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1.0 INTRODUCTION

This documcnt prcsents the material collected as background information for a pollution
prevention, waste minimization, and water conservation audit of Jordan's Yeast Industries
Company, Limited.

1.1 Background

Development Alternatives, Inc. (DAI) under a contract with the United States Agency for
International Development (USAID) is performing an Industrial Wastewater Discharge
Prevention Program (IWDPP) in Amman, Jordan. The IWDPP is one of the four components
of the Water Quality Improvement and Conservation project, funded by the USAID. The
IWDPP is being performed by DAI with full coordination between the Ministry of Water and
Irrigation and the Amman Chamber of Industry. The IWDPP includes conducting audits,
performing feasibility studies, and designing for demonstration activities at selected industrial
facilities.

Pollution Prevention and Waste Minimization (PP/WM) techniques are defined as any techniques
to prevent or reduce waste generation by source reduction or recycling activities. These
activities must reduce either the volumes or the concentrations of pollutants generated prior to
the treatment, storage, or disposal of the waste.

Based on a ranking methodology, the PP/WM Committee has selected ten industries with
potential needs for PP/WM audits. One of these industries is the "yeast production industry."
Harza Consulting Engineers and Scientists (Harza), Chicago/USA, has been retained by DAI to
lead the PP/WM audit for this industry.

The purpose of these audits is to assist the industries in the Amman-Zarqa Basin to assess
PP/WM and suggest alternative solutions to achieve desired levels of pollution prevention, water
conservation, and wastewater treatment under the following subtasks:

• Subtask I. I - Audit Coordination;
• Suhtask 1.2 - PP/WM Background Materials Preparation;
• Subtask 1.3 - Pre-Investigation Meeting;
• Subtask 1.4 - Audit;
• Subtask 1.5 - Post-Inspection Meeting; and
• Subtask 1. 6 - Audit Evaluation Report.

1.2 Objectives

In this document, background information has heen assembled by performing a comprehensive
literature review. The purpose of the literature review was to identify the available technologies
being practiced for PP/WM and water conservation for the yeast production industry. To best
address the industry practices in Jordan, the specific focus of the review was on the baker's yeast
segment of the industry.

(
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The literature review included published literature and conversations with personnel within the
United States (US) yeast industry. The literature consisted of PP/WM related books and articles,
yeast industry journals and conference proceedings, and US Environmental Protection Agency
(USEPA) documents and communications.

Section 2.0 of this report provides an overview of the baker's yeast production industry, while
Section 3.0 details the processes used at Jordan's Yeast Industries Company, Limited.
Section 4.0 describes areas for potential improvement in regards to PP/WM and water
conservation. Finally, Section 5.0 lists the primary references consulted during the literature
review: copies of the appropriate sections of these references are provided under a separate
cover.

2
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2.0 INDUSTRIAL OVERVIEW

Yeast, like mold, is a fungus. As a branch of non-green plants, fungi feed upon organic
materials. If they are supplied with the necessary organics together with other needed nutrients,
then they will not only grow and multiply, but also will change the food into other chemical
substances. Of the many species of yeast, the most commercially significant are the related
strains of Saccharomyces cerevisiae. As brewer's yeast these organisms have been utilized to
ferment the sugars of various grains to produce alcoholic beverages, and as baker's yeast they
have been used to expand, or raise, dough. The focus of this report is on the production of
baker's yeast.

There are two types of baker's yeast: compressed yeast and dry yeast. The primary difference
between these two yeasts is the level of drying or dewatering which takes place before the
product is packaged for distribution. Eighty-five percent of the 223,500 megagrams of baker's
yeast produced in the US in 1989 was compressed yeast; the remainder was dry yeast.

Compressed Yeast. Compressed yeast is marketed in the form of moist cakes with a
moisture content of about 70%. Compressed yeast is a perishable commodity and, if
properly refrigerated or frozen, has a useful life of several weeks.

Dry Yeast. Dry yeast is marketed in the form of packaged granules with a moisture
content of about 7.5 %. Although the useful life of dry yeast is much greater than that
of compressed yeast (up to two years without refrigeration) its activity, on a dry weight
basis, is only approximately 65 % of compressed yeast: as such, much more must be used
to achieve the same effect.

There are two types of dry yeast, active and instant; the main difference between the two
is that active dry yeast must be rehydrated in warm water prior to usage.

The manufacture of baker's yeast has been practiced for centuries. Its earliest roots lie in the
use of leaven to make bread rise: the leaven (or "starter") was typically a portion of the
previously fermented batch of dough which, when mixed with fresh dough, transferred its
biological activity. The same concept is still used today to make sourdough bread. Yeast has
also historically but inefficiently been produced as a by-product of the brewing industry, called
barm.

In the past century scientists have gained a detailed understanding of yeast and the fermentation
process used to make it grow and multiply. Several innovative steps have moved baker's yeast
production to a more commercially efficient scale. For example, brewing industry by-products
have been replaced with molasses as the yeast's principal substrate. Also, fermentation process
tanks have been equipped with air supply and incremental feed systems to reduce the fonnation
of undesirable alcohols and to increase the yeast growth rate.
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The balance of this section describes the typical production processes, water usages, and wastes
and emissions associated with the production of baker's yeast. A generalized block flow diagram
of the production processes is given as Figure 1.

2.1 Typical Yeast Production Processes

The commercial production of yeast relies on the fermentation of an initial yeast culture (or
"seed ") in a carbohydrate and nutrient rich substrate. When the desired degree of culture seed
multiplication is achieved, the yeast is "ripened" with additional carbohydrates in a series of
fermentation vessels. The fermentation process takes place under carefully controlled conditions,
especially in regards to pH, temperature. and aeration. Finally, the yeast is harvested, dewatered
as appropriate, cut, and packaged.

The yeast production process is described below in accordance with its five major steps: raw
material preparation, fermentation, product recovery, product finishing and packaging, and
ancillary operations. As noted previously, the production of compressed yeast and dry yeast are
essentially the same with the exception of final product dewatering and packaging.

2.1.1 Raw Material Preparation

The primary substrate upon which the yeast culture feeds during the production of yeast
is molasses: this carbohydrate provides the energy necessary to sustain the fermentation
process, as well as several essential nutrients and vitamins. Depending on a variety of
factors, such as cost and availability, beet molasses, refiner's cane molasses, blackstrap
molasses, or a blend of these, is used. Because each of the types of molasses has a
slightly different composition, the selection of molasses determines which nutrients will
need to be supplemented in the substrate to maximize yeast production.

The nutrients required to support yeast production are nitrogen, phosphate, magnesium,
potassium, and calcium. These nutrients are usually prepared in batch solutions and
introduced into the fermentation reactors as necessary. Nitrogen is normally supplied
through the addition of ammonium salts, aqueous ammonia, or anhydrous ammonia.
Phosphates and magnesium are added in the form of phosphoric acid or phosphate and
magnesium salts. Potassium and calcium are typically present in sufficient amounts in
the molasses substrate.

Trace amounts of vitamins, such as biotin (vitamin H), and other minerals, such as iron,
zinc, and copper, may also be added as necessary to maximize the fermentation process.

Prior to use, the raw molasses is clarified to remove any sludge and decolorized. The
pH of the molasses is adjusted during these processes; too high a pH promotes bacterial
growth. (The pH is also carefully maintained throughout the fermentation process, which
is described in the following section).

4
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After this initial molasses preparation, the molasses is sterilized by heating it to 38 to
43 degrees centigrade (OC) for ahout an hour. The heating is typically achieved with
high-pressure steam. During sterilization the molasses's pH is again adjusted; it is held
between 6.0 and 8.0 to prevent caramelization, or burning, of the sugars. After
sterilization, the prepared molasses is diluted with water and stored in tanks to await its
mixing with the yeast culture in the fermentation vessels.

2.1.2 Fermentation

Yeast is grown in a series of fermentation vessels, or fermentors. The process begins by
placing a small, "starter," portion of yeast culture into the molasses substrate and
allowing it to grow. Yeast is propagated when the yeast mixture is placed into the next
fermentation vessel, which is equipped for batch or incremental feeding of the molasses
substrate. The process continues in stages until the yeast mixture reaches the final
fermentor. Each of the fermentation stages, the flask stage, the pure culture stage, and
the main fermentation stage, is described in greater detail below.

2.1.2.1 Flask Stage

The first fermentation stage typically takes place in the laboratory when a portion
of yeast seed is mixed with the molasses substrate in an Erlenmeyer flask. The
total contents of the flask are typically less than five liters (L) and the yeast is
allowed to grow in the flask for two to four days.

The seed is pure culture. The pure culture is an active strain of the yeast
microorganism which has typically been cultivated in a laboratory. This active
strain, after cultivation, may be preserved indefinitely by freeze drying until its
use is required.

2.1.2.2 Pure Culture Stage

The pure culture fermentation stage usually consists of two fermentations. The
capacities of the vessels used in this stage typically range from t,tOO to 26,500 L.
The yeast yields in the two fermentors are typically approximately 30 and
600 kilograms (kg), respectively.

These fermentations are batch fermentations, where the yeast is allowed to grow
in the molasses substrate for 13 to 24 hours. In batch fermentations all of the
required substrate is present in the fermentor when the yeast is added. This
method is not as efficient as the incrementally-fed method, which is used during
main fermentation and is described in the following section.

Briefly, batch fermentors are not as efficient as incrementally-fed fermentors
because they do not control the ratio of fermentable sugars to yeast throughout the

5
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fermentation process. However, since the overall economy of yeast production
depends on the yield from the final, main, fermentation stage, it is not important
to have incrementally-fed pure culture fermentors.

The pure culture stage is basically a continuation of the flask stage, except that
the pure culture fermentations have provisions for sterile aeration and aseptic
transfer to the next stage. Sterility is critical; if a sterile environment is not
provided, contaminating microorganisms can easily outgrow the yeast.

2.1.2.3 Main Fermentation Stage

The majority of the yeast yield grows in the final fermentation stages. These
fermentations typically take place in two to four vessels, resulting in five to seven
fermentors in the total fermentation process, including the flask stage. The
processes unique to the two- and four-vessel main fermentations are described
below, after the following discussion of the parameters common to both.

The fennentors used in the main fermentation stage vary greatly in size: their
volumes range from 37,900 L to over 283,900 L, with the larger vessels
corresponding to the later stages. The vessels have diameters greater than
7 meters (m) and heights up to 14 m.

The vessels are usually made of stainless steel and, unlike the batch reactors used
in the previous stage, some vessels are equipped with an incremental feed system
to deliver the molasses substrate to the yeast at an optimal rate. The incremental
feed system is a series of pipes that distributes the molasses over the entire surface
of the fermentor liquid. The system is regulated to deliver the molasses at time
intervals corresponding to the yeast's growth curve, thus controlling the ratio of
fermentable sugars to yeast. By maintaining a low excess-sugar concentration the
yeast's respiratory activity is maximized, resulting in a greatly increased final
yield. Nutrient solutions of minerals and vitamins are pumped into the fermentors
from small tanks, but the rate of feed is not as critical as that of the molasses.

The fermentors are typically operated at a temperature of 30°C. Higher
temperatures negatively influence the keeping and baking qualities of the yeast.
As such, the fermentors must be equipped with heat exchangers to remove the
heat generated from the production process and to cool them. The type of heat
exchanger system used is dependent on the size of the vessel.

The size of the fermentor also determines the type of aeration system used: large
volumes of air must be supplied to the vessels during this stage of fermentation
to maintain the dissolved oxygen content in the substrate at an optimally high
level. Yeast yields are much greater under aerobic conditions than anaerobic
conditions; under anaerobic conditions the fermentable sugars in the molasses are

6
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consumed by the production of ethanol and carbon dioxide rather than by yeast.
Horizontal perforated pipes, compressed air and mechanical agitation, and a self­
priming aerator are among the types of aeration systems used.

Four-Vessel Main Fermentation. When using four main fermentors, the pure
yeast culture stage is followed by an intermediate stage of yeast growth without
incremental feeding. The entire contents of that batch fermentor are then
transferred to an incremental feeding tank having good aeration. This second
main fermentor is often called the stock fermentor since, after fermentation is
completed, the yeast mixture is centrifuged, producing a stock of yeast for the
ncxt fcrmcntor.

The third and fourth main fennentors are equally large. In the third main
fermentor aeration is vigorous and molasses and other nutrients are fed
incrementally. The fermentor liquor from this vessel is typically divided into
several parts for starting the fourth and final, or trade, fermentation. In some
cases, the yeast is instead centrifuged and stored for several days before being
used in the trade fermentation. The trade fermentor has the highest degree of
aeration, and molasses and other nutrients are again fed incrementally.

Each of the four main fermentation stages lasts approximately 13 hours. The
amount of yeast growth increases from approximately 120 kg in the first
fcrmcntor to approximately 15,000 to 100,000 kg in the fourth fermentor.

Two-Vessel Main Fermentation. When using two main fermentors, the only
fermentations are the stock and trade fermentations; these fermentations
correspond to the second and fourth main fermentations in the four-vessel process.

2.1.3 Product Recovery

When the optimal quantity of yeast has been grown, the fermentation stage of the
production process ends and the product recovery steps begin. The first step is to
recover the yeast cells from the spent substrate. This is accomplished by passing the final
fermentor liquor, at about 3.5 to 4.5% solids, through a series of centrifugal separators.
The desired solids content in the recovered material is between 18 and 21 %, which can
usually be achicved with two or three passes through the separators. The yeast is washed
with water between each pass through the separators.

At this point, the yeast is referred to as "yeast cream." Yeast cream can be stored for
several weeks at a temperature slightly above freezing. After storage, the yeast cream
can be used to seed a fermentor or can be finished into a final product. Often, if used
to seed a fermentor, the yeast cream is referred to as "mother liquor."

7
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2.1.4 Product Finishing and Packaging

The final finishing and packaging steps are different depending on which product,
compressed yeast or dry yeast, is desired. The finishing and packaging steps for each
product are described below.

2.1.4.1 Compressed Yeast Finishing and Packaging

As stated previously. compressed yeast product has a moisture content of
approximately 70%, which is equivalent to a solids content of approximately
30 %. Ilowever, when the yeast is recovered from the fermentation stage as yeast
cream, it has a solids content of only approximately 20%. The necessary increase
in the yeast's solids content is achieved through filtration.

Filter presses or rotary vacuum filters are used to dewater the yeast cream. Filter
presses usually consist of cotton duck filter cloth in 58 to 115 centimeter frames.
Pressures between 860 to 1,030 kiloPascals are applied to the presses to achieve
yeast yields between 27 and 32 % solids.

Rotary vacuum filters dewater the product by applying a vacuum to the inside of
a filter drum coated in yeast cream; water is drawn out of the yeast and into the
drum. The yeast is applied to the filters' rotary drums by rolling the drums in a
trough of yeast or by spraying the yeast directly onto the drums. The filters are
usually coated with potato starch and salt to aid in drying the yeast. The filter
drums rotate at a rate of 15 to 22 revolutions per minute; as the drums rotate,
blades at the bottom of the drums remove the yeast. The yeast yields from rotary
vacuum filters are approximately 33 % solids.

The resultant filter cakes are blended in mixers with small volumes of water,
emulsifier, and cutting oil. The emulsifier is added to improve the appearance of
the yeast and the oil, typically soybean oil or cottonseed oil, is added to help
extrude the yeast product. The mixed cake is extruded through nozzles to form
continuous ribbons of yeast, which are then cut into segments of yeast cake. The
cakes are wrapped in wax paper and stored for shipment at approximately 8°c.

2.1.4.2 Dry Yeast Finishing and Packaging

Dry yeast is filtered and extruded in the same manner as compressed yeast.
However, the emulsifiers and oils mixed in with the yeast prior to extrusion are
different than those used for compressed yeast; they are added to texturize the
yeast as well as improve appearance and extrusion.

After the yeast is extruded into ribbons and cut, it is dried in either a batch or
continuous drying system to approximately 93 % solids content; the system is

8
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typically a fluidized drying bed. The drying time ranges between one-half hour
and four hours. Following drying, the yeast is vacuum-packed or packed under
nitrogen gas before heated sealing.

2.1.5 Ancillary Operations

To fully support the commercial production of yeast via fermentation, a number of
ancillary operations are necessary. These operations include equipment cleaning and
sterilization, steam production, equipment cooling, facility housekeeping, and wastewater
treatment. Some of these operations were noted previously in this report, and each is
described more fully below.

2.1.5.1 Equipment Cleaning and Sterilization

Throughout the production of yeast, sterility is an absolute necessity: if a foreign
culture is present inside a reaction vessel, it is likely that its propagation will
rapidly overtake the yeast and spoil the batch. Sterility is also critical given that
yeast is a food product and any foreign cultures present in the final product may
be consumed by human beings.

To assist in assuring sterility, all transfer lines and reaction vessels are thoroughly
cleaned and steam-sterilized as necessary. Additionally, the raw materials which
make up the fermentation substrate, such as the molasses, are sterilized prior to
their introduction into the process.

2.1.5.2 Steam Production

Steam is primarily required in a yeast production facility for equipment and raw
material sterilization. The stearn is typically produced using a boiler which may
be fired by a number of sources, including oil, coal, or natural gas.

2.1.5.3 Cooling System

The fermentation process generates heat which must be controlled to maximize
the yeast yield. The typical method of controlling the fermentors' heat is to
transfer it to water via heat exchangers.

The water used as the cooling medium can pass through the cooling system in one
of two ways: I) it can be passed through the heat exchangers once and then be
discharged as hot water; or, 2) it can be passed through the heat exchangers, then
through cooling towers in which the heat is lost to the atmosphere, and then be
either discharged as relatively cool water or recycled back to the exchangers.

l)
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2.1.5.4 Facility Housekeeping

Facility housekeeping procedures are routine janitorial services, and include floor
and equipment washings. The wastewater generated from these wash-downs will
contain a high organic content due to the residual yeast materials.

In addition to the chemicals used at a yeast facility during the various stages of
the production process, chemicals are also used at the facility for cleaning
purposes. These chemicals include sulfuric acid, caustic soda, and ammonia.
Like the residual yeast product chemicals, many cleaning chemicals will ultimately
be discharged as wastewater.

2.1.5.5 Wastewater Treatment

The highest strength facility wastewaters are typically those discharged from the
molasses and yeast centrifuge and filter systems. Medium and low strength
wastewaters include floor and equipment cleaning waters, fermentor cooling
system waters, domestic wastewaters, and storm water.

The wastewaters are typically treated prior to discharge. The primary objective
of wastewater treatment is to remove or modify those contaminants detrimental
to human health or the environment. Land disposal, evaporative ponds, and/or
deep-well injection are occasional discharge options, but usually the only practical
outlets for the disposal of treated (or untreated) wastewater are lakes, oceans, or
other water bodies. To protect water resources, the discharge of pollutants into
them must be controlled. The facility's options for removing pollutants are to
send the wastewater off-site to a public wastewater treatment plant or to treat it
on-site.

A typical wastewater treatment plant utilizes physical, chemical, and biological
treatment methods to remove the suspended, colloidal, and dissolved contaminants
present in the water. In general, the contaminants are removed in order of
increasing difficulty.

The operations of a typical wastewater treatment plant proceed as follows, with
exceptions specific to a yeast facility's treatment plant noted: First, rags, sticks,
and miscellaneous large objects are removed from the wastewater by retention on
coarse screens. Then grit is removed in grit tanks. At this point, most of the
small solids remain in suspension. These first two steps would not be required
at a yeast facility's treatment plant, however, since the largest particles in the
facility's effluent would be suspended solids.

The settleable fraction of the suspended solids can be removed and concentrated
in gravity settling tanks. The settling tank's concentrated solids, called raw

10
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sludge, are pumped to an anaerobic sludge digester to be reduced in volume
through consumption by microorganisms; the tank's wastewater effluent flows
from this "primary treatment" to "secondary treatment."

Secondary wastewater treatment typically consists of an aerobic biological
treatment unit. In this unit, microorganisms aerobically digest the dissolved and
colloidal matter in the wastewater; the organic matter is converted to carbon
dioxide and water in the process. Less frequently, anaerobic biological treatment
units, rather than aerobic units, are used. (As stated above, anaerobic digestion
units are commonly used to reduce primary treatment sludge volume; they are
not, however, as commonly used to treat the wastewater.) Carbon dioxide and
methane are the principal products of anaerobic digestion.

Following bioreaction, the microorganisms are settled out of the bioreactor
effluent in a settling tank. Part of the concentrated biological sludge is returned
to reseed the bioreactor unit, but most is thickened and sent to an anaerobic
sludge digester. The last stage in wastewater treatment prior to discharge is
typically chemical disinfection.

2.2 Water Usage

A typical yeast production facility has the following water needs: process water, cooling water,
boiler feed water, and water for housekeeping and other domestic uses. Most of these water
requirements have already been mentioned in previous sections of this report, but each is briefly
described below.

2.2.1 Process '"Vater

Process water requiremcnts include dilution water to prepare the molasses substrate, rinse
water for product rccovery rinses, and mixing water for product extrusion.

2.2.2 Cooling Water

Water is typically used as the cooling medium in the heat exchangers used to cool the
fermentors. In a cooling system with no recycle, or a "once-through" system, a full
supply of fresh water is constantly required to pass through the heat exchangers. In a
"closed-loop" system with recycle, however, only a smaller volume of fresh "make-up"
water is required periodically to replace the water lost from the system.

Water is lost from the closed-loop system by two means: evaporation and "blowdown."
Evaporation occurs in the cooling towers. Blowdown is a small volume water that is
periodically purged from the system and replaced with fresh water to help maintain the
desired water quality. In addition, the cooling water often must have chemical additives
to prevent scaling and corrosion of the system's metal components.

II
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2.2.3 Boiler Feed 'Vater

Boiler feed water is the water heated in the boiler to produce steam for equipment and
raw material sterilization. Steam is produced by feeding the water through tubes
arranged along the walls of the boiler; the water is vaporized into steam by the heat
generated in the boiler.

If, after use, the condensed steam can be captured, then it can be recycled. However,
this water must be of high purity and/or have chemical additives to prevent scaling and
corrosion of metal components. A small volume of boiler blowdown is periodically
purged from the recycle system and replaced with fresh water to further minimize scaling
and chemical concentration.

2.2.4 Housekeeping and Domestic Water

Housekeeping and domestic water is required for routine wash-down of facility equipment
and floors. general janitorial cleaning, and sanitary and personal use.

2.3 Wastes and Emissions

The most significant waste generated at a typical yeast production facility is wastewater: a major
facility operation is dewatering the product. A great amount of washwater is also generated as
a result of sterility concerns. Air emissions and solid wastes, though not as significant in volume
as wastewaters, are also discharged from the facility. Each facility waste is briefly described
below; those wastes that are generated during the production process are also listed on Figure 1.

2.3.1 Wastewater

A great and regular volume of wastewater is generated from production process
operations. The process wastewaters are given on Figure I:

• Effluent from molasses clarification;
• Spent substrate and rinse water from product recovery; and
• Discharge from the filters during product dewatering.

These wastewaters are highly-organic since they are derived from processing molasses
substrate and yeast, thus they will carry substrate and yeast residue. The wastewater has
been reported as having a chemical oxygen demand (COD) of 10,000 to 30,000
milligrams per liter (mg/L) and pH values in the range of 5.0 to 7.4. Typical BOD
values have not been identified.
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Other sources of facility wastewater include:

• Steam plant boiler blowdown;
• Effluent from air emission control devices employing water, if any (these

are noted in the following section);
• Floor and equipment wash-down water;
• Janitorial and domestic wastewaters; and
• Storm water runoff from the facility grounds.

Of these lower strength effluents, only the floor and equipment wash-down water would
be expected to carry significant substrate or yeast residue. These wastewaters typically
have an average COD of approximately 1,700 mg/L.

Because the higher strength process wastewaters are discharged more frequently and in
greater volume than the lower strength wastewaters, the combined effluent is usually
more characteristic of a high-strength wastewater.

Wastewaters are typically sent to a treatment plant on- or off-site.

2.3.2 Air Emissions

There are three notable sources of air emissions at a yeast facility: the fennentors, the
steam plant boiler, and the fluidized bed dryers. A wastewater treatment plant may also
contribute to facility air emissions. Emissions from the fermentors and the fluidized bed
dryers are yeast production process wastes, and are listed on Figure 1. All emission
sources are described below.

2.3.2.1 Thc Fcrmcntors

The most significant source of air emissions is the fermentors: volatile organic
compounds (VOCs) are generated by metabolic activity in these vessels. Ethanol,
which is formed from acetaldehyde, and carbon dioxide are of particular concern.

The referenced USEPA report estimates the VOC mass emission rate from a
typical facility at 82 megagrams per year, primarily from the trade fermentors.
This rate corresponds to 0.0005 kg of VOCs per liter per batch of fermentor
operating capacity.

Yeast facilities typically employ process controls to reduce the amount of VOCs
generated, and some facilities also apply air pollution control systems, such as wet
scrubbers and incinerators. Depending on the control system, the pollution will
be removed from the air through chemical alteration into less toxic substances, or
through physical transfer into wastewater or solid waste. The pollutant would
then have to be handled in the wastewater or solid waste, accordingly.
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An on-site wastewater treatment plant is also a potential VOC emission source at
the facility; significant quantities of VOCs could be emitted during microorganic
digestion.

2.3.2.2 The Steam Plant Boiler

A variety of air pollutants could be emitted from combustion in the steam plant
boiler. For example. fossil fuel combustion results in gaseous products, called
flue-gas, and a solid ash residue, some of which is carried along with the flue-gas
as fly ash. The amount and characteristics of the emissions produced depends
upon the type of fuel and boiler, but usually include vanadium and sulfur and
nitrogen oxides.

Like VOC emissions, boiler emissions are typically reduced with process controls
and air pollution control systems, such as scrubbers; depending on the pollution
control system, it may generate wastewater or solid waste.

2.3.2.3 The Fluidized Bed Dryer

Fluidized bed dryers are another potential source of air emissions. The dryer
suspends moist yeast on a bed of air to further dry it; vapors and fine particulate
may be given off during the process.

VOC and particulatc cmissions from fluidized beds can be reduced with air
pollution control systems similar to those for the fermentors and boiler; again, the
control system may generate wastewater or solid waste.

2.3.3 Solid Waste

Solid waste is typically the least significant source of waste from a yeast production
facility. Molasses clarifier sludge is the primary solid waste generated from the yeast­
making process. as is shown on Figure 1.

In addition to molasses clarifier sludge, other facility solid wastes are:

• Steam plant boiler combustion residue, (bottom ash);
• Wastewater treatment plant sludge;
• Residue from air emission control devices, if any (these are noted in the

previous section);and
• General housekeeping, or janitorial, and domestic wastes.

The solid wastes are typically hauled off-site to be disposed.

14
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3.0 THE YEAST INDUSTRIES COMPANY, LTD.

The Yeast Industries Company. Ltd. (YIC) operates a facility producing compressed and dry
active baker's yeast. It is a privately owned company which was established in 1976 and started
production in 1978. In 1992 the facility's production was 2,582 tons of compressed yeast and
865 tons of dry yeast. This output was only slightly greater than half of the facility's total
production capacity, which is 6,000 tons per year. The facility operates 24 hours a day, six to
seven days a week.

The facility is located on the north bank of the Zarqa River in Jordan. The location is an
agricultural area ncar the wcstcrn pcrimctcr of thc Russeifa Municipality, 20 kilometers east of
Amman. The facility covers 10,000 square meters of land.

Processes at the YIC arc very similar to the typical processes described in the previous section
of this report. The following thrce sections are intended to better describe operations specific
to YIC.

3.1 Process Description

The facility's production processes are schematicized in Figure 2. As shown on the figure,
YIC's operations appear to be typical for a facility having a two-vessel main fermentation stage.
The figure, adapted from a schematic provided to Harza in the referenced COWIconsult/Royal
Scientific Society report, indicates that both main fermentors are batch fermentors, rather than
incrcmcntally fed vcsscls. Thc cooling system uscd for thc fermcntors is a closcd system with
cooling towers.

As is typical, following fermentation, cultivated yeast is separated from the substrate by
filtration, dewatered and/or dried, and packaged for sale. The compressed yeast product is
dewatered on a rotary vacuum filter until it reaches 28% solids content. This product is
packaged in 0.5 kg packs. The dry yeast product is dewatered on a filter press, then, after
extrusion, is further dried on a fluidized bed dryer; the resultant product has a 95 to 98 % solids
content. This product is packaged in 100 g, 500 g, and lkg packs and 25 kg bags.
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3.2 Raw Materials and Water Supply

The facility's consumption of raw materials in 1992 was as follows:

I Raw Matcrial I Consumption (Ton) I
Substratc

Beet Molasses 8,000

Ammonium Phosphate 56

Potassium Chloride 21

Magnesium Sulfate 21

Urea 195

Vitamins I

pH Control and Clcaning Agcnts

Sodium Hydroxide 20

Sulfuric Acid 112

Product Drying Aid

Sodium Chloride 18

All process water is supplied by a private well. The consumption is estimated by YIC to be 500
to 600 cubic meters per day (m3/d), or 150,000 to 180,000 m3/year. This represents
approximately 50 m3 of water per ton of yeast product, or 100m3 per ton of dry solid yeast.
The COWIconsult/Royal Scientific Society report states that this is rather high compared to
typical European rates of 30 m3 of water per ton of dry solid yeast.

Process water is primarily used
including machinery and tanks.
fermentation process.

in the production process and for cleaning of equipment,
There is a considerable demand for cooling water by the
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3.3 Wastewater Discharges

Wastewater sources include spent substrate solUlion and rinse water from product recovery, filter
discharge from product filtration, equipment and floor wash-down water, boiler blowdown, and
domestic water. All discharged wastewater is applied to the land in a nearby forest.



4.0 AREAS FOR POTENTIAL Il\IPROVEMENT

Beyond assembling background information regarding baker's yeast production facilities, the
primary purpose of this document is to present information gathered from the literature search
regarding the latest advances in water conservation, pollution prevention, and waste
minimization.

The subjects can be generally defined as follows:

\V~lter Conservation: Reducing the process, clean-up. and domestic water use
requirements of a facility.

Pollution Prevention and Waste Minimization (PP/WM): Reducing the volume or
concentration of water, air, and solid waste discharges from a facility. PP/WM can be
accomplished by implementing process improvements to actually reduce the amount of
wastes generated or by developing a beneficial reuse for the waste and transforming it
into a marketable by-product.

The following sections present techniques identified as areas for potential improvement at VIC.
Since the focus of the IWDPP project is on water, PP/WM techniques pertaining to air emissions
and solid wastes are given secondary importance in the discussion. The discussion will include
as much information on source reduction, in-process recycling, clean technologies, raw material
substitution. and preventative maintenance as was possible to obtain through the literature search.
The areas for improvement listed are only suggestions for a typical yeast production facility;
their applicability and net benefit to VIC depends on facility-specific factors.

4.1 Water Conservation

Water conservation improvements identified in the literature apply to recycling treated
wastewater, steam, and process water. and replacing the cooling water system. General process
improvements and good housekeeping practices have also been identified as water conservation
techniques. All identified techniques are described in the following sections.

4.1.1 Wastewater Treatment Plant Recycle

Secondarily treated wastewater is used as a cooling medium at industrial facilities in a
program sponsored by the King County, Washington, Department of Metropolitan
Services. This program supplies and reaccepts treated municipal wastewater to local
industries through an extensive looped pipeline system. A similar, smaller-scale system
could also be developed for an individual facility that has its own wastewater treatment
plant.
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The cooling system works by pumping effluent from the wastewater treatment plant to
heat exchangers at the industrial facility; the heat exchangers transfer process heat to the
piped effluent. After it has been used to cool, the effluent is returned to the treatment
plant to be discharged as usual.

Using wastewater treatment plant effluent conserves more water than conventional cooling
systems, even those that recycle water through cooling towers. The system in
Washington is expected to save one user facility 40 million gallons of water each year.

4.1.2 Process 'Vater Recycle

Water that would otherwise become wastewater can potentially be conserved through
recycle as process water in two facility processes: molasses preparation and product
recovery. These applications are suggested provided they do not adversely affect the
quality of the yeast product.

l\lolasses Preparation Water. Fresh water is used to dilute the molasses in the
molasses preparation process. The fresh water could potentially be replaced with
recycled molasses tank (and other molasses equipment) rinse water.

Product RecoYery Water. Fresh water is used to rinse centrifuged yeast in the
product recovery process. The fresh water could potentially be replaced with
recycled centrifuge effluent, filter press effluent, or fermentor wash-down water.
If the solids loading in these process waters is too great to be used effectively as
rinse water, then they could be prepared for use by being clarified, filtered, and
mixed with fresh make-up water.

In addition. the product recovery rinse water itself can be recycled. In a process
reported in a French publication (ref.: Overcash) to be widely practiced, the spent
rinse water and the centrifuge effluent are evaporated and then condensed. The
condensate is recycled to other facility processes, and the solids are processed as
products: potassium sulfate and concentrated protein. In addition to conserving
fresh water, the process has been claimed to reduce the BOD and COD levels of
the wastewater from the product recovery process by approximately twenty times.
A flow diagram of the process is given as Figure 3.

The applicability of these improvements may be subject to cleanliness requirements.
However, since surge tanks and/or gravity separators would be required to store the
recycled water, sterilization could be performed here as necessary.

4.1.3 Steam Recycle

A state-of-the-art fermentation facility operated by the Pfizer Corporation in Connecticut
captures spent sterilization steam. Instead of being wasted to the air, the spent steam
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goes to a catch compartment for condensation and disinfection before any effluent leaves
the plant. This condensatc could potentially hc recyclcd back into steam or into another
process at the facility.

4.1.4 General Process and Management Improvements

Several general process improvements having the potential to conserve water have been
identified and are listed here:

• Most importantly. explore installing a wastewater treatment system, with recycle,
to treat and thcn reuse wastewaters generated at the facility.

• Minimize floor and equipment washes, as well as the volume of water used in
each. As an example, higher pressure/temperature water streams may reduce the
volume of water required to clean a surface. The applicability of this
improvement may be subject to regulatory or process requirements.

• Where appropriate, use the last rinse from a piece of equipment as the first rinse
(on the same piece of equipment) the next time around.

• Generate an accurate measurement and balance of facility water use. The balance
should track process water use per batch of yeast. Compare the measurements
to those of typical European facilities and make process adjustments accordingly.
(The COWIconsult/Royal Scientific Society report states that the facility's water
use is estimated to be much greater than that required by a typical European
facility.)

• Install flow-control valves and timers on pipes and other equipment to better
control process water usage.

• Implement a water management system that involves facility personnel, such as
employee training in water use reduction programs and good housekeeping.

4.2 Pollution Prevention/\Vaste Minimization

The state-of-the-art PP/WM opportunities documented in the literature apply primarily to air
emissions. However, techniques that apply to water and solid wastes have also been identified.
All opportunities are summarized in the following sections.

4.2.1 \Vastewater PP/WM

Nearly all of the water conservation techniques stated in the previous section also apply
to wastewater PP/WM. The techniques that can most significantly be used for
wastewater PP/WM are:
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• Product recovery and recycle, such as the Overcash process water recycle
system described above and illustrated in Figure 3. This system not only
reduces the need for fresh water, but also reduces the amount of process
effluents discharged as waste by recycling them.

• Proccss optimization. Two cxamples are:

i) Installing flow-control valves and timers on pipes and other
equipment to better control process water usage; the less
water that is used, the less water that is discharged as
wastc.

ii) Using incrementally-fed fermentor systems. Because these
systems maximize the yeast yield from a given amount of
substrate, less material has to be input to the system for the
same product output. As a result, the wastes generated
during production are minimized.

• Good housekeeping practices. For example, using the last rinse from a
piece of equipment as the first rinse the next time around not only reduces
fresh water consumption, it also reduces wastewater discharge.

• A wastcwater treatment system. Two very effective systems, the Biothane
systcm and a sequencing batch reactor system, are described below.

Biothane. An anaerobic biological wastewater treatment technology has
been developed by Biothane Corporation of New Jersey. Biothane's
system is used to treat baker's yeast wastewater at more than a dozen
facilities throughout the world, including one in the Middle East. The two
most significant benefits of the process are:

i) Greatly lower sludge generation than conventional aerobic
biological treatment processes (only one-tenth as much).

ii) A useable energy by-product in the form of methane gas.
The methane gas could be used to generate electricity at the
yeast facility or to fire the steam plant boiler.

The operating principle of the process is similar to Upflow Anaerobic
Sludge Blanket (UASB) concepts. UASBs are conventional biological
treatment units, though relatively uncommon compared to aerobic
biological treatment units. The Biothane process incorporates a patented
three-phase separator into the treatment unit, and eliminates the need for
moving parts, thus easing unit maintenance and operation.
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More specifically, the Biothane process is as follows: first, wastewater
enters the bottom of a digester tank and passes upwards through a dense
bed of anaerobic sludge. Soluble COD is converted to biogas rich in
methane and an upward circulation of water and gas-borne sludge is
establ ishcd.

Separators at the top of the tank allow degasification of the water/sludge
slurry. The directly combustible biogas is recovered from collection
pockets. The granular sludge particles, now devoid of attached gas
bubbles, sink back to the bottom of the tank, establishing a return
circulation. The treated effluent flows over a weir at the top of the tank
and is discharged. The established upward and downward circulation
pattern insures effective sludge-to-wastewater contact without the need for
supplementary agitation.

The BOD purification efficiency achieved through the Biothane process
has been determined to be up to 90%; the COD purification efficiency is
typically 65 %.

Sequencing Batch Reactors (SBRs). An SBR is an aerobic biological
treatment unit. Specifically, it is a fill-and-draw activated sludge system
comprised of treatment tanks operated in a batch treatment mode. (Most
conventional activated sludge systems are operated in a continuous-flow
mode.)

The cycle for a typical SBR tank is divided into the following five discrete
periods: fill with wastewater, bioreact, settle solids, withdraw clarified
supernatant, and idle to await refill. Since treatment and settling are
accomplished in the same tank, SBR systems do not need separate final
clarifiers and return activated sludge pumps.

The reason that this treatment technology is significant to a yeast facility
is that SBR tanks can easily tolerate shock loads of BOD without
degradation in effluent quality. In fact, the performance of several
conventional activated sludge systems have been shown to significantly
improve after conversion to SBR operation.

4.2.2 Air Emission PP/WM

The air emission PP/WM techniques identified in the literature apply to controlling
fermentor VOC emissions and controlling boiler emissions. The topics are discussed in
that order below.
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4.2.2.1 Fermentor VOC Emissions

The primary air pollutant from yeast facilities is VOC emISSIOns from the
fermentors. As stated in Section 2.3.2.1, yeast facilities typically employ process
controls to reduce the amount of VOCs generated, and some facilities also apply
air pollution control systems, such as wet scrubbers and incinerators. Although
these technologies are not state-of-the-art, a discussion of VOC emissions will be
presented here based on the results of a recent study to identify the best VOC
control devices.

The USEPA, through the Control Technology Center, performed a comprehensive
evaluation of VOC emission control alternatives. The following alternatives were
evaluated:

• Process control measures to reduce the formation of VOC emissions;
• Wet scrubbers;
• Carbon adsorbers;
• Incinerators;
• Condensers; and
• Biological filters.

The study results indicate that process control measures and trains of treatment
technologies are the most feasible ways to control emissions.

Process Control Measures. Process control measures are expected to
reduce VOC emissions from 75 to 95 %; an example is incremental feed
systems. Incrementally-fed fermentors, as opposed to batch fermentors,
can limit the amount of ethanol formed during fermentation.

As has been stated previously, they accomplish this by matching the
addition of substrate to the yeast's growth curve. By maintaining a low
excess-sugar concentration and sufficiently aerating the fermentor, the
yeast's respiratory activity is maximized. The result is a greatly increased
final yield and decreased VOC emission rate. Since the majority of yeast
growth occurs in the final fermentation stages, it is most beneficial to
equip the final fermentors with incremental feed systems.

Treatment Trains. The efficiency associated with train of technologies
is estimated to be greater than 90%; an example is a wet scrubber
followed by a catalytic incinerator or biological filter.

It is significant to note that since some of these technologies, wet
scrubbers for example, consume water, a trade-off between emission
reduction and water conservation exists.
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4.2.2.2 Boiler Emissions

Emissions of concern from a boiler burning fossil fuels are sulfur oxide, NOx
(oxides of nitrogen), and fly ash. State-of-the-art PP/WM techniques for each are
described below.

Sulfur Oxide. The simplest way to reduce sulfur oxide emissions is to
burn fuel containing relatively less sulfur. Beyond that, sulfur oxide
emissions are typically reduced in a flue-gas desulfurization system. Lime
scrubbing is the most common system, but because it can generate a
significant amount of wastes, magnesium-enhanced-Iime scrubbing and dry
scrubbing are emerging as alternatives to lime scrubbing. Each are
described briefly here.

Lime Scrubber

In a typical lime scrubber the sulfur oxide reacts with a lime slurry and
forms sulfite or sulfate solids that remain in solution or suspension with
the slurry. The solids are separated from the slurry in settling tanks, the
liquid is enriched by adding more lime, and then is recirculated. The
sulfite may be stored in basins or ponds, or converted to gypsum through
oxidation.

Magnesium-Enhanced-Lime Scrubber

The addition of magnesium in a magnesium-enhanced-lime scrubber
increases the absorption capacity of the slurry by 10 to 15 times. Thus,
sulfur oxide removal efficiencies can be greatly improved with
significantly less liquid waste.

Dry Scrubber

In a dry scrubber, liquid slurry drops containing very little water are
sprayed into a hot gas stream. The liquid evaporates as chemical reactions
and absorption of sulfur dioxide occurs in reactions similar to those in wet
scrubbers. The solid particles can be collected along with the fly ash.
The advantage of dry scrubbers is that a dry powder is produced, avoiding
disposal of a liquid slurry or wet sludge, and water is conserved as well.

NOx. The basic tools for reducing NOx emissions have not changed
much in the past twenty years, but the manner in which they are being
applied has. Categories of NOx PP/WM options receiving the most
attention in the literature include combustion modifications and post­
combustion control devices, such as selective catalytic reduction and
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selective noncatalytic reduction systems. Both methods are briefly
described here.

Combustion Modifications

Combustion modifications control nitrogen oxide emissions by reducing
the amount of pollutant produced. Reducing the formation of NOx
depends on carefully controlling the combustion temperature and fuel-air
mixture in various parts of the flame. Low-NOx burners can reduce
emissions to about 15 % of uncontrolled levels.

Selective Catalytic and Noocatalytic Systems

Selective catalytic and noncatalytic systems use ammonia to reduce NOx
to water and elemental nitrogen. The pertinent reactions normally proceed
at very high temperatures, so in selective catalytic systems a catalyst is
used to promote the reactions at lower temperatures. In selective non­
catalytic systems, an ammonia compound is injected into the boiler at the
appropriate temperature window. These systems can remove between 30
and 80% of NOx emissions. Some systems can also be adapted to remove
sulfur oxides at up to 95 % efficiency .

.Fly Ash. Fly ash is typically collected on a standard control device, such
as an electrostatic precipitator, and then ponded or landfilled. However,
partial utilization of the collected ash to manufacture pozzolanic material
has become more commonly practiced. The pozzolanic material can be
used as fill for roads, runways, and construction sites, and as cement and
brick admixtures. Recovery of the metal components of the ash, such as
aluminum, vanadium, titanium, and iron, for commercial use is also now
possible.

4.2.3 Solid Waste PP/WM

The only potential PP/WM technique identified for solid wastes is to reslurry the
molasses sludge and reuse it to produce the molasses substrate, if technically feasible.
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IedlnololicL 8c:rdu of IIA ttdlnolocics can Indudc~
aDd maintenance (0 ... M) Ind C2JXta1 COlI reduction. and enerJY
(X)CDet't811Qft or recofttY. Other benriu may beim~t
al~ rd&8biJity. lOua co"troI. impnnanatt in envt­
rumnea&al~ a:ttiewd.. ndamabOft and taIIIt d water.
rcqdi",of~coftlUtueau. dimiurion of WrUlce di5­
dwwc. and impnJ'l'ed;aim tmI~ndustriliaatrnmt. The
U. ~ EDv,rar"naM" ProcC'f'1'O" "'taq (EPA). ia futfiUi.,. ItS

maDdae linda' &be CWA. daodopcd "b1riofta aDd critai8 for
rundiq pro;eeu DGiocnnde that \lie an IIA tedlnololY. The
IIDdrstyinc~ 0( theIe I'CIUDtiona is the ~ision of I

t.x~ incenliw:: a pant inaaIe fnn 7510 "f. for
the deIIip and~ of nlunicipaJ bUdDlidlt IledlDOIaIY
.. IctJiUUlU ..~ of the Qlfftftl ....Ie-oi-eJle.ut
IClt:hDc*V w1ttl raped 10 cneec;ne the -.ted obj«ti....

Since the puIIIe of the CWA. enuaI municis-l IIa1rneni
pLanes bI~ t!la!n'CId ec4ditioaaJ rundinc under me VA .ed,,~
IlftlIR,fI\. As apeaed, DOt all p&anu adUewd the (uJI ,.... o(
~ted bene6.b after they~ C'OftIlI\KUIfL

ThilllUdy~ &he raukI 0( I PDG<OnIlIUClioa eva.luatJoft
of one IIA l.edloolOlY. lCQDmC'ina batdl readOft (SBR). uxd
a& Ie¥CnJ pAuu in the U. S. Th is i INonn.IUOft wu cofJecuId to

eD.IbAe bcDdJa alVA teetlnakJPc:s be rc:aJUId ra dcsipinc Ntu~
r.cwtieL Funhur. it is impo,wn ttYt limiUlUons and CClnIInints.
ifIny. 0( the 1/A pr OCXSKS aJ.so be tqlIOf'Ud JO thai these can be

~tdyamside¥ed durina pbin.unc Ind dcsip pf\aa of
a pra;ect.

SBR TEOINOLOGY

The SBR is a 6JJ.ud.draw 8Cbvaud dlldF system. E.adl cank
ill the SBR~ is IiJ1cd wiG wac.ew.tcr duriac a di.ltme
period 0( time aDd Ihcn operated in a batdl bUlment mode.
After U'aIlmeftl. the naixed liqllOl' is aJ10wed 10 IeUJc ror a~
delennincd lmount of time and lheD tbe dari6ed supernaUint
is wi1.hdrnttt frocn the tank. Durine tratmmt. _mentation.
aDd WitbdnIwa.I the ......Ier Sow is either cfirecrecI to ancMhc:r
SBR tIat i. the 1)'IIaD.. in a multiple U1nk CDfl6pration. or
10 I ..... tank ia a ...... SBR tIIIk collApratioD where'l is
dmirn ror tIeItJDeftt after the~twithdra-..J hM ben
complead.

One modi'" ...,. of the SBIl JlI'QC'ta. the iadeawillliUl cyde
ealEbded -.ooa.,.. (ICEAS), opa.- _ tile~ of
c:omieuous feed._ in aCOIlIiD~ ae:tit:ad",~

A1IpIl191S

but with inlcm1lnem withdmwaJ as in t.be SBR JYIICftL With
the ~CCCJCIOft. lhen~e:.of the 1CEAS. an SBR~ is com­
prued of either a saonee lank aDd .,. SBR cank or I DliD.imum
o( two SBR lanD 10 aa:ommodase a conllnuous inllow of
wast.ew1IlCr to the treatment ~nL

A lack 0( ...wei,~... staDdarU is eM ..,.
obsbde to be ..... SBR 1ec1llecMol7r~ IIIe rBIaI"da
~ fa "0••• pncOcsJ a,.1btioL

Each syIICnl~ Ir'eIlment. ICldimenLaIioa tJI mPaI
liqu« lOt.. and wi&hdrawaJ 0( IUpern8UId iJllhe __ ....
Theraort.lUdll}'llCnll do DOt need IqlU'aIe , .... dlrilenad
mum aaMIelS 11,* pump' (F"cure I). Tub ia ..SIR
sysIanI~ ....... flow and ddctwIe ......- ...
lenrrinemIy: thiI diJc1DIioa. un_ GCherwiJe UdieJMd, ....
widllUdI internliftcllt feed .... witbdnwal~

A cyde (or. typM::M SlUt is divided ialO tbe l1Dowilil 6ve
discrete periods (f'"1IIIft 2): M. "*'- eenJe. draw. aDd idle.1 The
PUrpoR of eacft period. with the ClCQlCioa of irDe. i& mdeeL
Idle is.. , ill I muhiple IaDk~ what oac laM i& DOC

yet (all. perbapa allow flow. aDd is ftlli.,. wtlue the IIIClOnd taak
has~ draw and is thlll is die made.

F"lIW'C 1 shows a lina)e ......It 1ft cadi of the Ave periods ofone
compkle C)de. The lip",!! alia sftowt the percent of the mai­
mum I1qv1d volume aDd toW C)de rime WI is typic:aIl'« cadt
period and the purpolC of aaatioft durinc cadi period. ICEAS
has CXJfttiDUOUS 60. JO it hal no IqJIIUC fin and no idle periods.
The U1nks in an ICEAS always ha~ I PiDea"'tion c:omparUnalt
n the iDlluent end te:nninalina ill at.tJe thai pemUIs._....
to enter on a continuous t.Iis widIouI ca...a."'·1 _
t\lrtluce dW'inl1lCUle and draw. Other SBR IysIaftI may noc
have this~ ptUea:bon come-rtrnenL

Imne' prorided an c:aedlent diltutlioa oI'lhe Ave periods ill
one~ SBR cyde. and induded I~ O(the r)1licaI
procr:D equipment and hardware thai may be aSlOriatcd with
each period.

HISTOR.ICAL PEltSPECIlVE

SBR IedlnoIau iI DOC new. ID r.ct. it PiecederI 1be ... cl
contiDDOUI low Ilf:1ivu.t ...... adardoo. "I'IIeft .. ...,
cumplca of.... pro ill me hiIIDr7 oI...a·eipal ....
...a-I m' Sictwic:t ad Mwrayl oudiMd ......
of bIIdI pro : II Uno coatiiN.a. low Pl'Cl ill E", ...

867 1,r,
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lifter pco:%SIli minnnaL and !\as been frequently com.... with
that or SBR J}'IImlS In titeratUre.'l-16 Amona the salient points

~

• An SSR unk sen'CS as an cquaJiulMm bain duri", fill and
therefOR can easily tokmc pc:U.~ aDd shock IoIdI oi~
dlcma OIYJl=ft demand (BOO) "';thout dqrDlioft ia dIluenl
qualily. In fact. the pcrionn.ance 0(~ unaJl conlinuous­
now 8Ctlvated Dudte systems. wfuC'h~ no. coMlSlCnUy pm.
dUC1"1 JOOd df'Iucnt as a result 0( CIlC'CSSlYl: diurnal wnatJons.
SI&J1i"":::Ullly impro\"Cd after C'OO\"C'fVon 10 SBR epcntion."

• BeaUle dftuenl dilchar)l: IS pcnodic. "';lhin limits. effluenl
may be hckl unul i. meets sp:c'Ifaed requirements.

• Durine the early desiIn life. when flow is sipt6clndy~
than des1p CIDK1ly. liquid~ sensoR an be!rt ata lower
1C'Yd. to lhala frac1JOft of the SBR LInk capac'lty is used. In this
way. the kn1Lb of tn:almmt (')'des can be k~ lhe same as
dcsicn Wllhout ....11\1 po'A'a' unnca:s:sanly by ~-acr:lltion.

• Miud (jquor sot. cann04 be washed out by h)'draulic
Ulr)a. because they can be hdd in the tank as Ionl as """'"A'Y.

• No RAS pumJli"l is reqllU'Cd. because the ml_ liquor is
aJways in the ractor.

• SoIid-liquid ~tioDoa:uR under nearly ideal quieKat
conditioal. Sbon cimmina ill nonc.uI1eut duriaa &be ICUIe~
riod.

• &«:au-!be 00 COCXleIItration is zao 01 Deal' laD duriftl
&Jt<Wc U. it pnwida (or. pata'OI)'IIm drivi.tta.,.....dDriIta
!be raa period. This 004I1d ad'Iine~ hiIha' OWAII
(1)11tG a.rusf« dlcialC) with the same aeration CIQ'UipmcM.

• Filamauous IJ'OWdI aD be easily controlled bJ ..,... the
~na~ durinc fill Cb~ and Im_" lqlOl"llld .­
results of. Iludy in -tlictl IfudIe \'OIlume indes ($VO dhB
wa'e rtduad fronI aboul 600 to $0 mLJ. ia • Ieries 01 t.tdt
n:xtor1sub;cclcd 10 vaty1"1. but controlled.~ IIJate.
';tJr-iXSCUtl or aeraud fill time deacaw:d 1UWtIIi , frown
100'10 (0/1 • SV1 of 600 mlJa 10 oor. ror • SVJ 01 50
mLJI- Irvine and cowortu:n~ thai the bell~
stntev in an SBR is 10 haw a major ponion 0( fiR unnUud

!

::::H>l~ LI5/U CF C:5:51 ~

F1Dn 1-Cc.e._1I1__~ SBI .... UM_..... k1MfM dIadiIr,...
Inine I aad 8anh J lraccd lhe b1StOf)' 0( SBR uehnoiolY to the
modem en 0( C'OOlinuouH\ow 8CtIvatcd lIud1e-

The pn:a.IrIOr to the \'VlOUL now Camiliar. conlin~Oow
aavated shx1le pnxCSttS was ac1u.a11)' a ftll-a~r3W systm1

operaLed ina boa td'l pn:x:os. 10 1914 A rdem and Loden" -..en:
amana Ihe 6nl1O show Ihoe bendil 0{ raaJni"l a.lt.mlNdapud
orpDDlDS rar elIicient treatrDCI'n. Wontftl wlln 2..J.l flasks
COOWlllftl raw~ lOr M.anc::hc:sIer. EncIand. they shooAoai
t.bal lAc bPcD .enuoa pcnod DCICded 10~ D.ltn6c:aUon

couid be rtduad from 5 weeb 10 9 hoan if the Dudee uw .
aa:umaJaaad £rom cadi baIdI -ae rcwncd in the flask aI\a"
deanunalbc nilrifxd liQwd. They c:oiDCd l.be &erm IaivalCd
sIuc:IIe 10 dc:II:nbe the rauharu bio6oP* D\&&~. lIWIy

diIifuJtis wa'e --.ociated WIth opcra&.ina l.beIc 6J.ud.dnw
~ IDOIl resultina from the pmc:as valvi"l required 10
rwitdl 80w from oee \anI to l.be other and opemor anention
~uired ia illitiatiq d.iIJc:rCftt penods requiraf ill Ibae t.ldl
syaems. As • raub of this. t.Ida I)'1IClDS news' became popubr
'n Wwe ICaie l1Iunic:ipaJ lJaUDeAI planta.!ty 1920. wtIen Wwer
.acilities~ bciOl oonsllUC1l:ld.. balch I)'1IanI weft 110~

cocdideitd via.t*. "The birth aDd.~ lIIe ofeontAnuous-­
now sytI.emI raulLed primarily from oocntional considerations
and noc (rom any~~ of the baldl sys­
lemL

Times ha~ c:baneed- New haldwvc~ sud't as moaor­
im:f vaJ'U poeuraatically aaualoed vaJ-.u. Penoid vahu kw:f
IC:I1SIOR. llawmew:n. aulOlnUM: limen. and nuaoptOCleDOR or
process 00ft1.l'OlJcn ha~ been dndocled and are roulindy avail­
able.. It is impoIUJu. lheref<n. thallhc appficltioa oI'SBR tecb­
noklcY. abandoned beause of !be unavailability or IheIe~
be I1le'WJI..-d.. A series of~II publiJhed nandy pI'O'Vided
• broad 0'f'eI view of SBR I)'IIernl and their UIe.. In !be early
19801 EPA ancmpccd to rn'i'le iD1a'all in d'lis IedlnoIc:v and
~t CIOIlIidenbie IU InS of money nah&aIiat the procesa 011 a
f1lB.«:aIe lw:IiL Il TbiJ raeardII aallllned • fuD«:aJe demon­
etralioD ofa two-eaftk SBR 1Idi~ lIud1e u.unent pAant OYl:l'

a 2O-montb period in Cui¥eI'. Ind. RauJu of lhiI pro;ea led to
the use ofSBR \edlJlOioly at tnaaI ocher municipal faciJiUcs.

AnVANTAGFS OF SBR

~ts of the c:ontinUOUl-&Dw aetivacd t1udae~
cite 8eJLibility as ODe of the main raIDQI this pt"DCC8 is pede led

O'la' the triddiac 6hI:r procaL This IesibiIitycaneI from IeWI"8t
soun:a: ability to vuy the retunI adi'.... 1fudIe (RA$) me
aDd resuIatDdJ abe~ 1'IIio(F/M),"-'_
n,.ea (DO) coooeuuaboD la me r1!KIOI' by ......... me..­
me. me. aDd the .....~ s-* ".,ibilily in the CI"iddiIIc
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aDd unaenud foIlaMd by muina aDd acntioo durina me re­
mainder of flIl. abouf IS to JO mmU1CS. An SBR an easdy be
dt::RI;DCd \0 acaH'Ilmodate theIe oper.I1JDllU1lq1eL

• An SBa ao be opcrued Lo~ 1litn6caboa. dmim6­
(21ioft. or~ ranoval wttbout cbcnucal addIoon. N'"
U16anon an be ad'Iined by 'ncJ12SlD& the dW'UJOCl of react

Of by Increasa"1 the durauon of the m ixedJaemed poroon of
Iin. whue dennnflation an be KhIC¥ed by incn:asut& the Icn&1Jt
()(' scnJe and dr.Iw or both. 50 that DCar u:ro 00 condltlOns a~
~ dunnc lhese penods..~ mnovaJ an SImilarly
be k'COmplu.hcd lUa:essfuUy by sdectiR& a ronuol Slr.llLCU that

dlmu~\t:S01Idw:d nllrocen and 00 dunna fill(~c con­
dJUOns r.lItroer than IftOUC amdioollS or JICtOb'c conditions) and
allows for aerauon durina the react period.I' This Gr.lI&£IY has
bclCo suaasiuIly wed at CuIvet Lo reduce phosphonIs to IcsI
ttun I m&/l dunn« the b.sl year. These vaNlions In opcnUnt
m<ltC'IJCS are unique to the SBR~ and can be easily
adt~ by SImple adjustments In the mtcf'OC)lucestor sctunp.

• It ~ been reponed by lmnc" thatthc nbonudeic: aod
{RNA} contCftt of the nucroorpmImI 10 the SBR is three to
row nmes 1"2t.er than wou6d be C1PCICted from I COft"CnttOl\ll
conuaUOUI-lIow syaan. Bec:ause the powth nile of microor·
pnasma depmc:tI on the RNA COftLent 01 the cd... the hiahcr
contem of thd latl"X'dlular mIdIincry in the SBR cuhure \I

.. capa.b6e of PfOC'CSII"I a ~Icr quantity of sublanll.r at a 1fUleT'
rile than LS poIIRbIe in a ClOOYmtionaJ conunuous.-Aow rya.em.

EVALUATION OF SBR FAOunES

This study Involwd idcntifytftl opcntiq SBR facilities l7y
talkina W1U1 VA coordinaon of C8dI a\e., equipment manv­
fM:turen. and i eve UC:OWI \'CS of Canadian prO'Y1 nciaI p:rm-n­
rneo.lS.. T'he comu/lina eDlinettl ~bIe for desi&nlnc
thc:sle facililies~ also idmtJhed.. 'The enainceR 1toUI! conUll:1ed
to otlUi 0 impon,ant dcsip infOfl1\alion .. API now. BOO. and
\InJooaJ Po/Jullat DidwJ,e EJimina.uon System «NPDES) re­
QuirefnC11l.S.. 8bed on a pmiminary anaJym oflhe ,nfonnauoa
oOUlncd and c1iscussions W1th the EPA. all foar SBR facilioes
operaunlln the U. S.~ selected (or poIl-a>nSO'UCtion cvaI­
u.won. Two facilities in Ca..nada and two facilities In AUSllIlia
~ also selected.

This list of sdcc1ed faclJilies co~ a r.lInee of conditions.
ror1¥e1lUOftlI SBR and ICEAS plants.. reuofits and bnnd new
(acilitics. dilrcrc.m acratJOo systems.. anddift"cm1t /low c:apacrues
(Table I). Ownen of lhcIe Cacilities. CONUItina CDlineerlfli firms.
and felWatorY q,encies weR coataesed to establish lChedulcs
for sue vuiu.. In addition. they were requested Lo fOfWlrd COpteS

0( the dcsiIn doc\I menlS,. indudi ftI fIlCilities cKans. NPOES per­

mns. plana and ~fic:ations. and 0 a. M manuals.. AtumpU
~ fNde \0 rev1ew these dOC\lmenta ber~ lite visits 10 thai
the 'tisits roald be e1fecti~ used to obCain supplemental or
:ntUinllnfonnation.

Site VIsits 'Mft made with the plant ocxrators and re;NtstJr­
WJ\'CS of the cONuhina erllJnecrina firrM on established da1CS.
Acom~¥e~ qUCllionnaire wu used to m:ord the
IDformauon coOected durina fidel MtI.. This was followed by
1 thorouaft r'eY'icw of the infonnalion coiIec:t.ed. FolJow..uIJ phone
calls weft maIk \0 the plant opaaU.,.lIaII'to obcain additioaal
in(orma.aoa if it.,.. t'OnsdeIecI Mi ry to mmplete the cYaJ­
u.I1ioft.

?lB

DISCUSSION
The information am.mcd lhrou&h a rmew of dcsicn do

merits and fidd tripI ...as a.retulty analyzed. Table 2 I.isu I

pcxuat infonnauon for t.ad'l of t.hc ciIht pWns visited.~
comparisons and condusrons were drawn from the infonnau
in Tabla I aDd 2:

• Optnti'na suJr II cxh of Lhcse plants indicated that .
SBR procnI was more S1ml* to 0Qen1.r comPl"'d to the C't

"'CntIOnai conll nUOU$- now proa:ss.es. activated sludlle. a
InckJi"1 ftllC'R th3tlhev had ~YlOUSIyoperated.

• All plants wc:rc merllnc effluent ~ulrnnenu with the ,
C'QJl1OC1 of Grundy Center WlSlewaur Treatment Faciliry. 1
prob6em at Grundy Center wu IIIewcd ~ be t.hc tault 0(

un.sausCac1ory dcal11a' dcsi&n. which pmniucd the MLSS
enlet' tM decanter ptpina system durint fill·react. and sn
penods: thex solids are sut1scQuc:ntly discharwed with tM (
C'2nted effluent. The otY IS In t~ process of rqMacina 1M l

anter.
• None 0( the ptanu. wtlh the exception ofC'uMr and Yam:

haS pnrnary uauncnt In iu flow JCheme. Culver and Ylm
had exisuna prllNTY danncn wInch they continued to 11K

lhe SBR procaa acbcmc:.
• EYm thouah the wa'a' quality ob;ecu-.e at the eiaht pial

visi1ed~ ClllmuaUy the same. tnc desip crilCria and the'
ac:1Of sUa and power~ weR not. For cump6e. the the
retica.I ~nUOft time (V10) varied frons 7.6 houn at Riwrm
10 49 hours at G1en1ea. The dift'erenca ia the w1us 01 FI
nItio weft a'" of the same 0I"Ck7 ollftalllitude • the daanir
time. 0.11 day-I ..Ri~ and 0.032 day-I alO1cftIea.

• ~ appooed'l UIClI by the dc:sip eI"MlaI in desipir
u.se panu YU"icd fi'OIII aD cntitdy cmPnc.I ....oectt j"¥llMt
siD", of the S8R radOf(I) t..d on IOtneWUa artJitra~· f

Iec\ed detmtton limes to an approllCfl where ana of the' r
X'lOt(I) and~ equipment ..... bMed Oft the waIacs ofc
pnM: Ddins. FIM nlUo. sludIlC conc:aJtlaUon II the end ofu
decant period.. and duratlOftS ofdi Iremn periods comprisilll U
ovenJl C)'Cie.. Boch appIoedIes produced rdatiwiy COMen-atr
desipa.

• Parti.aJ to nc:IIrty full nitriflation was~ in alrno
all fxiJities visited. althoulh it was mandated .. on"" ...
(Gnlndv ('entes' and Eldora). Ope'nIlon did not bdie'¥e 1M ir
pkmenuuon of a nrtriboon conlJ"Ot SUI'CIY ...as dimaah. Ot
of tM facilities. Cul¥er. Ind.. IS curTmlly mncmna phosphon
~Iy Lo Jc'Yds less than I mill without any c:hnntc:.
addition. This is beina accomplished by adjusliq the opmtifl
stnltqy 10 that an auelobic (no OX)1m and no nitrate) fi
period is (oI\owed by an aerobic react penod.

• The operatina C')'dcs «fill. react. settJe) used II the r.otitit
weft abo sianiftcamly di&renL For example. the rae! prrio
V2I1ed from 22 houn ia G1en1ea 10 aboull.5 hours inRi~

• The openU"I~ UJed by IOme.,atGft (Ri,"ft'tIft"
Glenlea. and Cboc1aw) in¥olved .mtian duriftl the eTllift 6
pmod whKiL althoulh COftuuy to the recommcndatioas (
Chtesa and Irvine." did not necessarily mcourqe the IIV""
oll\1ammu to any lianifunt depa.

• BecalllC of the dill'ett'ftCCS in the opentma~ pOM

us:aee at these ,*n1l wa lIII'ificanlly diJrcmtt: from • 10-' I

0.' kWh/lla BOD applied to 22.9 kWhlka BOD~
• SnmII type oLdecutcr mechanisms 1ft .-I AI their Ii

c:iJitirs. They ruee hID all atrcmefy1imPe.,..,. tbaI CIOnIiIt
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~ one fi:aed ¥ertic:aJ~ submepd pfl)e 10 a Ro.tina
dec:IJ*.r. AU facilities In the U. S. ~ncliiC'ed lOme di&ic:ulties
op:n.unalhcir dcc:anler mcd\aQlIrI\L bcaUie lhese P"11'lined
11 one time 01" another. the MLSS 10 cnlCT the decan4CI; meen­
anism PlP'na dllnna fiU. react. and setlJe. 'These solids~ di..
c:ha~ dun.,. dcanL and aJrcxtcd the effluent q ualily. 'These
probkms have hecn comctcd at some faC'ihtics and an: beina
conu1ed al othcn.. AI Culvn. Ihis problem was solYed by reo
lumina the cfflucnl dun,.. the fina I CK 2 minutes o( the deanl
pcnod 10 the acnuon hasln Ihrou.ah an aUlomallC Ihree---.y
Y1IYe. aller which time the dconlcd effIuenl _ diYCftcd to the
chlonnc conLX1 link.

• Fiyc of lhc aahl pI.I nil used jet acnllO" in the 5BR tan Its.
twO U3C'd diffcacd air aeration. and one UICd f10atina XtatDr1.
'There srcmcd 10 he a prd'erentt (or jet aeralion bcaLde il pro..
Vldcs the f1cxi~lily 10 tuYe unmiLcd and unaeratA:d 611. mixed
only fill. mixed and ac:r:uc:d fill. or any comhinalloa ol these.

• AI Chocuw I I1l&IL ofa QllOnJC JlOlymcr 1S.oded manuaily
once a cby: no rnemJCIts an= uJCd 10 UIISl in IdtJinl al any
other pbnt. xlIlc:atxlity of l.hc mixed liquor allhis pWIllCC'1nC:1d
nooceahly hc:ttcr Ihan thaI al lOme of the other ptants.

Oft:u(ft' .edIu_ ..... As indiaud eariieT. decanter
IOClChanwns ol varYII', comPestUcs NYC been lItcd al lhc:Ie
Cx11i1 ies and wtth varied IUC'C'CSL Thesen. (rom a ft:aed open­

I endedsu~ pipe (Ri\'Cm\:ll aDd Glmleat \0 a btina
<kanter.Grundy Ccnler. Cul'1:l'. Tamwonh. and Vambl). 'The

- Cbocuw plant has a fixed submcrwed pipe Irid with dawty
SI*Zd ialc:t nipples.. wtlidl _ law c:hal\lllld 10 a Ii~nt
Wltbdrlwal S)'Aerft because lhe oricinal dcsip pcnnitled a sie­
niant quantity ol MLSS 10 CRier "'is pip", Irid durilll 6Jl
react. and sctlJe. EIdcn's SBR facility is alia equipped wi'" a
lixed decanter. but ola dilrcrcnt daiIJ1.

A ~"cd ~ption ollhc dill'ennt types ol decanten. to­
~ with thar pnlC and cons. IS presented~ It

AREAS OF CONCERN

One an:a of conccm is dear. lhcR &R no widely eccqMd or
Mddy k~ rundards (or the dcsiIn of SBR I)'SICrrtS. ~ •

raul.. C'Ycry oonsulUnc mJlnftT~ the desilJl dill'er­
cnLly and obcAuled • d&lrtfatt ........ Tbc rault in one cuewas. sma.l1 rae\Of (dctenuoa time: o(1es thlin • houn) and in
another case was alarJe IUCIor wi'" • ddention time tha1 _

R.\ times IonF. Similar dill'erenca 1ft OCher daip peramescn..
sud1 as FIM ratio. tolids mcntioft ume (SRn and~ du­
r.abOnS were also noted al theIe r.cilitieL

An equ.aJly silJli6ant dilfermcz lies in the type oldcc:anla'l
used at thcK facilities. 8ec:ause all u..d~nceIarc rtflected
in the C'OIl olC:lc:iliticL com periIoe~ "'iI pnx:asand the
continuous-flow KtMtaI lIudp I)'IIemS Ind other bioklP:al
$)'SIems ror 1lIUI«:wa1er tresttDCftt pc-. dilfic:ulties.

DifJeJenclCi in the opcntillillRlqia IR JUSl as ApiftcaaL
For oample. GlenJea lIB • ll-bour rac:& period In a 24-l1ou.r
ownJl C')I'de. wtlite RhaUtii lIB about 1.5 houn in I J..bour
C')de. Thee ciilFerences ncJ( only aJIiect the .. oJ the IICI'aboo
equipmaat. IS I spec;6ed amount of BOD mUll be satis6ed du­
illl the react period. but &lID die~ CClIU oil r.ciJity.

AI~ "U'iablcs &ad YIriaIioM 1ft ill I CIC*-

e&cti~uaI~ nu.. tbeft iI ror ti· foa
ofdeIip uct~ PIIOCleINNL StaDdII Ii. •• II aIIO..

.- .. ..:;.

porunC from aAOlher poincol vft: it will briJII teda~
from the raeudl raJm to &he prxuc:aI arena. it WOU~
he conGda'ed a~~ion by I pract1c'ina alii daipan
facilities.. U nJeII ",il is done most pncuc;ftI enci II1II'/ C'GL

tin~ &0 bdiew chat the t«hnolal;y • in the dew6apene:nw ...
with ISIOCVtaI una:rt.aintics ollU~ and .... their dian
may ~ nstina lheir inYOlmcnu in usinl SBR ror~
prDfCXtS. This wou6d be far rrom the tnnb. becaUIIC abe II:dmoIa&
is no( onlv provm. but can also be C'05Id~in se¥CnI ar
pliClIIOns.. Communities such as RiYCf'CTeSt. Glenlc:a. Eldon
T.:lImwonJl. and Yamba buill SBR ~IiticsmLirdy out o(t~
own funds hec:aUIC they ~Iicwd no undue nsts wa'e ISIOciateI
"""" Ih IS tccftnokJcy.

SlK;<;E:STED Df.5IGN APPROACH

The hlcnturc II (aJl of me1hod1and apptOKhcs for daianin
conllnuous-floow KUvaud audll: sytIcmL Howncr. no undIfI
and c:asy pnJl."CIdurcs h:I\'t: b«n ~Iopcd for desipiftlln $BI
S)'5IC'm. The rollowina illustraces one~ nlionll .•
pro8C'b tlull can he UKd to dc::sIIJIln SBR. A numerical tumpt
..;th pnalC'&l aaumpltoM. Cop:tMr wilh~ for IUdt ~
sumplions. is preleftlCld~ It

I. CaJcvlate daily BOO DdioI (F).
2. .......me a iWUlbIc F1M mig cpnsiaeat wi'" the -.It

quality otljec\iycs aDd c:ak:ulate M.
3. A_line a suitable value of M LSS cvncartnttiaII apeaer

a1 the end of the decant period and c:aJcuIaIe l'OIulDC CIClCUIlio
by the KttlCld mis.cd liquor IOI1dI (lit) ..... 011 abe ......
concatIIliaa.

4. SekI:t the namber ofSBA aanu 10 be .....
lhe ¥OlllftlC oa:upied per tank by the mWd IClIidI ca
ctllated if!~ J.

,. Dec:idc the number ofopcrui", C')des per_ and cakvla
the ¥Ol1l1llC oJ liquid to be handled per dcc::aIt per 581. 1Uk.

6. Vofume of Qd\ SBR tank equals \be ¥Ohnnc c:aIaa.IaIa
in S&.eI' 4 plUithe 'lCMume caJc:uJated in SIep ,.

7. AJlume a suitable SIIR taak depOt aad c:alcalale area rr
quired per tank: decide IenIlh and widUL.

a. Baed on the c:aJc:u1at.ed tank ara. dMI:tc the ... oCth
decanted liquid I1CIICCSII)' to accommodate the liquid ¥DIu.
c:ak:Waced in Step .s. Make sure lhat it is reaoaabll (I to I.
m). Ir nol. rqJeal the ptev;ous IlqJII (for c.umpIe. illCl'aR til
.rca CD reduce _It) unul reatonIbie values olleftlda, wicfIt.
~ and decant deplh an:: cblained.

9. a-d 0" the 61\1J value of the tank ..... ddcrmioc t.b
~ of the s1ud1e bIaftkd 1'+ ry' to la:ollilnodlte tile \Iai
ume: of II... c:aJc:ua.Jed in SUp J. Make sure it is........,.,
(about haI( the cIqJdI oJ the tank).

10. Determine the dally O&YJCft rcqwhClnat bIIed oa-.e
quatity ob;cai\'a.

II. Size -.1IIioa equipment baed OIl the cak:I..... 0I)'Jr.'
requimnent to be .tis6cd durina 8CI'IICd fill pi.. Iaet ti..
PI Oyided i_the IOCIIItUIDber oJopenti1llC)da per_decide"
mSIIp.s. This CUI aIIo bedone t..san.~tbe CI[JlIIICIIl.

MYFD apta.lw .... ollhe nUud liquor.
12. Size decaat mecbaaiPn and pipiDlIO baodIe decal Y'Ot

un (SCep ') durial &be.... decant period.

n. .... iDuIImM oaJy • timpli6ed .....aw:tL III • rallit
UMio& IDID7 i.....cab...... .., be _. ,10'"

11
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CON<1USlONS

• All \he plants visi1ed u a I*t of this study are 1lI"Oducin&
dflueat of8ClD""t"'Ne quality with the "ceplioa ofGnlDdy Ccn­

~. 'owa. wtlidI is~nc~ .-tUa the da::uter
mcdani:'lrn.

• 11I.cft an no w1ddy IklCqlCCd or widely IcDOWD ....nc:tan:ts
for SBR dcsicn. Comcqumtly. there wu a W1de fUF ill die
dcsiao pamnes.cn. such as detentioD time. F/M I1Itio. aDd 0p-

eranDI scrau:a;es at the facilities evaluated. •
• DitI"aarl -ala' quality object.i¥el (c::arbon..aitnJlen, and
~ removaJs) ~ frequenuy actained iJl an SBlt by

P.lS3331399'3TO

• To iDc:2atc raa time.~ RDctb of the operari.Qa C')dr
does DOt~ have lID be i.... 10Jiiltl4' .. rtiftlly.~
lQCl tuM rcqulRd (or DiuUlcaUoa or for the tIUtJDCat ofbilb
~ wasle. caD o&a be ac:biewd by nanniDI tbe aeraDOD
equipcncnl (cx a portion of the MJ penod (fill, mWd. and aer·
~Led).

• ()pcranac IlraI.cIXs for mln6c:ation and denisri6c::aUon may
DO( oecess:anly be ditret'et1C ra:'OIDwaalftat Dlumc:atioa must
pm:ocde denitrifldltioA. IdenLICIJ 09Cf2uq JUateeICS caD be n·
pected if 1he 00 is reduad to tea thaD 0.5 milL duri.na ..tk..
decant. and Id&e pcnods. Many pYnu ane~na nit.n:IFD 10
some dqree nom thou&h it is not their tmltlDent ob;eaJ"C (Col·
'fa'. R.i YeI'CT'CSl. G&cnJa a. •

• Beaux~ rernovaI rcquira an atIiIIOubic period
(zero DO and zero oUdiud ai~) folloMd by an a.neRltIiI:
penod (hiah 00). a desl.itri (yi DI rysaem is easily weut* to

phoqlihoIuI mnovaJ.

The in5ql1lUon of thae~ for rncctinc di&ratt wa1a'

qu.aJity oO;ecu'<'CI inlO. auc:a:llfuJ opaw.. llIU£I1at u SIR
tre:almelU pUnt II not a.D e.ua K:ICnCC. But. tbiI is not unique
to an S8Il ConuauouHaow S)'IIanI faae the same Ibar'iroc-.
The ability of !be opa1Itor to iotep'ale theIe 0CId0ePII iato a
r;ua::ea{ul IlAICU ICImII • IOOd iD an S8R pAul • ill •~
tiz,,~..&w~ ..... I)'IICDL In __ CIICI, cana....
low I)'IICIIII CUI oaly pnMde wipific:aet 1Ii~ ....
phonII reductioa by,...;ar~ol.-cynquil'ld for
conslnIC:Wlc~ -Swancat .... tzaUIICIIl feri1irict. Mile
SBR plants CID Ka)fllplilb the -.me otJ;eaiwa by Ippi......

cha.DIcS ia the opera&.iq 1tn1c&Y.

SUGGESTED MODES OF OP£IlAnON

Tbe SBR udlDOkllY bas the ability to kbiew BOD removal
nivi6auon. denill16auon. and removaJof~ wnh or
w\1houc chcnuc:aJ addition by d1.anIJ"I tbe opcrauq ....1qJCS.

A~ of infCX11WlOD con&a.ined ia Table 2 indic:a&elllhal no
two of the pWlts evaiuaiCld UIIl:Id the same opcB&inc 1lt2&qy

~ lhouIb thor ob,ccl.iva -were amp6e (rcrDO¥a! of BOO and
suspendl:d sohds) and idenuea1. Jr the objeaiva are eJpanded
to nnnfy. denllnfy. or rancweph~ the aumber of pc»­
51b1c op::nU"I~ will be (un.hcr Inaea:scr1

NilJi6auoa caD be -=tI1eWd by proV1diac. suliciefttJy Ion&
SItT (.5 to 10 days or men) to ensure \he pvwUI of Ditrifyinc
orpJI.ISmS ADd • w.fficXa t acraud baaD YOlumc a DO c:ona:u.
tralioa~ for IUUlbaIUoa (2 IUI/l..). For deDilJi6catioa
'9 CICXW'. au tbe Ol.bcr IWId, an anoUc t.iA or aDOlUC penod
ia an SBR is -.:a:IIrf tplc::LDCX oflLiU'a1a, bu\ at.Dce of00).
If lheIe~ aft~~uaMiaDy ill an SBR. nitiri­
6c::aboa trill ocxw finI aDd be followed bJ deliri6QlioL

f"hoIphoIld can be ~1DCMld ia .. SIR by C'OIII'laot Idditioa
and precipitation IJ or bIoIcJIjcaJIy without c:hcIIlicM~n (as
is daae at uuwoer). 8foAnPca' mnG\'&I6Iw l'CIqUiIaan~
period (the abcxz of00 aDd oxidized 1I.iuoIaa). duri,. wtlid'l
aoeenous dccUuD donon (the subllAle) arc pn:en. This period
sbou.Id be foiowed by an aerobic period COO ~t) wbidI
proII'IOCa IUlury apca.te of~ by the IIudIe mati. This
priaciP'e is the t.sis (or implemcntinc aD .........ae coauol
strzlCIY in an SBR to remoYe~M&bout lIddina c::bcm­
icaiI...

Thc!e pnnci&:*:s c:a.a be wed 10 dew:Iop di&rmt ~ti"l
SlnIq)CS ror ditrcnnl~q~lity oO;ecU¥a. One Rlllf"dcd
Sl1alqJ' for~ of the ICWt'&l common water quality objccu¥cs

is shown in F'Iure J. Bear in mind that;

• In I pYen pbnt. fill time is a (unction of the plant Row nUe

o\'CS' whICh \he~ !\as DO <:OnU'Ol Fill time M" be less at
hi&h now and~~

~~ ....Oie vaJucs of MLSS wua:acnrsioilti (SOOO.
1~ 10000. ror e u m p6e). di5ereac aaraberd~C')"dcs
pel' day (., .5. or 6), diYl1l&! Sow vanaDoDi. aDd diJfrnat decaDt
~ (I. I~. &Dd 2 mI. AI a miolmulIL, il wouki be dc:sarab6e
to cbc::ck if~ of the more axnmau coa.",.....,... an be

aocomlDOiCULed dunq~
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NOTICE

This report was prepared by Midwest Research Institute,

cary, North Carolina. It has been reviewed for technical

accuracy by the Emission standards Division of the Office of Air

Quality Planning and Standards and the Air and Energy Engineering

Research Laboratory of the Office of Research and Development,

u. S. Environmental Protection Agency, and approved for

publication. Mention of trade names or commercial products is

not intended to constitute endorsement or recommendation of use.
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PREFACE

The Control Technology Center (erc)' 'was established by the

u. s. Environmental Protection Agency's (EPA's) Office of

Research and Development and Office of Air Quality Planning and

Standards to help state and local air pollution control agencies

implement their air toxics and other pollution programs. Three

levels ot assistance can be accessed through the CTC. First, a

CTC Hotline has been established to provide telephone assistance

on matters relating to air pollution control technology. Second,

more in-depth engineering assistance can be provided when

dppropriate. Third, the CTC can provide technical guidance

through publication of technical guidance documents, development

of personal computer software, and.presentation of workshops on

control technology matters.

The major objectives of this docu~ent are to provide a

general overview of the baker's yeast production process, to

summarize available data on vec emissio~s from baker's yeast

~anufacturing facilities, and to evaluate potential amission

control options. This work was initia~ed by a State of Maryland

request for technical support from the erc. The State is
~

concerned that while vec concentrations in the flue gas f~om the

yeast fermentors at a facility in Baltimore, Ma=yland, are low,

the large volume of flue gas indicates a high mass emission rate.

Thus, the State of Maryland is looking for guidance on

controlling these dilute, high-volume gas streams.
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1.0 INTRODUCTION

The objectives of this study were to obtain information on

.er's yeast fermentation processes, to determine the number and

locations of yeast plants, to estimate the potential emissions

from the process, and to evaluate potential emission control

options. The information contained in this report includes an

industry profile, descriptions of the production process,

available emission data, descriptions and technical evaluations

of the control options, the impacts (cost and environmental) of

each option, and the results of an evaluation to determine the

most effective and least costly technology options.

This document is organized into the following sectio~s:

Section 2.0 provides a brief characterization of the baker's

yeast canufacturing industry, including ~he number, locations,

and production capacities of facilities; Section 3.0 describe5

the baker's yeast fermentation process, including the equipment

used, feed materials and process requirements, and typical

~rocess yields and limitations; section 4.0 presents the emission

urc~s and pollutant types, available emi.ssion test data,

process emission factors, nationwide emission levels, and model

emission stream data; Section 5.0 presents the available

information on F~tential emission controls for the pollutants and

enission points identified in Section 4.0; Section 6.0 summarizes

the conclusions derived from this investigation; and Section 7.0

provides references for this report.

1.1 OVERVIEW

CUrrently 13 facilities produce baker's yeast in the united

States. The



compliance with the national ambient air quality standard (NAAQS)

tor ozone.

Baker's yeast is prcduced by a fermentation process in which

large quantities of ethanol and acetaldehyde are generated and

emitted to the atmosphere. Based on test data from three

facilities, the vee mass emission rate from a typical facility is

estimated at 82 megagrams per year (Mg/yr) (90 tons per

year [tons/yr]). Ethanol is approximately 80 to 90 percent of
•

the ~mi3sions generated, and the remaining 10 to 20 percent

consists of other alcohols and acetaldehyde. The vee
concentration trom a typical trade termen~or varies over a range

from 5 to 600 parts per million by volume (ppmv). The

fluctuation in the vee concentration is attributable primarily to

the variation in feed rates to the termentor. variation in the

airflow rate, and the design of the fermentor's air sparger and

agitation systems. Based on the number of yeast facilities and

the typical vee emission levels, the total annual vee emissions

from this source cat~gory are estimated to range from 780 to

.,060 Mg/yr (860 to 1,170 tons/yr).

The voe emission alternatives that were evaluated during

this study were process control measures to reduce the formation

of voe emissions as well as wet scrubbers, carbon a~sorbers,

incinerators, condensers, and biological filters to control vee
emissions. Of these approaches, it appears that process control

measures, catalytic incinerators, or a combination of add-on

control techniques (e.g., wet scrubbers followed by an

incinerator or a biological filter) are the most feasible

approaches for controlling yeast process emissions. Base~ on the

results of this study, the control efficiency associated with the

add-on control systens is estimated to be 95 to 98 percent.

Process control measures would limit the amount of ethanol

formed by the process. This can be accomplished by incrementally

feeding the molasses mixture (the principal source of carbon for

yeast growth) and by supplying SUfficient oxygen to the

fermentors. Although these process control strategies are

routinely employed at yeast production facilities for economic

2
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reasons (i.e., to optimize the use vf raw materials), t~ese steps

are not optimized to limit voe emissions. Implementing and

optimizing more stringent process control, espt!cially during the

early stages of fermentation where close process control is

usually not required, would reduce the formation of voe emissions

by 75 to 95 percent.

2.0 INDUSTRY PROFILE
Information on the evolution of the baker's yeast industry,

the number and location of facilities, the ozone nonattainment

status of facility locations, yeast produc"Cion statistics, :and

growth projections for the industry is presented below.

2.1 EVOLUTION OF THE INDUSTRY

Th~ production of baker"s yeast is a process that has been

developed over centuries. The earliest means of producing

baker's yeast was to inoculate fresh dough with a portion of the

preceding fermented dough. Yeast will grow indefinitely by this

means, and this method is still used today in producing sour

dough breads. Before the 1800'S, the top-fermenting yeast from

breweries ~as used for baking bread. However, the yeast yields

were very low and the ethanol yield was very high. Over the last

100 years, grain mashes were replaced with molasses as the

princlpal carbon source for producing yeasts, fermentation

process tanks were equipped with air supply and incremental feed

systems to reduce the formation of ethanol and increase the

quantities of yeast produced. At this point, the yeast

production process became independent of the brewery process and

has remained virtually unchanged since the 1920's.

2.2 NUMBER AND LOCATION OF FACILITIES

six major companies manufacture baker's yeast in the United

States. These companies are Universal Foods (Red Star Yeast),

Fleischmanns, Gist-brocades, Lallemand (American Yeast), Minn­

dak, and Columbia. There are a total of 13 manUfacturing plants

owned by these companies in the United States. Table 1 lists the

locations of the plants by manufacturer.

J



YEAST MANUFACTURING PI~S .TABLE 1 .
Lallemand (American Yeast) Baltimore, Maryland

":olumbia Headland, Alabama

Fleischmanns Gastonia, North Carolina
Memphis, Tennessee
Oakland, California
Sumner, Washington

Gist-brocades Bakersfield, California
East Brunswick, New Jersey

Minn-dak Wahpeton, North Dakota

Universal. Foods •
Baltimore, MarylandCorp. (Red

Star. Yeast) .. ~.. Dallas, Texas...... '

Kilwauke.·~~i8consi~

Oakland, California

4
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2.3 OZONE NONATTAINMENT STATUS

The baker's yeast manufacturing plants in the United States

are located in both attainment and nonattainment areas for ozone.

This ranking is according to the latest update of the cities

exceeding the ozone limit, made in 1988. 1 The ozone air quality

standard calls for no more than 1 hour in a year during which any

monitor in an area records an 0 3 level in excess of 0.12 ppm. 1

Table 2 presents the locations of all the yeast manUfacturing

plants located in the United States and whether or not they are

located in ozone nonattainment areas.

2.4 PRODUCTION STATISTICS AND GROWTH PROJECTION

In 1989, only 12 yeast plants were in operation. The total

U.S. production of baker's yeast in 1989 was 223,500 Mg

(245,000 tons). Of this total, a~proximately 85 percent of the
•

yeast was compressed or cream yeast,land the remaining 15 percent

was dry yeast.

Between 1990 and 1991, two additional facilities were opened

and are currently in production, and one facility was closed

down. A forei'gn manufacturer of baker's yeast, Minn-dak, has

recently opened a new yeast plant in Wahpeton, North Dakota.

Fleischmanns also has opened a plant in Memphis, Tennessee, but

closed its plant in st. Louis, Missouri. The opening of these

two facilities in 1990 is expected to increase production of

baker's yeast by approximately 5 to 10 percent.

3.0 PROCESS DESCRIPTION

Two main types of baker'S yeast are produced: compressea

yeast and active dry yeast CADY).' Compressed yeast is a

perishable commodity and must be refrigerated or frozen at all

times. Refrigerated compressed yeast remains useful for several

weeks before molds begin to develop. Frozen compressed yeast can

be stored and used for up to a month, but some softening of the

yeast cake occurs. Active dry yeast has a lower bake activity

than compressed yeast, but it can be stored for 1 to 2 years

without refrigeration before the bake activity is lost.

Compressed yeast is sold mainly to wholesale bakeries, whereas

ADY is sold mainly for home baking needs and, to a limited

5
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TABLE 2. OZONE NONATTAINMENT STATUS .
Nonattainment

--"\nt location Company for ozone

~_.J.waukee, WI Universal Foods corporation Yes
(UFC)

Oakland, CA UFC Yes

Fleischmanns Yes

Baltimore, KD Lallemand (American Yeast) Yes

UFC Yes

Dallas, TX UFC Yes

Bakersfield, CA Gist-brocades Yes

East Brunswick, NJ Gist-brocades Yes

Sumner, WA Fleischmanns' No

Memphis, TN Fleischmanns Yes

Gastonia, HC Fleischmanns Yesa
I

Headland, AL Columbia No

Wahpeton, NO Minn-dak No

stonia is not formally recognized by EPA as an ozone
nonattainment area, but exceedances for ozone occur, and the
area will most likely be nonattainment !o=~ ozone when the 1990
Clean Air Act Amendments are fully implemented.

6

&,.. 11- I •• .. 0: .;'.
/' . '.-' ...,;.';-'.

.I . :;-



,

extent, to bakeries. Compressed yeast-yand"Aoy·are produced-in a

similar manner ~-f)uto·AoY(s dr led after' processing and -is

de~eloped'trom a ditterent yeast strain: Anotner·dry.·yeast·,

product,~instantdry yeast (lOY), is dr.led atter processing and/

is prOduced from a fast~r-reacting yeast strain than that used'

for AiJ'Y. The -main difference betwpen" Any' ~~d~ lOY is tnat .oIOY .

does not have to be dissolved in warm water prior to usage,

whereas:ADY does. The following discussionis directed towards .

compressed yoast manUfacturing, although a briet discussion of

the produc~ion of dry yeast is also presented (Section J.2.7).

A variety of processes are used in producing baker's yeast.

Most processes, however, are a variation on the Zulauf process,

which was introduced in the early 1900's. This report provides a

general description of the Zulauf production process.

Figure 1 presents a process flow diagram for the production

of baker's yeast. The first stages of production consist of

growing the yeast from the pure yeast culture in a series Df

fermentation vessels. The yeast is then recovered from the final

fermentor using centrifugal action to concentrate the yeast

solids. The yeast product is SUbjected to one or more washings

in the centrifugal separator. The yeast solids are then filtered

by a filter press or a rotary vacuum filter to further

concentrate the yeast. Next, the yeast filter cake is blended in

mixers with small amounts of water, emulsifiers, and cutting

oils. After mixing, the mixed press cake is extruded and cut.

The yeast cakes are then either wrapped for shipment or dried to

form dry yeast.

J.1 RAW MATERIALS

The principal raw materials used in producing baker's yeast

are the pure yeast culture and molasses. The yeast strain used

in prOducing compressed yeast is Saccharomyces cerevisiae. 2 Cane

and beet molasses are used as the principal carbon source to

promote yeast growth. Molasses contains 45 to 55 percent

fermentable sugars by weight in the forms of sucrose, glucose,

and fructose. This sugar by-product is the least expensive

source of sugar known. Other sources, such as corn grits,

7
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Figure -i: 'l:process~'flow diagram tor. producing baker's. yeast.)
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raisins, or sugar-containing wastes ot the contectionary industry,

are also ettective, but tor various reasons (mostly economic),

se alternatives were found to be unsuitable as carbon and

energy substrates tor baker's yeast'production.)

The amount and type of cane and beet molasses used dep~nds

on the availability of the molasses types, cost, and th~ presence

ot inhibitors and toxins. Usually, a blend consisting of both

cane and beet molasses is used in the fermentations. Once

blended, the molasses mixture is clarified to ,remove any sludge.

Prior to claritication, the pH of the molasses mixture is

adjusted because too high a pH will promote bacterial growth.

Bacterial growth occurs under the same conditions as yeast

growth, making pH monitcring a very important factor. The

clarified molasses mixture is then sterilized with high-pressure

steam. After sterilization, it is diluted with water and hela in

holding tanks until it is needed by the fermentation process.

Other required raw materials are a variety of essential

nutrients and vitamins. Mineral requirements include nitrogen,

:assium, phosphate, magnesium, and calcium. Nitrogen is

normally supplied through the addition of ammonium salts, aqueous

ammonia, or anhydrous ammonia to the feed stock. 4 The molasses

normally provides SUfficient quantities of potassium and calcium.

Phosphates and magnesium are added in the form of phosphoric acid

or phos~hate salts and magnesium salts. 5 Iron, zinc, copper,

manganese, and molybdenum are also required in trace amounts.

Several vitamins are required for yeast growth (biotin,

inositol, pantothenic acid, and thiamine). Yeast will not grow

in the absence ot biotin. 6 Thiamine is not required tor yeast

~rowT.h but is normally added to the feed stock because it is a

?otent stimulant for fermenting doughs. Both cane and beet

no lasses usually provide enough inositol and pantothenic acid for

(east growth. However, if beet molasses, which is deficient in

)iotin, is used, biotin must be added or a mixture of cane and

Jeet molasses is required.

9
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3.2 FERMENTATION

Yeast cells are grown in a series of fermentation vessels.'

\ typical fermentation process is shown in Figure 2. The process

begins when a pure yeast culture is grown in the laboratory.

Portions of this pure culture are placed in the:first fermertor'

along with the other feed materials and are allowed to grow.

Yeast is propagated when the entire yeast mixture (or a portion

ot the mixture from the preceding termentor) i~ placed into the

next fermentor, which is equipped for batch or incremental

feeding of the molasses malt. 'The process continues unti,~ the

r yeast mixture reaches the final fermentation vessel.

3.2.1 General

Yeast fermentation vessels are operated under aerobic

conditions (free oxygen present, or excess air) because under

anaerobic conditions (limited or no oxygen available) the

fermen~able sugars are consumed in t~le formation of ethanol and

carbon dioxide, which results in low yeast yields.? Yeast yields

under anaerobic cor.ditions are often less than 10 percent-by­

weight ot fermentable sugars, whereas yeast yields ot up to

50 percent-by-weight of fermentable sugars are obtained under

aerobic conditions.? Therefore, to maximize yeast yields, it is

important to supply enough oxygen for the dissolved~xygen

content In the liquid surrounding the yeast cells to be at an
•

optimal level. In practice, oxygen transfer rates are:often

inadequate, and under such conditions, some ethanol is furmed.

In addition, it is also important to control the amount of

fermentable sugars present in the fermentor, so that the sugar is

assimilated by the yeast as fast as it .. is added. This balance is

accomplished by using an incremental feed system in the final

, fermentation stages.

3.2.2 Fermentation Sequence

Compared with SUbsequent fermentation stages, in the first

stages of yeast propagation, the medium is richer in nutrients,

and there is less aeration. Consequently, the fermentor liquor

contains more alcohol and yields of yeast are lower. The lower

yields in the first stages are not necessarily a draWback,

10
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-.

•
o. .

:;o.~

(..;.,



because the overall economy of the operation depends on the yield

from the final trade fermentation stage. The following sections

describe each stage in the fermentation sequence.

3.2.3 Laboratory stage. Qr Flask stage (;l}

The first fermentation stage takes place in the labqratcry

when a portion of the pure yeast culture is oixed with the

molasses malt ~n a sterilized Erlenmeyer or Pasteur flask. The

total contents of the flask are typically less than 5 liters (L)

{1.3 gallons (gal]), and the yeast is allowed to grow in the

flask for 2 to 4 days.8 The entire flask contents are then used

to inoCUlate the second fermentation stage.

3.2.4 Pure CUlture Stages (F2 and FJl

Generally, this stage consists of two pure cultu~e

fermentations. The capaciti~s of the fermentation vessels used

in this stage range from 1,140 L (300 gal) to 26,500 L

(7,OOO gal). The pure culture fermentations are batch

fermentations where the yeast is allowed to grow for 13 to

24 hours. The contents of the fermentor from the first pure

culture stage (F2) is added to the next fermentation vessel,

which already contains the nutrient-rich molasses malt. The pure

culture fermentations are basically a continuation of the flask

fermentation, except that the pure culture fermentations have

provisions for sterile aeration and aseptic transfer to the next

stage. The yeast vield in the pure culture fermentations is

approximately 27 kilograms (kg) (60 pounds (lb) in the first

fermentor and 600 kg (l,JOO Ib) in the second fe~entor.

The critical factor in the pure culture operation is

sterility. Rigorous sterilization of the fermentation medium

prior to inoculation is conducted by heating the medium under

pressure or by boiling it at atmospheric pressure for extended

periods. If a sterile environment is not provided, contaminating

microorganisms can easily outgrow the yeast.

The need for process control in the pure culture medium is

limited. However, microbiological testing of the medium before,

during, and after each fermentation is essential. The malt

concentration of the initial fermentor is often standardized to

12
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between 5 and 7.5 percent sugar. 9 Once the pure culture

fermentation is started, the only controllable parameters are the

temperature and the degree of aeration. However, control of

aeration is not critical because of the excess sugar present, and

control of temperature is not critical because the fermentation

operates over a broad temperature range.

3.2.5 Main FermentatioD stages (F4-f7)

The majority of the yeast yield grows in the final

fermentation stages. The main fermentation stage takes place in

two to four fermentation vessels. These yeast fermentors vary

considerably in size. The volumes of fermentation vessels in che

F4 through F7 stages range from 37,900 L (10,000 gal) to over

283,900 L (75,000 gal). The vessels have diameters in excess of

7.0 meters (m) (24.5 feet [ft]) and height~ up to 14 m (45 ft).

The larger vessels are associated with the 'final fermentation

stages (F6 and F7). The ferm~ntation vessels are typically

operated at a temperature of JOOC (86°F).

The fermentors are usually constructed of stainless steel

and are equipped with an incremental feed system. This

incremental feed system may be a pipe or a series of "pipes that

distribute the molasses over the entire surface of the fermentor

liquid. The rate at which the molas~es is fed is critical and

may be controlled by a speed controller connected to a pump or by

a valv~ on a rotameter, which delivers a certain volume of

molasses at regulated time intervals, Nutrient solutions of

vitamins are kept in small, separate tanks and are charged

through rotameters into the fermentor, but the rate of feed is

~ot as critical as with molasses. However, if ammonia is used as

a nitrogen source, additions must be made in a manner that avoids

sudden pH changes. The nitrogen salts and phosphates may be

charged in a shorter period of time than the molasses feed.

Fermentors must also be equipped with heat. exchangers to remove

the heat produced from the production process and to cool the

fermentor. The type of heat exchanger system used depends on the

size of the fermentation vessel. Because large volumes of air

are supplied to ~n~ fermentation vessels during this stage of

13
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production, the fermentor size influences the type of aeration

system selected. The different types of aeration systems include

horizontal, perforated pipes; compressed air and mechanical

agitation; and a self-priming aerator.

In the horizontal, perforated pipe system, air is blown

through a large number of horizontal pipes that are placed near

the bottom ot the fermentor. With this aeration system, the only

agitation of the fermentor liquid is carried out by the action of

the air bubbles as they rise to the surface. Typically, this

type of aeration system requires from 25 to 30 m3 (880 to

1,060 ft3 ) of air to produce 0.45 kg (lIb) of yeast. 10

The efficiency of aeration with a given volume of air can be

greatly increased by mechanical agitation. In a compressed

air/mechanical agitation aeration system, air under pressure is

supp~ied to a circula~ diffuser pipe. Directly above the air

outlets, a horizontal turbine disc provides mechanical agitation,

which distributes the air bubbles uniformly. Agitation systems



a stock (pitch) of yeast for the next stage. The third stage

(F6) is usually carried out in fermentors as large as those used

for the trade fermentation or final fermen~ation. Aeration is

vigorous, and molasses and other nutrients are fed incrementally.

The fermentor liquor from this fermentor (F6) is usually divided

into several parts for pitching the final trade fermentation

(adding the yeast to start fermentation). Alternately, the yeast

may again be separated by centrifuging and stored for several

days prior to its use in the final trade fermentations. The

final trade fermentation (F7) ha3 the highest degree of aeration,

and molasses and other nutrients are fed incrementally. Due to

the large air supplies required during the final trade

fermentations, these vessels are often started in a staggered

fashion to reduce the load or size of the air compressors

required. The duration of each of the final fermentation stages

ranges from 1; to 15 hours. The amount of yeast growth increases

in each stage and is typically 120 kg (265 lb) in the first

stage, 420 kg (930 lb) in the second stage, 2,500 kg (5,510 lb)

in the third stage, and 15,000 to 100,000 kg (33,070 to

220,460 lb) in the fourth stage. 11

When using the two-stage final fermentation series, the only

fermentations are the stock fermentation and the trade

fermentation (F5 and F7, respectively). About half of the

13 y~ast manufacturing facilities use the four-stage final

fermentation series and the other half use the two-stage process.

After all of the required molasses has been fed into the

fermentor, the liquid is aerated for an additional 0.5 to

1.5 hours. This permits further maturing of the yeast and

results in a yeast that is more stable in refrigerated storage.

3.2.6 Harvesting and Packaging

Once an optimum quantity of yeast has been grown, the yeast

cells are recovered from the final trade fermentor by centrifugal

yeast separators. The separators used in this process are ,:

continuous dewatering centrifuges. 12 After the first pass

through the separators, a yeast solids content of 8 to 10 percent

can be acquired from a fermentor liquor containing 3.5 to

15
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4.5 percent solids. 12 Next, the yeast is washed with water and

passed thrcugh the separators a second time. The second pass

'1sually produces concentrations of 18 to 21 percent solids. 12

~f the concentration of yeast solids recovered from the second

pass is below 18 percent, then another washing and a third pass

through the separators is normally required. The yeast cream

resulting tram this process can be stored tor several weeks at a

temperature slightly abcve oo~ (32°F). Afte~ storage, the yeast

cream can be used to propagate yeast in other trade fermentations

or can be further dewatered by filtration.

The cE~trifuged yeast solids are further concentrated by

pressing or filtration. Two types of filtering systems are used:

filter presses and rotary vacuum filters. In the filter pres~"

the filter cloth consists of cotten duck or a combination at

cotton duck and synthetic fibers so tightly woven that no filter

aid is necessary. Filter presses having frames of 58 to

115 centimeters (em) (24 to 48 inches [in.]) are commonly used,

and pressures between 860 to 1,030 kiloPascals (125 to 150 pounds

per square inch) are applied. 12 Yeast yields between 27 and

32 percent solids may be obtained by pressing. 12 Rotary vacuum

filters are used for continuous feed of yeast cream. Generally,

the filter drum is coated with yeast by rotating the drum in a

trough of yeast cream or by spraying the yeast cream directly

onto the drum. The filter surface is coated with potato starch

containing some added salt to aid in drying the yeast product.

The filter drum rotates at a rate of 15 to 22 revolutions per

minute (rpm).12 As the drum rotates, blades at the bottom of th~

drum remove the yeast. After a filter cake of yeast is formed

and while the druc continues to rotate, excess salt i~ removed by

spraying a small amount of water onto the filter cake. From this

process, filter cakes containing approximately 33 percent sclids

are formed.

The filter cake is blended in ribbon mixers with small

amounts of water, emUlsifiers, and cutting oils.

added to give the ~'east a white, creamy appearance

water-spotting of the yeast cakes. A small amount

16
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usually soybean or cottonseed oil, is addad ~~ help extrude the

yeast. The mixed press cake is then extruded through open­

throated nozzles to form continuous ribbons of yeast cake. The

ribbons are cut and the yeast cakes are wrapped with wax paper.

The wrapped cakes are cooled to below SOC (46·F), at which time

they are ready for shipment in refrigerated trucks.

3.2.7 PrQductiQn Qf Dry Yeast

In yeast manutacturing, two types ot dry yeast are produced:

(1) ADY and (2) lOY. Active dry yeast is prQduced from a yeast

str~in identified as No. 7752 in the American Type CUlture

Collectj-,.13 This strain gives better yields than that used in

produc:- ~ compressed yeast and is commonly refprred to as the

"dry yeast strain." Instant dry yeast is produced from a yeast

strain different from that used for AOY. The AOY and IO~ are

produced through the same process as that described for

compressed yeast. After filtration, the dry yeast produc~ 1S

sent to an extruder, where emulsifiers and oils differe~t from

those used for compr~$sed yeast are added to texturize the yeast

dnd aid in extruding the yeast. After the yeast is ~xtruded in

thin ribbons and cut, the yeast is dried in either a batch or a

continuous drying system. Fluidized bed dryers can be used to

dry the extruded yeast. The extruded yeast strands are fed into

the drying chamber of a fluidized bed dryer. Heated air blQwn

into the bottom of the dryer suspends the yeast particles into a

fluid bed and dries them. The drying time var~es from O.j to

4 hours (hr) .14 The humidity in the dryers is continuously

monitored to determine When the drying cycle 1S complete.

Following drying, the yeast is vacuum-packed or packed under

nitrogen gas before heated sealing. The shelf life of nDY and

lOY is 1 to 2 years at ambient temperature. 15

4.0 EMISSION ESTIMATIONS

The following sectiQns present a composite of the available

emissiQns data, process emission factors, nationwide emissions

estimates, and the documentation on the development Qf a'model

process e~issiQn stream.

17



4.1 SOURCES OF EMISSIONS

The VOC emissions are generated as by-products of the

f ~entation process. The two major by-products are ethanol,

~ ~h is formed from acetaldehyde, and carbon dioxide. Other by­

products consist of other alcohols and organic acids such as

butanol, isopropyl alcohol, 2,3 butanediol, and acetate. These

by-products form as a result of excess sugar present in the

fermentor or an insufficient oxygen supply to the fermentor.

Under these conditions, anaerobic fermentation' occurs and results

in the excess sugar being broken down to form alcohols and carbon

dioxide. When anaerobic fermentation occurs, 2 moles of ethanol

and 2 moles of carbon dioxide are formed from 1 mole of glucose.

:Jnder anaerobic conditions, the ethanol yield is increased

and ye~st yields are decreased. In producing baker'S yeast it is

essential to suppress ethanol formation in the final fermentation
'"

stages by incremental feeding of the molasses mixture and by

supplying sufficient oxygen to the f~rmentor.

The rate of ethanol formation is higher in the earlier"

~ges (pure culture stages) than in the final stages of the

_~entation process. Tne earlier fermentation stages are batch

fermentors, where excess sugars are present and less aeration is

used during the fermentation process. These fermentations are

not controlled to the degree that the final fermentations are

controlled, because the majority of yeast growth occurs in the

final fermentation stages and, therefore, there is no economical

reason for equipping the earlier fermentation stages with the

necessary process control equipment.

Another potential emission source is the wastewater

treatment system used to treat process wastewaters. If the

facility does not employ an anaerobic biological treatment

system, significant quantities of VOC could be emitted from this

stage of the process. For more information on wastewater

treatment systems as an emission source of VOC's, please refer to

an earlier CTC document on industrial wastewater treatment

'stems entitled "Industrial Wastewater Volatile organic

18
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Emissions--Background Information for BACT/LAER

Determinations. "16

4.2 EMISSION DATA AND PROCESS EMISSION FACTORS

Emission test data were received from three yeast

manufacturing facilities. 17- 21 From a combination of these three

facilities, emission test data were available for the last four

fermentation stages (F4-F7).

During the fermentation process, ethanol and acetaldehyde

are not formed at constant rates; therefore, over the course of

the fermentation, the concentrations of these compounds vary

significantly depending upon the amount of excess sugars present

and the combined effectiveness of the aeration and agitation

systems to supply sufficient oxygen throughout the fermentor

volume. A review of the emission test data showed that the voc
concentrations did vary significantly for each fermentation stage

and between different fermentors at a given stage. This

variation in emissions was expected between facilities because of

the differences in the feed systems and the size of the

fermentors. However, even within a given facility, the emission

data vary from fermentor to fermentor because of the differences

in the design of the air sparger system and the placement of

baffles and mechanical agitators within the fermentors.

Table J presents the vee emission levels rr.easured during

batch cycles for each type of fermentation. The emission test

data were converted from total vee concentrations to ethanol

concentrations since ethanol is the primary voe compound emitted.

Ethanol is approximately 80 to 90 percent of the emissions

generated, and the remaining 10 to 20 percent r.onsists of other

alcohols and acetaldehyde.

A revie~ of the emission data in Table J reveals the

significant variation in vee emission levels. To obtain more

meaningful data, the process emission factors presented in

Table J were developed in an effort to normalize the fluctuations

in emission data between facilities and fermentors. However,

there was still a significant variation in the process emission

factors. Upon reviewing process information obtained from these

19
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TABLE J. voe EMISSIONS FROM YEAST FERMENTATION17- 21a

Fermentatioa stares
F4 (Intermediate) IFSIF6 (SloclJpilCb) I F7 (Trade)

Emissjog profile

Cooc:culnLioa ranee. ppmv 900-4.600 2-1.350 .
5~

Avenp cooceotBtioo, ppmv 1.900-2.400 50-700 200

Muinp1m ~t.ratioo, ppmv 3.DOO-4.600 200-1,350 600

BaldI emiaioa.t, 11::1 (1b) 24-71 (53-156) 6-821 (13-1.810) 4.5-154 (10-340)

Proeeg emission factOr]

VOC's emil1cd per volume of 0.0011-0.0014 0.000 H).003 O.ססOO36-0. 0006
fermentor opentinl capacity. kilL (0.009-0.012) (0.0008-0.025) (0.0003-0.005)
(Ib/pl)

VOC's emitted per amount of yeast 12-49 (12-49) 0.5-40 (0.5-40) 0.19-4.7 (0.19-4.7)
produced, 11::1/1.000 kg (Ib/l,OOO 1b)

a-rotaJ VOC emissions as ethanol.
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facilities, it was concluded that the low end of the data range

is attributable to facilities that have implemented a greater

degree of process control or have improved fermentor designs over

those facilities that represent the high end of the data range.

Therefore, the typical emission levels and process emission

factors presented in Table 4 were developed to represent a

typical facility with a moderate degree of process control.

Based on process control information obtained from yeast

facilities, it is believed that the majority of yeast

manufacturing facilities fall within the emission ranges

presented in Table 4.

The typical emission levels for each fermentation stage

reveal the process control changes between fermentation stages.

The intermediate stage (F4) that follows pure culture

fermentations is either batch or fed-batch. The degre~ of

process control is not as stringent for this type of f2rmentation

as it is for trade fermentatior. because the yeast production

output from this fermentor is not as critical as that from the

final trade fermentation. As a result, the emission levels for

the intermediate fermentation are much higher than those for the

trade fermentation. However, total batch emissions from the

intermediate fermentation stage are lower than those from the

trade fermentation stage due to the smaller fermentor~ used and

the lower production rate. The final three fermentations (FS-F7)

are typically carried out in the same fermentors. The tighter

process control measures used during these fermentations result

in the lower emission levels.

The annual voe emission rates presented in Table 4 were

developed based on the batch emissions from each fermentor and

the typical number of batches produced per year. As shown in

Table 4, the majority of emissions are associated with trade

fermentation as a result of the number of batches produced per

year. Trade fermentations account for 80 to 90 percent of the

emissions generated from ~ given facility.
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TABLE 4. VOC EMISSIONS FOR A TYPICAL YEAST
MANUFACTURING FACILITya

Fermentatioa IUIeI

F4 (Inlermediate) I F51F6 (Stockfpitcb) I F7 (frJlde)

Tvpical ethanol emissiQn levels

Cooa::atntioa ranp. ppmv 900-4.600 2-400 ~

Avenae cooc:eatratioa. ppDJV 1.900 200 2SO

Muimum cooc:eatratiQD, ppmv 3.QOO-4,6OO 200-400 .soo-«X>

Batch emissioa.s, kI (Ib) 36.3 (SO) 49.9 (110) 63.5 (140)

Tvpjcal Process emission (aclon

VOC'. emitted per vQlume Qf (ermenlor 0.0012 (0.010) 0.0004 (0.0035) 0.0005 (0.0045)
openting capacity. IeglL (lb/gaJ)

VOC·. emitted per amount of yeast 15 (IS) S.O (5.0) 3.5 (3.5)
produced, lei II, ()()() lei (1 b/l,()()() Ib)

OpmtjPI time

No. o( betches per week 3 4 20

No. of week.s per year S2 S2 52

Annual VOC emissions nte, Mg/yr 5.6 (6.2) 8.5 (9.4) 66 (13)
(tocuIyr)

.,.otal VOC·.... ethanol.
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4.3 NATIONWIDE EMISSION LEVELS

Based on the process emiss:on factor ot 0.0005 kilogram ot

VOC's emitted per liter per batch (0.0045 pound per gallon per

batch) ot termentor operating capacity, the typical size

(117,260 L [31,000 gal]) ot trade 'termentors, the number ot

batches processed per year (1,040) at each tacility, and the

number ot yeast manutacturing tacilities (13), the nationwide'VOe

emissions trom manutacturing baker's yeast is estimated at 860

Mg/Yr (950 tons/yr).

Based on the process emission tactor ot 0.0035 kilogram ot

VOC's emitted per kilogram (O.JOJs pound per pound) of yeast

produced and the current nationwide annual production of baker's

yeast (220 million kilograms (490 million pounds), the

nationwide VOC emissions from yeast manufacturing is estimated at

780 Mg/yr (860 tons/yr).

4.4 MODEL EMISSION STREAM

A model emission stream was developed in order to evaluate

control device performance at yeast manufacturing facilities.

The model emission stream was developed based on the combined.
emission levels from five 117,260-L (J1,000-gal) trade .

fermentors. Trade fermentation was selected because the majority

of emissions are generated from this stage of the process. In

addition, the majority of the final fermentations (Fs-F7) are

carried out in the same fermentors. Therefore, any control

technique applied to the trade fermentors would also control

emissions from the stock and pitching fermentation stages. Five

117,260-L (J1,000-gal) trade fermer~ors were selected because

this was the aver~ge number and cap~.city of trade fermentors at

all yeast manufacturing facilities. Each trade fermentor was

assumed to have an air flow rate of 159 mJ/min (5,600 ft3 /min),

which was based on air flow rate data for actual trade

fermentors. Therefore, the model emission stream has an air flo\

rate of 790 mJ/min (28,000 ftJ/min) and an average voe
concentration of 200 to JOO ppmv. The average VOC concentration:

were determined based on the emission levels from actual trade

23
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fermentors. An emission profile for this fermentation stage is

presented in Figure 3 •
.--_ ....""... ~,.,.- ..... ,.. .., '. -,." .. ".

- •0; EMISSIOn" :ONTROL TECHNIQUES

Only one yeast manufacturing facility employs an add-on

pollution control system to reduce voe emissions from the

fermentation process. The pollution control system at this

facility consists of a wet scrubber followed by a biological

filter. However, all of the yeast manufacturers suppress ethanol
•formation through varying degrees of process control.

The process control measures consist of incrementally

feeding the molasses mixture to the fermentors so that excess

sugars are not present and of supplying sufficient oxygen to the

fermentors to optimize the dissolved oxygen content of the liquid

in the fermentation vessel. The following sections provide a

more detailed discussion of the process control measures to

reduce ethanol formation and provide information on the

feasibility of implementing add-on control devices to reduce or

eliminate ethanol emissions from yeast fermentation vessels.

~.1 COMPUTERIZED PROCESS CONTROL MEASURES

Traditionally, yeast manUfacturing plants have implemented

incremental feed systems on the final fermentation vessels in an

effort to optimize yeast yields and suppress ethanol formation.

However, these systems were established to add a given amount of

molasses and nutrients over specified time intervals. This

practice does reduce ethanol formation beyond that achieved under

a total batch condition; however, it does not minimize ethanol

formation to the highest degree possible. A greater degree of

control can be achieved by implementing a continuous monitoring

system.

Experimental studies have shown that the ethanol production

rate is a function of the yeast growth rate, and both of these

parameters are related to the residual sugar concentration. 22 It

is therefore important that the actual sugar concentration in the

fermentor be maintained at a low but optimal value at all times.

In order to aChieve this, the fermentation process must be

continuously monitored with the aid of a computer to anticipate

24
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the precise demand for sugar. By continuously adding only the

exact amount of molasses required by the fermentation, condit~ons

excess sugar are eliminated, thus minimizing ethanol

I:ormation.

The demand for molasses depend~ on the cell concentration,

specific growth rate, and cell yield. Since no sensors are

available that can quickly and reliably give a direct measurement

of cell masg, computer-aided material balance techniques can be

used to calculate continuously the cell concentration, specific

growth rate, sugar consumption rate, and other growth-related

parameters. 22 A computer can process information taken from

direct measurement of air~low, carbon dioxide production, oxygen

consumption, and ethanol production to an~icipate the demand for

sugar by the system. The result is an indirect method for

monitoring yeast production that is regulated by a computer. The

computer continuously controls the addition of molasses, thereby

achieving optimum productivity with minimal ethanol production.

However, this type of process control system is extremely

:fficult to refine and implement because of the time delays

oetween ethanol formation in the fermentor, its detection in the

stacK, and the computer adjustments to the feed rates.

Another process measure that can reduce ethanol formation is

in the equipment design of the aeration and mechanical agitation

systems installed in each fermentor. The distribution of oxygen

by the air sparger system to the malt mixture is critical in~

ninimizing ethanol formation. If oxygen is not being transferred

Jniformly throughout the malt, then ethanol ~ill be produced in

:he oxygen-deficient areas of the ferrnentors. The type and

)osition of baffles and/or a highly effective mechanical agitator

.n the fermentors also ensures proper distribution of oxygen

:hroughout the malt mixture.

Facilities that are able to implement feed rate controls

.hrough stack gas monitoring and that have efficient aeration and

lixing systems can optimize yeast production and suppress ethanol

ormation to the highest degree. Based on available emission

est data, it is anticipated that a reduction of 75 to 95 percent

26
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can be achieved through the combination of feedback controls and

optimizing termentor design.

ENGINEERING CONTROLS

The most common add-on control devices for controlling voe
emissions are wet scrubbers (gas absorbers), carbon adsorbers,

incinerators, and condensers. These types ot controls are widely

used in a variety ot industries to control voe emissions. The

following sections present a description ot these control

techniques, operating parameters that affect their performance,

and the feasibility of implementing these controls to reduce

ethanol emissions from yeast manufacturing processes. In

addition to these traditional voe controls, a section on

biological filtration is also presented below. Biological

filtration is a relatively new control teChnique for reducing VOC

emissions, although the engineering concept has been used for

over 50 years in treating process wastewaCers.

5.2.1 Wet Scrybbers (Gas Absorption)

Wet scrubbers can control ethanol emissions from yeast

~entation vessels. In this type of system, the contaminant is

Q~sorbed in an absorbing liquid. Absorption techniques require

large liquid surface areas for the incoming gas stream to make

good contact with the absorber liquid. Good gas/liquid contact

is increased by using hydraUlic sprays, impingement trays, bubble

cap trays, sieve trays, packing (modular and dump-type), grids, ~~

or a combination of devices to create a high liquid surface area

while minimizing volume. These scrubbers can be divided into two

types: (1) packed/tray towers or (2) spray towers.

Figure 4 presents a schematic of a packed tower. In

packed/tray towers, the incoming g3S stream enters the base of

the scrubber and passes up through the trays or packing

countercurrent to the absorbing liquid, which flows down through

the packing or tray media. In the packing section of the

scrubber, the contaminant in the gas stream is absorbed by the

absorbing liqUid, and the cleaned gas stream flows up and out the

27
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Figure 4. Schematic of packed tower absorber.
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top ot the unit. The absorbing liquid flows down and out the

bottom of the unit.

In spray towers, the absorbing liquid used in the tower is

sprayed countercurrent to the gas flow using high-pressure sprays

to create a uniform distribution of very small droplets of the

absorbent within the absorber. As in packed towers, the

contaminated gas stream enters the base of the unit and flows up

the tower, where it mixes with the liquid droplets in the unit.

This mixing of the gas and liquid streams results in the

contaminant's being absorbed by the liquid. The cleaned gas

stream then flows up and out the top of the unit, and the liquid

stream flows out the bottom of the unit.

Factors affecting the design and the performance of packed

towers include the voe concentration and temperature of the inlet

gas stream, the type of absorbent used, the size and type of

packing material or trays used, the liquid-to-gas ratio, the

particulate loading, and the distribution of the liquid across

the packing media. The first parameters given depend on the

Jcess being controlled. The next three parameters are design

parameters tor the unit and depend on the type and concentration

of the contaminant to be removed. The contaminant must be highly

soluble in the absorbent selected. The particulate loading also

affects the performance of th~ scrubber: if the gas stream has a

moderate-to-high particulate content, the packing media and spray

nozzles will become clogged. Therefore, a filter needs to be

placed before the absorber to remove any particulates in the gas

stream prior to entry into the absorber. The distribution of

liquid across the packing media is critical for adequate contact

between the contaminated gas stream and the absorbing liquid.

For spray towers, the factors affecting performance are the

co~centration and temperature of the inlet gas stream, the type

of absorbent selected, the liquid-to-g~s ratio, the particulate

loading, and the uniform districution and dr0plet size of the

absorber liquid. The first four factors are the same as those

r packed towers and affect the design of the unit in a similar

manner. The last two parameters are very important because if
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the absorbing liquid is not distributed uniformly across the

absorber volume and the droplet sizes are too large, the

performance level of the absorber will b~ adversely affected.

Applying wet scrubbers to control vee emissions from yeast

manufacturing is feasible because both ethanol and acetaldehyde

are extremely soluble in water. using water as the absorbing

liquid, a control device efficiency of better than 90 percent can

be achieved. The only adverse factor associated with using a

scrubber system is the amount of wastewater generated from the

scrubber system and its associated treatment. The wastewater

treatment procedure used to treat scrubber effluent should be an

anaerobic treatment system that prevents or minimizes vee

emissions from t~e treatment process. If this type of treatment

system is not used, then the voe emissions may not be reduced but

transferred to a different source at the plan~ site.

5.2.2 carbon Adsorption

Carbon adsorption has been used for the last 50 years by

many industries to recover a wide variety of solvents from

solvent-laden air streams. 23 Carbon adsprbers recuce vec

emissions by adsorbing organic compoun~s onto the surface of

activated carbon. The high surface-to-volume ratio of activated

carbon and its preferential affinity for organics make it an

effective adsorbent of vec's.23 The organic compounds are

sUbsequently desorbed frem the activated carbon and recove~ed.

Carbon adsorbers do not apply LO the low-Vee-concentration

gas streams trom the final fermentation because of the low

adsorbtivity of ethanol at levels less than 500 ppmv. In

addition, one carbon adsorb2r vendor stated that the acetaldehyde

present in the gas stream is very reactive with the carbon and

would break down the carbon, resulting in low vec removal

efficiencies. 24 Therefore, carbon adsorption was not considered

to be a viable control option for yeast manufacturing facilities.

5.2.3 Incineration

Incineration is the oxidation of organic compounds by

exposing the gas stre~m to hig~ ~cmperatures in the presence of

oxygen and sometimes a catalyst. Carbon dioxide and water are
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the oxidation products. Incineration is often used in industries

when solvent recovery is not economically feasible or practical

~ as at small plants or at plants using a variety of solvent

m~ures.2S The two types of incinerators used to control vec

emission are t·.'~al and catalytic. Both designs may use primary

or secondary ~J ~ recovery to reduce energy consumption.

S. 2. J.1 ~.oermal incinerators. Thermal incinerators are

usually refractory-lined oxidation chambers with a burner located

at one end. In these units, part of the solvent-laden air is

passed through the burner along with an auxiliary fuel. The

gases exiting the burner that are blended with the by-passed

solvent-laden air raise the temperature of the mixture to the

point where the organics are oxidized. With most solvents,

oxidization occurs in less than 0.75 second at a temperature of

870°C (1600°F).26

The interrelated factors important in incinerator design and

operation inclUde:

1. Type and concentration of vee's;

2. Solvent-laden airflow rate;

3. Solvent-laden air temperature at incinerator inlet;

4. Burner type;

S. Efficiency of flame contact (mixing);

6. Residence time;

7. Auxiliary fuel firing rate;

8. Amount of excess air;

9. Firebox temperature; and

10. Preheat temperature.

The first three parameters are characteristics of the

fermentation process. The next three parameters are

characteristics of the design of the incinerator. The auxiliary

fuel firing rate is determined by the type and concentration of

vec's, the solvent-laden airflow rate, the firebox temperature,

and the preheat temperature. The auxiliary fuel firing rate, the

amount of excess air, the firebox temperature and the preheat

'perature are operating variables that may affect the

~erformance of the incinerator. Well-designed and -operated
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incinerators in industry have achieved vee destruction

efficiencies of 98 percent or be:ter. 25

Applying thermal incinerators to reduce vee emissions from

the fermentation process should result in destruction

effici6ncies of better than 98 percent. The costs associated

with operating a thermal incinerator are presented in

Section 5.J.

5.2.3.2 Catalytic incinerators. catalytic incinerators use

a catalyst to promote the combustion of vee's. The solvent-laden

air is preheated by a burner or heat exchanger and then brought

into contact with the catalyst bed, where oxidation occurs.

Common catalysts used are platinum or other noble metals on

supporting alumina pellets or ceramic honeycomb. Catalytic

incinerators can achieve destruction efficiencies similar to

those of thermal incinerators while operating at lower

temperatures, i.e., 315° to 430°C (600° to 800°F). Thus,

catalytic incinerators can operate with significantly lower ,

energy costs than can thermal incinerators that do not practice

ignificant heat recovery.26 The materials of construction may

also be less expensive because of the lower operating

temperatures.

Factors important in designing and operating catalytic

incinerators include the factors affecting thermal incinerators

as well as the operating temperature range of the c~talyst and

the presence of constituents in the gas stream that could foul

the catalyst. The operating temperature range for the catalyst

sets the upper vec concentration that can be incinerated. For

Dost catalysts on alumina, catalyst activity is severely reduced

by exposure to temperatures greater than 700°C (1300 0 F) .26

:onsequently, the heating value of the inlet stream must be

limited. Typically, inlet vee concentrations must be less than

~5 percent of the lower explosive limit (LEL). The typical vee

:oncentrations emitted from yeast manufacturing facilities are

Less than 25 percent of the LEL.

As with thermal incinerators, catalytic incinerators are a

'iable control option for reducing vee emissions from the
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fermentation process, having typical destruction efficiencies

greater than 98 percent. The costs associated with operating

~atalytic incinerators are presented in section 5.3.

5.2.4 CondensatiOD

Condensation is a process in which all or some portion ot

the volatile components in the vapor phase are transformed into

the liquid phase. This process can be accomplished through

several different methods. Increasing the system pressure at a

constant temperature, reducing the temperature, or a combination

ot increasing pressure and reducing temperature are possible

methods. However, the most widely used condensation method is

decreasing the temperature at a constant pressure.

In a two-component vapor stream, where one of the components

is noncondensable, condensation occurs when the partial pressure

of the condensable component becomes equal to the cocponent's

vapor pressure. At these conditions, the liquid begins to form.

As the temperature ot the stream is further reduced, condensation

continues until the partial pressure of the vapor is equal to the

vapor pressure of the liquid phase at the lower temperature. The

amount of the compound that can remain as a vapor at a given

temperature is directly related to the volatility of the

compound. The more volatile the compound, the greater the amount

that will remain as a vapor. The type of coolant needed for the

condensation process depends on the temperature required for

condensation to occur.

Condensers are most effective on streams that are saturated

or nearly saturated with condensable vec. When a gas stream is

dilute, as is the case with baK2c's yeast manufacturing,

extensive cooling is req~tre~ just to bring the stream to the

saturation point. Furthermore, additional cooling is then needed

to actually condense the vec. Condensers are not effective on

~as streams that contain low-boiling-point VOC's (i.e., highly

volatile compounds) or for gas streams that have a high flow rate

~f noncondensables, such as carbon dioxide, nitrogen, or air.

rhe VOC's with low boiling points exert a high vapor pressure and

1ence are more difficult to condense totally under normal
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condenser operating conditions. High flow rates of

noncondensable gases in the stream dilute the stream and reduce

conden~er efficiency by increasing the heat load that must be

removed from the gas stream.

There are two major types of condensers: surface condensers

and contact condensers. Surface condensers are usually shell and

tube heat exchangers. The coolant flows through the tube, and

the vapor" condenses on the outside, or shell-side, of the tube.

The condensate forms a film or masses of droplets on the tube and

drains into a collection tank for storage or disposal. Surface

condensers usually require more auxiliary equipment than contact

condensers, but solvent recovery is possible since the coolant

and the condensate are kept separate. Also, the coolant cannot

become contaminated in a surface condenser. Equipment typically

needed for surface condensers includes dehumidification

equipment, a shell-and-tube heat exchanger, a refrigeration unit,

a recovery tank for the condensate, and a pump to discharge

recovered vec to storage or disposal.

Contact condensers cool the vapor by spraying a liquid,

usually at ambient temperature or slightly chilled, into the gas

stream. The result is intimate mixing of the gas stream and the

cooling medium. In some instances, contact condensers act as

scrubbers in that they collect noncondensables that are miscible

with the cooling medium. Contact condensers are simple in design

and relatively inexpensive to install. Although contact

condensers have advantages, their application is limited because,

like wet scrubbers, the Vee-contaminated coolant cannot normally

be reused directly.

The most obvious area to use condensers in the baker's yeast

manufacturing process is during the early stages of yeast growth

(pure culture stages). In these early stages, the concentration

of ethanol is expected to be at its highest and the airflow rates

are lowest. Although no emissions test data were available,

information supplied from yeast manufacturing facilities

indicates that the airflow rate from pure culture fermentation is

typically 10 m3 /min (400 ftJ/min) with an average vec
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concentration of 5,000 to 10,000 ppmv. At these levels,

condensers should achieve better than 90 percent emission

reduction at condensation temperatures below -40 o e (-40°F).

5.2.5 Biological FiltratioD

Figure 5 presents a simplified schematic of a biofiltration

system. A biological filter is basically a compost bed that has

been inoculated with aerobic microorganisms. The filter

eliminates vee emissions by passing the Vee-laden gas stream

through the compost bed. As the gas stream passes through the

bed, the contaminants are removed through adsorption, absorption,

and chemical degradation. Portions of the contaminants are

adsorbed by the compost material while others are absorbed by the

water in the bed. These contaminants are then metabolized by the

microorganisms and are converted to carbon dioxide and water.

Ethanol conversion, in the case of yeast fermentation, is

accomplished in two stages. First, one type of microorganism

consumes the alcohol and converts it to organic acids. In the

second stage, another microorganism converts the organic acids

into carbon dioxide and water. A delicate balance between the

two microorganisms must be maintained to ensure· proper operation

of the biological filters. After the gas stream passes through

the bed, the cleaned gas is vented out stacKs located at the top

of the filtration unit. Volatile organic compound efficiencies

of better than 90 percent have been obtained when biofiltration

units have been installed to control emissions from yeast

fermentation vessels. 27

The critical parameters for a biofiltration system are the

vee concentration in the inlet gas stream, the pH and moisture

content of the bed, and the bed temperature. The bed temperature

must be maintained above 10 0 e (50°F) or the microorganisms in the

compost will become dormant. The pH and moisture content of the

bed should be in the range of 6.5 to 7.0 and 65 to 70 percent,

respectively. Water spray lines are located at the top of the

biofiltration unit to help maintain the moisture content at the

appropriate level. The inlet vee concentration is also critical

to the performance of the biofiltration system. The
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biotiltration system is designed to handle dilute voe streams

with fixed concentrations. Fluctuations in the concentration' or

high voe concentrations result in an imbalance between the two

controlling microorganisms. The microorganism that converts

alcohols to organic acids assimilates the alcohols at a rate that

decreases the pH ot the bed, making the bed acidic. A low pH

will kill the other type of microorganism, the bed will no longer,
operate e-ficiently, and incomplete conversion ot ~healcohols

will occur. For this reason, biofiltration systems were not

designed for batch processes but for continuous, dilute voe
streams. However, a control system (i.e., wet scrubber) located

upstream of the biofiltration system that could control the peak

concentration levels would result in a fairly constant dilute voe
streac to the biotiltration system. T~is combination ot a

scrubber plus a biotiltration system would be a practical

approach to controlling emissions from a batch process.

5.3 IMPACT ASSESSMENT OF CONTROL OPTIONS

Based on the technical evaluation of traditional add-on voe
control teChniques, the most promising options for controlling

voe emissions from the final fermentations appear to be wet

scrubbers, thermal incinerators, and catalytic incinerators.

Therefore, these control systems were evaluated further to

determine their associated cost and environmental impacts. The

impacts of the control options were determined based on the

effectiveness of the control systems to handle the model emission

stream presented in Section 4.4.

Table 5 summarizes the cost and environmental impacts of

each control system. To determine the cost impacts of the

control options, cost algorithms were developed based on standard

EPA methods. 28 ,29 Tables 6 and 7 give details of the annual and

capital costs associated with each control device. The

environmental impacts were derived as a function of the design

and size of the control system. As shown in Table 5, catalytic

incinerators appear to be the most cost-effective control syste~

tor this application.
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TABLE 5. SUMMARY OF THE COST AND ENVIRONMENTAL IMPACTS OF THE CONTROL OPTIONS

VOC
emisaiOQJ
rcductioa, Cost- WastcwaLc:r' Fuel

Annual cost, Mi/yr effectiveness, Energy usc ic:aetlted. rcquiremculJ•
Control technique Capilal cost, $ $/yr (tons/yr)a SIMi ($/loD) MWhly,b Uyr ual/yr) kcal/yr (Btulyr)c

Wd scrubberid 312,000 346,000 80 (88) 4,300 (3.900) 257 4.12 I 108 -
(1.09 I 108)0

Thermal incineratori( 610,000 519,000 89 (98) 5,800 (5,300) 450 - 2.42 I 1010

(9.59 1 101~

Catalytic incineralors( 883,000 294,000 89 (98) 3,300 (3,000) 494 - 2.50 x 109
(9.92 x 109)

aOased on the emissionJ reduction at the average VOC ron~otration in tho emission urum.
bBased on total e1eclrical requirements for the conlrol syslemJ.
cOased on using natural gas as the auxiliary fuel.
dOased oa I control efficiency o( 95 percenl.
eOased on the usc o( once-through 5Crubber waler.
(Based on I deslruction efficiency of 98 percent.
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TABLE 6. CAPITAL COSTS OF ADD-ON CONTROL OPTIONSa

~ Cost.S

Tben:naJ Ca1aJytic
reJ=. inci.Derator Wd scrubber'

Cosc item Factor incinerator

Direct COltS, DC

Purc.bued equipment costs
Coatrol device 286,840 .426,350 34,340
Auxiliary equipmentb 34,000 38,190 130,020

SubcotaJ,A 320,840 464,540 164.360

~oa O.IA- 32.080 46.450 16.440
Sale. Cue. 0.03A- 9.630 13,940 4,930
Frei&ht O.OSA- 16,040 ZU1Q ..1m

Total purclwed equipment~ B 378,590 548,150 193.940

Dinct u,sbUatioa~ C 0.30B- 113,580 164.450 58.180
[FOUDdalioa aDd supports, handline
aDd erectioa. electrical, pipine,
U1.cad·rioa. aDd paintine)

Indirect costs (installation), IC 0.3IB- 117,J6Q 169,930 60,120
fEoeioeerine, coastructioD &O':! field .
u pcma.. c:ootnelor fees, start-up.
pedormmce lest. and coDtineeocies]

TOTAL CAPITAL INVESTMENT. Sum of B, C, IC 609,500 882.500 312.200
TCC

.' .
aNumben may DOt add enctJy due to indepeodent rounding. "
~or i.DciDeratioa. aUJiliary equipment coosjsts of ductwork. sUck, and fan. For wet scrubbers. auxiliary

equipmeot consists of ductwork, stack. fan. pump. platform and ladders. and packing.
CRouoded to Dearest S100.

.,
-Sourt:e: OAQPS Control Cost Manual. Fourth Edilion. EPA 450/3·90-006. ',,1~uuy 1990, Chapter 3.
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TABLE 7. ANNU.~ COSTS OF ADD-ON CONTROL OPTIONS'

1bennIJ rwJCa. c.&aJytic W"'IC~

CoIl ... FKIOC' UDitctMI inciDcrUM inciDtrUM

9 ,."" CO!5L PAC

0penI0r &Ibor
Opena 0.5 brllbiA- 11.~ 3..590 3..590 3..290
Super... 15"o(~ 540 .540 490

Va;'" •
1.Ibor 0.5 brllbi ll- S14~ 3,9SO 3,9SO 3.620
),(..n.J 100" of_i.._ .... J,9SO 3,9SO 3.620

I&bor-

c.aly1I r-pIAc. r. 100"~ S6jQ1tt.l r« - , 42..220 -
(2'JT liCe)- IDda1 oUde-

W...... diapo.I nJl,OOOpl- - - 217.6SO

UtiLtica
W&ICr $0.311,000 pl-- - - J2.6SO
NMWUru SJ.301I.000 ~- ~9.2JO 32,050 -
a.e:triciry SO.059/tWh- .If.ml ~ JlJ.22
TOJ'ALDAC 311,170 IU.4IO 276.510

1ndiI'!C1 'I!!!!I sp!u, lAC

o-t.ead 60" or IUIII or 7.110 7.110 6.610
opcnIOr, ....m-.
Iab«, tad rnaleriah-

~ 2" Te~- 11.190 17.6SO 6.150

~tua I" Tel- 6.100 1,130 3,120

t-- I" Tel- 6,100 1,1.30 ),120

CapCaI reeoot.. ,c C"RF (TeO- ~ l1UJ..Q ~

TOTAL lAC 130.790 171.720 69,920

TOTAL ANNUAL COST SwB of PAC. lAC 511,700 2'94.200 3-46,400

'NlUIIIbcn _1 DOl add 'UC'l., daM 10 i.adcpcadcat roundinl.
1>rouJ~ iIrw.. at.

'The c:apiIaJ f'IICO'ftry' co-I r.c:IM, CRF. ia cq-.Ilo 0.163 r«, I(}oyear ~uipmr .. lirc ,nd • 10 pen:Cal ia&crw. nrc. F« c,wytic:
inci.acR&ioa. c:apiaaJ nc:OWrj i.I cq-.IIO O.163(TeI-I.oa I c.wy.. RpLaccmrllll).

-Sourc.: OAQPS Coauo.I CtMI MuuaJ. r-ounb Editioa. EPA 4501J·9()..006. Januarj 1990. o.pur J.
"Source: Or... Ckmic:.tJ MamlCac:IUnn, Volume 5: AdaofpOocl. CondcruaLioo. and AblOrptioa Ocvic:ca. EPA Rcpon

No. 45Ot'1-1O-027. Dccc~ 1910. Appcodis B.
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The cost of control could be reduced further, however, by

the use ot a combination of control systems. A process using a

~et scrubber followed by an incinerator or a biological filter

could be conceptualized with the expectation that the annual cost

would be reduced. The water from the scrubber would not be

considered "wastewater" but would be recycled within the process

and used to continually generate an emission stream with a

constant concentration of ethanol at a reduced air volume. The

generation of a low-volume constant ethanol concentration stream

would allow the use of a smaller incinerator system or the use of

a biological filtration system, which could conceivably result in

lower control costs. Because of the complexity of such a system

and the need to consider plant specific conditions, a cost

analysis is not included in this report.

In addition, impacts for condensers were also evaluated

based on the control of emissions from the pure culture

fermentations. Table 8 gives details on the costing associated

with using condensers for controlling emissions from the pure

culture fermentors.These costs were developed based on a

typical airflow rate from pure culture fermentation of 10 mJ/min

(400 ftJ/min) at a VOC concentration of 7,500 ppmv. Based on a

95 percent control requirement, the r.ondensation temperature of

the condenser would be -47°C (-5JoF). The capital cost per

fermentor is estimated at $250,000. The annual operating cost is

estimated at $111,000/yr. Based on an emission reduction of

27 Mg/yr (29 tons/yr), the average cost-~ffectiveness for

condensers is $4,200/Mg ($J,800/ton).

6.0 CONCLUSIONS

The typical yeast manufacturing facility emits approximately

82 Mg/yr (90 tons/yr) of VOC emissions. The primary constituents

in the emission stream are ethanol and acetaldehyde, with ethanol

comprising approximately 80 to 90 percent of the emissions and

acetaldehyde comprising the remaining 10 to 20 percent of

emissions. The primary emission sources are the final trade

fermentations, which account for 80 to 90 percent of the total

facility emissions.
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TABLE 8. COSTS FOR CONDENSER CONTROL OPTIONa .

Cost item IFactor IUa..it cost I Cost.S

R.efrirentioa cost. Ref 91.840
Total systems~ TSC 1.15 (Ref)- 114.800

TOTAL CAPITAL INVESTMENT. TCI 2.18 (TSC) 249.700

Direct annual costs. PAC

Labor
Operasor 0.5 hr/shift- SIS.6411lr'- 8.560
Supeni.sor 1.15 (operator)- 9.850

Mainflo.n:anail
Ubor 0.5 hr/shift- S17.2111lr'- 9.420
Ma1eriab l00~ of labo... 9.420

Electricity SO.OS911cwb- 8.560

TOTAL DAC 45.810

Indirect annual com. lAC

Overhead 60~ of sum of operator and 22.350
supetVisor labor. and
maincemOCCl labor and
materials-

Administratioo. taxes. insunoce 0.04 (Tel)- 9.990

<:.pita! rccoveryb CRF (Ten- 32.840

TOTAL lAC 65.180

TOTAL ANNUAL COSTS Sum of DAC. lAC 111.000

aNumbers may DOt add e.uctJy due to independent roundinC.
brbe capita! recovery cost factor. CRF. is equal to 0.1315.

•Sourc.e: OAQPS Control Cost Manual. Fourth Edition. EPA 450/3-90-006. January 1990. Draft Chapter.
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The two types of control measures that are currently

employed at yeast manufacturing facilities are (1: process

control and (2) add-on control~. The majority of yeast

manufacturers use a moderate degree of process control in the

final fermentation stages to reduce ethanol formation. However,

these process control measures can be enhanced by implementing

computer-based feed rate controls and improving fermentor

designs. Implementing a computer-based feed rate control system

and improved fermentor design can potentially suppress ethanol

formation by 75 to 95 percent.

One yeast manufacturer has applied a combination wet

scrubber and biofiltration system for controlling VOC emissions.

Performance data from this ~nit suggests an emission control

efficiency of better than 90 percent. 27 Other add-on control

techniques that could potentially be applied to the yeast

fermentation process are incinerators. The control technology

evaluation suggests that a catalytic incinerator is the most

cost-effective approach for reducing voe emissions, if the use of

a single control device is applied to the emission stream.

However, a combination system such as that described above or a

cOmbination of a wet scrubber and incinerator could result in

lower control costs and relatively equivalent emission

reductions.

At present, no process control measures or add-on pollution

control systems are currently being used to reduce voe emissions

from th~ pure culture fermentations. However, based on the

information supplied by ye~st manufacturing facilities, it

appears that adding process control measures to the pure culture

fermentations or applying condensers could potentially reduce voe
emissions from this stage of the process by better than

90 percent.
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Research Triangle Park, NC 27711

15.. SU~~l.EMINTAI'lY NOTIS

Ie. AIlSTAACT

The Environmental ~rotection Agency'. (EPA'.) COntrol Technology Center
(CTC) conducted a .tudy to obtain information on the baker'. yea.t manufacturing

I'''du.try. Baker'. ye•• t i. produced by a fermentation proce•• that generate.
Ige quantitie. of ethanol and ac.taldehyde. CUrrently, 13 taciliti•• produc. I~r'. y.a.t in the Unit.d Stat••• The volatile organic co=pound (VOC) ...i ••ion

rat. from a typical facillty 18 e.tiJuted at 82 megagram. per year (90 ton. per
year) • The majority of the.....i •• ion. occur. in the final trade f.rmentation••
Th. VOC emi•• ion alternative. that were evaluated during thi. .tudy wer. proc•••
control mea.ure. to reduce the fo~tion of VOC emi•• ion. a. well a. wet
BCrubber., carbon .d.orber., incinerator., conden.er., and biological filt.r. to
control VOC emi•• ion•• ot the.e approache., it appear. that proce.. control
mea.ure., ~.tal~ic incinerator., or a Combination ot add-on control t.chnique.
(e.g. , wet .crubber. tollowed by an incinerator or a biological filter) ar. the
mo.t tea.ible approaches tor controlling yea.t proc••• ami•• ion•• Ba.ed on thlt
re.ult. ot this .tudy, the control efficiency associated with the add-on control
ay.teme i. e.timated to be 9S to 98 percent. Thi. report contains information on
the baker'. ye.st fermentation process, the number and locations ot yea.t plants,
the potential ami•• ion. from the process, and an evaluation ot potential eei•• ion
control option••

17. .
ICEY wo"os ANO OOCU"ENT AHA LYSIS

~ OISCA.,TO..S b.'OEHTI'II ..S/O"IN ENOIO TE ....S .:. COSATl held/Croup

Baka'. yeast yeast maaufacturiol
yeut dh8DoI
ferme:atatioa ICdIJdehyde
active dry yeast YOC emissioas
romp. 1•• 1 ~ yeast YOC coauols
eram yeuI c=coauol

IDI dry )'eat io~ fiJtntioa

~'B. OrSTl'llBUTION STATIMI:lfT ,•. SICU''lITY CLASS fT7tu/h~1 ;11. NO. O~ ~AQIS

Release Unlimited
Unclassified S3

20. SlCU'..TY CLASS f7ll4~, 2Z. ""ICI
Unclassified

..J ••• __ 4 .......-
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(coverphoIO) thecQn'l)Od
BIofhcT,e system consis1lng of fou
covered dlgesten Oettcenter)
instolledot~-eu.ch·s
~Ie.NewVOl1c brewery
removes more ltlan 9O'Wo 01 the
OtQOl"k: ()OIIutonts contained h the
~strenQfhwastewater PIlOt 10
l\noI pOlishing h the age aerobic
bostns and CIOtfI\ers...the inset graph
hQhiQhh the excelent treatment
eltioency by providng nl'oent erd

. eItUJnf SCOO data ttvough the
CI'lOefob!c dgesten tot ttvee
months loIIowino start up of the
8Iof!1one system.

R£OIJCID '!£NAGf~
An industry paying S70 per lOCO
Ibs BOD discharged with the
aforementioned wastewater
charocter\stics can save as
much as S700.0c0 per 32(}doy
operating year. Even larger
potentdsoVr'lgs CCFl beocetUed
.....-tthhl;j'ler-bc::dedlNOStewot9fS.

0PERA11ONAL SAVINGS ..
Ve,yfowenergyconsumpfion.
srnpIicify of operotion and '.
mcintenonce and the low
Pfoductlon ofblomass makes
possible Slbstantlol savings
relative to treatment of waste­
water by oo-sIteaerobicsystems.

~:.. .",. bottom11M with the
BIotttan4I PfOC..1s fast

payback ... two to fhtH
years lotmanyapplcallons.

the economics make sense
BIOGAS RECOVERY
A 1.0 MGD flow of wastewater
containing a COD
concentration of 6500 mgll
can result in the generation of
methane approaching 3C00Xl
cut»cfeetperdoy(2700
therms). This can realize savings
of 620.0c0 gallons of fuel oil in a
32O-day operating year with a
value of SSOO.OCO.

STABU OP£RAllON
ReSIsts~t from vaiety of
wastewater pH. temperatue and
COO load condtions System can
reman doonant dl..mg factexy
'dc:>wntme'~affectng

rvture performcnce.

COMPACT SIZE
Needs only a small traction of

. equivalent aerobic space
requirements An area less thon
1/3 acre crn accommodate a
Biothane system treating 5O.em
Kg of COD per day

ECONOfIICA1. OPeRAT1ON
,Automated system control
provides reliable. efficient
operation wrthout ntensive labor
costs Digestef is ea;y to rnoi"Itoin
because it has no moving parts.

LONG UFt
Attenflon to quanty control and
the use of statEKlf-ftle-ort
materials of construction assures
a long operating Ite for the
~emcomponents.

HIGHLY S£1'T\.EABlE SlUDGE
k. Develops remarkable sludge

'Qranules which are charac teristic
of the Biothane process. Greatly
facilitates biomosshondling.

..,:,
' .

. . COO EfHcTM .
The bottom ~ne. 1he B10thane
process octuoUy tvms waste Into
on asset becousernefhone

. recovery helpsoNset energy
cOstsmwastewater treatment
Pfoblems are so!'<ec1

.,'

:- ....
'.-

....

QUO( SYSTEM START-uP
Full performance con be
achieved in less than eight
weeks with tnOCuIotiood
granular biomass. ~ ~.~ .aosm SYSTEM

:' seoJed tank helps contain odors.
LOW SlutX,;E~: ..~ instapationn~ areas.
Prcx::iuces only one-tenth as .. . .' •.
much sludge os aerobic systems; 'v'mSATllTY IN APflUCAllON .
treating equivalent BOD load. . .Compact. self-contained ,
Dromaticalty redoces disf:XWl anaerobic module con be eosiIY
problems.' interfaced with existing

wastewat~r treatment systems.

the biothane advantage
PROVEN REUABlUTY
More than one hundred
industnokcale plants now in
operation throughout the world.

MAJOR REDUCTlON IN BOO
Over 9m, in most app/icotJons.
Significantly lowers municipal
surcharges and improves
operating efficiency of on-Slfe
secondary treatment systems

PROOUCTlON Of USABlE
ENERGY
Generates methane at
approXJmotely 0.35 cubIC meter
per Kg COD converted Helps
offset factory energy costs.

RAPID HYDRAULIC THROUGHPUT
Hydraulic retention time can be
measured In hours. Perrnrts
responsive control of system
operations.

. , HIGH LOADING CAPA8IUTY
Reod/yachieves lG-18KgCOD
per cubic meter of digester
volume per day. Higher
loadings poSSIble os bomoss
adapts to specific wastewater

- ~.: ~~ -,..

--
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contact between biomass and wastewater
Is generoted by gas formation in the sludge
bed crd occus wi#loUt the expendtt.Ke of ; '. ,
c~rn9c:hc:ncd or hycta\.k energy ~.~­
~e there cre no movng pats n tre dgestet
the process IS ecsy to mantCI1 <rd operate,

U
-,he performance of the Biothane

process is unparalleled. More than
>.100 Biothane systems are in operation
. on six continents in a wide cross­

section of industrial applications. Loadings
of 10 to 18 Kg COD per cubic meter (600 to
ll.cro Ib COD per 1(XX) cubic feet) of
digester volume are routinely ochieved h
most cases. otten within only~ to eight
weeks following system start-up, BOD
removal efficiencies of 90% or more are
achieved in most applications. Recovery
of biogos exceptionally rich in methane
content GQ-85%) contributes to the system
economy. The process has shown itself to
be resistrnt to upset within a wide range of
inposed conditions. and the biomass has
demonstrated extensive storage stability.
The dependable Biothane process offers
the tineIy combination ot wastewater
purification and supplemental energy
production to meet the challenge of
todoy's environmental problems,

the world leader inin~ anaerobic technology

~
~_-~----"'4"

! ~t.
~ The opeIo!inQ~ of the Biolhane process is os

,.: f..~ E E 1oIows. wostev.ooter enleB the bottom of !he dgestef
'i:~- vesselltvough !he InIeI dlstnbu1lon system a and.".---...f-o------..J---......... , passes upwards Itvough!he dense onoeroblc .

.",~ bed III SoU)Ie coo Is ropIdyconver1ed ~; .
'.to bIogos rich in methane content and on~ '.

" ctculotion of water and gosbome sludge is
established The soecioty constnJeted

settler sections a allow effective
degostficcrtion to occur The dense,

Qfanu1ar Sludge pame ies, now

""==-:;z:t==-::; 0 devot(J of attached gas bubbles,
" SJ"k baCk to tt1e batlom

eSfablishfng a return dOwnwards
Cl'culQtlQ<1 The treafed effiuent nows
over a Wf!l/ at the too of the settlel's nto
:::olleellQ<1 chQnnelS for dischargeiii
whIle the dlrectty combustible b'ogas is
recovered from the eollectionpodcels
o The uPward now of gosbome skJdge
through the blanIcel gn combinofiol ,
wIffl the ren.m dQwnwOfd flow of
degassed skJdQe creates continuous •
convection and f'\SU'es effective saJdge I
to wostev.ooter contocf wtthouf the need ~

for onv energy~()n5lJTWlgme<::honIcaor . I
hydrouiC agitation wIIt1i'l the dgester , - .
vessel. the lS1ICJU9 de5ig'l of the ctgester r

allows a tIif;1Yv octtve biomaSS COlICei "tutb1 !
n relation 10 SOIlbIe OIg<711C solids passing

ItYoug'l the skJdQe bed and 15 responst:lle for the
vety tV' Iooding rote (short hydrouiC relention
trne) ....t1ich con be ocNeved routY'lely.

0':-

special interior design for separation
of the gas. liquid and solid phases is a
Cdflcol feature which enables the

portides to settle and be
. within the dlgester while allowing for
., . fopld hydrwlc ttYoughput. The short

hydraulic retention time creates conditions
that encourage the development of the
'remarkable granular sludge whICh

",...chCJ'octenzes the Biothane process. Effective
-'~'...

. ,

.'.
-- ....r~r.

t.

Biothane anaerobic wastewater
ffeotment process is available n. the

ed States and Canada excllslvely
~ .from Biothane Corporation of CQ:oden.

.~:, :',New Jefsey. which owns the patent rights to
;~ technology WOf1d wide. This unique

biological process is an outgrowth of years of
reseach and development wor1< which
OOginated in the Netherlands and continues

.I;..tt"\ongoing both within Biothane Corporatton
~,;~Ond Its Dutch subskfiaty company, Biothane
.. Systems Intematlonol. The Biothane process

, .has its generic origins in Uptlow Anaerobic
ii .~.,~ Blanket (UASB) concepts. but the
~.. ncorporotion of the patented three-phose
ll, . ~:', '" separator topwor1<s has enabled it to evolve
~$', ,'~' " ,~t>~"" '. nto the state-of-the-ort tectvlology for the.

,,:~,; 'j' . t of wastewaters from a wide
... '" ' . '.:., ~ty of food and related industries,

t...,
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Sloteol'!he -at
:ncr()C<oc~

~onr>Qond

:: onlTOl makes !he
PoortxJne 0<oc ess
easy 10 ooer01e
and marl fain ono
oIIo.....~ t(){ fost
OV1om<Jleel

'~ to any oolenh(j O<ObIems to nsue
<)f)Q ,term ~e<n slobNly

n The Qle<nrog 5IIY9f structure to the leN 0' the
pk:IUfe IS a 2(X) m' s.othone package pIont Moiled
to treat wos1ewoter from frozen yoglS1 producllon
01 C oI0fT'b0, he, TNs package <tgester concept II
deal for sy';lem users ....no have orgor-«: loads of
less than t:iJXJ KO Id COO, The smoI equipmenl and
contrOl burld"rog Is 1oc00ed 10 'tie rig11 or the
d!g~ler, and the fiberglass domed root 01 the
upstream condi~loNe Is VISible Ifl the
bockgrO\..fXl The sy'ltem 01 Colombo IS deStgned 10
treat 2COJ Kg/d 01 COD contorne<:l rn a now 01 0 I
MGD

II Biothane sy'ltems come In vonous ShaDes and
saes Thcs comooc l concrele S1nJCtvre 1oc00ed 01
The J M Smucke<Comoony IS compor1mented 10
conlain a 600 m' dogesler vessel. a 2(X) m'
CondfllonlnQ tonk, 0 small SlJl)Ius sIuc::lQe vessel. and
the eQUtPmef\t and control bu~ngpictured
10wardS the fronl ngnt The common watI
construcll()(11S economical and oroclicd for~em
use~ wrtn ho;t"> wosrewole< I'Iow and relatrve!Y low­
strengtt1 (){gonk: lOad The s.o!hone loclity 01 The
J M SmUCke< plQnllS deSIgned 10 treal a COD load
ot~ Kg/d Con!OIned In a I'Iow 010 <I MGD

'3 -he '-.'r' 2~ '"""1'ges'e~G~ Eagle yeast each
!'€'Ol 26 :JX) kg,Cl or C ~,::: ::8n'Glne<:l rl a I'Iow ot 0 3
MGD H'1S ·'1e.... ee,>,?, '0::""'" unllZes the gener01ed
t;.oogos 18 sucotv c moKlrr1', 8 1-ne energy reelv~ed

In 'he monv1OC'~n'XJ0';' ts txJker s yeast o<OClUCt
The s~~ern IXls t'€'en ,r 'CD'O"otlon SInce 1985 ord
raunnely ocheves a~ 80D remKlvoi efficoency
The conceal or 00101161 dogesle< QOeIQ1lon

introduced \10 SlJCcesstufl'y 01 Eagle yeast has been
used StJbSeQue0tly In severOllQrge s.othone
ITeatmenl nstCXl<JtrOrlS

14 The Biothcrle pcocess oNers S1Qntficont en9fgy
SC1IIY"QS C()(r()aed 10 aerobtc tTeo1mefll sy';lems
The generation 01 combuSt1l:>le b!ogas rich t"\

methcrle Cal be vttzed by !he o<oducllon lociVty.
and the sI"npIe, space 'e1fic',e(11 orocess hv<i'outcs
and controls reqUle~ hOrSepower 10 oper01e
and Cal be sIdd-mcu'lled.

15 The!POC1t~tne!S of the 8Iothone~em
Is lustrofed by the treatmenl of ....astelNOfer !rom
Stone Contcr.er. a recycle PCIOe' rr"· The entTe
~em treotnQ 7500 KO/d CODcootQhed I"latlow
at 0.3 MGO. Is 16c00ed on a site 01 less than 7ClXJ
SQU<7e leet h aee,
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The speclOlIy designed patented intemol settter
sectIOns form the heart of the Biothone digester.
Based on ftuld mechcnics principles. the set11ers
function to degassify the biomass and impart a
downward impetus to the sludge granules. The
Biothane process thereby enjoys the pronoITCed
advantage of long biomass retention tines coupled

wl!h very short hydraulic retention times.

the settlers...the innovation
that makes the ditIerence
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GUARANTEED PERFORMANCE
Every Biothane system is warranted to perform
to design specification and comes complete
with biomass inoculation. operator-training
and start-up assistance to bring the process
on Une withh a few weeks.

PRODUCT OEVB.OPMEM
Ongoing research and development at
Biothane laboratories in the U,S. and the
Netherlands is creating new products to
expand the range at treatment altemottves to
solve environmental problems. The same
reliabirrty you have come to expect from
Biothane products is now available to you
with new processes such as Biobed, Biobulk
and Biopuric. an designed to effectively treat
specific ponution problems.

PEOPlE
Our dedicated staff at experienced people is
our most important resource. let our
professional team of experts in biotechnology
solve your wastewater treatment problem
reliably. efficientty. andcost-effectively.

• J '

". '~,. ~r' I:".r '>~?' l .. ,
~

TURNkEY CAPA8IUTY
From moduIarlzed scope to totd system
design-bUild. our experienced staff can
provide all necessary process eogheerlng.
construction. and project management
seNices to assure completion at the faciUty
on time and wtthi'l budget..

.
'I'
, ~.

~-:tt··, . ....~~ .'. (,
"; ~ d ~~1:.\; CI~uence an CI~&.~ ...
~,' the key to reso1ll'CdUl problem-solving

\ ~

t' Biothane CorPoration's experience and

,
. expertlse 0SSlI8S our customers at recelvng
, ,L·1. the very bestsoUtlon for their wastewater
. ':' treatment problems. Industrial wastewater

treatment Is our only buslness ... and we've
pioneered the conceptwith proven success.

PROJECT PlANNING
From lab-scale and pilot-scale wastewater
characterization and treatability testing
programs to conceptual deslgn a1temottves.
Biothane Corporation works with you to
develop the mostInnovative. cost~ffective
treatmentsolutions.

... t·
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cI' ® blothane corporation

a subSidayofJoseph oatCorporation
2500 BroadwayI Drawer S. Camden. NJ 08104
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The production of blkel's yeut Includes vanous proccJ.St.S includinl moll.lJes preparauon. fermenwion.
yeaat sepantion and ye&Jt dryin,. In the variolU slales of )'Cut production proceis and for cleanine
pUlpO.SC.i. wme chemicals includin& sulphuric Icid. pllosphonc .cid. mono IlDmoniUI1l phosphite.
Illlmoaium hydro~de. causal: sodl. $()Cfj1Utl hypochlorite and saJt IR us.ed.

Hilh Stnllllth proces.s "'~WllUS lie or1lina~d from yUSl .sepllllOn and rotary vlII:uum filIUS. In addition
to thue effluents. medium and 10'"~ WUle.....ten inl:lodin, floor an4 equipment deanin, ...lleB and
domestil: ""Ute....ten are Ibo p~t. Coolinl WllUJ from fCl'11lcnlUs are directly disc:lwled 10 tile
receivinl .....ler body tolether with Ito"" Wlten. f{j,h .trenl'h proc:e.sa wutcW'lCB hive Il:hcrnil:aJ <lAuen
demand (COOl of 10 000·)0 000 m&l1 and thear pH vaJue.s vary in IJlc ranp of 5 10 7.4. Low s~n,th

efflUCllts with an Ivenee COD of 1700 m'" are dim:£d to !he aerobic treltment Iy.tem.

In \his study. the full·saJe ttUl7lIent re.sults from the rwo phue anlClObic ""UleWllU ltUO'Denl pl.nt .t
PUmIY' IUllIt Factory !\.ave been pru.cn~.

PLANT. MATEJUALS AND MElliODS

MCUWUllents of poUutin, parameters on unttUlCd infl~nt and lJ'Ueed wISleWIce.n of PaJr.mayl lzmil
llIdlUUlal Wutewar.er Truttnent Plant are the main mlrtnal of the INdy. TIle plant coruuts of [1/0'0
ltUtroent stqes: INUObic (tnt Staae and IIUObic second sUlle (Fi1Ut'C I). Anaerobic fl111 lillIe is aJso I
Nle>-phue system: Icid producoon pllue and med\ane fennenution phases. Anauobic ltuO'nent .ystelll hu
IeveBI unIts includin, • buffer tank. 11\ influetlt PUlllpin, sution. 11\ lII:id ruetor. rwo methane re&ClDrJ.

VIII:Uutll deluilien. laroeUa lepantor&. a IU ltDrqe tank. a boiler I)'.tem and a nanl for elllellenc)'. 11Ie
nuUlent requtrements of the tn:aane'll S)'Stelll I/'C suppl£men~d by dolin. H3PO", Two methane reactors in
the anaerobic: tint SI.IIe lIUlment syslUll CIII be ope"rtd in paral1£1 or in series. Anaerobic IUCtot' Wen!

constrve:1IBd U upnow ~bic sl.ud,e blanket IUCWrI (UASBR) and dcdiCl~ lamcUa separlum with
VIII:UWlI delUtfien vrue added to prevenl the ....ash·oUI of the biomus from the system. Fecdin. and
rectteulillon Jy.terDl II'C automltic.al.ly openlCd by tinlU'l.

1lle aerobic: second stale wu desilned and ope,,~ u an Clltended aeration acova~d sludle syStLm with I
speciAl Ieleclor UNt a.t the belinntn,. 11Ie main ~Ilment UNa of !he aerobic IUlle UI the ... leclOr
COmpIl1/1)(Dt, the aeration bu.iD ,.,jth roUl equal IU'lted celli COM«tU In lenes. and a final Jecl.imutation
tank with. lIud,e IUtteulation f&cUil)'. Swfaa ae"lOt1 hive been uud for aerltion of activated lIudle
.y.eem.

At Pakraay. Wastewlter Trutment Syum pollutin, parIItIertB includin, flo~ rempcl'Irure. COO. pH
concc:nlfllQon of suspended w!ids (SS). concentntion of volltile acids (YFA). sludle volume indu (SVn.
concc:nlnltion of IIUmorua NlI'Olen. ortho phosphate and suJph.te !\.a ve been rE,ululy monitored It 9
dLfTere.nt loe'OOM. AdditionaUy. bio.u nownte and c:orDpcWtion (C02 and HJS) hive iWo bull monitored
~uentJy. Table I 1II0,,",s the panmele" meuu.red rE,ulul)' ""lthin the scope or the trUlment plant
lDOnilorin. Provamtolcther ""lth Illusurin. methods and samplUlI frequencic.J.

Dct&iJed inlo""ation about Kroblc lIUO'nenl 'YslUll performances are pruented in I sepilale sNdy (OzlUtk
"Q1. 1992).
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-epaution. termcn\.luon.
~ COl' ciunIRC
1/1) rn phosphlle,

cuum filleo. In addition
Icnl c.:le.uunl waten and
:.cuy disclwCed 10 the
h.&vc I chemical <UYlen
.5 to 1.4. Low Itn:ngth

1eJ1I.

~Ittr IlUllUcnt piani It

ten or PIkmIYI lunn
plant CCl\lUlJ or two

,ie tinl JQI,e u aUo I

C lI'U.DIleJll J yu,em IIu
two lDuhee ruetors.
n: ror erneraency. nw
*'0 metllane ructors in
:J.aI:tOtW: ruCU1n were
LIT:ICl1a Iepet'llOn wi lh
'yllam. Fccdinl IIId
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TABLE I MOnltoriJl, Proanm and 5amplinlF~~{or PUnllyaLuDit Wutufarer Treltn:Jenl Plant

,.,.~w _I'", ,•..-. _IW ....I"'...-
fl_••• c:.ntl..... l" "_tor.. I" .. .'or

CIlD "II" ._ It-....~_ nll5:

".I,,11t '''''' lIel. I"U, ,.11" __ •.-..... _..... \I'IU

IV' _I,
::-::~.......-11115/

' .. -, _I" 'I, ••-...... -" _n..... __
11115/

- "_II, _c.
aI. III "fir Orwu _It..

... (II ","*11' .r..... '_
""""-- e.>.I_I" 110 'r"
Ill... ...,,, _ It........_t'",/

" """ ..........."' -_.,.."
11- 'col..,. _1....11' Jcaoy, I", fl••r...,._-,
RESULTS AND DISCUSSIONS

WYl2wWr Cb'O"Wi"rion

Proc>e.ss emuenta (rom the baWs yUJI lndwCl')' an: oltlUllced prinJuily from )'USl &epanlOn and ncuum
lihel'L JIIlddilioa to Iheac typU 01 h1Jb s~llI1h OIJaNc cJ'I'lucn.. !heR an: &lao lOme \ow strellltll emuenu
IUCb u fennenrer wull ....te.n and dc/n)aric wute.".allUL COT\Iiderin, the 10"' ttmI lDC&SllRJllenll. the
poIJlIcinl p&11IDeten {or "ia" SlRnP fentlC.lltiaon effiuenta can be chlrlCft1ized by Table 2. AVUl,e
Downie of hi,,, .lrenp proe;cws dfluen.. i& abou\ 1200 rnJ/d.

Low 'lRn,th WUllD""u~n were direc1Jy fed co the aerobic Stl,c, to the emucnr of !he selector. Y~ the
dornulic effluent pumpUlJ ... tion. The no~ of thiJ lJiluced emucnl is about 1200 mJ/d. IIld avenge
COO of 1700 mJ/l and BOD, 011200 I'IIJI'l an: typical fOl !helle eff1uenu_ ~ .. tively Iti&II COD and 800,
cOllCoCnU'lZions compared 10 typical domCitic df1ucn.. in this slIUm (Ill be upltined by c:ontribution of
fcrmellter wuhinlJ.. 1lle .",erace COO yaluu aJl# rni~nl the xloc:lDr elDuent with the low s~nllh

wurcwarus IR about 2.SOO rnVt

Anwpbic mermen, 1'1w QDeQAO' 'cr,h,

Anauobic TlUtrDent ruwts coyuinll period of rnore than one year were liven in Table 1 These results of
13 rnOON operation Il'f repruenwive for a1nlost the ...hole operllin, period of the IIIlC11:1bic: trutmCllI
SYSlCm. TIle anurobic \rUaucnt .y~l'Il IIu succ:es.slully earned oul it1 yital role wiwn the complete
Q'uone"l achetoe.

PrJ'"" La,dip! BIte, And COO Remgval ffTkjCM'X

Averqe volumetric IOadin, fIIU (or the Acid. Methane·1 and Methanc·2 ~lCton are 9.1. 11.6 and 3.0 k,
COD/mJ.d rupmively. AI~ oraank IOldln. rateJI (OU) an ayuqe COD rernoval of H pcr«Dl Il'U

ac:hieved <F'1l.2). COD re"'f)Y'al etrlCieneiu o( anurobic: \l'Utm81ll stAle can be IS hiah u .O~ in ~rae

£

cues. Tho cone.sr
reason anlUObk (,

TABU;:J

TABLE J Openun.

pH Tcmpc;Clwm wi

pH. tempe.ratlft and
rnoNtorin, (or 1ft cIr,
7.2 in acid reac:tDtI a
problem in the IftIUO
as 7.' to 1.0 whicfl..,
thec~o(

relCtOtll "lYe ~n It

fennenWion~_
Methane ~ae:tora are
obsen-cd in the buffer
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~ lne com.spondin. BOD J removlJs al ~ce OLlr. are in the fVI'C of 85 l.U 90 pen:c:nl. For thai
~lUOn anlClObic: t1rJ( Sl.l&e ~almenl has provided &II effectivc pretrelllneni a' Pumaya 'zmit FlIClOry.

TABLE 2 ChulClCnsllCl of HI,,, Sln:n&1h Proce.u Emuc:nts From Pumaya lzmil Faclory
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TABLE 3 Opentinl P&JMlClen and Trulnlenl Ruulta for MlCnlbic T'Utnlcnl SY'lCm ,,( Pakmaya (Crom
2.02.19911021.02.1992)
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pH Icmps;1It'UJi IQd VAleri's "err bEida '\TA'
pH. lZmpen.narc &lid c.ollCUltrltion of volatile fatty acids are Opentin, paramelCl'1 ~quirin& c:onMUOUJ
rtlonile"", fot &II effective conll"Ol of the IllUl'Obic ttMCnICI\t proc:e.u. pH valllCJ vtry in the ""Ie of 6.6 co
7.2 in acid reacwn IIId 7J 10 7.8 in methane rtKtDn u can be noticed in Table 3. There is no low pH
problCl1l in the IlllUObic: sylllem. on \he conavy pH valYCS. upcciall)' In methane relCt(ll'1. milbl be u lIilll
II 7.1 to '.0 VrfticJI an aenually the upper l.imita for melhane fennen~tion. This hu mainly ori,inaled from
the c:harlcurisQa of the prlXlC.U effluenta of )'CU1 industry. The Ienlpent\u'Cs in bolh acid and methane
Il:ICUV1 havc been mainllined In the fVI,e of 37 :t I"C, "..Ilic:h u optimum fot mesopbillc: &IIlCrobic:
(enneatalion prou.u. AvcRle vol.tile fany Kid (VPA) concencnoona ill the Acid. the Filst and Second
Methane Rc.aaon are 7000. 100 IIId 300 mJ/l u .cede Kid (Fi,un 3). A partial acidifICation II.. been
obxrved In the buffer tank whue the hi,h stnnllh process etnueJlta are retained (or .bout 10 hoUlS It 20 lO

1111""8 rn --roo



2~"C. Volatile Il.,d conc.enlrlUoru of 3500 10 4000 mcHAcI1 in the rlT~1 mcthane: rnClOr could cuily be
tolented in \he cue of ShOCk orC:ulic loadinp.
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A1 the free HJS h
uuunent sy'leln..
plBlld operation.
nellilihle. About ~

or tJli' H1S Is $V

convenion of .ulpt
is low due 10 /\i.h
S()1'4 to H1S is ,
anaerobic IlUlmen

Location

Acid inn.
RratfDr em.
Mahane inn.
ReKlOtI em.
Total inll.

ctn.

llCIXl

8CO)

7tXlO

:s IOOD
<:: lSOOO
11II
6 • 000

"""
~ :DlO

>
2'000

1000

0

A1wrobic: SQ4 Remgyal

In the: anaerobIc ltUanc:nt of hilh Stn.llJth industrial *UloU conWOInl hi.h level sulphite, two major
p~e.a of concern ate sulphace reduction and mctJlllle pmduclion. the latlU bein. inhibited by tJle (onuer.
111 the: procua o( anaerobic .ulphale ~lKtion. 0l11lUc; manEr Is dlvened (rom melhane producllun lU
sulpllide (H2S) lencration. Sulphur reducinl blCte.ria (SRB) .uch L' DIJw(fovibrio and DU/I/frJMDc/ll/lffl
utili" slIlphalC u an ele:l:llUn KUplOr wilh H~ u the: end produc.:t uf tJle process. The kinetk. of tJle
anaerobic sulphate removal pnxu.s un be found III tJlc: related litenlUl'e: Abram and NedweU (1971).
Archer (1913) and EcoClu II' at (1989).
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"... llCOO•..,
J5000

&OClOi
XIOO -

BiAlY PrgdIlCtiRO an

In IJ\lIUObic ue&0De1l

3.5eC. Ave..... blo,_
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production :uuI raelll.
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~ r~lLlr could eaSlly be

As the flt'c HzS Ii h'Ihly 1Ll_IC to metJI&ne b.ao:tcri•. I sulphur mus balance .. ~~ lOCI up for the In.eroblC
uuanenl 'Yltcm. Table • summanu..~ tile ~sulu of the reJated m&.'~ b~an.:e SCI up fe-r meth.ne It'1C'l0f'S in
pM1..llel operauon. These n:.\UIL< ha"e shown thl' \he conll'ibution uf SOZ'j 10 the sulphur ballftce is
ne~liliblc. Aboul 80'1 of iMumm, SOl., i~ (unvent:d 10 sulphide in the acid ruC:lllr. where mort than SO,
(If this HzS i~ ~lJ1prell by thc bi('ll~' proI1UQ:d. When the methane ~3<:l\lrs V"e llpewe" ill p:uallel.
conYer~lon of sulphite to HzS j, Ilmvst ,olllpleted. The stripping effeci of t.hc bioea.~ in the mrth:<ne reXlor~

IS low due (0 hlCh pH (7.8). In t11c C.1.~ of t.hc met.hane fC;II;lnu in ~n:11 operAlinr ml>Oc. lhe cl.nvrniltn of
Sol'. 10 H2S IS generally co,npleted in the fi~ methane re.o:lor and thIS tn,ru..'C' the )I.. bilily of t11e
lJ1aerobio: a-eaaneOl proces.s.

TABLE 4 Sulphur Mus Balance Por AnlCl'Obic Tneillneni Sysa:m

··············0:;
........... . .. .,l:.:::~.:

Timr(wcck)
~ 10 1~ 10 1~

_._~-.-- ~~--+--i--+--+-+--,~~--+-- .. - ..... -- ... _I t

ooסס1

IUD

1000
-.
>. 7'000

"'11..... l!lOOOI--
~ 6aX)

til
0
~

~

jl(XX)

zooo

P1.ratrIeUn <11m' of ww)
Loc&tion

S()I"S Sl- Diuolvec!·S S-in p..s Total S

Acid inn. !lA3 2. 867 . 867
Re:ae:tot em. 177 2n 4.0&9 311 760

Methane IIIn. In 272 4-49 4-49
Reactors em. 31 .lo42 373 65 438

Tow Inn. 843 2. 867 867
em. 31 .lo42 371 376 7.9

,
I

/

2)

'ialC: ( .....eek)

t '-1

\ ........•.......

..."""-w.~.,.L
~~J .._
.~~

Timc(wc-el)

BIDCN PrpdyctiQQ 'Ad CompollQgA

:1 slIlphate, (\WO lllaJor
wbi~ by the fOmler.
nethanc production 10

, and DUII/flJlrVJclIlwri
a. The Iuncllcs of the
.nd Ned~U (197'),

111 anaerobic trutmenl a Illethanc production of 0.4 111 3 per Itl COD nemoved can ,enerally be achieved It
3S"C. A"etlIC biolU production yield of Pakmayalunil WasltWlter Trull1lenl Pla.nt (V,.;'COD) is 0.6 m3
per kg COD Rl1Ioved. 111 the miled IU fmlll the Icid and Illelhanc neactors, ."erage methane conten, is 70..
and thiJ cOmlpondJ to W Illct.hane production yield Y(CH.,cQO) of 0.40 Ill) per kg COD removed Which
ia equal 10 the thconetical l1Iulmum value. BlolU production yield. of U hiC" as 0.6 Ill] per q COO
RIDOVCd art thouChl 10 be onlinatcd frtml anauobic dilution of excess biomus in the ructors. Blo,u
produclion and methane conltnl of biolU frolll the acid and Illethane rUc:1on YI. time lraphs are shown in
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Figures 4 I11Id 5 rc.spectJvely. Mc~enu of H2S in the off I" hive shown thaI volul1lctric cnncentntions
of lhiJ COITOSIVC IU are le.s.s lhlll 3'1 in renet'IJ. "The biollu produced hu III eneIlY ~uivalenl of 56.000
k\lr-h per dly (4.7 tons fuel oil or 63 IOns SlUm) in genen.l. CUlTeJIlly. the biolu produced in the IIIKrobic
IUC\OrS hu ~n u~d IJ the fuel for SlUJ1I production lIthe boiler house.
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Timc(....c-ek)

svt (mU,)

Avct'llc and min. i

slud,c "c.(d)

EIICC" biolo,inJ Ilu.
honzontal bell filIUS ,
SOIDC orranic donIutic

Bloma" union

The biolo,ieal sa-uetu
:SCIMinI eJc.clron mig
Mcleod " al (1990)
Acido&cnie biol1lasJ
Methano.enie biomass
(Juccular SClUc:NlC It tI
mixed population thaI i

Long !Z:m1 IlIcUW"CmenU ftaV'lt ,ha...." chll ccmc:enndon of biomU&, sludlC relLntion times (sJudlc a,u)
(Se) and ,ludIC volume indexes (SVI) in 1Il1UObi.c: I'UClOn vary u in Tlble S. Siudg! a&e in bioloJical
lIUunenl sYStenlS can be cakwllCd by c.hc folio_in, equation.

whcR.

V: Volwne of r..clol"I (111 3)
Q: WU!Z:""ller flow rallC (ra'/cUy)
Q.: Ao""rate of UltentionalJ)' WUlLd sludgc frol1l the s)'stel1l (llIidl)')
X : Concenll1tion 01 SUJpended solids l/l the rr.aet0l' (JI11I))

Xc: Conu"tnaon of suspcndod solidi in !he reactor etnuenl (JIm J)
X.: Conoentrluon of solids in the l/llCJltionalJy ...~ uoe.u sludge (JIm J).

11)c slud,es hive elceUc:nl semln, chll¥tUiJtia. Gl'IIlulu sludgC' have sJud,e volume Indice.s (SVI) of
Ius than .5 rill/I re~ntin, ucelJenl 1Ctllin, properriu. Al\acrobie reaclOrs elll be kepI withoul fudin&
far Ion& periocls even for JUSOnJ. Such III application had been practiced for len rIIOnN I' Pakmaya llrail
wutewaw truD'Dent syJtUII. FoUowin& lJW period. the anauobie trellrDenl 1)'lteltl wu returned to iu
ori,inal opencinl eonditioru within 90 days without Illy senOILJ problera. Lon. sJudp &ps in lICCond
methane tuC1OI1 In! ma.inly due 10 low uc:c.s.s sJud,e removal IIId emeienl biol1lU5 separation in lameUa
3CJlIRlDTl..

lilY II_ 11i·~
'.,.-- -.-.r---
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.umetric concennaoru
J equivalent of 56.000
-duced ;....~ ."aerobic

:id Taok

1 timu (Illld,e lies)
J,e lie in bioloCicaJ

ne tndic.u (SYJ) of
cpt ""ithollt rudin,
" It Pakmaya lvuil
wu ren&med lD iu
lie lie. in IeC(lnd
epantion in lamella
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~
-:

~
..;..

TABLE .5 Slud,c Ch~tic.s in Allicrubic Reaclors u( PUmay"

PanmelC ....cid Reaclor Fim' MeUlane Reactor Scc.MWlane Reac.-- _.
Av~c and min.
ClOOC. (I SS/I) ro-s 905-)0 155-48

SVI (mllg) <4() 10< <20

AVen&e and min. 200-10 80-30 'J00-400
sludge lie. (d)

Excu.\ biololicaJ s1udcc has been JlDrcd In ~ s1udlc IKlldinl U1ra and hu bun uVl."'cm:d to lhe
hunzont.a1 bell filIUS fOl dc_aleOnl. De_alered slud,c ca.Us have been u.s.ed for compwunc IOlclhcr ... jlJ\

some UJCanic domutic solid ""lStU.

Bjomrn Ecglg&y

l1lc biololicaJ S1l\IClure of anaerobic biomass wi!hdrawn (rom the anauubic lUI~'tUrl WIS c:I.mined by
scannin~ clectron micro$Copy (SEM). Biom..... JIIOPJc.s~ pn:pared Io:ordin, to !he meUlod applied by
M"LcVll (/ at (1990) (or SEM. Billmass (rom acid and mcthane relctors have dlffCJ"enl pmpenie.\.
....cidoccnlc biomass is m&inJy in floccular (orm rather than c.ranulu stl\II:lllre IS shown in FigA
Methannlenic biomus in the me!hane ructon i.J m&inJy JrVIular II the boltom (Fie. 1). while il hu • denae
Ooc.cular SlrllClUre at the lOp (FiC. '). E1ecqon microKopy has shown thaI the I,,"uln arc coloniz.cu by •
mUted IXlPulltion thaI iocludea lon, and &han rodJ. and dWn rorrainl c.ooc:i.
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32 Enterprise no. 24: Yeast Industries Co.
Ltd.

32.1 Production

The CZlW'prise is lot:a1cd mRuaeita 20 kID NIt of Amman.. 11 CO\'CI'I an
area of 10,(0) I12J led and has aam.e II)~ 11 ia • privately OWDcd
COIDpll1l, wbicb was~ III 1976 and IUIrted produaioD m1978.
The prodllc:tiotlls fresh yeast and dry aetm:~ (iDatant baRn yeast).
The warlr:iq time is 24 hid, 6-7 daytIweck.

Fresh yea( is produced iD 0.5 ka comprwcd cakes (28CJ, cby rdid) wbieh
arc pacled sepantdy. Dry aetM )'C8Sl ronralos 9>98,*, dry J01id. It is
packed l.D dif!'CRJJ( sizes: 100 g. SOO g and 1 kg packs and 2S kg bags.

1D 199'2 the produ.ctioft wu 86S tOIl dry yeast and 2,.582 1011 fresh yeast.

This was only appr ba.If cJ. the total c:apac:ity ....hk:h iI 6,DOO tou per year.
The total productioa of)QSlln 1992 was J.4-f7 ton conupoadiul to appr
U45 lOU dry IOIid )'UIL

32-U Production of Ycaa

The producrioll~ an: sbowD in tile ftow-Wa. Agwe 321.

100 maio proceues are:
,

1. .Prcparin& I pure yeast~
2. Fun sc:alc (ennc:ma.tUm

3. Separarlq and~ the)"Cut

Liquid moIlWlI is produced by dDutioD wilb walcJ Co11mRil by 1teriIiz­
arlem. P1Da1Jy the lOlntloa is darifiod tJarougb • aepanlOI' UId sund. 'IbIs
liquid mo1as.5e& is used in me ~I.tiaa tBk.

COWlooasuk aad RSS
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1Ddustria.l PoDuLlon CoDttoI Prcjed.. Jordan
Project Compoaeat No. 2: 1.IldUltrial Wastewater PretreatmeJll~

... .,

Process water i& priawily ased iD the produdiOD process IJ2d for clc:aniDg,-
of mac.biDClY, cquipmcac &ad laJlb. T'buo it l m'''iderabLc demaDd 01
cooli1IC waler for the (ument.r!oa procas but.cx:onlioa to 1Df0l"'lQtiad
from the CompaJly, the cooIiDS Jyltem is a doled 1YSCt.:m wl1h cooliDa

to~

s.ooo lOll

S6loD
21 toa
21 ton

195 lOD

1 tOD

2OtOA

112 lou

18toa

4. I>ewate::riDg 0lLl • 61ter' press
~ Emu.dJng
6.. Dryq (Duld bed d.r)ocr)

7. Pac.kiJlg

4. Dewa!ecir:Jg on • rotary \laCll1Dll dryer
5. E.m1adia&
6. Pactin8

The COD5UDlpbon of raw materials (1992) Is:

Beet molul.es:
AmmOJlium phosphate:

POClSSium chloride:
Magperiltm sulphate:

Urea:
VatamiDs:

Sodium hydrOlride:
SllJpburic .ad;

Sodium c:b.Ioride:

Wiler iaaupplicd from~ Compaay'. O'ND weD. no c;oJIIlDDpdoD it
estimaled by the Compeny to .5OO.(Q) m!'/d. 1b1a .. J3),(D) - UIl,OOO

~. nc WIller mncumpDCD ic appr 50 m' watea' per toll~ or

100 ma pel' ton dry soIld~ 'ThIs Is nthet Idah comp..ed to EtUOp:WI
practice when: I water CX1I!I1lIDpdon 0130 rri' pet ton dry solid )'CUt is
normal wen closed c:ooliq I)'StmDI are u.od.
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YEAST MANUFACTURING
CONCENTRATION ANO UTILIZATION OF EXTRACTION EFFLUENTS

OLD PROCEDURE

fin"

.,....c".n

••.-0
.1....

moollyy.".
(S'" "'y
'.',acl) I '

i 1

... . m'!.!.!.!.
y... '

.•'mant.no"
I-­

v••••,

00.

.a'.'"'01"'''

mol.,•••

effectively than an
hand, It allows the
can be commercialized.
investment and running

ADVANTAGES OF THE NEW PROCESS

The new process lowers the pollution more
equivalent biological system. On the other
possibility of recovering polluting materidls that
This process Is also less expensive, both the
costs, than an equivalent bIological station.

POSSIBLE EXTENSIONS

blologleal...-
"'"wa'.,

This process Is already widely used. It
types of yeast factories for which the
problem.

can help many different
effluent volume is always a

Basis: ton of molasses tre~ted

~
~ Pollution balance:

~ Rejects Old Procedure

throughput mJ/t 20

MES kg/t ]

Water BOO kg/t 130
COO kg/t 180

Economic balance:

Investment
Annual costs
Annual returns

19B2 DOllars

Old·

4, 567~100
456,840

New Procedure

23

-0--­
5
B.8

New

t,199,600
363,780
431,500

NEW PROCEDURE

f.rmen,.llOn

..,•••el

...............
o~

conden....

....

....,

• ·Cost of the biological treatment station to treat the effluents
from the old procedure.

42 4)
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,II. lind ... qll III a I IIflllllllllU'" lJlifl'

Oll~·"'plrJI·rihhtln ."'t~trt·h [f'rno\,'r

. and <klns. and Ih,' tlll"r Ihn','

is si'·'I'd. and Ih,' pllip Irnrn Ih •.

IS J!!31n pac;;~f'd IhrfJu~h a f'!'111n.

I~ pOlnl un 0pt·rallOl1.'> ;tn~ c;;lmlLir

Ih .. rnalor ddlieu!r, .. JWounlrrpd

h..d b, ,\farlln's procl'Ss. \\ hl'r"m

Il!hl of ";11",. and ~Inrl'd fnt I h

circular '"If'\t', \\hf'rr .3 Ira\t.ltl1!!

("hf' rf'~lJltin~ hllllllr I" "",I'nl
r,','O\ f'n~ft aud ~lIld,

has rl ... hto" n oUln Lurid.· ,11­

i~ ~h'f'Jwd for 2 ~ ft hilI. l"au"l"

11 0 110111';, \1 ,h., 1'1111 III IIII'

chapter 31

FERlVIENTATION INDUSTRIES

11", "m,,/mn"'nl or III..-toO'!!"n,s",s I" "'''''''rl on" <1I1>.ra,... ,· lI11n allo,l,.., ,. a .,'If'nf'!' rl... 1 i, a.-id.

"'"I.h .r",Ii ...1 "lid "n"'!!"I",,,II, al'l" ...d ,\llhnll!!h ,h., "'III,,'nlal,on 01 '''"1. In a"'nl",' '\;I' klltll\l'

I" /11 Inllll1,. lILli''''''', ,lI,d alrh""!!h II", mak,"!! 01 I;II'Oll, '"·\t'''I!!''' 011101' Irll", and I!rail1~ has 1"'l'n
''''1/ ,'.rah'"h,·d lor ""lIll1rlf's. on',- dlltln!! Ih.· ,',151 !!"n.'talioll has \\ ,d"r apphe'lIi"n of rhis pnN'I',/lItl,

I""'n n','o!!I1I1"d, -'0" ·,'i"nl'<'s arp di""'III1!! II ... lir" ""N"'.",s of 'I'asr5. haer",ia. allll mold. 10 rll('
1'".I""I,on "' ,1... mll'aI5, :\!c"h,,! "an IIf' 'it"\I'd a' ha' in 1"'l'n ,

"



{Chn,. . .II}

,'n 10 alcohol: and ~$I~nlication. t

""rlain chemical con""rsion~ can
;,·.11 " nlh..sis.

.\Ian'· .·hemical rcarlions ,'.1,
,..,.,/1 be classified: so Ihe ("oncepr ,

\"""rding 10 Silcox an,i 1.('....1 ,h,

I..\ minoorganism thar fon

~.If,·d and I", "apable of mainlain'

.) [conomical raw mar..rials

.1. .\ ...·..pta 1>,.. , i..I.I~.

~. Rapid ferm..nralion.

.J. .\ produ,", Ihal is readil~' ,

\ ... ·ording 10 Le... ("('rlain fa"lor!'

'·Olllf''''''n or unil·pro.·..ss conc..pt.

"'rra;n nilical faclors of Ih.. (('rr;

I,·nn,-nlarinn. ano uniformil'· of, i,­

''''''I',lrali, ../I· simple and \\orb·hl.

1"",u/l1 on t"n!!in~ring a,han..e~ ill
III unoerslandin!!. h,-nce in ,'n

u'ualh be made be":een Ih.. inilia

'/"Jnrit\" and Ihe subsequ('nl prO<'ess.

"":1 ml'J pre'ious!.· !'ef"lI'I...I. lh.. de
,1t'1,/. il is fr("luenlh' a,h i,ahl.. 10 suo

Ifig-hll <p'-",ali"e,1 microhiologisls ".,

~roll,ng Ih,' parli"ular ~Irain ..I' an

".lI'lt-d "ilh Ih.. {!""ll ...<t ,·;,.1,'-'. Ihe

\; .. I..ng...r \\ ill jusl a~,' '·"a51 ,I"

",I,' "'asls r,dud,·,!. bUI a "I""'ial ,

T1w ,('asls. ha,·t('oia. and m../d,

".MI, 10 .. nsull' rhpir a"li, iri",. TI... ,.
"''''I'''raturr mnst fa'·oralrl.. ,·ar;"s (;,

".uf,-riolol1'SI has dewl"p<-d a,·ill.IO\i.

lIo' (I"urlsh. Some mjl"(oor~anisms r.

"ilhnUI air lanat'rohid. eNlain ana'

d,,!'.rin/! Ihl-ge minule \f'!!elaliu' nega

"r/um of lhe "rgani~m tirst. and Ihen

110" imporlanl Ihi~ is can be st'en fro

I.) III 2.0 11 of monosaccharide per o·
.·alalls,s. or en=.lm,..f. are frequently fo

Ih,- I!rowlh period, in addition to the

,ari"us nUln·~nls are n~d..d. such as

lIeli as favorable pH and temperature.

and lheir l'nz,·mes. E' ..n lhe alcohol fa.

'Siko. and Lee. f<rmmbtion. lrod.. i:¥. (.
'Ilumph~· " ~I.. fnrnmIOIM>n. I&EC l:nil ,

-"1'1'),0_"1. Ind. F:n~. CA,,... 53. 66 119621: Ph.
II 'Hill; o.indOf"rfn ond Humph,". ,,_ Trani'

. In..," ;n Ind. En,,_ CA,.... S2rl'.;;9 (19

\'11ptll'I"'•• HI It

HJ(llrJ'"'"

I , ,.,,,hr,,r/f' I

I .• (lrf".UlI" In

, • "IUI'''',,''rnl I

~ ~d.. t .1111" I, .. tIl' "I

, \,J"",.IT.JI \. IIfH"

I 1.1. Ilntlm\l'ln

[)n,nrllbl',n

f ~\Ih,,,m\ ... n

\lll~r.HIl" In

\11l/Im\! In I

h 1'1.1111\' If I

I ,'-"'JI1I1. In

I ,n, "1'1\' III

\,Q.1I'"

111".1notr"Fnl,·tn

"lrrlnJnm,. 111

1',.nlt"lHln,

",,"nn'ln

Hlr~rnrln

',_Imnnll' ,n

"',r"ploln', In

r"lr'). ,dIn,

\ .In,·nm''ln

~ ".-t,,~lll,"n.. .1' I"

-. f\.·,,~11I"1I"11 .,),,01

[,h,1 .11, nh,,1

rumJr'l" ~",I

r".,.1 nil
1:.,lIlt· \.t....

I·JUI nnll- Jnd

Lh,r",1

11,.,tr.,rl

rlihulr",\ .1' '-'"11'''

\''''fl' :'I'"I,t

\'I"'l/ITU·

\ ~1',Hll" 1. :.j

..?.i E!ur.1tl,.dl<J1

.. Bur,1 .,),,,110'1

.Illr, .,.,,!

hOIl'- J'·111

l..lj-llf· ,llid

1."1""
":l1.-rlnl,' ,rld

'ul(lIrl(' J,"I from .ullur

r,1rl.uw,,"1

\,J,n,.

'''.1'1

I "~ \ /l'frt

1,·llul.l~

rll"'IJ~

l\m.1'"

",UrTl"V nf Impnrfnn, "·f'rm"n,ntio,,.T\nLE 31.1

n....r In
Rrud IYI
l :ht"t"'4" ,\1 nr Al

1'1-l('0I 18 and)1

<:Iltll"f' 1\11

"'flli ,\1 "nd 'I
\I,,; fA!

1)li\M IHl

!'"kk, IB 3nd , I

~.lUf!rL:raur lSI

3in~lt.etU prOff'ln I Y. B. or \11

T,. IBI

lin'23f IB .nd Y I

\l ine ,Y)
I"Ih;·k. In

f.r2fJ'llf"rnl ,y ;and 'I'

HohoI1.... In 3nd 'I
\ll.lmm .\ I HI
\ It.lmJn B~ f)' I

\ .lJlmln B,z In .Ind '11

Ihe making of penicillin. \\hich ~Imllllal"d furlhrr in1porlalll d'<"'l\rri.-~ in Ill(" li"I" of anlibiolic~.

\tanv l~rmenlation prrKt"SS"S are 1l"'lut"IIIIY in dirre! cornpt"t.lion "'Ih slrwl!. ,.hrmlCal s'·nthe5e~.

:\kohol. acelonl'. hlllli al'·nhol. and a.. rllc aci,' prod,wr.f I" frrn't"nfat,on ha't" lar!!l'ly hf.l'n supn·

s,-.I ... hy Ihl'ir Sl"nlh"lw counlrrpart<. IIIl1'T' rr. anl,hloll!"s hal<- pa..rd a rr.. rnl fl'lmrnlalion rl"nal

and. "ifh some exc"plions. all lht" mal'o( :lnllhinli..s :lr" o/'Ia",,'d from rrrrnt"nlallOn processM.
Dr\lran i< anolhl'( "'rmrnlal,on prod".... Th.. rnwrohiolo!!,. al p,,,d,, ... ,on of "LlIl1mS has also I",·

..om" ..conomi,·aIlY imporlanl. III Chap. ·10 .lIlIhioli,·s. horrno,u·s . .11111 ,IIanllns .ue prrsrnf..rl.

fogether wilh seyeral flowcharts. ~''e Fi/!. ·W.8 for penicillin... n lhronlll·in. and sireplom,cm.

:\ctuaIlY. fermenlallon under ronlrolled rondilions illlol, es chl'mlcl/I ("Om,.r..,",.... 2 Some of

lhe more imporlanl processes are: ".r"itllwn. e./!., alcohol 10 acelic aCid. suerMe 10 cilrie acid. and

dexlrose to gluconic acid: rrriUl"Iwn. e/! .. aldeh"des 10 alcohols (acetaldehvde to ,-lh,1 alcohol), and

sulfur 10 h\flro!!cn sui no": hI ,{",II' 1.<. '-1! .. slarch to glu,.o,....111<1 sunoS" 10 gilln..... and frurlose and

:!\\·311~n, SrOlilol•.• nd Jadr:Jon. T\fW' Rr-JCIlOnl '" Ff"rm"''II.lfon (]1("m"Ir\, Ot'pl nf \rT1r-uhur~•.-\rrtr'ullunl R~r("h, 1959
f~undrnh of ll"~hOf1' und,., II I'~).

PEST AVAILABLE COpy
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~In B

In (

1'('N
'fin..

'ri!'~ in Ihr ',!'Iei "f anl,I""",­

'h slrwl" dll'llli,'al S' nih,"'"

alltm hall' br~{''' ''''''n -lIf"'"
,I a n·....'nl krlllrnialilln rn'l.Il

from f".rmf~nr,]rlnn prol"l· ..... '· ..

(,tion 01 \ ;larniJ1!1l kl<l: .11 ..." ,,'
and \'ila,nin~ .;In- pn· ... '·"f... /.

:)111\1"10. and ~rrrptoHI\1 III

n",.,,1 J"'" ,.nto".• '; ~tltrll' ,.1

ilL ~u("rnC;4" leI I"ltrll' ;1' Id ..lfI,1

'deh\"(je 10 ,·,f" I akllh,,/I .• lId

10 I1lu('os.. and fru,","'" J,,,I

.\

lin III Jknhol: alld t'Ht·n/,,-,lfu,,r. f',!!. h"\I1"" pho~phillf' from h,·,oll;,,· and pho!'phoric af'irl. AClualh.

ct~rfaH1 cht'mll'al ,'On\ I'r~,nn~ I'an lw I'arrwd oul mnrp ("fif'wnrh 11\ "'rnH'niarion rh:tn tn' l'hrm·

\Cal 5' nlh"51'.

\Ian\' dwrni('aJ fI';Jf'rIOn~ t'.llJ~f'll In rnll"rn()r(!.1ll1~rn~ clP' \"n' fOmp"'\, hO\\I'\"t'r. and f'~tnnol

,'"i" t,.. da<sifi"d: ," ,I", l'lHl""l't III io'rrlll'III.II,"n 11.<.'1/ a, " dlf'm ...al f"(,"I1'r"On has h",-n d",.-I",,,"t/.

\'Tordln!! 10 ~,,,"o, and 1......3 Ih" fl\" h,l'l<" prrr"'I'"<llr, of a /!ood fNm..n'aU"n pro...·ss an':

I ..\ microofl!anism rhal forms a d"Slred enJ pro,]ucl. This organism mus' Il{' n'adi" propa.

gal..d and be capable of mainlalning hi%!!i("al un,formll'·. 'hrreb,' gl,in~ predic'ahle 'irlds.

2. [conollll<:al raw materoals for Ihe sub'lralc. c.g.. slarch or one of 5c'eral sugars.

:\. ,\"""p'al,I,· , ... Id,.

I Hapul fNnll'n':lI,on.

;), .\ pr'l<Juel thar IS r..adil\' r"cO\"rrd and pUrlll ..d.

:\"conlong In I",... "rrlaln {actors should h" strrs5..d in rdalion 10 Ih" ferm"nlation chemieal·

c"n' .. ,...",n or unil'prOl'pss con.·..p!. such as mlt"worganlSrn. '·'Iuipm..nl. and Ih.. fermentalion it sri£.

(#'flain niri"al {acI""" o{ Ihl' f"rm .. nla',on an' pi I. "·mper'llurr. al'ralion.a!!ilalion. pure"'uhure

f,·nn ..nlalion. and uni{ormit,· of ,ields.~ Thr mll"roorganisms should I... ,ho~e "hieh flourish IIndl'r

cornparal""" simpl.. an,' "nrkahl.· m,"'ili'al""15 of ,·,,,ironrn,·nlal "'>IIdilions. S.~e also Ihe s,m·

p05ium nn .. nginl'ering ad,an...·s ill fnrn'-nlation prac'i,·....-

In un".·""landinl!. IlI'n ...· in ""rrl''''/' kln,III1!!!. IlHt'nl<,,/!ani<ms. a sharp differenlialion should

usualh b,· mad" I",r''''''n IIH' ini"al !!flI" Ih ,,' ,1 <,,1..,· ..,,1 slraio "f ,Ilt'", f1rl!anisms 10 a suflicienl

'/Uanlll\' a"drlll' suf,"''1t1l'nl pr'..." ...·s "h.'p·I". ,·"h,·r lhron!!h IIH'ir ,·onlim,..d fit inll or as a r..sult o{

ell:' m"-' prrl IOusl, ~,·cr,'''',/. Ih.· ",·sin·,1 ' h.·mi ....1 '< n,.lIl11 1'.11' Illrt·d. To ob'ain a maximum ("Ioemiral

'i"ld. il i. frl"ItIl'nlh a,lI ,s.,"I,· '0 SlIPI".·•• ,.ld,'ional inn"asr in ,h" ,!"all'il\' of 'hl' miNoor!!anism.

lIigh/" sp'·'I,.li,,·d ",icr"hi"l"gisIS "orkill!! III \\l,II"-'llllp,"'" lal",ratoru·. are ,·"!!a/!.·d in selectin!! and

I!rO\\inl! 1/11' parl't'I,lar slrall1 of an "rg:lIl1<m 'hal "'p"fln"'111 has 510""" 10 pnxlu.·1' Ihe ("h..mi,·al

harth·d uitlt l'lf' I!"'n/f'fl ""/d•. rlw I",,'i' I",/,r"dud. and i.11 Ih,· !fJurH (tH/.

'\0 /onllN ",II 1"<1 .11" 'O'''sl "" ,,, m"k,· i",I',<lroal 'I"'ohol "r a !.. rrlH·nr/·d 1..-, pra~ ..: nol on" arf'

hlld \('alll" p,d",lt·cl. hili .....pt·' i.I' !'"tr;lIll rllIl"l IIf' II",·,L
The H·J~I~. h';,lI·II·' i.1. .uHf 11101,1:-- "1111'10\ f'" III Irrnwnlafion n~(lui,.,· <l:pt·c-ific ell\ irOn"l~nt~ and

fn()(I~ to f'"~U''' tfu'if ;11 11\ ,rlt''''. Tfll' f'flflq"lllr;lllflll pI rll,· "'lI~.Jr or OrlWf "HI<4I afft'cl$ rill- prndud. Th~

11'Inp"ra'"n' ""'" 1.1\ ",.,hl,· '.11"" (i I" 10°C I. ,11'.1 II", I'" al,.. h,l:' ~n'''' intlu ..n.·.·. /IIdee". Ihe
b.af·h·nnlo~I~1 h.;l::' dt'\ ('I"fwd ~H·id·lt,\ ifl~ \ f·.I ... r.... "'1' 11,,11 H lit! ,('(1\/,. 11f11 Jil il1p' J('itlil" f"Ollflir;fJn:-. do

not t1nlJri~h. ~onH' mi('rnoq!ani""f1s ""fllHI' ,lIr t~lt'rllf,Il"~. ;llId olh,'r:ol ~n IhrolJ~h rlwir life pr()~..r~~t'~

"ilh..ut air 1,ll1a.. r"t.i,·). C:"rl'"11 :11""·,,,1,,·:; 1I""h"r I!'''\I l10r fUIl .. lllln ill Ih.. prc-"Il"" of air. In

dirr.-rill!! Ih.·S!- mlllult' \l·~'·lali\t· orl!anl'IIl,.. ""III"i"l1; ,'an h,' nlml"·,] 10 "n..oura!tl' 'he multipli·
rarion (If '/It' "r!!ani~11I forsl. all" Ih"11 ,I,. tiJl/trWIlI"!!. •·id... r dir lh or lhr..u~h 'he ..,,;. ml'J s"l'reted.

Ho" impnrlanl Ihi,. i,. "an lll' se..n from tt. .. kno,de,l!!e Ihal 10 gro\\ I /! of ,eaSI fdn basis I requires

1.5 10 2.0 !! 01 1I100w"a.·.·harid,· /'I'r ,Ll\. al1d 6 g to lIlainlain il. B, ,ir'ue "f this gro\l'h. ol"J!:anic

falal, SIS. or ""; \ "11". ,In' Ir"'/u ..n'" I"rm.'" 11r~1 til"" If, 1"(1/1.'" rll" dr.t,,·'" /u'mu,,/ d/ll1l,r. Durin!!

Ihf' !1rO\'lh p!'riot!. in addili"n I" II... prllll.ln. pr "II"r~' fo"d. "H'h a' rn"no"a,· ..harid..~ for , ..",I.

\'arlou~ Tllllr"'fI/{ .;tn' 'H't"d,·d. :!"Uf h .I~ "'mall .lIl1ounH Ilf phf)~phalt's and nilro,!!'t:'nou:J t.'on)pound~. a~

"rll as I:""rahl"pll ;111" !t·lIIprr.lllltl· F,","". (!'rlalll ~lIh~la",·... I'''i,o" rlresp u"'lullillie '''!letabl"s
and rlwrr "11/\1111"01. F\"11 Ill,' .tll'llhnl till II It'd tn the \"'.I"I~ t'\('nlualh n,..du·~.,1 ('oncrnrrarion (\ar~in~

'Skol &lid 1.«. f".rm.n .."on. InJ En,. Onn. 40. 1602 II 9481
·Humphrf" ,'aJ.. Ff'rm~"I.lton. I&.E( L'nir rron'H~ Re,tf'~. /nd [rt, Chr'" . .53. 93-4 1196JI (n~Uf'nrt; .-\nnual Rt'\~_

Soppkm..,l. Ind. En,. CA,... 53. 66 (19621: Ph,lIip''' 01. O,~n Tran,f.,. ,n fm_nlauon,. Ind. En,. r:~,."... 53, 7W-7.>.l
(19611, ~ind.,.rl ... and Humph.... \Ia.. Tran,f.,. from Ind"idual Gas Bubbl... {nd Enll Ch.,. .. 53. 1755-1759 (19611.

\,\r1~1f., In ll1r1. I;n~ Clt,.",,_ ~:zn,. 39 (l?60t: t.;ucf'ho. Ch,.mK"aiJ b\ Ft"rmf"nlalion. \nHot. 19:-:4



".Ih Ih,' \l'a"t froll1 aLoul 2 10 15';-) Ihat will suppress Ihe aclJ\ ,t,· of Ihe organism and of Ihe ~n.

II meso "~ar('. furth"rmor". rCI"O~mzing the importance of Ihe life proc~~ses of microorganlsrm in

rna~ln!! \ l1a'lIIns. som,. of h hll'h are being r('co"ered and sold In a roncenlrated form. ".\5 hl1h all

Iii,'. Ih,' .\' ", II'''' of lIlinoorgarllslll~ can be redur"d 10 a "onsld~ratl"n of .. nz, m... artlng on a
'lIb,"rale. "';

/.\Ol·STRL\L ALCOHOL

fndustrial alcobol "as an nUlllrOllih of alcoholic be,·erag"s. bUI nOh it has become importanl b,·

'"tue of its e<,onomll'alll useful properlles as a sol'ent and for s'Olhesis of other chemicals. .-\lcohol

j, 'old 'IS la\.palll; alcohol or. mudl more" ide"'. as nonla\ed denatured alcohol. The romplne/l'

""/lalun',j liJlmulas romplIse adnll\lureS of substances "hich are ditliculr to separale from Ihe alroh,,1

md IIhirh smell and lasle bad. all Ihis being designed 10 render the alcohol nonpotable. Such com.

"Iet('h denalur('d alcohol is sold hidell "ilhoUI bond. f actolles hnd it an ess('nllal raw malerral.

.-\ I' pical complet('h rlenalur('d alcohol formula follows:

Formula .Yo. /H To "\1'1\" 100 ,gal of ('thd alcohol of not 1"55 than J(j() plOof a,ld:

o 12." I!al of 1', rOlla Ie or a l'oillpound silllllar Ih('rclo.

O..jO g.ll of :1I"'laldol IjJ·h,dro\\butlrald"hn!d. 2.50 gal of meltl" ISOIHlld kr"",,,. and 1.00

~al 01 ~,·rosJn".

'nw f... Ir·ral g(\\l'rnmenl has rl'ro!lmzed the needs of indusII\" for alcohol in such form that it

'an ,','nler into speclaliz('d mallularlulln/1 processes where Ihe dmalurants used in completeh de·

nalu",.1 alcohols "ould interfere. So. since 1906. h·hen Ih" lirsl l'.S. denatured·alcohol lah has

pass.·,1. 111a "" formulas for 5f'N:IOI/, dmalur,," alcohol hale been appro'l'd b,' Ihe federal aUlhoritles.

Such spt"l'ial formulas are limited to cerlain desillnaled processes and are manufactured. slored. and

used under bond. 10 pre""nl unla"ful consumpllon. 1I0"e"er. Ihe 40 approved special formulas

under Ih('ir authorized uses enler inlo an exceeding'" broad seclion of the en lire induslrial lift of

Ihe nallon. s Tvpical specialh' denatured formulas 9 are

Tu ("'en' 100 gal of eth,'f alcohol. add for the designaled number:

~o. 1. Five gallons approved "'ood alcohol. Withdrawals for aUlhori.zed US~: plastics. de·

fll.lrations. c\plosiH's. food produrts. chemical~, elc.

~o. 211. One·half ~allon l",nzl'nl' or one·half fl:allon rubb.. r h,drocarbon ~h·enl. Wilhdra"als

for aUII",rin·d uses: pla~lirs. tl ..lndralions. explos;,es. fond pro.lurls. chemicals. ,·Il·.

'10. !!-). Onc fl:al of 100'70 ac"laldelll'de or olher appro'ed denaturanl. Wilhdrawals for author·

vl'd uses: manufacturing aeelaldehvdc. aretic acid. eSlers. ethers. elc.

I ~ES A:'iD ECO:\'OmCS T.
I!." "lin!!. and be"erage purp0se5.

11.1\,' "II,ocn onh· since low.priced.

I,,"'" ItI\.ard the u~ of speeialh' (

""II 10 lIaler in solH'nr "alue ~nc
,,,.1"'11,,1 for makin~ hunoreds of "h

,,"'I' a.·;". elh,·lene dibromide. gl~

'pl,"li,lit's of bUladien~ and stnene

,- J ,upp/emental raw maleri~1 for

I" I. in 19.J5. 75'7c of all spedall,

I" " .. 'rolt'um·poor ('ountrit"S i;
,II "nlt-r 10 "unser\"(' pelruleum proo

"'~ "Il,'''t is needed. These proeedUl

""I,,'al ,u/la r'fl:ro\l'i nil "ountries. l\ h

."""'0,1 hal'ing been emplo~·l."fl in 5"
1 1111 ...1 Sla",s. and 1"'I'n lrit'l! in I..

nit, ....sl of alrollol is la rge'" rho

I,. '"'' "If' as 10 /'.·alion. Raw mal,

'-i.l·"'lt'alions: (1) h~'drocarbon gas<'
,.II"I..,ie malerials (w~. agricultu

Io"lIals (molasses from SUhr beelS a'

;)'~ f..rmenlable sugar. ;onsisling n
I"n" 'lIllar.

nle ('conomies of lhe situalion I

""I·"'allee as a source of indU$lrinl a

/.'" than 50'70 of Ihe alcohol produc.

I.,,, "r""'if\' the use of grain alcohol j.

1.1\·,..od soh'cnt u~s. Thus a demand

1111.1... Iht'Se conditions Jow'er,pricecJ ~

r \lIIE 31.2 E'hyl A/roltol 1"nHI1Id'­
,.., Ra.. Ma"rl.l. I'lMeI I
J".....10 (In ,llolUaruJ. of~
nf ol<-altol and rpin'u of 19fJ

1965

'''un,.: ."k~ Ind Tnb.rm Surrman- Stili-
1
/1-; J. n.... ~'of auit.blf.. ·Esrimal~.

In in,lu.trial nnrnenclalure almhol means elhvl alcohol. or ethanol (C2HsOIII. "is sold bv Ihe

gallon. ,. hieh Wl'llIhs 6.7'H I" and ("otllaill8 95'70 C~" ~Oll and 5'10 II ~O hoth bv "olume al 15.56 C·o
'10 distinclion is made as 10 the source of Ihe alcohol, whether from fermenlallon or from nnth,.,is.

"'f<Graw IIdl Enr,.,.Jorffl....ol. i. P 6-1. 1966.
'Th. frdonJ w ...1050 p"r proof ~aUon. hcnce '19.95 on I 8aU"" ol 190'prool licohol. TItc '0,"1 sum roll«Ird b. "'"

rrd....1 Akohol Till Unil wu 15.110.001.000 in 1972. Iugoly (rom ~'<np..~ P_/8ol/on (,.. 8aUon) ';'ni~.. I ,.no..
conu,n,n~ ~ Ilcol>ol b••olum" 100 .oIum.. ollOOprooll1col>ol conuin 50 .olum.. ollbtclutc Ik:ohol Ind 53.73 ""Iu.- '"
\o'al~r O""lnl fo '·olume ("0"'1Ic..on. Ord,n.~' alcohol of 95~ l.renKlh is thUI 190·prool.kohol. Ind pure anh"drou' akoho\'.
200 prool. II .. ,nICmoron8 10 ob c Ihl' lOO.proolllcol>ol it Iboul Ihe low.. lim.. of bumin8 (0< Ilcohol dilutioN b. diro<1
",ilion II o<dinan lempenlut ~ M"n, ~olion it I m...u~ of .olume f231 in.', of an' prool.

·U'ilhdnwu. of lpecWl. dcnalured Ilcohol in 1965 amounted 10308.5 million w'nc plIonl and onl. 2.2 mtllion wine pJlont
oi romplcrd. denal1md llcahoI.

9ronnw.. (0< o.nalur<d Alcohol. 1.:.5. R..,nue 5en'H:e, Par1 12 of Tirle 26. Federal R""Ia,>onl. 1961.
I('TI". COI'TallOn,!I to 92."23' ol ..h.1 alcohol by "~I. How..... wh.... alcohol perttn,"!" ...en81h it 81"n... rdcn

to perttnt~ by .00ume.

BEST AVAILABLE COPY

lilT 118 In

~ II,d ~ulf,Jle

\1,.I.louw"l

I r'I\l.·nf' IfU

r".,., rnJisriJlation

Cr..lI" ~"d snin produeb
'u"llr 'aquon
f ...Ou"- pulp. chemical

,nd cT1lde aJc:ohol miJrtumo
fruil

\\""'
PIJbtoeos

\Ianhmallo..

TulaJ alcol.oI produced

447.596
4.234

117,633
33.101
80,223

7.050

2.076
21.728

266
20

__5

;13.932



NEWS

USING TIlEATlD EFflUENT IN ITS AIR·CONDfTlONING STSTIM HEL'S 10llNO COMMERCIAL "'R..lANE
GIIOUI' CONSEIlVl 4a MIWON GAL OF WAT" "NNUAUT.

inll' a lhree-~'ear demonstration period. but

will pay ior operations and maintenance

costs for the pumps and pipeline. After the

demo period expires. the Department of

~IetropolilanServices will receive one·third

of Boeinl('s sa\ings from operating the ef·

fluenl system.

Plans to use ef11uent as a heating and

coolinl( source were introduced in the mid·

19110s bl' tht" state Energy Office. Since

then, eil(ht t.1ps have been placed along the

Duwamish discharRe pipeline to make ef·

fluent commerciall~' available to industries

and olhers

JACKm ARREST CRACKING
Of PRISON BRIDGE PILES-- - .- - -_._-

I nstt"ad of reconstructing an entire bridge

lhat is showing moderate to potentially

hazardous delerioration of its piles. engi·

neers are rehabilitating the structure using

fiberRlass jackets tilled with a layer of

pumped concrete.

The cracking piles support Rikers Is­

land Bridge, which provides the only vehic·

ular access 10 lhe New York City correc­

tional facility. Lichtenstein Engineering

Associales, :--iew York. was selected to de­

~iRll rt"habiliLalion plans for the 3O-year~ld

bridge after an inspection found cracks in

165 of the bridge's 260 piles. Those 165­

piles, together with several others th&t had'

been banded previously to stop cracking" .

comprise a total of 217 piles that are being

repaired using 1.190 m of 6berglass jacket·

ing. Brand Marine Services. Inc.• Birming­

ham. Ala.. is perionning the rehabilitation.

t'fllu,'nt throu~h a looped pipeline to Boe­

111){" rt'nlral ulllitv facilily ....... here twal ex·

dlanl/:erS Ichillers) transfer heat from the

buildin){'s air l'olldilioning to an dlluenl re­

turn linr

['sinl( effluent makes lhe srSlem run

more eUicientlv bel'ause its lemperature­

about h'iF-is lll-~OF cooler than water reo

lumt'd (rom cooling toWt'rs. allowinl/: heat

I" tw absorbl'd mort' t'a"ily. sal's Kristiana

I~lnlo!. spokt'swoman lor Ull' Department of

\ftolropoillan ""I>xt's.

111t' elllut'nt·b.lsed s~'stem is expected

t" <have 21'1 (rom Ihe ener~y cost of pre\1­

"1/" s"tl'ms and cou Id «avt' ~O million I(al.

"I wain ,'al'h I·ear-worth S120.000,-wht'n

d"l't'l"pllll'nt 01 rlH' S\'slem is complt'le. An·

nua'''·, lh .. "alt'r ronserved rould "upply

mort' than .')1)(1 honH's. and thl' energy

.;al't'd would be l'noul(h to fuel 300 homes.

111(' pro)l'l't ronlallls other I'n\ironmen­

1.11 bt.'nt'fiIS as well. Chillt'rs use a nt'W retrilo!­

,'rant. R-IJ~:\. lhal promoters rail en\iron­

ll1t'nlalll· (riendll' ,\lso. lhe looped t'ffluent

';hlt'111 doesn', requirt' water-treatment

dH'mrrals like a coolinl( to ......er would. The

.;l.:lle d,'partmenls oi I'colol<)' and health will

"n"ure lhal lhe rt'l~Tled water is up 10 stan­

dard Quality.

After il has been used. the t'ffluent.

now aboul 1SF warmt'r. is returned to lhe

trealment plant and discharged through

the Duwamish River corridor pipeline into

Elliott Bay. Pipeline discharge overall will

increase by only 0.5-1F, says Lang. claim­

ing thaI the environmenL11 risk is "none

whatsoever, "

Boeing will receive the effluenl free dur-

BoeinR Commt'rCial ,\Irplant' Croup·"

nl'w do'ed·loop alr·t"('ndllionlnR unll

will c'onSt'rvt' bOlh t'rlt'r£v and" <ltt'r bl' u,,·

In~ ""r1It'lhinl{ llormallv flusht'd awav­

trl'all'd e(f1ut'nl. TIlt· unit U';"S st'cllndanh

Irl'alt'd wastt'water as an t'nt'rgv nWdllJIl1 10

'""01 Bot'lnj;(" l"lISlonH'r Q'rVICl'S tralnln~

(t'nlt'r al Lonj;(acrrs Park. Wash.

\\"astl'waler use is bein~ pronwled un,

(it'r \IetroThem1. a proj;(ram sponsored bv

rhe Kinll County (Wash.) I>t'partnwnl of

\Ietropolilan ServiC("~. Seattle. which pro­

I'ides t'flluenl to private companies and

){ovemmenl for heatinll and coolin~, Boe­

ing is its first commercial water·reuse cus­

tomer, The project. reportedly the first of

its kind in the nation. is funded with a 51.7
million energy conservation grant from

PUll'et Sound Power & (jll'ht Co.

The cooling system works by pumping

11,,' "tlldv d"It'nnirH'd th.11 lh., nounsh·

IlWllt prUJl'CI had o\'ersll't'p"Il.'d Iht' "loPt'

oi the beach. sa~'s coastal 1'l1~ineer Oa\'ld

Skell\" 01 San DieRo, who is alsu a surfer

and iomler en\'ironmental director ior the

:,urr Rider Fuundalion. -It was assumed

this beach would come back into equilibri·

um. lis not dear lhal il did: he adds .

.\ number of constraints mark lhl' nif·

"hore construction of the en~inrt'rrd red,

whirh will result in an artiticial "url spot.

1111' area has a larRe tide ran~e. a mobile

bottom and wavrs cominl/: irom diiferenl di­

rI'ClI,H1S..\l1d as with a 11\' project 01 1111,

I\"pe. artificial-reei plans will iace an exlen·

.;j\"e permlftinR process, Skellv sal's. Chev·

rnn·s S300,lXJO will cover rrrf desil(n, per­

1l1ltlJrl£, con"lrul-tion .1nd pOIt'nllal rt'llloval

··Il'; IllV opinion that it',; an t'xtrt'llwlv

dtiticull problem alld il has to bt' It'nned an

,'xp.'rrr1Wnt no malter "hat. - .;al·" :'kellv

~ome opllons ior an artIficial rt'ei include

ll1uor"d pol~-vinyl chlOride struclures and

plkd sandbaRS

"uri alonl/: ,"oullwrn Cali/ornla'" Cllast·

lint, I" alrt'adv rft'alt'd as a bv·prlldlKt ll(

m,l1l1 rabncalt'd ,;lruCtUff'S. bUI tht' Cht'non

ret'! would be the firsl projel't of II> kll1d 10

1l1ll'ntHJIlalll' crralp a ,;urt SPOL :'kt'lIv <..115.

Ill!' pro)"Cl I'; t'XIX'l,tl'd 10 lake tJlrt'l' H'ars

I" cOlllplelt'

WASTfWMER IS NO
WAsn IF IT'S REUSED

BES I AVA I! .1';)1 [ rnp\) 4


