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FIGURE 4. Performance and Cost of Ventilation Fans

® AMCA Certified Ratings
® Handles temperatures up to 200°F

Tubeaxial fans are designed and built for use as
exhausters in paint spray booths, cleaning tanks,
mixing rooms, etc., and can also be used in
industrial ventilation systems handling temper-

CERTIFIED RATINGS FOR AIR AND SOUND atures up to 200°F L
Dayton Electric Mfg. Co. certifies that the Motor, drive belts and sealed ball bearings are AR
tubeaxial fans shown herein are licensed to isolated from air stream so that hazardous air or A FLOW
bear the AMCA Seal. The ratings shown are vapors can be exhausted without damage to E sl
based on tests made in_accordance with drives or motor. c D DIA.
AMCA Standard 210 and AMCA Standard 300
and comply with the requirements of the Permanent prelubricated oversize ball bear- o
AMCA Certified Ratings Program. Perform- ings. Bearings are rubber isolated in die formed HOUSING
antc}? sktlow{xl 1ts é‘ortumts with inlet duct and hotusdmgl Precnsxo? balﬁn%ed mgil spa:{(mg fabél—
without outlet due cated aluminum fan blades efficiently provide Dimensions in lnches No. of Shaft
Th und power level ratings shown are in air delivery up to 1%” SP. Fan housing is iron v )
deceitsw‘e,ls re‘;’erred to 10-'2 wg:atf Tge séu,{g phosphate processed and finished with acrylic No. B ¢ D E F Wings Dia.
ratings were obtained in accordance with epoxy. 3C411 | 27 18 24%e 7is 25% 16%e 6 1
AMCA Standard 300 test setup No. 4. The . . 3C412 | 33% 24 30% The 32% 19% 6 1%
sound power A weighted levels Lw(A) were Cast iron double groove fan pulley with mallea- 30413 | 3T 29 34% %ie 36% 21% 6 1%
calculated in accordance with AMCA Stan- ble split-taper bushing is assembled on fan. 3C414 | 39% 29 36% Ths 38 22%s 6 13
dard 301. Values shown are the sound power Motor, motor pulley, and belts packed separate- 3C415 | 45% 32 42% %s 4414 25%s 5 1%s
levels at the fan inlet, A weighted. ly when fan is ordered complete. 3C416 { 51% 36 48% %e 50% 28%s 5 1%s
Fans with 1725 RPM, 230/460V 60 Hz. 3-phase Ball Bearing Motor & Drive
CFM & Sound Power Lw (A} Det:lbels at Slahc Pressure Shown Fans Less Motor & Drive Totally Enclosed
Blade Free /8" 1/2 3/4 17 14" Fan Max. Blade Stock Shpg. Dripproof Fan Cooled Expiosion Proof
Dia. Air SP SF SP SP SP SP RPM HP BHP* Dia. No. Llist Each Wt | Stock No. List Each | Stock No. List Each | Stock No. List Each
24" 7951)2 76%(5) 723? 6533 563.2 — — 1466 1% 1.31 24" 3C411 $486.10 $324.06 85.0 7FB27  $742.05 $444.33 77830  $748.30 $448.08 7FB33  $906.95 $543.08
91!1)(5) 8882 8580 7958)2 7232 6438 — 1688 2 1.98 7F828 760.85 455.59 7F831 766.05 458.71 7FB34 938.30 561.84
10310 10090 9850 9335 8780 8155 7445 1910 3 2.87 7F829 770.00 461.08 7F832 795.05 476.08 7F835 977.70 585.45
99 98 97 97 a9 101 102
30" 10938 104£1;5 98%33 8332 —_ — — 1030 1% 140 30"  3C412 72555 483.71 1650 7F836 988.05 591.63 7¥F840 99430 595.38 77844 115295 690.38
1zlgg 11710 11132 9923 843% — — 1146 2 1.90 7F837 100330 600.76 7F831 100850 603.88 7F845  1180.70 707.01
1403% 1363?i 13132 122%(()5 lllgg 9733 — 1320 3 291 7F838 102430 613.35 | 7F842 104935 628.35 | 7F8A6 123200 737.72
16495 16150 15785 14995 14145 13190 12125 1551 5 4.72 TF839  1044.35 625.35 7F843  1080.85 647.22 7F847  1313.65 786.60
102 101 100 100 100 102 104
34" 14432 137gg 130%3 11285 7155 — - 936 2 1.83 34" 30413 81645 544.31 2300 7F848 109535 655.90 7F851  1100.60 659.02 7F854  1272.80 762.15
16560 15985 15350 13965 12305 7750 — 1074 3 2.78 7F849 111310 666.52 7F852  1138.15 681.52 7F855  1320.80 790.89
100 100 99 99 100 102 —
19290 18800 18280 17150 15880 14445 12180 1251 5 4.36 7F850 114585 686.12 7F853 118235 707.99 7F856  1415.10 847.37
101 102 101 100 100 102 103
36" 15232 14428 135;7)8 114%(‘)} — — — 837 2 1.82 36"  3C414 84935 566.23 2400 7F857 113325 67859 7F860 113845 681.71 7F863  1310.70 784.84
17553 16833 16123 1443% 12?%2.‘)) — e 964 3 279 7F858 115475 691.46 7F86t 117980 706.46 7F864 136245 815.83
20650 20080 19460 18135 16605 14825 — .1133 5 4.53 7F859  1174.80 703.46 7F862 121130 725.33 7F865 144410 864.71
100 101 100 99 101 102 —
42" 21433 204:3({ 192;3 16585 — — — 746 3 2.76 42" 3C4t5 118365 79242 3680 7F866  1490.50 89250 7¥870  1515.55 907.50 7F874  1698.20 1016.87
25333 2448% 23533 214:35 18983 — — 880 5 4.53 7F867  1525.15 913.26 7F871  1561.70 935.13 TF875  1794.45 1074.51
29150 28410 27610 25900 23960 21775 18120 1013 T2 6.88 7F868  1630.30 976.21 7F872 164385 984.34 JF876  1921.50 1150.59
100 100 101 102 103 103 10
33005 32355 31670 30185 28620 26850 24920 1147 10 9.98 7F863  1701.00 101856 7F873  1714.55 1026.68 7F877  1981.75 1186.68
103 104 104 10: 106 107 107
48" 31%(6)8 30058 287358 258%0 2211’(7)8 — — 731 5 5.00 43" 3C416 1499.05 999.35 456.0 7F878  1855.15 1110.86 7F881  1891.65 1132.73 JF884 212445 1272.11
353(6)3 34:;(2]5 33%85 30’]7.560 27!;8(; 24?1xgg — 827 T 7.25 7F879  1950.30 1167.85 7F882 196390 1175.98 7F885  2241.55 1342.23
1
38100 37140 36105 33885 31380 28550 24060 891 10 9.04 7F880  2038.80 1220.82 7F883  2052.35 1228.34 7F886  2319.55 1388.94
104 104 104 103 103 104 105

(*) Maximum HP required at air delivery shown. Does not include drive losses.

CONVERSION FACTORS NECESSARY TO COMPUTE SOUND PRESSURE

LEVELS [dB(A)] FROM SOUND POWER LEVELS {LwA)

Floor Area

Distance to Work Station from Fan
Square Feet 5 10" 15° 20’
1000 8 7
10000 12 13 13
20000 10 13 14
00 1 15 16 17

These conversion factors can be used to deter-

ne the approximate sound pressure level

[dB(A)] for the above listed Dayton tubeaxial
fans installed in your plant using the sound
power levels (LwA) given above.

To calculate the sound pressure level, subtract
the appropriate conversion factor from™ the
sound power level for your fan. The conversion
factors shown are based on open dreas of factory
construction with 20-foot high ceilings. Areas
larger than those shown will have a relatively

minor effect on sound pressure level, Judgement
must be used because details of specific installa-
tions will vary considerably. Sound produced by
other nearby equipment or machinery is not
included in this calculation.

NET WHOLESALE PRICES—W.W.GRAINGER, INC.
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© Copyright 1987

American Institute of Chemical Engineers, Inc.
345 East Forty-seventh Street
New York, New York 10017

1988 AIChE
Student Contest Problem:

Prelim

nary Design
of an Edible
Soy Protein Facility

Introduction
Soybean meal (the physical form is flakes) is the residual material
remaining after oil has been extracted from soybeans. It is 2 product
relatively high in protein, and has long been used for animal feeds but,
because of flavor and texture problems, has not been widely used in
human foods. However, a process has been developed which uses
cthanol extraction to render the meat palatable.

The composition of soybean solids after they have been flaked in
preparation for oil extraction is given in Figure 1-A. After the oil has
been extracted with hexane and the flakes have been dried the com-
position is that given in Figure 1-B. The deoiled flakes can be made
suitable for human consumption by using a proprictary ethanol ex-
traction process which removes carbohydrates and other solubles
along with objectionable flavors, to yield a nearly bland (flavorless)
soy protein concentration (SPC) product of the composition given in
Figure 1-C.

Statement of Problem

You are an engineer in the Protein Power (PROPO) Division of Agricul-
tural Processing Corporation, a firm which is proud of its expertise in
the processing of agricultural products. As amember of the Corporate
Engineering Department your assignment is to do a preliminary de-
sign and economic analysis of 2 new soy protein concentrate facility
using an ethanol extraction process which PROPO R&D has devel-
oped. Eighteen months ago, following the completion of pilot plant
studies, a semiworks operation with a capacity of 680 Ibs product/
hour was started up. (A flow sheet and process description for the
semiworks process are attached.) The market has now been devel-
oped to the point that the construction of a 50 MM Ib/yr facility is
being investigated.

The finished edible product will be conveyed across the fence to
the PEOPLE PROTEIN (PEPRO) packaging facility next door. Your
marketing people want from CED the selling price of the edible soy
protein product necessary to achieve the corporate hurdle rate of
15% IRR for the 50 MM lb/year project.

The new facility is to be built near Decatur, Illinois, on the site of the
existing semiworks. All existing equipment from the semiworks plant
will be available for the new facility, should any be applicable.

TABLE 2. Material Balance for Pilot-plant Soy Flake Extraction Process
NOTE: All Flow Rates in Ib/hr unless otherwise noted.
MATERIAL BALANCE FOR SOLID PHASE
COMPONENT STREAM # 1] 2 3 4 5/ 6 7 8 9 10 11 12 13 14| 15 16
Protein 450 0 0 0| 450 o 0| 450 0 0 0 450 0 o] o 450
Carbohydrates* 30| o 0 o| 170] o 0| 170 0 0 0| (179 0 o| o] (179)
Ethanol o] o 0 0 30| 0 0 30 0 0 0 30 0 6] © 10
Water 84| o0 0 0 30| 0 0 30 0 0 0 30 0 o] o 15
TOTAL—SOLID PHASE 83| o0 0 0| 680| o 0| 680 0 0 0 680 0 o] o 645
MATERIAL BALANCE FOR LIQUID AND (VAPOR) PHASES
Protein 0| o 0 0 o] o 0 0 0 0 0 0 0 o] o 0
Carbohydrates™ 0| o© o 0| 130 0] 126 4 0 0 0 4 0| 126 o 0
Ethanol 0 | 340 0| 3,190 3,500 | 340 | 3532 | 308 0 0 0| (308) (14,240) 2| 0| (328
Water 0| 0/3086| 3603500 403532 308| (140)) (140)| (140)] (448) (1,600)| 3,132 | 300 | (463)
Air ol o 0 0 ol o© 0 0| (7,000) (7,000)| (7,000) (7,000) 0 0| 0/ (7,000
TOTAL—L. AND (V.) PHASES 0] 340 3,086 | 3,550 | 7,130 | 380 | 7,190 | 620 | (7,140)| (7,140)| (7,140)| (7,448)| (15,840)| 3,260 | 300 | (7,483)
TOTAL FLOWS FOR ALL PHASES COMBINED
| TOTAL—ALL PHASES | 834|340 3,086 | 3,550 | 7,810 ] 380 | 7,190 | 1,300 | 7,140 | 7,140 | 7,140 | 8,128 | 15840 [ 3,260 | 300 | 8,128 |
OTHER STREAM DATA
Flow, GPM (CFM) —| 8 —| 89| 174]09s| 18 — | (1,500)| (940)| (1,450)| (1,700)] (3,800)] 6.6 | 0.6 | (1,830)
Temperature °F 70 | 80 80 80| 140 | 110] 140 | 140 70 170 410 170 170 | 212 | 80 170
Pressure, PSIG 0] o 0 0 5| 0 0 0 0 14 10 10 0 o] o 0
*Carbohydrates includes non extractables such as cellulose and ash.
FIGURE 1. Protein Concentration Process
1B: *Defatted Flakes 75 Ibs. 1C: *SPC 62Ibs.

Protein

Fiber & Ash

Carbohydrate

1A: *Dehulled Beans 100 Ibs.

Protein

Carbohyd

rate

Protein

Carbohydrate

Composition of a dehulled soybean

moisture free bases.

Protein 42.8%
oil 22.0%
Carbohydrate 28.2%

Fiber
Ash

2.0%
5.0%

*Theoretical yield:, as is moisture.

Composition of defatted flakes moisture

free bases.

Protein >56.5%
Oil <.7%
Carbohydrate <35.6%

Fiber <2.2%

Ash

<5.0%

Composition of soy protein concentrate

moisture free bases.

Protein >70.5%
Oil <.4%
Carbohydrate <21.2%

Fiber <2.9%
<5.0%

Ash
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projects a $140/ton price through 1990 with a 6% /year escalation
thereafter.

Ethanol

We have agreements with the Feds to use our POWER ALCOHOL as
makeup alcohol because PEPRO will send the gases off the discharge
of the flash dryer to be burned in their plant boiler (or we will use
superheated ethanol vapor to supply heat to the flash dryer). Our
POWERAL contains 0.2% water and except for that is essentially pure
ethanol.

We are now sold out of POWERAL, thus the incremental opportu-
nity cost of using it is our netback* selling price of $1.00/gal. Dean
Risk in POWERAL sales expects for us to be sold out through 1991 but
that in 1992 through 2000 we will have excess capacity and then the
opportunity cost of using ethanol will be its incremental manufactur-
ing cost. He expects the sales price of ethanol will escalate at about
4% year through 1991. The current incremental manufacturing cost
for producing POWERAL is $.72/gal; escalation of 5%/year is ex-
pected for the next dozen years.

City Water
The current cost for city water is $0.49/100 ft* with planned increases
of 10% in 1990, 10% in 1994 and 10% in 1998.

Other Operating Costs
(All escalated at 5%/year)

Operating Labor
Two operators per shift (24 hour operation) at $13/hr.

Administrative

20% of operating labor.

Ditect Supervision and Clerical Labor
15% of operating labor.

Maintenance and Repairs (Labor, Supervision and Materials)
5% of replacement capital.

Plant Overhead

50% of operating labor, supervision and maintenance.

15% of maintenance and repairs.

Laboratory Charges
Negligible.

Local Taxes and Insurance
3% of depreciable capital.

Distribution and Selling
1/2 person at $70,000/year per person; in 1988,

Research and Development
i/2 person at $100,000/year per person; in 1988.

*Selting price, FOB Decatur, Ilinois, minus alt incremental costs of production,

Utilities
(Escalated at 4% year)

Electricity": $0.045/KWH

15 PSIG 100 PSIG 400 PSIG
Steam’: $3.20M lb $5.00/M Ib $6.00/M Ib
Cooling Tower Water™: 80.15/M gal
Compressed Air: $0.10/M SCF
Waste Treatment Load and Cost*: 30.00"°

Steam Condensate (@212°F) Free up to 100 gpm

. When the instailed motor horsepower is known use the theorertical KW required assuming that the motor will
be underloaded sufficiently to offset motor and drive efficiency and power factor. When the user power
requirements are known (as for calculated compressor power required) then use 2 motor and drive efficiency
0f 90% and a power factor of 0.85. The clectrical requirements for the drive motor is the theoretical usage of
the user divided by the product of the efficiency and the power factor.

RS

Mcthane gencrated by anaerobic system will pay for other treatment costs.

Installed Cost
For evaluation grade capital estimates, such as the one you are now
doing, the “Lang” factor method applied to individual process equip-
mentitems (see Ref. 1, p. 181)is our recommended approach. Appro-
priate “Lang” factors are:

Fractionating Columns
(applied to equipment purchase cost) 4.6
Fractionating Columns

(applied to “field” installed cost

as given in Fig. 14-28, Ref. 1) 2.5
Centrifuges 2.5
Heat Exchangers 4.0"
Compressors 2.5
Reactors and Agitated Vessels 4.0
Other Equipment 4.0'

'These “Lang” factors times the purchased equipment or system cost gives the total depreciable capital
investment (including all piping, instrumentation, engineering, etc.) associated with the process cquipment
item.

Equipment Design and Cost

Heat Exchangers
For overall heat transfer coefficients refer to pages 650-652, Ref. 1.
The following overall coefficients are applicable:

Hot Fluid Cold Fluid Overall Coefficient
Btu/hr ft* °F

Steam Air 8

Steam Ethanol Vapor 8

Steam Column Bottoms 50

Condensing Ethanol Cooling Water 100

Condensing Ethanol Boiling Water 150

Use shell-and-tube fixed tube sheet, with expansion joint, 304 $S heat
exchangers. 1979 purchase costs are given in Figure 14-15, p. 670,
Ref. 1.

Pumps
For 1979 costs and power requirements see Figure 13-40, Ref. 1. Use
316 stainless steel.

Blowers
Use Figure 13-46, Ref. 1 for cost. Straight lobe units are applicable.

Solid Bow! Centrifuges
Four P-4400 Sharples solid bowl centrifuges (12" x 48" machines
with 75 hp motors) are available as surplus within our company. They
will be completely renovated for $65,000 each. One should be used as
a spare. The replacement cost of these machines is $210,000 each.
In our soy operations with water-soy flake slurries these machine
each handle at least 2,500 Ib/hr of solids at the slurry concentration in
the extraction vessel.
Multiple Sharples will be required. They should be installed in
parallel with a rotary valve under each solids discharge port with each
discharging directly into the flash dryer feed ports.

Flash Dryer

We have just purchased three conveying line flash dryers all of about
150 ft in length. The total installed cost including engineering and
everything else, was $210,000 for a 24" unit, $307,000 fora 16” unit
and $450,000 fora 12" unit, all of 100 ft.* volume. You can reasonably
interpolate or extrapolate the data from a 6" to a 36" size, with the
instatled cost varying as the 0.5 power of the dryer volume.

Cost Indices
(See Ref. 1, p. 159)

To update cost data for process equipment use the Marshall and Swift
equipment cost index (see Chem. Eng., p. 7, March 16, 1987).

Year Index Year Index
79 599.4 84 780.4
80 059.6 85 789.6
81 721.3 86 797.6
82 745.6 87 806*
83 760.8 88 815*
*Projected
Economic Analysis’

H.H. Price of our sales department wants the required selling price to
obtain an IRR of 15% on invested capital for the flakes we are air
conveying out of our flash dryer over to PEPRO. He along with C.B.
Bean of our financial department have requested that the analysis be
done on the following basis.

Start-up Date: ) 1/1/89
Life of Project: ' 10Y
Income Tax Rate (ITR): 37%IY
Depreciation Schedule:

Current IRS—14%, 24%, 17%, 12%, 11%, 11%, 11%
for years 1 through 7.

Sales Price Escalation:

’88 through 90, 0%/Y;

'91 through 98, 5%/Y
Investment Tax Credit: 0%
Value of business at end of 10th year:

In perpetuity value’—ACI,, (1-ITR)/IRR

1 The recommended format for presenting discounted cash flow calcutations is given on pages 314 & 315
of Ref. 1.

2 In perpetuity value is determined based on the value of the continuing business at the end of the economic
analysis life. The value before discounting is the annual net cash income in year 11 (ACI, ) plus any salvage

med zero for this analysis) times (1—Income Tax Rate), because we pay taxes on the safe of the

ed by the interest rate of return (IRR).

Final Report Format

A. Cover letter or transmittal document.
B. Introduction: Give a concise statement of the problem, coveting
background and objectives.
C. Summary: Submit 2 brief description of work performed in your
evaluation, and your conclusions and recommendations.
D. Technical Information:
1. A process flow diagram of the process including the major proc-
€ss controls.
Assign numbers and names to all equipment and label streams
with numbers on the flow sheet. These numbets should be used
to identify equipment and streams in any table and discussion.
2. A material balance table showing the following for each stream:
Temperature (°F)
Pressure (psia)
Component mass flow rate ({b/hr)
Total mass flow rate (Ib/hr)
Total volumetric flow rate
(gpm for liquids and CFM for gases)
Viscosity for liquid streams
3. An equipment list for the plant. The list should include the
following information for each equipment item in addition to its
name and number.

Equipment Type Mimimum Required Information

Compressors Pressure and temperature at inlet and
outlet
Efficiency
Energy consumption, in brake horse-
power
Fluid composition and properties

Heat Exchangers Duty
Area
Stream temperatures
Temperature difference (corrected)
Pressure at inlet and outlet
Fluid composition and properties
Exchanger type and materials of con-

struction

Vessels Cylindrical section length or height
Operating temperature and pressure

Distillation Diameter and height

Agitators Motor horsepower
Impeller Type
Material of Construction

Columns Mass flows in and out
Type of internals, with specifications
(i.c., number, spacing, and type of
trays)
Operating temperature and pressure

Centrifuges Type
Motor
Bowl diameter and length




