MOL P R O D .  
0.80150 / M O L  PROD. 

/MOIL P R O D .  
/ M O L  PR(l0. 
/ M O L  P R O D  
/MOL P R O D .  

0.00052 / M O L  P R O D .  
1.00000 /Mo l -  P R O D .  

/ M O L  P R O D .  
/ M O L  P R O D .  

-0,06791 / M O L  P R O D .  
@.008&0 /MOL PROU.  
0.B0261 / M O L  P R O D .  
0.02300 /MOL PROD. 

/ M O L  P R O G .  
0.00llB /MOL P R O D .  
0.0@05? /MOL- P R O D .  

/ M O L  P R O D .  
/ M O L  PROD. 
/ M O L  P R O D .  
/MOL FROD. 

1.08091 / M O L  PPOU. 
0.12377 / M O L  P R O D .  

/MOL P R O D .  

A N N U A L  P P G O U L  TIOPJ LLLJtL 

A N N U M  C A P A C I T Y  

OPERA1 INtS UTl l .  I T Y  

P R O D U C I  F O P M E U  I N  BEER A I  C R P A C I T Y  
MOLAR Y I E L D - G L U P .  10 PROD. 1N REFH ( E  
G L U C O S t  D E M A N G / P R O D  { t X C L .  S P I L L  ) 
P P O D U C T  MO1 FI,CILAR Wt I G H T  

P R O D ~ J C ~  t m M t t )  IN BEPR 

C 0 M P 0 NE bl T 
-GL IJCO SE CONSIJMED 
- O X Y G E N  CONSUMED 
- A M M O N I A  CGNSUMED 
-ACETAL.UEHYDE F U R M E U  ( #1 ) 
-COMPONENT #? F O R M E D  
-COMPONENT 83 F O P M E O  
-COMPONENT #4 F O R M E D  
-COMPONENT 8.5 F O R M E D  
- L I G H T  E N D S  F O R M E D  ( 8 6 )  
- E T H A N O L  F O R M E D  87 ) 

-COMPONENT 88 Fr)RMED 
- -COMPONENT # E 3  F O R M E D  
--COMPONENT # 10 F O R M E D  
-WATER F O R M E D  
- A C E T I C  A C I D  F O R M E D  ( 8 1 1 )  
- I S O A M Y L  AL.COHOL F O R M E D  ( # 1 2  ) 
- G L Y C E R I N E  FORMED (813)  
-COMPONENT 814 F O R M E @  
- L A C T I C  R C I D  F O R M E D  ! # 1 5 )  
- 5 U L C I N I C  A C I O  F O R M E U  ( 8 1 6  ) 

-COMPONENT #18 F O R M E D  
--COMPONENT #19 F O R M E D  
-COMPONENT #20 F O R M E D  
- C A R B O N  D I O X I D E  F O R M E D  
-HYDROGEN F O R M E D  

-COMPONENT 81'7 FCIRMED 
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ETHANOL MANUF ACT LJRE 
GENERflLI ZEO FERMENTFIT ION E C O N O M I C S  

EX S.  CERFUISIAE N0 GLYCERINE RECOVERY 
- - l l l l - - - - l l - - - . - - . - l - l - - - - - I  

BASIC D A T A  
L-_..-...-- 

NUTRIENTS I N  FEHPIENTER FEED 
8 %  

80.9 mg/g cells 
61.6 mgig c e l l s  
2’7.9 mg/g cells 
23.6 m g / ~  cells 
0.01 mg/g ~ 3 1 1 s  
1 .25  ng/g c e l l s  
0.89 mg/g c e l l s  
0.72 n g i y  cel l .5  
0.55 mg/g cells 
0.54 mg/g cells 
8 . 2 2  m g i g  cel1.5 
0.15 mQ/g c a l l s  
7.7 u a / g  cells 
5 . 4  u g / g  c e l l s  
4.3 uq:g cel1.s  

-N I N  CELLS A 3  XCHO 
--H3P04 
- K C  1 
-PI I N 0 R t?1 U T R I EN T S 

- MgS04.7H’lQ 
-V ITAMIN E 1  
--b! I 
-N1C12 
- F ~ l r  13. GH20 
--CaCl?. ?H?O 
--Hz:.E303 
-ZrtS1)4.7Hi’(l 
- MnSO4. H;iG 
-C~rS04 I 5HZO 
--NaMoO4. ZHZO 
-CoCl?.GH?O 

FER MENTA T I 0 N 
TYPE 
STAGES 
CULTURE MODE 
PROD I N H I B I T I O N  
CONDITIONS 

STAGE: GROWTH 
33 

4 . Q  
0 

FER M E N YE R S 

2 - 4 5 4  
0.80 

0 . Q 0  
0 . 0 6  

2 
5 

5 

_ _  

-- 
L 

PRODUCT ION 
35 C -TEMPERATURE 

4 . a  -PH 
78 g i l  * *  -PRODCIZT CijNCElVTRATION I N  BEER 

2 . 6 4 8  g / l  
Q.023 l/hr 

1 .so a / g * h r  
56 X 

8 . 9 4  g / g + h r  
1 .61  g/lshr 
e.00  q / l * h r  

0 mM/l*hr 
6 m M / m M  

5 c  
0 .1  Q / 1  

19 L,cal/gmal 
18 Rtu/hr*gal 

-CELL OENSITY ( C t i D  ONLY ) 
-DIL.UTIGN fiATE * ERR 
-PRODIJCT PRDDUCTIVI IY 

-Ma..: Specific, gig cells*hr 
-Inhibit i o n  F a c t o r , ,  X Ma:*, 
-Specific:! g/cj  cells*hr 
---Volumetric, g/L*hr * 

-CELL PRODUCTIVITY ( CHO ONLY ) 
- 0 X Y G E N IRAN 5 FER R E D 

- -GLUCOSE S F I L L  
-COOLING WATER TEMPERfiTVRE 
-HEAT EVOLVED-PRODUCT FORMfiT I O N  
-HEAT REMOVED BY COOLING C0IL.S 
* w / l Z  hrs b a t c h  mode turnaround 

-OXYGEN FED / OXYGEN S T o r c H .  amarm 

0 .5,783,131 gallons -AC.T I‘JE VOLUME REQUIRED 

0 5,236,167 gallons -GROSS VDl-UME < incl, 15% s p a r e s  ) 
0 568,000 gallons -GROSS S I Z E  

15 15 % gross -HEADSPACE 

0.0 10.5 units --NUMBER OF UNITS 
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1 0 - H p r - 8 9  

PROD!lCT SEFARAT I O N  
5ne g/1 --CELL C O N C .  iCHi3) EX F ILTER 

0.053 ga l imi r i*s f  -F ILTER THROUGHPUT 
2,7,1:20 5 q  f t  -FIL.TER SIZE 

PRODIJCT PECWlERY ?3 PURIFICATION 
98.5%( w t  ) %  -YIELO ACRUSS PEFININC; 

MA T'E R I A 1. S 0 F i: ONS TR U C  T I ON 
CHOICES SELECTIQN 

FERIYEPJ 1-EPS 1 , s  1 
S T I LL 5 1 ! 2 , 3 ? 4 , 5  1 
HEAT EXCHANOCRS 1.5:5:G 1 
STORHGE TANKS 1,3 1 

F O R  W t ~ T C i - f :  
I=CAF?BON 5 1'EEL 
Tr=CAHBON STEEL w / 3 0 4  SS TRAYS 

4=304L STAINLESS STEEL 

S=MONEL 

7-7 - d-ad4  S T A I N L E S S  STEEL.. 

r -  -2 ~ - 2 l G  S T A I N L E S S  STEEL 

T o  C a l z u l a t e  '.elling P r i c e  R e q u i r e d  t o  P r o v i d e  a F i ~ e d  Return: 
E n t e r  t h e  D e s i r e d  R e t u r n  on I n v e s t m e n t :  3@ x 
0 17 

T o  Calculate t h e  F!UI R e s u l t i n g  f r o m  a Fi;ed Mar-bet Price? 
E n t e r  t h e  M a r k e t  P r i c e  f o r :  1988 i l b .  

E r r t e r  a n  I n v e s t m e n t  Contingency t o  Represent 
t h e  R i s k  L e v e l  o f  t h e  8 ~ s i c  D a t a  36 X 
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ULTETHNG.WKS -1- 

ETHANOL MANUFACTURE 
GENERALIZED FERMENTATION ECONOMICS 

EX 5. CEREVISIAE - NO GLYCERINE RECOVERY 
SUMMARY - - - - - - - 

PRODUCTION LEVEL 
54 MM GPY 

- - I - - - - - - - - - - - .- - - 
INVESTMEN1 -5MILLIQN 

MPC = 1Y84 
______-____________-_l_l^_l__ 

Direct Permanent investment 
Allocated Power, Services & General 
Working Capital 

Total Investment 

C O S l - $ / G A L (  1Y88 

$ 3 5 . 3  
$ 2 2 . 1  
518.5 

$75.3 
I---- 

Raw Materials 
Utilities 
Labor-Re la t e d  
Capital-Related 

Cost  o f  Manufacture 
SE, U, R & O ,  Adm, & I.C. 

Cost  of S a l e s  
P r e t a x  Earnings Based on: 30% Pretax ROI 
By-product C r e d i t s  

Selling Price 

FINhNCIAL CRITERIA 
-..---------------- 

Net R O I  3 r d  Year <assumed)  l t 3 X  
Investors Hat,e o f  R e t u r n  ( 2 0  Operating Y e a r s )  2SX 

Year- t o  break Even - Annual C a s h  1989 
- Cumulative Cash l Y Y l  
-- CUN. O ~ S C .  Cash ( N P V )  1993 

Net Present Value $MM ( 2 0  y e a r s  Ca 15%) $ 3 2 . 8  
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C O N D I l I C i N S  
- - - - - - - - . 

S i t e d  in Iowa on  t h e  M i s s i s s i p p i  R i v e r  a d j a c e n t  t o  a x ? r n  wet m i l l  
arid a u t i l i t y  oower thouse for cjVet.-the-fenCe s u p p l y  o f  s y r u p  a n d  power.  

u N I 1~ s 
T H I S  
C A S &  

CAPRCI r y  Q 800e HRS MM GPY G0.v) 
l1IO-POINl OF CONSTRUCTI !JN Y t W F i  1954 
r O N S T R U C T I O N  C O S T  I N D k X  1380=100 118 
INVk‘5TMENT CONTINGENCY % I N S T A L L E D  * 30% 
I-LRMENTEK U N I T  I N V E S I  IYEN [ $ : G H . G d L . - G R O W T t - l  $0.00 

$10.94  $ / G R  .ljAL. -PROD ’ N 
~ 4 0 %  Recommended f o r  new p r o r e s s e s  

U I t i L C  I PERMANENT INUESTMENr  
- - - - - - - .. - - - - - ._ -. .. - - - - - - .. - - - ..- 

SCALE 
F A C ‘ill R 
. - - - - - - - 

FER ME N T  R T I I? N S E C 1 I O N  
Feceiving? Prep 8, S t e r i l i z a t i o n  0 . 6 0  
A i r  C ~ ~ m p r c s s i o r i  F, Aeration e . 6 6  
F e r m e n t a t  ion (a.83-1.00 
Product ;Cell S e p a r a t i o n  0 .75  

Fermen t  a t  1 on S u b - t  ot a 1 

E! I S T I LL Ar I ON 5 EC: T 1 ON 
B e e r  5 1 1 1 1  ttl 
Deer- 51.111 B 2  
L i j w - B o i  l e r s  S t  1 1  1 #I 
l . . o w - D o ~ l e r - s  S t l l l  #: 
Low-Bo1let -5  S t  1 1 1  $ 3  
High-Boilers Still & l  
H i g h - - G o i l e r . ,  S t i l l  $ 2  
A:eij t rope S t 1 1 1 
Rcnrrene Dehydr-.atcjr 
U e c an t e r 

0 i s t i 1 1 at, 1 o n  Sub t c) t a 1 

STORi;GE SECTION 
Stc j raqe  - Product ,  
S t o r a g e  - G v p r o d u c t  # 1  
5 to raa . -  - Byut-r jduct  #Ti 

s r i u s  
$1 .01  

0 .41  
0 . 2 5  
(0.30 
0 .00  
0 .00  
e . 0 6  
1 . 4 1  
ril.29 

t I X  ’ 5  
5 3  13 

r i . 7 6  
o . 1 /  
0.013 
0.00 
0.130 
@ . e ) @  

1 . 8 4  
8 .10  

- - ._ ._ .. - - 

$10.23 
0 . 0 0  
3 . 8 1  
3 . 2 6  

$ 1 8 ” 4 @  
.. .. .- - - - 

$ 4 . 1 4  
1 . 1 ,-? 
0 . 4 2  
0 .0e  
0.130 
0 . a 0  
0.00 
3 .25  
0 . 4 0  
o .03  

$ 9 . 4 1  
- _. - I I . . 

$7 .5 1 
$ 0 .  eo 
El?. 0 0  

$’?. 5 1  

$35 ~ 3: 

._. .. . . - - -. 

-_ - - - _  

$0 .1  i l  
0 .  0@0 
0.082 
0.1354 

$0 “507 
_ _  _ - _  

40.  0C3 
0.019 
0 .007 
0 .000 
0 eOe 
0 . ldQB 
0 .  e00 
e * 054 
0 007 
0 .001 

$0.15’7 

$e * 1.2s 
0.1300 
GI. 000 

90.125 

$0.589 
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ETHANOL MANUFACTURE 
GENERALIZED FERMENTATION ECONOMICS 

EX S.  CEREVISIAE - NO GLYCERINE RECOVERY 

INVESTMENT 
I________-___--___--__I_________________ 

I_______-_ 

ALLOCATED PERMANENT INVESTMENT 
________-__-I_-____-_I________ 

A P I  /UNI  T 
UNITS BASECASE T H I S  CASE UNITS $MM $/ANN. G A L  
---------I------ ---- 

ELECTRICITY KW $183 
STEAM FPH $45 
COOLING WATEH GPM $52 
PROCESS WPITER GPM $313 
WASTE DISPOSAL MGPY $ 3  
GEN’L B SERVICES 5MM 1 0 x  

TOTAL ALLOCATED PLANT 

. - - - - - - ._ - - - - - - - - - I ... - - 
$183 1 164 $0.21 

$45 363,573 1 6 . 3 6  
$52 24 ,005  1 . 2 5  

$313 638 0 .20  
$3  4 5 6 , 1 7 0  1 . 2 4  
10% $28.7 2.87 

$22.12  

- - - -. - - 

T O T A L  PERMANENT’ INVESTMENT $57.44 

RAW Mr?T’L INVENTORY 
SEMI-FINISHED FRODIJCT 
FINISHED PRODUCT 
CASH 
ACCOUNTS RCD .--TRADE 
ACCOUNTS RCD. -MISC. 
DEFERRED CHARGES 

DAYS D A Y S  
B A S I S  BriSECASE I-HIS CASE 

$RAW MATL 2 
$ ( R + M ) / 2  S 5 

$COM 3c9 30 
5 (  COS-D ) 6 6 

$SP 30 3 0  
XCOM 0.YX 0 .9% 
%COM I . 5 %  1 .5% 

-__-.---I ------- _----_ - 
7 

$MM 
. I - I - .- - 

sa .  31 
0 . 8 2  
5.65 
1.31 
8 . 7 6  
0 .62  
1 . 0 3  

TOTAL WORK I N 6  CAP I T A L  $18.510 

I---_-- - 
$@. 004 

0 . 3 7 3  
0,021 
0 .  QQ3 
0 .021  
Q .  048 

---1-- 

$Q .369 

$0. ’358 

$/ANN, GPiL 

$ 0 ”  005  
0.014 
0.63194 
Q .022 
0.146 
Q.O1O 
B.017 

$ 0 . 3 @ 8  

.----..--- 

.--I---- 

N o t a :  f? = raw materials; M ~r COM = c o s t  a f  manu fac tu re ,  
COS = c o s t  o f  sales, 5P = selling o r i c e ,  D = d e p r e c i a t i o n .  

T O T h L  INVESTMENT FOR RETUPN $ 7 5 . 3 4  $1.266 
-_-_-_ __--_-_-----c---- - ---- 
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E T H A N O L .  Mh NClF A C  T \.IRE 
GENERAL I ZED FERMENT A r I ON ECONOMICS 

EX S. CEREVISIAE - N O  GLYCERINE R E C O V E R Y  
-- . ._ _ _ - _ _ _ _ _ _ _ _ _ _  

I N F L. A T I 0 N 
P R I C E S  & C O S T  FACTDRS BASECASE FACTOR 
- - - - - - _. - - - - - - .. ... .. ... - - - - - - - _ _  - - - - - - - - - - - - - - - 

O p e r a t  i n g  Year 1985 1988 

Raw Mat e r  ia 1 s 
--I3 i o s u g a r  Syrup  $61.065 / I b .  d . s .  1 . 0 0  
--Anhyd. flmmonia $0.046 / l b .  1 . 0 0  
- P h o s p h o r i c  A c i d  $0 .155  / l b .  1 . O O  
- P o t  a s s  i u m  C h l o r  i de 5 0 . 0 5 3  / l b .  1 . 0 0  
-Minor N u t r i e n t s  $0.451 / l b .  1 .a0 

i J t  11 i t i e s  
- F l e c  t r i c i  t y $0 .040  /VWH 1 .El0 
-Steam 82.20 / M  l b .  1 . e0  

C o o l i n g  Water $0.104 / M  Gal. 1 .B0 
-Proc,es s Wclt c r  $ 0 . 5 0  / M  qal  . 1 .e0 
- B 1 ode  CJ r a d rf t 1 on $0.04 / l b .  1d.s. 1 . 0 0  
-I a n d f  11 1 $@,9)5; / l b .  d . s .  1.036 

L a b o r - R e l a t e d  
- - D i t - .  O p .  Wages & 6 e n .  $26 .40  /man--hr.. 1 . 0 0  
- D i r - .  S a l a r i e s  K Beriefi 18 4 DOWSB 
-00. S u p p l i e s  B '5ervice 6 s i  III)WKB - -  
-GPOH on  Operal.  i ~ n ~  23 X DOWS&B .- _. 
- C o n t r o l  Lab  $ 1 9 . Z 2 / m a. n -I h r . 1 . 0 0  
-Tech .  A s s i s t .  t o  M f q .  $22.@6 / m a n - h r .  1.036 

- -. 

C a D l t d l - K e l a t e d  
- P l a i n t .  Wages & Ben.  
-Maint. S a l a r i e s  & B e n .  
- M f i i n ? I L .  Mclt'l 5, S e r v i c e  
-P la in t .  OverheFid 
-GPOH on Main tenance  
-Ta,25.5 & Insurance 
- 0 e p r e c i a t i o n  - DP1 
- D e p r c c i a t  1on - fiPS&r; 

Co5t o f  Manufac tu re  
- S e l l  i n g  Er:pense 3 7; sa l e s  _ _  
--0 i s t t- i b u t 1 on $8.01 / l b .  .. - 
- R e s e a r c h  5, Development 4 . 5  X Sales -- 
- - A d m i n i s t r a t i v e  E: . -pense 2 "i, S a l e s  .. - 

-1ncerit i v e  Comuensat i o n  6 x p -1Ie - _  

Cost  of  S a l e s  
- .. - P r  e t a ,a; E a r n  i nq s 30 :/. TIFF! 

-Credit: B y p r o d u c t  k'i $0.00  / l h .  1 . o e  
- - C r e d i t :  Brp roduc t  #2  $36.130 / l b .  l . @ O  
- - -Cr-e i l i t :  B y p r o d u c t  # 3  $O.BQ / l h .  1 . O O  
- P r o d u c t  S e l l i n g  P r i c e  $B.B0 / l b .  1 .010 
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SHJS CASE 

1988 

$ @ - 0 b S  / l b .  d.s. 
$0.046 / l b .  
RQ.155 / l b .  
$ 0 . 0 5 3  / I b .  
$ 0 . 4 5 1  / l b .  

$@.04B / K M H  
$?.2@ / M  l b .  
$6.04  i l l  g a l .  
$6.5@ / M  g a l .  
$10.04 / l b .  d . 5 .  
$0 .05  / l b .  d . 5 .  

$ 2 6 . 4 0  / m a n - - h r - .  
18 X DOW&B 

6 X L)OW&B 
2 3  X DOWS&B 

$1 9.22 /man-hr  . 
$Z;1.8F, /man--hr . 

1 . 7  2 Di'I 
25 X MW&2 
40 ?? MW&E 

4 7; tW&B 
2 3  % MWS&B 

0 . 3  % DPI 
Y X DPI  
F, 7; A P S S G  

I: x 5alF.s 

4.51 X S a l e s  
:f :< S a l e s  
6 X PTE 

S(D.01 / l b .  

30  :< [TI R 
$ 0 . 0 @  j i b .  
$0.100 / l b .  
f;GI.00 / I t .  
410.00 l i b .  



ULTET’HNG I WKS 0 9-Apr -8 9 

DIRECT OPERATORS 
-- -I---I--.-.---__ 

SYR!JP RECEIVING S TRFINSFER 
CHEMICALS RECEIVING & TRANSFER 
INNOCUL CJM F’REPARATION 
MER IUM PREPAfiAT ION 
S T E R I L I Z A T I O N  
FERMENTf’iTION 

-CONTROL RO@M 
-PATROL 
- A I R  COMPRESSION ?k fiMMONIA FEED 

D I S T I L L A T I O N  
BEEF; F I L T E R  & CELL RECYCLE 

TOTAL CIAY & 4 .  :-SHIFT OPERATORS 
T O T A L  OPERATORS 

C O N T R 0 L LA E OR A T 0 R Y 
- - - - - - ._ I I I - - - - - - - - 

UIOLOGICAL ANALYSIS 
CHEMICAL ANflLYS I S 
OTHER 

TOTAL DAY 6, 4 .2 -SHIFT  TECHNICIANS 
TOTAL L a B  FORCE INCL SUPERVISION Q 

TQTf3L LAB FORCE 

WFIGES: SALARIES & BEINEFITS SCHEUULE- 1988 

OPERPlTING WAGES - $/HOUR 
TECHNICIANS - ANNUAL $ 
PROCESS ENGINEERS - ANNUAL $ 

PENSION - AS % OF COMPENSATION 
FICA 
UNEMPLOYMENT COMPENSATION 
GROlJP L I F E  INSURANCE 
MEDICAL INSURANCE 
DENTAL INSURANCE 
SAVINGS PLAN 
UACAT ION 
ILLNESS 
ABSENCE WITH PERMISSION 

250 MM FPY 

SHIFT  SHIFTS 
DPIY ROTATI NG 

I---- -I___ 

- 1 
3 
1 

- 
- 
1 
1 

- 
- 

$ 2 0 . 1 4  
$30, S 0 0  
135 OOB 

8.1% 
5 . 8 %  
0 .6% 
0 . 7 %  
3 . G %  
0 . 8 %  
2 . 5 %  
7 . 4 %  
1 .4% 
0.2% 

31.1% 

---_- 
TOTAL BENEFITS 
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DIRECT DPFRATORS 
_I -._- --- 

SYRUP R t C t I V I N G  & TRANSFER 
CHEMlCALS PECEIVING & TPANSFER 
INNOCULlJM PREPARPITION 
MEDIUM PREPARATION 
S T E R I L I L A T I O N  
FERMtNTATION 

-CONTROL ROOM 
-PATROL 
- A I D  COMPRESSION & AMMONIA FEkD 

D I S T I L L A T I O N  
BEER FII TER & CELL RECYCLt 

TOTAL DAY & 4 .  ;I--S!iIFT OPERATORS 
TOTAL OPERATOR5 

5 .- 
,I 

24 

CONTROL LABORATORY 
- - - - - - - - - - I - - - - - - - 

- B I C J L O G I C A L  ANALY S I 5  1 
1 CHEMICAL ANALYSIS - 

OTHER 
- --_-- _---- 

T D l A L  D A Y  & 4.2-SHlFT FECHNICIANS 0 8 
IOTAL LAB FORCE INCL SUPERVISION @ 20% 0 .a  1 0 . 1  

T O T A L  LAB FORCE 10.1 

WAGES: 5 A L A R I E S  il BENEFlTS SCHEDUI-E- 1 9 8 8  
--- _ - _ - _ _ _ I  --I--------- -- --- --- 

OPERATJNG WAGES - $/HOUR 
TECHNICIANS - ANNUAL 5 
FROCtSS ENGINEERS - ANNUhL $ 

PFNSION - AS X OF COMPENSATION 
FICPI 
UNEMPLOLMENT COMPENSA [ ION 
G f i O U P  LIFE INSURANCE 
MEDlCAL INSURPlNCE 
DENTAL INSURANCE 

VACATION 
ILLNESS 
ABSENCE WITH PERMISSION 

~ A ~ ~ N G s  PLAN 

1 

TOTAL BENEFITS 
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1988 COST SHEET 
-_-__------------I-__. 

Raw Materials 
-8iosu~ar Syrup 
-Rnhyd. Ammonia 
--Phosphor iz Ac J. d 
-Pot ass i i i m  ChIoridP 
-Minor Nutrients 

Total Raw Materials 
Utilities 

-Elect r ic it y 
-Steam 
-Coo 1 i ng !Ja t e r  
-Prncess Water 
--E i odeyracfa t i o n  
-Landf i 11 

Labor-Related 
Total Utilities 

-Dir. Op. Wages R Ben. 
--air. S a l a r i e s  & Ben. 
- 0 p .  Supplies & Service 
-GFOt.1 on Operat loris 
-Control Lab 
-Tech. A~si5t. to Mfo. 

l o t a l  Labor 
Capital-Related 

-Maint. Wages & Ben. 
.-Maii-,t. Salaries & B e n .  
--Majnt. Mat'l & Service 
-Mai.nt. Overhead 
--GPOIi on Maintenance 
- T a ~ c 5  & Insurance 
-Depreciaticn - PPI 
-Depreciation .- APS&G 

Total Capital 

Go s t o f Manu f ai t u r  e 
-Se l l  ing Expense 
- - D i  s t ribut i o n  
-ResearLh 11 Development 
-Administrative Expense 
- 1 n c e n t  i v e  Campensat i o n  

Cast a f  Sales 
-Pretax Earnings 
-Credit: Byproduct 
-Credit: Byproduct 
-Credit: Byproduct 

Total Sales 

#1 
# 2  
# 3  

MILL I ON 
R A T E  / U N I T  U N I 1-S $ M I L L I 0 N 

$0.065 / L b .  d .5 .  
$0.846 /lb. 
$0.155 /lb. 
$0.053 / l b .  
$8,451 /lb. 

$ 0 .  04a /I!sJH 
5 2 . 2 8  /M lb. 
$0.84 / M  gal. 
$0.Sc3 / M  gal. 
$0.04 /lb. d . s .  
SCl.635 /lb. d . 5 .  

$ Z G  .40 /man-hr  . 
18 "i, Oi)W&B 
6 % DUW&B 

23 '7; @OWS&@ 
$19.22  ./man-hr. 
$22.0G /man-hr 

1.7 % D P I  
25 X MW&B 
40 s! MW&B 

4 X MW&B 
2 3  % MW5&B 

0 . 3  X DPI 
8 X DPI 
6 7; HFSBG 

3 X Sales 

E; % Sales 
2 % Sa les  
6 X PIE 

$@.a1 /lb. 

3 0 . 0  X T I F R  
$0 .00  / l b .  
$0.00 / l b .  
$Q.00 / l b .  

'779. 34 
1.3: 
1.10 
0.84 
0.38 

8 .30  
2 . 5 9 1 5  

1 0 , 2 7  
0.27  
4.8@ 
0.0@ 

0.124 

8 " @ 2 8  
0 802 

$35 * .3 

$ ,) -:' 5 . 3 - 
$35.3 
$ 2 2 . 1  

$106.6 
355 .2  

4;lQE;.  6 
$186 e 6 

$ 2 2 . 8  

$75.9 
0 .0  
0.0 
0.0 

5 0 .  Fjki 
8.86 
0.17 
0.  84. 
la. 1'7 

$51. li? 

e .34  
5 .70  
0 .41  
0.14 
El. 19 
0 . 0 8  

% G I  7 8  

3 .29  
0 .58  
0.2Q 
Q.BL3 
0.39 
8.184 

$5 I 40 

0 . 6 0  
0.15 
0.24 
6 . 8 2  
El. 17 
0 . 1 1  
2 - 8 3  
1.33 

85.45 

$ L e .  73 
3 . 2 0  
3.55 
4.138 
2 . 1 3  
1 .37 

$83.77 
22.79  

@.Be  
0 . 0 0  
0 .80  

f6lQ6.56 

I - ... .- I 

----- 

- - _ _ _  

$ / g a l  
- - - I - - - - 

Q. 939 
@ . e e l  
0.0033 
0 .  e01 
0.083 
$8. 9 4 7  

0 .Be& 
0.186 
Q . 088 
a .  805 
8 .  (D84 
0.00@ 

Od1.126 

0 . 0 6 1  
0.611 
0.ev13 
0.617 
8 .  007 
0.0@1 

$0.10@ 

0 .011  
3.6103 
0.804 

.000 
8.003 
0 .0e2 
Q .052 
0 . Q 2 5  
0 .1#1  

$1.2'73 
0.059 
0.  e66 
e .  889 
8 .039 
0.025 

$1.552 
0.422 
0 .  On0 
0. eo0 
0.0BG3 

$1.974 

----- 

----- 
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- 1- 

1 .  
7 
i. 

7 a. 
4. 
5. 
6. 

YEAR 

1984 
1583 
1355 
1986 
1YEiC/  
199E 
1989 
1996 
1991 
1992 
1993 
1994 
1335 
19'36 
1997 
199e 
1399 
20ue 
200 1 
z0e2 
20@3 
20114 
2005 

l i lves tmef l t .  sGl i t  evenly o\;er t h r e e  c o n s t r u c t i o n  y e a r s .  
P l a n t  o p e r a t e s  at ,  58% o f  flu11 scale the  f i r s t  yca r - .  

1 Q0X " t h e  t h i r d  y e a r .  
1 @0% t h e r e a f t e r  . 

75% t h e  s e c o n d  y e a r .  

F i v e  y e a r  d e p r - e c i a t  L o r i  rater ha l f . -yea t - .  c o n v e n t  i o n :  
(26: 32, 19.2: 11.5, ll*S? 5.8 % ) ;  t.a . . - :25 :  j 4 Z  f e d ,  3% s - t a t e  

- 

INVESTMENT 
I' I w c 

_ _ - -  - _ _ -  
El. 1 . ,17 
$1 1.77 
511.77 

$18.50 

_ .  
IIEP. C O S T  EX G SHLES NET ERRN ANN CASH 

is44 194 
$65.  SI 
8'79. 

$?3.52 
$79.62 
$79.62 
5'7 9 , 6 2 
:§79.62 
$'?!I. 62 
$79.62 
$7'3.62 
$79.62 
$79.62 
$79.62 
$79.62 
$73.62 
$79" 62 
$79.62 
$79.62 
$ ' 7 ' 3 . 6 2  

$53.28 
$79.9'1 
$166.56 
$1116.56 
$106.56 
$106.56 
$106.56 
$106.56 
$106.56 

.56  
Bl0E;  .56; 
$106.56 
$ 1 @ 6 . 5 6  
$106.56 
$106.56  
$1136 - 5 6  
$106.56  
slB6.56 
$106.56  
$106 .56  

$13.81 
$? m e 2  

$ 1 2 . 7 1  
$14.42  
$14.42 
$15 .69  
$16 * 98 
$16.98 
816.98 
$ 1 6 .  (38 
$ l G .  98 
T i l G .  98 
$ 1 6 . 9 8  
$16 .  Y8 
$16.98  
$ 1 G .  38 
$IG, 98 
$16.98 
$16.98 
$16 rn 98 

$1 1 . '77 
( $ 1 1 . 7 7  
($11 .77  
i $10.63  ) 
$13.32  
$ 1 9 . 4 9  
$18 .48  
$18 .48  
8 1 7 . 7 4  
$16.98 
$16.98 
$16.98 
$16.313 
SlG. 9,o 
$16 .  YD 
$16.98 
$16.98 
416 98 
$16.98 
Slb.91 
$16,98 
$16.98 
835.47  
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UL'TETHNG WKS - 2  - 09-Apr -89 

E TH AN0 L MA NU F A C 1-U FIE 
GENERRLIZED FERMENTATION ECONOMICS 

EX S .  CEREUISIAE - NO GLYCERINE RECOVERY 

CASH FLOW (MILLION OOLLAHSIYEAR ) 

S c e n a r i o :  
1. I n v e s t m e n t  s p l i t  e v e n l y  o v e r  t h r e e  c o n s t r u c t i o n  years .  
2 ,  P l a n t  o p e r a t e s  a t  50% o f  f u l l  scale t h e  F i r s t  y e a r .  
3 .  75x 'I t h e  s e c o n d  y e a r .  
4 .  100% " t h e  t h i r d  y e a r .  
5 ,  100% " t h e r e a  f t si-. 
6 .  Five y e a r  d e p r e c i a t i o n  r a t e ;  ha l f - yea r -  car ivent  i o n ;  

( 2 0 ,  3 2 :  1 9 , 2 ,  11.5: 11.5: 5 . 8  % ) ;  ta.r.es: 34% f ed ,  3% s t a t e .  

CIJM CASH NPV Ca 15% %IR.R 
YEAR _ _ _ _ _ _ _ _ _  __I______ ----- 

1983 ( $ 1 1 . 7 7 )  ( $ 1 1 . 7 7 )  
1984 ( $ 2 3 . 5 4 )  ( $ 2 2 . 0 1 )  - -_ 
1985 ($35.32) ( $ 3 0 . 9 1 )  - ... 
1986 ( $ 4 5 . 9 4 )  ! $ 3 7 . 9 @ )  -194.9% 
1987 ( $ 3 2 . 6 2 )  ! $ 3 0 . 2 8 )  -43.0% 
1988 ( $ 1 3 - 1 3 )  i%2@.53) -18 .4% 
1989 $5.35 
1990 $23.83 
1'391 $41.56 
1992 $58.54 
1993 $75.52 
193.1 $92.49 
1995 $109.47 
19'36 $126.45 
1997 $143.43 
1941  $168.48 
1YY9 $177.38 
,28063 $194.36 
21301 $211.33 
20a: $228.31 
2003 9245.29 
2004 $262.27 
2005 5297.74  

i$lZ.GB) 3.1% 
( $ 5 . 6 6 )  10 .6% 
$0.14 15.1% 
$4.97  17.9% 
$9.16  19.3% 

$15.99 '22.3% 
$18.75 23.07; 
$21 .15  L 2 "  GY: 
$23.23 2 4 . 0 %  
$25.  05 24.3% 
$26. 62 24 .5x  
$28. Q @  2 4 . 7 x 
$29.19 2 3 1 3 x 
$30 .23  25 * 0% 
$31.13 25.17; 
$32.77 2 5  ' 2x 

$12.81  2 1 . 3 %  

3 7 

131 



ULTETHNG. WKS -1- 09-Apr -89  

E l  HAND1 MANUFfW lURE 
GFNERALIZED FERMtNTATION ECONOMICS 

EX S .  C E R E V I S I f i k  - NO GLYCFRINE RLCUUFRY 
- - - - - - - - - - - I - - - - - I - - - - - - - - - - - - - - - - - - 

B A S I C  DATA 
_ - _ _ _ _ _ _ _ -  

SCI ILE 01- OPERhTION 
255.2 MM PPY r'lPdNUAL PPOUIKT ION L E V F L  

394 .6  MM PPY RNNUAL CAI 'AC I T  Y 
5 4 . 0  MM bF .Y  

i~c.l.0 MM GP'I 
'3rd % OPERA1 ING U T i L I T Y  

361 .4  MM PPY PRODUCT F!XMLD IN BkLtc 
401 . 5  M M  PF-", PRODUCT FORMED I N  BEER R 1  CAPACITY 

2 . 1 5  l b / l b  GLUCQSE DEMAND/PPOD ( EXCL. S P I L L  ) 
9 6 . 5  x M O L A R  Y i k L D - G L u r .  ro PROD.  IN BEER ( E  

46 .@'?  MOL W T  PRi lD l lCT MOLFCUL PlR WF 1 G H T  
PRGDLICl 5 l r J I L H I U M E T t i Y  

M O L .  W T .  
1 8 0 . 1 6  

3 2 .  id@ 
1 '? . 12, 2 
4 4 . 0 5  

.00 

. oa 

. ea 

. 60 
G8.10 
46 .@7 

. (Do 

. (D8 

. c?o 
1 8 . 0 2  
G c n .  05 
89.15 
92 .01! 

0u 
9 8 . 0 3  

118 .U9  
. O @  
.OB 
.or! 
.01? 

44.@l 
2 .B2  
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ULTETHNG.WKS 0 9 - A p r - 8 9  

ETHANOL MANUFACTURE 

EX S.  CEHEUISLAE - NO GLYCERINE R E C O V E R Y  
GENERAL I Z E5  FERMENT AT I ON ECONGI”l I CS 

NUTRIENTS I N  FERMENTER FEED 

FERMENTAT ION 
TYPE 

CULTllRE MOUE 
PROD I N H I B I T I O N  
CONDITIONS 

SThGE : 6EOWTH 

s raws 

33 
4.0 

0 

3 * 239 
0.BO 

F E H ME N TE R S 
8 

15 
0 
P) 

0 .0  

BASIC DATA 

8 7; 
8G1.9 mg/g cells 
61.6  mg/g czlls 
2 7 . 9  mq/g cells 
23.6 mg/g cells 
0.01 mg/q cells 
1 . 2 5  mg/g cells 
0.89 rso/g cells 
0.72 mg/g cells 
0.55 m g / @  cells 
0.54 mq/g cells 

0.15 my/g cells 
0 . 2 2  M Q / Q  CPllS 

7.7 ug/g cells 
5.4 ug/q cell:, 
4 .3  u g / g  cells 

-N IN CELLS AS XCHO 
-H3P04 
- K C  1 
-MINOR NUTRIkNTS 

-MgS04.7H:G 
-V ITAMIN €31 
-c: I 
- N l C l Z  
-FeC13.6W?O 
-CaC1:.2H2O 
-H3803 
-ZnS04 .‘7H:10 
-MnSO4.HZO 
-CuSUd. 5H:!0 
-I\laMoO4. ZHZO 
--CoClZ.GH:O 

0 ( 0  OR 1 )  -ANAEROBIC (0) OR AEROBIC ( 1 
0 ( 0  OR 1 )  -CONCUH’NT (0) c7P SEQUENT’PIL ( 1  ) 
l ( 0  O R  1 )  -BATCH ( 0 )  O R  CONTINUOUS ( 1 ) 
0 ( 8  OR 1 )  -WITH ( 0 )  OR WITHOUT ( 1 )  

PRODUCTION 
33 C - T EMPERPITIJR E 

90 Q/l * *  -PRODUCT CONCENTRATIQN I N  BEER 
4.0 -- p 1-1 

1.50 g/g+hr 

0.38 y / Q * h r  
18.75 g/l+hr 
Q.0a) a/l*hr 

25 % 

0 m M / l + h r  
a mPl/mM 

0 . 1  y/l 
5 c  
19 k cai/gmol 

114 B t u / h r + g a l  

-CELL DENSITY ( C H O  ONLY ) 
-K!IL.IITION RATE: * ERR 
-PRODUCT PRODUCTIVITY 

-Max Specific, o / g  c e l l s * h r  
.-Inhibition Factor, % Ma;-: 
-Specific, y / ~  cells*hr 
-Valumetric, g/l*hr * 

-CELL FRODUCTIVE’TY (CHO 0NL.Y ) 
-OXYGEN TRANSFERRED 
-OXYGEN FED / O X Y G E ~ ~  STOICH. DEMAND 
--GLUCOSE S P I L L  
-COOLING WATER TEMPERATURE 
-HEH r EVOLVED-PRODUCT FORMATION 

* w / l Z  hr6 b a t c h  mode turnaround 
-tiEfi’r REMOVED BY COCJLING COILS 

324,063 ~ a l l o n s  -RC‘I I U E  UGLUME REQUIRED 

448,531 gallons --GROSS VOLlJME ( incl. 15% spares  ) 
5 0 0 :  @@P) qa l  lons -GROSS SIZE 

15 % g r o s s  -HEHIISPACE 

0.9 units -NUMBEF! OF UNITS 
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ULTE'I HNG. WKS 0 9 - A p r - 2 9  

ETHANOL PIANIJFAC TURE 
GEIUERALI LFD FERMENTATION ECONOMICS 

EX 5 .  CEREVISIAE - NO G L Y C E R I N E  RECnClERY 

PROPIJCT SEPARAT ION 
500 g/l -CELL CON!:. < C H O  ) E X  F ILTER 

6.053 g d l / m i r i * s f  -FlL.TER THROUGHPUT 
1 9 , 9 9 4  sa t't -F ILTER S I Z E  

PRODUCT RECOVERY & PCIRIFICAT I O N  
92.3Xk w t  ) %  --YIEI.[l A C R O S S  AEFIN INB 

MAIERIHLS OF' CONSTRUCTION 
ct io I C E S  '5ELEC.T ION 

F E ti M E. N T E P S 1 : 3  1 
ST Il..I.S 1 , 2 , 3 , 4 , 5  1 
HE I? T E X C ti A N G E R S 1 ,3,s:Fi 1 
STORAbk [ANk 5 1 "  V - J  1 

F-OR WHICI-I:  
l=CARBGN S.fEEL 
7-CARBON STEEL ~ 1 3 0 4  SS 1-RAYS 
31.304 STdINLESS STEEL 
4=304L. STAINLESS STEEL 
5-3 16 STAINLESS STEEL 
6 = M 0 NE ?. 

RET'UHN ON INVESTMENT 

To C a l c u l a t e  S e l l i n g  Price t ' i e q u i r e d  ti7 P r o v i d e  a Fzi.a;ed R e t u r n ,  
E n t e r  t h e  C!ezirec! R e t u r n  or1 I n v e s t m e n t  : 50 x 
0 R 

To Ca.lc1ulat.e t h e  f?OI R e s u l t i n y  from a F i ; d e d  Marl e t  P r i c e ,  
E n t e r  t h e  M a r k e t  Pricc f o r :  1988 i l b .  

E n t e r .  an I n v e s t v i e r i t  C a n t  i n c j e n c y  t a  R e p r e s e n t  
t he  R i s i  L e v e l  c f  t h e  B a s i c  n a t a  30 x 
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ULTETHNG. WKS -1- 09-Apr-89 

D I S T I L L A T I O N  DPlTA M A T R I X  
LOWER B O I L  ------- 

DEFAIJLT IMPURITY IMPUP I T Y  PRODUCT 
ITEM C 0 M P O N  EN T LJ (1 LUE #1 #2 #3  

_ _ - -  --- __--I_- __I.____ 

1 NAME 
2 PRIo r? I - rY  AS REFINE.D PRQouc-r LIST 1-4 
3 
4 NORMAL B O I L I N G  PT,  C 
5 LOSS/COLUMN? WT % 0.50 
6 LEVEL A S  lMPURITY, UT% 0.20 
7 VAP PRESS TEMP, C 900 
8 VAPOR PRESS, mm Hg 80Q008 
9 HT URPORIZATTON, B t u / l t i  215.e 

10 SENSIBLE H I  ( L I Q  ) ?  Bt. lJ/( l b  ) 0.50 
11 M A X  THERMAL S T A B I L I T Y !  C 1 s0 
1.2 LN(ACTIU I .TY  COEFFICIENTS ) 
13 -COMP. #l i n :  * . ,, , , A , . .w. , . x 0.190 
14 -COMP. # Z  i n :  * 0.100 X X X X  

15 -COMP. # 3  in: * 0 . 1 m  0.100 
16; -COMP. 84 i n :  * 8.100 0.160 
17 -cow. $5 i n :  * 0.10e 0.10e 
1s -C:OMP. #6 i n :  * 0.100 0.1863 
1 9  -COMP. #7 i n :  * iD.100 0.108 
201 -COMP, #8 i n :  * 8.200 0.l00 
21 -C@MF. #9 in: * 0 * L @ @  0.100 
22 -COPIF. g10 i n :  * 0.180 0.100 
2 3  - IA A T E H in: * 0 Y 600 0 1 600 
24 -COMP. tfll i n :  * B.1@0 o.l@0 
25 -COMP. #lZ ~ n :  * Q. 100 8.100 
26 -COMP.  fils i n :  * e.100 0.1Q0 
2 -[ -COMP. # 1 4  i n :  * 0.100 0" 100 
28 -.COMP. $15 i n :  * 0.100 @.1e0 

-COMP. #16 i n :  0.1ekl 0 *  100 29 
30 -C@MF. #17 i n :  * 0. 196 0. 100 
31 -COMP. #18 i n :  * a .  10e B I lB0 
3 ;? -COMP. #19 i n :  * 0.1ae 0.1flo 
33 -COMP. # Z B  i n :  * D.100 B.lG?Q 

* 

ld. 100 
0.10B 

0.100 
0.100 
Q. 100 
0.100 
0.100 
0.100 
0.100 
0.600 
0 .  lam 
Q. 160 
0.1063 
0.100 
u .  10Q 
0.1690 
0.100 
0.100 
0.10B 
(a. 100 

i. ?; >: ? 

* T h s  f o l l o i d i n g  v a l u e 5  c a n  b e  u s e d  i n  l i e u  o f  a c t u a l  
a c t 1 v i t y c oe f f i c 1 e n  f, 5 ; bin w eve r , t h e  iunc e r  t a 1 n t y o f 
t h e  c a l c u l a t i o n  1 5  r a i s e d  s i g n i f i c a n t l y :  

alcohol/alcohol; l e t o n e / k e t n n e ;  a l d e h y d e / a l d a h y d e  = 0.1 
a l d e h y d e / k e t o n e  = 0 . 3  
o t h e r  o r g a n i c / o t h e r  o r g a n i c  = 0 . 5  
alcohol/water = 0.6  
o t h 9 r  o r g a n i c / w a t e r  = 1 . 0  

34 E (  n ) VAPOR PRESSURE CONST. -2476.10 -24'76.10 -24'76.10 
3 5  A ( n f  VAPOR PPE5SC)HE CONST. 15.703 15.7133 15.703 
36 VAPOR PRESSURE (94.0 C 2422 .2  2 4 2 2 . 2  2422 .2  
37 VAPOk PRESSURE el20 C 12121.9 12121.9 12121.9 
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IJLTE THNG. WKS 43 9 -R!I  r - 8 9 

D I S T I L L A T I O N  D A T A  MATRIX 

UEFAUL 1 
ITEM COMPONENT VALUE 

- - - .. I ... - 
I NhME 
2 P K I O R I l - Y  i+S REFlNEU PRODUCI" L . I S T  

4 NORMAL BOIL ING P T ,  C 
5 L.OSS/COLUMN, U T  X 0.5a  
fi LEVEL AS IMPI IR lTY,  W 1 ' %  0.20 
7 VAF PRESS I'EMP, C 960 
8 VAPOR PRESS, m m  Ha 8iD0600 
9 HT VAPORIZATION, Htu/lb 215 .0  

10 SENSIBLE HT ( I - 1 0 ) :  Btu./! lb ) 6.50 
11 MAX THERMAL S T A B I L I T Y ,  C 1569 
1 2  LN! ACTIV ITY COEFFICIENTS 1 
1 3  -CUMP. # 1  i n :  * 
14  -COMP. # Z  in: * 
15 -COMP. # 3  i n :  * 
16 -CGMP. &4 in: * 

18 - C O W .  #6 in: ?+ 

1'3 -COMP. %7 in: * 
20 -COMP. #8  in: * 
21 -COMP. #9 in: * 
I- 7 3  '. -CUMP. #18 in: * 
2 3  -WATER i n :  * 
2 4  -COMP. #11 in: * 
25 -COMP. #1? in: * 
26 -COMP. 813 in: * 
2 7  -COMP. #14 in: * 
28 -COMP. 815 in: * 
29 -COMP. # l 6  in: * 
30 -COMP. 81'7 in: * 
31 -COMP. #18 in: * 
32 -COMP.  # I 9  in: * 
33 - C O W .  #:0 in: Y 

-. 
3 

1 7 -COMP. # S  i n :  I. 

2 0 . 2  5 7 . 8  

0.00 . O O  
-1cD.B - 0 . S  
200.  0 EiD.0 
2 4 4 . 8  1 7 6 . 4  

0 .50  6 . A 7  

E The following values can be u s e d  in lieu o f  actual 
activity coefficients; h91rlever. the uncertainty o f  
the calculation 1s raised significantly. 

alcohol/alcohol; letane/ketone, aldehyde/aldehyde = 0.1 
aldehyde/letone = 0.3 
s t h e r  organic/other organic = 0.5 
alcohol/water = 0.6 
other organic/water = 1.0 

34 B ! n )  VAPOR PRESSURE CONST. -2476.10 - 3 4 0 8 . 7 4  - 5 9 2 5 . 7 4  
35 R ( n )  VAPQR PRESSURE CONST. 15.783 18.259 18.501 
3 E  Vf lPOR PRESSUPE (340 C 2 4 2 2 . 2  1585.7 3 8 7 . 0  
37 VAPOR PRESSURE E3120 C 1211'1.9 14554.7 4 9 7 2 . 0  
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UL'TETHNG . WKS 

D I S T I L L A T I U N  D A l A  M f i T F i I X  
LOW BO I L 

DEFAULT PRODUCT 
---_-_- 

ITEM COMPONENT !!A LU E #7 
-1----- 

1 NAME E'T t i  AN 0 L 
Z PRIORITY AS REFINED PRODtJCT L I S T  1 
3 
4 NORMAL BOIL ING PT, C 78.4 
5 LOSS/COLUMN, WT X 0.50  
6 LEVEL AS IMPURITY, WTX 0 . 2 0  
7 VAF PRESS TEMP, C 906 18.0 
8 UAPnR PRESS, nn tig 000#00 40, - 0  
9 HT VAPORIZKr-ION, B t u / l b  215.8 367.2  

li? SENSIBLE H'I ( L I P ) ,  f 3 t u / (  l b  0.50 0 . 6 8  
11 M A X  THERMAL S T A B I L . T l Y  C 151? 
1 2  LN(ACTIU1TY COEFFICIENTS)  
13 -COMP. # l  in: * 0.1aia 
14 -COMF. # 2  in: * 0.1QG3 
15 -COMP. #3  i n :  * 0.10@ 
16 -COMP. # 4  in: * 0. l e @  
1 7 -COMP. #S  in: * Q .  180 
18 -COPlP. #€i in: * 0.100 
19 -COMP. 87 in: * )i; ;.; ,.+* ;*:, 

2Q -COMP. #E! ~ n :  * 0.lOGl 
21 --COMP. #Y in: * 0.100 
22 -C@MF. #IC? in: * a. ltIQ 
2 3  -WATER in: * 0.600 
24 ---COPIF'. #11 in: * @ . l e @  
25 -COPIF. #12 i n :  * 0.1QV) 
2& -C:OMP. in: * 0 .  180 
27 -COMP. #14 in: 0.1@0 
28  -CUMP. #15 in: * 0 ' 100 
29 -COMP. # 1 S  i n :  * 0.100 
30 --COMP. #17 in: * @ . l a 0  
31 -COMP. #iEr in: * Q .  l @ 0  
d i  7 <? -.COMP. #19 in: * v). 1863 
33 -COMP. #Z0 in: * B.100 

* 

IMPURITY 
#9 

a .  100 
@.lG?d 
0.108 
0.  tOO 
0.10B 
0 ,  180 
e .  1BB 

0.100 
0 .  108 
8 * 600 
0 .  ipi0 
0.106 
8.180 
@"l@ril 
F. 100 
0.1013 
0 .  l 0 B  
0.100 
0.10@ 
0 .  I@@ 

*I t \ ,? 

0 .100  
0.180 
0.1QQ 
0.100 
0.180 
0 .  i@0  
8.100 
0.108 

0.100 
0.608 
0.100 
tl. 100 
0 , 1 @ 0  
0.10V) 
B.  l i l B  
B. lO0 
B.  l@ci 
0 .100  
0.108 
0.100 

ri r: *$ r 

* The following valclej  can  b e  used in lieu o f  actual 
a c t 1 v i t y c C) e f f 1 c 1 en t 5 I he iwe L et- , t, he u nc er- t a 1 n t y '3 f 
t h e  calculation is raised significantly. 

nlcohol/alcohol; P & t o n e / k e t o n e ;  aldehyde/aldehyde = 8.1 
aldehydelketone = 8 . 3  
other organic/other organic = 0 . 5  
a l c o h o l / w a t e r  = 0 .6  
a the r  oryanic/water = 1.0 

34 B (  n ) VAFOR PRESSURE cow i  r . -4984.94 -2476.10  -2476 .18  
35 A i  n ) VAPOR PRESSURE CONST. 28.813 15.703 15.703 
36 UAPOP PPF5SCIPE Q40 C 133.3 2422.2 2422.1 
37 VAPOR PRESSURE @128 C 3411.G 12121.9 12121.9 
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I JL IETHNG.  WKS 

QIST ILLATION 13AT fl MATH IX 

DEF'A?ULT IMPURI 1 Y IMPUHIlY 
ITEM C 0 M P ON F: N T !J A L- U E # l 0  WATER 811 

1 NOME 
2 P'HIOHITY A S  REFINED FIiUDllCl - 
2 

4 Nowmt. w i L i t d ( ;  i7-r: c 
5 LU55!CLILLJMN, UT 1 
G LEVEL HS IMPURI1 'Y : WTZ 
7 IJAP PRESS [EMP: C 
8 Uf\POF( PHESS, mm H g  
'3 H I  VAPORIZATION, E t u / l h  

1D SENSIBLE HT (LIQ ) 3  O t i d / c  l b )  
11 MiiY IHEFiMA!- STAUII..ITY, C 
12 i..N!RClIVIT'~ COtZFFICIENT5 ) 

13 - -COMF.  # 1  in: 
I 4  - C O W .  $ 2  in: 
15 -COMP. 8 3  it>: 

1 G  -COMP. #4 in: 
17 -COMP. #5 i n :  

1s - C O W .  #6 in: 

19 - C O M F .  &-i i n :  

20 --COMP. # 8  in: 
21 - C O M P .  C9 in: 
27, - C 0 M P .  #TU 1 ~ :  

In: L .5 

24 .-C(?MF'. #11 ln: 

25 -CC!MP. #lZ in: 

- W A T  E R 1- 

26 -COMF. #13 1 r 1 :  

27 -COMP. # l $  I Y I :  

23 -I?OMP. #15 i n :  
29 -CCIMP. 416 in: 

-COMP. #17 in: 20 
-COMP. #18 in: 31 

32 -COMF. #19  in: 
-COMF. #24) in: 

v 

- 
-- 
3J 

0 . 5 0  
0 . 2 0  

9rO0 
80000B 

2 1 5 . 0  
d.b@ 

150 

# 

* 
x. 
* 
x 

* 
* 
* 
4- 

4 

* 
1 

x 
* 
* 
x 

* 
* 
* 
* 
* 

a .  100 
e .  184) 
0 . 1 0 0  
G1. lllQ 
(D.lln0 
8.180 
Q . l O O  
e. 100 
0 .100  

U .  6P10 
0 . 1 0 0  
G I .  100 
0 . 1 0 0  
0 .10e  
0,100 
Q.1Q0 
0 .  100 
0 . 1 0 0  
0.100 
0 .100  

,* 1 ?. 

1 0 0 . 0  113.1 

3 0 . 0  2 0 . 0  
31.8 11.7 
978.3 1 '74 .2  

1 . 00  0 . 5 2  

0 .  E00 
0 ,  600 
8 .  600 
8, r;0@ 
0 .600  
( D "  580 
iD .600  
0 . 6 0 0  
0 .600  
@ .  600 

0 . 6 0 0  
0 . 6 0 0  
0 . 6 @ 0  
0 .600  
0 . 6 0 6  
0 . 6 8 0  
0 .  E @ @  
8 . 6 0 Q  
0 . 6 @ 0  
0 . 6 0 Q  

>\ ~. ,* x 

0 . 1 0 8  
0.1b0 
l a .  180 
0 .  la@ 
B .  100 
0 .10u  
0 . 1 5 8  
0 *  100 
0 .100  
0 .100  
0 . 6 0 0  

0 . 1 0 0  
@. 10Q 
0 .1@0 
@.1e0 

0 .100  
8.188 
0 .100  
0.1a0 
0 . 1 e 0  

.i ,$ ,", r: 

* The following values can be, used i n  lieu of actual 
activity coefficients; however :  the uncertainty o f  
t h e  calculation is raised significantly: 

alcohol/alcohol; ketone/l e t o n s ,  aldehyde/aldehyde - 0.1 
aldehyde/letone = 0 . 3  
o t h e r  organic/other organic = 0 . 5  
alcohol/water = 0 . 6  
other organic/water = 1 . 0  

34  R( n ) VAPOR VRESSURE CONS r . - 2 4 7 6 . 1 0  -5123.15 - 4 8 7 5 . 4 1  
35 H (  n ) VAPOR PRESSURE CONST. l S . ' l @ 3  20 .368  19 .099  
36 V A P O @  PPESSURt 044) C 2 4 2 2 .  2 5 4 , 6  3 3 . 9  
3.7 IJAPOH PRES5URE @120 C 12121.3 1525 .9  8 0 7 . 2  
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80s ' 0  

0QT * 5 
001 ' B  
YieT ' #  
BOT ' 0  
0@T 'VI 

08T ' 8  
00T ' 0  
0 @ 9 "  0 
B0T * 03 
@6T ' 0 
e01 - e  
0@T'@ 
805 ' 0  
OBT ' 0  
@ @ T  " 0  
OQT ' 0  
801 ' G ?  
807 ' 0  

nor ' 0  

k' ": x :7: 

8 5 ' @  
Q .  SEE 
6 ' 5  
G'EST 

0'06Z 

801 ' 0  
Oat ' e  
@8T 'e 
@G1T : O  
0DT .Ca 
Q Q T  ' 0  
001 ' 0  
B8T -0 

OOT ' 0  
oCI9-0 
BBT. 0 
DBT '8 
u01 'e 
001 ' C 3  
OBT 'B 
eeT ' 0  
QBT'CI 
80T '8 
13VIT ' 8  
e01 ' 0  

'i y r' 7 

z1:0 
B ' 8 6 T  
0.0T 
G'0b 

S'0EI 

* 
* 
c 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
Q 

BS T 
05 '0  
@ " S T Z  
8008c3E 
006 
0 2 ' 0  
0s.0 

1. E 
9E 
SE 
PC 

EE 
zc 
TE 
e!? 
6Z 
8Z 
1.2 
97 
SZ 
P I  
E Z  
Z Z  
T Z  
0 1  
El: 
E I T  
1. T 
9T 
ST 
PT 
E l  
I T  
I T  
OT 
6 
8 
L. 
9 
5 
P 
E 
Z 
T 

W31I 
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Ut-TETHNG. WKS -6 -  

D I S T I 1.1.. A T I i3 N D R'r fl M A T  R I X 

NORMHL COII..ING PT:  C 
L@SS/COLUMN, l J T  X 
LEVEL R S  IMPURITY:  UT% 

OAFOF. PRESS,  m m  Ha 
H I  0 APOR I Z R T I 0 N , B t II ' 1 0 

MHX THERMAL 5 1 A B l l  I T Y ,  i: 
LN( A C T I V I T Y  COEFFICIENTS 

!iw PRESS -rEI*iP: c 

SENSIBLE i-iT i LIQ ) ~ f i t u i (  l b  ) 

--Cr)MP. # l  i n :  
-COMP.  +t2 i n :  
-COMP. # 3  i r i :  
-CUM!?. #4 i n :  
-1;OMP. US i n :  
-COPIF.  # S  i n :  

#7 i n :  
-CCIMP. # 8  in: 
- C O M P .  #Y i n :  
--CrJMP. #li? i n :  
- W HT E. R i n :  
---COMP. #11 i n :  
-iJJMP . #12  i n :  
- C O M F .  $13 i n :  
--CUMP. #14  i n :  
-COMP.  #15 in: 
--CrJMF. #15 in: 
- C O M P .  #17 i n :  

-.CrJMP. E19 i n :  

... (3 0 M p . 

-COMP. #L9 in: 

- C O M t j .  #2B it-: 

0.513 
8.20 

900 
8QQU00 

2 1 5  , Q  5410. 0 3% I 0 
0 . 5 0  10.56 0.58 

1516 

* T h e  f o l l o l ~ i r i g  va lues  can b e  u s e d  i n  l i e u  o f  a c t u a l  
act i i / i t y  c ~ e f f i c , i e n t s ;  however :  t h e  u n c e r t a i n l y  o f  
t h e  c a l c u l a t i o n  1 s  ra iser1 s i g n i f i c a n t l y :  

a l c n h o l / a l c o h o i :  I. e tone / l . e to r i e ;  a ! d e h y d e / a l d e h y d e  = PI. 1 
a l d e h i / d e / l  e t n n e  = rO.3 
o t h e r  o r g a n i c / o t h e r '  o r g a n i c  yz 0 . 5  
, ~ l c i i h o l / w a t e r  = C . 6  
r ) the i -  o r g a n i d w a t e r  = 1 . 0  
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UL rETHNG. WKS -7- 09-Ap r - 8 9  

D EF H U L 'T P ROD U C T 
ITEM C OM P @NE N T VALUE #18 

--_-I-I 1--11-- 

1 NAME 
2 PRIORITY AS REFINED PRODUCT 
3 
4 NORMRL BOILING P T ,  C 
5 LOSS/COLUMN, WT % 
G LEVEL AS IMPURITY, WT% 
7 UAP PRESS TEMP, C 
8 VAPOR PRESS, mm Hg  
9 HT VAPORIZATION, B t u / l b  

10 SENSIBLE HT (L I I ) ) ,  B t u / ( l b )  
11 M A X  THERMAL STABILITY,  C 
1 2  LN!ACTIUITY COEFFICIENTS ) 
13 -COMP. #1 in: 
1 4  -COMP. # Z  i n :  
15 -COMP. 8 3  in: 
16 -COMP. # 4  i n :  
17 -COMP. #5 i n :  
18 -COMP. #6 i n :  
19 -COMP. #7 i n :  
20 --COMP, #8  i n :  . 
2 1  -COMP. 89 i n :  
22 -COMP. #1.0 i n :  
2 3  -Id R T E R in: 
2 4  -COMF. #11 i n :  
25 -COMP. #12 i n :  
ZFj -COMP. #13 i n :  
27 -COMP. # 1 4  i n :  
z f l  -COMP. #15 i n :  
2 3  -COMP. #lii i n :  
30 -,C@MP. #17 i n :  
31 -CS)MP. # l a  in: 
3 2 -COMP. $19 i n :  
33 -COMP. #Z0 i n :  

L I S T  

0.50  
0.20 

900 
800000 

215.0 
0 .50 

150 

* 
.* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
i 

++ 

* The f c r l l o w i r i g  v a l u e s  r a n  be iused i n  

0.100 
0.100 
0.100 
a ,  100 
0,100 
a .  1@0 
0.100 
0.100 
0.100 
0.100 
0 s 6 0 0  
0.100 
0.100 
B.100 
0.100 
G1.100 
0.100 
0.1063 

0 "  100 
0.100 

*, x x h 

IMPURITY 
#19 

----I-- 

0.100 
@.1a0 

0.108 
0.1P)Q 
0.1@0 
e. 10@ 
0.1630 
0, ID0 
0.1@0 
8.100 
0.600 
Q .  180 
0.1?)@ 
0.1(40 
0.100 
0 -  100 
0 .1a0  
0 , 1 0 8  
0.100 

0.100 

. . .  ,*\ x :4 '< 

l i e u  o f  actual 

IMPURITY 
#2Q 

------- 

0.100 
8.1130 
0.100 
0.100 
0 "  100 
0.100 
e.10e 
0 .  100 
8.100 
0.100 
0 60Q 
8.100 
0.1010 
0.100 
a .  1Qa 
0.108 
0.106 
@.100 

0 .  la0 
0.180 

Y ;*, x 

a c t i v i t y  c u e f f i z i e n t z ,  however ,  t h e  u n c e r t a i n t y  o f  
t h e  c a l c u l a t i o n  1 s  r a i s e d  s i y n i f i c a n t l y :  

alcohal/alcoholi k e t o n e / k . e t o n e ;  s l d e h y d e ? a l d e h y d e  = 0 . 1  
s l d e h y d e / k e t o n e  = 0 . 3  
o t h e r  a r y a n i c / a t h e r -  o r g a n i c  = 0 . 5  
a l c o h o l / w a t e r  = 0.5 
o t h e r  o r g a n i c / w a t e r  = 1 . 0  

3 4  Ben) VAPOR PRES5l)RE CONST. -2476.10 -2476.10 -2476.10 
3'3 A (  n ) UAFOF! PRESSURE CONST.  15.703 15.703 15.703 
36 VAPOR PRESSURE @40 C 2 4 2 2 . 2  2 4 2 2 . 2  2 4 2 2 . 2  
37 UAPOR PRESSURE @150 C 12111.9 12121.9 12121.9 
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ULTETHNG. WK5 09-Pior-89 

OF7EN USED PAPAMETERS 

(THOUSAND ANNUAL POUNDS 
.--_____I-_--_-__---__ 

40 1 ,590 PNUUUCT FORME@ 

-ACETAL D E H Y BE 
0 -COMPONENT #T: 
0 -COMPONENT # 3  
Q) -COMPONENT # 4  
0 -COMPONENT %5 

FORMED W I T H  PRODUCT 
5 7 6 

4 0 2  -L IGHT ENDS 
4 0  1 , 5‘30 -ETHANOL ( FROCII!C T ) 

0 -COMPONENT #8 
(D -COMPONENT #9 
0 -COMPONENT #10 

( 1@,6t35) -WATER 
4 , 5 0 7  
2,008 

18,J.ES 
(D 

86 4 
587 

0 
0 
0 
0 

2 , 1 7 5  
4 1 4  689 

2 3 5 , 1 9 2  
0 
0 

15, 146 
1 385 

9 053 
779 

9,861 
22 ~ 262 

30 292 
1 ~ 4-71 
16,147 

6 92 
16 ,  83Y 

8 4 , 1 9 6  
2-70, ’a22 

6 7 , 3 5 6  
278 ~ 822 
i L  7 2132 
1 1 2 88  

’-) 7 

-/-!ICETIC A C I D  
-ISOAMYL ALCOt.1I)l 
-GLYCER I NE 
-COMPONENT $1.4 
- L A C T I C  flC1n 
- SUC C I N I C AC 1 U 
-CORPONEN T # 17 

-LOMPONENT #19 
-C,OMPC)NF_NT #20 
-I i Y D R i) b E N 
--CARBON OIOXInF  

- COMPONENT 8 18 

CONSUMED FOR FRODUCT 
--GLUCOSE 
- A M M O N l C I  
- Q x Y i m  

CELLS PRODUCED .- CHO 
CELLS PRODUCED - NH? 
FORMED W I T H  CELLS 

- ldAT EH-CHII 
-- W A T E F! - NH2 
-WA 1 ER-TO1 AL 
-CARPON DlOXlDE-CHO 

Cl jNSUMtCl  FOR CELL5 
- G L I J C O S t  - CHO 
-AMMONI A-NW? 
-OXYEEN-CHO 
- 0 H YE EN - MH 2 
-OXYGEN- TOTNL 

OXYGEN FED-GRDLJTH 
N I 1  ROEEN FED-GROW I H 

OXYGEN VENT--GROWTI-i 
NI IROGEN ?,EN’I~-6ROWTti 
CAt?BTJI,I O i u X  I D E  VENT--GROWTH 
GJATER VENT GROWTH 

1 42 



ULTETHPlG . WKS 

UFT€h USED PAHHMETERS 

( THOIJSAtW HNNUAL POUNDS ) 
-11--1----1--1---1-1- 

0 OXYGEN FED-PROD ’ N 
@ NITROGEN FEU-PROU’N 

8 OXYGEN VENT- PROD ’ rd 
13 NITROGEN UENS-PROU’N 

414,689 CARBON OIOKlGE VENT-PHOD’N 
16 :E63 WATER VENT-PROD’N 

09-Apr-89 

431,352 P H I  
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ULTE~IHNG. WKS -1- 

WATER BALANCE 

WATER IN: 
- - _ _  - -- ._ _. 

MAKE UP WATER 
B I O S U G A R  SYRUP 
STERIL IZER S'TEAM 
FORMED WITH CELLS 
FORMED WITH PRODUCT 

0 9- Ap r -- 8 9 

2 , 5 2 3 , 7 5 3  
1 ,238  't 896 

1 6 9 , 5 5 5  
9 , 3 6 1  

( 1 0 , 6 6 5 )  

T O T A L  IN 

WATER OUT: 
._^._--I^ _-- 

NQUEOUS WASTE 
CONDENSATE MAKEUP r @  P.H 169,595 
FERMENTER VENTS 2'7,952 
PURGED WITH CELLS 27 ~ 207 
MOISTURE I N  PROIliUCTS 7 9 

TOTAL. OUT 3 , 9 9 1 , 4 7 0  

-- 
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ULTETHNG. WKS -1- 09-Apr-89 

1 2 3 4 5 
CORN ANHYD NUTRIENTS M I X  MIXED 

STREAM SYRUP AMMON I A  UATER MEU I IJM 
p 
R CELLS -CHO 0 0 0 0 0 
0 -NH2 0 a 0 a 0 
0 ---MINERALS . 0 0 e 0 a 
U -IT 0 TAL. 0 0 0 0 e 
C ACETALDEHYDE 0 0 0 0 0 
T COMPONENT # 2  0 0 e e 0 
#0 COMPONENT #3  0 0 0 0 0 

COMPONENT 8 4  0 0 0 0 0 
COMPONENT #!i 0 B 0 e, 0 
L IGHT ENDS 0 0 0 0 0 

#1 ETHANOL 0 e 0 0 0 
COMPONENT 88 (D a B 0 63 
COMPONENT # Y  0 e 0 e 0 
COMPONENT $10 0 e 0 II 0 
ACETIC A C I D  e e 0 0 0 
ISOAMYL ALCOHOL B 0 0 0 0 
GLYCER I rdE 0 0 0 0 0 

$@ C0MPONENT 814 0 0 0 0 e 
LACTIC; ACIU 0 0 w 0 El 
SUCCINIC A C I D  0 0 0 0 0 
COMPONEN # 17 0 0 0 e 0 

80 COMPONENT ,818 0 0 0 0 0 
COMPONENT 819 0 0 a 0 0 
BENZENE 8 0 0 0 0 
GLUCOSE 865 , 930 0 0 (if 8S5 , 930 
AMMON I ii B 1 , 4 7 1  0 0 0 
PHOSPHUHlC ACID 0 0 1 , 2 2 5  0 1,225 
P 17T A S S I U M C H LO R I [J E 10 8 933 B 933 
M INOH NU'TR 1 ENTS 0 0 423 0 423 
WHTEK 1 , 298 ,896  8 D 2,354,188 3,ES3,083 
CARBON OIOXIDE 0 0 0 0 0 
OXYGEN 0 0 0 0 0 
NITROGEN 0 0 0 0 0 
HYDROGEN 0 0 0 0 a, 

GRAND TOTAL 2 :  1 6 4 , 8 2 6  1,471 2 , 5 8 2  2,354,188 4 , 5 2 1 , 5 9 5  

TEMPERATURE, C 20 20 20 20 20 
PRESSURE: F S I A  14 .7  13 .7  14.7 20.8 2 5 . D  
STATE SOL'N L I Q U I D  SOLIOS LIWUIO SOL ' N 

- .- - .- - - - - I - - - - I - - I - I - I - - - .- - - - -. - - - - .- - - - - - - - - _. - - _- - ._ - I 

- - - - - - - - - - -. - - - - - - - - - - .- - - ._ - - - - - - - - I - - - - - - - - - ._ - - - - - -. 

CHECK ON TOTAL 
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ULTETHNG. WK5 

P 
F? 
0 
0 
U 
c: 
T 
# D  

#1 

#0 

#0 

6 
t i X  5s 

E F F LU E N T S THEi lM 
- _ _  _ _  - - - -. - _. .. - - - - - 

CELLS --ctio 
-NH2 
-MINERHLS 
-TOTAL 

HCE T AI-DE t4 Y DE 
Ci3MPI)NE.Nl E 2  
C 11 t l  P O NE I d  T # 3 
C 0 Pi I-' (:IN EN T # 4 
COMPONENT #5 
L I G H r  ENUS 
ETHANOL 
COMPONENT 88 
COMPONENT # 9  
COMPONENT # 1@ 
A C E l I C  A C I D  
ISOAMYL. ALCOHOL 
G L Y C E R l PJ E 
COMPONENT # 1 4  
L A C T I C  A C I O  
SIICClNTO A C I D  
COMPQNEN T # 17 
COMPONENT # 18 
COMPONEN-T # 19 
E? EN ZEN E 
GLUCOSE 
AMMONIA 
PHOSPHORIC A C I D  
POTASSIUM CHLORIDE 
M I N O R 111 IJ 1 R I EN T S 

0 
0 
0 
91 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

865 , 930 
CI) 

1 , 2 2 5  
933 
4 2 3  

w A -r E t-i 3 ,E53 ,083 
CARBOV UIOX I G E  0 
OXY6E.N 0 
NITHiJGEN 0 
HY DROGCN 0 

GRAND TOTAL 4,S21,595 
_-_-_-_I .~ _---_- - __ - - - - - 

CHECK ON TOTAL 
TEMPERATURE ~ C 100 
PRESSURE, F S I A  25.0 
S T M E  SOL ' N 

7 

S f E R  I L E  
MEDIUM 
- - I - - - - 

0 
D 
e 
0 
0 
0 
0 
PI 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q 

865,930 
0 

1 ,225 
933 
423 

3 ,  822: 678 
0 
0 
0 
0 

496911190 

1 T r Q  
25.a 

SOL ' N 

______I_- 

8 
HX TS 

EFFLUENT 
- ._ ... .._ ._ ._ - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
v) 

0 
0 
0 
0 

465 , 938 
0 

1 7 7 1 -  

933 
423  

3 8 2 2  ! 678 
0 
0 
0 
0 

4,691 , 190 

40 
25 .0  

SOL ' N 

, L L 3  

-. ._ - - - - - 

9 10 
COOLER f\ I R 

EFFLCIENT TU FEPM 

0 
0 
0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
e 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 

45s , 930 
0 

1 ,225 
933 
423 

3 , 8 2 2 , 6 7 8  
0 
0 
0 
63 

4,691:190 
I - - - - - - 

0 
a 
0 
0 
a 
e 
91 
e, 
0 
B 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ri) 
e 
0 
0 
0 
e 
0 
0 
0 
0 
B 
0 

84,196 
278 , 822 

(b 

363,018 
- - - - - - _. 
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ULTETHNG.WKS 09- i lpr -89 

P 
R 
0 
D 
U 
C 
T 
#0 

# l  

#GI 

#B 

STREAM 

CELLS -CHO 
-NH2 
-MINERALS 
- T O T A L  

ACETALDEHYDE 
COMPONENT 8 2  
COMPONENT # 3  
COMPONENT 114 
COMPONENT #E; 
L IGHT ENDS 
E THAN 0 L 
COMPONENT #8 
COMPONENT #9 
COMPONENT #10 
ACETIC ACID 
ISOAMYL. ALCOHOL 
GLYCERINE 
COMPONENT # 1 4  
LACTIC  M I @  
SUCCINIC: ACIU  
COMPONENr #17 
COMPONENT $18 
COMPONENT # 19 
BEN 2 E. NE 
GLUCOSE 
AMMONIA 
PHOSPHORIC A C I D  
POT ASS I U M  C H L 13 R I DE 
MlNOR NUTP,IENlS 
WRTER 
CARBON UIOX I D E  

NIrFiOGEN 
H YD Fi 0 G E N 

- - - - - - - - - .- _. - - .- 

O x Y c x r J  

- - - - - .- - - - - .- - - - - 

11 
COMBINED 

FEED 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
(3 
0 
0 
8 

865,930 
1 , 4 7 1  
1 , 2 2 5  
931 
4 2 3  

3 $ 8 2 2  ,673 
CJ 

84,196 
2 7 8 , 8 2 2  

0 
--_---- 

GRAND TOTfiL 5 , 0 5 5 ,  6'79 

TEMPERATUR€ , C 33 
PPkSSURE , PS IA _ _  
S T A T E  

Ct lECK ON l O T f l L  

1 2  
BEER 
81 

1 5 , 1 4 6  
1 , 385 

4 2 3  
16,  L3s4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
ca 
0 
B 
Q 
0 
0 

0 
535 7 6 3 8  

0 
1,225 

'3 3 3 

0 
3,821,251 

0 
0 
0 
0 

.- I I - - - - 

- .- - - - - ._ 

4 ,676,  0132 

33 

4 4 . 7  
s L.. CI R R Y 

147 

13 
BEER 

# ;1 
I - I I I I - 

233,':aE; 
2 1 , 3 2 2  
6, 513 

261,041 
0 
0 
0 
0 
0 

4 4 3  
44.3 045 

8 
0 
0 

4 , 9 6 7  
2,215 

20,371. 
0 

953 
647 

rD 
0 
0 
i? 

446 
@I 

1,352 
1,029 

0 
4.185.555 

B 
0 
id 
0 

4 , 6 2 2 , @ 6 4  
4 922 as4 

33 
4 4 .  '7 

SLURRY 

3 3  
1 4 . 7  

(? A S  

15 
(!E NT 

PROD" N 
- - - -- - .. 

0 
e, 
c1 
0 

5'76 
(D 
0 
G? 
0 
v) 

0 
Q 
a, 
ca 
0 
# 
0 
Q 
0 
8 
B 
0 
0 
0 
0 
0 
0 
a 
0 

1 6 , 6 6 3  
414 ,689  

a, 
0 

2,175 
---I-- 

434  , 184 



ULTE 1HNG. WKS 0 9 - -A p r - 8 9 

P 
R 
n 
u 
U 
C 
T 
#0 

# l  

# @  

#a 

16 1 7 18 
COMEIhlED CELL. CELLS -I 

WENT EFFLUENT DISPOSAL 

E8e 2 1 1 
€ 8 6  , L E 9  

3 2 
44.7 

S !. 1.1 Fi R Y 

... -. 
4.194,Ell 

33 

14 . ' 7  
SOL ' N 



ULTETHNG. WKS -5- 09 -Apr -89  

ETHANOL. MANUFHCTURE 
GENERALIZED FERMENTATION ECONOMICS 

EX S. CEREL'ISIAE - NO GLYCERINE RECOVERY 

MATERIAL BALANCE FLOWSHEET 

THOI!SANU ANNUAL POUNDS (330 D A Y S  ) @ CAPACITY 

.---llll-l--.------l-l---------__---I_.---- 

__--_--_-l_-l-_---______I____I_c__ 

2 1  
BEER # 1  

STREAM FEED 
p 
R CELLS -CH0 0 
0 -NH2 0 
D -MINERALS 0 
U - T O T A L  0 
5: ACETALDEHYDE 0 
T CIIMPONENT # 2  0 
80 COMPONENT #3  0 

COMPONENT 84 0 
COMPONENT # S  0 
LIGHT ENDS 399 

#1 ETHANOL 438 ,393  
COMFONENT #e 0 
COMFONENT #!I 0 
COMPONENT $10 0 
ACETIC A C I D  4 , 4 7 0  
ISOAMYL AL.COHOL 1 ,994  
GLYCERINE 1 8 , 3 3 2  

#.B C'OI'IPONENT a1.4 0 
L A C T I C  A C I D  8 5 8  
succ I iv I c A C  I o 583 
CQMPflNENT #17  0 

#0 COMPONENT #18 0 
COMPONENT #19  Q 
BENZENE Q 
G L LI C 0 S E 4Q2 
APIMONIA 0 
PHOSPHORIC ACID 1 ,217  
POT ASS I UM CHLOR I DE 926 
M I NOR NU I" R I ENTS 0 
WATEi? 4 , 1 8 2 , 2 3 0  
CAReON DIOXICIE 0 
OXYGEN 0 
NIlROGEN 0 
HYDROGEN 0 

- - - - - - - - - - - - - - - -^----- 

._ - - - - - - - -. _ _  - .- - - - . - - - - - - - 

22 
BEEH # 1  

MAKE 
------- 

0 
0 
0 
0 
0 
0 
0 
0 
0 

399 
436 , 589 

0 
0 
0 
0 
0 
0 
B 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 

4'313 389 
0 
QI 
0 
0 

23 
BEER 81 

TAILS  
- - - - - - - 

0 
0 
0 
0 
0 
0 
Q1 
0 
0 

( 0 )  
1 994  

8 
0 
0 

4,4713 
1,994 

18: 132 
0 

858 
583 

0 
Q) 
B 
0 

402 
0 

1 ,217  
926 

0 
3 , 7 4 5 , 8 4 1  

0 
0 
0 
0 

GRAND TO T f i l .  4 ,643,792 973 ,177  3, '776.615 4 1 '7 , Y 9 8 

103 1 2 0  99 TEMPERA TUHE C -- 
2 7 . 5  29.6  2 9 . 7  PPESSIJRE, PSIA -- 

STATE s 0 L ' N SOL'N SOL'N SOL ' N 

CHECK ON rOTAL 

1 49 



ULTE fHNG. WKS 09-Apr  -89  

THOIJSANU ANNUAL POUND5 ( 330 D A Y S  1 @ ClrlPPICITY 

S [REAM 
p 
R CELLS -CHO 
I) -NHZ 
D -MINEPAILS 
U --T OTHL 
C A C E-r A I.. n E H 'Y D E 

E0 COMPONENT #3 
UOMPONEN 1 #4 
COMPONENT U5 
LIGHT ENDS 

COMPONENT # 8  
COMPONENT 89 
COMPONEN'I #10 
f i C E T I C  A C I D  
ISOAMYL ALCOHOL 
G L  Y CER Z NE 

$0 COMPONENT 8 1 4  
LACTIC A C I O  
SUCCINIC A C I O  
COMPONENT #1'7 

#0 COMPONEN'I' #18 

- - - - .- - - - - - .- - _. - - 

T CONPOPEN-T #Z 

#l ETtiANOL 

COMPONENT # 19 
EENZENE 
GLUCOSE 
AMMONIA 
PHOSPI-KJRIC ACID 
POTASSIUM CHLORIDE 
M I N O R NUT F! I EN T 5. 
WATEK 
CARBON I ? I O X I D t  
OXYGEN 
NITROGEN 
HYDROGEN 

25 
BEER #;Z 

T A  I L-5 

2s 
LBS # l  

MAKE 

8 
0 
0 
8 
0 
0 
0 
0 
0 
c) 

39,672 
0 
0 
0 
8 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
Q) 
0 

415,50 '7  
Q) 
0 
0 
8 

- - - - - - - 

8 
0 
0 
0 
0 
0 
Q 
e 
0 

359 
1 , 9 8 4  

8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 

P) 
0 
8 
e 

-1 
L (  

L-BS #1 
T A I L S  

_ - _ -  _ _  

0 
8 
0 
0 
0 
0 
0 
8 
0 
40 

594,736 
0 
0 
0 
0 
0 
8 
0 
Q 
e 
0 
0 
0 
0 
0 
8 
0 
0 
8 

20,880 
e 
a 
0 
B 

0 
3) 

a 
0 
0 
0 
17 
0 
0 
B 
63 
0 
0 
0 
0 
0 
0 
0 
e 
0 
0 
e 
0 
0 
8 
il 
61 
0 
0 
0 
0 
e 
0 
8 

GRHNI.1 IOTAL 455,181 2. 542 414,646 8 8 

IEMPERAIUHE, C 120 111 1 2 0  ( 2 7 3  ) 128 
PRESSURF, PSIA 3 8 .  Y 58.4 6 1 . 7  .0 . o  

c t i i x v  ON T O ~ A L  

S T A l  E SOL ' N SOL'N S O L  ' N 5 0 L ' t\1 SOL'N 

150 



ULTETHNG, IniKS ... 7 _. 69-Apr-,8 9 

P 
R 
O 
n 
U 
c 
T 
#0 

# l  

$@ 

# O  

CELLS - C H O  0 
-.NH2 0 
- -MI  NERHLS 0 
-ri)rAt 0 

ACETALUEHYOE 0 
C QM P O  N F. N P # 2 0 
COMPONENT # 3  0 
CCIFlPONENr #4 13 
COMPONENT #5 0 
L . I G t i T  ENOS 8 
E THAN 0 L 0 
COMPONfNT #8 0 
COMPONENT $9 0 
COPIPONEWT 816 0 
ACETIC ncIa Y) 
ISoAriYL ALCOHOL 0 
G L Y C E R I NE 0 
COMPONENT $ 1 4  GI 

LACTLC A C I D  8 
SI1CCINIC: ACID 0 
COMPONENT $17 B 
COMPONENT # 18 0 
COMPONEN 1 # 13 0 
BEN Z ENE B 
GILIJCOSE 0 
PII"IMON1 A 0 
P HO S P t40 R I C AC I 0 0 
POTASSIUM CHLORIDE 0 
M I N O R  NUTRIENTS 0 
WPITER 0 
CARBON DIOXIDE 0 
0 Y Y G E N 0 
NITROGEN 0 
HYDROGEN 0 

GRAND TOTAL 0 

TEMPERATURE, C ( 2 7 3  ! 
PRESSURE, P S I A  .0 
STATE SOL ' N 

_____-_____l-l- _ _ _ _ _ _ -  

CHECK O N  TOTAL 

E3 
il 
0 
i2l 

0 
0 
8 
(b 
0 
0 
B 
0 
0 
0 
a 
0 
0 
0 
0 
0 
a 
0 
0 
0 
G3 
0 
0 
0 
B 
0 
0 
0 
0 

a 

Q 

120 
.0 

S O L  ' N 

MAKE 
I 

0 
8 
0 
8 
0 
0 
e 
0 
a 
e, 
Q 
0 
0 
0 
e 
0 
0 
a 
Q 
0 
0 
0 
0 
e 
(b 
0 
B 
0 
0 
0 
0 
0 
0 
0 

0 

-I-_--- 

( 2 7 3 )  
115.7 
SOL ' N 

T A I L S  
. --.-___- 

er 
t3 
01 
0 
8 
0 
# 
0 
la 
0 
0 
a 
8 
la 
B 
0 
0 
0 
0 

583  
0 
0 
0 
0 

402 
0 

1,217 
926 

Q )  
0 
0 
0 
0 
0 

3,127 

150 
115.7 
SOL ' N 

-. ._._ 

32 33 3 4  
HBS # l  HBS # 1  HBS # 2  

151 



ULTETWNG.Wk'S -8- 0 9 -A p r- -- 8 9 

S'iREAM 
p 
R CELLS --CHO 
0 -NHZ 
0 -MINERAILS 
U -TOTAL 
C ACET:'1L..DEHfDE 
T COMF'ONkNT it2 
#0 COMPONENT # 3  

COMPONENT 8 4  
COMPONENl #5 
L IGHT ENDS 

COMPONENT #8 
COMPONENT #9 
COMPONENT #10 
NCETiC ACID 
ISOPIMY L AL.COHOL 
GLYCERINE 

8Y) COMPONENT I t 1 4  

- - - .- - _. ._ - - __ .. - - - - 

# 1 E i t i f iNOL 

LACTIC A C I D  

COMPUNENT # 1 ' 7  
#0 COMPONENT #18 

COMPONENT #13 
BEN Z E. NE 
GLUCOSE 
HMMON I A 
PHOSPHOR IC A C I D  
POTASSIUM CHLORIDE 
MINOR NUTRIENTS 
WATER 
CARBON DIOXIDE 
OXYGEN 
NI.TROGEN 
HY OHOGEN 

SUCCIPJIC a m  

GRAND 1-OTAL 

1 EMPEHATURE, C 
PRESSURE, P S I A  
s TATE 

CHECK ON T O T A L  

35 
HBS # ?  

T A I L S  

0 
0 
0 
0 
0 
0 
0 
0 
(D 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

583 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- - - - - - -. 

36 
A Z t O  
MAKE 

- - - - - - _ _  
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 

258,681 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
B 

1 , 751.01 1 
0 
0 
0 
0 
0 

4? ,2 '12  
0 
0 
0 
0 

- - - - - _- - 

37 
A Z C O  
T A I L S  

- - - - .- I - 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 

394 1 632  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

7 9 
0 
0 
0 
0 

7 
I 

------- 
583 2,056,964 3 9 4 , 7 1 3  

1 50 
115.7 
SOL ' N SOL ' N SOL ' N 

3 rj 

A Z E O  
REFLUX 

- .. ._ ._ - - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 5 8 , 5 '7 7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1! 751  ,@13 
0 
0 
0 
0 
0 

?6,S70 
0 
0 
0 
0 

- _. - .. I - - 
Z , 036,061 

SOL ' N 

39 
1)EC:HNl EH 

FEED 
_-__-I._- 

0 
€3 
0 
0 
0 
0 
0 
I? 
0 
(D 

316 , 966 
0 
0 
B 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1,756,388 

0 
0 
G1 
0 

74 769 
0 
0 
0 
0 

- - - - - - - 
2 , 1 4 8 1 1 2 3  

SOL ' N 

152 



ULTETHNG. WKS -9- 09-APT-E9 

P 
R 
0 
a 
U 
0 
T 
#a 

# l  

#El 

#0 

S 1- RE AM 

4 0  4 1  
DECANT E H 0 E C A N T E R 
UP LAYER LO LPlYER 

____--.--.-I--- - --.--I_ - 
CELLS -CHO a 

-NH2 0 
--MINERALS Q 
- T O T f i L  0 

ACETALDEHYDE Q 
COMPONENT $2  Q 
COMPONENT #3  0 
COMPONENT #4 0 
COMPONENT #5  0 
L IGHT ENDS 0 
ET HA N 0 L 259,5'77 
COMPONENT #8 0 
COMPONENT 89 Q 
COMPr3RIEN'r tt 10 QI 

A C E T I C  A C I D  0 
ISOAMYL ALCOHOL 0 
!;LY C EH I NE 0 
COMPONENT 4 1 4  0 
LACTIC ACID 0 
SUCCINIC A C I D  0 
COMPONENT it17 Q 
COMPONENT # 18 Q 
COMPONENT # 19 0 
BENZENE 1 ,'751,015 
GLUCOSE 0 
AMMOM 117 GI 
PHOSPHORIC ACID 8 
PQTWSSIUM CHLORInE 0 
M I NOH NUT R I EN IS 8 
WATER 26,470 
CARBON D IOXIDE 8 
OXYGEN 0 
NITHOGEN 8 
HYDROGEN 8 

GRAND TOTAL 2 , 0 3 6 , @ 6 3  

TEMPERATURE, C 
PRESSURE, P S I A  
STATE SOL ' N 

__ ._ ._ - - - - .---_I------ ---- 

CHECK ON TOTAL 

- - - - -. - ._ 

0 
0 
0 
Q 
Q 
0 
Q 
0 
a 
0 

59 y 380 
0 
0 
8 
Q 
0 
0 
0 
0 
Q 
0 
e 
0 

I; , 377 
0 
0 
0 
0 
0 

48 9 299 
B 
0 
0 
0 

1 1 2 , 0 6 4  
- - - - - - - 

SOL'N 

42 
BENZENE 

MPlliE 
- _. - __ I - - 

0 
Q 
a 
0 
Q 
Q 
0 
0 
0 
0) 

5F!, 284 
0 
Q 
0 
0 
0 
a 
e 
0 
i? 
0 
0 
0 

5,377 
0 
0 
0 
0 
Q 

27 , 498 
0 
e 
0 
0 

Y1 159 

- - - - - -. - 

SOL ' N 

43 4 3  45 
BENZENE FUSEL OIL HEF1NT.U 
TAILS OPAW -OFF FROUUCT 

-- 

20 , 985 

SOL ' N 

0 3 9 4 , 7 1 3  

4 0  
1 4 . 7  

SOL * N SOL'N 

153 



ULTETHNG. WC:S -10- 0 S - A p I- - 8 5 

P 
P 
0 
0 
IJ 
c 
T 
# 0  

#1 

40 

#fl 

46 
REF I NED 

S I R E A M  B.P.#l 
- - - ._ - - - .- - - ... . .. .. - - 
CELLS -Cl- iO 

-NH2 
~- M I N F R A L 5 
-. T 0 T f\ 1. 

ACE T H L D t. H Y 0 E 
COMPONEN-! It2 
C O M P O N E N T  8 3  
COMPONENT U4 
CUMPONENT 85 
L l G H l  ENDS 
ETHANOL 
COMPONENT tt8 

COMPONENT # 10 
t3i:ETIC ACIO 
I SOiiMY'L. h L C O H O L  
GLYCER i NE 
COPiFONEN T C 14 
L A C T I C  A C I D  
S U C C I N I C  A C I D  
COMPONENT # 17 
COMP0NEN.r # 18 
COMFONt-l?lT B19 
BENZENE 
GLUCOSE 
AM M 0 N I Pi 
f'HOSPHOR I C  A C  I U 
POTHSSIUM CHLORIDE 

WHTER 
CARBON I)Ir) i( IDE 
OX YEEN 
N I TROGEN 
H Y D F! 0 G E. N 

GRAND TOTAL. 

T'EMPERAT URE , C 
PRESSURE, P S I A  
S T A T E  

COMPQNEN'I #S 

M I NOR N u  TR I E t u  s 

- I .- - - - - - .- . .. ... ._ - - - 

CHECK ON T O T H L  

(D 

0 
QJ 

0 
0 
Q 
0 
ID 
Q 
0 
G1 

m 
0 
0 
(L1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4) 
c1 
0 
0 
0 
0 
0 
0 
0 

5 

40 
1 4 . 7  

SOL ' N 

- - - __ - - _. 

47  
REF I NEU 
H.P.#:_ 

---- 

0 
0 
0 
0 
0 
0 
;n 
a 
B 
G? 
4) 
0 

0 
0 
e 
0 
0 
0 
0 
0 
0 
0 
0 
0 
B 
4) 
0 
4) 
0 

48 
A WJ E 0 U 5 

WAS1 E 

0 
0 
0 
0 
0 
fa 
0 
0 
0 

339 
4,879 

8 
4) 
0 

4; 47@ 
I ,  Y94 

18'332 
8 

8 5 3  
583 

Q 
0 
0 
4) 

4 02 
0 

1 ,217 
92E; 

0 

48 40 
14.;7 1 4 . 7  

S O L ' N  SOL ' N 

49 50 
M A  K E - U P MA t.: E - I! I) 

GJATEF! BENZENE 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
rd 
0 

2 ~ 523 * '193 
0 
0 
0 
0 

2 , 5 2 3 ,  '783 

- - - - - - - --_ ._  

0 
8 
0 
0 
0 
0 
0 
Q 
0 
Q 
0 
8 
0 
0 
0 
8 
0 
G1 
0 
0 
0 
0 
0 

0 
0 
0 
a, 
0 
0 
0 
8 
0 
0 

7 
1 

7 

2 0  '10 
1 4 . 7  14 .7  

LIQUID LIQUID 

154 



ULTETHNG.WKS -11- BY-Apr -89  

P 
R 
0 
0 
U 
c 
r 
80 

#1 

#0 

80 

ETHANOL MANUFACTURE 
GENERAL1 ZED FERMENTATION ECONOMICS 

EX S .  CEREUISIAE - NO GLYCERINE RECOVERY' 

MATERIAL BALANCE FLOWSI-EET 

THOUSAND ANNUAL F'OUMOS ! 330 DAYS ) Cd CAPACITY 

_____ll____l_ ^-I -------- -I---- - -.I--- - 

- _.-_-__-__-----__I ---I-- -I ------ --- 

STREAM 

CELLS -CHO 
-NHZ 
-MINERALS 
- 'T O TAL 

ACETALDEHYDE 
CUMPONENT # Z  
COMPONENT # 3  
(XPIPONEN'T #4 
COMPONENT # S  
L l G H T  ENDS 
ETHANOL 
COPIPONENT #O 
COMPONENT #3 
COMPONENT W 10 
ACETIC ACID 
ISOAMYL ALCOHOL 
EL-YCERINE 
COMPONENT 814 

SUCCINIC ACID 
COMPONENT # 1'7 
COMPONEN 1 # 18 
COMPONENT 8 19 
BE N Z EN E 
GLUCOSE 
AMMONIA 
PHOSFHORIC A C I D  
POTASSIIJM CHLORIDE 
MINOR NUTRIENTS, 
WATER 
CARBON DIOXIUE 
0 X Y G E N 
N I '1 R O 6 EN 
HYUROGEN 

- I - __ - - _. - - - I I - - - 

LACTIC ac Iu  

GRFtND TOTAL 

TEMPERATURE, C 
PRESStJRE, P S I A  
STATE 

CHECK O N  TOTAL 

51 
STERILE 

STEAM 
- - -- - .-- 

0 
0 
0 
0 
e 
c) 

0 
0 
0 
GI 
(0 

0 
0 
0 
0 
0 
0 
e 
Q 
0 
0 
0 
0 
0 
0 
a 
0 
0 
0 

169,595 
0 
8 
0 
0 

169,595 

1 4 1  
6 4 . 7  
6145 

------I 

52 
FERM ' 1 H 

STEAM 
- - - - - __ - 

0 
0 
0 
0 
63 
e 
8 
0 
0 
8 
0 
0 
0 
Q 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
G1 
rg 
0 
0 
0 
0 
0 

e 

14 1 
6 4 . 7  

GAS 

155 

53 54 55 
D I S T I L L .  GONU. MU MEDIUM 

STEAM P ' W R  H 'SF COOL WTF 

0 0 0 
0 0 0 
0 0 0 
0 0 e 
0 0 0 
0 0 0 
0 0 0 
fd 0 e 
0 0 0 
Q 0 @I 
0 0 0 
0 e 0 
e 0 (D 
0 0 0 
0 0 CJ 
d (3 0 
0 0 0 
0 B 0 

0 0 e 
e 0 0 
0 Q 0 
e 0 a 
0 la e 
0 0 e 
@ G3 0 
8 0 8 
Q 8 0 
a Q B 
0 0 0 

2.709,9010 1 6 9 , 5 9 5  2,183,222 
Q 8 0 
0 0 0 
0 8 0 
VJ 0 a 

1 G 9 5 Y 5 2 ,18 9 , 2  2 2 

- - __ - - - - - - - - - - - ------- 

- - . - - - - - - - I - - - - I - - - - 
'2 , 7  0 3 . 9  0 0 

195 116 5 
164 . ' /  20.8  1 4 .  7 

G A S  L I Q U I U  L I O U I D  



ULTETHNG. WKS -12- 09-Ap r - 8 9  

Q 
14.7 

LIQLJIU 
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ULTETHNG.WK5 - I -  09-Apr-89 

D IST ILLHTION CALCULATIONS 
.- ._ - I - - __ - - - - I I - - - - - - - - - .- - ._ 

17 2 0  2 1  L L  

CRUDE BEER # l  BEER 81 
M LB .  MOLES/YEAR F IL rH f fTE  FEE0 MAKE 

ACETRLUEHYUE 
COMPONENT 82 
COMPONENT #3 
COMPONENT #4 
COMPONENT #5 
LIGHT ENDS 
ETHAN 0 L 
COPlPONENT # 8  
COMPONENT #9 
COMFONENT # 1 0  
HCETIC ACID 
I S O A M Y L  ALCOHOL 
GLYCERINE 
COMPONENT #14 
L A C T I C  A C I D  
SUCCINIC ACID 
COMPONENT 17 
COMPClNEN r 818 
COMPONENT #19 
BENZENE 
WATER 

0 
0 
0 
0 
0 
5 

8 655 
0 
0 
0 

7 4  
23 

199 
0 

10 
5 
0 
0 
0 
0 

2G1Y , @76 

0 
0 
0 
0 
0 
5 

9,  5 1 6  
0 
0 
0 

7 4  
23  

199 
0 

10 
5 
0 
0 
0 
0 

2 3 2 , 1 4 0  . 

0 
0 
0 
0 
0 
5 

9 1 4 7 3  
0 
0 
0 
0 
0 
0 
a 
0) 
0 
0 
0 
0 
0 

24,222 

( S t o r a p e  1 194 
VAPOR PRESS 4 0 ( o )  5 7 . 8  

( S t o r a g e )  2 9 , 7 6 1  
VAPOR PRESS 1LI0(q) 1602.5 
B ! Q )  V.P .  CONSTANT -51637.2 
A (  a 1 U. P .  CONSTANT 2 0 "  375 
TEMPERATURE C 33.0 
PHESSIJHE mmHg 760 

1,308 
57.8 

32 699 
1 6 0 1 . 9  

-S 1 a 7 . -7 
2 0 . 3 7 6  

4 1  . S  
7 6 8  

- 

1 I 265 
7 6 . 8  

3 2 , 3 6 4  
205Y. 3 
5057 .2  
20 ,498 
l0?. B 
1 ,368 

23 24 
BEER #l  BEER # Z  

TAILS  WAKE 

0 
0 
0 
0 
0 
( 0 )  
43 
0 
8 
0 

74 
2 3  

199 
0 

10 
5 
0 
0 
0 
0 

2 0 7  917 

a, 
0 
0 
a 
0 
5 

8 , 6 1 2  
0 
B 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
0 

1 I 159 

4.4 
5 4 . 7  

359 
1 5 2 8 . 0  

-5119.0 
20 .357  

120 .0  
1,528 

I1 1SB 
124 .  1 

29,326 
3191.6 
4992 . E  
20.7'72 

96.8 
1 438 

157 



Ut-TETHNS . bJK5 .- 7 - 0 9 -- Ap r - 8 9 

D I S T I L L A T I O N  C A L C U L A T I O N S  

M L6.  MOLESIYFHR 

ACFTALDFHYOE 
COMPONENT # 2  
COMPONLNT #3  
C OM I-' O N EN T 8 4 
COMPONENT #5 
L I G t i T  ENDS 
F THANOL 
COMPONENT 88 
C O M P O N E N T  #Y 
COMPONEN1 k1Qi 
HCETIC A C I D  
I S O A M Y L  ALCOtiOL 
GLYCEKINE 
COMPONENT # 14 
L A C T I C  ACIU 
SUCCINIC H C l D  
COMPONFNT #17  

CljMPONENl # I 9  
E3 t- N L EN E. 
WATEP 

_ _ - - -  ~ -------_ 

C o t w o N t N  r a 1 e 

(Storage ) 

(Storage 1 

VnPOR PRESS 4 0 ( 0 l  

V A P O R  PRESS 120Cq ) 
El C q ) U . P . CONSTANT 
A (  q ) V . P .  CONSTANT 

PRESSURE mrqt-lcj 

TEMPEKATUHE c 

0 
0 
0 
0 
0 
0 

0 
0 
(D 

0 
0 
0 
II 
0 
0 
0 
0 
0 
0 

23 063  

a6  1 

- - - .. . . ._ 

28 
LBS #2 

PI R K E 
- - _. - - _. - 

0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
@ 
0 
0 
0 

'29 
L6S 82. 

TAI1.S 
. - - - - - .. 

0 
0 
0 
0 
0 
0 
G3 
a 
0 
0 
il 
0 
e 
0 
0 
0 
0 
(D 

0 
B 
0 

115 
57.5 

? , c3G2  
1537.7 

-5113.U 
rra. 387 

120.0 
1 :  598 

7 
155.3  

1 9 1  
4060.8 

-5618.8 
21.080 

111 .;i 
3 , 8 3 0  

1 143 
124.0 

29: 253 
3185.9 

-4993.  E 
2m.774 - 

120.0 
3 $ 1 9 0  

0 e 0 
. 0  . o  - 0  
24 2 4  2 4  
. 0  . 0  .8  

0 . a  n.fl  0 . 0  
4. b0S 4.bv15 4 . 6 0 5  

LPH 1 2 Q " O  kPP 
\ 160,  e ( 160 ) 
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U L T E T H N G  . WKS .- 7 - 3 

D I S T I L L A T I O N  C A L C U L A T I O N S  
.I 

M L.B. MQL..ES/YEhR 

ACE 1 A L D E  H Y DE 

COMPONENT #3 
COMPUNENT 84 
COMPONENT #5 
L I G H T  ENDS 
E THUNOL. 
COMPONENT #8 
COMPONENT 8 9  
C0MPC)NENT a10 
HCE'TIC A C I D  
I S O A M Y L  A L C O H O L  
G L Y C E R  INE 
C O M P O N E N r  14  
L R C T I C  R C I D  
S I J C C I N I C  A C I D  
COMPONENT #1'7 
C0MPC)NENT # l R  
COMPONENT #: 1 
F3 E N z ENE 
WATER 

._ _. - - - - I - - I __ - - - - 

C I)M P 0 N E N  T # 2 
0 
0 
0 
0 
0 
0 
0 
0 
rZI 
0 
Q 
0 
0 
0 
B 
0 
0 
B 
GI 
e 
0 

0 
------- 

( S t o r a g e  ) B 
VAPOR P'PESS 4 8 ( q )  . 0  

( S t o r a g e )  24 
UPlPOR PRESS 120(Q ) .e  
B ( q )  V . P .  C O N S T A N T  0 .0 
A( q ) V .  P .  CONSTANT -4 -605 
rEMPERATUPE C 120.0 
PRESSURE mmHg 0 

0 
c3 
0 
0 
0 
63 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
# 
Q 
0 

0 
-- 

0 
.0 
24 
.0 

0 .0  
-4.605 
-273.0 

5 , 8 2 2  

33 
HB!5 81 

T A I L S  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
e 
0 
B 
0 

5 

- - I - - - - 

12 0 

2 4  24 
491.5 .4  .e 

- 1088.2 0.0 - 
11.269 -4.605 

15B.0 -273.0 
5 982 5 , 5 2 2  

2 4 2 2 . 2  . a  

35 
HES #2  

T A I L S  
- I - I - - 

0 
0 
0 
G) 

0 
0 
0 
0 
0 
0 
a 
0 
0 
0 
0 
5 
0 
0 
0 
0 
(il 

5 
- - - - - - - 

12 
2422 I 2  

24 
4915.4 
1088.2 
11 .?6Y 
150,0 
5,982 

36 
PIZEO 
M A K E  

------ 
0 
8 
0 
Q 
0 
0 

5,615 
0 
0 
0 
0 
0 
0 
GI 
0 
0 
0 
0 
0 

2 2  2133 
2,624 

30 I 448 
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ULTETHNG = WKS -4 -  0 '3 - Ap r -- 8 Y 

M L.B. MOLES/YE.AR 

A C E  T fi L I! E H Y D E 
COMPONENT # 2  
C0MPONEN.T Lb3 
COMPONENT # 4  
COMF'ONENT #5 
L I G H T  ENDS 
ETHANOL 
COMPONENT #E 
COMPONEN'T #9 
COMPUNENT # 10 
ACETIC HCIO 
ISOHMYL ALCOHOL 
GI. Y CER I NE 
COMPONENT 814 
L A C T I C  PlCID 
SUCCINIC A C I D  
COMPUNENI t 17 
COMPONENT 818 
COMPONENT # 19 
BENZENE 
WATER 

( S t o r a g e  ) 

(Storaye) 
VAPOR PRESS 4 0 ( q )  

VRPOH PRESS l 2 0 ( q  ) 
B (  a ) U .  P .  CONSTHNT 
A ( q  ) U.P. CONSTANT 
TEMPERATURE C 
PRESSURE m m t i q  

42  
BEN z EN E 

MAKE 

0 
0 
Q 
# 
cn 
0 

1,265 
0 
0 
0 
8 
a 
0 
0 
a 
@ 
0 
0 
0 

68 
1 , 5 2 6  

? ,  860 

--I---- 
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UL.TETtiNG. WKS -5- 

M LB. MOLES/YEAR 

ACETALDEHYDE 
COMPONENT #;l 
COMPONENT #3 
COMPONENT 84 
COMPONENT # S  
L IGHT ENDS 
ETHANOL 
COMPONENl $8 
COMPONENT tF9 
COMPONENT It10 
ACETIC A C I D  
ISOAMYL A L C O H O L  
ii L Y C E H T NE 
COMPONENT #14 
L A C l I C  ACICI 

COMPONENT It 17 
COMPONENT # 18 
CGMPONENT # 19 
BENZENE 
WATER 

sucCI rm ACID 

( C , t . ~ r a g a )  

( S to rage  ) 
VAPOR PRESS 4 @ ( q  ) 

~ J A P O R  PRESS 1 2 Q ( q )  
B ( q  ) V . P ,  CONSTANT 
A ( q  ) V . P .  CONCjTANT 
TEMPERATIJRE C 
PRESSURE mmHg 

161 



U L  1-ETHNG. WKS -- 1 .- m9-Apr-89 

K1 ( C O M P O N E N T  t i )  
K Z  (COMPONENT # i 

O . P . ( K l  I 
( 1 .  p . i K2 
GAMMA-b: l  I N  K 2  
GAMMH--K? I N  t;,1 
A L P li A 
fi0i-j COLUMN hLPt-ifi 
MOL FRACT. b:1 ( i- lAI- iE OR . T A I L S  
M O L  F R A C T  . tc,' 1 < FEED ) 
MOL F F A I ' T .  K2 (MAKE DR T A 1 L . S )  
i l t i J .  GAMMA-K! I N  Y Z  
A D J .  GAMMA--t!Z I N  K l  
M I N I H U M  R E F L U X  R A T I O  ( A O J U S T E  
A C T U A L  REf-LUX R A T I O  

l H E i 3 E E T  ICfslL P L A T E S  
P L A T E  EFFIICIENC'I - %  
A C T U N L  P L H l  ES 
P P E S 5 U R E  VIM H g  ( H E V I S E D  i 
T E M F E H A T U H E  C ( R E V I S E D  
AUERAGE MOLECIJLHR WETGHT 
G A S  DEN'.ITY - L B / C F  
LP(?SS SECTlONhL Af?EA - SQ F T  
Ci lL !JMN H E I G H T  - FT 
COLCIMN D I A M E T E R  
K l  !MFPY ) 

HV ( H E A T  V A P O P I Z . - - E t u i L b )  
Z n  i H E A i -  C A F A C I T Y  -- E t u / L b / F )  
H E A T  LOPilI -- MM U t u / H r  
CONDENSER C O O L I N G  WATER - GFM 

MINIMUM 'rt4F:oFi. P L - A r E S  I N F I N I  

7 '7  i. 

eE:m # i  
MAKE: 

... I - - - - - 

7 
WA T E P  

2 2 7 3 . 7  
1Gll0.3 

1 .&22 
2 * 334 
3.500 
@.?GI 
Q .039 
Q.719 
1 . 3 6 4  
1 . 0 4 9  

0 . 4  
8 . 5  

6 
14 
50% 
27 

1 $420 
19'3 

2 5 . 9 1  
0 . 0 9 6 4  

1 2 3 . 3  
5 5 . 6  
1 2 . 5  

436 389 
6 6 8 . 5  
B .  8 4 8  

121 .584  
9010 

1. a:z 

C A L A N D f l l A  S T E A M  -- MPPH (150  F S I G j  

2 4  
BEER $ 2  

M i l  ti; E 
- - - - - . - ._ 

7 
w a i- E H 

1538.7 
6 7 4 .  s 
I .  872 
1. .822 
1 . 4 4 3  
2 " 6 6 9  
0 . 3 8 1  
0 . 2 8 1  
u . 1 1 9  
1 .  0 8 8  
1 . 5 9 4  

0 . :  
8 . 3  

5 
12 
8 0 %  
15 

1 ,537 
99 

4 2 . 7 6  
Q .  1778 

3 7 . 9  
37 .7  

'7 . 8 
3% 719 

39:. 1 
a a 696 

30" 1 2 5  
7777  
L L I '. 

COLUMN C O S T  - $1008 3i386 MPC -- BARE. E Q U I P M E N T  
-. ALL CAEBON STEEL $ZlF,.6 $87. Y 
- C , S  1 A I / 3 @ 7 ) 4  S . S .  T R A Y S  $235.2 $96.6  
.- A1.L- 3 8 4  S T A I P J L E S S  STEEL $343.2  $ 1 4 0 . 8  
- ALL. 304L S T A I N L E S S  STEEL. $ ;3-7,7 . 5 $ 1 5 4 . 9  
- P,LL 315 S T A l N L E 5 S  STEEL $ 4 6 3 . 3  $190.1  

CONGENSER OR CH1.ANORZA SURFAC 1 0 :  f193 10,856 3 , @ 4 %  

-CARBON S'T EEL $333.0  $338.3 $ 9 9 . 8  
- 3 ~ 4  S - r f i i w E S S  STEEL $ 4 6 5 . 2  5473.6 $ 1 3 9 . 8  
-316 S T A I N 1 . E S S  S T E E L  $ 4 9 9 . 5  $ 5 0 7 . 5  $ 1 4 9 . 7  
-MONEL $ 6 4 9 . 3  $659.7 $194.7 

CON13. OR CALANCI.  COST - $100a 3486 MPC -- B A R E  EQ11IFMENT 

SUE TO T f?L. 
SUB T O-T A L  
S U B T O T A L  
M I N I M U M  R E F L U X  R H T I O  
Cn S U B T O T A L  #l 

3 ,  '762,407 
3 , 7 4 6 ,  ES9 
3 , 7 4 5  ! 841 

0 . 4  0 . 2  
296 7 3 2  1 356 269,957 

162 

25 
B E E R  # 2  

T A I L S  
.- - - - - ._ ... 

'7 
WATER 

3411.6  
1528.9 

1 . 8 2 2  
1.822 
3 . 8 9 4  

0 .  03599 

0 . 9 6 4  
1 . 7 4 6  
1 .a01 

19 .03  
0 .  @774 

317.7 
8 . 9 7 2  

3 1 . 3 4 6  

3 6 . 5 8  

1 , 7 4 1  

$ 6 2 . 7  
5 8 7 . 8  
$ 9 4 . 0  

$ 1 2 2 . 2  

4 4 2 , 4 8 6  
4 1 5  ,S09 
4 1 5 , 5 0 9  

26,977 



U L T E T H N G .  W K S  - 3 -  L 09-Apr  -8 9 

D I S T I L L A T I O N  C A L C U L A T I O N S  
- -----_ 

23 17 20 L L  

CHUGE BEER #1  FjEEH 81 
M LE. M O L E S i Y E A F ?  F I L T R A T E  M A K E  T A I L S  

Cn SUBTGTAL # 2  (il 1 4 , 3 9 2  
Cn SUETOTAL.. 8'; 4 3 6 , 3 8 9  3:746:6;59 
c n  CHECK 0 .750  0 "  996 
Hv SIJBTOTAL #1 1 6 @ ,  312 7352 
Hv SUBTOTAL # 2  a 8 ,433 
t-fv S U B T O T A L  #3 423,420 3 , 6 1 5 , 2 5 4  
Hv CHECK 592 I 5 964.7  
M I N .  P L A T E S  ( NQRMAL ) 
C O L .  C O S T - C / S  NORMAL 
COL.  COST- S / S  NORMAL 
M 1  N . R E F L U X  NORMAL ) 
C .  S . A R E A (  N O R M A L  ) 
H E A T  L O A D (  NORMAL ) 
C G N / C A L  C O S T (  Nr3RMAL ) 
REFLUX F A C T O R  

----I- _-------__ - - __ - _. __ - -I----- - - -. - - - - 

0.275 

24 
BEER # ?  

MAKE 
-I1- 

e 
20 7 880 

a .  525 
1 4 5 , 7 4 5  

0 
20 , 2 6 0  

252.7  

e I8'7.23 

25 
BEER # Z  

T A I L S  

0 
4 15 509 

0.356 
1 4 , 5 6 8  

G1 
403 168 

904.5 

1 63 



ULTETHNG. L!KS -- 3 - 

D I S T I L L A T I O N  CRLCULATIONS 

L ! . P . ( K ! )  
v . P . P:,1 :I 

CiAMMA-k : l  I N  K 2  
G A M t l A - - K 2  i t 4  K1 
A L. P H N 
PiVG CDLCIMN ALPH(1 
MOL FPI- iCl .  k:!. (MAKE OR ? A I L . S !  

MOL FHCiCT. K2 i MAKE 
AD.]. G A M M A - K l  I N  K2 
A D J .  6A"IP?A--C:7 I N  K l  
M IN IMUM REFLUX R f i T I O  ( A D J U S T F  
(31 C T I.! f? L P E F- 1. U X R W 1 I O 

1 HEORETICAL PI..RTES 
I-' I.. A T E E F F I C I EN C 'Y' 

i l C l I J R L  PL.ilTC5 
PRESSURE mm Hg (REVISE[!) 
TEMPEEATUPE !C i R E V I S E D  ) 
CI!IEPf?GE MOL.ECIJLAP W E I G H T  
Gf3S D E N S I T Y  -~ ?E?iCF 
C R O S S  SECTLONRI.. F-tREA - SO FT 
COL!!MN HFIIGtiT - F T  
COLl!MN D I A M E T E P  

rw.. m a c ' r .  k : i  i FEED j 

M I N T W I J M  Tt.IEC)R. PLATES < I N F l N I  

-- 7; 

F51 i MPPY j 

t i v  HEHT LIfiPORI Z . -E+,u/I..t 
Cn rHEA- I  i 'HPfiCTTY - B tu . / l . b iF  i 
H E A T  L O A D  - MM Btu:; t f r  
CCINDEhlSER C O O L I N G  WATEF: -. GFM 

7 

35li14, 0 
2550.5 
1.105 
1 . e 0 0  
1.685 
1 . 6 4 8  
0 .08G 
0 .  id01 
8 . 9 1 4  
1.087 
1 .0Q@ 
20.1 
;Is. 1 

1s ) 

3 4  
88X 
4: 

3?021 
1 1 1  

4 9 . 7 U  
0.3211 

2.9 
-78.3 
1.3 
.'I 5 9 

2 2 8 . 0  

0 . 6 4 8  
3 .134  

z 3 2  

- - -  - -. -\ 

CALANDRIH U E R M  - MFPH i 150 F S I G !  

7 

497:. 0 
3411 .F, 

1.105 
1 .000 
1 . E 1 1  

. 0@U 

1 . 0 0 0  
1.11215 
1 .  @@Q 

4: :73 
0 .3470  

39'7.5 
0 I 696 
4 680 

5 . 4 6  

SUE7 01 AL 
S LIB T 0 T ii L 

MINII ' IUM RFFLUk P A T I O  
Cn SIJRTOTAL 8 1  

sue r u ; x  

28 29 
LBS # ?  LBS #2 

T A I L S  
- - - __ - - .- 

-. .., 
4 , 5 , 6  

1 2 1 2 1 . 9  
1 4 5 5 4 . 7  

1 .@@?I 
1. 105 

ERR 

ERR 

ERR 
ERR 
ERR 

ERP 
Ir RR 

FRR 
ERR 

0.000 

Q.00 

I.) 

$U .0  
e O . O  
$0.0 
,$I? I? 

0 
ai 
0 

a, 

0 9 -- Ap r -8 9 



ULTETHNG. WES -4- 09-Rpr-89 

20 
CRUDE 

M LB. MOLES/YFAH F I L T R A T E  

C n  S U B T O T A L  # Z  
Cn S U B T O T A L  #3  
Cn CHECK 
Hv S U B T O T A L  # i  
Hv S U B T G T H L  # 2  
Hv S U B T O T A L  #3 
Hv CHFCK 
M I N .  PL ~ I T E S (  NORMAL ) 
C O L . C O S T - C / S  NORMAL 
COL. COST-S /S  NORMAL 
M I  N . REFLUX ( NORMt t l  i 
C ,  S .  A R E A (  NORMAL ) 
H E A T  L O A D I N O R M A L )  
CON/CAL COST( N O R M A L  ) 
REFLUX F A C T O R  

--------------- - - - - - - - 

2 6  
L5E; It1 

MAKE _-___-- 
e, 
0 

0 .5@@ 
792 

0 
0 

215.e 

54 
88 

27 
LBS # l  

T A I L S  
- - - - - - - 

0 

0.525 
1 4 4 , 2 5 4  

0 
20 $260 

2 5 2 . 9  

20 a30 

3 
5 

18 18 
0.0i i0 ERR 

29 
L0S # L !  

T A I L S  
------- 

0 
0 

E R R  
0 
0 
0 

E R R  

30 
Lf3S #3 

MAKE 
---^--L 

0 
0 

ERR 
0 
8 
0 

ERR 

E R R  

165 



U L l - E T H N G .  WKS -5- 

D I S T I L L A T I O N  C A L C U L A T I O N S  

QS--Apr-  -89 

V . P . ( K l )  
V . P . ( K 2 )  
G A M M A - K 1  I N  K 2  
GAMMA-K;3 I N  k l  
A I.. P w A 
A V G  COILUMN A L P H A  

:0 31 
CRUDE LBS # 3  

F I L T R A T E  T A I L S  

1 . Q  
12121. Y 

1 .000 
1.000 

F R R  

M O L  F R A C T ,  Kl (MAKE OFi T f i I L S )  ERR 
MOL FEACT. K l  (FEE0 ) 
MOL F - R R C l  I K 2  ( M A K E  OR T A I L S )  ERR 
A E J .  G A M M f j - K l  I N  K2 ERP 
A@J. Gf iMP lA-K2  IN Kl E R R  
M I N I M U M  R E F L U X  R A T I O  ( A D J U S T E D )  
AC IUHL REFLI!)! R A T I O  

Tt-iEOREI- I C A L  PLATES 
P L A T E  EFFICIENCY - %  

P R E S S U R E  mm l i y  ( R E V I S E G  ) 
T E M P E R A T U R E  C; ( R E V I S E @  j 
AVERAGE MOLLECULf iR WEIGH1 EPR 
G n ?  G E N S I T Y  - LrJ/CF ERR 
CROSS S E C T I O N A L  h R E A  -- SQ F.1 
COLUMN H E I G H T  -- FT 
COLUMN D I H M E T E R  
K1 ( M P P Y  ) 
Hv ( H E A T  U A P Q R I Z . - B t u / L b )  ERR 
Cn i H E A T  L A P A C I T Y  - E t i i / L b / F  ) ERR 
HEbT LOACl -- MM B t u i H r  a .  000 
CONDENSER C O n L I N G  WATER - GPM i l 5  i: dT 
CALr3INDRIA 5 T E f i M  - MPPH ( 1 S B  F 0.00 

M I N l M U M  THEOR. P L A T E S  I N F I N I T E  REFLIJX 

i1CTUAL P L A T E S  

32 33  34 35 
I iES  81  HBS U 1  HBS # ?  H135 # ?  

MAC: I: 
-___I_ " 

WnTFR 
14  

E R R  
E R R  

1 .822 
1.872 

ERR 
ERR 
F RR 

1.000 
ERR 
t R R  
E R P  
F R R  
E R R  

Q 
0 

138% 
e 

5,382 
( Ti73 j 

ERR 
E Fi fi 
0.0 
O . Q  
O.B  

0 
EER 
ERR 

0.00a 
Q 

COLUMN COS'I- - $1003 3436 HFi; - BARE E Q U I P M F N T  
- A L L  CARBON STEEL $0.0 
-- C . S  ~ i 3 0 4  S . S .  T R A Y S  $0.01 
.- A L L  384 S T A I N L E S S  STEEL % U , Q  
- i+LL 384L. S T A I N L E S S  STEEL $0.0 
--. ALL. 316 S T A I N L E S S  STEEL $6.0 

CONnENSER OR C A L A N O R I A  S U R F A C  0 Q 
COND. OR CPILANO. COST - 

-CARBON STEEL. 
-304 STliINLESS S T E E L  
- - :< 1 (; S T A I N L E S S  S T E E L  
-. MO N E L 

SUE7 D T A L  
S U B T O T A L  
SUB T 0 T A 1. 
M I N I M U P I  REFLU)! R R T I O  
Cn SUBTOTAL W :  

3853.3  
t 6 9 5 1 . 1  

1 .8LL 

1 . 8 2 2  
E R R  

ERR 

E R P  
FRR 
ERR 

- 1 7  

6 3 3 . 8 5  
8 . 9 6 9 0  

396 .0  
0 .  SCO 
0 .  QOO 

0.0Q 

0 
$100Q 3086 MPC, - BARE EQUIPMENT 

$0.0 5Q.O $0.0 
B Q . 0  $0.0 BE.0 
4;D.B $0 .0  $0 .0  
$E.@ 5a.0 $0.@ 

338 0 
0 .i .> 6 
0 8 

ERR 
0 0 v, 

-, - - 

166 

ERR 
ERR 

0. BO0 
ERR 
E R R  
E R R  
ERR 
E R R  

0 
0 

80% 
Q 

5.932 
( 273 ) 

ERR 
ERR 
0 . 0  
0 . 0  
O . Q  

Q) 
ERR 
ERR 

0 .  OQQ 
0 

% @ . @  
$0.0 
% Q . 0  
S O . @  
$Q.0 

0 

$ @ * O  
$0.0 
$ B . O  
$0.0 

E R P  
@ 

0 .080 

1 .OQB 
1.0630 
1.000 

113.u9 
I. 6789 

39G.0 
0.5%11 
Q I QOO 

0.00 

0 

$0 .  Q 
5G1.0 
$Q.@ 
$8.0  

3.38 
338 

0 

0 



ULTETHNG. WKS 09-Apr -8 9 

20 
CRUDE 

M L E .  MOLEs/YEAf? F I L T R A T E  
__--. ----I-- 

Zn SUBTOTAL #: 
C n  SUBTOTAL 83 
C n  C t l t C K  
H v  SUBTOTAL #1 
Hv SUBTCiTflL #2 
Hv' SUBTOTAL #3 
H v  CHECK 
M I N .  PLATES( NORMAL ) 
COL . G O 5 1  - C I S  NORMAL 
CCIL . COST--S/5 NORMAL 
M I  N , REFLUX NORMAL ) 
C 5.  AREA( NORMAL i 
HEAT LUAD( NORMAL ) 
CON/CAL C O S T (  NORMAL ) 
RrFLUX FACTOR 

31 
LES #3  

T A I L S  
- - - -. -- -- 

e, 
0 

ERR 
0 
0 
0 

ERR 

32 
HBS # l  

MAKE 
------- 

0 
0 

ERR 
0 
3 
Q 

ERR 

ERR ERR 

35 
HBS 8 2  

TAILS 
-- - - 

13 
338 

0.5B8 
0 
e 

23 1 
215.0 

167 



ULTETHNE. WKS 

DI STlLLRTI.ON CALCtJLAT I O N S  
_.-__.__.I I 

20 36 37 58 3 9  
CRUDE A Z E O  AZEO n Z E O  D E C AN T E R 

M LE. MOLESiYEAR T IL -TRATE MAKE T A I L S  REF L. U X FCEO 

K l  (COMPONENT # )  
K2 ! COMPONENT # ) 

U . P . ( K l )  
U . P .  ( K 2 )  
G A M M A - K 1  I N  K2 
GAMMA--K; I  IN K l  
ALPHA 
R U G  !?OL.IJMN AL.PHFI 

MOL FRACT. K 1  !FEE[! ) 

MOL FRACT.  K2 (MAKE OR T A I L S  ) 
ADJ. G A M M A - K 1  I N  1:: 
AnJ .  GAMMrl-KZ I N  K t  
MINlMUM REFLUX R A T I O  (ADJUSTED) 
ACTUAL F?EFLUX RATIO 
MINIMUM THEOf?. PLATES ! I N F I N I T E  REFL.UX ) 

THEOftETICAL PLATES 
PLATE EFFICIENCY - %  88% 
ACTUAL PLATES 50 
PRESSURE mm Hy !RE'JISED) 
TEMPERATURE C ( REV1 SED ! 
AVERAGE MOLECIJLAR WEIGHT 
6 A S  DENSITY - LB/CF 
CROSS S E c T I n r w  AREA - SQ FT 9 3 .  8 
COLUMN HEIGHT -. FT 90.0 
COLUMN DIRMETER 1 0 . 9  
Kl (MPPY)  
HV ( H E A T  ' J A P O R I Z  . - - B t ~ / l - b  ) 

C n  (HEAT CAPACITY - E t u / L t l / F  ) 
HEAT LOhD - MM B t u / H r  61.622 ' 54 .874 
CONDENSEE COOLING WATER - GPM 6 8 5 0  ( 1 0  C d e l t a  T )  
CALANDRIA STEAM - MPPH (150 P S I G )  6 4 . 0 3  
COLUMN COST - $1000 3486 MPC - BARE EQUIPMENT 

MOL FRA(lT. K1 (MAKE OR TW1L.S) 

- AILL. CARBClN STEEL 
- C . S  ~ / 3 0 4  5 , s .  TRAYS 

ALL 304 STAINLESS STEEL 
- A L L  304L STAINLESS SrEEL  
- ALL 316 STAINLESS STEEL 

CONDENSER OR CALANDRTA SlJRFAC 
COND. Of? CALAND. COST - $1000 

-CARBON S T E E L  
- 3 0 4  STAINLESS STEEL 
-316 STAINLESS STEEL 
- M 0 NE I- 

$301.5 
$351.6  
$476.6 
$ 5 2 4 . 3  
$543.4 

13 520  
3Q86 MPC 

$ 2 9 5 . 1  
$ 4 1 3 . 1  
$ 4 4 2 . 6  
$ 5 7 5 . 4  

3 , 0 4 9  
BARE EQUIPMENT 

$ 9 9 . 8  
$ 1 3 9 . 8  
$ 1 4 9 . 3  
$ 1 9 4 . 7  

SUB T OT AI -  
SUBTOTAL 
SUBT OTR L. 

Cn  SUBTOTAL #1 
MINIMUM REFLUX m r r o  

168 



U L T E T H N G .  IdKS Q 9 - fip r -8 9 

- - - - ._ -- - - - I - .- - - - - - - - I - I .- _. .- 

28 36 :.3 7 38 39 
CRUDE fiZErlr AZEC) AZEC) DECfiNTER 

M LBI  M O L E S / Y E A R  F I L T R A T L i  MAKE- 1-PI 1L.S REFLUX FEED 

Cn S U B T O T A L  # Z  
C n  S U B T O T A L  #3 
Cn CHECK 
Hv S U B T O T A L  # l  
Hv S U B T O T A L  8 2  
tdv SUBTOTAL #3  
Wv CHECK 
M I N .  P L A T E S (  NORMAL ) 
C O L  .COST- -C /S  NORMAL 
C O L . C O S T - S / S  NORMAL 

_...------.---I - .-_-I - I - - - - .- .- - - - I -. .- ._ - - - - - - - _. - - .- I - - - __ - - -. 

M I N .  REFL.UX( NORMAL. i 
C, 5 .  A R E A (  N O R M A L  ) 
H E A T  L O A D (  NORMflL ) 
C O N / C A L  COST( NORMAL ) 
R E F L U X  F A C T O R  

1 69 
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U L T E T H N G . W K S  -10- 

D I S T I L L A T I O N  C A L C U L A T I O N S  

20 40 41 42 43 
CRUDE D E C A N T E R  D E C A N T E R  B E N Z E N E  B E N Z E N E  

M LB. M O L E S / Y E A R  F I L T R A T E  UP L A Y E R  L O  L A Y E R  MAKE T A I L S  

C n  S U B T O T A L  #Z 
C n  S U B T O T A L  # 3  
C n  CHECK 
Hv S U B T O T A L  #l  
Hv S U B T O T A L  # Z  
Hv S U B T O T A L  #3 
tiv CHECK 
MIN. P L A T E S (  NORMAL ) 
C O L . C O S T - C / S  NORMAL 
C O L . C O S T - S / S  NORMAL 
M I  N . PEFL I l Y  ( NORMAL ) 
C . S .  AREA(N0RMAL) 
H E A T  L O f i D (  N O R M 4 L  ) 
C O N / C A L  C O S T (  NORMAL ) 
REFLUX FACTOR 

-----___---_--- __I___- ....----..- - - - - - - - I -- - - - I - - - - - - - - 

09-Ap r -8 9 
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APPENDIX E. ADVANCED BACTERIUM CASE 





ULETIPHZ. WKS -1- 12-Apr-89 

ETHANOL MANUFACTURE 
ZYMOMONAS MOBILIS 

SUMMARY 
INHIBITED SYSTEM - PLUG FLOW - CELL. RECYCLE 

- - - - - I - 
PRODUCTION LEVEL 

54 MM GPY 
__-_-_______I__I_ 

INVESTMENT-$MILLION 
MPC = 1Y84 

Direct Permanent Investment 
Allocated Power, Ser-vices & General 
Work. i ng Cap i t a 1 

Total Investment 

C O S T - $ / G A L (  1988 1 
__ll__l______----- 

Raw Materials 
Utilities 
Labor-Re 1 at e d  
Capital-Related 

Cost o f  Manufacture 
SE,  D, R&D,  hdm, & I . C .  

Cost o f  S a l e s  
Freta:< Earnings Based on: 36% Fretah POI 
By-product Credits 

S e l l i n g  P r i c e  

$0.89 
$c3.11 
$0.10 
$6.09 

$1.19 
$ 0 . 2 6  

$1.45  
$a.  3'7 
$0.00 

$1.81 

----I- 

----- 

----1 

F INANCIAL CRITERIA 
------------------ 

Net ROI 3rd Year (assumed) 16% 
Investors Rate o f  P e t u r n  ( 2 0  O p e r a t i n g  Years > 25% 

Year t a  Break Even - Annual Cash 1389 
- Cumulative Cash 1991 
- Cum. D i s c .  Cash (NPU) 1994 

Net Present  Clalue $MM ( 2 0  y e a r s  @ 15%)  $ 2 8 . 3  
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l J L k l - I P R 7 .  WK5 -1- 1 =-Apt- ---8 9 

E T  ti A N  0 I.. MANU F A C T U R E 
ZYMOMONHS MOB I L  I S 

1Nt i IB ITED SYSTEM - PLUG F-LOW - CELL RECYCLE 

I NVE S T ME N T 
.- - -. - - - - .. . . ._ 

S i t e d  i n  Iowa on t h e  M i s 5 i s s i p p i  R i v e r  a d j a c e n t  t o  a c o r n  wet m i l l  
a n d  a utility pohiei‘. h o u s e  for. o v e r - t h e - f e n c e  s u p p l y  o f  s y r u p  a n d  p o w e r .  

U N I  15 
- 

CAPtq lCI lY @ 800@ HR5 MM GPY 
M I D - P O I N I  Ut- CONSTRUCTION YEIiP 
C ( I N  iT I4 UCT 1 ON Ooq T 1 NDE X 1 980:- 1 BO 
lNVESTI’lEN1 CONTINGkNiY X 1P.JSTAI.LtD * 
FERMEldIER [JNIT INUESTMkNT $/GR.GAL. -GCIOWTH 

$/GR.fSFtlL.-FROD’N 
* 4 8 2  Recommended f o r  ni-11~ p r n c c s s e s  

5 C A L. E 
FAC lot? 

176 

MX ‘ 5  
$2.75 
0 * ‘16 
8.17 
0.08 
0.00 
0.00 
I1.0D 
1 . 8 A  
e. 10 

T H I S  ChSE 
$MM $/ANN GAL I 

43.ss 
1.17 
e .  42 
0.80 
0.P)pI 
0.00 
d .  80 
3. :E; 
la.40 
0.83 

429.29 

%@. 151 
0.0@0 
0.015 
L?.  04‘7 

$63.213 

58.0G1 
0.019 
0 ,  067 
0.000 
0.008 
0 ,  000 
0.000 
0.054 
0.007 
ia.001 

$ 0 . 1 4 9  

$0.125 
a .  090 
0.00a 

50.125 

$0.488 



IJLETIPRZ . WKS -1- 12-APT-8'3 

ETHANOL MANUFACTURE 
ZYMOMONAS M O E I L I S  

I N H I R I T E P  SYSTEM - PLUG FLOW - CELL RECYCLE 

ALLCICAl ED PERMANENT INUESTMENT 

A P I  /UNIT  
UNITS BA5ECASE THlS  CASE U N I T 5  

------c I-- _ -  -------- ---I---- 
E L E C T R I C I T Y  K l J  $193 $183 641 
5TEAM PFH $45 $45 329,326 
C @ O L I N G  YATER 6PW $52 $52 23,049 
PROCESS WATER RPM $313 $313 484 
WFtSTE DISPOSAL MGPY $3 $3 373 ,494  
GEN'L. 8, SERVICES $MM 10% 163% $26.3  

TOTAL ALLOCATED PLANT 

$MM $/ANN. GAL 

$0.12  $0.002 
14 .82  0 .247  

1 .20  @ , e 2 0  
0 . 1 s  @.@El3 
1 . O 1  0 .017  
2 . 6 3  0.044 

$19 .93  $0.332 

- - - - I - - - 

--__I- ---- 

TOTAL PERMANENT INVESTMENT $49 22 $0.820 

RAW Mf iT 'L  INVENTORY 
S E M I - F l N I S H E P  PROOUCT 

C4';t-I 
ACCOUNTS RCU.  -TRADE 
f3CCOUhITC; PC0.-MISC. 
DEFERRED CHARGES 

F I rd I SHEO PROGUCT 

O A Y S  D A Y S  
BASIS BASECASE THIS  CASE 
__-__I- -___--- I - -. - - _ - 

-> $RhW MATL 2 
$ (  R t M  )/2 5 5 

$COM 3e 3@ 
$ (  COS-D ) 6 6 

$5P 32 30 
%COM 0 .9% 0 . 9 %  
XCOM 1 .sx 1 .S% 

TOTAL W K K I N G  C A P I T A L  

$MM 

$8.28  
0 . 7 7  
5.27 
1 .?3 
8 . 0 6  
0,SR 
e .  95 

$!.7.13 

/\late: R = raw materials; M o r  COrl  = c o s t  o f  manufac tu re ;  
COS = cost o f  s a l e s :  SP = selling price; D = depreciation. 

TOTAL- I NUESTMENT FOR RE:T!!PN 
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ET W A N 0 L M 19 NU F A C T U P  E 
ZYMOMONAS MOBILIS 

INHIBITED SYSTEM - PLIJG FL.I)W - CEI..I.. RECYCLE 
- - 

I N F L A T I O N  
PRLCES & C O S T  FAC'I(3RS BPISECASE F A C T O 8  T H I S  CPlSE 

.- -__-----_ - - - ._ ... .. - __ - - - - - - - - - - - - - --_.rl._._ __ _ _  ... .- - - - - - - 
O p e r a t  ing Year 1 (3R8 1388 1988 

Rdi41 Mzterlals 
-Ulc?rjlJl]dr Syt-iAp $0.065 / l b .  d . 5 .  1 .00 $0.065 / l b .  d . s .  
- A n t l y d .  A m m u r i i  a $0.045 / l b .  1.00 $0 .046 / l b .  
- - f>hosp t1nr 1c Ac 1 d $C?. !S5  / l h .  1.00 $0.155 i l b .  
-Pot  os5ium C h l o r i d e  $0.053 / l b .  1.00 $0.@'33 / l b .  
- M 1 n o r  Nu t r- L e n  t 5 $0.451 / I t s .  1 .00  5.0.451 / L b .  

I J t r l i t i e s  
-E  l e c t r - i c  1 t y  $0.@40 /KWW 1.08 $0.040 / K N Y  
-S team $2.20 i p l  l b .  1 .00 $ 2 . 2 8  / M  1h. 
- C o o l i n g  Water $ 0 - 0 4  iM ga.1. 1 . 0 0  $0.04 / M  1331. 

P t- o c e s .:, W a t e r $0.50 / M  g a l .  1.00 $0 .50  / M  g g l  . 
--B 1 o d e  gr- A d3 t, i on $0.04  / l b .  13.5 .  1 . 0 0  $0.04 : I b .  d . s .  
-La ncl f 1 !. I $ 0 " B 5  / I b .  d , s .  1 .@@ $ 0 . 0 5  i i b .  d . 5 .  



i JLE1 I P R Z .  WKS -1- 1 2 - A p r - 8 9  

SALARIES & WAGES 
C O N T I  NIJOIJS FERMENTER CASE 

D I R E C T  UP€RATORS 
._.I - -. -- - - ~ - - - L I - - - I  

SYRUP RECEIVING & TRANSFER 

INNOCIJLIJM PREPARA'TION 
MEDIIJM PREPARATION 
S TER I L I Z AT I0N 
FERMENTATION 

-CONTROL ROOM 
-PATROL 
- -A IR COMPRESSION K A M M O N I A  FEEG 

U I ST IL .LAT ION 
BEER F I L T E R  & CELL RECYCLE 

CHEt I lCALS RECEIVING 9! TRANSFER 

TOTAL DAY ii 4 .2 -SHIFT  OPERATOPS 
TOTAL OPERATOPS 

CONTROL 1 ABClRATOPY 
_-----_-_--------- 

B I O L O G I C A L  ANALYSIS 
CHEMICAL ANRLYSIS 
GTHEP 

TOTAL D A Y  & 4 .2 -SHIFT  TECHNICIANS 
TOTAL. LAB FORCE INCL SUPERVISION C 

TOTAL. LAB FORCE 

TECHNICAL ASSISTANCE TO MANIJFACTURING 

PROCESS ENGINEERS 

WAGES, SALFIRIEC, 8 BENEFITS SCHEDULE- 1988 
_______-______----_I1l___l_______ - ---- ---- 

OPEBATING WAGES - $/HOUR 
TECHNICIANS - ANNUAL 5 
PROCESS ENGINEERS - ANNUAL $' 

PENSION - AS % OF COMPENSATION 
F I C A  
I J N E M P L 0 Y M E N T C OM P E N S H T I 0 N 
GROUP L I F E  INSURANCE 
MEDICAL. INSURANCE 
DENTAL INSURANCE 
SAVINGS PLAN 
OACFITION 
I L L N E S S  
AESENCE WITH PERMISSION 

TOTAL BENEFITS 179 

2 5 0  MM PPY 

SHIFT SHIFTS 
DAY Ri3ThTING 

2 - 

1 

$20.14 
$36,500 
$35,080 

8.1% 
5 . 8 %  
0.6% 
0 . 7 %  
3 . 6 %  
a . s x  
2.5% 
7.4% 
I .  4 x  
8.2% 

31.1% 

----- 



IJLEl TPRZ . bJkS 

';O!.ARIES & WAGES 
CONTlNUOUS FERMENTER C A S E  

_ - _  

T O T R L  DAY K 4 ;I-SHTF T OPERATORS 
I 0 T A L  O f' k R 4 T 0 R S 

TOIRL D A Y  F, 4.2-SHIFT TECHNICIANS 
TOTAL LAB FORCE INCL SUPERVISION @ 

T O T A L  LAB FrlRCF 

WAFES, 5ALAHIES 5 BENEFITS SCHEDULE- I988 
. I -- _- -__------_-- 

OPERATING WAGFS - $/HOIJR 
1ECt iN IC IANS - PNNUAL $ 
PF?OCFSS ENGINEERS - ANNlJAL $ 

PENSION -- A S  X OF COMPENSATION 
F JCA 
UNEMPLOYMENT COMPENSATION 
GflC)IJP L I F E  INSURANCE 
MED I C A L  INSURANCE 
DENTAL INSURANCE 
SAVINGS P L A N  
U A C A T  ION 
I L L N E S S  
ABSENCE WITH PEPMISSION 
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UL.ET lFRZ . Wl<.lS -1- 

1988 COST SHEET 
.--..-.-_---IL--C---I-- 

Ra.1.4 M a t e r i a . 1 ~  
-8 1 risugar S y r u p  
--f?nhyd. Ammonia 

P tin s p h o r  i c: Ac i d 
-.Potassium Chloride 
-Minor. Nut r ien ts  

T o t a l  Raw Materials  
U t  i 1 i t i e s  

-.E 1 ec t i- i c i t y 
-s t eam 
-Coo 1 i ng Wa t e r  
-Proce- .s  Water- 
-Biodegradation 
-Larid P i  11 

T o t  a 1 IJ t i 1 i t i e s  
Labor-Re l a  t ed 

- . D i r - .  Op. Wages & Ben. 
- D i r .  S a l a r i e s  & Ben. 
- 0 p .  Supplies & Ser -v j ce  
-GP#W on 0pera.k i o n s  
- -Cor t t ro l  Lab 
-Tech. Assist. to Mfg. 

T o t a l  Labor 
Cap i t B 1 -Related 

_ _  M d i n t .  -. ' Wages ?i 6.51-7. 

- M a i n t .  S a 1 a r i . e ~  & 6en.  
-.M ~ . i n t .  -. . Mat']. & S e r v i c e  

-Main t  Overhead 
--GPOH n n  Maintenance 
- , T a ~ e s  P! I n s u r a n c e  
-.Deprec i3.t i o n  - D P I  
--Depreciation - APSRG 

T o t a l  Capital 

Cos t  uf  Manu fac tu re  
-Selling E.Kpense 
-D I s t r I bu t 1 on 
- R e s e a r c h  & DevF; 1 opmen t 
-Admin i  5 tra t i v e  E * pense 
-Incant, i v e  Coiqpensat i o n  

C o s t  o f  Sales 
- F r e  t a :b. Ear  ri i ng s 
- C r e d i t  : B y p r o d u c t  #1 
-Credi t  : Byproduc t 82 
- C r e d i t  : Byproduct 8 3  

Total Sales 

M I L 1. I ON 
R A T E  / U N I T  !JN I -i- S $ M  I LL I ON 

$0.065 / l b .  d . 5 .  
$0.046 l i b .  
$0.155 / l b .  
$@.Q53  / I b .  
$0.451 / l b .  

$69.040 / K W H  
$ 2 . 2 0  i M  l b .  
$0 I 04 i v  $31. 
$6.50  i r i  Qal .  
$0.04 i l b .  d . 5 .  
$0.05 / I . b c  d . 5 .  

1.7 % DPI 
25 x PlW&E! 
40 % MW&8 

4 7; MW&B 
23 % MWS&B 

0 . 3  5: OF1 
9 % D P I  
G % APS,&G 

3 X S a l e s  

5 % S a l e s  
2 7: S a l e s  
6 X PTE 

$0.81 / l b .  

30.0 'X TIFR 
50.00 / l b .  
50.80 / l b .  
$0.08 / l b .  

73G.06 
1.07 
Q . 6 0  
a .  4 5  
0 .21  

4.57 
2.3474 

9.86 
0 . 2 1  
2 . 4 7  
0 .@0 

0 .125  

0 .  a20 
la. 86: 

$253.3 

$ 2 9 . 3  
$ 2 9 . 3  
$ 1  9 .  Y 

$99.0 
7rc 
J d J .  G 
$98. 0 
$98.0 
$19 .9  

$66.3 
0 . 0  
0 .0  
Q . O  

47.94 
Q . 0 5  
Q.09 
@.e2  
0.09 

$48.10 

0 .18  
5 .16  
6.39 
0.10  
0 , l Q  
8.@U 

$5 95 

3 . 2 9  
GI. 59 
0 . 2 0  
t l .89 
0.3'3 
(3.04 

$5.48 

0.50 
0.1: 
Q , ? 0  
13.02 
0 .  L A  
0.01) 
2 . 3 4  
1 . 2 Q  

$4.61 

$64.06 
2 . 3 4  
3 .56 
4.41 
1.9G 
1 . 1 9  

--I-- 

8 .  485 
Q.@G?l 
0 .  Q02 

.000 
8.002 

$D. 390 

Q .  003 
0 8% 
0.007 
B .  002 
0.002 
Q, 000 

$8.110 

0.661 
0.@11 
0.004 
0.01'7 
0.  0Q7 
@.g01 

$0.1@0 

0.005 
0.002 
0 I 0914 
. QQ0 

0.  DO3 
0.00: 
0 ,  Q43 
0 .  e 2 2  
0 .  QS5 

$1.186 
0.054 
Q. 066 
0 .082  
0 .  Q36 
0.022 

- - -__  

$78.12 
19.30 
0.00  
0 . a 0  
8 . 0 0  

$ 3 8 . 0 2  

$1.446 
0 .368  
0.008 
0.000 
0.000 

51 .R14 
----- 
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ULE'T IPRZ.  WKS 12-Apr-89 

ET H AN0 L MAN UF AC T I J  P E 
ZYMOMONAS MOBIL.15 

I N I i I B I T E D  SYSTEM - PLUG FLOW -- CELL RECYCLE 
- - - _ _  -. - - I -. __ - - - - - - I I - - - ._ -. - - - _ _  - .- -. .- - - - - - ,- - - _ _  __ _. . - 

C A S H  FLOW (MILLION G O L L A R S / Y E A R  1 
I . _ _ - .  ~ I - 

S c e n a r i o :  
1. I n v e s t m e n t  s p 1 i . t  e v e n l y  o v e r  t h r e e  c o n s t . r ! i c t , i o n  y e a r s .  
2 .  P l a n t  ope ra t e s  a t  50% o f  f u l l  s c a l e  t h e  f i r s t  y e a r .  
3 .  

4. 100% " t h e  t h j r d  y e a r .  
5. 1 B0X t, h e r e ?  f t. et- . 
6 .  F i v e  y e a r  d e p r e c i a t i o n  t-aie;  h a l f - y e a r  convent i o n ;  

75% I' t h e  s e c o n d  y e a r .  - 

( 2 0 ,  3 2 ,  1 9 . 2 ,  11.5, 11.5, 5.8 % ) :  i ;d: , . :es:  34% f e d ,  3% s t a t e .  

1989 $3.69 
199@ $19.70 
1991  $'35.;69 
1992 $49.86 
1993 $ 6 4 . 6 2  
1994 8'79.38 
1995 $74.1.5 
1996 $188.91 
1997 $1.23.67 
1998 $ 1 3 8 . 4 4  
1999 $153.20 
2000 $167.97 
2 0 0 1  $182.73 
z002 $ I. 97 0 49 
;.2@0;3 $;212.26 
2004 $ 2 2 7 . 0 2  
2005 $258.31 

( 8 1 1 . 1 9 )  
i $5.17 ) 
($13.14j 

$4.636 
$7.78 

5.18. Rc j  
413.64 
$16 a 64 
$18.12 
$ 1 9 . 9 4  
$21.52 
$22 a 89 
$24 .08  
$ 2 5 . 1 2  
BZG .02 
$ 2 6 . 8 0  
$ 2 8 . 2 8  

XIRH 

-I 

-- 
.~. - 

-2@5"  F I X  
.--4g . 3% 

-11 .S% 
2 .5% 

10.3% 
14.9% 
17.8% 
19.8X 
2 1 . 2 x  
2 2 . 3 x  
23.0% 
23 * 6% 
2 4 . 8 %  
24.3x  
24 .6% 
24.7% 
24.9% 
I;Fl.a./, 
2 5 . 1 z  
2 5 . 2 %  
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ULETIPRZ.WKS 1 2 - Ap r -8  9 

E T H H N 0 L MANU F H C TU A E 
Z Y MOMONA S Mi3B I L 7 S 

I N H I B I T E D  SYSTEM - PLUG FLOW - CELL RECYCLE 
- - - - - - - - - - - I I . - - - - - - -. - - - - .. -- .- - - -_ .- - - ._ - - - - - - - - 

B A S I C  DATA 

SCALE OF O P T R A T I O N  
355.6 MM PFY 

5 4 . 0  M M  G P Y  

€ 0 . 0  M M  GFY 

JG2.E MM PPY 
402 . 3 MM PP'i 

s e . 0  % 
Z.0.7 l b / l b  

4€.v17 M O L  U T  

3 ~ ' ~ .  1 Mri PPY 

9Q :!l 

PROUUC T S 1 0 I i: ti I OMF T FIY 

ANNUAL PR0DUC.Y 7 ON LEVEL. 

ANNUAL C A P A C I T Y  

O P E R A T I N G  I J l l I . . ITY 
PRODLJCT FORMEP IN BEER 
PRODUCT FORMET! I N  BEER A T  C A P A C I T Y  
M O L A R  YIEI .D-GLUC.  T @  FRCICI. I N  BEER ( E  
GLUCOSE D E M R N D i P R O O  EXCL. SPILL ) 
PROCIUCT MOL.FC1ILAR WE IGI.i-1 
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ULETIPRZ.WKS -1- 12-Apr-89 

E T H A NO L. M ANUF AC T LIRE 
ZYMOMONAS M O B I L I S  

I N H I B I T E D  SY5TEM - PLUS FLOW - CELL RECYCLE 
_-___-_-__--------.--iI_____________I____--- 

BRSIC DATA 
---------- 

NUTRIENTS I N  FERMENTER FEED 

FERME NTR T I O N  
TYPE 
STAGES 
CULTURE MODE 
PROD I N H I B I T I O N  
CONDITIONS 

STAGE: GROWTH -- 
3 2  

5 . 0  
0 

2 .  QG7 
0.00 

a.00 
2.37 

84 
5 

5 

1 CIS 

-- 

FER PIEN T E R S 
8 

1s 
0 
0 

12  % 
80 .9  mg/g c e l l s  

27 .9  mg/g cells 
2 3 . 6  mg/g cells 
B . 0 t  mg/g c e l l s  
1.25 mg/g cells 
0.89 mg/g caL15 
0.72 mg/g ce l l s  
0 . 5 5  mg/g c e l l s  
0.54 mg/q cells 
Q . 2 2  mg/g cells 
0.15 mg/g {;ells  

7 . 7  U Q / Q  c e l l s  
(5.4 ug/g cells 
4.3  u3/9 cells 

61.6 mQ/Q cell5 

PROGtJCTION 
33 c 

5 . Q  
110 Q/l * *  

.34) QQ0 g /  3. 
1.147 l / h r  

5 .20  Q / g * h r  
1 

60.9 Z 
4.21  g/g*hr 

126 .21  g / l + h r  
0 . 0 0  ~ ~ / l * h r ‘  

0 mM/l*hr 
0 m M / m M  

0.1 g/l 
5 c  

1 3 h. c a 1 / yma 1 
767 B t i r / h r r g a l  

45,305 gallons 
15 7: gi-095 

6 6 , 8 5 8  gallons 
3 5 , 0 8 0  gallons 

-N I N  CELLS AS %CHO 
-H3P04 
-KC 1 
-M I N O R  NU TR I EN7 5 

-MgS#4.7HZO 
-V ITAMIN B 1  
- K  I 
- N i C l Z  
-FeC13.6HZO 
-CaC12.2H20 
-H3B03 
-ZnSO4.7HZO 
-MnC,04.HZO 
-CuSO4.5H20 
-NaMo04.?H20 
-CnC12.6ti2@ 

-ANAEROBIC ( 0 )  OR AEROBIC ( 1  ) 
--CIJNClIR’NT (63 ) OR SEQUFNT’AL ( 1 
-BATCH ( 0  ) OR CONTINUOUS ( 1 ) 
-WITH ( 0 )  OP WITHOIIT ( 1  ) 

-TEMPERATURE 
-PH 
-PROD(ICT CONCENTRATION I N  EEER 

-CELL OENSITY (CHQ ONLY ) 
-D ILUTION RATE * ERR 
-PRODUCT PRODUCTIVITY 

-Ma:x Specific, g/u ce l  l s * h r  
-Kinetics: CSTR (0) or P l u g  F l c m  
- A c t i v i t y  Fai:tor, X Max 
-Specific, g / g  c e l l s t h r  
- V o l u m e t r i c ,  q / l + h r  * 

--CELL PRODUCT I V I T Y  ( CHO ONLY ) 
-OXYGEN TRANSFERRED 
--OXYGEN FED / OXYGEN STOICH. DEMAND 
-GLIICOSE S P I L L  
--COOLING WATER TEMFERATURE 
-HEAT EUOLUED-.PRODUCT FORMATION 
-HEAT REMOVED RY COOLING COILS 
* u / 1 2  h r s  b a t c h  mode t u r n a r o u n d  

-ACT I UE VOLUME: REQlJ I RED 
-HE A I3 SF ACE 
-GROSS VOLUME ( i n c l  II 15% s p a r e s  ) 
.--GROSS SIZE 

185 



ULET I P R Z  . WKS -2  12 --Apt- -- 8 9 

ETHfiNOI MANUF ACTIURt 
Z 'YMDMONfiS MOR I L 1 S 

INHIBITED S Y s T E r i  - PLUG FLOW CELL RECYCLE 

0 . 0  1 . 9 IJ 1-1 1 t 5 --NUMBEH OF U N I T S  

PRODIJCT S E F A R A T I O N  
250  g i l  --CELL CONC.  ( C H O )  EX F I L T E R  

ili.053 y a l / m i n * s f  -F:TLT'ER THROUGtlPlJT 
16,715 s q  f t  - F I L T E R  SIZE 

PRUDUC I RECOVERY fi P U R I F I C A T I O N  
9 8 .  1 % (  ~ 1 1  ) %  - Y I E L D  ACRO',S R E F I i d I N G  
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ULETIPRZ. WKS -1- 1 2 - A  p r- -8 9 

DTSTlLLATION DATA M A T R I X  
LOWER BOIL  ---___-_-_--_--I- -----_-_ 

DEFAULT IMPURITY IMPIJRITY F'ROEIUCT 
ITEM C 0 MP O N E N T VALUE 81 #2  83 - - _ . _  

1 NAME 
2 PRIORITY A S  REFINED PROUVCT L I S T  
3 
4 NORMAL BDILXNG P T ,  C 
5 LOSS/COLUMN, WT X 0.50 
S LEVEL A5 IMPURITY, WT% 0.20 
'7 UHFJ PRESS T m P ,  c 900 
E? Vf iFOR PRESS, tvm Hg 8QQ000 
9 HT VAPORIZATION, B t u / l t ?  21.5.0 
10 SENSIBLE HT (LTQ) , B t u / ( .  l h  ) 0.50 
11 M A X  THERMAL STABILITY,  C 1 so 
12 LN(ACTIV1TY COEFFICIEN.TS) 
13 -COMP. #l i n :  * 
14 -COMP. # 2  i n :  * 
15 -CI)MF. #3 i n :  * 
16 - C O W .  #4 in: * 
17 -COMP. #5 i n :  * 
18 -COMP. #6 in: * 
19 -COMP. #7 in: * 
20 -COMP. $8  i n :  * 

-CcfMF. 89 i n :  L 1  * 
2 2  -COMP. #l0 1.n: * 
2 3  -WATER i n :  * 
24 .-COPIF. U11. i n :  * 
2 5  -COMP. 8 1 2  in: * 
26 -COMP. #13 in: k 

27 -COMP. 814 in: * 
28 -COMP. # I 5  in: * 
29 -COMP. #1F; in: * 
38 -COMF. #17 in: * 
31 -CUPIF. #18 in: * 
32 -COMP. It19 i n :  * 
33 -COMP. #20 i n :  * 

7 

1-4 

P' A 4 .a, B. 100 
8 . 1 0 0 
0.100 0.100 
Q.1QCI 0.100 
0.100 0.100 
0.1QB 0.100 
0.100 0.100 
0.100 8.100 
@.la0 r n . l @ D  
v3.100 8.100 
0.600 0.500 
0.100 0.10li) 
0.100 0,100 
0.100 0.100 
0.100 0.100 
0.100 0.100 
0.100 0.100 
0.100 0"lScn 
8.100 0.108 
8.10cn e.1eE) 
0.10Q 0.1B0 

A AX f, x 
0.100 
0.100 

0 ) .  100 
0.180 
0.1063 
0.100 
8 .  IO0 
0.1q0 
e. 100 
0.600 
0.100 
0.1mQ 
0. l@@ 
0.100 
0. 100 
0.100 
0.18B 
0.100 
8.100 
0.100 

i.: r: x i. 

The f o l l o w i n g  v a l u e s  c a n  b e  u s e d  i n  lierr o f  a c t u a l  
a c t i v i t y  c o e f f i c i e n t s ;  however., t h e  u n c e r t a i n t y  o f  
t h e  c a l c u l a t i o r i  is r a i s e d  s i g n i f i c a n t l y :  

a l c u h ~ l / a l c o h o l ,  b e t o n e / C e t o n e ,  a l d e h y d e / a l d e h y d e  = 0.1 
a l d e h y d e / k e t o n e  = 0.3 
o t h e r  o r g a n i c / o t h e r  organi.; = 0.5 
a l c o h o l / w a t e r  = m.6 
o t h e r  o r g a n i c / w a t e r  = 1.0  

34 B ( n )  VAPOR PRESSURE CONST. -2476.18  -2476.10 -2476.10 
35 A ( n )  VAPOR PRESSURE CONST. 15.7Q3 15.703 15.703 
36 VAPOR PRESSURE Q40 C 242:. 2 2 4 2 2 . 2  2422.2 
37 VRPOR PRESSURE @12@ C 12121.9 12121.9 12121.9 
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ULETIPRZ.WKS 1 2 - Ap r- -8 9 

11EM 

1 
-l - 
-_ 
3 

4 
5 
t; 

8 
9 

1 Q  
11 
12  
13 
14 
15 
15 
1 '7 
18 
19 
263 
2 1  

23 
2 4  
Z S  
2E 
27 
2 8  
7 C] 

36 
31 

32 
33 

-7 
i 

' 7  1 1. i 

I. . 

3 4  
3s 
36 
3 7 

N O t i M A L  BOILING i j r ,  c 
L-OSSiCUL IUPlN, WT X 
LEIJFL H', IMF.UeIrY, w 1.x 
OAF' PRESS TEMP,  C 
IJAPOR PRESS, r i m  iig 

SENSIBLE HT (L..Iq), R ~ . I J / (  l b j  
MA:! THERMfiL STABLL-ITY , C: 
LN( f 4 C T I V I T Y  COEFFICIENTS ) 

~r V H F O F J ~ ~ ~ T T O N ,  ~i ' tg.t i . ib 

-COMP. #1 in: 

-I;OMP. #3 in: 
- - C O M P .  84 i n :  
- C O M P .  #E8 i n :  
-COMP. #6 111: 

-COMP. #7 i r i :  

-COMP. t 8  1 v :  
--COMF. $3 i n :  
-COMP. g l i l  if;: 

-WATER in: 

- C O M P .  tf.2 i n :  

.--COMP. 81 1 1 n :  
- C O M P .  # l ?  1 ~ 1 :  

- C O M P .  # l 3  i n :  
--COMP. #14 i n :  
- -COMP. #1S i n :  
-COMP. 816 in: 
--COMP. #1'7 in: 
-COMP. 816 i n :  
-COMP. 819 i n :  
-COPlP. #20 11-1: 

0.563 
@.2@ 

908 
8868QQ 

2 1 5 . 0  
13.56 

150  

* 
x 
+ 
?( 

* 
* 
* 
* 
* 
x 
* 
* 
x 
* 
* 
4. 

+? 

* 
* 
* 
* 

20.2 57.8 

0 . 0 8  .UQ 
-1pl.e -.o. i 
2 0 0  * L? 6 3 . 0  
7 5 4 .  e 1 7 6 . 4  

0 . 5 @  0.47 

* The following v a l u e c ,  ~ a n  b y  i ~ s e d  i n  lied o f  A c t i J a l  
a c t  i v i  t y  c o e f  f i c i e r i t  5 I h o w e v e r ,  t h e  u n c e r t a i n t y  of 
t h e  c a l c u l a t  i o r i  1 5  raised 5 i g n i f  i c a n t  l y  

a l c o h o l / a l c o h o l ;  he tone /k . e tone ;  a l d e h y d e / a l d e h y d e  = 0s I 
a l d e h y d e / k e t o n e  -- 0 . 3  
o t h e r  o r g a r l i c / o t h e r .  o r g a n i c  - 0 . 5  
alcohol/water. = 0 . 6  
o t h e r ,  o r g a n i c / w a t e r  ~z 1 . 0  

Bc n ) YAFOP PRESSURE C O N S T .  -2476 .10  -3488.74 -3925.74 
A (  n ) VAPOR PRESSURE CON5T. 15.783 18.259 18 .501  
V f i P O R  PRE53URt @40 C 24.22 a 2 15r35,7 3 8 7 . 0  
V A P O R  PRkSSlJRk 0120 C 12121 .9  14554.7 4372.0  
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ULETIPHZ.WKS -3- 1 2  -Apr -89  

ITEM 

1 
2 
3 
4 
5 
Ei 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
2 2  

24  
25  
2G 
27 
28 
29 
30 
-3 1 
32 

17 
i. J 

- -.. 
.j 5 

34 
35 
36 
37 

01 ST ILLATION DfiT A M A T R I X  
LOW BOIL -- 

DEFAULT 
VALUE C 0 M P ON EN T 

- - - - - - .- 
NAME 
PRIOR1 T Y  AS REFINED PRODIJCT L I S T  

r,joRMfiL BOILINS PT, c 
LOSS/COLUMN, WT % 0 . 5 0  
LEVEL AS IMPURITY, WT% m:z0 
UAF PRESS 'TEMP, C 9Q0 
VAPOR PRESS, M M  Hg 8000Q0 
H T V A P  OR I 2 A P I 0 N 215.0 
SENS1BL.E HT ( L I Q  ) ,  B t u / (  l b  ) 0.50 
MI?)! I H E R M h L  S ~ T A B I L I T Y ,  C 1. 562 
mI; i ? c ~ r I u I T y  COEFFICIENTS ) 

B t. u i 1 b 

-COMP. # l  in: * 
-COMP. %2 in: * 
--COMP. #3 in: * 
--COMF. #4 in: * 
-COMP. $5 in: * 
-COMF. t 6  in: * 
-COMP. #"7 i n :  * 
-COMP.  83 i n :  * 
-COMP. #9 in: z 
-COMP. # l @  in: * 
-WATER in: * 
-COMP. #1.1. in: * 
-COMP. #12 i n :  * 
-COMP. 813 in: * 
-CGMP. # 1 4  in: * 
--COMP. #is in: * 
-COMP. $16 in: * 
-COMP. #17 in: * 
---COMP. #18 i n :  * 
-COMP. #19 in: * 
-CC)MP. #Z0 in: * 

P H 0 D U 1: T 
#7 

ETHANOL 
1 

7 8 . 4  

- - - - - - - 

18.0  
48,0 

3 6 7 . 2  
0.G8 

0.100 
0.180 
0.100 
e. 1#0 
0.100 
0. lOQ 

0.106 
0.10a 
0.100 
0.600 
0.100 
0.100 
@ .  1@0 
0.100 
e. 180 
0 .  100 
0.100 
0.100 
0.10a 
e. 10G1 

h .\ r A 

IMP!!R J T Y  IMPCJHI T Y  
#S 

- - .. - - I - 

0.10QI 
0. loll 
0.100 
8.1q0 
0.100 
0.108 
0.10@ 

0" 168 
0.108 
0.60# 
0.100 
0. 100 
0.13Q 
0.1063 
Ql.1130 
Q. 108 
8. I @ @  
Q.180 
0.1@0 
0 .  1iDa 

X h ?h ,X 

* The f o l l a i d i n g  v a l u e s  can b e  u s e d  1ri lieu o f  a c t u a l  
activity coefficients! however ,  t h e  u n c e r t a i n t y  of 
t h e  calculation 15 raised s i g n i f i c a n t l y :  

a l c o h o l / a l c o h u l ~  I e t o n e / l  etone, a l d e h y d e / a l d e h y d e  
a l d e h y d e / b e t o n e  = 8.3 
other organic/other organic = 0.5  
a l c o h 3 l / r ~ a t e r  = 0.E 
o the r  organrc/water = 1.0 

# 9  
- - - - - - 

0.100 
0.1GIa 
0.1013 
fb. 180 
0.1Q0 
G 1 .  ;@a 
8.100 
a. l a @  

&' x ?' 4 

0.10vl 
8.600 
0.1G10 
e. I00 
t?. 188 
8.100 
0.1Pl0 
0.100 
@.100 
0.100 
0.100 
a .  10vl 

= 0 .1  

B ( n )  VAPOR PRESSURE C O N S T .  -4984.94  - 2 4 7 6 . 1 0  -2476.10  
A (  n ) VAPOR PRESSlJRE CONST.  28.81'3 15.703 15.703 
UAPOR P R E S S U R E  @40 C 133.3 2422.2 2422 .2  
VAPOR PRESSURE @120 C 3411.6 12121.9 12121.9 
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1 0 0 . 0  112 .1  
0 . 5 B  
I9 I10 

900 
880000 

2 1 5 . 0  
0 . 5 @  

150 

"- 0 .  100 
* 0 . 1 8 0  
* VJ. 100 
k 0 .  l ee  
(i 0 . 1 0 8  
4 0 . 1 0 0  
* 0 . 1 0 0  
* 0.1@0 
* 0 .100  

f 0 .  GQ0 
* 0 . 1 0 0  
+- e .  100 
R 0 .100  
f 8 . 1 0 @  
k 0.1@0 
k 0 . 1 0 @  
Y v ) .  100 
k 0 .100  
* 0.1#0 
* e .  100 

* % *>, , 

il . 600  
0.600 
0 .  600 
0 .  G O O  
0 .  GOB 
0 .600  
Q "600 
0 . 6 8 0  
8 " G00 
0 . 6 0 0  

0.600 
0 .  6 0 Q  
c?.6OG? 
0 . 6 0 0  
D .  sa# 
0 . 6 0 0  
0 . 6 0 8  
e * 6630 
0 .  600 
0 . b @ @  

,I " ,< 

0 .100  
0.10G3 
0 .  l Q O  
0 e 1@17 
0 . 1 0 0  
0.1bq 

0.10GJ) 
@ .  100 
0 "  100 
0 . 1 0 0  
0 .  Ei0e 

0 . 1 0 0  
0 . 1 0 e  
0 . 1 0 0  
0.1G1V1 
0 , 1 @ 0  
0 .  lPlQ 
0.1110 
0 .180  
0 . 1 0 e  

x ,A\ "\ .* 

* The f o l l o w i n g  v a l i ~ ~ s  can h e  u s e d  i n  l i e u  o f  a c t u a l  
hoctever , t h e  u.nc tr t a 1 n t y o f ac t 1 v I I. y c oe f f 1 c 1 en t 5 : 

t h e  c a l c u l a t l o i ~  i s  t - d l s e d  s i g n i f  i c a r i t l y :  

34 f3( n j VAFOR PRESSIIRL C O N S T .  -2476. 10 -5123.15 -4875.41 
35 f ~ (  n ) llAPOR PRESSURE CONST. 15 .703  20 .364  19 .099  
3K UAPOH PRESSURE Ca40 C 24'2 " 2 5 4 . 5  33.9 
37 VAPOR PRF5SURE Cal20 C, 12121.9  1528 .9  807 .2  
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0 E F AUL T 
ITEM COMPONENT VALUE 

- - - - - I 
1 NAME 
2 PRIORITY AS REFXNED PRODUCT L I S T  

4 NORMAL BOILING PT,  C 
5 LOSS/COLUMN, WT X 0 .50  
G LELJEL A 5  IMPURITY, WTX Q .20  
7 V A F  PHE5S TEMP, C 900 
8 V A P O R  PRESS, mm tig 8@08@0 
9 HT V A P O R I Z R T I O N ,  Btu/lb 215.10 

10 SENSIBLE HT ( L I a  ) ,  6 t u / !  lb) 0.50 
11 M A X  THERMAL STF\BILI .TY, C 150 
12 LN(ACTIV1TY COEFFICIENTS) 
13 -COMP. #1 i n :  * 
14 -COMP. # 2  in: * 
15 -COMP. #3 i n :  * 
16 -COMF. # 4  i n :  it 

17 ---COMP. #E; i n :  * 
18 -COMF. #6 in: it 

19 -CIIMP. #7 i n :  * 
28 -COMP, $9 in: * 
21 -COMF. 89 i n :  * 
22 -CC)MP. 810 in: * 
23 -WATER in: x 
24 -COMF. #l! i n :  x. 
2 5  -COMP. #12 i n :  x 
26 -COMP. #13 in: R 

27  -.CI)MP. # 1 4  in: It 

28 -COMP. # I 5  i n :  * 
2 9  -COMP, $16 i n :  * 
30 -COMP.  #17 i n :  * 
31 -COMP. ?418 i n :  * 
32 -COMF. #19 i n :  * 
3s -COMF. 820 in: c 

-.. 
5 

130.5 

48.8 
10.8 

19Y.0 
Q.'72 

0 .108  
0.100 
0.100 
0.100 
c).1@)0 
O.lU0 
0 " 1 Q Q  
0.10@ 
0 "  100 
@ . l a @  
0 .  GOO 
0 .  IO@ 

0.100 
0 .100 
Q J . l O O  
G : .  100 
0.100 
Q .  100 
Q.18G) 
0 .  10a 

.. .< x ,A 

* The following values can be  ASP,^ i n  l i e u  of 

29m.e 

153.0 
5 .0  

396. L!l 
0.58 

0.100 
e .  10G1 
@ . l o #  
@ . l a @  
0. loo 
0.1130 
0.100 
U . l D @  
0 .  lQCi 
0.100 
0.6138 
0 .1@@ 
8.1b0 

0.100 
0 .190  
Q. lm0 
G I .  lo@ 
0.100 
8 . ! 8 @  
0 "  lo@ 

.4 A * .i 

a c t  l la l  

activity coeffi.cient5; h o w e v e r ,  t h e  u n c e r t a , i n t y  o f  
t h e  calculation is r a i s e d  s i g n i f i c a r i t 1 . y :  

alcoho 1 / a lcoha  1 ; I et nne/k et one ; 3 I d e h y d e  / a  ldehyde 
a l d e h y d e / l . e t o n e  7 0.3 
o the r  orqanic/other i j r g a n ~ c  = 0 . 5  
alcohot/water = 0 . 6  
o t h e r  r?rgar t ic /wate i -  1.0 

HIGH BOIL  
PRODUCT 

8 1 4  
- - I - - - - 

0.100 
O . l @ @  
@. 1G10 
0 , 1 0 8  
0 "  1QB 
0.1.08 
0.1Ple 
0.108 
0.1,00 
0.100 
B .Le0 
0. l o0  
0 .100  
0.100 

0.1630 
0.100 
0 .  t @ Q  
0.180 
8.108 
0.101il 

..,. . ., : ,+ r; h ,ai 

= Gl.1 

54 B(  n ) VAPOR PRESSIURE CONST. -6113.16 -88Fj3.;?S .-.ZS'7F;.18 
35 Fi( n ) VAPOR PRESSUfiE CONST. 2 1  .784  22.376 15.'783 
36 UflF~lIR PRESSURE @46 c 9 .5  . E )  z422.2 
37 VAPOR PRESStJRE @120 C 507.8 0.8 1 2 1 2 1 . 9  
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5 4 0 I G? 3 9 6 .  
0.56 5.58 
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D I S T I L L A T I O N  D A T A  M h T R I X  
HIGHER B O I L  - - - - - - I - -. I - - - - - -. - - - 

U E F A U L T  PRODUCT I M P U R I T Y  I M P U R I . T Y  
1 T E M  C 0 M P 0 NE N T V A L U E  # l R  819 #ZQ 

------.- 11--111 -- ---__-_ 
1 N A M E  
2 P R I O R I T Y  AS R E F I N E n  PRODUCT L I S T  
3 
4 NORMAL B O I L I N G  P T ,  C 
5 L O S S / C O L U M N ,  WT % Q.50 
6 LEVEL A S  I M P U R I T Y ,  WT% 0.2Q 
7 VAP PRESS T E M P ,  C 900 
t3 VAPOR PRESS, nm Hg 8Q0000 
9 H T  V A P O R I Z A T I O N ,  B t . u / l b  215.8 
10 S E N S I B L E  HT ( L I Q ) ,  Btu/(lb) 0.50 
11 MAX T H E R M A L  S T A B I L I T Y ,  C 150 
12 L N ( A C T I V 1 T Y  C O E F F I C I E N T S )  
13 -COMP. 81 i n :  * 0.100 0.100 0.1q0 
14  -COMF. # ?  in: t 0.100 0.100 0.100 
15 -COMP. # 3  in: * Q. 1QQ 0.100 0.100 
16 -COMP. #4  in: * 0.1Q0 0.18@ 0.100 
17 -COMP. #5 i n :  * f2.108 Q.lfd0 0.108 
18 -COMP. #6  in: * 13.100 0.1041 0.100 
19 -COMP. #7 in: x 0.100 Q. 100 0.18Q 
20 -COMP. ffl! i n :  * 0.100 0.106 0.180 
21 -COMP. #9 in: * e. 100 Q. 100 0.100 
22 --COMP. # l a  i n :  * Q.lQ0 0.100 0.1C1Q 
23 -WATER i n :  * 0.608 8.680 0.600 
24 -COMP. # l l  in: * Q. l Q Q  8.1E10 a .  160 
25 -COMP. 812 in: * 0.100 0.100 0.100 
? G  -COMP. #13 in: If 8.1Q0 0.188 Q. 100 
27 -COMP. #14 i n :  E 0.100 91.100 0,lii)B 
28 -COUP. #15 i n :  * 0.188 B.1QQ 0.10Q 
29 -CC)MP. #16 in: * 0.108 0.18Q Q.lQ0 
30 -CF)MP. #17 i n :  * 0.180 0.1QB 0.100 

0.10p1 0.10Q 31 -COMP. #18 in: A h 

32 -COMP. #!9 i n :  * 0. 100 x x x x  0.100 
* ;<: 1 , , I 

* 8.16313 x x x x  -COMF. 820 in: 0.1@0 -- 
3 3 

* [ha following vallies can  b e  used in lieu o f  a c t u a l  
activity coefficients; however, the uncertainty o f  
the ralculation is raised significantly. 

alcohol/alcohol, ketone/ketone3 a ldchyde /a ldehyde  = 0.1 
*?ldehyde:l-etone, = 0 . 3  
other organic/other organic:  = 0.5 
a lzohol /w8ie i -  = 0 . 6  
other o r g a n i c / w a t e r  5= 1.8 

34 B (  n ) V4POFz PRESSURE CONST. -2476.14) -247G.10 -24'76.10 
35 A (  n V A P O R  PHESSlJFiE C O N S T .  L5.703 15.783 15.703 
36 U W O R  PRESSUPt E40 C 2422.2  2422.2 7422.2 
37 VPlPOR P R E S S U R E  QlZ0 C 12121.3 12121.9 12121.9 
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ULETIPRZ.  WKS 

0 
0 

@ 
B 

391,681 
14,515 

4PJ6'19S 

O X Y G E N  FED--PROD'N 
N 1 TROSEN FEU- PROD ' N 

OXYGEN VENT-PROD ' N 
NITROGEN VENT--PROD'N 
CARBON DIOXIDE VENT-PROD'N 
u- rm VENT-PROD 7 N 

P H I  

1 2 --A p r - 8 9 
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WATER BALANCE 

MIIKE UP WATER 1 , 9  1 7 , 3  l a  
E I U S U G A R  SYRUP 1,2 ;16 ,77d  
S T E R I L I Z E R  STEAM 145,282 
FORMFC) W I ' 1  t i  CEl..l..S 5 53:; 
FORFlED WITH PRODUCT (2,598) 

TOTAL IN 3 L'9@,3i?S 

- - .- - ._ .- ._ 

WOTER OUT 
- - -- - _. - - - . 

AQUEOtJS WASTE 3 , 0 9 7 , 3 3 6  
ICONDENSATE MAk,EUP TO P .  H 1 4 3 , 2 8 2  
FERMENTER VEN I S  26 72E 
PURGED WITH CELLS 2 8 , 8 8 3  
M O T S 1  URE I N  PROGUCTS 79 

T O T A L  OUT 3 .290,308 
- - - - - - _ _  
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P 
R 
0 
D 
U 
C 
T 
#a 

#1 

#0 

#Q 

STREAM 

E THAN 0 L MANU F A C 'T U R E 
ZYMGMONAS MOBIL I S  

I N H I B I T E D  SYSTEM - PLUG FLDW - CEILL RECYCI..E 
-----_ - - - 

MATERIAL. BALANCE FL.C?WSHEET 

THOUSAND ANNUAL POUNDS ( 330 @AYS @ CAPAC;TTY 
-_- .- ----- - 

- 1 2 3 

CORN ANHYO NIJTRIENTS 
SYRlJP PlMMON I A 

I- .  - - . - I - - - - - - - - - - - - - - - - - - 
CELLS -CHO Q 

-NH? G? 
-M INERAL.5 0 
-TOTAL 0 

ACETPLOEHYDE 8 
COMPONENT #2 a 
COMPONENT # 3  @ 
COMPONENT # 4  0 
COMPONENT #5 0 
L IGHT ENDS 0 
E T HA NO L c! 
COMPONENT #8 Q 
COMPONENT 89 0 
COW(2NENT # 10 a 
ACETIC f'iCID 0 
I S o w i Y L  ALCOHOL e 
GLYCERINE 0 
COMPONENT # 1 4  0 
LACTIC A C I D  0 
SUCCINIC FtCID 0 
COMPONENT 8 1 7  0 
COMPONENT 818 0 
COMPONENT # 19 0 
BENZENE 0 
GLUCOSE 8 1 7 , 8 4 9  
AMMONIA 0 
PHOSPHORIC ACID 0 
POTASSIUM CHLORIDE 0 
M I N O R  NUTRIENTS 8 
WATER 1 , 2 2 6 , 7 7 4  
CARBON DIOXIDE 0 
OXYGEN 0 
NITROGEN e 
HYDROGEN e 

----- - ----- _" 

0 0 
B 0 
0 0 
0 a 
Q 0 
0 e 
a 0 
63 0 
0 0 
0 a 
0 e 
0 0 
e 0 
8 B 
0 0 
8 0 
0 0 
P) 0 
8 13 
0 0 
0 0 
0 8 
0 0 
0 8 
0 a 

1,191 0 
0 6 6  1 
13 504 
0 ,L3 
0 In 
0 0 
0 @ 
8 0 
0 e 

71 

- - - - - - - - -- - - - ._ - -. I------ -- _---. _-- 
GRAND TOTRL.. 2 ,@.24,623 1,191 1,393 

TEMPERATURE, C 20  20 2(0 
PRESSURE, P S I A  1 4 . 7  1 4 . 7  1 4 . 7  
STATE SOL'N L I Q U I D  SOLIDS 

CHECK ON TOTAL 

4 
M I X  

LIATER 
-I-, - 

0 
0 
8 
0 
0 
P, 
0 
0 
0 
Q 
e 
a 
a 
0 
0 
0 
0 
8 
8 
0 
Q 
0 
e 
0 
0 
0 
0 
0 
0 

1,774,036 
0 
0 
0 
0 

1 , 7 7 4 , 0 3 6  

20 
20.8 

L I Q U I D  

- -  -- 

5 
MIXEC) 

MED L U M  
- - - - - _. __ 

0 
0 
0 
c3 
0 
c3 
Q 
8 
0 
13 
0 
13 
0 
0 
c) 
GI 
0 
0 
0 
Q 
0 
8 
0 
0 

817,849 
0 

6 6  1 
504 
228 

3 ,  0 @ @ ,  818 
0 
0 
0 
Q 

3 , 8 2 0 , 0 5 3  

2 0  
2 5 . 8  

SOL r.1 
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ETHANOL MANUFACTURE 
ZYMOMONAS MOEILIS 

INHIB ITED SYSTEM - PLlJG FLOU - CELL RECYCLE 

STREHM 
p 
R CELLS -CHQ 
0 -NHZ 
D -MINERALS 
v -TOTAL 
C ACETALDEHYDE 
T COMPONENT #2 
$0 COMPONENT 83 

C 0 M P O NE N 1- 4 
COMPONENT #5 
LIGHT ENDS 

COMPONENT #E3 
COMPONENT #9  
COMPONENT # l o  
ACETIC A C I D  
ISOAr‘lYL ALCOHOL 
GLYCERINE 

#0 COMPONENT #14 
L A C T I C  A C I D  
SUCCINIC A C I D  
COMPONENT # 1 7  

#3 COMPONENT # l S  
COMPONENT #19 
BEN Z E NE: 
GLll CO SE 
AMMON I A 

F 0 T f3 S S I U P1 C HL OH I UE. 
M I N 0 F? NUT R I E NT S 
WATER 
CARBON D I O X  IDE 
OXYGEN 
NITROGEN 
H Y 0 R 0 G F N 

EiRANCI TOTnL 

TEMPERATURE, C 
PHE5SUEE , PS I A  
STATE 

- I - - - - - - - - _ _  - .- - - 

#1 ETHANOL 

PHOSPHORIC A C I n  

CHECK ON TOTAL 

11 
COME I NED 

FEED 
- - - - - - .. 

0 
0 
B 
0 
0 
8 
0 
0 
0 
0 
8 
0 
8 
0 
0 
0 
8 
0 
0 
B 
0 
e 
8 
0 

81‘7,849 
1 , 191 

66  1 
5134 
228 

3 , 1 4 4 , 0 9 2  
0 

4 6 , 3 7 8  
153,584 

0 

4 , 1 6 4 , 4 8 8  
-_ - - - - - - 

12 
BEER 
#I 

----I-- 

8 ,  175 
1 , 1 2 1  

L LS 
3 , 524  

0 
0 
0 
0 
0 
0 
8 
8 
0 
e 
0 
0 
0 
0 
oi 
0 
0 
0) 
e 
0 

901,5me 
0 

6E 1 
504 

0 
3 , 1 4 7 , 4 1 2  

0 
B 
0 
a 

17 

- I - - I - . 
3 , 94;c;,61711 

33 
4 4 . 7  

S 1. IJ RR Y 

13 
BEER 

#2 
- - - - _. - - 

11’3,542 
16,394 

139,277 
0 
0 
e 
0 
0 

454 
4573, E47 

e 
0 
a 

3,199 
0) 

5,142 
0 

914  
Q 
0 
8 
Q 
0 

36 5 
t3 

-745 
56 7 

e 
3 , 5 1 3 , 7 8 1  

e 
a 
0 
0 

4 , 1 2 4 , 0 9 1  
4,124,891 

33 
4 4 . 7  

S LlJR R Y  

3 , 3 4 1  

- - - - - - - 

14 

GROWTH 
VLN r 

- - -. - - - - 
0 
0 
0 
Q 
eJ 

VI 
0 
0 
0 
0 
0 
v) 

B 
0 
0 
0 
e 
0 
Q 
0 
e 
B 
0 
0 
0 
B 
0 
Q 
0 

6 , 2 1 3  
11,993 
37 , 102 

1 5 3 , 5 3 4  
e 

. - - _. - .- - 
2 6 8 , 8 8 2  

33 

1 4 . 7  
GAS 



-4 - lZ-Apr -89  

19 20 
CELL ('FUDE 

RFtCYCLti F I L T R A l E  

3 ,  50F; ,645  

-7 7 .J ,I 

14.7 
SOL'N 
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ETHANOL MANUFACTURE 
ZYMOMONAS MOBIL IS  

I N H I B I T E D  SYSTEM - PLUG FLOW - CELL RECYCLE 

MATERIAL BALfiNCE FLOWSHEET 

THOUSAND ANNUAL. POUNDS (330 D A Y S )  @ CAPACITY 

STREAM 
p 
R CELLS -CHO 
0 -NHZ 
n -MINERALS 
U -TOTAL 
C; ACETAL DEHYUE 
T COMPONENT # ?  
80  COMPONENT # 3  

COMPONEN‘T #.I 
COMP Q W N T  85 
L IGHT ENUS 

COMPONENT #8 
COMPOrlENT %9 
COMPONENT #10 
f iCETIC ACID 
ISOAMYL ALCOHOL 
G L Y  CER T NE 

#0 COMPONENT #14  
L A C T I C  A C I D  
SUCCINIC ACID 
COMPONENT #13 

BQ COMF’ONENT 818 
CDMPOtlENT # 13 
BENZENE 
G LU C O S  E 
A M M O N I A  
PIiOC,PHORIC ACID 
POTRSSIUM CHLORIDE 
M I N O R  r4UTRIENTS 
WP,TER 
CARBON DIOXIDE 
OXYGEN 
FJITROGEN 
t-t Y D fi r) 1; EN 

- - I - - - - - - - - - - - - 

#1 ETHANOL 

GRAND TOTAL 

T EMFiERATURE , C 
PRESSURE, P S I A  
STATE 

CHECK ON rOTfiL 

2 1  22 23 24 
BEER #1 BEER # l  BEER # l  BEER #2  

FEED M A K E  T A I L S  MAKE 
-_^__I_ 

0 
0 
0 
e 
Q 
0 
0 
0 
0 

399 
438 , 932 

il 
0 
8 

2,815 
0 

4,525 
0 

8014 
B 
0 
0 
0 
0 

337 

8 
6 55 
439 

8 
3 , 513 , 444 

0 
Q 
0 
0 

L I  

----I-- 

0 
Q 
0 
0 
0 
0 
0 
0 
0 

399 
4 3 , 9 3 6  

0 
0 
Q 
0 
0 
0 
(11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

436 916 
0 
0 
e 
13 

3 ,  ‘362 ’I 39fi 

-- 
_ -  

SOL ’I N 

874,271 

1Q9 
2 7 . 5  

SOL ’ r?l 

- - - I _. - - 
0 
0 
0 
0 
0 
0 
0 
B 
0 
0 

1 , 9 9 6  
a 
0 
0 

2 , 815 
8 

4,525 
Q 

804 
0 
0 
0 
e 
0 

3322 
0 

655 
433 

13 
3 ‘I 076,569 

e, 
8 
Q 
0 

-- 
3 , 0 6 8 ,  t 2 5  

1261 
2 9 . 6  

SOL ’ N 

0 
0 
0 
8 
0 
0 
8 
0 
0 

399 
3’37,214 

8 
0 
0 
0 
0 
0 
01 
0 
4) 
0 
0 
0 
8 
0 
0 

e 
e 

20,906 
8 
0 
0 
0 

418,519 

a 

I - - - I - I 

99 
29.7 

SOL ’ N 
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P 
R 
0 
D 
U 
c 
T 
# 0  

#l 

# O  

#a  

ETHAN01 P l A N C J F f i C l  URE 
ZYMOMONOS MOBIL IS  

I N H I B I T E D  SYSTEM - PLUG FLOW - CLI I. PECYCLF 

7 H 0 !i S f i  N 0 

STREAM 

CEILLS - - C t I O  
-. N I-i 2 
-MINERALS 
- TOTAL 

A C E  T ii L D E H Y 0 E 
COMPONENT 8 2  
COMPOFJENi #3  
COMPONENT tt4 
COMPONENT #5 
L.JGHT ENDS 
E T  l i  AN0 L 
COMPONENT ti8 
COMPONENT #3 
COMPONENT tflQ 
RCETIC; PICID 
I S O A M Y L .  HLCOHOL. 
G 1- Y C E P I NE 
COMPONENT # 1 4  
LAC’I t c  ACICl 
SUCC. I N I C A C I 17 
COMPONENT #17 

COMPONENT # 19 
6 t N ;7 EN E 
G LIJC OSE 
AMMON I H 
PHOSPHOFIC PlC1f.I 
FG 1 A  SS I U M  C HLOR I DE 
MINOR NlJTRIENrS 

C A R B O N  I I I O X I D E  
OXYGEN 
!I I T R 0 G E 1.4 
H Y D Fi 136 E N  

GRHNI:) TOThL 

TEMPEFfi rlJPE C 
PRESSURE, F S I A  
s TATE 

- - .. -. _ _  - - - - -- I - - - - 

cOrir-’oNmT ti I 8 

w A - r w  

- - - - . . ... .., - -. - _ _  - - .. .. 

CHECK O N  TOTHI. 

2 6  
LBS 81 

MAKE 

0 
Q 
0 
Q 
0 
0 
0 
0 
0 

359 
1,986 

0 
0 
0 
13 
Q 
e 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 

L‘,,i3s 

111 
5 3 . 4  

so1 ’ N  

2 ‘7 
LBS # l  

T A I L S  
- -I-__ 

0 
0 
(D 

0 
Q 
0 
0 
8 
0 

50 
395 228 

0 
0 
0 
0 
G1 
c3 
Qi 
0 
0 
@ 
0 
0 
3 
e 
0 
0 
Q 
0 

;1Q, 906 
0 
0 
0 
d 

416,174 

170 
6 1 . 7  

5OL ’I N 

- _  - - 
0 
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ULETTPRZ .WKS - 7 .- 12-Apr-89 

P 
t? 
O 
0 
u 
C 
T 
#0 

81 

%@ 

# @  

STREAM 

ETHAN 0 L MAN IJF A C T IJ R E 
ZY MOMO N A5 MOB I L I S 

I N H I B I T E D  SYSTEM - PLIJG FLOW - CELL RECYCLE 
_ _  - I - - - - - - - - _. - - - - - - - - _. - - - - I .- -- - I I - - - - - - - ... _. - - - 

MATERIAL BALANCE FLOWSHEET 
I.- --I-- I.--- - -------- 

THOUSAND ANNClAL POUNDS 330 DAYS i @ CAPACITY 

- - - - - _ _  - - -- - - - - - - - 

CELL.S -CH@ 
- NH2 
-MINERALS 
-TOTAL 

A CET ALDE tIY DE 
COMPONENT #2 
COMPONENT #3 
COMPONENT #4 
COMPONENT 85 
L I G H T  ENnS 
ET HANOL 
COMFnNENT 89 
COMPONENT # 9  
COMFONENT #10 
ACETIC FtCID 
ISOAMYL ALCOHOL 
GLYCERINE 
COMPONENT # 1 4  
LACTIC nc In  
SUCCINIC a c m  
COMPONENT # 17 
COMPONENT #18 
COMPONENT # I 9  
BENZENE 
GLUCOSE 
AMMONIA 
PHOSPHORIC A C I D  
POTA5SIUM CHLORIDE 
MINOR NUTRIENTS 
WATER 
GARGGN U I O X  I D E  
OhYGEN 

HYDROGEN 
NITROGEN 

30 
LDS 8 3  

MAKE 
_ _  

0 
0 
8 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

31  
LES #?  

T A I L S  

0 
0 
Q 
8 
63 
0 
0 
0 
0 
63 
0 
0 
il 
B 
0 
0 
Q 
0 
0 
8 
0 
0 
# 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 

0 

- - - - - ._ - 

TEMPERATURE, C ( 2 7 5  ) 120 
PRESSURE, P S I A  .o  .0 
STATE SOL * F1 SOL’N 

32 
HRS # 1  

MHKE 
------- 

0 
0 
0 
0 
0 
e 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
a 
e 
0 
0 
0 
e 
Q) 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
- - - - - -. - 

7- .JA 
H6S #1 
TAILS 

_- - - - - - - 
G? 
0 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q1 
0 
0 
0 
a, 
0 
0 
0 
0 
@I 
0 
0 

322 
0 

655 
499 

0 
e 
0 
0 
0 
0 

1,476 
------- 

34 
FIBS 8 2  

MAKE 
- -. - - - - 

0 
0 
B 
0 
0 
0 
0 
0 
@J 

8 
0 
0 
8 
0 
e 
0 
0 
Q) 
0 
8 
0 
0 
0 
0 
€9 
0 
0 
B 
0 
0 
0 
e 
0 
0 

0 

( 2 7 3  ) 150 273 ) 
.0  .0 .0 

S O L  ’ N SOL ’ N SOL ? rd 
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IJLETIPRZ. WKS 1 2 - Ap r -- 8 9 

P 
R 
0 
Ti 
I! 
C 
T 
$ 0  

81 

# @  

#B 

ST'REIJM 
__ - - - - - - ._ ._ _ _  - ._ - - __ 
CELL..? -CHO 

- N 1-4 2 
-MINERALS 
- -T  O T  AL 

ACETAL 0 E I4 Y D E 
CONPONE NT # 2  
COMPONENT #3  
COMPONENT #4  
COMPONEMT it5 
L IGHT ENDS 

ICOMPONENT $ 8  
C0MPC)NENT #9 
COMPONENT $10 
nCET lC  A C I D  
ISOflMYl. ALCOHOL 
6 L Y C E R I NE 
COMPONENT 8 1 4  
LACTIC ACID 
SUCCINIC ACID 
COMPONENT # 1'7 
COMPGNEN'I 8 18 
COMPONENT # 19 
EENZENE 
G LIJ C (3 S E 
AMMON 114 
PHOSPHORIC ACID 
POTASSIUM CHLORIDE 
M I N 0 P NU 1' R I EN T S 
WATEP 
CARBON DIOXIDE 
OXYGEN 
NITROGEN 
ti Y C3 R 0 G E N 

m i A r m L .  

- I - - - - - - - - __ I - - - 
mnrm TOTHL 

CHECK ON TOTAL. 
TEMPEKI~TURE, C 
PflEC;CjUF?E, P S I  f3 
S1'ATE 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
a 
0 
Q 
0 
0 
L7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

151D 
.QJ 

SOL ' N 

._ - I - - - - 

0 
0 
0 
Q, 
0 
a 
0 
fa 
0 
0 

? 5 9 , 0 0 4  
0 
0 
0 
0 
e 
0 
0 
0 
0 
0 
0 
0 

1 , 7 5 3 , 1 9 5  
0 
0 
0 
0 
0 

47 ,330  
0 
0 
0 
0 

- ------ 
2 ,  nss, 530 

0 
D 
0 
@ 
0 
0 
0 
0 
0 
0 

258 ! 900 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
c? 

SOL ' N S O L  ' N SOL ' N 

e 
ri) 

0 
0 
0 
8 
0 
0 
0 
e 

317, 3'5; 1 
fl 
0 
0 
0 
!J 
0 
63 
0 
e 
0 
0 
0 

1,758,579 
0 
0 
n 
0 
0 

7 4 , 8 6 2  
0 
e 
0 
0 

150,962 
._ - - - - - - 

SOL ' N 
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ULETIPRZ .WKS -9- l:-Apr.-CS 

P 
R 
a 
D 
U 
c 
T 
#a 

#1 

#0 

80 

STREAM 

ETHAN 01. MAN I J  F 14 C T U R E 
ZYMOMGNAS MOEILIC; 

I N H I B I T E D  SYSTEM - PLUG FLOW -- CELL. RECYCLE 
--.I-___._.--__.__.-.-__.-_-_-_-. 

MflTE:RIAL BALANCE FLOWStiEET 

THOUSHNU ANNC!FIL POUNCE i 330 O R Y S  (a I:APHC: I TY 

461 41  
DE C A N TE R 0 E C ANT F R 
UP LAYER LO L a w ?  

----_--I ---- -I----- 

CELLS -CHI) 0 
-Nt-I? r71 
-MINERALS 0 
- T 0 T At- 0 

rt C E T ALD E H Y I3 E 0 
COMPONENT tt2 0 
COMPONENT # 3  Q 
COMPONENT $ 4  0 
COMPONENl #5 0 
L IGHT ENDS 8 
E T H A N(3 L 258,900 
COMPONENT 4P 0 
COMt'ONENT t 9  0 
COMPONENT # I  Q 0 
nCETIC  A C I D  0 
ISOAMYL ALCOHOL 0 
C.1 YCEPINE 0 
COMPONENT $14 0 
LACTIC ACID 0 
SUCCINIC ACID 0 
COMPONENT W 17 0 
COMPONENT # l 8  0 
COMPONENT # I 9  61 
R EN Z EN E 1,753,199 
GLUCOSE 13 
AMMONIA 0 
PHOSPHOPlC A C I D  0 
POTASSIUM CHLORIDE a 
MIPIOH NUTRIENTS 0 
w A r m  :E;, 503 
CARBON U I OX I DE 0 
0 X Y ci F N 0 
NITROGEN 0 
H YO R 0 C E N e, 

GRAND TOTAL z ,El39' EiQS 
-------__------ _--I.-.-- 

CHECK ON TOTAL 
TEMPERATURE C 
PRESStJRF, P S I A  
STATE SOL ' N 

l _ l _ _ _ -  - 

0 
0 
0 
0 
0 

0 
0 
I? 
0 
0 

5 8 , 4 6 1  
0 
0 
0 
0 
0 
0 
0 
0 
G3 
QI 
B 
0 

5,384 
0 
8 
0 
8 
61 

48,359 
0 
0 
c) 

0 

1 1 2 , 2 0 4  

- - - - .- - - 

SOL N 

42 
RE hl7 EN E 

MAKE 
-1----- 

0 
0 
0 
0 
Q 
0 
a 
II 
El 
8 

58,357 
0 
0 
0 
0 
0 
a 
Q 
0 
G1 
a 
0 
0 

5,384 
0 
0 
0 
0 
0 

2 7 , 5 3 2  
0 
0 
0 
0 

9 1 , 2 7 3  

- .- -- - - - - 

SOL N 

- _ _  _. I -. - 

0 
0 
0 
0 

0 
e, 
a 
13 
0 

104 
0 
0 
0 
0 
8 
0 
e 
0 
61 
0 
61 
0 

a.21 
d 
0 
0 
e 
@ 

2 0 , 8 2 7  
0 
0 
0 
0 

a 

- - - - - - .- 
28,931 

S O L ' N  
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ULETIPRZ.WKS -1 1- 12-Apr-E9 

P 
R 
0 
I! 
I! 
c 
T 
#0 

#l 

#0 

# 0  

ETHANOL MANUFACTURE 
ZYMOMONAS MOBILIS 

INHIB ITED SYSTEM - PLUG FLOW - CELL RECYCLE 
--l----^---_--l__l-_ _ _ _  - - -__ ~ _.-__-I--___ ~ _ _ _ _ _  

MATERIAL BALANCF FLOWSHEET 

THOUSANO 

STREAM 

CELL.S -Ct-lO 
-NH2 
-MINERALS 
- T 0 T A L  

nCETALDEHYDE 
COMFONENT 8 2  
CDNPONENT #3 
COMPONENT # 4  
COMF'ONENT 85 
LIGHT ENDS 
E T t i  A N  O L 
COMPONEN'T #8 
COMPONENT #9 
COMPONENT # 1 Q  
A C E T I C  A C I D  
ISOAMYL ALCOHOL 
GLYCERINE 
COMPONENT # l 4  
LACTIC M I D  
SIJCCINIC A C I D  
COMPONEN 1- # 17 
COMFONEN'I' #18 
COMPONENT It 19 
BEN Z E NE: 
G L U C 0 S E 
AMMON I PI 
PHOSPHORIC A C I D  
POTASS I U E  CHLORIDE 
M I  NOR NJTR I ENTS 
WATEH 
CARBON DIOXIDE 

NITROGEN 
HYDROGEN 

GRAND TOTPlL 

TEMPERATURE, C 
FRESSURE, P S I A  
STATE 

- 

ox Y 6 E ri 

- 

CHECK O N  T O T A L  

ANNrJAL. POlJNDS < 3 3 0  DPI'IS 0 CAPHCITY 

51 
STER I L E 

STERM 
--I- -I-. 

0 
8 
0 
0 
Q 
0 
0 
0 
0 
8 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
Q 
F3 
Q 

1 4 3 , 2 8 2  
Q 
P) 
0 
0 

1 4 3 , 2 E 2  

1 4 t  
6 4 . 7  

G A S  

--.----I 

5 2  
FERM ' T R  

STEAM 
-^----I 

e 
0 
0 
0 
0 
8 
Q 
17) 
0 
0 
B 
0 
0 
0 
0 
0 
0 
0 
Q 
Q 
0 
0 
L1 
e 
B 
0 

0 
8 
0 
0 
0 
0 
e 
0 

0 

141 
6 4  * -7 

G A S  

207 

- - 

54  55 c '7 J.J 

D I S T I L L .  COND, MU MEDIIIM 
STEAM P'WR H 'SE C O O L  W r R  - - - - - - - 

B 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
8 
0 
9 
0 
0 
0 
0 
D 
0 
0 
0 
0 
0 
0 
13 
CI 
0 
0 

;1,4Fiil 70Q 
0 
0 
0 
0 

2 ,464 ,780  

18E 
1 6 4 . 7  

G A S  

110 5 
2 0 . 8  14.Y 

L I O U I O  LIQtlIU 



U L E T I P P Z .  WK5 1 2 -  
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UL- 'ETIPRZ.  WKS -1- 12 -Ap r -89 

D I S T I L L A T I O N  C A L C U L n T I O N S  
._ ------ ---------- 111- 

20 21 2 2  
CRUDE BEEP #.t B E E R  # l  

M LB. M O L E S / Y E A R  F I L T R A l k  F E E D  MAKE 

A C E T A L D € H Y D E  
COMPONENT # Z  
COMPONENT #3  
COMPONENT #4 
COMPONENT #5  
L I G H T  E N D S  
ETHANOL 
COMPONENT #3 
C O M P O N E N r  # 9  
COMPONENT a10 
A C E T T C  A C I D  
I S O A M Y L  A L C O H O L  
G L Y C E R I N E  
COMPONENT #14 
L A C T I C  ACID 
SUCCINIC A C I D  
COMPONENT 817 
COMPONENT # 18 
COMPONENT # 19 
B E N Z E N E  
WATER 

- 

0 0 
0 0 
0 0 
0 0 
0 0 
5 5 

8 ,666  9,528 
0 Q 
0 0 
0 0 

47 47 
0 Q 

4 9  49 
0 0 
9 9 
0 0 
0 0 
0 0 
0 0 
B 0 

171,926 1 9 5 , 0 1 8  
------ - - - - - _. - - 

0 
0 
0 
0 
0 
5 

9,485 
0 
0 
0 
0 
0 
0 
B 
0 
0 
0 
0 
0 
B 

24 , 253 
------ 

1 8 0 ,  701 284 , 655 33 ,742  

( s t ol-age ) 
VRPOR PRESS 4 0 ( q )  

VAPOR PRESS 12Cl'q ) 
B ( q  ) V.P. C O N S T H N T  - 
A ( q  ) U .P.  C O N S T A N T  
T E M P E R A T U R E  C 
P R F S S I J P F  mmHg 

( s t o r a y e  ) 

1 , 1 8 0  
58.5 

213,757 
1613.3 

20.382 
33.Q 

760  

- 5 I 0 6 . 0  - 

1 , 2 9 5  
58 .4  

3 2 , 6 3 8  
1G16.7 

-5106 .? 
ZQ. 38: 

43 .0  
?60 

1 , 2 6 6  
76 .8  

5 2 , 4 0 4  
2059.3 

-5057 2 
20, 498 

10'7.3 
1 , 3 6 9  

...- 

23 
B E E R  8 1  

T A I L S  
I _ _  - - - - - 

0 
0 
0 
0 
0 
0 

4 3  
0 
0 
0 

47 
0 

49  
0 
9 
e, 
0 
0 
0 
0 

1 7 @ , 7 6 5  

170 I 91 4 

- - - - - __ - 

29 
5 4 . 7  

318  
1S29.4 

-512Q.2 
20. 3E1 

1 2 0 . a  
1 , 5 2 9  

24 
BEEP #2 

MFIKE 
--I-^-- 

0 
0 
0 
0 
e 
5 

8 , 6 2 2  
0 
0 
Q 
0 
0 
0 
0 
VI 
Q 
0 
0 
0 
0 

1 ,16@ 

9 , 7 8 7  

- I - I - I - 

1 , 1 5 1  
124 .1  

2c3,4Fj3 
3191.G 

-4YY2. G 
20.772 

4 6 . 8  
1 , 4 3 8  



ULETIPRZ.WKS 

fi CE TFt LDE t.I YDE 
COMPONENT 8 2  
C O M P O N E N T  % 3  
COMPONENT #4 

L I G H T  ENOS 
E T /-in NO I.. 

COIYPCINENT #Y 
COMFDCIENT # 10 

ISOAMYI. ALCOHOL 
GL Y CER I NE 
COMPONENT f! 14 
L A C T I C  A C I D  
SIJCCINIC A C I U  
CUMPONCNT # 17 
C0MPONEI.d T # 18 
C O M P O N E N T  3 1 Y 
E E N Z E N E 
klATEP 

co MPO rd E iv i a r; 

C 0 M P O N  E N T  # S 

f i n E . r ~ c  KID 

115 
57.5 

2 , 3 6 6  
1537.7 

.5113.0 
2Q. 3E7 

12e .0  
1,5218 

0 8 
0 0 
0 0 
0 0 
0 0 
4 e 

4 3  0 , 5 7 9  
0 0 
0 e 
0 0 
e, 0 
0 0 
0 0 
0 0 
0 Q 
0 0 
Fl 0 
e 0 
0 0 
0 e 
0 1,1E0 

4 7 9,74e, 
._ - I - - - I - - -- 

7 
155.3 

19’2 
30GQ. z 
-581 8.5 
21.079 

1 1 1 . 2  
3,633 

1 , 1 4 4  
124.0 

2 5 , 2 9 5  
3189. ’3 

- 4 9 9 3 . 6  
2 0 . 7 7 4  

120 .0  
3 , 1 9 0  

0 
Q 
0 
0 
0 
0 
0 
0 
Q, 
0 
0 
0 
e 
0 
0 
0 
0 
e 
0 
0 
0 

c3 

- - _  

Q 0 e 
. 0  . o  . 13 
? 4 2 4  L-* 

. 0  .Q . o  
0 . 0  Q.O 8 . 0  

-4.60’5 - 4 . 6 @ 5  -4.60% 
E R R  1 2 0 . 0  t H P  ‘ l F j Q  ) 0 1EO ) 

‘3 d 
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U L E T I P R Z .  WtCS 12-tipt- -89 

D 1 S l 1 L L . A l I O N  C H L C U L A T I O N S  

M LB .  MOLES/YEAR 

A C E T A L D E H Y D F  
C 0 M P 0 NE N I # 2 
COMPCNEN 1 83 
COMF'ONEN r #4  
COMPrSNENr #5 
LIGHT ENDS 
ET H r? N O L 

COMPONENT #9  
COMPONENT #10 

I S O R M Y L  ALCOHnL 
F l  YCER I NE 
COMFDONENT # 14  
L A C T I C  A C I D  
S(JCCINIC ACT13 
COMPONENT It 17 
COMPONENT # 19 
COMPONENT # 19 
U E N Z EI4E 
WATEP 

_-_------ ------ 

C o r i P o w r u  $8 

ACETIC acIo 

31 
L B S  #3 

T A I L S  
---- 

0 
0 
0 
0 
0 
B 
0 
0 
0 
e 
@ 
0 
0 
6? 
0 
0 
0 
0 
0 
0 
Q 

Q 
----- -.- 

( t r t o r a g e  ) 

( S t o r a g e  ) 
VHPOR PRESS 4 0 ( q )  

VAPOFi PRESS l2vI:q ) 
H ( q  ) V . P .  CON5TANT 
N ( q )  U .P .  CONSTANT - 
TEMPERA TIJRE C 
PKESSIJPE mmHg 

0 
. a  
2 4  
. 0  

43.0 
4.605 
120.0 

8 

0 0 0 0 
01 Q) c1 0 
Q 0 0 Q) 
0 0 0 0 
0 0 0 0 
B 0 0 e, 
0 e 0 Q) 
0 0 0 63 
GI G3 0 0 
0 0 0 0 
QI Q 0 0 
0 0 0 0 
0 0 0 0 
0 Q 0 0 
0 0 0 0 
0 0 0 t? 
0 0 0 0 
0 0 0 0 
0 0 GI 0 
0 0 0 0 
0 0 0 0 

------- 11-1--- ---- -- I --- --__ -- 

0 
8 
8 
0 
G1 
0 

5 , 6 2 2  
0 
Q) 
0 
c? 
0 
c) 

8 
G? 
0 
Q) 
0 
0 

2 2  p 237 
2 , 6 2 7  

47 0 0 0 3 @ , 4 8 6  

0 
* 0  
2 4  
.0  

0.0 
-4,GBE; - 

ERR 
( 160 )  

0 
.0  
2 4  
.0 

0.u 
. 4 .685  - 
150.0 

0 

Q) 
.0 
2 4  
. B  

8.0 
.4.605 - 

ERR 
( 1 6 0 )  

0 
.(? 
2 4  
.o 

0.0 
-4 .6BS 
150.G1 

0 
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tJLE1 I P R Z  . WKS .- 4 .- l z - h p r  -89 

D I S T I L L A T I O N  C H L C U L A T I O N S  

- - - _. .- -. - .- - - ._ - - - - 
A C E - 1  A L. 13 E 1-1 Y D E 
Ci?MPONENT #2 
COMPONENT # 3  
COMPONENT lt.4 
COMPONEN 1 #5 
L-1GH.I ENDS 
E THRNOI.. 
COMPONENT $6 
CL!MPONEN T #E! 
COMPONENT # 1 L3 
A C E T I C  P I C I D  
I S O A M Y  L A L C O H O L  
GI- YCEP I NE 
C O l l P O N E N T  # 14 
L A C T I C  A C I D  
S U C C I N I C  A C I D  
COMPONENT # J  7 
COMPONENT #18 
COMPONENT # l Y  
BEN Z ENE 
WATER 

9 ,581 
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ULETIPRi .WKS 

M LB. MOLES/YEAR 

ACETALDEHYDE 
COMPONENT # 2  
COMPONENT #3 
COMPONENT tt4 

L IGHT ENDS 
E. 1 tlANOL 
COVPONENT 89 
COMPONENT # 9  
COMPONENT # 10 
ACETIC P C I D  
ISOAMYL NLCOHOL 
GLYCERINE 
COMPONENT 814 
L A C T I C  A C I D  
S1JCCINJ.C ACIC! 
CI?MPONENT #17 
COMPONENT #18 
COMPClNENT 819 
E EN Z EN€ 
WATER 

---- --- 

c o r i P r J r w u  85 

( S t o r a g e )  

( Stcr-age ) 
VF1POR FRE5S 4 0 ( q )  

VAPOR PPESS 1 2 8 ( q )  
B ! q )  0 .P .  CONSTANT 
i?r( 9 ) 0 .P . CONSTANT 
TEMPERATURE C 
PRESSURE: mmHg 

.- .- 

43 
8 EN Z EN E 

TA1l.S 

213 



-1- 12-Apr -83 

7 '7 
i - 

BEEP 81 
MA K E- 

- - - .- - - 

7 
WATEE 

2782  I 0) 

111111.3 
1.822 
1.822 
2.954 
3 % 493  
0.ZF;l 
0 . Q 4 '7 
0.719 
1 .Z64 
I .049 

0 . 3  
e . 3  
6 

13 
50% 
26  

1 , 4 2 4  
10'3 

2 5 . 9 1  
I.? 111366 
118.8 
54.6 
11.9 

436,936 
6%2.5 
lD.840 

1ecr. 438 
81 10 

C R L A N D P I A  STEnM - MPPH ( 1 5 0  P s I G j  

7 
M A  rw 

351 1 . f i  
1525, Y 
1 . E 2 2  
1 .G22 
4 .  065 

0.  @om25 

1 .000 
1 - 8 2 2  
1.0PD 

18.Q7 
e .  0704 

9 6 8 . 2  
0 .999 

lfi8. '769 

1 3 6 . 9 3  
COLUMN COST $1000 30.86 MPC - BARE EQUIPMENT 

ALL LflREiON STEEL $?0:_.  1 $87. E! 
- I" .S 1.~/7€14 ' . S .  TPAYS $':2.3 $96.6 
- ALL 304 CTIIIP.IlESS 5TEEL $320 .4  $140.9  
- RLI 3Q41 STAINLESS S T E E L  $352.5 $155.8 
- A L L  316 SrHI r iL tss  S I F ~ L  $432.6 $190.2 

rONDEN5FR OR C A L A N D R I A  SURFAC 9,614 3,37G .j ,052 
CDND. OP CALRND. C O S T  - $1000 3036 PlFC - BAPE EOUIPFlCNr 

-CAPEON STEFL $ 2 9 8 . 1  $ZY0.5 $ 9 9 . 9  
3Q4 STFII NLk 55  5 rEEL $417.3 $406.6 $1'39.9 

-316 S T A I N L L 5 5  STEEL $447. 1 s435.7 $ 1 4 3 . 9  
-MI) N E L t F G A 1 . 3  $566.4 $134.9  

- 

SUB T O T A L  3 ,  ea? ,  40s  
SIJBTO rnL 3 , 8 7 6  959 
SUET n T Fs L 3,076,589 
M I N I M I J M  REFLUX I7RTILI 0 . 3  0.2 
Cn SUBTOTAL $1 297,3@4 I ,  357 270 293 

214 

7 
WATER 

S411.6 
1528.9 

1 . $22  
1 .822 
3 . 8 9 4  

e .  835'39 

v1.964 
1 . '74h 
1 .@Dl 

- 

19.1113 
Qi. m774 

917.7  
0 . 9 7 2  

31 -3'75 

36.51 

1,743 

$62.7 
$87.8 
$ 3 4 . 1  
$122.3 

443,041il 
416,030 
41G ,038 

?'7,01 1 



ULET1PRZ.WKS 

DISTILLATION CALCULATIONS 
.-_------I------- ---_- - 

20 22 2 3  
CRUDE BEEP # l  EEER #l  

M LB. MOLES/YEAR FILTRfiTE MAKE - r A I i s  
__I_ -I._- - __ - - - - - - - - - - _- - --- -- 

Cn SUBTOTRL # Z  0 4,088 
C n  SUBTOTAL 8 3  436,936 3 ,075 ,959  
Cn CHECK @.?SO 01.99e 
Mv SUBTOTAL # I  160,513 733 
Hv SUBTOTAL 8 2  0 2,282 
Hv SUBTOTAL %3 423,959 2,955,571 
Hv CHECK 5 9 2 . 5  967.8  
M I N .  PLATES( NORMAL ) 
COL I COST-C/S NORMAL 
C0L.COST-S/S NORMAL 
MIN. REFLUX( NORMAL ) 
C .  S.  AREA( NOHMRL ) 
HEAT I OAC) ( NOHMHL ) 
CON/CAL COST(N0RMAL) 
REFLIJY FHCTOR Q. 275 

24 
BEER #2 

MAKE 
- - I - .- I -. 

0 
210 90s 

0.525 
1 4 5 , 9 2 7  

0 
2 0 , 2 8 5  

2 5 2 . 7  

Q .878 

215 



ULETlPRZ. WKS 12 - A p r  -89 

7 

49'72 . 0 
3411 .Ei 

I .  le5 
1 .OB0 
1 . L l l  

" allio 

i . OULJ 
1.105 
1 .Be8 

42 - 7 3  
0 . 3 4 7 0  

39'7.5 
e .  G9G 
4.686 

5 . 4 7  

T A I L S  



ULET I P R Z  . WKS -4- 12-Ap r - 8 9  

26 
CRUDE 

ri LB. MOLESIYEAR FILTRATE 
---_---I-----. -I- - - - - - - - 
Cn SUBTOTAL #2 
Cn SUBTOTAL # 3  
Cn CHECK 
t i v  SUBTOTAL #1 
Hv S U B T O T P L  82 
Hv ZUBTOTAL # 3  
Hv CHECK 
M I N .  PLATES( NORMfiL 1 
COL.COST-C/S NORMAL 
C O L .  COST-S /S  NORt'lPiL 
M IN .  REFLUX NORMAL ) 
C,. S . APE;I( NORMAL ) 
HEAT L O A D (  NORMAL ) 
C O N / C A L  COST( N O R M A L )  
REFLUX F A C T O R  

26 
LSS # l  

MAKE 

@ 
0 

VI " 500 
793 

0 
0 

215.0 

54 
88 

3 

18 
0 * 090 

27 

T A I L S  
Les # i  

- ._ - I - - - 
e 

20,906 
0.525 

145,135 
0 

2 0 , 2 6 5  
2 5 2 . 9  

5 
18 

E R R  

29  
1-6s #2 

T A I L S  
------- 

0 
0 

ERR 
0 
0 
0 

ERR 

30 
LBS #3 

MAKE 
- - - - - - - 

@ 
0 

ERR 
0 
0 
0 

ERR 

ERR 

217 



UI..ETIPRZ. WK5 

M LR. MOLES/YEHR 

K 1 ! COMPONENT # ! 
V 2  ! COMPONENT # ) 

1 .GI 
12121 .Y 

1. 000 
1 .0e0  

k t i R  

S U F T O T A L  
SlJE I OTHL. 
C, IJ f! T 0 T h L 
MINIMIJM REF1 U X  R A T I O  
Cri S U R T O T 4 L  #!  

3s53.9 
18951 " 1  

1 .  e?:! 
1 . 3 2 2  

EftR 

ERP 

EFiR 
ERR 
ERR 

ERR 
EPR 

ERR 
ERR 

0 .  OQ0 

0.00 

0 
$!08@ 3Q36 MPL' - BARE EQIJIPMENT 

$ 0 . 0  $0 .0  $0.0 
50.0 $ 0 . 0  $c3.0 
$8.0  $ 0 . 0  563.0 
SD.0  $o.m $0.0 

&18 
FPF 
ERR 

1.000 
1 .O00 
ERR 
ERR 
ERR 
ERR 
ERF: 
ERP 
ERP 
ERR 
ERR 

8 
0 
'30% 
0 
0 

( 2 7 3  ) 
ERR 
Ff\'R 
8 . 0  
O . Q  
0.61 

63 
ERP 
E P R  

0. e013 
0 

$Vi.0 
FO.O 
$0.0  
s0.u 
$8.0 

0 

$8.0 
S B " 0  
811.0 
$8.0 

ERR 
0 

& l e  
18951 I 1  

1 .0  
1 .008 
1 .000 

ERR 

EHP 

FUR 
FER 
E R R  

E R R  
EFR 

E R R  
EGE 

0. QOQ 

0.061 

E 

S11.Q 
s0.m 
$0.0  
50.@ 

0 
0 
D 

c3 



ULETIPRZ .WK5 -6- 1 2 - A p r _- 8 9 

2 0  
Cf?UDF 

M LB. MOLES/YEAR F I L T P A T E  

Cn SUBTOTAL # 2  
Cn SUBTOTAL #; 
Cn CHECK 
Hv SlJBTOTAL # l  
Hv SUBTOTAL #2 
Hv SUBTOTAL tt.3 
H V  CHFCK 

C O L .  COST- C / S  PJORMAL 
COL .CCIC,T-C,/? NORMAL 
M I N .  REFLUX ( NORMPlL ) 
C . 5 .  A R F A (  NOPMHL ) 
HEAT L O A D (  NORMAL ) 
C O N / C A L  C O S T (  PiORMAL ) 
REFL\JX FACTOR 

-_____I-__-___- - - - - - - - 

r i I N .  PLATES(  m w A i -  ) 

31 
LBS 8 3  

T A I L S  
- _. - ._ - - I 

0 
0 

ERR 
0 
0 
0 

ERR 

32 

HBS #1 
MAKE 

0 

0 
ERR 

0 
0 
0 

ERR 

ERR 

33 
HE5 # l  

T A I L S  
-- --- 

Y) 
0 

ERR 
0 
0 
0 

ERR 

34 
tit35 #2 

MAKE 
------- 

0 
0 

ERR 
0 
e 
0 

ERR 
ERR 

GI 
0 

ERR 

35 
HBS # 2  

TAILS  
----- 

B 
0 

ERR 
0 
0 
0 

ERR 

219 



ULETIPRZ. WK.S -7- l ? - A p r  - 8 9  

DISTILLPIT ION CALCULATIONS 

2 0  36 3 7  38 39 
CPlJDE A Z E O  A Z E O  HZEO DECANTER 

M L R .  MOLES/YFAR FILTRATE M A K E  T A I L S  REFLlJX FEED 

V . P . ( K l )  
O . P . ( K 2 )  
GAMMA-Kl I N  K2 
GAMMA-K2 IN K 1  
ALPliR 
AUG COLIJMN ALFIiA 
MOL. FRACT. Ki ! M A K E  OR T A I L S  ) 
MOL. FRACT. K1 !FEFD) 
MOL FRACT - K Z  (Mf iKE  OR T f i I L S  ) 
A O J .  G A M M A - - K l  I N  K2 
A D J .  GAMMA-K2 I N  K 1  
MINIMUM REFLUX RATIO <ADJUSTED ) 
r'lClUAL REFL.UX RATIO 
MINIMUM THEOR. PILATES I N F I N I T E  REFLUX j 

THEORETICAL PL..ATECj 
PLATE EFFICIENCY -% 8 0 %  
ACTUAL PLRTES 50 
PRESSURE MM Iig (REVISED,  
TEMPERATUPE C (REVISED ) 
AVERAGE MOLECULAR WEIGHT 
GAS DENSITY - LB/CF 
CROSS SECTIONAL nREA - SQ FT 9 3 . 9  
COLUMN HEIGHT - FT 9e.  0 
COLUMN DIAMETER 1 0 . 9  
K 1 ! MPFY ) 
1-IV (HEAT L 'APORIZ . - -B tu /Lh )  
Cn (HEAT CAPACITY - B t u / L b / F )  
HEAT LOAD - MM B t u / H r  6 1 . 6 9 9  5 4 . 9 4 2  
CONDENSER C0OL.ING WATER - GPM 6855 ( 1 0  C d e l t a  T )  
CRLANDRIA STEAM - MPPH (15Q P S I G )  6 4 . 1 1  
COLUMN C@ST -. $1000  3056 MFC -- BARE EQUIPMENT 

- ALL CARBON STEEL $ 3 0 1 . 7  
- C . S  1,1/3@4 S . S .  TRAYS $331.8 
.- ALL 3 0 4  STAINLESS STEEL $476.9  
I- ALL 304L STAINLESS STEEL $ 5 2 4 . 6  
-- ALL- 316 STAINLESS STEEL $643.8 

CONDENSER OR CNLANDRIA SURFAC 9 , 5 3 2  3 , 0 5 2  

-CARBON STEEL $295.5 $ 9 9 . 9  
- 3 0 4  STAINLESS STEEL $ 4 1 3 . 6  $139.9 
-316 STAINLESS STEEL. $443 .2  $ 1 4 9 . 9  
- M 0 NE L $576.1  $ 1 9 4 . 9  

COND. OR CALAND. COST .- $1000 3QQE MPC - BARE EQUIPMENT 

SUBTOTAL 
SUBTOTAL 
SUBTOTAL 
MINIMUM REFLUX R A T I O  
Cn SUBTOTAL # 1  220 



U L E T I P R Z  . WKS 12-Apr- -39 

- -  J8 3 3  

REF LlJX FEFD 
R Z E O  D E C A N T E f? 

- - - - - - - ._ - - - - -. - - _ _  - - - - - - ...I-_ --_.. - - - - - - - 
Cn SUBTOTAL. 82 
Crr SCIETOTAL # 3  
Cn CHECK 
ti.4 SUeTOTAL #1 
H v  S!JBT@TfiL. # Z  
Hv Sl lBTOTAL #3  
Hv CHECK 
M I  N , PLPTES ( NORMriL 
C O L .  COST--C/S NORMAL 
COL. COST-S/S NORMAL 
MIN. REFI-UYi NORMAL ) 
C .S . RREA( NORMA!_ 
HEAT LOAD( NORMAL ) 

C O N / C A L  COST( NOFMAL i 
REFLtJX FACTOR 

221 



- Y  - 1 2 - Ap r -8 9 

! l m P . < I \ 1  
L' . F' . I+: 2 ) 
GAMMP-C: 1 I N  k~2 
GAtlMfi-K2 I N  I.:1 
f3l. PHrl 
A I l G  CnLlJMN ALFHH 
r im FR;?CT. 1.:1 ( M A K E  OR TAIL::) 
rm F R A C T .  ~i ( FEED ) 
rioL FRRCT.  I*:: ( M A K E  OF; TAILS ) 

PIDJ . GAMI*1W-Kl  IN K2 
f iD.J.  GHMMA--K? IN Kl 
MINIMUM FEFLIJX. EF',TIO AOJUSlED 
A C 1  IJAL REFL \JX t?AT. l  0 
MINIMUM T w o e .  FL.A-rEs ( I t w i r ~ l I ~ ~  REFLIJX ! 
THEIORETICAL PLATES 
PLATE:  EFFICIENCY - X  
RCTIJHL. PLATES 
Pf.'EC;SlJRE mvi t tg  ( R E V I S E D  ) 
TEMPERfYr1JR.E C < REO15ED ) 
AVERAGE' MOLECULRR WEI6HT 
EA5 DENSITY - I..H/CF 
Ch'(3SS SECTIONHL AREH - SQ FT 
COLUPlN HFJGHT -~ FT 
COI.IJMN DIhMETER 
~i ( r i u ' y  ) 

1-h ( H E A T  LJHPOPIZ . - B t ~ i L h  ) 

C n  ! tiEHT CAPACITY -- E l u / L b / F  ) 

HEAT L O A D  -- MM Ot iu /Hu-  

CALHNORIA STEI\M .- MPPH ( 150 P 9,878 
COL.UMN COST - $1@00 3036 MPC - PARE EQUIPMENT 

CONDENSER COOLING WRTER - GPMDECANTER VOLUME -- SAL.. 

- ALL CARBON STEEL $63. 0 
- c . s  L,l/3@4 S.S. T R A Y S  $ 6 9 . 3  
- ALL 3 0 4  STRINLESS STEEL $131.1 
- ALL 384L STAINLESS STEEL $89.2 
.- ALL 316 STAINLESS STEEL $ 1 0 9 . 4  

CONDENSER OR C A L A r u R I A  SURFACE - so FT 
CONO. Of? CRL.AN0. COST .- $ 1 0 0 0  3Q86 MPC - BARE EQUIPMENT 

-CARBON STEEL. 
- 3 0 4  STRINLESS STEEL 
--3 16 STAINLESS S T E E L  
-- MO N E L 

SURTOTAL 
SIJRTDTAL 
SUB T 0 T A 1.. 
MINIMUM REFILIJX R A T I O  
Cn SIJBTOTI'IL. #1 

30 

7 . 0  
6 0 . 0  

5 . 0 - 
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6 . 9 3 4  

8 .09  

$ 2 2 . 3  
$31.3 
$33 .5  
$ 4 3 . 5  
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