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CHAPTER 1. REPORT SUMMARY 

INTRODUCTION 

In order to identify technology which can reduce the cost of producing ethanol by 

fermentation using com as the raw material, an engineering and economic analysis was completed 
on the design for the base case of a typical existing dry mill/ethanol plant and three alternatives. 
The criteria for choosing an alternative are that the essential concepts of the technology have 

been demonstrated at a pilot plant scale or larger and that it is likely to be implemented in the 
next 3 to 5 years. This focus avoids getting into many innovative ideas that are in the laboratory 
stage, where reliable mass and energy balances and capital and operating costs are unavailable 
or self-promoting. 

The first alternative is the Biostil Process which was initially developed be Alfa-Laval in 
Sweden. The process has been acquired by Chematur of Sweden and is available in the U.S. 
from Weatherly, Inc. of Atlanta, Georgia. The process uses a single continuous fermentor with 
several on-line loops involving screens and centrifugal separators and mash column. The net 

result is a process that produces a stillage at about 30 wt% total solids at the bottom of the mash 
column. With the high total solids, there is no need for an evaporator and the high pressure 
steam to run the turbine for the vapor recompressor. Thus a cheaper low-pressure packaged 
boiler can be used. The process is used world-wide in cane molasses fermentation to ethanol. 

Also, two plants using wheat starch fermentation are in operation. It is an ideal concept to be 
applied to com based fermentation. 

Tlie second alternative is a technology for dehydrating ethanol using com grits as an 

adsorbent for the water. The process was developed by Professor Ladisch of Purdue University 
and is used by the ADM Corporation in their plants. It is the only known adsorption dehydration 
technology that is practiced above an ethanol plant capacity of 30 million gallons per year (a 
limit for the use of molecular sieves). The adsorption columns and regeneration loop equipment 

replace the conventional azeotropic solvent distillation and solvent recovery columns. Naturally, 

there is no need for have the solvent, such benzene, in the plant. 

The third alternative is not so much a process alternative but a commentary of the role 

of fuels, boilers, cogeneration options and energy costs. There are trade-offs between capital cost 

and energy cost that change as fuel and electricity costs change. 

A quick summary chart comparing the capital and operating costs of the process 

alternatives is given in Table 1. 

RESULTS 

The base case is a typical plant using dry com milling, jet cooking, enzymatic liquefaction 

and saccharification, batch fennentation, distillation and solvent dehydration. The stillage is 

1 



viorrxjaoHxyu 

■fd fr-ujlm jiiuvtrtv^ io aMi> ha> f^tfiw of uoio rdf >'4 

betialfj’iKf > «A.*r tii7vttfM anfMM>V91*0* 3f)irr,c«('»iart!» ns Un jtnm wti «ii *8 moo ^nl£0 noll^if 
^ 'btuo'xU »yult hrw i<>ot.t;5\iIim fih Ifoiq /i nli> «ito ^9d mtj kjI odi m> 
5^<Ul ^wiuifdoot <3 1o *l9?ww 3 ocb Jill) artR O'MJwrT fli <tfi gAijuoodo lol tiioihs wfT 
oiti iii lajnjr$tyf'qfpra od 11 .‘tailif zi u a* ti ti<{£ iryjsl *m Jf-rf mr.iq 1 fa hrtirmm^Tiea^naod 

YK«inod«l *tF -w* i . «»?ihk avDiviunni '{lUinr oh'i • s eii/r-vt tirfT .nicn^ t oitlxan . 
akiafiifvwKJ axr. 4ii-y> > •^ii<li.ixn> boa tiaiqao Imu isoTTuUd bfut ZkAtv JiarfiV'?»^*)a 

TO 

I 
r ItfiiJ (^*A ad taqabvoi, «rw fhhiv c^«-»Vl ad- v, rvecinaiU aiff 
./*,U *»<U rtf nJun<i»yn JiJ btie rt%bj»/2 Tiitor :orfL> hof»ii{ij£ n lyj iSu <*000?^ ttfT iHbirvg 
»!))%</ I0.vr miu ?uo<^rrt>«05 & .'Avi/ ad"r ^rtalfA io 
Joij Tiff JvmtU^ rl!iiTi K’" :^oh.iiiCiTi U'uin) r). i>Qc tiKfenza. gifivloyrif snil-f » Ifiavit 
^ma vU Jo rwJftKj sdi j& A'/w (if Kjodi ift ajAiFr? e imixnq Jt^H .-.i H<«ot 
anJD/*nnr oib twuj tuJ67o<)i* ^ 411; iol b>3<i 00 »i .. b»?03 Ukjt iljir. adj ditW /r^nidoo 

r!iiy^arf7“'^ol T ''aoif:) * liuifT TOiJt'j'iiiTicr 1.>, >d> to! ottidtiM mn os^rnMOU 
!onaH/3 oi •T-rj.jMafrnol rsf^dfoin *ii»a nl 3b)V cotu jfi </ v>>iq adT i^nto >1 nao'otiod 
^ 01 U,y<>^ n« ii rt rfOi)&7o«|o m oofc iwdit fi-xmail .>7i*;8 }A3<fv/ ^.iiim -i.takj .f»{A 

-iroiWrt'Vui^) bo'jK) nrwo us boilcjqA 

lU CJ 4)05 '’»<» ’fi**!) If>ni.;lJ9 gfibfVjvd^b loJ -^oIoAdoa) t ?' avhsmojl bnooo* odT 4? 
ii»,r»vuic )o do&ibcJ loityUn*^ fecr^jcd^r' olj ^ev,* * .tq >'<T .TOJXiiv itij tc^ Joadidtlao 

nouq • vU Mwoaal loo ^tr tj if «n*fq Ti^di »i rtoomry^f: MCJA adf yd bai^ u bn* 
u w m >nolUi^ fioiiliivi Oi h ylr>&q£:i Jn^tq ksAidw no ovodi bsohoinq jii ufj 

jnomqwpo qoof ifoiuroi.a^pi twin jtnmuloo oy'^qioid.A arO '♦<?(; jofom to ieo idj loi fimil 
,yU/*!yjtM tuo^jIoo'lOayoajri inayl«M boc oouAlfoiib iruf/l'a? ^o]OT)ootA if.noxinovn'va ^iii viflqoT 

Jwalc oih i)j .cartrttjd 'tsv^ ju^^ha nrt) ovoii lot fwon 0 d nib 
V 

5f<^ Sfi) ^0 yuJrt3<nmoD A imj ovittirt»tt A flotmi ot kjo i< avbtjrnalU littH) >vfr 
ifvo ooTwra' ufto-ohexr 3w oii*! 1 .tJ>oo I'^oa btui toonqo AoiinViogaa jialiod .ilout to 

.'•ai»* ii> if»o.> yiidhr flo tmjr laai tt aji.uiili jiiO i?oo y:gT$oo bn* 

waooi'j orij !o .jii-m 5oufn9(|o ho* h^tivjoo adj 3fiHf.v|mo3 ttsda *^,;7iinut afoiiip 

.1 okfiiT ni nsyt^ if AO^utnuEU 

CT VJ^.JM 

I offx'7yju« *t‘\*0(/:,.h-< tof .|n'**‘fn or>oD yrh tuforw loxiq '* ‘iqyj g jj »*ird adT 

ii 9qt H., :uf7 io3Vtot hn* 00fi;*jajift> .(TCuMUii dopjfj .iioi)onhii(f’aa« hn« 

) 



TABLE 1. COMPARISION OF DESIGN ALTERNATIVES 
Corn based ethanol plant in Illinois, 1992 

50 million gallons per year, 199” (99.5%wt%) 
corn $2.50/bu 

DDGS $120/ton 
coal $25/ton 

natural gas $1.50/Mbtu 
electricity $.05/KWH 

Design 
Alternatives 

Fixed Capital Annual Net Cost Net Operating 
Cost, $/gal 

Annual Saving 
over Base Case 

1. Base Case $118,100,000 $57,700,000 $1,154 

2. Biostil $105,100,000 $55,300,000 $1,106 $2,400,000 

3. Corn Grits $113,600,000 $57,200,000 $1,144 $500,000 
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separated into wet solids cake and thin stillage (solubles) by centrifugation. TTie thin stillage is 
evaporated from 6% to 7% dissolved solids to a syrup of 45% to 50% solids. Then the wet cake 
and syrup are mixed together with a recycle stream of dried DDSG to form friable particles that 
are dried in a rotary kiln. Detailed process descriptions, equipment lists, flowsheets and material 
and energy flows are given in Chapter 2. 

In order to get at the capital and operating cost for the base case and a basis to evaluate 
the alternative processes, we had to get numbers that people generally consider confidential. 
Fortunately we had available a published report by Raphael Katzen Associates, AN493, 
December 31, 1978 to the Department of Energy entitled "Grain Motor Fuel Alcohol Technical 

and Economic Assessment Study. The design is for a capacity of 50 million gallons per year 199 
proof ethanol located in Illinois. The flowsheets where introduced into our computer by an 
optical reader and then are available for reducing to a convenient size and modification for the 
alternative processes. 

The purchase cost of the major equipment items in the plant design were brought up 
to 1992 costs by applying the Chemical Engineering Plant Cost Index (CEI). The technical and 

economic features of the base case were verified by plant visits to the major ethanol producers 

and telephone interviews with key engineers at various design houses. 

Although the Katzen design used carbon steel for fermentors, tanks and columns, it is 
clear from the current practice that 304 SS should be used. Consequently we modified the cost 

of key .carbon steel items to their corresponding items in 304 SS by applying a generally accepted 
factor of 2.2. This is important when comparing process alternatives that you have a common 
quality in the equipment material of construction and fabrication standards. 

The total capital investment or fixed capital of the plant is developed from the delivered 
or purchased cost of the major equipment items in each section of the plant flow sheet The plant 
has seven sections, namely, grain storage and handling (section 100), cooking and saccharification 
(section 200), fermentation (section 400), distillation and dehydration (section 500), feed 

processing (section 600), storage and shipping (section 700) and utilities (section 8(X)). The 

flowsheets for each section are given in Drawings 345411-01 through 345411-13 and the 
equipment lists with the purchase cost for each section are given in Tables 2 through 8. 

TTie final capital required for each section of the plant is estimated in Table 9 by the 
ChUton factors to account for the equipment installation, materials and labor, process piping, 
instrumentation, foundations, building and others such as insulation, painting, electrical service, 
process air, and lighting. Tlien the engineering and construction cost and contingencies are 

affixed. 

The total investment of $118,100,000 in Table 9 for the base case plant is in line with the 
rule of thumb that ethanol plants cost between 2 to 3 dollars per annual gallon of capacity. The 

largest section costs are $37 million for the feed processing of DDGS, $33 million for all the 

utilities and $19 million for the fermentation. 

3 
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TTie operating costs are given in Table 10 to account for materials, labor, energy, annual 
capital related costs and by product credits. The table gives the direct cost of production. The 
investment charges are taken as a straight line depreciation over nine years, the typical IRS 
approach for plants of this type. Thus each year 11.11% of the investment is charged off. 

The net cost includes the credit for the sale of DDGS. However, this net cost does not 

include the interest on money, profit, general sales and front office administration expenses. 
Tliese factors vary from plant to plant and are not relevant when comparing the economics of 
process alternatives at a given location. Just be aware that the net unit cost is not the selling 
price of the ethanol. The cost for com at $2.50/bushel, DDGS at $ 120/ton, coal at $25/ton and 
electricity at 50/kwh are typical of today’s costs. 

It is clear from the operating cost sheet, that the com cost is the dominant cost at 62%. 
When the DDGS credit is applied the cost is reduced by 26%. Capital charges account for 21% 

and coal and electricity each are about 3% and labor costs with fringe benefits are about 7%. 
Without the DDGS, the cost of production is $ 1.57/gal. As ethanol demand increases to double 
and triple of the current demand, the sales of the corresponding increasing amount of DDGS will 
saturate the feed market. In the long mn the credit for DDGS will become less than it is now 
which will result in an increasing net cost of ethanol production. This means we need to 
consider other substrates and the technology for using them and/or new uses for DDGS. 

Finally because the cost of production changes with material, energy and capital costs, 

a sensitivity table is provided in Table 11 to give the change in production cost for changes in 
the cost of com, DDGS, coal and electricity. The capital cost is of course an estimate and so 
the impact of an increase or decrease in the estimated capital by 10% is also shown in the 
sensitivity table. Although Katzen claims a yield of 2.65, the yield of ethanol is typically 2.55 
gal per bushel of com. Since the theoretical maximum is 2.89 gal/bushel based on the starch 
conversion to ethanol, some improvement is possible and is worth 3.60/gal for every 0.1 

gal/bushel increase. 

The Biostil Process information comes to us from Weatherly, Inc. in Atlanta, Georgia. 

TTiey provided a turnkey plant design. In order to be able to compare their process fairly with 
our base case, we needed to know more about the process. Consequently, we signed a non¬ 
disclosure agreement to get this information. To respect this agreement, we show the cost of the 
delivered equipment to each section as a whole without the detailed equipment size and cost of 

each item in the equipment lists. These equipment lists are included in Chapter 3. 

In order to exploit the Biostil Process, it is possible to replace sections 200, 400 and 500 
in the base case design with the corresponding sections provided by Weatherly which are shown 
in Drawings 345411-14 through 345411-17. While this approach will show the economic 
advantage of the Biostil process, it should be pointed out that even greater cost savings are 
possible if the entire plant is designed by the same design house such as Weatherly. This way, 
you can really get all the energy and material flows optimized. The equipment is generally 304 
SS for process vessels and 316 SS for plate heat exchangers. The saccharification (section 200) 

is similar to the base case except enough hold-up tankage is provided to achieve complete 
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saccharification before going to the fermentor. In the batch fermentation process, one has 50 to 
60 hours to allow saccharification to be completed in the fermentor. In the Biostil Process the 
holding time in the fermentor is less than a day so the starch should be completely hydrolyzed 
before fermentation. The fermentation section 400 has one large fermentor instead of 16 in the 
base case. The other major items in this section are bent screens to remove fiber from the yeast, 
centrifuges to recycle the yeast to the fermentor and other centrifuges to separate the fiber from 
recycle fluid. The distillation and dehydration section (500) has a specially designed mash 
column or stripping column. The fiber streanrt and the fiber free yeast free stream are stripped 
of alcohol in a two section stripping column. The enriched alcohol from the stripper is purified 
to 190 proof in a heat integrated rectification column. The dehydration is achieved by the 

standard solvent distillation with heat integration with the marsh column. The bottoms of the 
mash column are about 30% total solids - ready for drying in any conventional DDGS dryer or 
flash drier. 

The cost of the delivered equipment in sections 200, 400 and 500 (listed in Tables 12, 13 
and 14) were supplied by Weatherly as a lump sum for each section. We used these costs as 
inputs to the same method as used in the base case to develop the fixed capital cost for the 
Biostil Process alternative (Table 10). Sections 100 and 200 are the same as in the base case. 

The equipment list (Table 15) for Section 600 is very, much simplified because the thin stillage 
evaporator, vapor recompression equipment and centrifuges to separate the suspended solids from 
the soluble solids are all eliminated. Consequently, the fixed capital investment for Section 600 
is reduced by $24.7 million from the base case. The final impact of the Biostil Process is that 

the higher pressure boiler in the base case is replaced by a packaged boiler for generation of low 
pressure steam (Table 16). In order to take advantage of the relatively low price in natural gas, 
the fuel is changed from coal to natural gas. Again, comparing the fixed capital in Section 
800-A for the base case and Biostil case shows a reduction of about $12.1 million. Overall, the 

Biostil Process has a fixed capital of $105,100,000 (Table 17). The impact of the capital 

investment and fuel change is given in Table 18 for the operating cost of the Biostil Process. 
The sensitivity to fuel and electricity costs in the Biostil is somewhat different from the base case 
since more energy is used in the Biostil case. These sensitivities are shown in Table 19. Com 
and DDGS price sensitivities are the same as in the base case since the usage and yield are the 

same in all alternatives. 

For the second alternative using com grits to dehydrate the ethanol from the rectifying 

column, the approach was to keep all the sections of the base case as before except for section 

500 which is given in Drawing 345411-18 in Chapter 4. The beer still has been redesigned to 
operate at atmospheric pressure rather than at 50 psi with 150 psi steam in the reboiler as in the 
base case. There is no dehydration distillation column to be operated through the heat coupling 

approach. Instead, the hot ethanol/water vapors are passed through a packed bed of com grit 
where water is adsorbed. When breakthrough occurs, the flow is switched to another bed. The 
water saturated bed is regenerated with hot COj. The water is condensed out of the COj stream 
and the COj is recompressed to pass through the regeneration loop again. The ethanol vapor 
leaving the corn grit bed now 199 proof is condensed and ready to mixing into gasoline. From 
the equipment list for Section 500 in Table 20, the capital reduction in is about $4.5 million over 
the base case. Tlie fixed capitol, given in Table 21, for the entire plant is $113,600,000. The 
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operating cost is given in Table 22. Because the electric load is higher for the com grit process, 
due to operating the COj blower, the electric cost has a different sensitivity on the cost of ethanol 
production over the base case (see Table 23). The other sensitivities are the same as in the base 

case. 

The third alternative deals with the energy utilities. Since about 100/gal of ethanol can 

be attributed to coal costs and capital charges in the investment for the boiler, consideration of 
the fuel cost - capital investment trade-off in utilities is as important an area to reduce the cost 
of production as the fermentation distillation and drying process alternatives. A brief discussion 
in Chapter 5 is given on the issues to consider. 
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CHAPTER 2. BASE CASE TECHNOLOGY 

PROCESS FLOWSHEETS AND DESCRIPTIONS 

INTRODUCTION 

Conceptual flowsheets were developed for a base case process and two process 
alternatives. The first alternative substitutes the Chematur Biostil continuous integrated 
fermentation and distillation. The second alternative uses an ethanol dehydration based on a com 

grit sorbent 

The base case flowsheets, process descriptions and equipment lists presented here are from 
a report to the United States Department of Energy; Grain Motor Fuel Alcohol Technical and 
Economic Assessment Study by Raphael Katzen and Associates, Cincinnati, Ohio, Report No. 
AN 493, Dec. 31, 1978. 

The Biostil alternative flowsheets and description presented herfr were developed from 
non-proprietary information provided by Weatherly, Inc., Atlanta, Georgia, as well as United 
States patent literature. Additional proprietary information was given to the authors by 

Weatherly, Inc. in order to be able to consider the new technology in a consistent and fair 

comparison with the base case. 

The com grit dehydration alternative flowsheets and description presented here were 
developed fi-om United States patent literature and information provided by the Archer Daniels 

Midland Company. 

The design basis for the plant is 50,000,000 gallons of 199 proof (99.5 wt %) ethanol 

with around the clock operation for 330 days per year. 

BASE CASE PROCESS FLOWSHEETS AND DESCRIPTION 

The overall material and energy flows for the base case process are given in Drawings 

345411-01 and 345411-02. 

A unit-by-unit description of the process for manufacturing motor fuel grade alcohol from 

grain (com) for the base case is given below. Conceptual flowsheets for each of the processing 

steps (Sections 100 through 800) are presented as Drawings 345411-03 through 345411-13. 

Section 100 - Grain Receiving. Storage, and Milling 

The process flow diagram for grain receiving, storage and milling. Section 100, of the 

base case plant is shown in drawing 345411-02. 
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Shelled com is delivered to Section 100 by railroad hopper cars or grain tmcks, a single 
railroad unloading station and two truck unloading stations have been provided. The unloading 

arrangement has been planned so that a railroad hopper car and a truck can be unloaded 
simultaneously. Unloading conveyors have been specified to accommodate a total unloading rate 
of 7,500 bushels/hr which would provide enough grain in a single 8-hour shift to operate the 
plant for a full day. 

Trucks, delivering grain to the plant, are lifted by means of truck dump hoists and are 
weighed on one of the two Truck Dump Scales, SC-IOOA or B. The grain passes from the truck 
into a bin housed in a pit. Grain is discharged from these bins through star valves into either of 
two Truck Unloading Conveyors, C-101 A or B. 

In the case of grain delivered to the plant by railroad hopper cars, the car is weighed on 
Rail Car Scale, SC-106, and the grain is the dumped from the car though a bin and star valve 
to Rail Car Unloading Conveyor, C-IOIC. The grain then passes into either of two Rail Car 
Unloading Cross Conveyors, C-10ID or E. A truck unloading conveyor, coupled with a rail car 
unloading cross conveyor, can then be delivered into Bucket Elevator, BE-102A or B. 

The grain is lifted to a position above the Grain Storage Bins, SB-104, A through D, and 
passes from the bucket elevator into one of two Distributing Conveyors, C-103A or B. These 
conveyors are arranged to deliver to the storage bins or may convey their grain directly into 
Storage By-pass Conveyors, C -130A or B, which deliver directly into Surge Hopper, H-118. 

The surge hopper has been sized to hold 7,500 bushels of grain. This provides a nominal 
holdup time of three hours. When the surge hopper is full, grain can be diverted into storage in 
any of the grain storage bins. The total grain storage capacity is equivalent to grain usage for 
one week. When grain is being received, operation could have grain passing direcdy to the surge 
hopper. When it is filled, grain would then be diverted to the storage bins. When grain is not 
being received, grain would pass from the storage bins to the surge hopper through the individual 
Storage Bin Bottom Conveyor, C-110 through C-113, though Collecting Conveyor, C-114, and 

into Bucket Elevator, BE-117. The grain is thus lifted and discharged into the surge hopper. 

Grain discharges from the surge hopper at the rate of 2,453 bushels/hr into Grain Cleaner, 
S-121. The grain cleaner separates materials in the grain which are foreign to the process, 

including such things as sand, tramp metal, etc. Light material in the grain are picked up from 
the screens and air transported through Blower, B-122, to the Bag House, BH,644, in Section 600 
where they become part of the Distiller’s Dark Grains (ddg) by-products. Tramp metal and other 
oversize materials are rejected from the grain cleaner and are periodically removed from a 

collecting bin. 

Grain, which is suitable for processing, passes into the Hammer Mills, H-125 A 
through D. Tbe hammer mills deliver into Surge Bin, SB-126. The ground grain the passes 

through a star valve at the base of the surge bin and is pneumatically conveyed to Mash Cooking 

and Saccharification, Section 200. 
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The grain receiving, storage, and milling area has been separated from other plant 
processing areas because of the dust problem associated with these front end operations. 

Section 200 - Mash Cooking and Saccharification 

The cooking and saccharification section is shown on Drawing 345411-04. Com meal 

is received from the milling area in the Surge Tank, TK-202, This tank is sized to allow 
continuous meal input while the output to the Batch Weigh Tank, TK-204, is shut off when the 
batch tank is being emptied into the Continuous Weigh Tank, TK-206. The batch weigh tank 
provides an accurate record of the total grain used, and the continuous weigh tank provided a 
reading of how much grain is used within any given time period. The continuous weigh tank 
feeds die Mash Mixing Tank, TK-209, where the other mashing ingredients are added. This tank 
is sized for a 2.5-minute residence time and is fitted with a agitator to promote thorough mixing. 
The other main ingredients are recycled thin stillage (backset), and water. The water comes from 
recycled condensates and from makeup fresh water. The condensates are hot, and their use is 
regulated to maintain a tank temperature of 145°F. The total water input to this tank is 
controlled to produce about 22 gallons of mash per bushel of grain input (56 Ib/bushels basis). 
The thin stillage is added in an amount of about 10% of the final mash volume going to the 

fermentors. 

The mash is transferred from the mixing tank to the Mash Pre-Cooker, TK-211. This tank 
has provisions for adding live steam in case insufficient condensate is available to attain the 
145°F pre-cooking temperature. This tank is sized for a residence time of about 7 minutes. 

The mash is further heated on the mash heater, E-229, located downstream of the pre¬ 
cooker. This heater uses 15 psig steam form the pressure flash to heat the mash 229°F. Final 

cooking of the mash takes place in the mash cookers, PLR-214^ and PLR-214B, by injection 
of live steam to attain a temperature of 350°F. The cookers consist of several 20 foot lengths 
of 10 inch diameter pipe connected with 180 degree return bends and they are sized tp proved 

a cooking time of 1.5 minutes. 

The cooked mash is flashed to 15 psig in the Pressure Flash Tanks, TK-215A and 
TK-251B. Some of the steam from the flash is used to preheat the mash as described above, and 
the remaining flash steam is used for beer heating in the distillation section. Additional water 

is added at this point in an amount to provide a final mash volume of 30 gallons per bushel. The 
mash is the further flash cooled in the Vacuum Flash Tanks, TTC-216A and TK-216B. The 
temperature leaving these tanks is 145°F which corresponds to a pressure of about 3.3 psia. This 
vacuum is maintained by the Flash Vapor Condenser, E-224, its associated Steam Ejector, 

EJ-225, and the Ejector Condenser, E-226. The condensate from all of these heaters and 
condensers goes back to the Hot Well, TK-227, from where it is pumped back to the mash 

mixing tank as discussed above. 

After the vacuum flash, the mash discharges directly into the Amylase Mixers, MX-220A 
and MX-220B, where the amylase is added. From the mixer the mash is pumped to the Pipe 

Line Saccharifier, PLR-222. where the starch is converted to fermentable sugars. 
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The pipe line saccharifier is sized for a two minute residence time. From the saccharifier, 
the converted mash is fed through the Mash Coolers, E-223A through E-223J, to the fermentors 

in Section 400. The first six mash coolers use cooling tower water at 85°F to reduce the mash 
temperature to 100°F. Then, in the remaining four coolers, well water at 60°F is used to 
complete the cooldown to 80°F before the mash enters the fermentors. 

Section 400 - Batch Fermentation 

TTie fermentation section of the alcohol plant is shown on Drawing 345411-05. The 
fermentors receive mash continuously from the mash converter located in the mashing and 
saccharification section. The fermentors are batch operated and consists of sixteen 250,000 
gallon vessels which are arranged in sets of four with one heat exchanger and circulation pump 
for each feimentor set The fermentors are designed for a liquid loading of 80% of maximum 
capacity. Since cooling is needed for only about eight or ten hours out of the 48 hour 

fermentation cycle, one exchanger will service the needs of four fermentors. The fermentors are 
filled on a three hour cycle. 

The yeast, saccharomyces cervisiae, is manually added to a yeast mix-tank and then 
transferred to the feimentor as it is filled (about 300 lb of yeast per batch). The yeast is 
purchased rather than manufactured on location. The inlet mash temperature is about 80T, and 
the temperature gradually rises to a maximum of about 95 °F during the peak fermentation period. 
Cooling is provided during this peak period by recirculation of the mash through the feimentor 

cooler. Well water at bO'is the cooling medium. Each feimentor requires a flow of 
approximately 1,200 gal/min during the peak period. The recirculation for cooling also serves 
to agitate the tank. At the end of the fermentation period, the feimentor contents are transferred 
to the Beer Well, TK-400, from which they are pumped continuously to the distillation section. 

The fermentors are cleaned and sterilized by means of automatic spraying machines which 
are installed in each feimentor tank. Each tank has two such spraying machines. After each 
fermentation cycle, the tank is washed with a cleaning solution, sterilized with a iodine solution, 

and rinsed with clean sterile water in preparation for the next cycle. 

Section 500 Distillation 

The distillation section of the grain motor fuel alcohol plant is shown on drawing 

345411-06. 

Dilute beer feed from the fermentation section of the plant is collected in Tank, TK-400, 

the beer well, from which it passes continuously, via Pump P-416, to Heat Exchanger, E-525, in 

Section 500 of the plant. 

The dilute beer feed, amounting to approximately 1150 gallons per minute, contains 7.1 

weight percent alcohol and 6.92 percent solids. These occur in approximately equal amounts. 
The beer leaves the beer well at temperature of 90°F and undergoes a series of preheating steps 

before it enters the first stage of distillation. The dilute beer first passes in to the tube side of 
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Condenser-Preheater, E-525. In this unit, approximately 23% of the total preheating is 
accomplished. The fu*st preheating step utilizes a portion of the vapors from the Dehydration 
Tower, T-523. These vapors are condensed to supply this first stage preheating. The warmed 
dilute beer feed next passes to Condenser-Preheater, E-516, where additional preheat, amounting 
to about 8.5% of the total, is added. In this condenser-preheater, a portion of the overhead 
vapors from the Pressure Stripper-Rectifier, T-514, is condensed to supply second stage preheat. 
The dilute beer feed next passes through two stages of feed preheating; wherein a portion of the 
heat in the bottom stream from the pressure stripper-rectifier tower is utilized in a two -stage 
flash operation. These stages add about 21.5% of the total feed preheating. The warm dilute 
beer feed next passes into Steam Condenser, E-506 where low pressure steam is used to 
accomplish additional preheating. Approximately 23% of the total feed preheat is added in Steam 
Condenser, E-506. The heating medium, in this case, consists of low pressure steam taken from 
other parts of the plant TTie feed is finally preheated, approximately to saturation temperature, 
in an additional two-stage heating step, occurring in E-504 and E-505 which use flash heat taken 
from the bottom stream out of T-514, the Pressure Stripper-Rectifier. 

Approximately 24% of the total feed preheating is accomplished in units E-504 and 
E-505. 

The hot, saturated, dilute beer feed next passes into Degassing Drum, D-512, where 
carbon dioxide dissolved in the beer feed is flashed off. The carbon dioxide represents one of 
the by-products of the fermentation reaction. It is not recovered. Any alcohol or water vapor, 

accompanying the vented carbon dioxide, is condensed in Vent Condenser, E-515, from where 
it drains back to Flash Drum, D-512. 

The saturated dilute beer feed enters the midsection of Tower T-514. Because of the high 
suspended solids content of the beer feed, the lower section of Pressure Stripper Rectifier, T-514, 
has been designed as a disc and donut type tower. This represents an effective contacting device 
which tends to be self-purging and does not allow the buildup of solids which would block 

ordinary distillation trays. Pressure Stripper-Rectifier, T-514, operates with a head pressure of 

50 psig. The non-volatile soluble solids and suspended solids in the dilute beer feed wash down 
through the stripper section of the pressure-rectifier and a very dilute alcohol stream, containing 
less than 0.02 weight percent alcohol, is removed from the bottom of the tower. The dilute 

stillage containing the dissolved and suspended solids leaves the base of Tower, T-514, at about 

304*. In the bottom section of T-514, the alcohol is effectively stripped from the dilute beer. 
The aqueous bottoms stream then passes through a series of flash stages. These stillage bottoms 
are subjected to progressive reduction in pressure through four flash stages. The flash vapor that 
develops in these stages is utilized to accomplish portion of the feed preheating as described 
previously. In these four flash stages, the temperature of the hot stillage is reduced from 304 
degrees to approximately 212®F. The whole stillage, containing about 7.5% total solids, is next 
pumped by means of Pump, P-505, to Section 600 of the plant where the solids in the stillage 

are recovered as animal feed by-product. 

Heat is supplied to the base of Pressure Stripper-Rectifier, T-514, by means of condensing 

150 psig steam on the shell side of parallel forced circulation reboilers, E-511-A and E-511B. 
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Total steam supplied, to the base of T-514 through the shell sides of the reboilers, is 110, 000 
pounds per hour. 

The upper portion of the Pressure Stripper-Rectifier, T-514, contains perforated trays and 
has a reduced diameter compared to the stripping section. The lower section of T-514 is 138 
inches in diameter while the top section of the tower, containing 28 perforated trays, has a 
diameter of 102 inches. 

Alcohol-rich vapors, generated in the Pressure Stripper-Rectifier, T-514, pass overhead 
from the tower at a temperature of about 250°F and a pressure of 50 psig. These vapors may 

be utilized as a source of heat by condensing in the reboilers which are attached to the base of 
the Dehydration Tower, T-523, and the Hydrocarbon Stripper, T-532. The overhead vapor from 
the Pressure Stripper-Rectifier contains 95 volume percent alcohol (190 proof)- Vapor condensate 
from E-516, from the reboilers on the Dehydration Tower, T-523, and the Reboiler of the 
Hydrocarbon Stripper, T-523, are all collected and pumped back to Reflux Drum, D-519. The 
total condensate is returned via P-518 to the top tray of the Pressure Stripper-Rectifier, T-514. 

The upper five trays of the Pressure Stripper-Rectifier operate in a total reflux condition. 
TTie liquid product from the Pressure Stripper-Rectifier is removed as a liquid side draw stream 
about five trays from the top of the tower. From here if passes to the midsection of Dehydration 
Tower, T-523. 

Dehydration Tower, T-523, is 138 inches in diameter and contains 50 perforated trays. 
The tower operates at essentially atmospheric pressure. The bottoms stream from T-523 
represents the anhydrous motor fuel grade alcohol and has a concentration of 99.5 volume percent 
ethanol (199 proof), the balance being water. The bottoms stream from the dehydration is 
pumped by P-524 through Product cooler, E-520, which utilizes cooling water to reduce the 
temperature of the product alcohol to about 100°F. The cooled product next passes to product 

storage in Section 700. 

Heat is supplied to the base of the Dehydration Tower, T-523, through parallel forced 
Circulation Reboilers, E-521A and E-521B. The overhead product from the dehydration tower 
is a ternary minimum boiling azeotrope consisting of hydrocarbon, alcohol, and water. A portion 
of these vapors is condensed in Primary Condenser, E-526, which utilizes cooling water to 

remove the heat of condensation of these vapors. The condensed vapors from E-525 and E-526 
pass to Reflux Cooler, E-529, where they are further subcooled by cooling water. The subcooled 

liquid then passes to Decanter, D-528. 

The subcooled liquid entering Decanter, D-528, separates into two layers. The upper layer 
is largest in volume and represents the hydrocarbon-rich layer. The lower layer, is a water-rich 
layer containing some alcohol and hydrocarbon. The upper layer of from the decanter is pumped 

by means of P-531, back to the top tray of the Dehydration Tower, T-523. 

The lower layer from the decanter is pumped by P-530 to the top tray of Hydrocarbon 
Stripper, T-523. Hydrocarbon Stripper, T-532, serves to strip the remnants of hydrocarbon and 
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alcohol contained in the feed to the top tray. The bottom stream from T-523 is an essentially 
aqueous stream which is removed via P-534 and is sent to the waste treatment plant in Section 

800. Thermal energy is supplied to the base of Hydrocarbon Stripper, T-532, via alcohol-rich 
vapor condensing on the shell side of Reboiler, E-536. The condensed alcohol-rich vapor is 
passed by means of P-535 back to reflux drum, D-519, where it joins other vapor condensate 
before being returned to the top tray of the Pressure Stripper-Rectifier, T-514. Overhead vapors 

from Atmospheric Pressure Hydrocarbon Stripper, T-532, containing alcohol, hydrocarbon, and 
water, pass to Condenser-Preheater, E-525, where they are condensed. The condensate is 
returned through Reflux Cooler, E-529 to Decanter, D-528. The aqueous stream passing from 
the bottom of the Hydrocarbon Stripper contains less than 0.02 weight percent alcohol. 

In the yeast fermentation process, certain extraneous products, in addition to ethyl alcohol, 
are formed. These are, generally, higher alcohol, i.e. higher molecular weight alcohols which are 
known as fusel oils, and light ends which include such things as aldehydes, etc. The fusel oil 
and light ends must be removed because their presence would upset the equilibrium associated 
with the dehydration step, and could bring about problems in the decantation step occurring in 
Decanter, D-0538. 

. The distillation system shown in Drawing 345411-06 provides for the removal of these 
extraneous components in the following way; The higher alcohols, or fusel oils, have the 
property of being more volatile than alcohol in dilute aqueous solution, but they are less volatile 
than alcohol in concentrated alcohol solution. For this reason, they tend to concentrate on some 
tray in the rectifying section of the Pressure Stripper-Rectifier, T-514. These fusel oils, thus 
having concentrated, can be removed as a liquid side draw stream from the pressure stripper- 
rectifier. They are removed and passed through Fusel Oil Cooler, E-537. From there, they pass 
to Fusel Oil washer, T-538. Fusel Oil Washer, T-538, is nothing more than a water extraction 
column in which the alcohol content of the fusel oils is washed from them, under reduced 
temperature, by counter-currently contacting the cooled fusel oil side stream with a stream of cold 
water. The heavy aqueous stream, containing the extracted ethyl alcohol is removed from the 
base of Fusel Oil Washer, T-538, via P-539. This stream is returned to the lower section of 

Pressure Stripper-Rectifier, T-514, for alcohol recovery. The light fusel oil stream is decanted 
from the top of Fusel Oil Washer, T-538, and passes to TK-540, the Fusel Oil Storage Tank. 

In general, the fermentation process, when utilizing com, will produce about 4 to 5 

gallons of fusel oil for every 1000 gallons of anhydrous alcohol product. These fusel oils do 
have a heating value and can be reblended into the product. If this reblending operation is not 
desired then the fusel oils may be passed to the plant boiler where they are used as fuel. 

Light extraneous products from fermentation, such as aldehydes, are effectively removed 
in this distillation system by withdrawing a very small purge from the total reflux stream passing 
back to the top tray of pressure stripper-rectifier, T-514. This light component purge, in general, 
cannot be reblended into the alcohol which is to be used for motor fuel blending. Therefore, 

these materials are removed and sent to the plant boiler where their fuel value is recovered. TTie 

light ends purge stream passes to Section 800. 
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The distillation scheme for producing motor fuel grade alcohol, as depicted in Drawing 
345411-06 utilizes only 17.5 pounds of process steam per gallon of anhydrous motor fuel grade 
alcohol product This great reduction in energy use is accomplished by optimizing the feed 
preheating scheme and by utilizing the heat content of high pressure vapors produced in the 
pressure Stripper-Rectifier, T-514, to supply the reboil heat for both the dehydration step, carried 
out in T-523, and the hydrocarbon-alcohol stripping occurring in T-532. 

Section 600 - Evaporation and Drying of Stillage Residue 

Flowsheets for this area are shown on Drawings 345411-07 and 345411-08. Stillage from 
the distillation area is delivered to the Whole Stillage Tank, TK-600, from which it is pumped 
to the solid bowl centrifugals which operate on a continuous basis. These centrifugals separate 
the whole stillage into two fraction: thin stillage containing 6.5-10% total solids and thick stillage 
containing about 35% total solids. Part of the thin stillage (corresponding to 10% of the total 
mash) is recycled to the mash mixing tank in the cooking and saccharification section. 

The remaining thin stillage is evaporated in a vapor recompression evaporator to about 
55% solids. Because of a cooling effect in the centrifugal separators (caused by evaporation of 
the stillage in contact with air), the thin stillage must be reheated from about 165®F to 208®F 
before it enters the evaporator. Heating is accomplished by using evaporator condensate which 
is cooled from 230®F to 185°F. Power for driving the evaporator vapor compressor 

(approximately 6,200 hp) is provided by a steam turbine which uses 580 psig steam and exhausts 
at about 160 psig. This exhaust steam is used for distillation, for mash cooking, and for heating 
supplemental air for spent grains drying. The vapor compressor operates at approximately 
atmospheric pressure at the inlet and compresses the vapor to about 21 psia. The compressor 
outlet stream is superheated, but before it enters the evaporators it is desuperheated by injection 

of condensate. The water vapor from the evaporator bodies passes through entrainment 
separators and then to the vapor compressor. However, before entering the compressor, it is 
superheated by mixing with a recycle flow of superheated vapor from the compressor outlet 

The thick stillage is mixed with the concentrated thin stillage and with recycled dry grains 
in the Wet Grains Minglers, ML-636A, ML-636B, and ML-636C. The amount of dry grains 
recycle is regulated to maintain a wet grains moisture content of 30% in order to minimize 

stickiness. 

TTie wet grains are then fed to the Rotary Dryers, DR-639A/B/C. The grains are tumbled 
in the dryers in contact with hot flue gas which comes from the power boiler. Supplemental hot 

air for drying is provided by the Air Heater, E-628, which uses 150 psig steam for heating. The 

hot gas enters the dryers at about 600®F with a wet bulb temperature of about 145®F. The flue 
gas goes through Cyclone Collectors, CC-630A, CC-630C, to remove most of entrained solids 

before it is delivered to the flue gas scrubber. 

The dry grains, at about 10% moisture, are transferred to the Dry Grains hopper, H-645. 
About 75% of the dry grains is recycled in order to regulate the moisture content of the wet 
grains. The remaining net make of dry grains is ground in a hammer mill and then cooled in the 
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product Cooler, E 634, which is an auger-type heat exchanger that uses well water to cool the 
grains to about 100°F, The cooled by-product is the transferred pneumatically to Storage and 
Shipping, Section 700. 

Section 700 - Alcohol and Dry Grains Storage and Shippine 

Alcohol storage and shipping are shown in Drawing 345411-09 and dry grains by-products 
storage and shipping are shown in Drawing 345411-10. 

The alcohol is received from the distillation section and stored in Receiver Tanks, TK-701 
and TK-702. Each of these tanks is sized for one day of production. While one tank is being 
filled, the other one will be checked for quality and quantity. After inspection, its contents will 
be sent to long-term storage. The four storage tanks, TK-706, TK-707, TK-708, and TK-709, 
hold a total of about 4,200,000 gallons which is about 28 days of production. Upon transferring 
the product from storage to a tank car or tank truck, denaturant (gasoline) is added at a rate of 
1 gallon per 100 gallons of alcohol. The denaturant tank, TK-704, holds about 50,000 gallons. 
Accurate metering is provided by MT-711 and MT-712 which are positive displacement meters. 

Dry grains are stored in an A-frame type building having a storage capacity of about. 
295,000 cu ft, equivalent to about one weeks production. Shipping of the dry grains from storage 
is done a first in, first out basis and utilizes a front-end loader to load the pneumatic conveyor 
system which transfers the grains to the Live Bottom Surge Bin, SB-722, at a rate of 88,000 lbs 
per hour. This rate is based on shipping out the dry grains for an average of 12 hours out of 
each day. Shipment may be made by either truck or rail, and Shipping Scales, SC-724 and SC- 

725, are provided for weighing the shipments. 

Section 800 - Utilities 

Utilities and General Services are shown on Drawings 345411-11 through 345411-13; for 
convenience, all the boiler related equipment is in Section 800-A and all the non-boiler related 

equipment is in Section 800-B. 

Steam for the plant is provided by a coal fired boiler. The flowsheet for this section is 
shown on Drawing 345411-11. The boiler is rated at 250,000 Ib/hr of steam at 600 psig and 

600°F. Calculated plant usage is about 200,000 Ib/hr of steam. The firing rate is 12.6 T/hr coal, 
having a heating value of 10,630 Btu/lb. Minor fuel inputs are also provided by light ends from 
distillation of the alcohol and by dewatered sludge from waste treatment. The high pressure 
steam is sent through an extraction turbine that exhausts steam at 150 psi. The turbine provides 
6200 HP for the vapor compressor on the stillage evaporator in Section 600. The exhaust steam 

is used for distillation, drying and cooking duties in the plant. 

The coal unloading facility provides for direct transfer to the Coal Bunker BU-808, or to 

a storage pile. A front end loader is used to transfer coal from the pile back to the unloading 

area where it can then be transferred to the coal bunker. 

9 



9i<! *0150 u i J3 wH' •^'sd yiNTJ if»34o» M o fbiiw ,Kd 3 ^-olociCyr>ab<nq 
b.tt wi 4<| * .. T^r® f* i^fe'i'7'cj-yd ti^iC’OO 3<fT utodt ol zdicij 

00\ nob-yoZ .3nk{qld2 

yiTWd li *>*ii sGdW .fic'<»j»;.*i#7t^ 1*> vafe jwto k»3» ti ^Alt<0 lo JkOT-XT 
’!lw fjfoiiHio u?i nuiJto'iam w ^ H-is .'ftlciyr kj’Vjodo sd Hrw 9t$o t^dio ail .bolUK 
.%'ir-^ Nt-j ^»V ;rr ,r(K-vn ■'^^i , Ipc 5|.rtfii>9 wol -sifr imai-^nof d 103* 3d 
tfi'^ulSIRciti no<^U Iw 9^ iifodt d £Rc 00Q,(y31,^ uiod£lo ifilot s bUMf 
10 Mtfi n i£ jiv£im9!»b .t'xrA inn '4jim » ol ofnoK mcrUi louborq * 

luur'ii ^bksrt .MjC-XT *4Mir nt^tsjitnafe odT indooLo lo trolUt^ 001 isq noUif ( 
sf/msoq «j it iU''*' - fc«w f IC-TM ^ babcvow i^i gnhoJam sutmoidA 

■'1 

]uo*d« ’« '^. jr.-an a jiliiduK) fvii oi t»^a« 3U «niirq 
. .t ' 11 ifi*r^< ^1; lo 5|niq<,rd2 ,0*^^: /boiq C5l'«vy son iuod» u inilfviol's jo (KX),2^ 

Tov'ivn*^ r- j hwl t7^>#al buo^ao^l 4 "lyiliiii bn* iroiti loo 75nO ,m infl • onob <1 
/oi OW).^?? lo “vn c It Srr er^ ..aCI mt?' fno»To3 ?di ’ 34: *» initr;} 3fb i-T^krtrU dairtw matr(* 
'•» 50© m ui\ n lo 35j{4iairz: nd ij/tMf. rb oil »ii4 no boaid zi oisj iiifT .luod toq ■ 

Lof ftt’' .wiEf ? ® i3»'. 3 Oban ad yem 3na<iiqiri2 .y»b dooo 

>1 nwi^I :k ctb loH boblvoTq ym ,ISX 

to^ itJ•llbiM; aa* ^/i n4l£«b« m ?i*Awvfa ty^vto^ IreanoO biu ?o/lUijU ‘ij 
ha aiat t'U^d rh-n ltd bftt ♦tuiij-aii tu n iti yiiqm^ boiilai lolioo ods tis ,f;jn9ir»vnoo 

.8-008 iioiioo2 ^{ ’nVnqtupo . ' I' 

4t tiobufte *i4(iJ «af: otiT ♦* 
hftfl t-a (KK’> Ift ra -t k* n 'd! U00,’>^^ tt -i ?4 T^hvi 9*(J' jnri/diO w awtidt \ 

' *o'.'i.fiT d.U *1 3141 ofll fff^jdirOG'^/jr luoiAti ai^sat) mttlq boiaWoIiO .1*002 

itjis Ji.'Jif ftt bahi' ovj*xjk av *<fii|fu too^ ■wmM r>^d;0f io a«/l4v a ^ntYid 
f ‘[]lS arr Sl^itw moil ^00(4 t-»;jr y</ h(t< btdoota adJ rtollii1h3tb 

i">^3ivt‘iq anki.ji adl* ut )»fll anufiut rK>&3«3t3 mac xi mcaii 
maftir ‘tfadad3<fT .OOf ncO'./sE m ..■> a?»4Ui? rio TOdmcnim*) TOcfav^ *iiJ *wl IH OOCd 

jfiatQ hU tit jaiitiO yru ^^ boa jntyib .fiooftHiatb bout if 

b 



Boiler feedwater is provided by condensate return from the process, where possible, and 
by makeup water that has been filtered and conditioned in a conventional boiler feedwater 
treatment system. About two-thirds of the boiler feedwater is condensate return. 

The flue gas passes through the Cyclone Collector, CC-806, for particulate removal. The 
collector consists of numerous small cyclones (multi-clones) housed in a single chamber. The 
recovered particulate goes to the boiler ash pit The flue gas exits the boiler at a temperature 
of about 725°F. This is a high flue gas temperature by normal standards, but in this case it does 
not affect overall plant thermal efficiency since the hot flue gas, tempered with air to 600*F, goes 
to the stillage drying section where its heat is used to dry the distiller’s grains. For this reason, 
no flue gas heat economizer or flue gas stack is required with the boiler. 

The coal is fed to the boiler by four stoker-spreader units. The spreader feeding system 
was selected (rather than pulverized blown coal) because of the small boiler size and because the 

boiler inefficiency, due to excess air, does not effect the process thermal efficiency. 

The water supply system for the plant is shown on Drawing AN493-12. The system 
provides well water for meeting process makeup requirements, for process cooling where cooling 

tower water is not cool enough, and for maintaining a supply of fire protection water. Three 
wells are provided with a capacity of 1800 gpm each. The Well Water Storage Tank, TK-832, 
has a capacity of 100,000 gallons and provides for surges in demand and allows short-term 
shutdowns of the wells, as required for maintenance or repairs, without interrupting the supply 

of water to the plant. 

The fire protection system consists of the Fire Protection Tank, TK-834, which has a 
capacity of 300,000 gallons, four fire water pumps (2 electric and 2 diesel), and an underground 
fire water distribution system, along with the appropriate fire hydrants and spray headers. Each 
pump has a capacity of 2000 gpm. The diesel powered pumps are used only in the event of an 

electric power failure. 

The Cooling Tower, CT-890, is designed to provide 16,000 gpm of water at 85°F from 
a warm water return temperature of 115*F, and an ambient design wet bulb temperature of 75°F. 

The tower consists of two cells with a two speed fan for each cell. TTie three Cooling Tower 

Pumps, P-891A/B/C are rated at 7500 gpm each. 

The waste water flows include process waste water and sanitary waste water. The waste 

water is collected at a lift station and pumped to the treatment plant. 

The waste water treatment plant is designed for secondary treatment with two extended 

aeration tanks and two settling tanks. The aeration tanks are 95 ft in diameter. The sludge 

thickening tank is 20 ft in diameter. 

The influent stream passes through a bar screen and grinder prior to entering the first 

aeration tank. Water from the first stage is split, the major portion is recycled to the first 
aeration stage, while the remainder is sent to the thickening tank. Clarified water from the first 
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settling stage overflows to the second aeration tank, where additional BOD is removed. Nutrients 
may be added to either aeration tank, but due to the nature of the waste water flows, nutrients 
should not be needed. TTie water from the second aeration tank overflows to the second stage 
settling tank. 

The sludge from the second stage settling tank is recycled to either the first or second 

stage aeration tank. A makeup stream is sent to the thickener. The two stage aeration system, 
coupled with the flexibility to recycle sludge from either stage, allows good control of effluent 
BOD. 

The clarified water from the second .stage settling tank flows by gravity to the chlorine 
contact tank. Chlorine is added to the contact tank for destruction of final traces of impurities. 
The effluent from the chlorine tank flows to a nearby river. 

Sludge from both the first and second stage aeration tanks is collected in the sludge 
thickener and is pumped from the thickener to the dewatering press. The sludge is dewatered 
to about 25% solids. The solids from the dewatering press are chopped up in a flaker and 
conveyed to the boiler for burning. 

The electric power is purchased and provision is made in Section 800 B for the electrical 
distribution and control network in the plant The power required is 6540 KW in the plant 

Capital Cost 

The equipment lists for each section of the base case design are given in Tables 2 
through 8. The column labelled Estimated Cost (1978) is directly from the Katzen reports for 
the delivered or purchased cost of the major equipment items. The Chemical Engineering Plant 
Cost Index (CEI) for 1978 is 219. The columns labelled Estimated Cost 1992 gives the updated 
cost by applying a CEl value of 362. Furthermore, when the material of construction is changed 
from carbon steel in the original Katzen design to 304 SS, the updated cost is multiplied by a 

factor of 2.2. The total delivered cost of each section is given at the end of the corresponding 

equipment tables. 

The total fixed capital of the of the plant is assembled in Table 9. For each section the 

corresponding delivered equipment cost is taken from the equipment table. The Chilton factors 
are applied to show how the fixed capital of each section is developed. The values selected are 
based on the complexity of the section and past experience. At the end of Table 9, the fixed 
capital for the entire plant is given. For convenience the utility section is broken into two 

sections, 800-A for the boiler related equipment and 800-B for the non-boiler related equipment 

so comparison with the Biostil process will be obvious. 

Operating Cost 

The operating cost is developed in Table 10. The material usage is shown on an annual 

basis for each item. These are taken directly from the Katzen report. The labor is broken down 
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into plant operators (including supervisors), labors, technicians, and maintenance workers. This 
staffing allows 24 hours per day operation. This manning sums to 130 people, which is 
consistent with the levels seen on our plant visits. Note that there are a high number of people 
in maintenance. Tlie major job is keeping heat exchangers of all types clean. In the distillation 
section the reboilers of the beer still are a particular problem, in part because of the high 
temperature at which they operate when the column is at 50 psig. In one plant we saw that one 
reboiler in a set of three on the beer still was cleaned a day. 

TTie energy cost for coal and electricity are based on usage given by Katzen’s report The 
cost of coal at $25 per ton and electricity at 50 per KWH is typical of 1992 Illinois location. 

The capital related costs are made of investment depreciation at 11.11% per year for a 
9 year write-off, insurance at 1.0% and maintenance materials at 2.5% of total capital. For 
convenience the total capital investment is given on the operating cost sheet 

The total annual cost of production is given in line E in Table 10. Then allowance is 
made for the credit from the sale of DDGS at $120 per ton - typical of today’s price. The net 

operating cost is given on line G. 

In order to see the effect of changes in key costs, a sensitivity analysis is given in 

Table 11. 
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TABLE 9 
Rxed Capital Cost Estimate for 50 Million Gallons per Year Ethanol 

Base Case Technology 

Section 100 - Grain Storage and Handling 
Item Description % of Item 

# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $1,628,008 
2 Installed equipment cost 1 1.43 $2,328,052 
3 Process piping 2 0.07 $162,964 
4 Instrumentation 2 0.05 $116,403 
5 Buildings and site development 2 0.10 $232,805 
6 Auxiliaries 2 0.25 $582,013 
7 Other 2 0.00 $0 
8 Total physical plant costs $3,422,236 
9 Engineering and constnjction 8 0.20 $684,447 
10 Contingencies 8 0.10 $342,224 
11 Size factor 8 0.02 $68,445 
12 Total fixed capital investment $4,517,352 

Section 200 - Cooking and Saccharification 
Item Description % of Item 

# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $1,438,578 
2 Installed equipment cost 1 1.43 $2,057,167 
3 Process piping 2 0.30 $617,150 
4 Instrumentation 2 0.10 $205,717 
5 Buildings and site development 2 0.20 $411,433 
6 Auxiliaries 2 0.25 $514,292 
7 Other 2 0.00 $0 

8 Total physical plant costs $3,805,758 

9 Engineering and construction 8 0.20 $761,152 

10 Contingencies 8 0.10 $380,576 

11 Size factor 8 0.02 $76,115 

12 Total fixed capital Investment $5,023,601 

Section 40 D - Fermentation 
Item Description % of Item 

# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $5,345,699 

2 Installed equipment cost 1 1.43 $7,644,349 

3 Process piping 2 0.50 $3,822,175 

4 Instrumentation 2 0.05 $382,217 

5 Buildings and site development 2 0.10 $764,435 

6 Auxiliaries 2 0.25 $1,911,087 

7 Other 2 0.00 $0 

8 Total physical plant costs $14,524,263 

9 Enqineerinq and constnjction 8 0.20 $2,904,853 

10 Contingencies 8 0.10 $1,452,426 

11 Size factor 1 8 0.02 $290,485 

12 Total fixed capital investment 1 $19,172,027 
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TABLE 9 
Fixed Capital Cost Estimate for 50 Million Gallons per Year Ethanol 

Base Case Technology 

Section 500 - Distillation 
Item Description % of Item 

# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $3,343,525 
2 Installed equipment cost 1 1.43 K781.240 
3 Process piping 2 0.60 $2,868,744 
4 Instrumentation 2 0.20 $956,248 
5 Buildings and site development 2 0.10 $478,124 
6 Auxiliaries 2 0.25 $1,195,310 
7 Other 2 0.00 $0 
8 Total physical plant costs $10,279,666 
9 Engineering and construction 8 0.20 $2,055,933 
10 Contingencies 8 0.10 $1,027,967 
11 Size factor 8 0.02 $205,593 
12 Total fixed capital investment $13,569,159 

Section 60 0 - Feed Processing 
Item Description % of Item 

# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $10,110,379 
2 Installed equipment cost 1 1.43 $14,457,842 
3 Process piping 2 0.50 $7,228,921 
4 Instrumentation 2 0.10 $1,445,784 
5 Buildings and site development 2 0.10 $1,445,784 
6 Auxiliaries 2 0.25 $3,614,460 
7 Other 2 0.00 $0 
8 Total physical plant costs $28,192,792 

9 Engineering and constnjction 8 0.20 $5,638,558 
10 Contingencies 8 0.10 $2,819,279 
11 Size factor 8 0.02 $563,856 

12 Total fixed capital investment $37,214,485 

Section 700 - Storage and Shipping 
Item Description % of Item 

# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $1,541,062 

2 Installed equipment cost 1 1.43 $2,203,719 

3 Process piping 2 0.30 $661,116 

4 Instrumentation 2 0.05 $110,186 

5 Buildings and site development 2 0.10 $220,372 

6 Auxiliaries 2 0.25 $550,930 

7 Other 2 0.00 $0 

8 Total physical plant costs $3,746,322 

9 Engineering and construction 8 0.20 $749,264 

10 Contingencies 8 0.10 $374,632 

11 Size factor 8 0.02 $74,926 

12 Total fixed capital investment $4,945,145 
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TABLE 9 
Fixed Capital Cost Estimate for 50 Million Gallons per Year Ethanol 

Base Case Technology 

Section 80 0-A - Boiler Related Utilities 
Item Description % of Item 

# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $6,876,347 
2 Installed equipment cost 1 1.00 $6,876,347 
3 Process piping 2 0.25 $1,719,087 
4 Instrumentation 2 0.10 $687,635 
5 Buildings and site development 2 0.20 $1,375,269 
6 Auxiliaries 2 0.25 $1,719,087 
7 Other 2 0.00 $0 
8 Total physical plant costs $12,377,425 
9 Engineering and construction 8 0.20 $2,475,485 
10 Contingencies 8 0.10 $1,237,742 

11 Size factor 8 0.02 $247,548 
12 Total fixed capital investment $16,338,201 

Section 800-B - Non-Boiler related Utilities 
Item Description % of Item 

# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $7,273,059 

2 Installed equipment cost 1 1.00 $7,273,059 

3 Process piping 2 0.25 $1,818,265 

4 Instrumentation 2 0.10 $727,306 

5 Buildings and site development 2 0.20 $1,454,612 

6 Auxiliaries 2 0.25 $1.818,265 

7 Other 2 0.00 $0 

8 Total physical plant costs $13,091,507 

9 Engineering and construction 8 0.20 $2,618,301 

10 Contingencies 8 0.10 $1,309,151 

11 Size factor 8 0.02 $261.830 

12 Total fixed capital investment $17,280,789 

Total fixed capital for sections 800-A and 800-B $33,618,990 

Total $118,060,759 
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TABLE 10. Operating Cost 
Corn based ethanol plant in Illinois, 1992 

50 million gallons per year, 199" (99.5 wt %) 
330 operating days per year 

Base Case Technology - batch fermentation, distillation, 
solvent dehydration, thin stillage evaporation and DDGS drying 

Item Annual Use Units Value Per Unit Annual Cost Cost/Gal % of Total 
A. MATERIALS 
1. Corn, 56 Ib/bu 1088 M Ib/y $2.50 /bu $48,571,429 0.971 61.88% 
2. Yeast 792 KIb/y $0.40 /lb $316,800 0.006 0.40% 
3. Gasoline denaturant 285120 gal/y $0.60 /gal $171,072 0.003 0.22% 
4. Ammonia 6.075 M Ib/y $120.00 Aon $364,500 0.007 0.46% 
5. Lime 1.584 MIb/y $40.00 Aon $31,680 0.001 0.04% 
6. Sludge polymer 16 KIb/y $3.00 Ab $48,000 0.001 0.06% 
7, BFW Chemicals 40 KIb/y $1.00 Ab $40,000 0.001 0.05% 
8. NaCI 792 KIb/y $50.00 Aon $19,800 0.000 0.03% 
9. enzymes 155000 gal/y $7.77 /gal $1,204,350 0.024 1.53% 

- 

B. LABOR 
1. operators 43 people $40,000 /y $1,720,000 0.034 2.19% 
2. labors 54 people $25,000 /y $1,350,000 0.027 1.72% 
3. technicians 8 people $35,000 /y $280,000 0.006 0.36% 
4. maintenance 25 people $40,000 /y $1,000,000 0.020 1.27% 

5. fringe benefit 25 % $1,087,500 0.022 1.39% 

C. ENERGY 
1. Illinois #6 Coal 195.8 M Ib/y $25.00 Aon $2,447,500 0.049 3.12% 

2. Electricity 51,796,800 KWH/y $0.05 /KWH $2,589,840 0.052 3.30% 

D. CAPITAL Total Capital % of Capital 
1. investment charges $118,060,759 11.11 $13,116,550 0.262 16.71% 

2. insurance 1.00 $1,180,608 0.024 1.50% 

3. maintenance 2.50 $2,951,519 0.059 3.76% 

E. TOTAL $78,491,148 1.570 100.00% 

F. CREDITS Annual Product Value Per Unit 

1. ddqs 346.8 MIb/y $120 Aon $20,808,000 0.416 26.51% 

G. NET COST $57,683,148 1.154 73.49% 
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TABLE 11. Operating Cost Sensitivity 
Base Case Technology 

Price Change in Item Net Production Cost, $/gal Change in Net Production Cost 
per Indicated Price Change 

Corn Price, $/bu 
$3.00 1.348 
$2.75 1.251 
$2.50 1.154 9.7c/gal per 25c/bu 
$2.25 1.057 
$2.00 0.959 

DOGS Price, $/ton 
$80.00 1.292 
$100.00 1.223 
$120.00 1.154 6.9c/gal per $20/ton 
$140.00 1.084 
$160.00 1.015 

Coal, $/ton (g) 10,630btu/lb 
$20.00 1.144 
$25.00 1.154 
$30.00 1.163 1 .Oc/gal per $5/ton 

$35.00 1.173 
$40.00 1.183 
$45.00 1.193 
$50.00 1.203 

Electricity,c/KWH 
2 1.123 

3 1.133 

4 1.143 I.Oc/gal per Ic/KWH 

5 1.153 

6 1.164 

7 1.174 

% of Capital 
110 1.188 

100 1.154 3.5c/gal per 10%increase 

90 1.119 

Ethanol Yield, gallon/bu 
2.55 1.163 

2.57 1.154 

2.60 1.144 3.6c/gal per 0.1 gal/bu 

2.65 1.126 

2.70 1.108 

45 



1 '7^ 
. r 

Hw'j IT/ •rinfi^ 

*KsJ gitticu.c^O 11 t? JtSAT 
'gg^>'tattT ^isai) «26>J 

to»e^i,» fKoiM Wm I rmA nl •i^nMtO «cki9 



CHAPTER 3. BIOSTIL TECHNOLOGY 

BIOSTIL PROCESS FLOWSHEETS AND DESCRIPTIONS 

Although Weatherly, Inc. prepared a full plant design from com handling to utilities, we 
took the key sections of the process that are unique to the Biostil technology and altered the base 

case sections accordingly. 

Conceptual flowsheets for each of the modified sections (Sections 200,400,500 and 600) 

are presented as drawings 345411-14 through 345411-17. Sections 100 and 700 remain the same 
as in the base case, while Section 800 A has a modified boiler. A section-by-section description 
from Weatherly of the process for manufacturing motor fuel grade alcohol from grain (com) for 

the Biostil process alternative is given below. 

Section 200 Mash Cooking and Saccharification 

The front end of the mash cooking and saccharification unit for the Biostil process 

alternative is the same as that of the base case. The similarity on the front end is shown on 
Drawing 345411-14. Since the Biostil process requires a completely saccharified carbohydrate 

feedstock, modifications were made to the back end of Section 200 to provide for this, as shown 

on Drawings 345411-14 and 345411-15. 

After Cooking, flash cooling, and addition of enzyme, the partially liquified starch enters 
the first of two Liquifaction Tanks, TK-240. Final Liquifaction takes place in the second 
Liquifaction Tank, TK-243. The slurry is pumped via P-245 through Heat Exchanger E-249 

where it is cooled to 140°F. Before the slurry enters the presaccharification tank the pH is 
adjusted to 4.2 - 4.5 by injection of concentrated sulfuric acid into the Teflon coated in-line static 
mixer. Enzyme 2 (amyloglusocidase) is added in the presaccharification tank. The slurry is then 

fed by gravity to the first saccharification tank, where the breakdown of the dextrins to simple 

fermentable sugars begins. The saccharification unit consists of six stirred tanks in series with 
gravity flow between them. Full saccharification is necessary for the fermentation process and 
is normally completed in 24 hours. Saccharified substrate is pumpied from the last 
saccharification tank to the fermentor via two heat exchanger steps. In the first step, which 

serves as a regenerative exchanger, the 140°F substrate is cooled by process liquid. At the same 
time the process liquid is preheated to about 120°F. To assure that no warm liquid enters the 
fermentor, the substrate is finally cooled to 90°F with cooling water in the trim cooler. 

Section 400 Continuous Fermentation 

The fermentation section of the grain motor fuel alcohol plant is shown on drawing 
345411-16. The liquid substrate is pumped from the saccharification section and metered 

continuously into a single tank fermentor. Here the simple sugars are converted to ethanol and 
carbon dioxide in the presence of yeast, which promotes the reaction. A viable yeast growth and 

concentration is maintained by the addition of nutrients (such as urea) and continuous fermentor 

1 



j iT I mom .t»3THAIO 

r»hA rrH3ti?ffoj-! ^^300«'^ jmoia 

»v/ r It' VO* ilia s r.^raqariq onl .xdrwUwW d^tiofblA 
9»r»d n^l: bftB IbiotS 9ftl at aupinn 9ti Utib'i:239ott^ twU Vi Kfiaii:>3t >53l ^ttl iool 

.Xl^nUncKm tn'?£t33< 

a 
(QUii Nw OU?, .OCC ’tioiioo?) idJ \o ti^xtewoO lAit79vjn<iD' , 
>•.« o#u fux-iian lOC M («»! iiw.’J3o2 Tf I d^umiiJ Al-I l^K t|ni«frili it: 'rnidjoit 
■^>jc>! 'rrsf 0- cmc M aohu«a A .i^i4 fjoHlboin 4 ud A 008 anlid»2 :)Uifw .mjid dud 9<it m’u 
IV; ,-nm) li: • m ‘iwil r*>iT| tywl loiofn j^utoslontm lol e290cnq wi) io ^fhariJiwW mcnl 

.vmlad n9YQ ti aviiumtU m'xnq lb?.aia 

': a 
'^l>!;caa^4irf»«^ faoii ini^O il«iiM OOSJwterii 

liKS" '') 9tt^ (uoi*4ailhcui'('jM btti ^nbluoo ftxfi/n 9*0 t>*i9 Kura ^dPT*^ 
i('< li b*i3 jnoa '> MO aifV ,aix-:> 5X4d vb lo ifft) u 9(niu stil si aviiarntaiis 
a^it*v7f<xfuio vivtH’nn* a » sartiapen suoouq iiKtoiH artJ «fu8 .M jiitiWfiiQ 
iTwmU t£ ^>Uvoiq €t 00£ roavoS % bM *bid 9(0 o5 abcra rtrtr inourifUbom ..ojtboal 

bw. ijriiwnano 

ciitfia itm’ Iscj'fHupii \flliu?»nq »rt} .i.‘vr(sii9 to ((oaibfaa Ixw .gnitooo dwin ^ncteoO -a^A: 
bo J9> xd ai araiq '-^tsi Ufii^ ,i3(ncT noOnOlupU owl ‘k* ind uif 

1 >5tr*(a<uic3 isrtL-. <*»•; *5 *»iv i’vqmwq M XAS-3T ^iniT aoli3(d»pU 
4f Hq 9(U .i>flKi •t'*iii:-lhj;i' * srti saofio >(Tat(t adJ noioQ .3"0bl ol b^looo zTji 3i9dv» 
>4iiJw» ^nit n/ bc»iiU!^ roftoT »4l omi bcsti >. w^foi LKUsnn^anoo In nofa^otni yd ?.b - SLb ot borto^ 
rt>4l V s'ftuk xil jIooj iiolis:>}lirrd.>34.>^q '•ill ni be>bbA <s (dtalMoasjutgofymt) £ xnyxa.H .isxta 
>lq^/u^ 01 HHUKoh <3di lo —d 9/u JTiwiw ^■’sj (ioj3«o<liiiiiaMU i/ift 9«ii 01 yi/v*if yd bai 

(iiiw t>tT3i or bioiiL* ly/ub* *r« ^o Mart*i:v> rlnn /KkjvoaiuH’jDAK i^fT jni^od rui^tu oldaircsnno) 
bffr. 44»yiq ^’,oflci.r>m*«al '' cl vjI ’us^jort w iKid4oahidy>e2 Uu^ jrojli lusowiod "oft yHwif 
k4t ct'K C)R.qMK.'. runt-.ltff jnuoH kL ni boJolqmco ylIi.TTion si I 
Koidw .'pst m t adi f«J t» ;9| uul^xa /«d <>wi tr/ tofiwnml atU ol inw ftobr 

yKZ. -Htr h' Iii7pU sjtacwnq vd t^^ooD Si Ibl aiij .-o^nfidoxo avbSTonaaan s si savioa 
o b b^pil n:MW tiO Jtiii ^ciw'/ f. oT MP'i/:! tooM: 01 tva/i^riontq ti biupd ssaaotq adl amil 

irifB »i wiiH jncfovi VOQ o) baloDOLyllttna si aiimsdiii odi .loii^nufl 

flontioo^rnyi tooiiodnoD QOA OfiiQSiS 

^ 4 
5l#i#v*ni ‘»o ft Ifiti i liirfoolei btO imorri aiii^ ortJ k) noiioot aobumcrn:^ orfF 
Hmywc Uii 4io«4, » icrh jhIi fiHTfl boqmtiq ti shrosdui biupil oifT .dl-IllEH 
I* f. i '»<tP C'l 0* ;ay(Ttio '-la f^hov? ■''IqnoV adi aOif4i .lOMonital olj^nis l oini ylsooumiooo 
trf. vm** A lobOT^n -aXi^lorfioiq ihufw .Kuoy \o ao/iaflmq adl ni obiroib i»<Khio 
iui49fify>‘^ iKiKfi/Jd VO !(»«<( (t39t/ II lonhiuo )o (lobibbi F,iti yd bexiioinli^rit si rtoiiruooapob 



aeration with the addition of air or oxygen. Air for the support of this living yeast population 
is supplied by low pressure blowers that provide air at a pressure sufficient to overcome the head 
of the liquid in the fermentor. 

Fluctuations in the yeast count of ±30% have little effect on overall fermentor 
productivity, and the residual fermentable sugar concentrations can usually be maintained below 
0.2 wt%. In spite of the high concentration of sugar in the fermentor feed, the alcohol 
concentration in the fermentor is controlled at approximately 8 to 10% (by volume) by 
continuous circulation of the fermentation mash through the upper section of the mash column. 
This method permits fermentation of very concentrated substrate and also minimizes the 
inhibition of yeast activity due to the presence of high ethanol concentrations. 

The fermentor exhaust gases, which contain residual air, carbon dioxide created in the 
fermentor, ethanol, and volatiles, are scrubbed with fresh dilution water to recover ethanol. The 

overall ethanol yield is increased by approximately 1% by scrubbing the fermentor exhaust gases. 
The scrubber water including ethanol is mixed with the process liquid in the process liquid tank. 

Fermentor Cooling 

Stable fermentation requires careful fermentor temperature control. For every pound of 
ethanol produced approximately 516 Btu of heat is generated. For the Biostil process, this excess 
heat is removed by the continuous circulation of the fermentor broth through an external plate 

heat exchanger. The optimum fermentation temperature is 90°F. 

Fiber Separation 

The fermentor mash is pumped from the fermentor to a two stage fiber separation section. 
The first stage separation consists of a bent stationary screen that separates the fibers from the 
fermentor liquor, with the fiber free phase passing on to the yeast recycling station. 
The fiber phase is then fed to the second stage separation in which the fibers are first washed 

with recycled liquid to minimize yeast losses and then fed to a decanter separator. The fiber 
phase including fibers and other insoluble material from this second step is sent to the bottom 
part of the mash column where ethanol is stripped off and recovered in the top section of the 

column. 

Yeast Recovery and Recycle 

The high yeast concentration is maintained in the fermentor by the separation/recovery 

and recycle of yeast from the fiber free fermentor mash. The fiber free fermentor mash from the 
bent screens is pumped to a set of centrifugal nozzle separators. Yeast is spun off in the heavy 
phase, collected, and returned to the fermentor. Washing of the yeast with sulfuric acid to 

prevent infections is not required in the Biostil process. 
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Section 500 Disrillation 

The distillation section of the grain motor fuel alcohol plant is shown on drawing 
345411-17. The de-yeasted mash from the yeast separation stage is preheated through the 
regenerative heat exchanger and fed to the two section mash still. This two section, or split mash 
column, is essential to the stability of the Biostil process. 

After degassification (carbon dioxide separation), the mash enters the upper section of the 
column, in which 90% of the alcohol fed with the mash is continuously removed as ethanol vapor 
at a concentration of 38 wt%. 

The mash liquid stream flows downward through the upper portion of the column to the 
bottom tray of the upper section. This bottom tray is a special design tray (chimney tray) that 
allows vapor to pass upward from the lower stripping section of the column but does not allow 

liquid to flow into the stripping section. The liquid collected on this tray is called the weak 

mash or recycle. 

The weak mash stream is collected and pumped through the regenerative heat exchanger 
to preheat the mash going-to the mash column. A portion of the weak mash is then sent to the 
sludge separator where the proteins (suspended solids) are separated to purge them from the 
system. This heavy phase or sludge phase is mixed with the fiber phase from the second fiber 
separation stage, and the mixture is sent to the lower section, or stripping section, of the mash 

column. Water and ethanol are evaporated, or stripped, from the sludge phase mixture producing 
a concentrated stillage. The light or clarified effluent from the sludge separator is mixed with 
the rest of the weak mash recycle and then split into two streams. One stream is sent to the front 
end of the process where it provides the process water for flour mixing and dilution in the 
saccharification section. The second stream is recycled back to the fermentor after being cooled 

to 90®F in the trim cooler. 

Concentrated stillage is pumped from the bottom of the mash column to the flash reboiler 

tank where the final stillage concentration takes place. Due to the high fouling nature of the 
stillage, the column is provided with three reboiler systems; two in service and one on standby. 
All the reboilers are equipped with a Cleaning-in-Place (CIP) system. Concentrated stillage 
(approximately 30% DS) is pumped with a positive displacement pump to the dryer feed tanks; 

which serve as a buffer between distillation and drying. 

Aldehyde (heads) Concentration 

Aldehydes (heads) are concentrated in the aldehyde (heads) concentration that is provided 

in the very upper section of the mash column. The head vapors from this section are condensed 
in the mash column condensers. The condensed heads are then split into two streams, one stream 

enters the top of the aldehyde column and serves as reflux while the other stream is pumped 

through the aldehyde cooler to final aldehyde storage. 
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Rectification 

Ethanol vapors (38 wt.%) are drawn off at the top of the mash column via the knock-out 
drum where liquid is separated from ethanol vapor. The ethanol vapor is then condensed in the 
dehydration column reboiler. Liquified 38 wt.% ethanol is then sent to the rectification feed tank. 
The rectification feed pump pumps the ethanol liquid via the preheater to the rectification 

column, which operates at 65 psia pressure. Ethanol is concentrated to 93 wL% in the 
rectification column. Ethanol vapors leaving the top of the rectification column are used to heat 

the mash column where they are also condensed. 

Condensed ethanol vapors from the mash column reboiler are sent to the rectification 

reflux tank,* where flashed vapors are sent to 40 wt% ethanol condensers. Ethanol (93 wt%) 
from the rectification reflux tank is pumped back to the top of the rectification column and a 

part is fed dehydration column. 

Fusel oils are removed from an intermediate point in the rectification column and washed 
with fresh water in the fusel oil decanters. Lutter water is removed at the bottom. Portions of 

the fusel oils are later mixed with the anhydrous ethanol. 

Dehydration 

Ethanol (93 wt.%) liquid from the rectification reflux pump is mixed in line with 

cyclohexane and the mixture enters the dehydration column. The dehydration column, which 
operates at atmospheric pressure, is heated by 38 wt.% ethanol vapor from the mash column. 
This means that the dehydration column reboiler also serves as a condenser for the 38 wt.% 
ethanol before it is sent to the rectification column. A mixture of ethanol/cyclohexane/water is 

taken off at the top of the column as vapor. This vapor is condensed in two overhead condensers 
and some of the liquid is recycled back to the column as reflux. The rest is mixed with liquid 
from the top of the recover column. The mixture is then sent to the cyclohexane decanter, where 

the light fraction (mainly cyclohexane) is mixed as previously mentioned with 93 wt.% ethanol 

from the rectification section. The heavy phase is sent to the recovery column. Tlie 99.5 wt.% 
ethanol is taken off from the bottom of the hydration column and pumped to ethanol day storage 

after being cooled in the ethanol cooler. 

Samples will be taken from the ethanol day tank to check the quality before ethanol is 
sent to main storage tanks. The heavy phase from the cyclohexane decanter enters the recovery 
column, where the cyclohexane will be recovered and 80 wt.% ethanol is collected in the bottom 
of the column and from there transported to the mixing tank. In the mixing tank the 

ethanol/water mixture is mixed with liquid from the fusel oil decanters before entering the 

rectification column. 

Tlie recovery column is heated with steam. 
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Section 600 Drying of Stillage Residue 

The major impact of the Biostil process is that no thin stillage evaporator and centrifuges 
are needed in Section 600 of the base case. Only the second part of the original Section 600 is 
needed - namely the rotary drier shown in Drawing 345411-08. 

Section 800 - Boiler 

Since the Biostil process does not require a thin stillage evaporator and its associate 
turbine driven vapor compressor, the boiler for the plant can operate at low pressure. The steam 

is needed only for process heating in distillation and starch cooking, 175,000 Ib/h. In addition, 
the still bottoms are dried in a rotary drier using steam as a heating source, 117,000 Ib/h. Thus, 
the total low pressure steam required is 292,000 Ib/h which compares with 200,000 Ib/h for the 
base case. The reason for this increase in steam load is that the rotary drier is higher in the 
Biostil case because the total solids come into the drying step at 30% solids where as in the base 
case, the concentrated thin stillage and wet fiber cake have a combined solid content of about 
40%. Also in the base case, hot flue gas was used as part of the drying medium which will 
reduce the steam requirement. Detailed process optimization on the drying was not done in this 

study. 

In order to supply the low pressure steam, packaged boilers are used. The cost is less 
because they are factory built and use natural gas or fuel oil .instead of coal. Thus, there are no 
solids handling, particulate removal from the flue gas, and stokers. With a thermal efficiency 
of 90% the amount of natural gas is 292,000 btu/h -r .9 or 324,000 btu/h. This is equivalent to 

51.3 btu/gallon of ethanol produced. 

The electrical load in the Biostil process is 12000 KW compared to 6540 KW. The major 
reason for the increase is on the operation of the centrifuges and recirculation pumps associated 
with the continuous fermentor. It should be noted that the energy usage in the Biostil case was 
taken on the conservative side. With an actual plant design optimized on com fermentation, we 

can see reductions to levels closer to the base case. 

Capital Cost 

The equipment lists for Section 200, 400, 500, 600 and 800 are given in Tables 12 

through 18 along with the delivered cost for each section at the end of each table. 

The fixed capital for the Biostil process is given in Table 17 by developing the fixed cost 

of each section. Sections 100 and 700 are taken directly from the base case since these are the 

same in the two designs. 

Operating Cost 

The operating costs are given in Table 18. The material costs are the same as the base 

case except there is no yeast charge due to the reuse of yeast. 
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There is a significant reduction of labor in all categories. The main reason for this is that 
the continuous fermentation and coupled distillation is highly automated. Moreover, the plant 
design has an automatic cleaning-in-place system to clean heat exchangers and centrigues. Also, 
the absence of the thin stillage evaporation saves operating and maintenance labor. 

The energy costs are for natural gas which is burned in the packaged boiler and 
electricity. These costs are higher than in the base case. 

The net operating cost is less than in the base case because of lower capital and labor 
costs. The sensitivity to the energy cost is given in Table 19. 
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TABLE 17 
Rxed Capital Cost Estimate for 50 Millon Gallons Per Year 

Fuel Grade Ethanol From Com Biostil Technology 

Section 100 - Grain Storage and Handling 
Item Description %of 

Item # 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $1,628,008 
2 Installed equipment cost 1 1.43 $2,328,052 
3 Process piping 2 0.07 $162,964 
4 Instrumentation 2 0.05 $116,403 
5 Buildings and site development 2 0.10 $232,805 
6 Auxiliaries 2 0.25 $582,013 
7 Other 2 0.00 $0 
8 Total physical plant costs $3,422,236 
9 Engineering and construction 8 0.20 $684,447 
10 Contingencies 8 0.10 $342,224 
11 Size factor 8 0.02 $68,445 
12 Total fixed capital Investment $4,517,352 

Section 200 - Cooking and Saccharification 
Item Description %of 

Item# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $2,700,000 
2 Installed equipment cost 1 1.43 $3,861,000 
3 Process piping 2 0.30 $1,158,300 
4 Instrumentation 2 0.10 $386,100 
5 Buildings and site development 2 0.20 $772,200 
6 Auxiliaries 2 0.25 $965,250 
7 Other 2 0.00 $0 
8 Total physical plant costs $7,142,850 
9 Engineering and construction 8 0.20 $1,428,570 
10 Contingencies 8 0.10 $714,285 
11 Size factor 8 0.02 $142,857 
12 Total fixed capital investment $9,428,562 

Section 400 - Fermentation 
Item Description % of 

Item# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $7,450,000 

2 Installed equipment cost 1 1.43 $10,653,500 

3 Process piping 2 0.50 $5,326,750 

4 Instrumentation 2 0.05 $532,675 

5 Buildings and site development 2 0.10 $1,065,350 

6 Auxiliaries 2 0.25 $2,663,375 

7 Other 2 0.00 $0 

8 Total physical plant costs $20,241,650 

9 Engineering and construction 8 0.20 $4,048,330 

10 Contingencies 8 0.10 $2,024,165 

11 Size factor 8 0.02 $404,833 

12 Total fixed capital investment $26,718,978 
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TABLE 17 
Rxed Capital Cost Estimate for 50 Millon Gallons Per Year 

Fuel Grade Ethanol From Com Biostil Technology 

Section 500 - Distillation 
Item Description %of 

Item# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $6,950,000 
2 Installed equipment cost 1 1.43 $9,938,500 
3 Process piping 2 0.60 $5,963,100 
4 Instrumentation 2 0.20 $1,987,700 
5 Buildings and site development 2 0.10 $993,850 
6 Auxiliaries 2 0.25 $2,484,625 
7 Other 2 0.00 $0 
8 Total physical plant costs $21,367,775 
9 Engineering and construction 8 0.20 $4,273,555 
10 Contingencies 8 0.10 $2,136,778 
11 Size factor 8 0.02 $427,356 
12 Total fixed capital Investment $28,205,463 

Section 6C 0 - Feed Processing 
Item Description %of 

Item# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $2,667,642 
2 Installed equipment cost 1 1.43 $3,814,729 
3 Process piping 2 0.50 $1,907,364 
4 Instnjmentation 2 0.10 $381,473 
5 Buildings and site development 2 0.10 $381,473 
6 Auxiliaries 2 0.25 $953,682 
7 Other 2 0.00 $0 
8 Total physical plant costs $7,438,721 
9 Errgineering and construction 8 0.20 $1,487,744 

10 Contingencies 8 0.10 $743,872 

11 Size factor 8 0.02 $148,774 

12 Total fixed capital investment $9,819,112 

Section 70 0 - Storage and Shipping 
Item Description % of 

Item# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $1,541,062 

2 Installed equipment cost 1 1.43 $2,203,719 

3 Process piping 2 0.30 $661,116 

4 Instrumentation 2 0.05 $110,186 

5 Buildings and site development 2 0.10 $220,372 

6 Auxiliaries 2 0.25 $550,930 

7 Other 2 0.00 $0 

8 Total physical plant costs $3,746,322 

9 Enoineerinq and construction 8 0.20 $749,264 

10 Contingencies 8 0.10 $374,632 

11 Size factor 8 0.02 $74,926 

12 Total fixed capital investment $4,945,145 
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TABLE 17 
Rxed Capital Cost Estimate for 50 Millon Gallons Per Year 

Fuel Grade Ethanol From Corn Biostil Technology 

Section 800-A - Boiler Related Utilities 
Item Description %of 

Item# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $1,764,475 
2 Installed equipment cost 1 1.00 $1,764,475 
3 Process piping 2 0.25 $441,119 
4 Instrumentation 2 0.10 $176,447 
5 Buildings and site development 2 0.20 $352,895 
6 Auxiliaries 2 0.25 $441,119 
7 Other 2 0.00 $0 
8 Total physical plant costs $3,176,055 
9 Engineering and construction 8 0.20 $635,211 
10 Contingencies 8 0.10 $317,605 
11 Size factor 8 0.02 $63,521 
12 Total fixed capital Investment $4,192,392 

Section 800-B - Non-Boiler Related Utilities 
Item Description %of 

Item# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $7,273,059 
2 Installed equipment cost 1 1.00 $7,273,059 
3 Process piping 2 0.25 $1,818,265 
4 Instrumentation 2 0.10 $727,306 
5 Buildings and site development 2 0.20 $1,454,612 
6 Auxiliaries 2 0.25 $1,818,265 
7 Other 2 0.00 $0 
8 Total physical plant costs $13,091,507 
9 Engineering and construction 8 0.20 $2,618,301 
10 Contingencies 8 0.10 $1,309,151 
11 Size factor 8 0.02 $261,830 
12 Total fixed capital investment $17,280,789 

Total fixed capital for sections 800-A and 800- 3 $21,473,181 

Total $105,107,793 
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TABLE 18. Operating Cost 
Com based ethanol plant in Illinois, 1992 

50 million gallons per year, 199° (99.5 wt %) 
330 operating days per year 

Biostil Technology - continuous fermentation, distillation, solvent 
dehydration and DDGS drying 

Item Annual Use Units Value Per Unit Annual Cost Cost/Gal % of Total 
A. MATERIALS - 

1. Corn, 56 Ib/bu 1088 M Ib/y $2.50 /bu $48,571,429 0.971 63.83% 
2. Enzymes 155000 gal/y $7.77 /gal $1,204,350 0.024 1.58% 
3. Gasoline denaturant 285120 $0.60 /gal $171,072 0.003 0.22% 
4. Ammonia 6.075 MIb/y $120.00 Aon $364,500 0.007 0.48% 
5. Lime 1.584 MIb/y $40.00 Aon $31,680 0.001 0.04% 
6. Sludge polymer 16 KIb/y $3.00 Ab $48,000 0.001 0.06% 
7. BFW Chemicals 40 KIb/y $1.00 Ab $40,000 0.001 0.05% 
8. NaCI 792 KIb/y $50.00 Aon $19,800 0.000 0.03% 

B. LABOR 
1. operators 17 people $40,000 /y $680,000 0.014 0.89% 
2. labors 10 people $25,000 /y $250,000 0.005 0.33% 
3. technicians 5 people $35,000 /y $175,000 0.004 ‘ 0.23% 
4. maintenance 6 people $40,000 /y $240,000 0.005 0.32% 
5. fringe benefit 25 % $336,250 0.007 0.44% 

C. ENERGY 
Natural Gas 2,566,000 M btu/y $1.50 M btu $3,849,000 0.077 5.06% 
2. Electricity 95,040,000 KWH/y $0.05 /KWH $4,752,000 0.095 6.25% 

D. CAPITAL Total Investment % of Capita 
1. investment charges $105,107,793 11.11 $11,677,476 0.234 15.35% 
2. Insurance 1.00 $1,051,078 0.021 1.38% 
3. maintenance 2.50 $2,627,695 0.053 3.45% 

E. TOTAL $76,089,329 1.522 100.00% 

F. CREDITS Annual Product Value Per Unit 
1. ddgs 346.8 MIb/y $120 Aon $20,808,000 0.416 27.35% 

G. NET COST $55,281,329 1.106 72.65% 
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TABLE 19. Operating Cost Sensitivity 
Biostil Technology 

Price Change In Item Net Production Cost, $/gal Change In Net Production Cost 
per Indicated Price Change 

Natural Gas, $/Mbtu 
$1.50 1.106 
$2.00 1.131 2.6c/gal per 50c/Mbtu 
$2.50 1.157 
$3.00 1.183 

Electricity,c/KWH 
2 1.049 
3 1.068 
4 1.087 1.9c/gal perl c/KWH 
5 1.106 
6 1.125 
7 1.144 

% of Capital 
110 1.075 
100 1.106 3.0c/gal per 10%increase 
90 1.136 
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CHAPTER 4. CORN GRIT TECHNOLOGY 

CORN GRIT PROCESS FLOWSHEETS AND DESCRIPTIONS 

The process flowsheets are the same in all sections as in the base case process except for 
Section 500 - Distillation and Dehydration. The modified Section 500 flowsheet is given in 
Drawing 345411-18. This process arrangement is based on our best judgement of what is needed 
to operate the plant after visit ADM and reviewing the literature on com grit dehydration. 

Whereas in the base case the beer still overhead at about 93 wt% ethanol is dehydrated 
in a heat coupled solvent distillation column with solvent recovery columns, the com grit 
dehydration system is conceptually simpler. Since the beer still is no longer heat integrated with 
the dehydration columns, the beer still can operate at atmospheric pressure. Thus, the beer still 
TA-514 is slightly lower in capital cost for the same throughput compared to the base case. In 
order to preheat the beer from the fermentor, a spiral heat exchanger, EN-502, is used in true 
counter current flow with the hot still bottoms. The spiral heat exchanger is well suited for the 

slurry nature of the beer and bottoms. The reboiler EA-511 has the same duty as in the base 
case, but is rated for lower pressure, using 50 to 25 psi steam instead of 150 psi steam. The 

usual side stream loop for fusel oil recovery is given in T-538. 

The lights are withdrawn as before from the top of the beer stills. The condenser, EN- 

503, provides the reflux to the column. Near the top of the beer still a vapor stream at 92 to 93 
wt% ethanol is withdrawn and heated to 200®F for passage through packed bed (PT-501) filled 
with com grits. The details of the arrangement of the packed beds and the process parameters 
are proprietary information of the ADM Corporation. They allowed us to visit the plant and gave 

us enough information to estimate the capital equipment and energy requirements. 

The concept of the com grit dehydration is given in U.S. Patent No. 4,345,973 by Michael 
R. Ladisch and George T. Tsao. The rights are assigned to ADM Corporation of Decatur, 

Illinois. Other published references are given at the end of this section. 

There are a number of packed beds in PT-501 and some are in service removing water 

vapor from the ethanol vapor, while others are in the generation phase. The hot dehydrated 

ethanol vapor leaves the packed bed and is cooled in EN-508 and condensed in EN-509 as 199 
proof ethanol. For those beds which are switched into the regeneration stage, hot CO^ is 
circulated through a loop. It is heated in EN-508 and EN-507. A blower is used to circulate the 
gas. When the wet COj leaves the bed, it is cooled in EN-505 and the water is condensed in 
EN-506. The COj is separated from the water in the knock drum DN-502 and continues around 
the loop. The com grit has proven very reliable and lasts for years in the packed beds. The 

entire cost of com grits in the system is less than $20,000. 

The steam requirement for the com grit technology is the same as the base case since all 

the turbine and thermal loads are the same. The electrical load is 6972 KW due to the addition 

of a blower/compressor for the COj recirculation loop in the dehydration process. 
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The dehydration of ethanol with com grit adsorbent can also be applied to the Biostil 
process for an additional savings in capital investment. 

As before, the fixed capital for the plant is developed from the delivered cost of 
equipment of each section. Only Section 500 is changed in this alternative in Table 20. The 
other section costs are as in the base case as seen in Table 21, where the total fixed capital is 
$113,600,000. 

TTie operating costs, given in Table 22 are essential the same as in the base case except 
for capital related charges which are lower and electricity which is slightly higher. 
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TABLE 21 
Fixed Capital Cost Estimate for 50 Million Gallons Per Year 

Fuel Grade Ethanol from Corn Com Grit Technology 
Section 00 - Grain Storage and Handling 

Item Description % of Item 
# 

Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $1,628,008 
2 Installed equipment cost 1 1.43 $2,328,052 
3 Process piping 2 0.07 $162,964 
4 Instrumentation 2 0.05 $116,403 
5 Buildings and site development 2 0.10 $232,805 
6 Auxiliaries 2 0.25 $582,013 
7 Other 2 0.00 $0 
8 Total physical plant costs $3,422,236 
9 Engineering and construction 8 0.20 $684,447 
10 Contingencies 8 0.10 $342,224 
11 Size factor 8 0.02 $68,445 
12 Total fixed capital investment $4,517,352 

Section 200 - Cooking and Saccharification 
Item Description % of Item 

# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $1,438,578 
2 Installed equipment cost 1 1.43 $2,057,167 

3 Process piping 2 0.30 $617,150 
4 Instrumentation 2 0.10 $205,717 

5 Buildings and site development 2 0.20 $411,433 

6 Auxiliaries 2 0.25 $514,292 

7 Other 2 0.00 $0 

8 Total physical plant costs $3,805,758 

9 Engineering and construction 8 0.20 $761,152 

10 Contingencies 8 0.10 $380,576 

11 Size factor 8 0.02 $76,115 

12 Total fixed capital investment $5,023,601 

Section A 100 - Fermentation 
Item Description % of Item 

# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $5,345,699 

2 Installed equipment cost 1 1.43 $7,644,349 

3 Process piping 2 0.50 $3,822,175 

4 Instrumentation 2 0.05 $382,217 

5 Buildings arnd site development 2 0.10 $764,435 

6 Auxiliaries 2 0.25 $1,911,087 

7 Other 2 0.00 $0 

8 Total physical plant costs $14,524,263 

9 ErKiineerinq arxl construction 8 0.20 $2,904,853 

10 Contingencies 8 0.10 $1,452,426 

11 Size factor 8 0.02 $290,485 

12 Total fixed capital investment $19,172,027 

6 



rs^:aAT 
Qi ^ 9turae3 teoO bejiR 

StO>’iwOrt>oOintf< loAgrtG tbciO tetR ^ 

t>oO 

«v 
r '' i 

3C<5 

.'^:3 

w.r 

1#^I_ 

r??? 

m4»3 
HiShnttH b^ '^tol3iw«nO>OOf ncnJa^ 

■ ■I -..■»* m , II urn t ji—■ mm ■ -i»--~i> imtimi i iii| ■ -- 

nqikrtxoQ I rr»eJf 

ObO 

% 
s' 

S 
T 

ttctj >n»mqfop> bswvtteO 
!»co inc«TK|k;p» bsigfcn^ 

|rw:K|0>gyi 

JCSKUH32!!3. 
iioiitufiaminao} 

»iie bat topibioa 
29hel6niA 

r>0iMKO9*Q 

ii»ac^> jnslq »^toT 
f>a4puufftoo ana p imfenjong 

a»footQr»dr<0 

Mitleovni hbijt IfHoT_Sf 

8 
e 

rf 

ncPff^t-.;H:x7itg tm anfetooP ♦ QOS rw>t-398 
meM 

kv,^ <r>smq^gp<| UllOVt^O 
’“tectp tTKMiqfupt b0te6ao< 

S!*Sl3*S3S^ 
nc(Uin«munrw^ 

iryi»>3teyeb bm boM, eigPtoiuS 

'•^jd 

S 
c 

(0WQ )n*:kt te:^ i; t<toT 
fiou3t>M»^-j3 few** onhoonfeoa 

t9ooBpniirK)0 

Ik^tnjes^ tktkya bo«i> teioT 

« OO^ n»fa»8 
nuOqiioa^Q 

" jgop m»txiiyp» bo^oQ 

QOi<^ aatocw^ 
_ noitiloo(T»iAtefii 

TxtnTQjfovab bn& tQn»>fcu6 

WIK) 
 tttca ir^ 5«yrt9tarfotJ^ ^ 

tiqn3»r»T«X> b»ti oof>90fl^'*3 
aactypfiflnoO 

_ 

kikico tfciof 



TABLE 21 
Fixed Capital Cost Estimate for 50 Million Gallons Per Year 

Fuel Grade Bhanol from Com Com Grit Technology 

Section 500 - Distillation 

Item Description % of Item 
# 

Chilton 

Factor 

Cost 

1 Delivered equipment cost 1 1.00 $2,248,710 

2 Installed equipment cost 1 1.43 $3,215,655 

3 Process piping 2 0.60 $1,929,393 

4 Instrumentation 2 0.20 $643,131 

5 Buildirigs arxj site development 2 0.10 $321,566 

6 Auxiliaries 2 0.25 $803,914 

7 Other 2 0.00 $0 

8 Total physical plant costs $6,913,659 

9 Engineering and construction 8 0.20 $1,382,732 

10 Contingencies 8 0.10 $691,366 

11 Size factor 8 0.02 $138,273 

12 Total fixed capital investment $9,126,030 

Section 600 - Feed Processing 

Item Description % of Item 
# 

Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $10,110,379 

2 Installed equipment cost 1 1.43 $14,457,842 

3 Process piping 2 0.50 $7,228,921 

4 Instnjmentation 2 0.10 $1,445,784 

5 Buildings and site development 2 0.10 $1,445,784 

6 Auxiliaries 2 0.25 $3,614,460 

7 Other 2 0.00 $0 

8 Total physical plant costs $28,192,792 

9 Engineering and constnjction 8 0.20 $5,638,558 

10 Contingencies 8 0.10 $2,819,279 

11 Size factor 8 0.02 $563,856 

12 Total fixed capital investment $37,214,485 

Section "z ̂ 00 - Storage and Shipping 

Item Description % of Item 

# 

Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $1,541,062 

2 Installed equipment cost 1 1.43 $2,203,719 

3 Process piping 2 0.30 $661,116 

4 Instnjmentation 2 0.05 $110,186 

5 Buildings and site development 2 0.10 $220,372 

6 Auxiliaries 2 0.25 $550,930 

7 Other 2 0.00 $0 

8 Total Dhvsical plant costs $3,746,322 

9 Enoineering and construction 8 0.20 $749,264 

10 Contingencies 8 0.10 $374,632 

11 

wvi ini -- 

Size factor  8 0.02 $74,926 

12 Total fixed capital investment $4,945,145 

7 
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TABLE 21 
Rxed Capital Cost Estimate for 50 Million Gallons Per Year 

Fuel Grade Ethanol from Corn Corn Grit Technology 

Section 800-A - Boiler Related Utilities 
Item Description % of Item 

# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost 1 1.00 $6,876,347 

2 Installed equipment cost 1 1.00 $6,876,347 

3 Process piping 2 0.25 $1,719,087 

4 Instmmentation 2 0.10 $687,635 

5 Buildings and site development 2 0.20 $1,375,269 

6 Auxiliaries 2 0.25 $1,719,087 

7 Other 2 0.00 $0 

8 Total physical plant costs $12,377,425 

9 Engineering and construction 8 0.20 $2,475,485 

10 Contingencies 8 0.10 $1,237,742 

11 Size factor 8 0.02 $247,548 

12 Total fixed capital investment $16,338,201 

Section 800-B - Non-Boiler Related Utilities 
Item Description % of Item 

# 
Chilton 
Factor 

Cost 

1 Delivered equipment cost . 1 1.00 $7,273,059 

2 Installed equipment cost 1 1.00 $7,273,059 

3 Process piping 2 0.25 $1,818,265 

4 Instrumentation 2 0.10 $727,306 

5 Buildings and site development 2 0.20 $1,454,612 

6 Auxiliaries 2 0.25 $1,818,265 

7 Other 2 0.00 $0 

8 Total physical plant costs $13,091,507 

9 Engineering and constnjction 8 0.20 $2,618,301 

10 Contingencies 8 0.10 $1,309,151 

11 Size factor 8 0.02 $261,830 

12 Total fixed capital investment $17,280,789 

Total fixfid capital for Sections 800-A and 800-B $33,618,990 

Total $113,617,630 
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TABLE 22. Operating Cost 
Com Based Ethanol Plant in Illinois, 1992 

50 Million Gallons Per Year, 199® (99.5 wt %) 
330 Operating Days Per Year 

Corn Grit Technology - batch fermentation, distillation, dehydration with com grits, 
thin stillage evaporation and DDGS drying 

Item Annual Use Units Value Per Unit Annual Cost Cost/Gal % of Total 
A. MATERIALS • 

1. Com, 56 IbAxj 1088 MIb/y $2.50 /bu $48,571,429 0.971 62.26% 
2. Yeast 792 KIb/y $0.40 /lb $316,800 0.006 0.41% 
3. Gasoline denaturant 285120 gal/y $0.60 /gal $171,072 0.003 0.22% 
4. Ammonia 6.075 MIb/y $120.00 Aon $364,500 0.007 0.47% 
5. Lime 1.584 MIb/y $40.00 Aon $31,680 0.001 0.04% 
6. Sludge polymer 16 KIb/y $3.00 /lb $48,000 0.001 0.06% 
7. BFW Chemicals 40 KIb/y $1.00 Ab $40,000 0.001 0.05% 
8. NaCI 792 KIb/y $50.00 Aon $19,800 0.000 0.03% 
9. enzymes 155000 gal/y $7.77 /gal $1,204,350 0.024 1.54% 

B. LABOR 
1. operators 43 people $40,000 /y $1,720,000 0.034 2.20% 
2. labors 54 people $25,000 /y $1,350,000 0.027 1.73% 
3. technicians 8 people $35,000 /y $280,000 0.006 0.36% 
4. maintenance 25 people $40,000 /y $1,000,000 0.020 1.28% 
5. fringe benefit 25 % $1,087,500 0.022 1.39% 

C. ENERGY 
1. Illinois #6 Coal 195.8 MIb/y $25.00 Aon $2,447,500 0.049 3.14% 
2. Electricity 55,218,240 KWH/y $0.05 /KWH $2,760,912 0.055 3.54% 

D. CAPITAL Total Investment % of Capita 
1. investment charges $113,617,630 11.11 $12,622,919 0.252 16.18% 
2. insurance 1.00 $1,136,176 0.023 1.46% 
3. maintenance 2.50 $2,840,441 0.057 3.64% 

0.00% 
E. TOTAL $78,013,078 1.560 100.00% 

F. CREDITS Annual Product Value Per Unit 
1. ddgs 346.8 M Ib/y $120 Aon $20,808,000 0.416 26.67% 

G. NET COST $57,205,078 1.144 73.33% 

9 
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' ’■ ‘ - 
TABLE 23. Operating Sensitivity 

Corn Grit Technology 

Price Change in Item Net Production Cost, $/gal Change in Net Production Cost 
per Indicated Price Change 

Elect ricity,c/KWH 
2 1.111 
3 1.122 
4 1.133 1.1 c/gal per Ic/KWH 
5 1.144 
6 1.155 
7 1.166 
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CHAPTER 5. ENERGY CONSIDERATIONS 

In the base case the fixed capital associated with the high pressure, coal fired boiler is 
$16,300,000 out of a total investment of $118,000 or 14% of the capital. Coal contributes 
4.90/gal or 3.12% of the operating cost In addition, the operating cost contributed by the capital 

charges is 34.50/gal. If we take 14% of 34.50/gal or 4.80/gal plus the 4.90/gal for fuel, we see 
about 100/gal influence due to the need for steam generation. In a lesser way the electricity use 
adds another 5.20/gal. Thus, an important area in the design of an ethanol plant is to take 
advantage of fuel cost differentials and capital cost trade-offs. These have big leverages and are 
site specific and are as significant as any process technology options in the fermentation 
distillation or drying. 

For example, on a btu basis, coal is cheaper than natural gas or oil. Generally, high sulfur 

coal is cheaper than low sulfur coal. All of these fuels are cheaper per btu than purchased 
electricity. While there are many alternatives to consider, they are beyond the scope of this 
study. Just to give the flavor of the opportunities we point out some extremes. 

TTie use of a cogeneration steam/electric power plant is most appealing. Here the 
thermodynamic efficiency is maximized since shaft work is extracted in the turbine and the 
exhaust steam is used for its heating values. If you size the turbine to just produce the required 
exhaust steam, then you set the work load of the turbine. In the base case it is fortunate that the 

turbine work matches the compressor load for the evaporator. If you desire to produce more 
shaft work, the steam flow must increase. If the steam is not needed for process heat, you need 
to supply a cool tower as in a conventional electric power plant. It is possible to locate an 
ethanol plant in an industrial complex with other steam and power users so that the cogeneration 
plant has the largest economy of scale. For example, ADM in Decatur, Illinois, has a 
cogeneration power plant producing 150 mega watts of electricity and 2.6 million pounds of 
steam per hour which services the com wet mill, fructose production, ethanol production, soy 
bean processing, hydroponic green house and other adjacent clients. Thus, the cost of energy for 

steam and electric are as low as you can get. 

Moreover, this power plant uses fluidized bed coal combustion furnaces and this allows 
the introduction of lime with the coal to capture the sulfur in the combustion chamber as CaS04. 
This is a cheaper sulfur control strategy than adding a flue gas scrubber to a conventional coal 
fired boiler. Also, a fluidized bed boiler can bum other solid waste fuels. For example, ADM 
shreds used tires and mixes them with the ground coal to be about 10% of the fuel by weight 
The tires are brought to the plant and ADM charges a fee of $20/ton for disposal. The fee covers 

the cost of shredding the tires and provides for a reduction in the net fuel cost. 

In the base case, the fixed investment for a conventional coal fired boiler and related 

equipment is $16,300,000. If this were replaced by a fluidized bed boiler of the same capacity, 
the fixed cost would be about $22,600,000. To justify this higher investment, one needs to 
realize about a $5/ton (23.50/Mbtu) savings in the coal cost. At the present time in Dlinois, the 
cost of low sulfur Wyoming coal is $1.15 per million btu whereas the high sulfur coal from 

1 
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Illinois is $1.30/Mbtu. This is due to over supply of Western coal. Thus, the negotiation of long 
term coal contracts are an important factor in deciding the type of boiler. The availability of 
local wastes of reasonable btu value will provide further leverage on fiiel costs. 

On the other extreme is to simplify the boiler as much as possible as in the Biostil case 
so low pressure steam is adequate. This leads to packaged boilers which reduce the capital 
charges significantly. Now we are in a period of relatively low energy costs and the use of 
natural gas at $1.50/Mbtu is hard to beat For example, coal at $25/ton with a heat value of 
10,630 btu/lb is equivalent to $1.18/Mbtu. Switching to natural gas would increase the fuel cost 
for the base case plant by $683,000 per year. A savings of fixed capital in the boiler by over 

$6,100,000 is needed to justify using natural gas. 

In some areas the cost of electricity may be lower than the typical 4.5 to 50/kwh. In this 
case, one can consider driving the compressors in evaporator by an electric motor and replacing 

the high pressure boiler with a packaged low pressure boiler. 

The development of vapor recompression in the ethanol distillation deserves some further 

development as in the com grit case since the beer still is operated by itself at atmospheric 
pressure. About half the steam load can be saved by recompressing the overhead ethanol vapors 

for the still reboiler heating media. 

Finally, the use of gas turbines with a waste heat boiler offers another way to get both 

motive power and steam heating at relatively small compact sizes to match a stand alone plant 

energy requirement. 
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CHAPTER 6. FUTURE DEVELOPMENTS 

The maximum yield of ethanol from starch in com can be calculated from a typical 
analysis of com at 61.0% starch in an "as is" kernel with 16% moisture. From a 56 lb bushel 
there is 34.16 lb starch or 37.5 lb of glucose when fully hydrolyzed. The maximum ethanol is 
19.2 lb or 2.89 gal/bushel. The typical plant today achieves a yield of 2.55 gal/bu which is 88% 
of theory. Some plants report 91% yield. Naturally, the plant should be operated to get as high 
a yield as possible since the com cost is the major cost 

There is the potential to get more ethanol from the fiber in the com kernel. In a USDA 
work shop in Peoria, July 91, it was pointed out that the cellulosic fiber in com is about 11%. 
If-we could hydrolyze all the fiber in die cellulose and hemicellulose and convert the hexose and 
pentose sugars into ethanol, it is possible to get another 0.3 gal per bushel of com. From the 

sensitivity Table 11, it is clear that the com cost can be reduced by 10.80/gal at most This 
savings in raw material per gal of product has to pay for the added capital, energy, material and 
labor costs to convert the fiber to ethanol. 

In the Biostil process no yield improvement was assumed over the base case. However, 
the continuous fermentation with a steady 6 to 7 wt% ethanol in the broth can lead to small yield 
improvements. Since the yeast is recycled, less carbon of the substrate goes in yeast propagation. 
Also the glycerol level is lower in the steady state environment where the yeast is under less 
metabolic stress. Thus, carbon not converted to glycerol is available to become alcohol. 

The stillage drying in the base case uses a rotary dmm type drier heated with hot flue gas. 
Weatherly, Inc. recommends using a flash drier which is lower in capital than the rotary drier, 

but uses about 10 to 15% more energy. When energy is cheap as it is now, this may be a good 
trade-off. The other main advantage of the flash drier is the low drying time and low 
temperature, which ensures a high quality, light colored DDGS. A careful study of the DDGS 
drying performance of different drying processes which are optimized with respect to production 

cost is a fruitful area of development. 

Membrane technology has been evolving and with each advance new applications become 
cost effective. The removal of ethanol from the fermentor broth in some type of recirculation 
loop is appealing from a conceptual point of view. Continuous fermentation with continuous 
ethanol removal will allow rapid uninhibited fermentation - similar to the Biostil process. In 

discussions with Dr. Eric Lee at Sepracor Inc., Marlborough, Massachusetts, we became aware 
of a pervaporation membrane system designed to remove alcohol from wine. The cost for going 
from 11% to 0.5% ethanol is roughly $1 per gallon treated. The key development here is to 
prevent water and flavor components from coming through the membrane is a pervaporation 
system. A small membrane cutoff prevents flavor components from passing through the 

membrane. Water vapor is used in the sweep gas on the exit side of the membrane to neutralize 

the driving force for the water transport. 
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In a feirnentor producing fuel ethanol, the flavor issue is irrelevant Also, the ethanol 
level need only be reduced in the fermentor to 5%, not 0.5%. With these changes, there is the 
expectation that a membrane that can be more productive and hopefully cost effective than in 
wine dealcoholization. The membrane can be made more porous to allow higher fluxes (perhaps 
5 times higher) and pass flavor components (fusel oils). Also, the cost roughly doubles for each 
halving of the ethanol concentration. Where all this will end up in cost is hard to say, but there 
are some significant cost reductions possible. Naturally, development work on the specific 
problems is needed to push this technology to the limit. Since pervaporation is a surface area 
phenomenon, the scale-up will be linear and so it will have some difficulty at very large scales 
to be economic if it is economic at a smaller scale. The key point is that pervaporation does not 

have to do the whole job of purifying ethanol, but make an enrichment that can be interfaced 
with distillation so there is an overall cost saving. 

The dehydration of ethanol after the beer still with molecular sieves has been a technology 
that is used in plants below 20,000,000 gallons per year capacity. It appears that molecular 
sieves are used in beds that are limited to 12 ft height to control pressure drop and 4 ft diameter 
to control channeling. Consequently, the scale-up is essential linear for large plants and so there 
is no economy of scale. However, some designs are being built by Vogelbusch for 30 to 40 

million gal/y. 

Based on the comments by David Penner at Universal Oil Products, Desplaines, Illinois, 
he sees no limit on the scale-up of molecular sieve beds. UOP has proprietary designs for large 
beds which have been demonstrated in hydrogen drying. The same principles can be applied to 

ethanol dehydration. 

Although the process design is proprietary to UOP, the concept is to use a series of beds 

with molecular sieves. Some beds are in service dehydrating ethanol vapor, at a slightly elevated 
pressure and the other beds are in the regeneration phase at sub atmospheric pressure. This is 
the so called pressure swing cycle. No heating of the beds is necessary to regenerate them. 
While the molecular sieve costs about $ 1.20/lb, their operating life is indefinite if properly used. 
The fixed capital cost estimate for the dehydration via molecular sieves is similar to the com grits 

process. 

A rather mundane item to consider in an ethanol plant is the selection of heat exchangers 

used in condensers, heaters, coolers and reboilers. In Section 500 of the base case, the delivered 
cost of heat exchanger is about $1.5 million out of $3.34 million (see Table 5). By the time this 
equipment is installed the cost is about 4.1 times higher than the delivered cost. The standard 
heat exchangers are shell and tube type. In recent years more and more use of plate heat 
exchangers and spiral heat exchanger has occurred because for equal duty they are cheaper than 

shell and tube type heat exchangers. 

According to John Corcoraji of Alfa-Laval Thermal Division, Richmond, Virginia, the cost 

of plate heat exchangers in 316 SS are $20/fr from 300 ft^ to 2000 ft^. With a wide gap spacing 
as used in reboiler the cost is $30/ft^. Moreover they have between 4 to 5 times the heat transfer 
coefficient of a shell and tube unit. Thus, you can design for a closer approach on the 
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differential temperature and get a greater percentage of the energy available for exchange. From 
Figure 1, the cost curves for shell and tube and plate show that the costs are less for the plate 
heat exchanger. In effect you can use less ft^ of heat exchanger surface for a given duty. 

In the case of spiral heat exchangers the cost is more like $35/ft^ for sizes of 500 ft^ to 
2000 ft^. These costs are more than the cost for plates but less than shell and tubes. Spirals are 

especially useful for slurries as in the still bottoms and fermentor broth. The heat transfer 
coefficient for spiral units are greater than for shell and tube units but less than for plate unit 

With the reduced cost per square foot and higher coefficients, the capital investment in 
heat exchanger can be reduced. For example, in Section 500, a heavy use of heat exchangers, 
the delivered cost for heat exchangers of all types comes to about $1.6 million out of a total for 
the section of $3,340,000. A savings of $500,000 to $800,000 is possible in converting all the 
shell and tube heat exchangers in the section. By the time you look at the impact on the fixed 

capital for heat exchangers, this cost reduction is multiplied by about 4. 

Why are these not used more widely? It is a question of demonstrating the claimed 
performance in an ethanol plant Some reports by Katzen say plate exchangers plug-up. Perhaps 

spirals should have been used. In any case, the wider use of plate and spiral heat exchangers 
should be promoted through demonstrations and user groups. The use of plate as well as spiral 
heat exchangers also offers easy access for cleaning with corresponding labor savings. 
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FIGURE 1. Heat Exchanger Purchase Cost in 1992 
Shell and Tube Type with Floating Head and 304SS Tubes 

from Katzen plant design and Chemical Engineering cost correlation, Jan. 25, 1982. 
Plate Heat Exchanger and Spiral Heat Exchanger Costs from Alfa-Laval 
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