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1.0 INTRODUCTION

The Environmental Protection Agency has retained TRC Environmental
Consultants Inc. to conduct an '"Overview Survey of Vegetable O0il
Processing Plants." This report presents a characterization of the
vegetable o0il processing industry,

In conducting this preliminary envirommental assessment of vegetable
0il industries, TRC first reviewed available literature. The primar a

s ) . .
of this review was( o develop an accurate inventory of wvegetable oil

(2}
processing plants in the United States and to provide an estimate of the

magnitude of air pollutant emissions from a typical plant.

A Control Technique Guideline Document (CTG) was published in June  +——

L9_‘Z_§ which specified reasonably available control technology (RACT) foT:
control of volatile organic emissions from vegetable oil plants (cotton-
seed, corn, soybean, peanuts). However, further action on regulation
development has been deferred pending extensive field tests, scheduled for
completion in mid 1980. This report 1is provided to assist regions and

states in future planning by providing an inventory of existing plants, and

to provide a summary of present knowledge regarding VOC and TSP emissions —

from this source category.

. The regulatory activity will require that more attention be paid to

the industry than is the case with present regulations, since in general

the only pollutant regulated for this source category is the TSP associated

lw‘_ith elevator operations.
In order to enforce RACT requirements, a current inventory of vege-

table oil processing plants located in non-attainment areas is necessary.

-1-




This report includes an appended inventory of all vegetable oil processing
Plants located in the United States which satisfy the criteria of Standard
Industrial Classification (SIC) code 2046, 2074, and 2075%, The
attainment or non-attainment areas status for photochemical oxidants and
‘particulate matter of each vegetable oil plant is given in the inventory.
Section 3.0 is a summary of data contained in the inventory of vegetable

oil processing plants.
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2.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

2.1 Summary

An inventory. of active vegetable o0il processing plants has been

completed.

193 plants were identified, of which 175 are located in EPA

Regions IV, V, VI and VI1. 59 plants are located in non-attainment areas

for oxidant. A brief review of potential air pollutant emissions from a

typical soybean plant was completed using available information on
emisgsion factors and control technology. The controlled emissions for

particulate matter were estimated to range from{265 to 530 tons/year)for
P —— e e ety R rl——

the assumed 1380 ton/day soybean plant (the average capacity of the 69

soybean plants in the inventory). The controlled VOC emissions were

.

estimated fo range from|(365 to 545 tons/yegz)for the same plant.

[
) oo ~ 239

2.2 Conclusions

ae.

A significant number (30%) of vegetable oil processing plants

are located in nonattainment areas for TSP and oxidant.

Vegetable o0il processing operations, as typified by the soybean
plant example briefly studied, can be emitters of substantial
quantities of particulate matter and VOCs, and when controlled
with typical RACT systems can s8till result in a significant

number of 100 TPY sources.

2.3 Recommendations

a.

Based on the findings determined in the Vegetable Oil Processing

Industries Inventory presented herein, and the brief review of

the emission potential of a typical plant, TRC recommends that

more definite emission information be obtained for the industry

before regulatory activity proceeds further,
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3.0 LITERATURE SEARCH

3.1 Method of Approach

Eight references were used (see Section 9.0) to compile an accurate,
current inventory of vegetable oil processing plants in the United States.
The eight references all reported plants in the US, but in many cases there
were conflicts in the information., Comparison of the references enabled TRC
to trace the operating capacity of individual plants. Telephone calls to
vegetable oil processing plants were made to resolve any discrepancies in
the information.

The May 23, 1979, OQAQPS/CPDD listing "States Attainment Status of
National Ambient Air Quality Standards" was used to determine whether a
given plant is in an attainment or non-attainment area for photochemical
oxidants or particulate matter. The counties in which the plants are
located are listed to aid in identifying attainment and non-attainment
status. Changes in the status of some areas were permitted in the Septem-

ber 11, September 12, and October 5, 1978 issues of the Federal Register.

The changes which affect plants have been incorporated into this report.
The approval in January 26, 1979 of a new NAAQS for photochemical oxidants
affected the attainment area status of several plants. These recent changes
have also been incorporated into the report.

Two additional references were utilized to obtain emission factor and
typical emission control information. These are also listed in Section

9.0.




4.0 REGIONAL AND NATIONAL SUMMARIES OF VEGETABLE OIL PROCESSING PLANTS

Table 1 presents a summary of the inventory of active Vegetable 0il
Processing Plants which is given in detail in the Appendix. The table
gives the number of plants for soybean, cotton seed and corn seed
processing, respectively, for each of the ten EPA geographical regions.
Where available, capacity information is given also. The loéation of the
plants in attainment or non-attainment areas for TSP and Oxidant is alseo
given under the regional and processing subdivisions.

For soybean processing, 64 of the 69 plants are located in Regions IV,
V and VII and these represent 89,300 (94%Z) of the 95,215 tons/day capacity.
About two-thirds of the plants are located in attainment areas for TSP and
oxidant,

Cottonseed processing plants are primarily (67 of 77) located in
Regions IV and VI. Fiftyone of the sixtyseven reported 61,147 tons/day
capacity, or 97% of the total reported., About four-fifths of the plants
are located in attainment areas for TSP and Oxidant,

Cornseed Plants fwet corn mills) total 47 for the ten regions, with 29
(62%) located in Regions V and VII. Capacity information was not obtained,
being considered confidential by all plants. About six-tenths of the
plants are located in attainment areas for TSP and Oxidant. Of the total

of 193 plants, 175 (91%) are located in Regions IV, V, VI and VII, as

follows:
Region IV 58 (30%)
Region V 40 (21%)
Region VI 41 (21%)
Region VII 36 (19%)

Of the 193, 134 are located in attainment areas for TSP, and 133 in
attainment areas for oxidant. Conversely 59 are in non-attaipment areas

for TSP, and 60 for oxidant.
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5.0 SOYBEAN OIL PROCESS

5.1 Front End Processing of Soybean

Figure 1 presents a general process flow diagram for vegetable oil
plants. Figure 2 presents a continuous flow chart for solvent extraction
of soybeans indicating material balance and solvent loss through the
process. A Glossary of terms is given in Section 10.0. The first step in

processing seed is to screen out foreign material such as metal, sticks,

stones, and dirt. The metal is removed by permanent magnets or
electromagnets mounted above the seed conveyor system, The seed 1is

ggﬂg;ally cleaned and dried to 10% moisture content before being stored.
The weighfed and cleaned seeds are first cra;ked between corrugated
rolls, then conditionei in a stacked cooker and finally rolled into thin
flakes (about 0.010:“tLick). Front-end dehulling is accomplished by
screening the cracked seed and removing the hull fraction by aspiration.

Small meat particles are then separated from the hull stream on specific

gravity separators.

5.2 Manufacturing Soybean 0il By Solvent Extraction

Solvent extraction can recover up to 98% of the oil compared with
about 80-90% from hydraulic or screw pressing. The soybean, whose physical
structure is particularly suited to solvent extraction, has been respon-
sible for this development. Because of efficiency of oil yields (hydraulic
press, 8.67 lb/bu; screw presses 9.16 1lb/buj solvent extraction 10.94
1b/bu), wvirtually all new soybean installations today are solvent

extractors. When solvent is extracted, soybean flakes produce meal with a
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protein content of 44-46% which can be increased by removing the soybean
hulls, Solvent extraction is carried out in a continuous counter-current
manner through a series of extraction stages. The extractors most commonly
used in most vegetable oil plants circulate solvent over the flakes, which
are carried (usually in baskets) through several extraction stages in a
circuiar, vertical, or horizontal direction. Hexane is used as solvent in
this process. Milling releases some oil, which is immediately dissolved in
the solvent. The greater portion of oil is removed by diffusion of solvent
through the cell walls until equilibrium is reached. By replacing the
equilibrium solution with a solvent of lower o0il content, the diffusion
process is again resumed. The economical limit of this procedure is about
0.5%Z o1l remaining in the seed mass.

The rate of diffusion is directly proportional to the surface area of
particle and in an (inverse) power function of thickness with free circula-

tion of solvent.

5.3 Separation of 0il from Solvent

After extraction, the meal is conveyed toc a Desolventage Toaster (DT)
for removal of excess organic solvent and then a Dryer Cooler where excess
hexane is removed and conveyed to a seed condition foam. The meal is sold
as an animal feed.

Miscella, a mixture of o0il and solvent, is pumped into a filtrationm
tank and then to a heat exchanger for preheating the miscella for first
stage evaportion where solvent is evaporated and miscella concentrates to

oil. The mixture then proceeds toe a vacuum distillation column where a

-1~
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physical separation process takes place. The final step in vegetable oil
processing plants is to separate the solvent and oil, and since hexane is
volatile, the solvent is easily removed from the mixture and pumped into a
solvent storage tank. The crude oil proceeds further to refining

procesgses,

_ll_.




6.0 COTTONSEED OIL PROCESS

6.1 Front End Processing of Cottonseed

Cottonseed processing differs slightly from the illustration of
Figure 1. Cottonseeds are cleaned by screening and aspiration. The lint is
removed by passing the seeds through a series of linters. Each series of
linters removes lint of different length, which is designated first cut and
second cut lint. The lint cuts are aspirated and air conveyed to separate
lint beaters or cleaners which remove dirt and hull fragments from the lint.

The delinted seeds (black seed) are cut or gplit in a bar-type huller,
freeing meat particles from hulls, which are separated from the meats by
screening and aspiration. The hulls thus removed are cleaned of attached
meat particles in a beater and sent to storage for eventual consumption as
roughage in animal feeds.

The meat is rolled into thin flakes (about 0.010 to 0.014 inch thick)
to make them easily permeable to steam in the cooking operation and are
conditioned in horizontal cookers at 230°F for twenty minutes to coagulate
proteinsg., In direct solvent extraction, meats are conditioned before flak-
ing. |

The horizontal cookers are generally integrated with the expellers.
In prepress plants they are supplemented with a stacked cooker for addi-
tional heating capacity.

Most of the o0il from conditioned cottonseed 1is prepressed in
mechanical screw presses with single or double worm shafts revolving inside

a heavy perforated barrel and capable of exerting a pressure of up to 1,700

-12-




to 2,000 psi. The oil removed by these presses is screened, cooled, filter-
ed, and stored for refining. About 74%Z of all cottonseed is so pressed; an
additional 18% is processed by repressing with solvent extraction and 87 by

direct solvent extraction.

_13_




7.0 CORNSEED OIL

7.1 Introduction

The corn oil is more properly called corn germ oil. Although corn
contains only about 4.5% oil, 85% of this oil is present in the germ. The
germ fraction separated by dry milling contains about 25% oil. That
separated by the wet milling process contains about 50% oil. The high oil
content of wet milled germ is due to removal of solubles during the steeping

process.

7.2 Production

The production of corn oil differs from that of some of the other oils
in certain respects. After cleaning, the corn is placed in large tanks and
steeped in warm water containing SO0z, thus loosening the hulls from the
kernels. The steeped corn is run through attrition mills, which break the
germ away from the piece of kernel. The separation of the germ and kernel
is accomplished by running the mixture into a tank of water where germ
floats, because of the oil content.. The germ is washed and thoroughly
dried for grinding operation. The crude oil from the expellers is given
usual purification treatment such as that described for cottonseed oil. The

oil content of corn kernel, exclusive of the hull, is about 4.5%.

7.3 Process and Composition

The oil can be recovered from three processes which can be described as

continuous screw pressing or expelling, continuous screw pressing plus

—Va-




solvent extraction and direct solvent extraction. The expelling is well
adapted in a plant where relatively small quantities of germ are available.
Most large wet millers use a combination of expelling and solvent extraction
for effluent 0il recovery. In this case, the oil content of germ is reduced
from about 50% to about 252 by pressing; then the residue is solvent
extracted. Direct solvent extraction is applied only to dry millers germ.
Regardless of the process used for recovery, the composition of corn oil is

about the same as other crude vegetable oils.

~15-




8.0 AIR POLLUTANTS IN VEGETABLE OIL PROCESSING INDUSTRIES

This section provides a brief review of the potential air pollutant
emissions from vegetable oil processing, based on a typical soybean plant
whose capacity is 1380 tons/day (This is the average capacity determined
from the inventory). The emissions are calculated using emission factor
information for particulate emissions found in '"Compilation of Air
Pollutant Emission Factors (AP-42) and for VOC's in "Control of Volatile
Organic Emissions from Manufacture of Vegetable 0ils' (EPA-450/2-78-035).
The results of these calculations are shown on Tables 2 & 3, and are

discussed in the following sections.

8.1 Particulate Matter Emissions

The major particulate matter emissions occur at the f£front end
processing operations of receiving, handling, cleaning, cracking, and
dehulling. The potential uncontrolled particualte emissions total 16.1
tons/day, of which'66% is contributed by the front end components. Based

on (an assumed 330 days/year of_aiézgfzéﬁ} the total potential particulate

emissions of this typical plant would be approximately 5300 tons/year.

AP-42 does not provide an estimate of control efficienty for soybean
particulate emissions, but some discussion of the subject is available in
"Emission Control in the Grain and Feed Industry - Volume I, Engineering
and Cost Study" (EPA 450/3-73- (003a, December, 1973, Midwest Research
Institute.)

Medium to high energy cyclones and fabric filters are used on cracking

operations, and on dehulling; flaking and toasting. Fabric Filters are
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limited to sources where the moisture content 1s not excessive. Meal
dryers utilize product recovery systems confrolled by high energy cyclones
or wet scrubbers, since in this case the effluent gas stream has a high
moisture content., Meal and hull grinding generate fine particulate (~1
micrometer) requiring the use of fabric filters, The 1973 study does not
give sufficiently specific control efficiency information to compute
step-by-step controlled emission values, but an assumed overail collection
efficiency of 90-95% seems reasonable and would regult in controlled
emissions of .80 to 1.6 tons/day, or 265 to 530 tons/year.

The latter range would place this type of plant in the major source
category and shows that a vegetable oil processing plant could potentially

have a serious impact on local TSP air quality,.

8.2 Volatile Organic Compound (VOC) Emissions

The ﬁajor sources of VOC emission in the typical soybean plant under
consideration are the main vent, the meal drying and cooling operations and
product, and fugitive emissions or leaks. The main vent represents the
most significant emission, accounting for 74% of the total. Solvent losses
from the main vent are controllable by Mineral 0il Scrubbers which can be
expected to provide collection efficiencies of up to 95%. Controls have
not been widely applied to the other emission sources. Application of
incineration and carbon adsorption control technology could reduce the VOC
emissions other than leaks to very low values, but questions have been

raised regarding the fire safety of these devices on soybean processing

-18-
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operations. Fugitive emissions from leaks and spills are best controlled
by improved maintenance and housekeeping.

The controlled VOC emissions factor found in "Control of Volatile
Organic Emissions from Manufacutre of Vegetable 0ils" is 5.3 1b/ton
representing an overall control efficiency of 85 to 90%. The controlled
VOC emissions from the typical plant would then be 1.10 to 1.65 tons/day,

or 365 to 545 tons/year (based on 330 days per year operation).
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10.0 GLOSSARY

1.

2.

10.

11.

12.

13.

14,

15.

16.

"Desolventizer Toaster" means a process unit in which steam is used to
strip occluded solvent out of the extractor meal.

"Extraction" means leaching of vegetable oil from the seed or hean;
typically using a hexane solvent in a counter-current contact system.

"Full Solvent Plant" means a vegetable oil plant exclusively utilizing
solvent extraction to produce vegetable oil.

"Meal" means leached seed or bean flakes remaining after extraction,

"Meal Preparation' means drying, cooling, and conveying of meal coming
from the desolventizer toaster.

"Mineral 0il Scrubber (M0S)' means a packed tower using mineral oil as
absorbent for solvent laden vapors.

"Miscella" means the mixture of soclvent and extracted oil.

"Prepress Plant" means a vegetable o0il plant which mechanically
removes a portion of the oil prior to solvent extraction.

"Solvent/0il Separation'' means the operation which occurs after
extraction that separates miscella into oil and solvent.

"Material Handling' means conveying, elevating, pumping, packaging,
and shipping.

"Separating'" means centrifuging, draining, evaluating, filtering,
percolating, fitting, pressing, skimming, sorting and trimming.
(Drying, screening, sifting and washing fall into this category.)

"Heat Exchanging' means chilling, freezing and refrigerating, heating,
cooling, broiling, roasting, baking and smoking.

"Mixing'" means agitating, beating, blending, diffusing, dispersing,
emulsifying, homogenizing, stirring, whipping and working.

"Peeling and Size Reduction" means peeling, breaking, chipping,
chopping, crushing, cutting, grinding, milling, maturating, pulveriz-
ing, refining (as by punching and rolling) shedding, slicing and
spraying.

"Forming" means casting, extruding, flaking, molding, pulverizing,
rolling, shaping, stamping and die casting.

"Controlling' means controlling air humidity, temperature, pressure,
and velocity; inspecting, measuring, tempering and weighing.
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