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1.0 INTRODUCTION

This document presents 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 1.1 - Audit Coordination;

Subtask 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 been 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.



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,



2.0 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 formation
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).



After this initial molasses preparation, the molasses is sterilized by heating it to 38 to
43 degrees centigrade (°C) for about 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 1,100 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



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 fermentors 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



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
next fermentor.

The third and fourth main fermentors 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
fermentor 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 achieved 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.”



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%. However, 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 applicd 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



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 steam 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: 1) 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.
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2.1.5.4 Facility Housckeeping

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
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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 Water

Process water requirements include dilution water to prepare the molasses substrate, rinse
water for product recovery 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.

1
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2.3

2.2.3 Boiler Feed Water

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.

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 1:

e 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 fermentors, 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 The Fermentors

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.

13



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 particulate emissions 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.
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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. Itis 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 Zarga River in Jordan. The location is an
agricultural area near the western perimeter of the Russeifa Municipality, 20 kilometers east of
Amman. The facility covers 10,000 square meters of land.

Processes at the YIC are very similar to the typical processes described in the previous section
of this report. The following three 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
incrementally fed vessels. The cooling system used for the fermentors is a closed 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 1kg 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:

Raw Material Consumption (Ton)
Substrate
Beet Molasses 8,000

Ammonium Phosphate 56
Potassium Chloride 21
Magnesium Sulfate 21
Urea 195
Vitamins 1

pH Control and Cleaning Agents

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 (m*d), or 150,000 to 180,000 m3/year. This represents
approximately 50 m*® of water per ton of yeast product, or 100 m* 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 m’ of water per ton of dry solid yeast.

Process water is primarily used in the production process and for cleaning of equipment,

including machinery and tanks. There is a considerable demand for cooling water by the
fermentation process.
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3.3  Wastewater Discharges

Wastewater sources include spent substrate solution 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.

purater narameters are given in the inllowinntahle-



4.0 AREAS FOR POTENTIAL IMPROVEMENT

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:

Water 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 YIC.
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 YIC 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 Water Recycle

Water that would otherwise becoie 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.

Molasses 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 Recovery 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 condensate could potentially be recycled 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 then reuse wastewaters generated at the facility.

. Minimize floor and equipment washes, as well as the volume of water used in
each. As anexample, 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.

o 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.)

A 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/Waste 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 Wastewater 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.

Process optimization. Two examples are:

1) 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
waste.

i) 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 wastewater treatment system. Two very effective systems, the Biothane
system 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:

1) 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 anacrobic sludge. Soluble COD is converted to biogas rich in
methane and an upward circulation of water and gas-borne sludge is
established.

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
technologics 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-lime 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.

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.

: o0 Modificati

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 Catalvtic and N i S

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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lechnology evaluation of sequencing"

batch reactors

Madan L. Arora, Edwin F. Barth, Margaret B. Umphres

The Clean Water Act (CWA) of 1977 (PL 95-217) and the
Wastewater Treatmem Constructon Grant Amendment of 1981
(PL 97-117) include provisions that encourage the use of ben-
eficta) innovative and aliernative (I/A) wastewater treatment
sechnologics. Benefits of 1/A 1echnologies can indude operavons
and mainsenance (O & M) and caprial cost reduction, and energy
conservation or recovery. Other benefits may be improvement
of operational relisbility. Loxcs control. improvement in env-
roamental benehits achieved. recamatson and rease of water,
recycling of wasiewster consuituents, elimination of surface dhs-
charge, and improved joim munscpal/industrial trestment. The
U. §, Eavironmensal Protectson Agency (EPA) ia fulfilling ns
mandaie ander the CWA. deveioped regulations and criteria for
funding progects natioawide that use an [/A technology. The
eodertying concept of these reguiations is the provison of &
basic mooetary incentive: & grant increase from 75 10 85% for
the design and comstruction of municipal treatment techaology
that represents an advancement of the current state-of-the-ant
sechnology with respect 10 mecting the stated objectives.

Since the passage of the CWA. several municipal treatment
plants have recerved additional funding under the I/A technology
program. As expecied, not ali plants achieved the full range of
anticipaied benefits afler they were constructed.

This study reports the results of a post-construction evalustion
of one I/A technology, sequencing batch reactors (SBR). used
at scveral planus in the U. S. This informauon was collected o0
ensbie benefits of I/A technologies be realized in designing future
facilites. Furthur, it s important that limitations and constraints,
if any, of the YA processes also be reported 30 that these can be
appropnately considered during planning and design phases of
& project.

SBR TECHNOLOGY

The SBR is & fill-and-draw activated dudge system. Each tank
i the SBR system s filled with wastewnter during a discrete
period of time and then operaied io a batch treatment mode.
ARer trestment, Lhe mixed liquor is allowed to settie for a pro-
fkwminud amount of time and thea the clanified supernsatant
s withdrawn from the tank. During treatment. sedimentation,
and withdrawal the wastewaier flow is cither directed 10 another
SBR tank in the system, as in a multiple tank confguration, or
0 & slorege tank in a single SBR tank configuration where 1t is
drswn for treatment afier the supernatant withdrawal has been
compieted.

One modificstion of the SBR process, the intermittent cycle
wm:ymu(ms;mumwudued
continuous feed as in 2 contisuows-Sow activeted siudge system,

August 1985

NGTICE: This Materios
. Ay be protectea uy ccoyrigh:
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but with inermittent withdrawal as in the SBR system. With
the excepuon. therefore. of the ICEAS. an SBR sysiem i com-
praed of cither a storage tank and an SBR tank or 3 minimum
of two SBR tanks 10 accommodale a conunuous inflow of
wastewiter 10 the reatment plant.

A lack of widely accepred design standards is the major
obstacle to bringing SBR techaology {rom the research
stage to brosder practical application.

Each system accomplishes trestment. sedimentation of mixed
liquor solids, and withdrawal of supernstant in the same tank.
Therefore, such systems do ot need scparate final clerifiers and
return activated studge pumps (Figure [). Tanks in most SBR
sysiems receive wastewater flow and discharge supernatant in-
termitienty; this discussion, unkems otherwise indicsted, desls
with such intermitient feed and withdrawal systems.

A cycle for a typical SBR s divided into the following five
discrete periods (Figure 2 AL react. sectie, draw, and idle.! The
purpose of each period. with the exception of idle, is evident
Idle is necessary in a multiple tank systern whea one tank is Bot
yeu full, perhaps at low flow, and is Alling while the second tank
has compieted draw and s thus in idle mode.

Figure 2 shows a single tank in each of the five periods of one
compiete cycle. The figure also shows the percent of the maxi-
mum hiquid volume and total cycle time that is typical for each
period and the purpose of seration during each period. ICEAS
has continuous 6L 3o it has no scparaxe fill and no idle periods.
The tanks in an iCEAS always have 3 prereaction comparument
at the influent end serminating i a befile that permits wasiewaser
10 enter on a continuous basis without causing a significant dis-
turbance during settie and draw. Other SBR systerms may not
have this separate prereaction compartment.

Irvine' provided an excellent discussion of the five periods in
one compiete SBR cycie, and incduded a description of the typical
process equipment and hardware that may be associated with
each penod. '

HISTORICAL PERSPECTIVE

SBR technology is not new. [n fact, it preceded the uss of
cxampics of basch processss in the history of municipal wase-
water trestment. Sidwick and Murray? outlined the evolution
of batch procemes into continuous-80w processes in Eagland.
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Flgure | —Comparsos between SBR and s cosvestionsl] activeted shudge
plant.

lrvine' and Banth’ traced the bistory of SBR technology to the
modern era of continuous-low actvated sludge.

The precursor 10 the vanous. now amiliar, continuous-Gow
acivated siudge processes was actually a fillland-draw system
operated in a2 batch process. lo 1914 Ardern and Lockett were
among the first 10 show the benefit of recaining substraie-adapted
organmsms for cfbcient trestment. Working with 2.3-L flasks
contanung raw wasiewater for Manchester. England., they showed
that the batch acrauoa penod needed 10 acheve atribraton

could be reduced from S weeks 1o 9 hoars if the sudge that .

acumuintod from each batch were retained in the flask after
decanung the nitnfied lqusd. They coined the term activated
studge 10 descnbe the resuitant biolopeal mas. However, many
diffifultics weve smocixted with operating these il-and-draw
sysiemne, most resulting from the process valving required to
switch Bow from one tank 10 the other and operator afiention
required in infuating different penods required in these balch
sysiems. As & result of this, batch sysiems never became popular
‘n large-ecale municipal trestment plants. By 1920, when larger
acilities were being construcied. batch sysiems were no longer
considered visble. The birth snd widespread use of continuous-
flow sysiemas resulled primanly from operatonal consderstions
and not from any processelated weaknesses of the bawch sys-
tems.

Times have changed. New hardware devices, such as motor-
sensors, Bowroelers, aulomatic timers, and MICTOProcesSOrs oF
process controllers have been developed and are routinety avail-
able. It s important, therefore, that the application of SBR tech-
nology, abandoned because of the unavailability of these devices,
be recvaluzsed. A senies of artcles™'! published recendy provided
1 broad overview of SBR systems and their use. [n the earty
19808 EPA attempted 10 revive interest in this technology and
spent considerable sums of monecy evahntiag the process on a
full-scale basmt '? This research examined a full-acale demon-
stratioa of a two-tank SBR sctivased sludge trestment plant over
a 20-month period in Culver, Ind. Resufts of this project bed to
the use of SBR technology at several other municipal facilities.

ADVANTAGES OF SBR

Proponents of the continuous-Sow activated sludge systems
cite flexibility as one of the main reasoes this process is preferred
over the tnckling filter process. This fiexibility comes from several
sources: ability to vary the return activated studge (RAS) rate
and resuitantty the food-to-microorganism ratio (F/M), dissolved
1xygen (DO) concentration in the reactor by changing the ser-
stios rate, and the siudge age. Such flexibility in the trickling
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filer process i minymal, and has been frequently compared with
that of SBR sysiems n literature.'>'* Among the salient points
are

¢ An SBR tank serves as an equalization basin during fill and
therefore can eauly toleratc peak flows and shock loads of bio-
chemical oxygen demand (BOD) without degradation in efftuent
quality. In facL the performance of several smail continuous-
flow activated siudge systemns. which were no: consistently pro-
ducing good cffluent as a result of excesnve diumal vanations,
significantly improved after coaversion to SBR operation. *

* Because efffuent discharge s periodic. within limits, effluent
may be heid unul il mects speaified requirements.

¢ During Whe carly design life. when flow is significantly lower
than design capacity. liguid Jeved sensors can be set at a jower
level, 30 that a fracuon of the SBR tank capacrty s used. In this
way, the Jength of Lrcatment cycles can be kept the same as
design without wasting power unnccessanly by over-aeration.

e Mixed liquor solids cannot be washed out by hydraulic
surges. because they can be hedd in the tank as iong as necessary.

o No RAS pumping is requured, because the mixed liquor is
always 1n the rescior.

o Solid-iquid scparation occurs under nearty ideal quiescent
conditions. Shor circuiting 1 nonexisient during the settle pe-
nod.
¢ Becsuse the DO coocentration is 2e70 or near zero during
anaxic i, it provides for a gremer oxypen driving gradient during
the react period. This could achieve somewhat higher overall
oxygen transier efficiency with the ame aeration equipmest.

* Filaroentous growth can be casily conuolied by varying the
operating sirategics during Il Chiesa and Irvine!? reported the
results of s study in which studge volume index (SVI) values
were reduced from about 600 10 50 mL/g in a series of batch
reactors subjected 10 varying. but controlled. operating strate.
pa—percem of aerated fill time decressed successively from
100% for a SVY1 of 600 mL/g 10 0% for a SVI of abowt SO
mL/g Irvine and coworkers reporied that the best opersting
strategy in an SBR is to have 2 major portion of il unmixed
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and unaerxted followed by muxing and aersuoa during the re-
mainder of fll. about |5 to 30 munutes. An SBR can easmly be
desgned 10 accommodate these operating strategies.

¢ An SBR can be operaied o0 achseve artnfication. denitf-
caton, or phosphorus removal without chemical addivon. Ni-
tnficanon can be achieved by increasing the durabon of react
of by increasing the durauon of the mixed/aerated pocton of
& whike denanficaton can be achieved by increanng the length
ot settle and draw or both. 30 that near zero DO conditions are
scrveved dunng these penods. Phosphorus removal can smilarly
be accompiished successfully by selecting a control sirategy that
diminates oxadured nitrogen and DO dunng fill (anaerobic con-
druons rather than anoxic conditions or acrobic conditions) and
allows for scrauvon during the react penod.'? This arategy has
been successfully used at Culver to reduce phosphorus (o less
than | mg/L dunng the {ast year. These vanatons 1n opcrating
stratepres are umique 1o the SBR systems and can be eanly
achieved by umpie adjustments 1n the MICTOPIOCESIOT sCLings.

¢ it has been reported by Irvine'® that the nbonucieic acd
{RNA) contemt of the mucroornganisms 1 the SBR is three (0
four nmes greater than would be expected from 2 conventional
continuous-llow system. Because the growth rate of microor-
ganisms depencs on the RNA content of the cells. the higher
contemt of tha intraceilular machinery in the SBR cuhure oo
capabie of processing a greater quantty of subsirate at a greater
rate than 11 pogmble in a convenuonal conunuous-flow system.

EVALUATION OF SBR FACILITIES

This study involved identifying operating SBR facilities by
talking wmith [/A coordinstors of each state, equipment manu-
facturers. and representatives of Canadian provincial govern-
ments. The consulting engineers responsible for designing
these facilitics were aiso iderrufied. The engincers were contacted
10 obtain 1mportant design information—design flow, BOD. and
Nztonaf Pollutant Discharge Eliminauon System (NPDES) re-
quirements. Based on a preliminary analysis of Lhe informauoa
otaained and discussions with the EPA. ali (oar SBR facilities
operatung in the U. S. were selected for post-construction eval-
uanon. Two fachites in Canada and two (aciliues in Austraiia
were also selected.

This list of sedected facilities covered a range of conditions,
conventonal SBR and ICEAS plants. retrofits and brand new
facilives, differem aeration systems. and different fow capacives
(Tabie 1). Owners of these facilibes. consulting engineering firms.
and regulatory agencies were coatacted 10 etablish schedules
for ute visits. In addition. they were requested (o forward copres
of the design documents. including facilites plans. NPDES per-
mns. plans and specificauons, and O & M manuals Auempts
were made to review these documents before site visits so that
the visits couid be effectively used to obtain supplemental or
musing information.

Site visits were made with the plant operators and represen-
tanves of the consulting enpneenng firms on established dates.
A comprehensive 30-page questionnaire was used (0 record the
informauon coflected during field visits. This was followed by
1 thorough review of the information coflected. Follow-up phone
calls were made 10 the plant operating staff to obtain additional
information if it was considered necessary 10 compiete the eval-
urton.
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DISCUSSION

The information amasved through a review of design do
ments and field trips was carefully analyred. Table 2 lists
portant informauon for éach of the eight plants visited. Seve
compansons and conclusions were drawn from the informat
in Tables | and 2: ‘

e Opérating staff at each of these plants indicated thag
SBR process was more simpie 10 operate compared to the o«
ventional continuous-flow processes, activated sludge, 2
tnckling filters that they had previously operated.

o All plants were meeting eflluent requirements with the «
cepuion of Grundy Center Wastewaler Treatment Facility. T
problem at Grundy Center was aileged to be the result of
unsausfactory decamer design. which permitted the MLSS
enter the decanter piping system duning AlL'react and set
peniods: these solids are subsequently discharged with the ¢
canted efffuent. The aty s in the process of replacing the ¢
canter.

¢ None of Lhe plants. with the exception of Culver and Yam:
has pnmary treatmem in its flow scheme. Culver and Yam
had cxisting pnmary clanfiers which they continued 1o use
the SBR process schemc.

¢ Even though the water quality objectives at the exght pla,
visited were cmenually the same, the design critena and the
actor sizes and power usages were not. For exampie. the the
retical detenuon time (V/Q) varsed froms 7.6 hours at Rivercre
t0 49 hours at Glenlea. The differences in the values of F/
ratso were aiso of the same order of magnitude as the detentx
timve, 0.18 day ™' at Rivercrest and 0.032 day™' at Glenles.

e The approach used by the design enpneers in deugnir
these plants vaned from an entively empincal spprosch invalvi
sizing of the SBR reactor(s) besed on somewhst arbitrurily ¢
lected detention limes (0 an approach where sizing of the ¢
2C100(3) and acration equipment was based on the valves of ¢
ganic loading. F/M rauo. sludge concentrauon at the end of t
decant period. and durations of different periods comprising
averall cycie. Both approsches produced reiatively conservanr
designs.

¢ Partial 10 nearly full nitriication was actueved in almeo
all facilives vrsited. ahthough it was mandated at onty v
(Grundy Center and Eldors). Operators did not believe the ir
plementauon of a nitrificaton control strategy was difficult. On
of the facilities. Culver, Ind.. s currently removing phosphon
biotogically 10 beveds Jess than | mg/L without any chemic
addition. This is being accompiished by adjusting the operatin
strategy 30 that an amacrobwe (no oxygen and no nitrases) f
period is followed by an acrobic react penod.

* The operating cycies (611, react, settie) used at the facilitic
were 2lso significantly different. For example. the resct penio
vaned from 22 hours ia Glenlea 10 about 1.5 hours in Rivercres.

o The operating strategy used by some operators (Rivercrey
Glenlea. and Choctaw) invoived aeration during the entire
peniod which. aithough contrary (0 the recommendations (
Chiesa and Irvine.!” did not necessarily encourage the gromt.
of flaments 10 any significant degree.

¢ Because of the differences in the operating strategies. powe
usage st these plants was significantly different: from as low 1
0.8 kWh/kg BOD applied to 22.9 kWh/kg BOD applied.

o Several types of decanter mechanisms are used at these
dlities. They range from an extremely simple sysiem that consis

-
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of one fizxed vertical open-ended submerged pipe to a flosting
decanier. All acilities in the U. S expenenced some difficulties
operaung their decanter mechaausmsa because these permitted
st one ume of anather. the MLSS to enter the decanter mech-
anism pipeng dunng fill. react, and settte. These solids were dis-
charped dunng decant and aflected the effluent quality. These
problems have hecn corrected at some facilitics and are being
comected at others. At Culver. this problem was solved by re-
turming the cflluent dunng the Airst 1 or 2 minuices of the decant
penod (0 the acrauon hasin through an automatic threc-way
valve. alier which ime the decanted efflucnt was diverted (o the
chlonnec contact tank.

e Five of the erght plants used jet acration in the SBR tanks,
two used diffuscd air acravion. and one used floating acrators.
There scemed 10 he a2 preference for ot aeration because it pro-
vides the flexibilily to have unmivred and unaerated 6il. mixed
only hil. mixed and acrated fill, or any combination of these.

¢ At Choctaw | mg/L of a catrome polymer 5 added manually
once 2 day: no chemicats arc usod to asest in sctding at any
other plant. Scitlcatnlity of the mixed iquor at this piant seemecd
nouceahly heticr than that at some of the other plants.

Decanter mechanism i wse. As indicated eariser. decanter
mechanisms of varying compiexiscs have been used at these
facilities and with vancd success. These range (rom a fixed open-
ended submerged pipe (Rivercrest and Glenbea) 1o a floating
decanter (Grundy Center, Culver. Tamworth, and Yamba). The

“Choctaw plant has a fised submerged pipe grid with closety

spaced inket nipples. which was later changed 10 8 single-point
withdrawal sysiem because the original design permitted a sig-
nificant quantity of MLSS 10 enter this piping grid during AIL
react. and sctie. Eldora’s SBR facility is also equipped with a
fized decanser. bul of s different design.

A deuatled description of the different types of decanters. to-
grther with their pros and cons. is presented elsewhere. !

AREAS OF CONCERN

Onc area of concern is clear: there are no widely acoepted or
widely known standards for the design of SBR systems. As a
resuil. every consulting engincer approsched the design differ-
cnuy and obtained s different answer. The result in one case
was a small reactor (detenuon time of kcxs than 8§ hours) and in
another case was a large rescior with a detention time that was
ax umes longer. Similar differences 1n other design parameters.
such as F/M ratio. solids retention ume (SRT)., and cycle du-
ravons were also noted at these facilities.

An equally significant difference hes in the type of decaniers
used at these facilities. Because all these differences are reflected
in the cost of facilitics. comparison between this process and the
continuous-flow activated siudge systems and other biological
systems for wastewater trestment poses difficulties.

Differences in the operating strategies are just as significant.
For exampie, Gieniea uses a 22-hour react period in a 24-hour
overall cycle, while Rivercrest uses about 1.5 hours in a 3-bour
cycle. These differences not only affect the size of the aerstion
equipment, as a specified amount of BOD must be satisfied dur-
ing the react period, baut also the operating costs of a facility.

All these variables and varistions are significant in a cost-
effectiveness analysis. Thus, there is & need for standardization

of design and operating procedures. Standerdization is also im-
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portant from another point of view: it will bring technolay
from the rescarch reaim 0 the pracucal arena, where it wous
be conndered a vizble option by a practicing engineer designin
(acilitics. Unless this is done Most Pracucing engineers may co.
tinue 10 believe that the technology i in the developmental stage
with assocuaied uncertainties of success and that their client
may be nsking their invesiments in using SBR for propose
prosects. This wouid be (a7 from the truth. because the iechnolog
is not only proven. but can aiso be cost-effective in several ar
plications. Communitres such as Rivercrest, Glenkea, Eldor:
Tamworth. and Yamba built SBR facilities entirely out of the:
own funds because they belicved no undue rsks were asocate:

with this technology.

SUGGESTED DESIGN APPROACH

The hterature 18 (ull of mecthods and approaches for designin
continvous-{low actvated sludge sysiems. However, no siandan
and casy procedurcs have been developed for designing an SBi
system. The foflowing illusirates one siep-by-siep rationsl ap
proach (hat can be used (0 design an SBR. A numernical exampt
with pracical assumputions. together with reasoas for such &
sumptions. is presented clsewhere.'?

|. Cakculate daily BOD loading (F).

2. Amume a suitable F/M ratio consistent with the wate
Quality objectives and calkculste M.

1. Assume a suitable value of MLSS concentration expecier
1t the end of the decant period and caiculale volume occupie
by the settbed mixed liquor solids (M) based on the asume
concenuUstion.

4. Select the nomber of SBR tanks to be used and determin
the volume occupied per tank by the mixed liquor solids o
cuilsted in Step 3.

$. Decide the number of operating cycies per day and calculas
the volome of liquid to be handled per decant per SBR tank.

6. Yolume of each SBR tank equals the volume cakulaia
in Siep 4 plus the volume caiculated in Step S.

7. Asume s suitable SBR tank depth and calculste aren re
quired per tank: decide length and width.

8. Based on the calculated tank ares, check the depth of th
decanted liquid neccssary 1o accommodsie the bouid volum
caiculated in Step 5. Make sure that it is reasonable (1 0 |.
m) If not. repeat the previous steps (for example. increase th
arca 0 reduce depth) until reasonsbie vaiues of length, width
depth. and decant depth are obtained.

9. Based on the final value of the tank area, determine th
depth of the siudge blanket necessary 10 accommodate the voi
ume of sdludge calculaled in Step 3. Make sure it is ressonabl
(about half the depth of the tank).

10. Determine the daily oxygen requiremnent based on waie
quality objectives.

11. Size serstion equipment based on the calculated oxype:
requirement to be satisfied during aerated ll plus react tim
provided in the total number of operating cycies per day decide
m Step 3. This can also be done based on satisfying the expecian.
oxypen uptake rass of the mized liquor.

12. Size decant mechanism and piping to handle decant vor
ume (Step $) during the seiected decant period.

These neps illustrase only a simplified approach. [s 3 real sit
uatioa. many iterative caicuistions may be Becsmary 10 accon
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7500, 10 000, far exampie), different nuraber of opersung cycies
per day (4, S, or 6), diurnal Sow vanations, and different decant
beights (1, 1.5, and 2 m). As a minimum, it would be desirable
to check if some of the morc common conungenaes can be

accommodated dunng operaton.

SUGGESTED MODES OF OPERATION

The SBR techpology has the ability 0 achieve BOD removal.
nitrificauon. denithficaton, and removal of phosphocus with of
without chemical addiuon by changing the operating sUraleges.
A review of informauon contained in Table 2 indicates that no
two of the plants evaluaied used the same operating sralegy
cven though their obyecti ves were ampic (removal of BOD and
suspended solids) and idenucal. If the objectives are expanded
10 anndy. deninfy, or remove phosphorus, the aumber of pos-
sble operating cycies wiil be furiher increased.

Nitnfcauon can be achseved by providing a sufficiently long
SRT (5 to 10 days or more) 10 ensure the growth of anitnfying
organnums and a sufficient acrated baun volume at DO concen-
tratioa adequste for ainficaton (2 my/l.). For denitnbcation
9 ocrur, oa e other hand, an ancxic basin or Ao penod
in an SBR is necetary (presence of nitrates, but absence of DO
If these condions are achicved sequentially in an SBR. nitin-
Scation wil occws first and be followed by deaitificstion.

Phosphorus can be removed in an SBR by coagulant sddition
and precipitation'? or tsologically without chemical addition (as
ts done n1 Culver). Biological removal first requires an anacrobic
penaod (the abeence of DO and oxidized nitrogen), during which
cxogenous clectron donors (the substrate) are present. This period
should be followed by an acyobic penod (DO present) which
promotes fuxury uptake of phosphorus by the studge mas. This
principie is the basis for implementing an sppropriate coatrol
strategy in an SBR to remove phosphorus without adding chem-
aais ®

These pnnaiples can be used 0 develop different operaung
strateges for different water quality objectives. One suggesied
strategy for cach of he several common water quality objecuves
ts shown in Frgure ). Bear in mind thst

e {na gven plant, All time is a function of the plant flow rate
over which the operalor has no control. Fill ume will be less at
high fiow and vice versa.

¢ To increase react time, overall length of the operating cycle
does pot pecessanty have to be increased correspondingly. Longer
react e required for antnficaton or for the trestment of high
strengih wasie, can ofien be achieved by running the seranon
equipment for a2 portion of the fill penod (fill, mixed, and aer-
ated). o

¢ Operating siratepes for nutnication and denstrificaton may
not necessaniy be different: recognuung that astfication must
precede denitrification. identucal operating strasegies can be ex-
pected if the DO is reduced 10 bess than 0.5 mg/L during setue.
decant. and wdle penods. Many plants are rerooving nitrogen o
some degree even though il is not their treaunent obsectve (Cal-
ver. Rivercrest, Glenjea) v

o Bectuse phosphorus removal requires an anacyobic period
(zero DO and zero oxidized nitrogen) followed by an anerobc
penod (high DOL a denitrifying system & cauly adaptable o

phosphorus removal.

The intcgration of these concepts for meeting different water
quality objectives into a successful operaung siraiegy at an SBR
reatment plant s not an exact saence. But, this is not unique
10 an SBR. Conunuous-Oow sysiems face the same shoricomings.
The ability of Lhe operator W0 integraie these concepts into a
successful sirstegy scems as pood in an SBR plast as in a con-

tinvous-Sow activated sludge sysiem. [n most cases, continuous-

flow sysiems can only provide significant aitrogea and phoe-
phorus reductions by major expenditures of moaey required for
consiructing additional advanced waste tresiment facilities, while

SBR plants can accomplish the same abjectives by approprime = #

changes in the operating strategy.

CONCLUSIONS .

e All the plants visited as 3 part of this study are producing
effluent of scoeplable quality with the exception of Grundy Cen-
ler, fowa. which is expenencing problems with the decanter

mechansm.
o There are no widely accepted or widely known standards

for SBR design. Consequently, there was & wide range in the
design parameters, such as detention time, F/M ratio, and op-
erating strategies at the facilities evaluated. ,

¢ Different water quality objectives (carbon, artrogen. and
phasphorus removals) are frequently achieved in an SBR by

LA . L. 60 & 08 AMOVIL & WIRSWS TION
b PO s oM 504 ampTa
L4 oL UL L oo, 00, & £ REMOTAL
oa— ,
* = miomv " » orrRa * w aesey
TR » = conant
e ol wmas ¢ setaveD ' . .
!
Flgurs }—Saggeatsd epernting stratagius for difforent wuser guality ehjectives. O
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« SBR systems have scveral ad vantages gver conunuous-fow
sysiems. These advanuges include equalization, sdeal setuing.
! ample operanon. compact layoul, and perhaps cost saviags
LA (cprial and O & ML

e Al the SBR plant operators reported that these facilities
are easwer L0 operate than the convenuonal conunuous-flow sys-
ems

e All U. S. plants experienced some problemns with thar de-
anter mechansms. These problems. which stem from MLSS
entening the decanter piping dunng Rl react, and settle penods.
have been corrected or are being comrected. Unuil 3 good decanter
design has been deveioped and tested over a iong pertod of time,
it may be desirable 10 return the decanted effluent to the inket
end of the acration basin during the first few minuies as done
31 Culver. It wmill be most desirable if development of different
1ypes of decanters s encouraged, because this device is crucial
to the suacessiul SBR operatron.

e The floating decanter of the type used at Tamworth and
Yamba in Australia scems (0 have 8 long proven history at plants
in that country; however, it has not been uaed anywhere in the
U. S Two U. S. plants locsied a1 Tullahoma and Unioa City
m Tennessee, currently under design or construction. plaa w0
- . use this decanser. It mil be valuable to moaitor the performance

of this device in the U. S

ACKNOWLEDGMENTS

Credits. Robert Irvine of the University of Notre Dame re-
viewed the study report and made many valuable suggestions.
This paper was prepared in (ulfillment of the requirements of
Contract No. 68-02-1821 with the U. S. Environmental Protec-
ton Agency Eavironmental Research Center. Gncinaati. Ohio.

Awthors. Madan L. Arors s manager of the Wastewaler Rec-
amavon Division. James M. Montgomery Consulung Eng-
neers. Inc., Pasadena. Calif. At the ume of this study Edwin F.
Barth was with the U. S. Environmenial Protection Agency,
Environmental Research Center, Cincinnati. Ohio. Margaret B.
Umphres is semior enginees with James M. Momgomery Con-
sulung Engineers. Inc., Pasadena, Calif. Correspondence should
be addressed 10 Madan L. Aron, James M. Montgomery Con-
suwlung Engincers. inc., 250 North Madison Ave., Pasadena, CA
9110%-7009.

REFERENCES

1. Irvime, R L. “Techaokogy Ascmsment of Sequencing Baich Reac-
wory.” U. S. Eaviroa. Prow Agency (in prem).

haliaaiit des ol

e

Sadwick_ J. M. and Murmey. J. £ “A Brief Himory of Sewage Trems-
ment (Part | ).” Efferw and Water Trestment J.. 65, 205 (1976).

. Barth, E. F_ “Sequenciag Basch Reaciors for Mumicipal Wassewmer

Trexument.” Prescoted at the Exghth U. S/ipa Coal on Sew. Trest. ..
Technol (1981). .

. Ardemn. E. and Lockett, W. T, “Ezperiments on the Oxidation of

Scwage Withowt the Axd of Fillern.™ J. Sac. Chem /nad. 13, $23

(1914}
inoe, R. L. snd Bush. A. W_ “Sequenaing beich biclogeal resc-

’ tors—an overnew.” J. Water Pollm. Control Fed.. 81, 238 (19M9)

Imne. R L. & af.. ~Sequencing betch trestment of wasicemers wa
rural aress. " J. Water Allia. Comrol Fed.. 51, 244 (1979).

. Denna. R W._ and irvine. R. L. “Effect of Alk resct rzbo oa se-

quencing besch biolopical resctors.”™ J. Warer Polhet. Comerol Fed..

$1, 235 (1979)
Hocpker. E. G.. and Shroeder, E. D.. “The effect of loading rase on

beich-ectivased sludge efluent qualny.” /. Warer Polha. Comrol
Fed_ 1, 264 (1979).

. Goroaszy, M. C., “Interminent operation of the exiended aeration

process for small symerms.” J. Worer Pollu. Comtrol Fed., 51, 274

(1979L
Kewcham. L. H. Jr. o al. “First cost anelysis of ssquencing bach

inclogacal reactons.” J. Water Poliwt. Comiral Fed_, 81, 288 (1S9).

. Kewchwm, L. H.. Jr. and Liso, P.<C.. “Tertiary chemical trestmem

for phosphorus reduction usag sequencang besch reactore.” J. Heser
Pol/m. Comrol Fed. 53, 298 (19791

Irvine, R L. aad Kexchem, | H.. “Full-Scale Stady of Sequeacing
Buich Rencaors.” U. S Eaviron. ProL Agency (in press)

Barth, E. F. “Implcmentatios of Sequencing batch Resciars for
Municipal Wastewster Trestment.” Prescested st the 6th Symposisn
on Wamewasey Trest., Otizvn, Canada (1933)

Schunidtke, N. W and Topumik, 8. H., “Appiicstion of Biolagical
Reacsor Technology m Westrwuaer Trostment. ™ Preaeated ot the
Annn. Merting of the Coa. Soc. of v, Eng., Ouswe, Cemario (1983)

. Herzbrm, P. A « a.. “Trestment of Hazandows Wastm in 8 So-

quencing Baxch Reacior.™ Presented st the Yth Answ. iad Wame
Con{., Pardus University, Lafayenie, lad. (1964)
Schanadike, N. W_ and Topnik. B. H.. “Design and Performance
Asscsmnent of Three Sequenang Batch Rencwor Sewags Trestsmest
Plants 1o Caxaada.™ Draft Repon Prepared for the Wamecwaner Tech.
Center, Eaviron. Prowctios Serv., Cansda (1964)

. Chiem, §. C_, and lrvime, R. L., “Growth and Control of Filamessows

Micsobes is Acuviied Sludge—As Iategrased Hypochesn ™ Pre-
senied at the $3th Ansu. Water Pollut. Coutrol Fed. Conf, SU Lo,
Mo, (1982)

Irvine, R L, “Structered Models for Biclogical Weste Trestment
Systens. ™ Research Graot, National Science Foundatios (1985)

. “Technology Evahumtion of Sexpueacing Batch Reacwors.™ Final Repe.,

U. S Esvironmental Prot. Ageacy, Eaviroa. Res Censer, Cacisami.

Otio (1984).
Maaning, J. F. Jr. and lrvine, R. L. “The biclogical removal of
phosphorus i e seqeencing betch reacwor.” /. Water Fodhe. Control

Fed. 57, 87 (1985)

PEST AVAILABLE COrr

' LTRL B amet .



The document: "Background Report: Thermal Electric Power Plant Industry. Al Husein Thermal
Power Station. Jordan" has alreadv been provided under separate cover.



PB92-145408

-

Assessment of VOC Emissions and Their Control from
Baker's Yeast Manpufacturing Facilities

Midwest Research Inst., Cary, NC

Prepared for:

Environmental Protection Agency, Research Triangle Park, NC

Jan 92

——wwrTE (W I T T T



&0y
LN AVA/LA&/_f P

v
TECHNICAL REPORT DATA
'Please resd /rioucnons on the reverse defore compler:
1. REPORT NO. . 3. -
EPA 450/3-91-027 PBI2-185408
S. REPOAT DATE Y.

A TITLE ANOSUBTITLE
“essment of VOC Emissions and Their Control

m Baker's Yeast Manufacturing Facilities

January 1992

6. PERFOAMING ORGANIZATION CODE

7. AUTHON(S)

Rcbin Barker and Maresa Williamson

8. PERFORMING OAGANIZATION REPOART NO

LPERFORMING ORGANIZATION NAME AND ADDRESS

Midwest Research Institute

401 Harrison Oaks Boulevard .
Suite 350

Cary, NC 27513

10. PROQAAM ELEMENT NO.

1. CONTRACT/GCRANTY NO.
68-01-0115

2 SPONSOAING AGENCY NAME ANDO ADDRESS

Control Technology Center
U. S. Environmental Protection Agency
Research Triangle Park, NC 27711

13. TYPE OF REPORT AND PERIOD CCVENEZ
Final

14. SFONSORMING AGENCY CODE

LSUPPLEMENTAAY NOTES

LAsSTAACT

e

14

_> The Environmental Protecticn Agency’s (EPA’s) Control Technology Center
(CTC) conducted a study to obtain information on the baker’s yeast manufacturing
industry. Baker‘’s yeast is produced by a fermentation process that generates

wrge quantities of ethanol and acetaldehyde. Currently, 13 facilities produce

iker‘s yeast in the United States. The volatile organic compound (VOC) emission
cate from a typical facility is estimated at 82 megagrams per year (90 tons per
year). 7The majority of these emissions occurs in the final trade fermentations.
The VOC emission alternatives that were evaluated during this study were process
control measures to reduce the formation of VOC emissions as well as wet

scrubbers, carbon adsorbers, incinerators, condensers,

and biological filters to

control VOC 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 blological filter) are the

most feasible approaches for controlling yeast process

emissions. Based on the

results of this study, the control efficiency associated with the add-on control
systems is estimated to be 95 to 98 percent. This report contains information on

the baker’s yeast fermentation process, the number and

locations of yeast plants,

the potential emissions from the process, and an evaluation of potential emission

control options. . _

KEY WORDS ANDO DQCUMENT ANALYSIS

DESCRIPTORS D.IDENTIFIEMS/OPEN ENDED TEAMS (. COSATI Freld/Group
Baker's yeast yeast manufactunng
yoast othanol
fermentation acetaldehyde
xctive dry yeast YOC emissions
ompressed yeast VOC coatrols
Team yeast g:rxngconUUI‘
ostant dry yeast iological filtration
ISTRIGUTION STATEMENT 19. SECURITY CLASS /Thur Report) 21. NO. OF PAGES
. oo Unclassified
2lease Unlimited 70 SECUAITY CLASS /7% zages 72, PRICE

1 Unclassified

Form 2220.1 (Rov. 4.77) PARVIOUS EDITION IS OBSSOLETE f‘

T 1



Undted Statse Office of Alr Ouaflty EPA4503-91-027
Environmental Protecton Planning and Standards Janusry 1992 i
Agency Ressarch Triangle Park NC 27711

Alr

o EPA Assessment of VOC Emissions
and Their Control from Baker’s
Yeast Manufacturing Facilities

control technology center

L/ /

REPRODUCED BY

. -



ASSESSMENT OF VOC EMISSIONS AND THEIR CONTROL
FROM BAKER’S YEAST MANUFACTURING FACILITIES

Control Technology Center

Sponsored by:

Emission Standards Division
Office of Air Quality Planning and Standards
U. S. Environmental Protection Agency
Research Triangle Park, North Carolina 27711

Air and Energy Engineering Research Laboratory
Office of Research and Development
U. S. Environmental Protection Agency
Research Triangle Park, North Carolina 27711

January 1992

,,,,, —— L LR L



EPA No. 450/3-91-027
January 1992

ASSESSMENT OF VOC EMISSIONS AND THEIR CONTROL
FROM BAKER’S YEAST MANUFACTURING FACILITIES

By

Midwest Research Institute
401 Harrison Oaks Boulevard
Suite 350
Cary, North Carolina 27513

EPA Contract Nos. 68-D1~-0115,
68~-D0-0137, and 68-02-4379

Project Lead
Martha Smith
Office of Air Quality Planning and Standards
U.S. Environmental Protection Agency
Research Triangle Park, North Carolina 27711

Prepared for:
Control Technology Center

U. S. Environmental Protection Agency
Research Triangle Park, North Carolina 27711

Wy (EE T T



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.

ii

Ny I T o T



ACKNOWLEDGEMENT

This report was prepared for EPA’s Control Technology Center

«CTC) by Robin Barker and Maresa Williamson of Midwest Research

The Work Assignment Manager was Martha Smith of EPA’s

Institute.
Also participating on the

Chemicals and Petroleum Branch (CPB).
project team were Bob Blasczcak, CTC; Chuck Darvin, EPA Air and

Energy Engineering Research Laboratory; and K.C. Hustvedt, CPB.

iii



PREFACE

The Control Technology Center (CTC) '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 of 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
appropriate. 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 docuuwent are to provide a
general overview of the baker’s yeast production process, to
summarize available data on VOC emissiqns from baker’s yeast
sanufacturing facilities, and to evaluate potential amission
control options. This work was initiated by a State of Maryland

request for technical support from the CTC. The State is

concerned that while VOC concentrations in the flue gas from the
Yeast fermentors at a facility in Baltimore, Maryland, 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 sections:
Section 2.0 provides a brief characterization of the baker’s

yeast manufacturing industry, including the number, locations,

and production capacities of facilities; Section 3.0 describes
the baker’s yeast fermentation process, including the equipment
used, feed materials and process requirements, and typical
nrocess yields and limitations; Section 4.0 presents the emission

urces and pollutant types, available emission test data,
process emission factors, nationwide emission levels, and model
emission stream data; Section 5.0 presents the available
information on potential 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

The 11iti s widalir dic [ |

States.




compliance with the national ambient air quality standard (NAAQS)
for 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 VOC 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 emissions generated, and the remaining 10 to 20 percent
consists of other alcohols and acetaldehyde. The VOC
concentration from a typical trade fermentor varies over a range
from 5 to 600 parts per million by volume (ppmv). The
fluctuation in the VOC concentration is attributable primarily to
the variation in feed rates to the fermentor. 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 VOC emission levels, the total annual VOC emissions
from this source catzgory are estimated to range from 780 to
.,060 Mg/yr (860 to 1,170 tons/yr).

The VOC emission alternatives that were evaluated during
this study were process control measures to reduce the formation
of VOC emissions as well as wet scrubbers, carbon acsorbers,
incinerators, condensers, and biological filters to control VOC
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 controiling yeast process emissions. Based 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 molassaes 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 of raw materials), these steps
are not optimized to limit VOC emissions. Implementing and
optimizing more stringent process control, especially during the
early stages of fermentation where close process control is
usually not required, would reduce the formation of VOC 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 production statistics, ‘and
growth projections for the industry is presented below.
2.1 EVOLUTION OF THE INDUSTRY

The 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
principal 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 FACILITIFES

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.

T T T



TABLE 1. YEAST MANUFACTURING PLANTS

!Lallemand (American Yeast)

Baltimore, Maryland

Z~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 Corp. (Red
Star Yeast) ~

Baltimore, Maryland
Dallas, Texas
MilwvaukeesgWisconsin
Oakland, California




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 O, 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, approximately 85 percent of the
Yeast was compressed or cream yeast,‘ané 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 foreign 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
Cclosed 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 S to 10 percent.

3.0 PROCESS DESCRIPTION

Two main types of baker’s yeast are produced: compressed
yeast and active dry yeast (ADY).' 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
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TABLE 2. OZONE NONATTAINHEHQLE?ATUS i
r------- Nonattainment
“"ant location Company for ozone
i——~liwaukee, WI Universal Foods Corporation |Yes :

(UFC)
Oakland, CA UFC Yes l
Fleischmanns Yes !
Baltimore, MD 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, NC Fleischmanns Yes?
Headland, AL Columbia No f
Wahpeton, ND Minn-dak No "

stonia is not formally recognized by EPA as an ozone
but exceedances for ozone occur, and the

area will most likely be nonattainment fo:: ozone when the 1990
Clean Air Act Amendments are fully implemented.

nonattainment area,




extent, to bakeries. Compressed yeast and ADY are produced in a’
similar manner, but ADY is dried after processing and is
developed from a different yeast strain: AnotHer dry yeast. ..
product; “instant dry yeast (IDY), is dried after processing and.
is produced from a faster-reacting yeast strain than that used:
for ADY. The main difference betwgen ADY and IDY is that IDY'
does not have to be dissolved in warm water prior to usage,
whereas:ADY does. The following discussion is directed towards .
compressed yaast manufacturing, although a brief discussion of
the production of dry yeast is also presented (Section 3.2.7).

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 of
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.

3.1 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 cerevisjae.? Cane
and beet molasses are used as the principal carbon source to
promote yeast growth. Molasses contains 45 to S5 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



Raw Materials

Ethanol, CO2

prr—

Fermentation

Filtration

Blending

Extrusion & Cutting

Packaging

Shipment of packaged yeast

Figure 1. '*Process flow diagram for. producing baker’s. yeast.;
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raisins, or sugar-containing wastes of the confectionary industry,
are also effective, but for various reasons (mostly economic),
se alternatives were found to be unsuitable as carbon and

energy substrates for baker’s yeast production.3

The amount and type of cane and beet molasses used depends
on the availability of the molasses types, cost, and the presence
of 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 clarification, 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 held 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.? The molasses
normally provides sufficient quantities of potassium and calcium.
Phosphates and magnesium are added in the form of phosphoric acid
or phosphate salts and magnesium salts.> 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 of biotin.® Thiamine is not required for yeast
jrowth but is normally added to the feed stock because it is a
>otent stimulant for fermenting doughs. Both cane and beet
nolasses usually provide enough inositol and pantothenic acid for
feast growth. However, if beet molasses, which is deficient in
>iotin, is used, biotin must be added or a mixture of cane and

>eet molasses is required.
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3.2 TFERMENTATION

Yeast cells are grown in a series of fermentation vessels. "
A 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
of the mixture from the preceding fermentor) is placed into the
next fermentor, which is equipped for batch or incremental
feeding of the molasses malt. The process continues until the
yeast mixture reaches the final fermentation vessel.
3.2.1 Geperal

Yeast fermentation vessels are operated under aerobic
conditions (free oxygen present, or excess air) because under
anaerobic conditions (limited or no oxygen available) the
fermentable sugars are consumed in t.e formation of ethanol and
carbon dioxide, which results in low yeast yields.7 Yeast yields
under anaerobic conditions are often less than 10 percent-by-
weight of fermentable sugars, whereas yeast yields of 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 sLxygen
content in the liquid surrounding the yeast cells to be at an
optimal level. In practice, oxygen transfer rates aré‘often
inadequate, and under such conditions, some ethanol is fotmed.
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.
J.2.2 tatj e

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,
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F2 F3

F4

F1 - Laboratory lermentation
F2F3 - Pure culture lecmentations
F4 - Intermediale fsrmentation

F5 - Stock fermentation

F8 - Piiching fermentation
F7 - Trade fermentation

Figure 2. Fermentation sequence used in producing baker’s yeast.
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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, or Flask Stage (T1:

The first fermentation stage takes place in the laboratcry
when a portion of the pure yeast culture is mixed with the
molasses malt in 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.
3J.2.4 u Culture Stages a

Generally, this stage consists of two pure culture
fermentations. The capacities of the termentationtvessels used
in this stage range from 1,140 L (300 gal) to 26,500 L
(7,000 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 (1,300 1lb) in the second fermentor.

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
pPressure 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.? oOnce 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 feryentation

operates over a broad temperature range.

3.2.5 Main Fermentation 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 heightg up to 14 m (45 ft).
The larger vessels are associated with the final fermentation
stages (F6 and F7). The fermentation vessels are typically
operated at a temperature of joecC (86°F) .

The fermentors are usually constructed of stainless steel
and are equipped with an iincremental 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 molasses 1is fed is critical and
may be controlled by a speed controller connected to a pump or by
a valva 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
not 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 tne fermentation vessels during this stage of
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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 of 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 requiraes from 25 to 30 m3 (880 to
1,060 ftJ) of air to produce 0.45 kg (1 1lb) 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
suppiied to a circular diffuser pipe. Directly above the air
outlets, a horizontal turbine disc provides mechanical agitation,
which distributes the air bubbles uniformly. Agitation systems
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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 fermentation. 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) has 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 1lb) in the first
stage, 420 kg (930 1b) in the second stage, 2,500 kg (5,510 1b)
in the third stage, and 15,000 to 100,000 kg (33,070 to
220,460 1b) in the fourth stage.ll

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 yeast 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 aaditional 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.l? 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
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4.5 percent solids.l? 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 from this process can be stored for several weeks at a
temperature slightly abcve 0°C (32°F). After storage, the yeast
Cream can be used to propagate yeast in other trade fermentations
or can be further dewatered by filtration.

The centrifuged 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 press,
the filter cloth consists of cottcn duck or a combination ot
cotton duck and synthetic fibers so tightly woven that no filter
aid is necessary. Filter presses having frames of 58 to
115 centimeters (cm) (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.l? vYeast 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 the
drum remove the yeast. After a filter cake of yeast is formed
and while the drum continues to rotate, excess salt is removed by
spraying a small amount of water onto the filter cake. From this
pProcess, 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. Enulsifiers are
added to give the veast a white, creamy appearance and to inhibit
water-spotting of the yeast cakes. A small amount of oil,
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usually soybean or cottonseed oil, is added ‘.~ 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 8°C (46°F), at which time
they are ready for shipment in refrigerated trucks.
3.2.7 duct east

In yeast manufacturing, two types of dry yYeast are produced:
(1) ADY and (2) IDY. Active dry yeast is produced from a yeast
stroin identified as No. 7752 in the American Type Culture
Collecti-1.13 This strain gives better yields than that used in
produc: - ~ compressed yeast and is commonly referred to as the
"dry yeast strain." Instant dry yeast is produced from a yeast
strain different from that used for ADY. The ADY and IDY are
produced through the same process as that described for |
compressed yeast. After filtration, the dry yeast product 1is
sent to an extruder, where emulsifiers and oils differer.t from
those used for comprzssed yeast are added to texturize the yeast
and aid in extruding the yeast. After the yeast is extruded in
thin ribbons and cut, the veast 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 blown
into the bottom cf the dryer suspends the yeast particles into a
fluid bed and dries them. The drying time varies from 0.5 to
4 hours (hr).1% The humidity in the dryers is continuously
monitored to determine when the drying cycle is complete.
Following drying, the yeast is vacuum-packed or packed under
nitrogen gas before heated sealing. The shelf life of ADY and
IDY is 1 to 2 years at ambient temperature.15
4.0 EMISSION ESTIMATIONS

The following sections present a composite of the available
emissions data, process emission factors, nationwide emissions

estimates, and the documentation on the development of a model

process emission stream.
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4.1 SOURCES OF EMISSIONS

The VOC emissions are generated as by-products of the
¥ mentation process. The two major by-products are ethanol,

v ch 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, anaercbic fermentation occurs and results
in the excess sugar being broken down to form alcochols and carbon
dioxide. When anaerobic fermentation occurs, 2 moles of ethanol
and 2 moles of carbon dioxide are formed from 1 mole of glucose.

.Inder anaerobic conditions, the ethanol yield is increased
and yeast yields are decreased. 1In 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 fermentor.

The rate of ethanol formation is higher in the earlier

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

-mentation 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
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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.l?7"21 From a combination of these three

facilities, emission test data were available for the last four
fermentation stages (F4-F7). A

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 vocC
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 3 presents the VOC emission levels measured during
batch cycles for each type of fermentation. The emission test
data were converted from total VOC concentrations to ethanol
concentrations since ethanol is the primary VOC compound emitted.
Ethanol is approximately 80 to 90 percent of the emissions
generated, and the remaining 10 to 20 percent ronsists of other
alcohols and acetaldehyde.

A review of the emission data in Table 3 reveals the
significant variation in VOC emission levels. To obtain more
meaningful data, the process emission factors presented in
Table 3 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
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TABLE 3. VOC EMISSIONS FROM YEAST FERMENTATION17-21a

Fermentation stages j
F4 (Intermediate) F5/F6 (Stock/pitch) F7 (Trade) H
Emissi il
Coocentration range, ppmv 900-4,600 2-1,350 5-600
Average concentration, ppmv 1,900-2,400 50-700 200
Maximum coocentration, ppmv 3,000-4,600 200-1,350 600
Batch emissions, kg (1b) 24-71 (53-156) 6-821 (13-1,810) 4.5-154 (10-340)
P ission fact
VOC’s emitted per volume of 0.0011-0.0014 0.0001-0.003 0.000036-0.0006
fermentor operating capacity, kg/L (0.009-0.012) (0.0008-0.025) (0.0003-0.005)
(Ib/gul)
VOC’s emitted per amount of yeast 1249 (12-49) 0.540 (0.5-40) 0.194.7 (0.194.7)
produced, kg/1,000 kg (1b/1,000 Ib)
— — L ——

*Total 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 degree of
process control is not as stringent for this type of farmentation
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 fermentors used and
the lower production rate. The final three fermentations (F5-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 VOC 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
vYear. Trade fermentations account for 80 to 90 percent of the

emissions generated from a given facility.
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TABLE 4. VOC EMISSIONS FOR A TYPICAL YEAST
MANUFACTURING FACILITY?
- . —w
Fermentation stages
F4 (Intermediate) | FS/F6 (Stock/pitch) F7 (Trade)
Typical cthagol emission level
Coocentration range, ppmv 900-4,600 2-400 6-600
Average concentration, ppmv 1,900 200 250
Maximum coocentration, ppmv 3,000-4,600 200400 500-600
Batch emissioas, kg (Ib) 36.3 (80) 49.9 (110) 63.5 (140)
emission_facto
VOC's emitted per volume of fermentor 0.0012 (0.010) 0.0004 (0.0035) 0.0005 (0.0045)
openating capacity, kg/L (Ib/gal)
VOC's emitted per amount of yeast 15 (15) 5.0(5.0) 3.5@3.9)
produced, kg/1,000 kg (1b/1,000 Ib)
0 L
No. of batches per week 3 4 20
No. of weeks per year 52 52 52
Annual VOC emissions rate, Mg/yr 5.6 (6.2) 8.5(9.4) 66 (73)
(toas/yr)

*Total VOC's as ethanol.
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4.3 NATIONWIDE EMISSION LEVELS
Based on the process emiss:on factor of 0.0005 kilogram of

VOC’s emitted per liter per batch (0.0045 pound per gallon per
batch) of fermentor operating capacity, the typical size

(117,260 L {31,000 gal]) of trade fermentors, the number of
batches processed per year (1,040) at each facility, and the
number of yeast manufacturing facilities (13), the nationwide VOC
emissions from manufacturing baker’s yeast is estimated at 860
Mg/yr (950 tons/yr).

Based on the process emission factor of 0.0035 kilogram of
VOC’s emitted per kilogram (0.0035 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 (31,000-gal) trade 5
fermentors. Trade fermentation was selected because the majority
of emissions are generated from this stage of the process. 1In
addition, the majority of the final fermentations (F5-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 (31,000-gal) trade fermer-ors were selected because
this was the averzge 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 m>/min (5,600 ftJ/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 m3/min (28,000 ft3/min) and an average VOC
concentration of 200 to 300 ppmv. The average VOC concentration:
were determined based on the emission levels from actual trade
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fermentors. An emission profile for this fermentation stage is

presented in Figure 3.

BV XY Xl L

2 EMISSTON" -ONTROL TECHNIQUES '

Oonly one yeast manufacturing facility employs an add-on
pollution control system to reduce VOC 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.

S.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
systenm.

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.?? 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

-
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the precise demand for sugar. By continuously adding only the
exact amount of molasses required by the fermentation, conditions

excess sugar are eliminated, thus minimizing ethanol
rormation.

The demand for molasses depends 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 mass, computer-aided material balance techniques camr be
used to calculate continuously the cell concentration, specific
growth rate, sugar consumption rate, and other growth-related
parameters.?2 A computer can process information taken from
direct measurement of airflow, carbon dioxide production, oxygen
consumption, and ethanol production to anticipate 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
petween 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
iniformly throughout the malt, then ethanol will be produced in
:he oxygen-deficient areas of the fermentors. 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
ixing 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
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can be achieved through the combination of feedback controls and

optimizing fermentor design.

ENGINEERING CONTROLS
The most common add-on control devices for controlling VOC

emissions are wet scrubbers (gas absorbers), carbon adsorbers,
incinerators, and condensers. These types of controls are widely
used in a variety of industries to control VOC emissions. The
following sections present a description of 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 VOC 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 wastewaters.
5.2.1 bb bso
Wet scrubbers can control ethanol emissions from yeast

mentation vessels. 1In this type of system, the contaminant is
a~wsorbed in an absorbing liquid. Absorbtion 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. 1In
packed/tray towers, the incoming gas 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. 1In 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
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Figure 4. Schematic of packed tower absorber.
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top of 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 VOC 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
pacticulate loading, and the distribution of the liquid across
the packing media. The first parameters given depend on the

dcess being controlled. The next three parameters are design
parameters for 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 the 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 tou 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
concentration and temperature of the inlet gas stream, the type
of absorbent selected, the liquid-to-gas ratio, the particulate
loading, and the uniform distrikution and droplet 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 be adversely affected.

Applying wet scrubbers to control VOC 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 30 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 VOC
emissions from the treatment process. If this type of treatment
system is not used, then the VOC emissions may not be reduced but
transferred to a different source at the plant 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.2? carbon adsorbers recuce VOC
emissions by adsorbing organic compounds 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 voc’s.23 The organic compounds are
subsequently desorbed frocm the activated carbon and recovered.

Carbon adsorbers do not apply to the low-VOC-concentration
gas streams trom the final fermentation because of the low
adsorbtivity of ethanol at levels less than 500 ppmv. In
addition, one carbon adsorber 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 VOC removal
efficiencies.?4 Therefore, carbon adsorptinon 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 stream to high %temperatures 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
1 as at small plants or at plants using a variety of solvent
mixtures.?> The two types of incinerators used to control VoC
emission are t  ~rmal and catalytic. Both designs may use primary
or secondary % <t recovery to reduce energy consumption.
5.2.3.1 ..permal 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 VOC’s;
2. Solvent-laden airflow rate;
3. Solvent-laden air temperature at incinerator inlet;
4. Burner type; —
5. 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
VOC’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
performance of the incinerator. Well-designed and -operated
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incinerators in industry have achieved VOC destruction
efficiencies of 98 percent or be :ter.?2>

Applying thermal incinerators to reduce VOC emissions from
the fermentation process should result in destruction
efficiencies of better than 98 percent. The costs associated
with operating a thermal incinerator are presented in

Section 5.3.

5.2.3.2 cCatalytic incipnerators. catalytic incinerators use

a catalyst to promote the combustion of VOC’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.2?® 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 catalyst and
the presence of constituents in the gas stream that could foul
the catalyst. The operating temperature range for the catalyst
sets the upper VOC concentration that can be incinerated. For
most catalysts on alumina, catalyst activity is severely reduced
by exposure to temperatures greater than 700°C (1300°F).26
consequently, the heating value of the inlet stream must be
limited. Typically, inlet VOC concentrations must be less than
25 percent of the lower explosive limit (LEL). The typical VoOC
concentrations emitted from yeast manufacturing facilities are
less than 25 percent of the LEL.

As with thermal incinerators, catalytic incinerators are a
riable control option for reducing VOC emissions from the
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fermentation process, having typical destruction efficiencies
greater than 98 percent. The costs asscciated with operating
:atalytic incinerators are presented in Section 5.3.

5.2.4 Condensatjion

Condensation is a process in which all or some portion of
the volatile components in the vapor phase are transformed into
the liquid phase. This process can be accomplished through
saeveral different methods. Increasing the system pressure at a
constant temperature, reducing the temperature, or a combination
of 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 component’s
vapor pressure. At these conditions, the liquid begins to form.
As the temperature of 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 VOC. When a gas stream is
dilute, as is the case with bakzr’s yeast manufacturing,
extensive cooling is requiref just to bring the stream to the
saturation point. Furthermore, additional cooling is then needed
to actually condense the VOC. Condensers are not effective on
Jas 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.

The 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
condencer efficiency by increasing the heat load that must be
removed from the gas streanm.

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 surfacé 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 VOC 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 VOC-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 ft3/min) with an average VOC
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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°C (-40°F).
5.2.5 Biological Filtration

Pigure 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 VOC emissions by passing the VOC-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 cbnverts it to organic acids. 1In 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.?’

The critical parameters for a biofiltration system are the
VOC concentration in the iniet gas stream, the pH and moisture
content of the bed, and the bed temperature. The bed temperature
must be maintained above 10°C (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 VOC concentration is also critical
to the performance of the biofiltration system. The
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biofiltration system is designed to handle dilute VOC streams
with fixed concentrations. Fluctuations in the concentration or
high VOC 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 of the bed, making the bed acidic. A low pH
will kill the other type of microorganism, the b?d will no longer
operate e "‘ficiently, and incomplete conversion of the alcohols
will occur. For this reason, biofiltration systems were not
designed for batch processes but for continuous, dilute VOC
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 VOC
strean to the biofiltration system. This combination of a
scrubber plus a biofiltration 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 VOC
control techniques, the most promising options for controlling
VOC 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 rables 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 system

for this application.
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TABLE 5.

R

SUMMARY OF THE COST AND ENVIRONMENTAL IMPACTS OF THE CONTROL OPTIONS

S

- PR
voC
emissions
reduction, Cost- Wastewaler Fuel
Annual cost, Mglyr effectiveaess, Energy use genenated, requiremeats,
Control technique Capital cost, $ $lyr (tons/yr)® $/Mg ($/ton) MWh/yrb L/yr (gallyr) |kcallyr (Btw/yr)®
Wet scrubbersd 312,000 346,000 80 (88) | 4,300 (3,900) 257 412x 108 -
(1.09 x 108)°

Thermal incinerators’ 610,000 519,000 89 (98) | 5,800 (5,300) 450 - 2.42x 1010
(9.59 x 1010)
Catalytic incinerators! 883,000 294,000 89 (98) | 3,300 (3,000) 494 - 2.50 x 10°
(9.92 x 109

2Based oa the emissions reduction at the average VOC concentration in the emission stream.
Based on total electrical requirements for the control systems.

CBased on using natural gas as the auxiliary fuel.

dBased on a control efficiency of 95 percent.
©Based on the use of once-through scrubber water.

fBased on a destruction efficiency of 98 percent.




TABLE 6. CAPITAL COSTS OF ADD-ON CONTROL OPTIONS*

mm

' Cost, $
Thermal Catalytic
regen. incinerator | Wet scrubber
Cost item Factor incinerator
Direct costs, DC
Purchased equipment costs
Coatrol device 286,840 . 426,350 34,340
Auxiliary equipment® 34000 38,190 120,020
Subtotal, A 320,840 464,540 164,360
[nstrumentatioa 0.1A* 32,080 46,450 16,440
Sales taxes 0.03A* 9,630 13,940 4,930
Freight 0.05A* 16,040 23.230 8,220
Total purchased equipment cost, B 378,590 548,150 193,940
Direct installatioa cost, C 0.30B* 113,580 164,450 58,180
(Foundation and supports, bandling
and erection, electrical, piping,
insulation, and painting])
Indirect costs (installation), IC 0.31B* 117,360 169,930 60,120
(Engineering, coastruction an field .
expenses, cootractor fees, start-up,
performance test, and contingencies) _
Tg’;AL CAPITAL INVESTMENT, Sum of B, C, IC 609,500 882,500 312,200
T
_ ﬁ

*Numbers may not add exactly due to independent rounding. '
bFor incineratioa, auxiliary equipment consists of ductwork, stack, and fan. For wet scrubbers, auxiliary
equipment coasists of ductwork, stack, fan, pump, platform and ladders, and packing.

“Rounded to pearest $100.

L]

*Source: OAQPS Control Cost Manual. Fourth Edition. EPA 450/3-90-006. ‘January 1990. Chapter 3.

39



TABLE 7. ANNUAL COSTS OF ADD-ON CONTROL OPTIONS®

Thermal regen. Catalytic Wet scrubber
incineratoe incinerstoe
Operstor 0.5 he/shift® 12.96/hre 3,590 3,590 3.290
Supervisce 15% of operstor® 540 540 490
Mainteneace
Labor 0.5 hr/shift® $14.26/hr 3,950 3.950 . 3,620
Material 100% of maintenance 3,950 3.950 3.620
labore
Catalyst replacemen 100% catalyst s8so/t) for - 42.220 -
Q-yr life)* metal oxide®
Wasae disposal $2/1,000 gal*® - - 217,650
Utilities
Water $0.3/1,000 gat** - - 32.650
Natural gas $3.30/1.000 A°° 349,280 32,050 -
Electricity $0.059/xWh* 26.370 PAR L] 13199
TOTAL DAC 337,870 115,430 276,510
Indirect snnual costa, AC
Overbead 60% of mm of 1.210 7210 6.610
OPErMIOT, Mpervisos,
labor, and matenials®
Administration 1% TCPbe 12,190 17,650 6,250
Property taxes 1% TCl® 6,100 8,830 3.120
losurance 1% TCl® 6,100 ) 8.530 3.120 7
Capiaal recovery® CRF (TCD* 99,200 136,210 0,820
TOTAL IAC 130,790 173.720 69,920
TOTAL ANNUAL COST  Sum of DAC, IAC 518,700 294,200 346,400
C T M
*Numbers may not sdd exactly dus 10 independeat rounding.

“The capital recovery cost faclor, CRF, is equal 10 0.163 for & 10-ycar equipment life and a 10 percent interest rate.  For catalytic
incineration, capital recovery is equal 10 0.163(TC1-1.08 x catalyst replacement).

*Source: OAQPS Control Cost Masual. Fourth Editioa. EPA 45073-90-006. January 1990. Chapter 3.

**Source: Organic Chemical Maoufscturing Volume §: Adsorptica. Condensation. and Absorptioa Devices. EPA Repont
No. 450/3-80-027. December 1980. Appendix B.
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The cost of control could be reduced further, however, by
the use of a combination of control systems. A process using a
jat 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 m3/min
(400 ft3/min) at a VOC concentration of 7,500 ppmv. Based on a
95 percent control requirement, the condensation temperature of
the condenser would be =-47°C (-53°F). 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-effectiveness for
condensers is $4,200/Mg ($3,800/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 percént,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 OPTION® - -
Cost item Factor Unit cost Cost, $
Refrigeration cost, Ref 91,840 §
Total systems cost, TSC 1.25 (Reh)* 114,800 |
TOTAL CAPITAL INVESTMENT, TCl 2.18 (TSC) 249,700
Direct angual costs, DAC
Labor
Operator 0.5 hr/shift® $15.64/hr*
Supervisor 1.15 (operator)*
Maintensnce
Labor 0.5 hr/shift® $17.21/ e
Materials 100% of labor*
Electricity $0.059/kwh*
TOTAL DAC
Indirect snpual costs, [AC
Overbead 60% of sum of operator and

Administration, taxes, insurance
Capital recoveryb
TOTAL IAC

TOTAL ANNUAL COSTS
e ————— T ———— ——

supervisor labor, and
maintenance labor and
matenals®

0.04 (TCI)*

CRF (TCD)*

Sum of DAC, IAC

!Numbers may not add exactly due to independent rounding.
capital recovery cost factor, CRF, is equal to0 0.1315.

*Source: OAQPS Control Cost Manual. Fourth Edition. EPA 450/3-90-006. January 1990. Draft Chapter.

42

TTEW TN  WET T . T



The two types of control measures that are currently
emplcyed at yeast manufacturing facilities are (1; pro¢ess
control and (2) add-on controls. 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 unit 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 VOC 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 VOC emissions
from the pure culture fermentations. However, based on the
information supplied by yeast manufacturing facilities, it
appears that adding process control measures to the pure culture
fermentations or applying condensers could potentially reduce VOC
emissions from this stage of the process by better than

90 percent.
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ANAEROBIC WASTEWATER TREATMENT PROCESS

proven technology
for a cleaner environment
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the biothane advantage

PROVEN RELABILTY

More than one hundred
industnalscale plants now in
operation throughout the world.

MAJOR REDUCTION IN BOD
Over 90% in most applicahons.
Significantty lowers municipal
surcharges and improves
operating efficiency of on-site
secondary freagiment systems.

PRODUCTION OF USABLE
ENERGY

Generates methane at
opproximately 0.35 cubikc meter
per Kg COD converted. Helps
offset foctory energy costs.

RAPID HYDRAUUC THROUGHPUT
Hydraulic retenton time con be
megsured in hours. Permits
responsive control of system
operahons.

- HIGH LOADING CAPABILITY
achieves 10-18 Kg COD
per cubic meter of digester
volume per day. Higher
loadings possible as biomass
adapts to specific wastewater.

QUICK SYSTEM START-UP

Full performance can be
achieved in less than ejght
weeks with moculcﬁonof
granular biomass. -

LOW SLUDGE PRODUCTION :
Produces only one-tenth as
much sludge as aerobic systems
treating equivalent BOD load.
Dromaticalty reduces disposat
problems. .

HIGHLY SETTLEABLE SLUDGE

™ Develops remarkabie sludge

granules which are characteristic
of the Bicthane process. Greatty
tacilitates biomasshandling. *

STABLE OPERATION

Ressts upset from vanety of
wastewater pH. termperature and
COD load conditions. System can
reman domant dunng foctory
‘downtme” without affecting
future performaonce.

COMPACT SIZE
Needs only a small fraction of

- equivalent aerobic space

requirements. An area less than
1/3 aocre can accommodate a
Biothane system freating 50.000
Kg of COD per day.

ECONOMICAL OPERATION
Automated system control
provides reliable, efficient
operation without ntensive labor
costs. Digester s easy to maintain
because it has no moving parts.

LONG UFE

Attenhon to qualty control and
the use of state-of-the-ort
matenals of construchion assures
a long opergating ife for the
sysjem components.

. CLOSED SYSTEM
" .+ Secled tank helps contain odors.
' Aﬁows lnstq{loﬁon hubon oreas.

_ VERSATLTY IN APPLICATION -
- Compact.selff-contained .

anaeroblc module can'be eosiry
nterfaced with existing
wastewater fregtment systems.

The bottom ine. The Biothane
procass octually fums waste into
on asset becouse methane

- recovery helps offset energy

costsas wastewater reatment
problems are solyed.

TEETE W

the economics make sense

BIOGAS RECOVERY

A 1.0 MGD flow of wastewater
containinga COD
concentration of 6500 mg/ 1
canresult in the generation of
methane approaching 300.000
cubic feet per day (27,

therms). This con realize savings
of 620,000 gallons of fueloilin g
320-day operating yearwith
value of $500.000.

REDUCED SEWAGE

An industry paying 70 per |

lbs BOD discharged with the
aforementionedwastewater
charactenstics consave as
much as $700.000 per 320-day
operating year. Even larger
potential savings con be occrued
withhigherdoaded wastewaters.

OPERATIONAL SAVINGS

Very low energy consumption,
simplicity of operation ond -
maintenance and the low
production of biomass makes
passible substantial savings
relative to treatment of woste-
water by on-site oerobic systems.

(cover photo) the compoct
Blothane system consisfing of four
covered digesters (left center)
instoled at Anheuser-Busch's
Botdwinsviie, New York brewery
removes more thon 90% of the
orgonic potutonts conoined in the
high-strength wastewater prior to
finol polishing In the korge cerobic
basins and clorfiers...the inset groph
righéghts the excelent freatment

~ efficency by providing influent and
affiuent SCOD data through the
anaerobic dgesters for ttvee
months following start up of the
Biothonag system.

The botom line with the
Blothane processis fast
payback ... two fo fivee
yeors for many appiications.
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: -‘ {[[ the world leader in industrial anaerobic technology
R Biothane anaerobic wastewater contact between biomass and wastewater

Hreatment process i avallable in the is generated by gas formation in the sudge

ed States and Canada excllsively  bed and occurs without the expenditure of . - ;_"if:l?i

«from Blothane Corporation of Camden,  costy mechanica or hydrauic energy input.
~ New Jersey, which owns the patent ightsfo  Snce there are no moving parts in the digestec
,,gz technology world wide. This unique the process s easy o mantan ond operate.

. al process is an outgrowth of years of

v % research and development work which 1“‘]he perfomance of the Biothane

2 & © oniginated in the Netherands and continues process is unpardlieled. More than

%L T 85 ongoing both within Biothane Corporation 100 Biothane systems are in operation
58 “ond s Dutch subsidiary company, Biothane on six continents in a wide cross-

section of industrial applications. Loadings

Systems intemationat. The Biothane process f
of 10to 18 Kg COD per cubic meter (600 to

has its genenc origins in Upflow Anaerobic

é %/ S\dge Blanket (UASE) Concepts, but fhe 11,000 b COD per 1000 cubic feet) of
) X incorporation of the patented three-phase digester volume are routinely ochieved in
% el separator topworks has enabled it o evolve ~ Most cases. often within only six to eight
R @i Info the state-of-the-ort technology forthe  weeks following system start-up. BOD
b 5. W t of wastewaters from a wide removal efficiencies of 90% or more are
R S8 vhrlety of food and related industries. achieved in most applications. Recovery
memEe— e kS of biogas exceptionaty nich in methane

special intenor design for separation  content (70-85%) contributes to the system
of the gas. liquid and solid phases is a economy. The process has shown itself to

W o ctifical feature which enables the be resistant to upset within a wide range of
i particles to settle and be imposed conditions, and the biomass has
) within the digester while dllowing for  demonstrated extensive storoge stability.

" very rapld hydrauic throughput. The short The dependabie Biothane process offers
hydraufic retention time creates conditions the timety combingtion of wastewater

that encourage the development of the purification and supplemental energy
‘remarkable granular studge which production to meet the challenge of

;,(.Ld\aoctenzes the Btothone piocess. Effective  today's environmental problems.

|
'1

-,

E The operating principle of the Biothone process is os
E folows: wastewater enters the bottorn of the digester
vessel through the Inlet distnbution system X ond

'. passes upwards tyough the dense anoerobic

" + J0 blogas rich in methone content and on upword
s crculation of water and gasbome sludge
established. The speciafly constructed
settier sections [&ll otow effective
degasfication to occur. The gense.
gronutor sludge particles, now
— D devora of gtached gas bubbles.
s~k back to the bottom
estaoblishmg a retum downwaords
crcukahon. The tregted effluent flows
over g wer gt the top of the settiers into
zollechon chonnets tor discharge [B1
while the directty combustible bloQas is
recovered from the collectionpockets
H ™e voword flow of gasbome sudge
through the bianket [lllin combination
with the retum downward flow of
degassed sudge creates Continuous
convection ond nsures effective sudge
to wastewater contoct without the need

e

¥ hyaroulic ogitation within the digester
vessel. The unwgue design of the digester
»  afows a highly oc tive biomass concentration
¥ N relation to soble orgarc solics passing
through the shudige bed and & responsible for the
very high loading rate (short hydroulic retention
tirne) which con be octeved routinety. .

- udge bed [l Soluble COOD is ropidly converted !’E .

i for any energy-consuming mechanicalor . 3
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State -of-the <art

control Makes the
BOthone process
eqasy to operate
andg mantan ang
oBows tor fast
outomated
response 1 any potenhdl problems 1o inausre
ong -tem svstemn stablity

#1 Biothane systems come in vanous shopes ond
szes. Ths compoc! concrete structure located ot
The J M Smucker Company s compartmented to
contain g 600 M’ dgester vessel. a 200 my
conaihoning tonk. a smalt supius skudge vessel, ond
the equoment and control bukding pictured
towords the front nght  The common wat
construchon s economical ond orochcal for system
users with high wastewater fiow and reiatvely Iow-
strength orgonicioad  The Biothone tacitty at The
JM Smucker plant 8 designed o treat 0 COD lood
of 5000 Kg/d contaned in g flow of 0 4 MGD.

2 ™e glearreng ulver struchure 10 the left of the
pichure 8 0 200 m’ Biothone pockoge plont installed
to reat wostewater rom frozen yogurt producion
at Colombo. Inc. This pockoge digester concept s
ideal for systemn users who have orgonic loods of
less than 6000 Kg/d COD. e small equipment and
control buldding i located to he rght of the
digester. and the fiberglass domed roof of the
upstream condihoning tank k& visible in the
background The system at Colombo s desgned to
treqt 2000Kg/0 of COD contamed naflow ot O |
MGD

#3 The “ar 250C ™ digesters g' fogle Yeast eoch
teqgt 24 kg aot CTT conaned n g fow of 0 3
MGD The New Leney tociry unizes the generated
LAiOQas 10 suDphy ¢ MOty of the eneigy requred
o he Monutoc unng <! 15 toker s yeast proauc!
Thea system has been r operghon snce 1985 ond
rounnety ocheaves g 0% 8C0 reamoval efficency
The concep! of paraile! dgester coerahon
Introduced so successtully at Eogle Yeast has been
used subsequentty in several large Biothane
featrment nstalahons

#4 The Biothane process offers sgnficont energy
savings compared 10 cerobiC reatment systems.
The generation of combustbie brogas nch n
methane can be utiized by the procucton facilty,
ond the simpie. space -efficient. XOCess yaraulkcs
and control requike miNiMat horsepower to operate
and con be sdd-mounted.

#5 The poce compoctness of the Biothane system

& Bustrated by the treatment of wastewater from

Stone Container. g recycie poper mit. The entre

systern treating 7500 Kg/d COD contaned ina flow

of 0.3MGD. s lbcated on o ste of less than 7000
square feet in areq.

¥
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the settlers..the innovation
that makes the difference

The specally designed patented intemal settier
sections torm the heart of the Biothane digester.
Based on fluid mechanics principles, the settiers
function to degassify the biomass and impart o

v downward impehus to the studge granules. The

Biothane process thereby enjoys the pronounced

A advantage of long biomass retention times coupled
wtjh very short hydrautic retention fimes.
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~* experience and expertise...
i o resourcefl problem-solving

¥ Biothone Corporation's experience and
5 expertise assures our customers of receiving
: the very best solution for their wastewater
treatment problerms. Industrial wastewater
treatment Is our only business ... and we've
pioneered the concept with proven success.

PROJECT PLANNING

From lkab-scale and pilot-scale wastewater
characterization and treatability testing
programs to conceptual design attematives,
Biothone Corporation works with you to
develop the mostinnovative, cost-effective
treatment solutions.

TURNKEY CAPABLITY

From modularized scope to total system
design-build. our experienced staff can
provide all necessary process engineering,

construction, and project mal nt
services to assure completion of facility

on time ond within budget.

GUARANTEED PERFORMANCE

Every Biothane system is warranted to perfomn
to design specification and comes complete
with biomass inoculation, operator-training
and start-up assistance to bring the process
on line within a few weeks.

PRODUCT DEVELOPMENT

Ongoing resecrch and development at
Biothane Laboratories in the U.S. and the
Netherlands is creating new products to
expand the range of treatment altematives to
solve environmental problems. The same
reliability you have come to expect from
Biothane products is now available to you
with new processes such as Biobed, Biobulk
and Biopuric, ol designed to effectively treat
specific poliution problems.

PEOPLE

Our dedicated staff of experienced people is
our most mportont resource. Let our
professional team of experts in biotechnology
solve your wastewater treatment problem
reliably, efficiently, and cost-effectively.

=

178 ' biothane corporation
h e a subsidiary of Joseph Oat Cormporation
BING -7 2500 Broadway/ Drawer 5. Camden.NJ 08104
W 4& 609/541-3500 FAX: 609-541-3366 ‘

£ Coovngnt 1997 bioshane coporahon  PRINTED NUSA 7/92
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The production of baker's yeast includes various processes including molasses preparsuon, fermentation,

yeast separation and yeast drying. In the various stages of ycast production process and for cleaning

purposes, some chemicals including sulphuric acid. phosphoric scid, mono smmonium phosphate,
armmonium hydroxide, caustic soda, sodium hypochlorite and salt are used.

High swength process wastewaters are originated from yeast separators and rotary vacuun fillers. In sddidon
to these efMuents. medium and low streagth wastewaters inclading floor and equipment cleaning wawrs and —
domestic wastcwaters are also present Cooling waters from fenpenters are directly discharged to the r
receiving water body wgether with sworm waters. High stength process wastewaters have o chemical oaygen |
dernand (COD) of 10 000-30 000 mg/Nl and thew pH values vary in the range of § w0 7.4, Low saength |=

effluents with an average COD of 1700 mg/ are direced to the azrobic uUcaunent sysiem.
In this study, the full-scale wrestment resulis from the two phase anserobic wastewater ueaguent plant at ) : e ' l lOI
Pakroaya Izmit Fac have bee .

y Factory have been presented 5 n-u-.

PLANT, MATERIALS AND METHODS

A4 72T

Measurements of pollutng paramcters on untreated influent and treseed wastewaters of Pakmays Lamit
Industnal Wastewster Treatment Plant are the main matenal of the study. The plant consists of two
treatroent stages: anazrobic first stage and serobic second stage (Figure 1). Anaerobic first smge is also o
two-phase sysiern: scid producaon phase and methane fermentation phases. Anserobic treatment systerm has
seversl umits including a buffer tank. an influent pumping sution, an acid reactor, two methane reactors,
vacuum degasifiers. lamells separators, a gas storage tank. a boiler system and a flars for emergency. The
nutnient requurements of the treaguent system wre supplemented by dosing HyPO . Two methane rescton in
the angecobic first stage oeatment system can be operated in parallel or in series. Anserobic reactors were
constructed as upflow snacrodic siudge blanket reaciors (UASBR) and dedicated lamella separators with
vacuumm degasifiers were added to prevent the wash-out of the biomass from the syseem. Fecding and

recutulatnon systerms are sutomatically operaied by tmers.

YN

The acrodbic second stage was designed and openated as an extended acration acuvated sludge system with 8
special selector unit at the beginning. The main treatment units of the aerobic stage are the salector
compartnent, the aeradon basin with four equal acrated cells connected in senes, and a final sedimentation
tank with s gludge recuculaton facility. Surface aerators have been used for seration of activated sludge

syster.

At Pakroaya Wastewater Treatoent System polluting paraneters including flownte, temperarure, COD. pH
concentration of suspended solids (SS), concentration of volatile acids (VFA), sludge volume index (SVD).
concentration of ammonus nivogen, ortho phosphate and sulphate have been reguiarly monitored at 9
different locations. Additionally. biogas flowrate and composition (CO9 and H4S) have also been monitored

=]

frequendy. Tabie | shows the parumeters rocasured regularly within the scope of the treatment plant . * Pamed
monitoring program together with rocasuring methods and sampling frequencics. P N —
Deuiled information about aesobic treatment systern performances are presented in & sepasate study (Ozturk k heete L
et al, 1992). e e !' °

?:‘ sfiweale
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TABLE | Monitoring Program and Sampling Frequencics for Pakmays [zmit Waste water Treatuent Plant cases. The corresy
reason anacrobic §;
Por ummtor Lanp! irg lrgm_ Noanramant or Armiysis Bethad TABLEJ.
| Wooteynter floyrate | Contimumaly | Jigeemter
- - Senjirmmmty 13
o iy AV It 4 Bathede
Vojertls Fotey acige (YIA) oplly Al | s
w1 veskly s fteorvierd Tathes ((903)
X8 ME !
Lo W veekly wa, Prabe
o hid Veskly MAS Fteruiard Batheds ((9WS) ¢ 9
| See figwate L Comtinsaly | Gesesty 5 -
oy (1 Pelty Orest ) . L
Lt (1) veskly Droger Tubws =
Pisevtved arpgpen tentirmmly 50 Protme P B
0, 304 MAR Stewierd Methade(i9eS) | ! =
1] Pelly AR Starenrd Rothede{1983) ’
2lemmas Pcolvgy arces(orally Scaming Cleciren § !
| erestepy| SEN) 3
€
TABLE 3 Operatin,
RESULTS AND DISCUSSIONS .
Porer
Wi wawer Chancesizatnon .
A
Process efTluent from the baker's yeast industry are origainated priroarily from yeast separstors and vacuum . o

filrera. In addition to these rypes of high swength organic efMuenis there ace slso some low serength efMuents e
such as fermenter wash waters and domestic wastewaters. Considering the long term measureraents, the o
poliudng parwmeters for Nigh suwength fermeststion effluents can de characterized by Table 2. Average v -
flowrate of high strength procass effluents is abovt 1200 m/d. ..
[ 6%

Soe 11

(o'

Low strength wastewaters were direcuy fed w the acrobic suge, to the effluent of the selector, via te
domestic effluent pumping suton. The Nowrate of tis dilucd efMuent is about 1200 m¥d, and avemge
COD of 1700 mg/1 and BODy of 1200 rg/l are typical for these effluents. Relatively high COD and BODg ,
concentrations compared to typical doraestic effluents in this stream can be explained by contribution of ,J,',"
fermeater washings. The aversge COD values after roizing the sclecwor effluent with the low saength
waste waters are about 2500 mg/l.

Anacrobic T Plant Opecating Regul

Anserobic mestoent results covering a period of more than one year were given in Table 3. These results of
I3 months operstion are representative for alroost the whale operating period of the anacrobic treatment

§
L

pH, emperature and
monitoring for an eff

systern. The anacrobic treatmuent systern has successfully camed out its vital role within the complet 7.2 in acid reactors a
Teamnent scheme. ~ problem in the anaero
as 7.3 10 8.0 which an

ling R and COD R | Efficiency the charucteristics of

reactors have begn o

Avecrage volumetric Joading rates for the Acid, Methane-1 and Methane-2 Reactors are 9.8, 8.6 and 3.0 kg ’ fermentation process.
COD/m?.d respectively. At these organic loading rates (OLR) an average COD removal of 75 percent was Methane Reactors are

achieved (Fig.2). COD removal efficiencies of anaerobic Lreagment stage can be as high & 80% in some observed in the buffer

RN T T
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cases The corresponding BOD¢ removals at these OLR'> are in the range of 85 w 90 percent. For that
rcason anacrobic firse stage treatment has provided an effective pretreaument at Pakmaya lzmit Factory.

asewater Treatment Plant

— -
nis s - TABLE 2 Charactensucs of High Strength Process EfMluents From Pakmaya Lzmit Factory
(S { Fforametors Large ATY (1970) w0 Brom (1973)
- EL.) Vescowator flowrote 900- 1300 1200)
& (Lyes (o’ rday)
» (i995) . _pr 6-6.% 4.5-6.5
m———— - _Tespereture (°T) -
— ’ oo (sp/1) 10000 - 3000 14000 20000
- () B 1100001
% D, (ugsl) 7000- 21000( 12300) 19000 - 14000
[EE— 4
- " (agr1) ) 30- 2400
—_—
0, (wg/l) 1000- 2700 400- 3000
——————————
- KU 72¥) 230 199200
a (198 |2 (/1) 44 3¢
Sooeifis mstewmtor 10 *-12
(T4, - I fiowrete se /1.
wiosses

wd b, & 2. Aversge

t of the selector, via the
¢ 1200 m3/d, and average
¢ly high COD and BOD;
lained by contribution of
3 with the low saength

Table 3. These cesults of
the anacrobic oeament
ole within the complete

jare 9.8. 8.6 and 3.0 kg
poval of 75 percent was
s high as 30% in some

TABLE 3 Opersting Pararneiers and Treatroent Results for Anaerobic Treatnent System of Pakmaya (from
21.02.199} w0 28.02.1992)

Porummter Actd reseter Pirst Retherw Sevarwl Rethane Total for
rvecter resctor Aaerobie
towete (o /6ur) 1200 1700 1200 1200
ol (kg COO/w.duy) L 0.4 3.9
| Jperytyrs (TC} b1/ ) et
| o 4:6-7.3 2.3:7.8 7,3-1.8
s (e Aa/l) o d [ 300
ox, [13) L] [ o r
tiowrete 8000
(«/der?
1 pra/cB .4
(O /RgtI® ree)
oD remwvel (3) 7380
eb. Tempemtur and Yolasile Fagy Acids (YEA)

pH. wempersture and concentration of volatle fatty acids are opersling parameters requiring contingous
roonitoring for an effective conaol of the ansarobic treatment process. pH values vary in the range of 6.6 to
7.2 in acid reactors and 7.5 w0 7.8 in methane reactors as can be nouced in Table 3. There is no low pH
problem in the ansecobic sysem, on U contrary pH values, especially in methane reactors, might be as high
U 7.8 w 8.0 which are generally the upper limits for methane fermentation. This has mainly originsted from
the charscteristics of the process effluents of yeast industry. The weroperstures in both acid and methane
reacors have deen mainwined (n the range of 37 £ 1°C, which is optiroum for mesophilic anserobic
fermeaution process. Average valadle farty acid (VFA) concentrations in the Acid, the First and Second
Methane Reactors are 7000. 800 and 300 mg/l as acetic acid (Figure 3). A partial scidification has been
obscrved in the buffer tank where the high stength process effluents are retained for about 10 hours at 20 to
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23°C. Volatile sd concentrauons of 3500 to 4000 mgHAX in the furst methane reactr could easdy be
tolerated in the case of shock organic loadings.
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Anaczobic SO, Removal

In the anaerobic treaonent of high streagth industrial waswes contaiming high level sulphate, two major
process of concern are sulphate reduction and methane production. the later being inhibited by the forroer.
In the process of anacrobic sulphsie reduction. arganic maner is divened from methane producuun w
sulphide (H;S) gencration. Sulphur reducing bacteria (SRB) such as Desulfovibrio and Deswlfumaculum
utilize sulphaie as an elecurun acceptor with HpS a8 the end pruduct of the process. The kinetics of the
anaerobic sulphate removal process can be found in the related literature: Abram and Nedwell (1978).
Archer (1933) and Eroglu er al (1939).
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As the free HyS 15 highly wxic to methane bactena, s sulphur mass balance was set up for the anacrobic
utagment system. Table 4 summanzes the results of the related mass balance set up for methane reactors in
parsllel aperaton. These resulis have shown that the contribution of SO2; 10 the sulphur balance is
negligible. About 80% of incuming SO, is cunverted to sulphide in the acid reactor, where more than 50%
of this HyS is stapped by the bingas produced. When the methane reactors are aperated in parallel,
conversion of sulphate to HpS i< almust commpleted. The strpping effect of the biogas in the methane reactors
15 low due to high pH (7.8). In the case of the methane reactors in semal operating mode. the conversion of
SO2:, 10 HyS is genenally completed in the firt methane reactor and this increases the stability of the
anagrobic treatmnent process.

TABLE 4 Sulphur Mass Balance For Anserobic Treatment System

Parameters (g/m’ of ww)
Location

SO ,-S s* Dissolved-$ S-in gas Total §

Acid infl. 843 24 867 . 867
Reactor  effl. n n 449 111 760
Methane infl. 177 27N 449 - 449
Reactors effl. 3l M2 373 65 438
Toul infl. 843 24 867 - 867
efhl. 3 42 mn 376 749
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Figure 4. Biogas production vs tme graph for soasrobic weavneot of Pukmays lemw,

In anserobic trestment & methane production of 0.4 m3 per kg COD removed can generally be achieved at
35°C. Average biogas production yield of Pakmays lzmit Wastewater Treaguent Plant (Y“/COD) is 0.6 m3
per kg COD remmoved. In the mized gas from the acid and methane reactors, average methane content is 70%
and this corresponds to the methane production yield Y(CH/COD) of 0.40 m? per kg COD removed which
is equal to the theoretical maximum value. Blogas production yields of as high as 0.6 3 per kg COD
removed are thought 0 be onginated from anaerobic digeston of excess diomass in the reactors. Biogas
production and roethane content of biogas from the acid and methane reactors v time graphs are shown in
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Figures 4 and S respecuvely. Measwrersents of H,S in the off gas have shown that volumetric concentrations
of this corosive gas are less than 3% in genera). The biogas produced has sn energy equivalent of 56.000
ow-h per day (4.7 tons fuel oil or 63 tons steam) in general. Currenty, the biogas produced in the anaerobic
reactors has been used as the fuel for swamn production at the boiler house.

CH4 (%)

\ Acid Tank

N‘? o’ QI‘S

40 J-—-o——w—-u--?— D e el S R B B e e P R s e Ti-mc(weck)

Pgure 3. CH, concrs of teogas oo msacrobec dipesicrs of Pakmays Lomit

Long o measurements have shown that concentration of biomass, sludge retention times (sludge ages)
(8.) and sludge volume indexes (SV]) in anacrobic reactors vary as in Table S. Sludge age in biological
Uzaunent systerns can be calculated by the foliowing equation.

Gc = x,V/(va'*(Q‘Q')'x‘)

where,

V : Volume of resctors (m3)

Q: Wastz water flow rate (ro¥/day)

Qu: Flowrste of intentonally wasted sludge from the systeru (rny/duy)

X : Concentration of suspended solids in the reactor (g/rm?)

X,: Concentragon of suspended solids in the resctor effluent (g/m?)

X4 Concentrauon of solids in the intentionally wasted excess sludge (g/m?).

The sludges have excellenc senling characteristics. Granulur sludges have sludge volume indices (SV1) of
less than 5 rolg representing excellent sentling propesties. Anscrobic resctors can be kept without feeding
far long periods even for scasons. Such an application had been practiced for en ronths at Pakmaya [zrit
wastewstar treatroent systern. Following this period, the anacrobic geatment system was retumed 1o its
orginal openating conditions within 90 days without any senous problem. Long sludge ages in second
methane reactors are mainly due w low excess sludge removal and efficient bioroass separadon in lamella
scpantors.

Parameter

Average and min.
conc. (g SS/1)

SV1 (ml/g)

Average and mm
sludge age.(d)

Excess biological slu.
honzontal belt filters ¢
some organic domestic

Biomass Ecalogy

The bdiological structu
scanning electron micr
McLeod e al (1990)
Acidogenic biomass
Methanogenic biomass

fluccular sructure at t!
mixed population thati
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TABLE $ Sludge Charactensiics in Am:n.:bic Reactors of Pakmaya

Parameter Acid Reactor First Methane Reactor Sec.Mecthane Re.ac.__1
Aversge and min.
conc. (g SS/1) 60-5 95-30 15548
SVI (mlrg) <40 10< <20
Average and min. 200-10 80-30 900-400
siudge age.(d)

Excess biological sludge has been stored in the sludge holding tank and has been uvansferred to the
honzontal bele filters for dewatering. Dewatered sludge cakes have been used for composung together with

soroe arganic domestic solid wastes.

Biomass Ecology

The biological structure of anserobic biomass withdrawn from the anaervbic rcactors was examined by
scanning electron microscopy (SEM). Biomass saropics were prepared acvording to the method applied by
Mcleod er al (1990) for SEM. Biomass from acid and methanc reactors have different propertes.
Acidogcnic biornass is mainly in floccular form rather than pranular structure as shown in Fig.6.
Methanogenic biomass in the methane reactors is mainly granular st the bottom (Fig. 7). while it has a dense

Noccular structure at the top (Fig. 8). Electron microscopy has showa that the granules are colonized by a
mixed populstion that includes long and shart rods, and chain forming cocci.

Figure 6. SEM phowgrapd of biamass [rom ad rescior.

pe2
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32 Enterprise no. 24: Yeast Industries Co.
Ltd.

32.1 Production

The enterprise is localed in Ruseifa 20 km east of Amman. 11 covers an
area of 10,000 m? land and has some 60 cmplayees. It is a privately owned
company which was established in 1976 and started producton i 1978.
The productios Is fresh yeast and dry active yoast (instant bakers yeast).
The working time i3 24 h/d, 6-7 days/week.

Fresh yeast it produced in 0.5 kg compressed cakes (28% dry solid) which
are packed separately. Dry active yeast containg 95-98% dry solid. It is
packed In different sizes: 100 g, SO0 g and 1 kg packs and 25 kg bags.

In 1992 the production was 845 ton dry yeast and 2,582 ton fresh yeast.
This was only appr balf of the total capacity which is 6,000 toa per year.
Tbe total production of yeast in 1992 was 3,447 tou correspoading to appr
1.545 ton dry solid yeast.

32.1.1 Prodoction of Yeast

The production processes are shown i the flow-sheet, Figure 32.1.

The main processes are:
7
1. -Preparing a pure yeast culture
2. Full scale fermentation
3. Scparating and washing the yeast
Liquid molasses is produced by dilution with water followed by steriliz-
aticn. Finally the solutjon is darified through a separator and stored. This
liquid molacses is used m the fermeatation tank.

From stage 3 the processes for production of the two types of yeast differ.

CATEXST\ 22008\ TIMOUT99 RP2
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Figure 32.1 Yeast Industrios Co. Ltd. Flow Sheet of Production Process.
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Fresh yoast:

4. Dewatering on a rotgry vacuum dryer
5. Extruding

6. Packing

Dry active ycast

4. Decwatering on a filter press

3 Extruding

6 Drying (fuld bed dryer)

7. Packing .

32.12 Raw Matcrials and Water

The consumption of raw materials (1992) Is

Beet molzsses: 8,000 ton
Ammoniuom phosphate: 56 ton
Potassium chloride 21 ton
Magnesiim sulphate: 21 ton
Urea: 195 too
Vitaming: 1ton
Sodinm hydroxide: 20 ton
Sulpburic acd: 112 ton
Sodium chloride: 18 ton

Water is supplicd from the Company’s own well. The consumption is
estimaied by the Company to S00-600 m®/d. This is 150,000 - 180,000
m$/ycar. The water consumption it appr S0 m® water per ton yeast or
100 m? per ton dry solid yeast. This is rather high compared to Europesn
practice where a water consumption of 30 m® per ton dry solid yeast is
normal when closed cooling systams are used.

Procw:n!uisprimuﬁynsedinthepmdncﬂmpmccsudforduning
of machinery, equipmere aad tanks. There is a considerable demand of
cooling water for the fermentstion process but according to information
from the Company, the cooling system is a closed system with cooling
towers. .

C\TBKST\ 22008\ TIMOG799_RP2 COWIlconsult and RSS
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YEAST MANUFACTURING
CONCENTRATION AND UTILIZATION OF EXTRACTION EFFLUENTS

ADVANTAGES OF THE NEW PROCESS

The new process lowers the pollution more effectively than an
equivalent biological system. On the other hand, it allows the
possibility of recovering polluting materials that can be commercialized.
This process 1is also less expensive, both the investment and running
costs, than an equivalent biological station.

POSSIBLE EXTENSIONS

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 treated

Pollution balance:

Re jects 01d Procedure New Procedure

throughput m3/t 20 23

MES kg/t 3 )
Water BOD kg/t 130 5

Ccoo kg/t 180 8.8

Economic balance: 1982 Dollars

01d* New
Investment 4,567,300 2,199,600
Annual costs 456,840 363,780
Annual returns 431,500

*Cost of the biological treatment station to treat the effluents
from the old procedure.

42
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Pfizer Starts Up Advanced
Fermentation-Pilot-Plant-

A state-of-the-art fermentation pilot
plant has been started up by Plizer at
its central research division in Gro-
ton. Conn. Spokesmen wav the $23
million. 20.000-aq-ft plant 18 the moest
3dvanced of its kind in the world

It's the most advanced, they v,
because 1t combines fermentation
and product isolation research lab=<in
the same building as fermentation
and isolation pilot plants and a sup-
porting analytical lab Also, P'lizer
has the widest spectrum of fermenta-
tion products in industry, ranging
from carboxvlic aady and anhbioties
to biopolymers, such xanthan gum
and enrymes, such as recombinant
chymo=in for chec<e making

The new plant will <erve for re-
search on fermentation processes
and for support of Plizer's biotech-
nological discovery teams The pur-
pose of the support function 1< tn
produce larger amounts of com-
proundes made in the res<carch labs

The pilot plant s«ection on two
lower floors contains 12 fermentors
rangIing 1n size from 5 to SO00 ¢l
interconnected by A miles af san-
less steel pipe

Two things seem different from
other fermentation plants Fursr,
there are no white plumes rnising
into the air lrom steam used to ster-

ilize fermentors between batches.
Second, the floor is {ree of hoses to
interconnect among fermentation
and nutnent feed tanks.

Spent steam goes to 8 catch com-
partment for condensation and dis-
infection before anv effluent leaves
the plant, savs biochemical engineer
Arindam Bose, who is plant manag-
er As for interconnections, all the
ripes from tank bottoms nise to the
ceiling on one side of the building,
while those from overheads are lo-
cated on the other side. Operators
make connections as needed by
hooking 1nto plumbing junchion
boxes called transfer panels.

As with all fermentation plants,
the dominant concern at the new
Groton plant 1s stenility. Microor-
ganmisms 1nvading from outside
could easily overwhelm the produc-
Ing organism in a tank. Bose ob-
«erves that many people think the
main worry in biotechnology is es-
cape of genetically engineered or-
panisms whereas he 1s most afrad
that something else will getin

But containment 1< also provided
for A dike surrounds the entire area
under the tank bottoms, forming a
sump capable of holding the entire
20.000-gal contents of all tanks
should they all fml cotastrophically

at once
’ Pilot production or
roce<s research begins

_sm._From _this top floo

nutrient concentration, and- pre
gramed growth cycle for the organ-.

sent dewnstain for pilot-ecale runs—
To those who have wandered st

laboratory equipment uponltionl_.

past racks of shaking- Eriefmi

Nasks filled with colored water, itis™ ¢

hard to believe that thes could poee
a problem in building design. But

Bose says that in an older building ==

in Groton the great number of racks
used set up a resonance that shook.
the building. In the new facilitys,
floors are insulated from the rest of ¥
the structure by vibration damping.’
In supporting analytical labs,
high-performance liquid chromato-
graphs are instruments of choice for
determining product and residual
nutrient concentrations. For protein
products in particular, HPLCs are
isolated in cold boxes at 4 to 15 °*C.
Among the first candidates for
process engineering and pilot pro-
duction in the new facility are ani-
mal health products semduramicin
and doramectin. Semduramicin is
Pfizer's new ionophore antibiotic for
prevention of coccidiosis. Coccidiosis
1s a potentially (atal protozoan para-
sitic gastrointestinal infestation that,
among other things, inhibits weight
gain in turkeys and broiler chickens.
Doramectin is a macrocyclic lactone
glvcoside effective against internal - -
and external parasitic nematodes in a

vanety of animals.
Stephen Stinson

_a 1% _ _

Cocaine analog for
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326 [Chap. 31] Fermentation Indusiries

TABLE 31.1 Surrev of Impornant Fermentations

Fond and rerd

ladnapeny

Pharmacenneais

Mathiore o

Beer 1Y)

Bread ()

Cheese (\ or By
Cocos (B and Y
Cotfee 1\

Koyi ¢M and V)
MSG R

Ohves (H)

Pickles ¢B and Y
Saverkraut (B)
Single-cell protein (Y. B. or My
Tea (B)

Vinegar (B and Y)
Wine (Y}

Whisks (Y}

L iaming

Ergmterol (Y and \N
Riboflavin (B and Y
Vitarmin A ()

Vitamin B, (Y)
Viamin By, (B and W)

Vet acd

Vietane

Vepartne v

2.3 Buranedunl

= Butvk aloohot
Carbon diovnde
Citere aond

Pextran
Irhudroaacetone
Ethal aliohol
Fumane aced

Fusel ol

Calhe \ed
Clyeonie acrd
Cluernl

leodeuoine

fcnmn acud

2 Ketoeloronw acud
S Retoglucons aoni
Nope aed

Lacne aod

Liane

Sureime aeid
Sulfurse 20wl from <uitue
Tartarie acud

\aline

Yraa

frazymes
\mataer
Crllulase
Mastase
Invertace
Maltase

Jymase

Amphotercom B
Racitrain
Rheamuon
sandiodin
Lapreamvan
Cophalosparm
hlarsmpnenioo
$ hlorretraon hine
i

O vodohevimide
v fometine

D tinnmarn
Doxorubiin
Frithramonin
toentaman
toreerotualy m

b omamsan
Fincomyan
\hthramyan
Muomacin o
Neomrem
Ninnbiocin
Nustann
Olrandramyem
I'sromomyvon
FPemediine
Polymyain
Rifampin
Spechnomson
Streplomson
Tetesevehine
\ancomyan

Ve

Y. Yeast; B, bactera; M, moids

the making of penicillin. which stimulated further important discoveries in the field of antibiotics.
Many fermentation processes are {requently in direct competition with strictly chemical svniheses.
Aleohol, acetane. butvl aleohol. and acenie acid produced by fermentation have largeiv been cuper-
seded by their synthetic counterparts. However, anubiotics have paced a recent fermentation revival
and. with some exceptions. all the major antibiotics are obtained from lermentation processes.
Dextran is another frrmentation product. The nuerohiological production of vitamins has also be-
come cconomicallv important.  In Chap. M) anubiotics. hormones, and viutamins are presented,
together with several flowcharts. See Fig. 40.8 for pencillin, ersthromyein, and streptomscin.
Actuallv. fermentanion under controlled conditions involves chemical conversions.? Some of
the more important processes are: oxtdation. e.g.. alcohol to acetic acid. sucrose 1o citric acid. and
dextrose to gluconic acid: reduction. e.g.. aldehvdes to aicohols (acetaldehvde to ethyl alcohol), and
sulfur to hvdrogen sulfide: Avdrolvsis. e.g.. starch to glucose. and sucrose 1o glucose and fructose and

*Wallen. Stodola, and Jackson. Tvpe Reactions in Fermentation Chemisirs, Depi.of Agriculiure. Agreuitural Research, 1959
thundreds of reactions under |1 tepes).
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Fermentation Indusiries

on to aleohol: and estennneation. v g hexose phosphate from hexose and phosphoric acid. Actuallv.
certain chemical comversians van be carned out more etlicientls by fermentation than by chem.
wal synthests,

Many chemical reactions caused by micrnorgamisms are very complex. however, and canpot
easily be classified: so the concept of lermemtation wself as a chemical conversion has been developed.

\ccording 1o Stlrox and Lee? the five basic prerequisites of a good fermentation process are:

1.\ microorganism that forms a desired end product. This organism must be readilv propa.
gated and be capable of maintaining biological uniformity, thereby giving predictable vields.

2. Economical raw matenals for the substrate. e.g.. starch or one of several sugars.

3. Aceeptable vields.

L Rapid fermentation.

5. A product that is readily recovered and punified.

Accorthng 1n Lee. certain factors should be stressed in relation 1o the fermentation chemical-
converston or unit-process concept. such as microorganism. equipment. and the fermentation itsell.
Certatn vritical factors of the fermentation are pll. temperature. acration-agitation. pure-culture
fermentation. and uniformity of sields.? The microorganisms should he those which flourish ynder
comparativels simple and workable modilications of environmental conditions. See also the sym-
posium on engineering advances in fermentation practice.”

In understanding, hence in correctly handling. microorganisms. a <harp differentiation should
usuallv be made between the minal growth ol a selected strain of these organisms to a sufficient
quanuity and the subsequent processes wherehs, erither through their coptioued living or as a result of
enzvmes presioush secreted. the desired - hemieal « manufactored. To obtain a maximum chemical
vield, it is frequenth adviable o suppress ulditional increase in the quantity of the microorganism.
Highly specialized microbiologists working m well-equipped laboratories are engaged in selecting and
growing the particular strain of an argamism that expeciment hag chown 1o produce the chemical
wanted with the greatest viefds, the feast by -produce. and at the {owest cost,

Nolonger will just any veast do to make tnedasteial aleohal or a fermented beverage: not only are
wild veasts exeluded, but o special stran muost be vsed.

The veasts, bacteniae and mobds emplosed ain bermentation require specific eavironments and
foods to ensure their acmies, The concentration of the sugar or other tood affects the produet. The
temperature most Lavorable vanes (5 0 10°CL and the pH also has great influence. Indeed. the
b.lrlt-rmln;ysl has developed acid-doving veastss <o that wold veasis. not liking acidic conditions. do
not flourish, Some microorganisms require sur gaeeobie). and others go through their life provesses
without arr fanaerobic). Certain anacrobes nether grow nor function in the presence of air. In
direrting these minute vegetative organisms. conditions can be controlled to encourage the multipli-
cation of the arganism first. and then its functioning. cither directly or through the enzvmes secreted.
How impartant this is can be seen from the knowledge that to grow 1 g of veast (dry basis) requires
1.5 10 2.0 g of monosaccharide per dav. and 6 g to maintain it. By virtue of this growth. organic
catalysts. or enzvmes, are frequentls larmed that directds cause the desired «henical change. During
the growth period. in addition to the primary. or energy food. such az monosaccharides for yeast.
various autrients are needed. such as smail amounts of phosphates and nitrogenous compounds. as
well as tavorable pH and temperatuee. Finallv, certan substances poison these usetul little vegetables

and thewr enzvnes. Exen the aleohol tormed by the veaets eventually reaches a concentration (varving

3Sicox and Lee. Fermentauion, fnd Eng. Chem . 40, 1602 {1948)

*Humphres ¢t al.. Fermentation. I&EC Unit Processes Review. fnd. Eng. Chem . 33,934 (1961) {excellenth: Annual Review
Sopplement. Ind. Eng. Chem. 53. 66 {1062): Phillips e7 a/. Oxvgen Transfer in Fermentations. {ad. Eng. Chem.. 53, T19-754
(1961); Deindoerfer and Humphres. Mass Transfer from Individusl Gas Bubbles. /nd. Eng. Chem. 33. 1735-1759 (1961).

SArticles in lad. Eng. Chem. 32(1). 39 (19601 Gutcho. Chemicals by Fermentation. Nimes. 1973
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328 {Chap. 1] Fermentation Indusiries

with the veast from about 2 to 15%) that will suppress the activity of the organism and of the en.
svmes. We are. furthermore. recognizing the importance of the life processes of microorgamsms in
making vuamns. some of which are being recovered and sold in a concentrated form. "As with ai)
e, the acnuties of microorgamsms can be reduced to a consideration of enzvmes acting on a

substrate. "

INDUSTRIAL ALCOHOL

Industrial alcohol was an outgrowth of alcoholic beverages. but now it has become important by
virtue of its economicallv useful properties as a solvent and for svnthesis of other chemicals. Alcohol
is sold as tav-paid® aleohol or. much more widelv. as nontaxed denatured alcohol. The completely
denatured formulas comprise admintures of substances which are dithcult to separate from the alcohol
and which smell and taste bad. all this being designed to render the alcohol nonpotable. Such com.
pletelv denatured alcohol is sold widelv without bond. Factories tind it an essenual raw material.
A tipical completely denatured alcohol formula follows:

Formula No. 18 To everv 100 gal of ethy] alcohol of not less than 160 proof adi:
0125 gal of Pyronate or a compound simmlar thereto.
0.50 gal of acetaldol 13-hvdronvbutvraldehvde), 2.50 gal of methsl isubunn] ketone. and 1.00

zal of kerosine,

The federal government has recogmzed the needs of industry for alcohol in such form that it
can center into specialized manufacturing processes where the denaturants used in completely de-
natured alcohols would interfere. So. since 1906, when the Arst U.S. denatured-alcohol law was
passed. manv formulas for specialiv denatured alcohol have been approved by the federal authorities.
Such special formulas are limited to certain designated processes and are manufactured. stored. and
used under bond. to prevent unlawful consumption. However. the 40 approved special formulas
under their authorized uses enter into an exceedingly broad section of the entire industrial life of
the nation.® Typical specially denatured formulas® are

To every 100 gal of ethvl alcohol. add for the designated number:

No. 1. Five gallons approved wood alcohol. Withdrawals for authorized uses: plastics. de-
hvdrations, explosives, food products, chemicals, etc.

No. 28. One-half galion benzene or one-half gallon rubber hvdrocarbon solvent. Withdrawals
lnr authorized uses: plastics. dehvdrations, explosives, food products, chemicals, etc.

No. 29. One gal of 100% acetaldehvde or other approved denaturant. Withdrawals for author-
ized uses: manufacturing acetaldehvde, acetic acid. esters, ethers, etc.

In industrial nomenclature alcohol means ethyl alcohol. or ethanol (C,H,OH). It is sold by the
gallon. which weighs 6.794 1b and contains 95% C,H,0H and 5% H,0 both by volume at 15.56 C.1°
No distinction is made as to the source of the alcohol, whether from fermentation or from svnthesis.

*McGraw Hill Encyclopedia, vol. 7. p. 84, 1966.

"The federal tax 18 $10.50 per proof gallon. hence $19.95 on s gallon of 190-proof alcohol. The total sum collected by the
Federal Alcohol Tax Unit was $5.110.001.000 in 1972, largely from beverages. A proof galloa (tax gallon) signifies a galion
containing 50% alcohol by volume: 100 volumes of 100-proof alcohol contain 50 volumes of absolute alcohol and 53.73 volumes of
water owing to volume contrsction. Ordinary alcohol of 95% strength is thus 190-proof alcohol. and pure anhvdrous alcohol 8
200 proof. Ii is interesting to observe that 100-proof alcohol is sbout the lower limit of burning for slcohol dilutions by direct
ignition st ordinary temperatures. A wine gallon is 2 measure of volume {231 in.%) of an¥ proof.

*Withdrawals of specially denstured alcohol in 1965 amounted 10 308.5 million wine gallons and only 2.2 million wine gallons
of completely denatured alcohol.

Formulas for Denatured Alcohol. U.S. Revenue Service. Part 12 of Title 26, Federal Regulations, 1961.

!°This corresponds to 92.423% of ethyl akcohol by weight. However, when alcohol percentage strength is given, it refers
1o percentage by volume,
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Hiluwt wuiface 44759
Mid ganry 4234
Fihikene grae 117,633
Feom redistillation 33.101
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The study determined that the nounsh-
ment project had oversteepened the slope
of the beach. savs coastal engineer David
Skeily of San Diego. who is also a surfer
and former environmental director for the
surt Rider Foundation. "It was assumed
this beach would come back into equilibri-
um. It's not clear that it did.” he adds.

A number of constraints mark the off.
shore construction of the engineered reef,
which will result in an artificial surt spot.
The area has a large tide range. a mobile
bottom and waves coming from diiferent di-
rections. And as with any project ot this
npe. artificial-reef plans will face an exten-
sive permitting process. Skellv savs. Chev-
ron’'s 3300.000 will cover reef design, per-
miting. construction and potental removal
CONLR

“ls my opimion that its an extremely
dufficult problem and it has to be termed an
experiment no matter what.” savs Skelly
Some options for an artificial reef include
moored polvvinvl chloride structures and
piled sandbags.

surf along Southern California’s coast-
line 1s already created as a byv-product of
many fabrcated structures. but the Chevron
reet would be the first project of its kind to
intenuonally create a surt spot. Skellv savs.
The project 1s expected 1o take three vears
to complete

WASTEWATER I3 NO
WASTE IF IT'S REUSED

Boeing Commercial Airplane Group's
new closed-loop air-conditiomng unnt
will conserve both energy and water by us.
ing omething normally flushed awav—
treated effluent. The umit uses secondaniv
treated wastewater as an energy medium to
cool Boeing's customer services training
center at Longacres Park. Wash.

Wastewater use is being promoted un-
der MetroTherm. a program sponsored by
the King County (Wash.) Department ot
Metropolitan Services. Seattle, which pro-
vides effluent to private companies and
government for heating and cooling. 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 $1.7
million energy conservation grant from
Puget Sound Power & Light Co.

The cooling system works by pumping
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USING TREATED EFFLUENT IN ITS AIR-CONDITIONING SYSTEM HELPS BOEING COMMERCIAL AIRPLANE
GROUP CONSERVE 40 MILLION GAL. OF WATER ANNUALLY.

etfluent through a looped pipeline to Boe
ing < central utility facility, where heat ex-
changers (chillers) transfer heat from the
building's air conditioning to an effluent re-
turm line.

U'sing effluent makes the system run
more efficiently because its temperature—
about 85F —is 10=20F cooler than water re-
turned from cooling towers. allowing heat
to be absorbed more easily. savs Knistiana
[ang. spokeswoman for the Department of
Metropolitan Services,

The eifluent-based system is expected
to shave 20" from the energy cost of previ-
ous svstems and could save 40 million gal.
ol water cach vear—worth S120.000—when
development ol the svstem s complete. An-
nuatly, the water conserved could supply
more than 300 homes, and the energy
<aved would be enough to fuel 300 homes.

The project contains other environmen-
tal benents as well. Chillers use a new refrig
erant. R-134A that promoters call environ-
mentally friendly. Also. the looped effluent
svstem doesn’t require water-treatment
chemicals like a cooling tower would. The
state departments of ecology and health will
ensure that the recveled water is up to stan-
dard quality.

After it has been used. the effluent,
now about 15F warmer, is returned to the
treatment 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 that the environmental risk is “none
whatsoever.”

Boeing will receive the effluent free dur-

ing a three-vear demonstration period. but
will pay for operations and maintenance
costs for the pumps and pipeline. After the
demo period expires, the Department of
Metropolitan Services will receive one-third
of Boeing's savings from operating the ef-
fluent svstem.

Plans to use effluent as a heating and
cooling source were introduced in the mid-
1980s by the state Energy Office. Since
then, eight taps have been placed along the
Duwamish discharge pipeline to make ef-
fluent commercially available to industries
and others.

JACKETS ARREST CRACKING
OF PRISON BRIDGE PILES

I nstead of reconstructing an entire bridge
that is showing moderate to potentially
hazardous deterioration of its piles. engi-
neers are rehabilitating the structure using
fiberglass jackets filled with a layer of
pumped concrete.

The cracking piles support Rikers Is-
land Bridge, which provides the only vehic-
ular access to the New York City correc-
tional facility. Lichtenstein Engineering
Associates, New York, was selected to de-
sign rehabilitation plans for the 30-year-old
bridge after an inspection found cracks in
165 of the bridge’'s 260 piles. Those 165
piles, together with several others that had
been banded previously to stop cracking, .
comprise a total of 217 piles that are being
repaired using 1.190 m of fberglass jacket-
ing. Brand Marine Services, Inc.. Birming-
ham, Ala., is performing the rehabilitation,
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