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1.0 INTRODUCTION

This document presents the materials collected as background infonnation for a pollution
prevention, waste minimization. and water conservation audit of the Arab Brewery Company,
Limited (ABC).

1.1 Background

Development Alternatives, Inc. (DAI), under a contract with the United States Agency for
International Developmem (USAlD) is perfonning an Industrial Wastewater Discharge
Prevention Program (IWDPP) in Amman, Jordan. The rwDPP is one of the four components
of the Water Quality Improvement and Conservation project. funded by the USAID. The
IWDPP is being performed by DAl 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
treaunent, storage, or disposal of the waste.

Based on a ranking methodology, the PP/WM Comminee has selected ten industries with
potential needs for PP/WM aUdits. One of these industries is the "brewery 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
pollution problems and the alternative solutions to achieve desired levels of pollution prevention,
water conservation, and wastewater treaunent under the following subtasks:

• Subtask 1.1 - Audit Coordination;
• Subtask 1.2 - PPfWM 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 infonnation has been assembled by perfonning a comprehensive
literature review. The purpose of the literature review was to identify the available techniques
and clean technologies being practiced for water conservation and PPIWM in the brewing
industry. The literature review included PPIWM related articles, industry journal articles and
conference proceedings, and books on pollution and controls.

Section 2.0 of this report provides an overview of the brewing industry, including a description
ofrypical brewing processes and the wastes generated by them. Section 3.0 details the brewing
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processes used at the ABC. Section 4.0 describes areas for potential improvement in regards to
PPIWM and water conservation. Finally, Section 5.0 lists the primary references consulted
during the literature search: copies of the appropriate sections of these references are provided
under a separate cover.

2
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2.0 INDUSTRIAL OVERVIEW

Beer is a beverage of low alcoholic content (2-7 %) made by the fermentation of sLlrchy grain
cereals. Beer production is typically a batch process; it begins with the cooking and brewing of
grains in water, continues with fermentation and maturing of the beer, and concludes with
packaging of the beer for distribution.

Large amounts of water are used in brewery processes and operations, and large amounts of
solid waste and wastewaters are generated. Wastewaters are perhaps the most notorious waste
from a brewery, containing very high concentrations of biochemical oxygen demand (BOD).
chemical oxygen demand (COD), and suspended solids (55). Such contaminants, highly
concentrated and released in intermittent discharges, can cause disruptive shock loadings at
municipal or on-site biological treatment facilities. Solid wastes mostly consist of spent grains
and yeasts: these materials have a high nutritional value and can be used as livestock feed. Air
emissions are also produced at breweries, but generally are not significant and do not require
emission controls except in areas with strict air quality regulations.

This section provides a description of typical brewery processes. water usages. and wastes and
emissions.

2.1 Typical Processes

Beer production can be divided into four groups of processes and operations. The first three
groups include the principal stages of beer production: brewhouse processes, fermentation and
conditioning processes, and packaging processes. The fourth group consists of ancillary, or
support, operations performed throughout the brewing facility. The four groups are described
in the following subsections. A typical process diagram for beer production is provided as
Figure 1.

2.1.1 Brewhouse Processes

The brewhouse is where raw materials (water. grain. malt. sugars, syrups. and hops) are
transformed into unfermented beer, also called wort. The processes required for the
transformation are: milling, cooking, mashing, filtration, brewing, and cooling. Each of
the listed brewhouse processes is described below.

Milling. Milling reduces the particle sizes of the grain and malt to a specified
gradation. The grain used is an ungerminated cereal, such as com, oats, or rice.
The malt used is a kilned, germinated cereal; typically barley. Malt is often
purchased by a brewery as a kilned, germinated product; some breweries.
however, produce their own malt in a steeping and germination process that
requires large amounts of water.

Cooking. In this process, the milled grain is mixed with water and treated with
live steam or hot water in a grain cooker to solubilize the cereal starches. Milled
malt may be added to the grain cooker to prevent the mixture from becoming too
viscous. The mixture is cooked for approximately ten minutes.

3
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Mashing. After cooking, the grain mixture is introduced into mashing tubs. or
tuns. There, the grain is combined with the rest of the milled malt and with malt
adjuncts (cooked grain, sugars, and syrups) to be converted into a semi-liquid
mixture; the product is called mash. The conversion from the grain/malt mixture
to mash is accomplished by enzymes introduced by the milled malt: the enzymes
convert the starches in the grain/malt mixture into dextrin and sugars. The tuns
are heated to 75°C and the mixture is stirred to aid the softening and separating
of the digestion process. Mashing continues until conversion ceases.

Mash Filtering. The mash is subsequently filtered to separate the insoluble spent
grain from the mash liquid. which will be used directly in the beer brewing
process. Filtration is accomplished in either a filter press or a lauter tun: filter
presses typically occupy less space and achieve bener separation than lauter tuns,
which are simply false bottom vats. The filtrate is a slightly sweet liquid called
wort; the spent grains have resale value, typically as cattle feed. The efficiency
of the fillfation process can be improved by sparging the spent grain with water
at 75°C for complete recovery of all substances ill solution.

Brewing. The filtered wort is boiled in a brew kenle for approximately three
hours. After the first hour, hops are added to impart beer's characteristic aroma
and bitter flavor (hops are dried flower cones from hop plants). Boiling not only
extracts the hops' tannin and aroma, but also concentrates the wort to the desired
strength, sterilizes it. destroys its enzymes, and coagulates its proteins.

After three hours of brewing, the mixture is transferred to a false-bottomed
vessel. called a hop jack, beneath the brew kenle; there, the spent hops are
strained from the boiling wort. As in mash filtration, spent hops can be sparged
with hot water prior to disposal to recover additional wort.

Cooling. The boiled wort is passed through cooling vessels for two purposes: to
cool. thus causing the protein and hop solids to precipitate, and to absorb enough
air to facilitate the start of fermentation. The hot wort is first cooled to
approximately 65°C in a large, shallow vessel. Some of the resins precipitate in
this cooler and form a sludge-like sediment called trub. Trub is often discharged
as waste, or is sometimes mixed with spent grain and sold as carrIe feed.

The wort is further cooled by running it over horizontal, brine-cooled tubes or
through a shell and tube heat exchanger. Wort aeration takes place during this
second cooling stage, as well as a slight wort concentration due to evaporation.
The air contacting the wort during this stage is carefully controlled and frequently
sterilized to prevent contamination by wild yeasts.

2.1.2 Fermenting and Conditioning Processes

Fermenting and conditioning processes include those processes in which wort is
fermented and aged to produce a beer product ready for bottling or kegging. These
processes typically include starting, fermenting. storing. and filtering and carbonating.
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Each of these is described below.

Starting. The starting process is the one in which wort fermentation is initiated:
the cooled wort is mixed with selected yeasts, then placed in open-air tubs to
begin fermenting.

Fermenting. After starting, the wort/yeast mixture is transferred to closed
fermentation tanks, or fermentors. Fermentation transforms the sugars in the wort
to carbon dioxide and ethyl alcohol. Heat is released in the process: the initial
fermentation temperature is approximately 5°C, but as fermentation proceeds the
temperature rises to 15°C. The temperature is controlled by attemperators
inserted in the fermentors.

The carbon dioxide rises to the top of the fermentors. bringing with it foreign
substances, which are skimmed. In most larger breweries. the released carbon
dioxide is collected and is stored under pressure for subsequent use in the beer
carbonation process. Excess carbon dioxide can also be liqui!ied and marketed
to other industries.

Fermentation is complete after seven to ten days. At this point. most of the yeast
has settled to the bottom of the fermentor; settled yeast is removed as a slurry and
sent to yeast tanks for recycling and/or sale. The remaining liquid is unmatured
beer.

Storing. The beer is allowed to mature, or lager, after fermentation; it is cooled
to O°C and stored in tanks for three to six weeks. The maturation process
mellows the beer, that is, improves its palatability.

Initially, the beer contains a suspension of hop resins, insoluble nitrogenous
substances, and yeast. During storage, however, the beer is gradually clarified.
A haze may appear in the beer upon cooling; the haze can reduced by
"chillproofing" the beer with chemical additives, such as polyvinylpyrrolidone.

Filtering and Carbonating. After storage, the beer is filtered and carbonated.
To filter it, the beer is pumped through a pulp filter with or without a filtering
aid. Carbon dioxide gas at O°C is then injected into the beer in amounts between
0.36% and 0.45% of the weight of the beer. After carbonation. the beer is
sometimes re-filtered through cotton pulp, while maintaining carbonation, to
increase the brilliance of the flavor.

2.1.3 Packaging Processes

Packaging includes the processes by which the final beer product is placed in bottles,
cans, or kegs. The packaging operations typically include container washing, container
fLlling, and product pasteurizing. Each of these processes is described below for the case
of bottle packaging; the packaging operations for cans and kegs are similar.
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Bottle Washing. Bottle washing requires a large amount of water and creates a
significant waste load. Automatic machines are available for bollie washing; the
machines typically perform the following operations:

• Feed the bottles to the washing equipment;
• Pre-rinse the bottles;
• Immerse the bottles in a series of alkaline baths for washing and

sterilization; the alkaline solution is typically a water and caustic soda or
caustic and sodium gluconate mixmre; and

• Post-rinse the bottles.

Bottle Filling. A conveyor line takes the washed bottles to a filling machine.
The bottles are manually inspected to remove the defective ones before an
automatic machine fills and caps the usable bottles.

Pasteurizing. Beer is pasteurized to prevent any residual yeast or harmful
bacteria from developing in the packaged beer prior to consumption.
Pasteurization is typically required only for bottled and canned beer: kegged beer
is usually refrigerated and therefore does not require pasteurization.

Pasteurization requires heating beer to 60°C. Pasteurization is commonly
performed after packaging by immersing the bottled beer in gradually hotter
warm-water baths; gradual heating is required to avoid cracking the glass bottles.
Pasteurization can alternatively be performed prior to packaging by "flash
pasteurization": flash pasteurization is a continuous heat exchange process by
which the beer is rapidly brought to at least 60°C and then cooled.

An equally effective alternative to pasteurization is biological purification by
membrane filtration. This technique. also called ultrafiltration, produces so-called
"bottled draft beer." Several other new procedures, including the addition of
antimicrobials, produce the same effect.

2.1.4 Ancillary Operations

As stated previously in Section 2.1, ancillary brewery operations are suppon processes
and activities carried out throughout the brewing facility. Ancillary operations include
equipment cleaning and sterilizing, steam and hot water production, cooling,
housekeeping, and wastewater treatment. These operations are described below.

Equipment Cleaning and Sterilizing. All equipment that comes into contact
with the product must be cleaned and sterilized. Cleaning is typically performed
by a mechanical cleaning-in-place (CIP) system built into the process equipment.
Conceptually, a CIP system is a system in which a detergent is introduced at the
top of an unclean tank by means of a fixed spray ball or a rotating gun, circulated
for some time in the tank, and then discharged. Alkaline detergents, such as
sodium hydroxide, are commonly used in large breweries; smaller breweries often
use "built" detergents, which contain a strong alkaline agent, a wetting agent,

6
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dispersing agent, rinsing agent, and possibly a sequestering agent. "Built"
detergents are more expensive, but are safer to handle than sodium hydroxide.

After being cleaned, the equipment is sterilized by use of wet heat (hot water or
steam) or a sanitizing agent. Though more expensive than sanitizing agents, wet
heat is a convenient sterilization method since it is safe to the product. In order
for wet heat to be effective, the temperature of the surface to be sanitized must
be raised to 80°C: this heating requires nearly lOO°C water or steam.

Chlorine, because it is effective and inexpensive, is a commonly used sanitizing
agent. The effective form of chlorine is hypochlorous acid, which is most
bactericidal between pH 4 to 6. Most brewers use chlorine at pH 8: though less
effective as a bactericide, it is less corrosive to stainless steel at the higher pH.
Alternative sanitizing agents are quats. iodophors, and acid-ionics.

Steam and Hot Water Production. Steam and hot water are required for a
number of brewery processes, including cooking, mashing, sparging, pasteurizing.
and cleaning and sterilization. Steam and hot water are typically produced using
a boiler, which may be fIred from sources including oil, coal, or natural gas.

Cooling. Cooling is required to reduce the temperature of the wort after brewing,
to control the temperature in the fermemors, and to cool the beer prior to storage.
A typical cooling system consists of a water circuit including heat exchangers.
cooling rowers, and a make-up water connection to a water source.

Housekeeping. Floor, wall, and equipment are typically washed with hot water
and degreasing agents.

Wastewater Treatment. Brewery effluent contains very high concentrations of
SS, BOD, and phosphates, and therefore untreated effluent typically should not
be discharged to a body of water. Most breweries in metropolitan areas can
discharge their effluent to municipal wastewater collection and treatment systems:
in areas without municipal systems or in cases where it is economically feasible,
on-site treaunent systems can be used.

Municipal treaunent systems typically employ conventional biological processes,
such as activated sludge. On-site treaunent systems are more likely than
municipal systems to employ anaerobic treatment processes; a number of
anaerobic systems are effective for treating brewery wastewaters. Further
discussion of wastewater treatment systems is provided in Section 4.0.

2.2 Water Usage

Though water is used either directly or indirectly in all four groups of brewery processes, the
greatest volumes of water are used in the brewhouse, packaging, and ancillary operations. A
brief description of water usage is provided below for each of those processes.

7
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2.2.1 Brewhouse Process Water

All six brewhouse processes consume water: milling, cooking, mashing, mash filtering
(including grain sparging), brewing (including hops sparging), and cooling.

Of these processes, hot water and/or steam is required for:

• Cooking;
• Mashing;
• Mash Filtering; and
• Brewing.

Cold or unheated water is required for:

• Milling;
• Mashing
• Mash Filtering; and
• Cooling.

2.2.2 Packaging Water

Within the packaging process, water is used for container rinsing, washing and
sterilization, and product pasteurization.

2.2.3 Ancillary Operations

Ancillary operations consume water primarily as boiler feed water, cooling system water.
and equipment cleaning and sterilizing water. Water is also used for general
housekeeping and sanitation.

2.3 Wastes and Emissions

The following subsections list the wastewaters, solid wastes, and air emissions generated at a
typical brewery, along with their primary sources. Methods of waste treatment and disposal are
discussed in Section 4.O.

2.3.1 Wastewater

As stated in Section 2.0, wastewaters are typically the waste of greatest concern in a
brewery: approximately 8.5 cubic meters are produced for every cubic meter of beer
produced (m3/m3 beer). The wastewaters typically have very high BOD, COD, 55.
Wastewater is generated primarily in the following processes; typical volumes are given
when known:

• Brewing (1.20 m3/m3 beer);
• Cooling (1.40 m3/m3 beer);
• Fermenting (0.30 m3/m3 beer);

8

...., Ii_ iW. '.



• Filtering (0.70 mJ/mJ beer);
• Storing (0.40 mJ/mJ beer);
• Packaging; and
• Housekeeping (0.70 mJ/mJ beer).

Typical wastewater BOD and SS strengths are as follows:

Source BODs (mg/I) SS (mg/I)

Trub (from Cooling) 50.000 28.000

Miscellaneous Filtrate 15.000 20.000

Filtered Yeast 150.000 800

Clarification Precipitates 60.000 100
(from Storing)

,

Tank Rinsate 200-7.000 100-2.000

Cleaning Solutions 1,000 100

Waste Beer 90.000 4,000

Typical wastewater contaminants are as follows:

Contaminant BODs BODs SS SS
(kg/m3 beer) (%) (kg/m3 beer) (%)

Yeast 3.71 30 2.55 30

Trub 3.21 26 1.24 14

Hops 0.39 3 0.77 9

Grain Filtrate 0.85 7 0.50 6

Drain & Rinse 2.09 17 0.85 10
Effluent

Final Filter 0.50 4 1.58 19
Effluent

Packaging 1.2 10 0.66 8

Miscellaneous 0.42 3 0.35 4

TOTAL 12.4 100 8.50 100

9
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2.3.2 Solid Wastes and Sludges

The main sources of brewery solid wastes and sludges are the following:

• Spent grains from the mash filter;
• Spent hops from the hop jack;
• Trub from the wort cooler;
• Residual trub fllter cake from the trub filter;
• Excess yeast from the fermentor;
• Yeast fllter cake from the filters: and
• Sludges from wastewater treatment.

2.3.3 Air Emissions

The major emissions from beer making are particulates and volatile organic compounds
(VOCs), primarily ethanol, from spent grain drying and particulates from grain handling.
VOCs from fermentation are negligible, since the fermentors are typically closed to allow
carbon dioxide collection. Other brewery processes. such as won brewing and malt
drying, are minor sources of volatile organics, ethanol, and related compounds.

Depending on the fuel source, exhaust gasses from the facility boilers may potentially
contain nitrogen oxides (NOx)' carbon monoxide (CO), trace sulfur dioxide (SO:), and
paniculate matter.

10
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3.0 THE BREWlNG J1"fTIlJSTRY IN JORDA,.~

The ABC is located in the old industrial area near Zarqa, along the Zarqa River lnd close to Lhe
Jordan Brewery Company. The ABC was originally opened in 1964. closed, and then restaned
in 1971.

The ABC produces beer under a license from the German brewery Henninger. The total beer
production capacity is 15 m3/day, though current production rates are only 15-20% of capacity,
or approximately 2.5 mJ/day. The working time is eight hours per day, six days a week.

3.1 Brewing Processes

The primary beer production processes at ABC, shown schematically in Figure 2. include the
following:

Brewhouse Processes

• Milling of malt (with addition of water):
• Mashing (at 70°C);
• Filtration (water is added to filtered wom: and
• Boiling.

Feonentin2 and CQnditiQnin~ Processes

• Fermenting (yeast is added);
• Lagering; and
• Filtering.

• Filling of bottles and cans;
• Pasteurizing;
• Labelling; and
• Storing.

3.2 Raw Materials and Water Usage

The available estimates of ABC's raw material and water consumption rates are given in the
following sections.

3.2.1 Raw Materials

ABC's 1990 yearly consumption of chemicals and fuel oil are as given in the following
table; no consumption estimates were available for beer-making ingredients:

11
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I :\Iaterial I Yearly Usage I
Caustic 3 tons
(Sodium Hydroxide)

Detergents 1 ton

Disinfectants 50 kg

Fuel Oil 108.000 tons

3.2.2 'Vater

Water for ABC is supplied from a private well. Some water is deionized in an on-site
ion exchanger; some soft water is also produced. Although the water consumption is not
metered, it is estimated by ABC as 5,600 m3/year, or 19 m3/day with a production of
approximately 2.5 m3 beer/day. The water is consumed in the following ways:

• Approximately 50-75 % of the water is used for cleaning the facility and its
equipment;

• Approximately 15 % of the water is leaving the factory in bottles and cans as
beer;

• Large volumes of water are used for washing bottles:
• Some water is used for pasteurization; and
• Some water is used for boiler water.

Based on the water consumption rate of 19 m3/day and the beer production rate of 2.5
m3/day, water consumption is 7.6 m3/m3 beer. Although this figure is in line with United
States (US) breweries, application of water conservation technologies has enabled some
breweries to reduce this figure significantly.

3.3 Waste Discharges

ABC's main waste discharges are wastewaters and solid wastes. These are described in the
following subsections.

3.3.1 Wastevvater

All ABC wastewater is collected in a tank and pumped to the municipal sewer system,
without pretreatment. The flow is estimated to be 66 m3/working day. ABC has a
biological wastewater treatment plant which is not used, since the quality of treated water
reportedly complies with the effluent standards in force.

Total brewery effluent characteristics for ABC and for typical US breweries are given
below. It is noted that the ABC BODs, COD, and SS values are low compared to US
values; the low values may indicate that ABC process wastewater is diluted with pure
water. The ABC BODs value in parentheses is considered more reliable. The effluent

12
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characteristics are as follows:

Characteristic ABC Typical US Brewery

Average Range

BODs (mg/l) 28 0,5(0) 1,718 1.622-1,784

COD (mg/l) 72 not available not available

SS (mgll) 22 817 i23-957

pH 7.9 7.4 6.5-8.0

Temperature COC) not available 30 ~8-32

3.3.2 Solid Waste

It appears that all major solid wastes generated from operations at ABC are recycled.
The two main solid wastes are wet organic wastes and glass. More specifically, the
following process wastes are generated and recycled as follows:

MilUm: Preparation
Spent husks are sold to canle farms.

Mash Filterim:
Spent grains are sold to canle farms.

(In total, 1,400 tons/year of wet solid waste are sold as animal fodder.)

Packa~in~

Broken glass is recycled at a glass factory.

13
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4.0 AREAS FOR POTENTIAL ThfPROVEMENT

Beyond assembling background information regarding beer brewing production facilities. the
primary purpose of this document is to present information gathered from the literature search
regarding common techniques as well as the latest advances in water conservation, pollution
prevention, and waste minimization.

The subjects can be generally defined as follows:

Water Conservation. Water conservation is the reduction of process, clean-up, and
domestic water use requirements of a facility.

Pollution Prevention and Waste Minimization (PPi\VM). PP/WM is the reduction of
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 subsections present water conservation and PP/WM techniques potentially
applicable to the ABC. 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.

After the description of each water conservation or PP/WM technique, a preliminary assessment
of applicability to the Arab Brewery Co. facility is provided. These preliminary assessments.
based on currently available information, are provided to highlight areas with suspected potential
for improvement that should be further investigated.

It is noted that water conservation techniques often provide PP/WM benefits, and vice versa.
For example, reusing spent process water that is normally discharged to sewers provides water
conservation, but also provides PPIWM through wastewater reduction.

4.1 Water Conservation

Water conservation can be considered from two different aspects: maximization of water reuse:
and reduction of water requirements. Both aspects of water conservation, water reuse and water
reduction, are addressed below.

4.1.1 Water Reuse

In-plant reuse of potential waste streams is practiced on a limited basis. Some potential
areas for water reuse are described below.

Spent Hop Filtrate. The liquid remaining after spent hops are pressed can be recycled.
This high-strength waste is usually discharged to the sewer system or mixed with the

14
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spent grains. However, in a few breweries the spent hop fIltrate is recycled back into
the brewing process, usually right after the wort leaves the brew kettle. In most cases.
this can be done without having a detrimental effect on beer quality or taste.

Packaging Wastewater. Packaging wastewater is typically weaker than process and
sanitary wastewater, and may be economically treated and reused. A dedicated
wastewater treannent system for packaging water may prove to be economically feasible.
Biological stabilization and carbon adsorption proved to be the most cost-effective
treannent for packaging wastewater, in a study for aU. S. brewery.

Equipment Cleaning Water. As discussed previously, caustic cleaning solutions and
several rinses are required to clean process tanks. Reuse of caustic cleaning solutions can
reduce water use. Initial rinses contain high levels of SS and BOD, while fmal rinses are
fairly clean. A significant reduction in water use can be achieved by using holding
vessels to retain the final rinse of a tank and use it as the initial rinse for the next tank.
Use of stearn for disinfection instead of hot water can also provide savings in water use.
since less quantity is required and additionally it can be condensed. captured, and reused.

Recycling of Wastewater Treatment Plant Water. Two approaches can be considered
with regard to recycling treated wastewater. The first is to separate packaging water and
weak rinse water from the stronger wastewater streams, and treat this water using carbon
adsorption or other appropriate methods. This approach was discussed previously.

The second approach to recycling treated wastewater is to treat brewing and packaging
wastewaters (excluding human wastes and cooling tower blowdown) by secondary
biological stabilization, followed by activated carbon adsorption. The treated water
would be suitable for use in brewhouse clean-up, cooling tower makeup, and
miscellaneous uses.

4.1.2 Water Reduction

Water reduction includes all actions that lower the consumption of water required for a
given amount of production. These include process optimization, good management
practices, cooling system improvements, and cleaning method improvements.

Process Optimization. All processes requiring the use of water may potentially be
optimized to achieve adequate product quality with minimum use of water.

Good Management Practices. Good management practices should be practiced to
minimize use of water. These practices include the following:

• Generate an accurate measurement and balance of facility water use. The
balance should track process waste reduction programs;

• Install t1ow~ontrol valves and timers on pipes and other equipment to bener
control process water usage; and
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• Implement a rigorous water management system that involves facility
personnel, such as employee training in water use per batch of beer.

Cooling Systems Improvements. Cooling system water use can be reduced by the
following methods:

• Use a closed loop cooling system, rather than wasting heated water;
• Use an alternate heat transfer liquid, such as propylene glycol and/or a water

mix; and
• Recycle treated wastewater as a cooling medium (with additional treatment.

as necessary).

Cleaning Method Improvements. Cleaning effectiveness is a function of washing time.
temperature, concentration of solution, and intensity of application. Applying appropriate
combination of these elements to each type of soil present in d ,fferent process equipments
can reduce water use. Typically, a hot solution is recommended in brewhouse equipment
because of hop and protein incrustations. Cold wash water can be applied to clean
fermentation and maturation tanks. Water can also be saved by cleaning soiled surfaces
immediately after use.

4.2 Pollution PreventionfWaste Minimization

The following sections document state-of-the-art PP/WM techniques identified in the literature:
the techniques include waste treatment and by-product recovery. The information focuses
primarily on wastewater PP/WM.

4.2.1 Waste Treatment

State-of-the-art treatment processes for wastewater, solid waste, and air emissions are
described below. The emphasis is on wastewaters, as solid wastes and air emissions are
generally not a concern in the brewing industry.

Wastewater. Brewery wastewater is characteristically high in organics, solids, and
volume. The combination of these factors makes disposal to natural water courses
unacceptable; therefore, most brewery wastes are sent to a municipal wastewater
treatment systems or are treated by on-site systems. Here. due to the high strength, the
brewery waste may be only 4-5 % of the total influent but 25 % of the total BOD loading.
Because brewery wastewaters are quite variable as to flow and strength, a municipal
treatment system can experience severe shock loads.

Several advantages exist to discharging brewery waste to a municipal wastewater
treatment system: fIrst, brewery waste is organic in nature and is biodegradable, and
therefore can be readily treated by a typical biological municipal plant; and second,
mixing brewery waste with sanitary sewage adds nutrients that are lacking in brewery
waste, and also helps to temper the variability of the brewery waste loadings.

Several different technologies for on-site treatment of brewery wastewater are available,
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including activated sludge, anaerobic processes, sequential batch reactors, and
bioaugmentation.

Activated Sluda-e, Traditional on-site wastewater treatment systems are based on
activated sludge processes, typically including the following operations: bar screening,
grit removal, primary clarification, aeration, secondary clarification, chlorination, and
anaerobic digestion (for treatment process sludges).

Anaerobic Processes, Anaerobic processes for wastewater treatment are increasingly used
for treating brewery wastes. The main advantages of anaerobic processes include the
following:

• Greater resistance to shock loads than a conventional activated sludge
processes;

• Greatly reduced sludge generation: and
• A useable energy by-product in the form of methane gas.

Two anaerobic processes successfully used to treat brewery waste are l'pflow Anaerobic
Sludge Blanket (UASB) reactors and Anaerobic Fluidized Bed (AFB) reactors. There are
several manufacturers with propriety UASB treatment systems that have extensive
experience with the brewing industry,

Bioaua-mentation. Bioaugmentation consists of adding special strains of bacteria to
indigenous bacteria in biological treatment process, to improve treatment properties. In
the case of brewery waste, bioaugmentation can be used to improve the treatment
system's resistance to shock loadings, as well as to improve solids settling. This may
avoid reseeding biological processes when disrupted by shock loadings. as well as reduce
polymer demand and sludge handling costs resulting from poor solids settling.

Sequential Batch Reactors. Sequential Batch Reactors (SBRs) are aerobic biological
treatment units 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 advantage of using SBR tanks to treat brewery wastewater is their tolerance to shock
loads of BOD. The performance of several conventional activated sludge systems have
been shown to significantly improve after conversion to SBR operation.

Solid Waste. As mentioned previously, organic solid wastes are typically processed and
recycled as livestock feed or other types of food products. Broken glass is normally
recycled, as are paper and plastic packaging wastes. No treatment is required prior to
landfill disposal,
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Air Emissions. Brew kettle vapor emIssIons can be removed by barometric
condensation, although this method entails high levels of energy consumption. Another
emissions from the brew kettle which may be significant is odor.

NOx can be reduced either by retrofitting the burners to decrease NOx generation, or by
removing NOx from off-gases by selective catalytic reduction or selective non-eatalytic
reduction.

4.2.2 By-Product Recovery

Recovery of waste solids from the different process streams is practiced extensively in
the brewing industry and it appears to be the method of reducing waste loads both
technically and economically. Grains, hops. trub. yeast. lost beer. and glass bottles and
caps are all currently being recovered, as described below.

Spent Grains. Spent grains (barley, rice and/or corn) are recovered by all breweries
large and small. The grains are removed after the starches have been solubilized and
then converted to sugars. Most smaller brewers and ahout half of the larger ones utilize
the lauter tun filter, which is a gravity filtration device, to separate the grains from the
mash. A disadvantage is that it requires a large amount of water to sluice out the spent
grain. Some larger plants employ a plate and frame filter, in which the grains are
pressed and screened to reduce moisture content. The press liquor is frequently put in
the sewer; however, it has been recycled back into the process or filtered, centrifuged,
evaporated, and added to the spent grains.

Following recovery, most small breweries haul the still wet spent grains away for use as
cattle feed. Large facilities dry the grains before shipment to cut down on transportation
costs. In either case, the grains make an excellent and very valuable cattle feed. A study
of wet brewery by-products as livestock feed indicates that an optimum moisture content
is 75-80%, and that adequate protein is available in grain-yeast mixtures so no
supplements are needed. More recently, spent brewers grain has been used to produce
barley bran for human consumption. Some studies indicate that barley bran is twice as
effective in reducing cholesterol as oat bran.

Spent Hops. Spent hops are separated from the brewing process by a hop jack filter
after the wort leaves the brewing kettle. The smallest breweries usually haul wet spent
hops away, while larger breweries add to the spent grains to be dried. A study has
demonstrated that up to 10% wet spent hops can be added to the spent grains with no
deleterious effect on voluntary uptake by cattle. The use of hop extract in the brewing
process, which eliminates the hop disposal problem at the brewery, has been increasingly
used in the US.

Trub. Trub is the waste from the wort cooling process, consisting mostly of insoluble
proteins. Trub is sewered by nearly all small breweries and by many larger ones. The
remaining larger breweries add trub to the spent grain to be used as cattle feed. Beer
production results in an average trub generation of 1.16 kg/m3 beer.
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Yeast. Yeast is another very important by-product of the brewing industry that can also
be used for livestock feed. It is both settled and filtered out of the brewing process after
fermentation. Excess yeast is produced at a rate of about 1.3 kg/m3 beer. Most plants
sewer the yeast or haul it away in wet form. A few of the larger breweries add it to the
spent grains to be dried or dry it separately. The yeast makes an excellent feed
supplement: the addition of steam-killed brewers yeast to spent grains in a 1:6 ratio can
increase its nutritional value without causing an undesirable tastes that would cause cattle
to reject it.

Lost Beer. Lost beer can be another significant by-product of the brewing industry. It
results mainly from the racking, transferring, and bottling operations. The volume of lost
beer is about 6.3% of the beer produced. based on a production-weighted average. Most
breweries of all sizes dispose of this beer in their sewers, but a few larger ones are
recovering the beer and adding it to their spent grains for evaporation.

Glass Bottles and Kegs. Glass .bottles and metal kegs often can be refilled. Where
refillable bottles and kegs are used. washing becomes a major operation and requires
large amounts of water and caustic. In a typical plant. washing (bottles and plant clean­
up) requires 1.62 kg of caustic per m3 of beer produced. Some larger plants recycle
caustic, rather than discharging it to the sewer, and achieve significant savings in cost
and resources.
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Technology evaluation of sequencing
batch reactors

Ii

Madan L Aro~ Edwin F. Barth, Margaret 8. Umphres

The Clean Water Act (CWA) 0( 1977 (PL 9~217) and the
WIi1JkWU« Treatment Con:stnJCtion Cinlnl Amendmeat fA 1911
CPt. 91-117) include provisions that encouf1lllle the \Itt ofben­
clicUJ innovative and altcmatiY'C (I!A) wastewater treatment
ledlnoqics. Beneftts of ItA lechnolOlies can indudc opemjons
and mainlel'aanC% (0 A M) and c:apiW CQIl ftd\lCtion. and enerI)'

",ouse.vation or .ecove:ry. Other bene6ts INy be impc'OY'Cment
01~ reliability. toKici co"trol improvement in envi­
toDmenui beDe'1S ach~ rmamation and reae of WdIer.,

lU)'difti of was&ewaIer conltituealS., elimination of surface cfis.
daaJwe. and impnMd joint lftU~nduari8ICleltment. The
u. ~ EnvirOllInenw Prucettioft Afpw:y (EPA). ia FulftDi.. its
maDdat.e uncb tbe CWA. dewIoped ftPtlatiofts aad criteria for
fundi", projects DatiocIwide that use an IIA tectlnololY. The
.ndertyina~ fA these tqUlationa is the pro.ision of a
t.sic: monNry incenaiw:: a annt inause from 1.5 10 15~ for
the desip and COftIInK.'tioa 0( municipal treameGt lec:tlllOlacY
.... iepaentl aD ~vancemcnlof the CUrm'lt aate-ol-thf>.art
a:hnoqy with rapecl to mectina the N1ed olJjecUws.

Since the pe.s:-.e of the CWA. ICYeQI municipal treatment
plants bllve i'et'en'Cd additional ft.andi"l under me VA IeChnolol,y
pnlIt'Im. As apecud, DOC aU sUnil~ the ruJl ra. of
IDticiplted benefits afta' they~ constructed.

This study~ the resuJu oIa post-e:onsllUclion evaluation
rJf one IIA tedlnolOlY. seqoencina Ntc:b reaaon <SBR). used
III~ plants in the U. S. This information WIll coIJecUd to

mabie benefits eLI/A tedlnokl&ics be realized in daipti.. future
r.ciJitie:L Funhur. it is important wtlimi\lbons and constraints.
[ any. of the 1/A. PI OCLSICS also be reporu:d 10 thai these can be
~tdy considCled duriq planninc and deIip phases of
, project.

;DR TECHNOLOGY

1M SBR in fiD-aocklraw activateds1~ 1y1tem. Each unk
D the SBR system is flIlcd with wascewata' duri.. a diJcTete
leriod of time and then ocx:raled in a Ntdl treatment mode.
~fter tre:atmenl, the nmed liquor is aJ10wed to teUIe ror a~
iClenTtincd amount of time and thea the dari6ed supernatant
I~ from the tank. Dwina treatment. ledimentation.
net witbdnrwaI the wasleWaser flow is either directed to another
DR tank ia the IytIerD. as in a multiple tank ClOII.6praIion. or
) a saonac tank ia • sincJe SBR tank coDftauratioa where;t is
rawn for treatment after the IUper'na1lUIt withdrawal hili been
:nnpleud.
One rnodific:aUon of the SBR proc:eslI, the intermittent C)dc

ItteDded aemion~ (ICEAS), operateS oa the principle 01
lntiauous iled.as in a coatinuous-IJow aetiYded s1ud1e I)'SUm.

~UCUst 198.5

NOTI~: Tt';is Mataria

.~y b. pi'otodeo uy copyr~"i

~~U.tti- .J7. Us. Coat

but with inlmnil1Cftt withdl'll'ftal as in the SBR SY*ft\. With
thc~~. thacfoce. of the 1CEAS. aft SBR $)Sail is com­
prised of either a saonte tank aDd an SBR unk or a minimum
of tWO SBR tsnks to accommodatt a continuous inflow of
wastCWlIlCr 10 the trallmenl plant

A IKk of' wideI, 1ICC'epfe4 4esip ........ as 1M ....
obstKIe to ...... SBR tecllDololJ fro. tile retearda

saae to ..u'er pncdc:alaHUc:atioL

Eact.1)'IItnI~ tIalmeftt. adimenutioa G ...
liquor 1OIid&. andwi~ oflUpernataDt ill the tuk.
1'berdOR. sudt J)"IImII do DOC need JepUa1e final cJaa i6eft aDd
mum aetivaIed II... pumpa (f'iIure I). Tanks ia IDOI& SIR
sysIaIIS ftIClli¥c wasreMIter low and diIchqe IUPClDaIaIIt ill­
lermittaldy. this diIl:uJIioa. un_ otherwiIe incficwted.....
with tuc:ft intenliitleltt feed and withdflWal systaIa

A C')'de for a typical SlUt is divided fato the foDowiaa 6w
discme periodI (yiIVI'C 2): M.. reec:t. teUIe. drww. aad idIe.' l1Ie
P"t'PC* of cadi period. witJI the~~ of idle. iI nideat.
Idle is~ in a multiple taak IY1Iem whee ODe laDle ilBat
yet (lID. pahapa at low now. aDd is ftW....die the IElCIOnd ....
has comPeted draw and is lhus ia idle mode.

F'tJUft 2 shows a sinlle tank in -=II of the 6Ye periods ofone
compiae cycle. The fiaure _ sho'IfI the percent of the mui-
mum tiqvid ~ume and toW C)'de time that is typical (or adt
period and the PUrpolC of aention durina eac:b period. ICEAS
has COfttinuous 61l1O it hal no Iq1atalle fin and no idle periods.
The \lnb in an ICEAS a.Iwa}S have a paaeac1ion companmeat
It the inftuent end tenltiMtifti ill a ..me that permits--.1IIIa
to enter on a continuous bai:s without causina a sipi6cant dis­
turtlance dwina IeUJe and dmr. Other SIR sr-ms may DOC
have this eepuate paae-=tion compartment..

Irvine' pnnided an~t cfiIcuaion of the lYe periods ill
one cornpIe&c SBR~ and induded a~ oflhe IypbI
proc:ea equipment and hardware that INy be astOCiated widt
each period. .

HtsrORICAL PERSPECIlVE

SBR ttdtnoloD is DOt new. la r.ct. it preceded the ... of
COfItiallOUl flow aetiYlded s1adae IeChnoloD'. 1'heR ue many
cumpla of beIdI pro II in tbe history of munic:illU ....
waaer tralmcaL Sidwick and MWTar outliDed the e¥OIutioa
of ..teb proc ell es into continuous-&w processes in enalnd
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Proponeats of the continUOU5-low activ1ded 1Iud8e I)'IIans
e 8exibility II ODe O(the main rasoas this procell is preferred
er the tricklina &Iter procaI.. This IeIjbility comes from eeveraJ
arces: ability to val)' the retum actimed IIudF (1lAS} rase
dresuJtaatll the~ratio(F/M).~

YFD (00) coucentratioD in the raetor by c:IIaDPna the aer­
08 rate. and the sIudee .. Such IeIjbility in the tridiliDt

DVANTAGES OF SBR

F1pn l-e r ... 58a ............. Ktit'IIt.............
lnine' IDd Barth' traced the bistOf)' ofSBR teehnolOl)' to the
modem era ol'continuous--ftow activated 1IudF-

1lte prccunor to the various.. now familiar. continuous-Dow
ac:ivated slud&e plOCC3SCS W1IS llC1ualty I fill-a~1'2W syItml

operated in a ba1dl procas. In 1914 Ardem Ind l..oden. were
amana the 6nl to show the benefit 0( reuiniftilUbstnileo.-daptcd
orpDisms for efficient treatment. Wcnina with 2.3-L flasks
contaiN" raw was:&c'WatCI' for Manc:hesIa". EnIIand. they showed
lbat tJae bn:b .enLioa period needed to Idline Ditri6c:ation
could be raIuad from S weeb to 9 hoaR if the Ifudle that.
ac:camaldDd from cacb batdt were retained in the RIsk after
decantina abe nitri6ed liquid. Tbey coined the tenD Ktivatcd
shIcIF 10 clacribe the raull...t bioIoIic:ai maa. Howner. maay
~ .ee -.x:iat.ed with opaUina theIe 6knd-draw
~ mod resultina from the pma:II valvina requirul to
IWitc:h &ow from OtIC tank to the ocher and operator anmtion
required ill initiatiaa dift'ercnt periods RlQuired in lhae t.teb
I)'IIaDS. All result ofthis. baIdllyst.emS nnu became popular
in IuJie«:aIe municipal treatmeal plants. By 1920. wilen IarFr
laa1ities~ heina constl'UCUd. balch I)"IIemS were no Ioqer
:orISidemI viable. 'The binh aDd widesprad UJe ofcontinuous­
low sys&emS resulted primarily rrom ()Clentional coftlidentions
lnd ROC from Iny proc:ea.rdalcd wea.k.neaa of the balda sys.
ems.

Times ha-..e c:banIcd- New hardware dev1c:a. sum lIS motor·
lid valves. poeumaticaDy llC1ua1Cld valws.1OIenoid nlws. tew:I
enson. fIowmtten. IUtomatic limen. and nUaopcOCleSl«l Of'

roa:ss controUcn ha¥e been~ and are routindy avail­
bIe. It is imponan\. therefore.. that the lAllation orSBR tech­
oIocY. abandoned beaUtC oJ the unavailability oJtheIe devices.
! ~uaII:ld. A eicsd~11published m:endy provided
broad 0¥eI view ol' SBR IYS'CIIII and their Ulle. In the early

9101 EPA anemJlC,ed to I'C'Vive in\eftSl. in chillet:bnokJ&y and
Jerlt cousidenble ...1nS Of money evaluabq the proc:ea Oft a
ID«aIe baiL 13 This raeardl eumined I full«:ale demon­
ratioD ofa two-tank SBR Kti'4!ed II. u.tment plant Ova'

2O-month period in Culvcr. Ind. Results o(UUs project led to
IC use ofSIR leChD060lY It IlMI'aJ other municiJ-I faci.fities.

r;--.__15_'_'S_1_FRCJ1 ~__~ L_IB/U__CF_C T_O 983__13999 P_._09_

filter proc:as is minimal and has been fRlQuendy compasat with
that oJ SBR SfS'CmI in Iila'ature.1)..1. Amana the salient points
are:

• An SBR lank serves lIS an cqualiutton basin durina fUl and
then:fcn can easily toIeme peak flows and shock bids of~
chemical OI)11eft demand (BOD) without dep'adation in efftueftt
quality. In fx1. the~ 0(~ small continuau.­
flow activated s1udte syttems.. which were no. consislenUy pro­
ducina IDOd cft'Iuent lIS a result 0( cllcessi¥e diurnal variations..
sianifw::antly impro\'Cd aflc:r con~on to SBR openIUon."

• 8ecI.. dftuent dilc:harJl:: is periodic. within limits. dDucnI
Imy be hdd until it meets..,eciMd requirements..

• Dvrina the early desian life. when flow is qnific:antly Iowa'
than deIicn c:apecity. liquid Ic'¥eltensoR can be let at a lower
le'vd.1O that I fraction of the SBR link capacity is used. In this
way. the ItnIlh of treatment C')'des an be kept the same lIS

dcsip withou1wastina power unnca:a:arily by cwer-aeration.
• Miud liquor solids cannoc be washed out by h)'draulic

lUfFS. bcaUIC lMy can be held in the tank as Jona as nee 'Pry.

• No RAS pumpiftl is required., because the millCld liquor is
alwaY' in the rattor.

• SoI~iquid ~bon occurs under nearly ideaJ quiacat
condilioaa. Short cimritina iI nonWsteat duriaa the IeUJe pe­
riod.

• 8clt:::a1* the 00 CIOQCIIefttm.ion is zao or Deal' lim) duriftl
anoU: II. it prurides for I PUler Oll)'llm drivinunldient cIuriaa
the ract period. This could Idlie¥e IOIMWbat hilha' owraII
OllYllCtlInasfcr d\ciency with the same 8C1'1tion CQuipmeac.

• Filamallous powth can be easily controlled by ¥IIrYiftI the
operatina IUaIeIies durinl fill Cbiela and lmae" repotted Ihe
n:suJts of I study in wflidl IfudIe woIume indes ($VI) wi-.
Mft ruluad from .. 600 10 50 mUs in I ICris tJI betc:t.
~ sub;ecUd 10 vary;n&. but conl.l'ol1ed. openlinc .....
lies perceat oJ aeraIed 6n time decJt:aa'ld suc:csiwfy f'rom
l<m (0f'1 SV1 01600 m1.ll1O ()lI, lOr I $VI of ..... 50
mlla. IrviM and cowon.en reporWd that the bell~
strate&Y in an SBR is 10 have. major ponion 01611 unmDed
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EVAWATION OF SBR FAOUTIES

&ad unaenllld~ by mWna aDd aeratioa durina the re­
mainder r:I m abouI 15 to 30 minu1eL An SBR can easily be
dtsipcd to -=commodate thae operabDi1tra1elieL

• AD SBR can be opera1ed to K:h~ aitrilica1ioo. deaitri6­
c::arioII. or phoIphonas ranovaJ without C'bemic:al .-ddition. Ni­
tri6cation can be a:hined by incrusina the duration of tact
ot by increasina the duration 0( the miud/acmed portion of
/in. wtille denitrification can be llChiewd by incr~siJlIthe IcnIlh
of settle and draw or both. 50 thai De8r zero DO conditions are
~ durina lhc:!e periods.. Phosphorus mnovaJ can similarly
be K'COft'Ipiishcd sua:essCuUy by sdectina a cont"'" a~leI.Y that
dimina~oUdimd nitf'Olen and DO durina fill (anaerobic c0n­
ditions ~ther than ancWc conditions or aerob'c conditions) and
allows for .enbon dunna lhe react period." This a~teeY has
beeD sua:asfully waf at Culver to mluce phosphorus to less
than I mlfL durina lhe Iasl year. These variations in opcratina
stralePes are unique to lhe SBR sysa.ems and nn be easily
ldtieYed by simple ac:ljustmtnlS in lhe micTopoceaor IC1tinp.

• II has been repoI1ed by lmnell that the ribonudric add
(RNA) conlmt 0( lhe microorpnisms in lhe SBR is three to
four times areater than wouki be expected from a COftYentionai
contia~ system. Because the powth rate 0( microor­
pnism.s depends on the RNA content or the cells. the hi,her
con1eftt 0( this iatrllC'dlular machinery in the SBR cuhure is

~ ca.,.ble o(proceaina a pater quantity o(subltnne ala areatel'
rwse than is pl*ibIe in • COD¥eftUonal continUOUl--ftow 1)'Ilem.

98313999TO

DISCUSSION
The information amaaed throulh a review of desip docu­

meats and Add tripI was c:aref'uJIy analyzed. Table 2 lists Un­
portut information for each of the eiIht plants visited. SewnI
comparisons and conc:fusions weft drawn from the information
in Tables I aDd 2:

• ()penhna staJf' at each of t.hete plants indicated thai the
SBR PTOttSI was more simple to openl.e compared 10 the COD­

ventional continUOU$oftow pcooesscs. activated sl~ and
lricklina /ilten that they had ~usIy opented. .

• All plants were meetina diluent requirements with the n­
ccpCion of Grundy Center Wastewater Treatment Facility. The
problem al Grundy Centa' was alleaed to be the rauh 0( 1ft

unsatisfactory deanter dcsi&n. which pmniucd the MLSS to
enter lhe decanter pipina syaem dunna fill react. and ttUk
periods: these solids are suhsequently disdlalJed with the de-­
nnted eflluent. The city is in the process of replacina the de·
canttr.

• None 0( lhe planu.. with the Qception 0(CUlver and Vam1l&.
has primary treatment in its f'\ow 1Cheme. Culver and Vamt.
had exislina primary clarifien which they continued to use in
the SBR proas IChemc:.

• Even lhouth the water quality objectiYa at the eiaht pIaJns
viti1cd~ tSlCfttially the same. the desip criteria and lhe re­
ector siza and potlICr .-.es were not. For example. the theo­
retical ckVntion time (VIQ) varied from 7.6 houri at RiYemat
10 49 hours al 01en1ea. The dirre.ences ia the ~ues 0( FIN
ratio weft .a.o of the same order 0( tnapitude • the deIentioa
time. 0.'1 day-I at Rivcn=rest and 0.032 day-· at 01en1a.

• Tk IppiOKh UICd by the dcsip CIlPnecn in d '11""
these Pants varied from an entirely empinc.t llPPloachin~
sizjna 0( the S8R radOf(I) baed on somewh8t~...
Iected detmlion times 10 .., appiOKh where IiDna of 1M ~
aetor(l) and~ equipmenl .... bMcd on the \Wucs«or­
pnic adina. F{M ratio. sluder: concentration II the end «&he
decant period. and durations 01dill'ermt periods com..... the
0'¥ef'ID cyde. Both appIoeches produced rdathay cona:n'a1i\-e
desips.

• Partial 10 nearly full nitrir.c:ation __ Khined in allDOIl

.11 facilities visited. aIt.houlh il was mandated at ont)o two
(Grundy ("mter and fJdonI). Operaton did DOl bd~ the im­
J*mentation oIa nitriblion control Slra\CIY was cfift'acuJt.. One
o(the facilities. Culver. Ind.. is currenlly mnoYina phosptIorus
bioIoIicaJly to~ less than I mIlL without any chemical
~ition. This il beina accomplished by adjuslina the opmtifta
"rale&)' to that .., aaaaobic (no Olt)'llm and no nitrites) fi8
period is followed by an aerobic react period.

• The operatina cydes (fill. react. settle) used at the facilities
were alto sianificantJy difl'm:nt. For example. the react pniod
\'llried &om 22 hours in Glma 10 about 1.5 hours in Riwmftl.

• The operatina ItrateeY used by some operators (Rh'ft'CftSL
GIen1ea.. and C1M:lctaw) invoived .entian durina the mcm fiR
period which. aJthouIh contrary to the recomrnendatioas 0/
Chiesa .nd Irvine.17 did no( necessarily mcourqe the P'O"th
«filamenlS to any Iipificanl depee.

• Beaux o(the dill'a~ncain the operatinllttaleaies.. pot'oW
usaee at these plants was sianificanlly ditrem1t from as bl' as
0.' kWh/ka BOO applied to 22.9 1cWh/ka BOD applied.

• Sevtftl types 01decanter mechanisms are used at IheIt ....
ci1ities. They ranee fiom an extternefy simple S)'IIem IJJal consists

J~~ LIB/U CF CFRCJ115:52

This study involYed identifyina opcmina SBR taeiJitia by
talkina with I/A coordina1OrJ 01 eacb ltate. equipment manu­
racturen.. and 1~'P'dCiJtaliYa0( canadian pro¥inciaJ p:noem­
mentL The consuhina eq.ineen responsible for dcsisnina
these facilities were aha identified. The enaineen were contKUd
to obtain imponant desip information tleli," now. BOO. and
NationaJ Poilutanl~ Elimination System (NPDES) re­
quirements. Bard on. preliminary analysis 01 the mformation
otM;ncd and diJCUSSions with the EPA. all four SBR facilities
operatinl in the U. S. were selected for poa-construction eval­
uation. Two facilities in Canada and two facilities in Australia
were also selected.

This list or sdect.ed facilities co\'Ued a ~. 0( conditions..
con¥entional SBR and ICEAS plants.. retrofits and bnnd new
facilities, different aeratioD systems. and difl'erent flow capacities
(Table 1). Ownen of these r..;litia.. c:onsultina enaineerina firms.
and rquJatory~ weft coat.lded to eIUbIish lChedules
for site visitL In addition. they weft requested to fcxward copies
of the dcsicn documents.. indudina facilities plans. NPOES per­
mits. plana and specifications. and 0 a. M manuals.. Allempes
were rNde to rev;ew these docummlJ before site visits 10 thai
the visits couki be efrectjYely used to obcain supplemental or
missin. information.

Site visits were made with the plant operators and rqJI'eJeJr­

tativtS or the COftIUltina en,ineerina firms on established dates.
A comprehen!ive~ questionnaire 'MIl used to record the
information collected durina &eJd visits. This was followed by
a thorouah review 01 the information collected. FoIJow..up phone
caRs were nwde to the plant operatinalUft'to obeIin additional
in fomwion if it WlII considered necessary to complete the eva)..
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ponanl from uother point of Yiew: it will brina tccbaolo&Y
from the raeuda realm 10 the pncticaIa~na.wfaeft it woukl
he considered a viable GP'ion by a pr1IIC1icinc eftIineer' delip.iftl
facilities. Unial thil;sdone rnost practic;ftI en&ineers may c0n­

tinue tobd~ that the ledsnolcay is in the~lCfttai lIlIeS
willi associalCd una:nainties of success and that their dients
lNIy tit riski.,. .heir inYCStments in usin, SBR for propueed
projects. This woukl be far from the trvtIL bec:aUle the ICd1no1a&Y
is no( only proven. but can abo be cost-dl"ect.iyc in st\'Cf'II apo
P/ic:alions. Communities IUdt as Ri~mest. OJen1ea. EJdcn.
T:lmwonh. lind Vamt. built SBR faciticies entirely out ortheir
own funds heause they bc:lie'ved no undue risks were associated
with this technolosY.

SUGGESTED Dy.sIGN APPROAOI

The literature is fuJI of methods and approllChes for desipi..
continuous-now activated sludile syslcmL Howe-wcr. no uncImf
lind easy pt'OC'edun:s holYe~~Iopcd for desiani"la" SBR
S)'SICm. The: followina illustntCCS one~ ntlionaJ~
proracb that can he UKd co desicn an SBR. A numerical eumple
with P'KlM:al aaumptions. ...her with reaIOftS for such as­
sumptions. is praented~ ..

I. CakuJale daily BOO Ioadioc (F).
2. ~me a 1U.i\.able FIM ratio consisaeal w;th the water

quality objec\iva aDd c.IcuIate M.
3. ~me allUitabie wlue of MLSS concen1ntion apectcd

al the end 01' the decant period and c:aJcu1aJe ¥OIume 0CICUIlicd
by &.he RUled mWd liquor JOIids (M) ba.t Oft the _ med
concetIlI'Itioa.

4. Sdcd the namber ofSBR tanks 10 be UIedaddetermine
the ¥Ofume occupied per tank by the mW:d liquor IOIids QI..
evlatod in Sl~ 3.

S. Dcc:ide the numba" ofopeqbna cydes petday and calculate
the ¥Ofume of liquid to be handled per dcc:nl per SBIlIaDk.

6. Volume of e8d\ SBR tank equals lbe W»hnne caIaaIa1ed
in Sf,ep 4 plus the ¥OIume cakuJaced in _ ,.

7. Asume a suitable SIR canlt dcplh and calculate area re­
quired pet ..nk: decide IenIlh and width.

I. Baed on the c:aJc:uIaUld lank an:a. dI«k the deplII orthe
decanted liquid~ to accommocbte the liquid "'OIU1fte

c:aJcuJated in Step ,. Make sure that it is reasonable (I to U
m). If noc... rqJa!t the~ ItepI «(or curnPe. iacraR the
area to reduce _h) unul re:atanable values 0( IeftIlh, width.
depth. and dealnt depth are otluined.

9. s-d 0t1 the final wlue of the tank ara. ddetmiae the
deplh 01' the II.. blanket nec:esu.ry to ea:ommodlte the YO&­
ume of II.. caJculaled in Step J. Mab sure it is reaonabIe
(about half the depth 01 the tank).

10. Determine the dally 01YJ1Ct1 rcquimnent baed on water
quality objcc:tiYCs.

II. Size -ention equipment baed Oft the cak:ulated Ol)'ln

requimnetlt 10 be .tisfied durina IIa'&led fiB plus ract time
provided ia the toeaI number ofoperatin, C)des per daydecided
in _ S. This can aho be done t.ed on satiltyinathe apec:fed
~,..en upcake ..... of the mued liquor.

12. Size decant mcchaaism and pipin.to handle decant YO&­
ume (seep ') dtn'ial the Ielcaed decant period.

Tbae IlqJI iDustrate oaly • simplified IJlPR*b. 18 a raJ lit­
UlDoa. many itetatne caJc:uJati0lll may be nee I rl ry eo aaom-

t"'.l~
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AREAS OF CONCERN

One a.ra of conoem is dear: there an no widely aca:pccd OC'

Mddy Itnown sundanis fOC' the dcsitn of SBR S)'SlCmSo. As a
result. every eonsu1tina enaineer~ the desian dilra-·
entJy and obtained a ddrcrern anI'Wa'. The result in one casr
was a smaIl ractor (detention time ofles than I hours) and in
another cae was a IatF readOr with a ddenUon time that was
u times Ionaer. Similar differences in other desian perameten.
such as F1M ratio. JOIids mention time (SRT). and cyde duo
~tions~ also noted al these facilities.

An equally sianilK:ant dil'ferenoe lies in the type ofdecanters
used at theIe facilities.. BecaUR all t.Jae differences are reflcdtd
in the cost of l"acilities.. comperisoD~ this process and the
continuous-flow activated sJudF fYI'CmS and other bioloP:aJ
syuems for waslew3ter treatment IX*S difficulties.

DiffeJeilc:es in the operati"l stnItqia are just as sipikant.
For example. Gkna uses a 2l-hour n::aa period in a 24-bou.r
~I c:ydc:. while R.i~ uses about I.' hours in a J-bour
C)Ide. 'Thee ditrerences no( onI)' aJIiect the size of the aeration
equipmeat. u a speciftod amount ofBOD must be satisfied dur­
in, the rcacl period., but alIo the opntina COIlS ola r.cility.

AU these variables aad variabona are lipific:ult ita a COIl·

eft"ecti~oessanaI)'Ii&. Thus. there is a need I'or standanfizatiolI
ofdesipt and operatina procedura. ~izIIion Is &110 im-

~one (':aed Yet1icaJ~ subme»p:d pipe to a &.tine
c;Iec:anIa'. An facilities in the U. S. expntcnced lOme difficulties
apcdUna thcir decanter mcdt.aaisms. btc:aUfle these pmnitwd
II one time or another. the MLSS to ent.eT the dccanui mccb­
anisln pipinl dw;", fill. mlet. and settle. T'hese solids~ di,..
charted durina dcanL and aft'ccud the dRuent qualit)'. These
problems haYe hem conmcd at some facilities and are beina
COfT'C'IC1ed at othc:n. At Cuivcr. this~m was solved by rt­

tumi", the efnuenl dun", the fil"ll I Of 2 minutcs orthe decant
pcnod to the aeration hasin thf'OUlh an automatic throe-way
valvc. ancr which time the dcc:Inlod effluent was diYCfted 10 \.he
dllori~ conlX1 Lank.

• Fivc of the ciahl planu used ;:. acntion in tM SBR Lanks..
two oW diffU5Cd air acntion. and one acd IkJati",-enlOe'S.
There Sl'Cmcd to he a pn:fc:n:nct- for jct aeralion bec:ause il~
vicks the l1ellih'lity 10 Nvc unmixed and unxralCd lilt. milled
only fill. mi~ and ac:r.lled fill. or any romhtnatioa 0( these.

• Al Chocuw , mill 0(a aliorric J'QIymer is eddc:d manually
once I d.3y: no chemicals a~ UJCd to usi1t in soCUlin, at any
o&her plant. ScnJcahility of &he milled IiqIlOC" at this plant seemed
noticQhly t-eftcr than Hut at some 0( the other plants.

Decamft' ~...._ ..... As indicated earlieT-. dec:an1er
JnClChanisms of varyinc compottics MYC been uted at these
facilities and with varied SUC'CtSS. Tbesc fl. from aliud open­

I endedsu~ pipe (Ri¥et'CftSt and GIenJea) \0 a bu,.
. dec:anter (Grundy Cenler. CUI¥Cf. Tamworth. and Vambl). The

- . Choctaw plant has a filled submcrwed pipe &rid with doJrty
~ inld nipples. which was 1a1« chanpd to a IintJe.-potnt

. llritbdnwal syuem because the oriPnaI dcsip permitted a sit­
nilicant Quantity 0( MlSS to enter this pipina arid durin, 611.
react. and settle. Eldon's SBR facility is also equipped willi a
filed dcc:an\er. but ~ a dirr~nt desilft.

A M2iled de!cTiption 0( the dift'et'e'Tll types ofdeanterl. Co­
Idher with lheir pros and roM. is presented dJewhere. I'
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T..... 2-PtMta ........... eumrnary.

C8nede """-d ...... Au• .,....

T8fftWOItI', .,....
QoatIlw, C2tuMr Ne.1cMft .......... ...

IUwera'" GaINM. ....., CuIww, VI........, ......... ....a...· ()t;1tiIMuA c.nt1I', .... .... 1ndIaIwa. W.. .....
~

OtIIoI ..... 511~ 6/1611S4 51XJ~ 8/11/&4 8/1~ 8/14/84 7/10/84 7/11{8~

~DeI9' l\IWIIQ8 90720 75S) 1.89 X 1(1 314 X 1(11I 83600 133 X 10' 2.02 x 10' 956 340
"(l..Jd)

~loedIng L<
900. rng,1.. ZW 251" 2tlO 366" 200 250 120" 1~ 260 ~

~SS.~ 200'" 152" 2tlO 35f1' - - 150"'" - -
~mg/l 37" M" 19' 15 2S ~ 35 10 40 -

I~everllQ8 22tlllOO 4~ 758000 302 x Ie- 831 eoo 1.37 X to' 2.02 Xla' -
... (l..Jd) 107 X tlJl 40(88)

(equtvIleoIl (~. r

I
Id) -

I DeInd ....... %
CJIIIIY

~ea>. trlQ/l TOC4O 30 20 30 30 10 30 30
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• All the plants visiled as a put of this study are pooduciaa
efftueDt ofacceptable quality with the aceptioa ofGnlIld)rCen­
ter. Iowa. which is .cxp:ricncinc problems wi&b Ihc clcaater
mccbanisrn.

• 'There arc no widely aoccptc:d or widely kJIooq aandards
for SBR dcsip. Consequently. then: wu • wide ,.. ia &he
dcsip parameu:n. such • deta\tioa time. ftM ratio. ud op­
eratina stratqies at the r.cilitics C\'tIua1ed.

• Dill'crent water qua.tity objectiw:s (CU'bon. aitroIen. and
phosphorus ft:moY&ls) are frequently 8Chiewd iJl an SBR by

,

P.1S98313999TO

• To ioaaIc raet lime. 0YenIl1aWb oIthc operatiaa~
does DOt aec:asariIy ha~ 110 beioa I CJOi ..... i4lidj"fh. Loaeer
"*' time requited tor aitri6c:alioa or b' the IRatdICDt o(bip
streIItlh waste. caa oftaI be~ by runniDl1he aemioD
equipment (or a porUoa of the ftII period (fill. mWd. and Iet­

aced).
• OpcratiDlII~ tor nitrifation and denitri6c:alion may

QO( necessarily be dilremlt: recopizina Lhat Ilitrific:atioa must
prec!de denitrif1c:atioA. identical operatiftlltr:l.... caD be n·
pec:ted if the 00 is reduced to las thaD O.S m&fL duriac Ilettk.
dcalft\' and MUe periods. Many planu are remcmna ni1l'OlllCD 10

some dqree~ tJIouIh it is DOt their treatment objeaiw: (Cal.
Yer. RiYa'mSt. GIenJa). .

• BecsUJe phoIphorus Ia1I<MJ requires an aMeJollic period
(uro 00 and laO oUdized Ditrop:n) I'oDowed by an anen:lbic
period (hiIh 00). a dea.itrifY;na I)'IICII'l is easily -sapeable to
phosphorus ft:moval.

The intepation of IhQe concepc.s ro; meetina difraalt water
quaJity objectives iDto alUCll:Cllf'uI opem.illlllnleV at aD SBR.
tmltmeftt plant is DO( aD CUCl tcicacc. But. IbiI is not uftique
10 an S8R. ContiDuout-Gow I)'IIemI flee the same1borIcom.
The ability of the opcdlOt 10 iDlep'aIe theIe OM elAl iato a •
suc:ass(ul lintel)' IClCIIII • IOOd ia an SBR pIut • ill • c::a. ~

tiDUOUI-ftow .aiWlllllIIudIe I)'IIaD. 10 1ftOIt C*I. can.tiIIuouI­
low IysSemS caa oaIy proyide lipibat ai..... aDd ....
phonas ftlductions by~QPCOditures oflDOllCJ reqaind for
c:onslrUCti,.~ ..vanad MIlle tIalnIeat Mlids, wbiIe
S8R planu caa .cmmptisb the same~ by IPPiGPIiaM
chuIeI io the openUq ...._.

CONO..lJSlONS

...,.. tIeWdI poIII"bIe Y&luel of MLSS e»oc:edbatioDl (.s4JOO.
1jOG. 10 000. foreumple). dilIiereDt BDmber0(opentina C}'det
per day (~. S. or 6), di\llUl lIow variatioDl, aDd dilJereat decant
bc:iIbts (I. I". &sid 2 m). AI a miDimum. it woWd be desinbIc
to c:bcdc it lOGIC of lhc more common cooti,.- Dc:ies can be
aa:ommodated dW'ina operatioo.

SVGGESTED MODES OF OPE..RAnON

Tbe S8R lCdiaolo&,y bas the ability to -=bie¥e BOD ranoval.
ni1ri6c2tion. derlitril1cation.. and mnovaJof~with Of

without cbemic:IJ addition by chanliftll.be operstina ....~
A rniew ol'informatioa contained ill Table 2 indic:ata thai no
two of &be p&aats evat..ted uted che same opcnU"I ....Iqy

c-.a lhouIb their objccti\'CS Mte simple(~ of800 and
suspended lOIids) and identical. If the objec:b~~ Clplnded

10 niuify. denitrify. or rcDIO¥C phosphonas"lhe Dumberof~
sible opcn&.ina C)dc:l will be further inauscd.

Nitri6c:atioa can be ac:fIieYed by providinaa su&ieatly tona
SRT (S 10 10 days or more) to enIUft the P'CJ'W'h of tlitrify;na
orpaisms aDd a suJ&cicot acnaed basin ~ume at DO conca·
tralioA Idr:q\I8IC for Ditri6c::lllioa (2 maIL). For dtII.ilri6<:alioa
'9 oexur. on the 0lheF haDd. an anoU: bMla or anoUc period
iD.an SBR is~ (piucuc:e 0(aiU'a&a, but at.mce 0(DO).
l(.Chae concICUoaI are achiewld aqucnUady ill an SBR, Ilitiri­
fic:aIioD will ocaar tnt a.od be followed by delitifatioa.

PboIphoI us can be ft:1DCMld ill aD SBR by ......."taDt ldditioD
and pnlCipiLationu or bioIoPcaUy without chanica! addition (as
is done at CwYa'). BioIoP:aJ mnoY&l 6na rcquiIa an aoacrobic
period (the~ofDO and oxidized Ditt'oeea), duri,. which
aoeenous eIcdJoa donon (the subllrate) are pn::Ient. This period
should be f'onowed by an~ period COO praent) wNdI
proa1OUS luxury uptake ofphoIphorus by tbe.,~mas. This
priDcipie is the t.sis for implemcntina aD ....opc.Ie a:)GlJ'OI
SU'atlCY ill an SBR. to ft:rnove~widIoat addi", cbcm­
icalLJI

ThcIC principles cu be UICd 10~ difticmn operatiq
Illaaq)cs for dilrCRnt~ quality objecti'U One sugesled

Itn~ for cae" 0( the In'enJ common water quality objecti ¥cs

is sbown in F"'IUft: 3. Bear in mind \hat:

• In ali't'en plan\, fill time is a function of the plant Row ~te

o~ which the opentor has DO control FlU time will be less at
hiah now and vice \'a'SlL
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the biothane advantage

PROVEN R£lJAB'UTY HIGHLY SET1UABlE SlUDGE
More than one hundred .....Develops remar1<oble sludge
industriat-scale plants now in -granules which are characteristic
operation throughout the world. of the Biothane process. Greatly
MAJOR REDUCTioN IN BOO facilitates biomass handling. .

Over <;()% In most applications. STABl£ OPERATION
Signiflcantfy lowers municipal Resists 4):Set from valety of
surcharges and Improves wastewaterpH. temperatue and
operating efficiency of on-site COO load cordtions. System can
secondary treatmentsystems: remain dormantdJtlg factory

'c:i<Mtntine'withoutaffecmg
Mure perf0rrn<:J)C8.

mma_

the economics make sense'.
BIOGAS RECOVBlY
A 1.0 MGO flow of wastewater
containing a COD
concentration of 6fI:JJ rng/l
can resutt in the generation of
methane approaching 300.000
cut*c feet perda¥(2700
therms). This can realize savings
of 620,00) gallons of fuel oil in a
32O-day operating year with a
value of 550),00),

REOUC8)~A~ ASSESSfte{IS
An industry paying 570 per HID
Ibs BOD discharged with the
aforementlonedwostewater
characteristics can save as
much as 5700.000 per 32O-day
operating year. Even larger
potentidsavi1gsCOl beaccrued
wlthtlg1er-b:x:ted~

t,
0PERA11ONAL SAvtIGS _A

VelY~energyconsumption.
srnpIcftYO(operation end-·
mcintenc:JrlOeald the low

.. prodUctbn 6fbJomass makes
.possible sthstarl1tolsavings
rebttve to treatment of. waste­

. waterby~.~),:stems.
". ....,..... ~: ';

..;, ....

(COY8l'photo) thecCJrTl)Od
BIofhane systemc~ ot fou'
covereddlgesteB (leftcenter)
hstoIedatArheusef-8l.ech 's
BaIdwInsvtIe,NewVorlc bfewefy
removes more than 9m. of the
organic poIIufOnfscontalned h the
NgtHtrength wastewater ptIor to

. ftnoI polishing In the large aerobic
baslns and dOItfIers...the Inset graph
t-4gh1ghts the excelent treatment

.efflciency byPf~Inftuent ond
. 'eltluent SCOO data through the

O108fob!c dgesteB tor ttYee
monthS foIIowtng stat~ ot the
mo~system.

. . '.....
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Slate-ot-the-o1
rNCrcx::roce5SOf
rn()(1Itonng and
conlToi makes the
Biolhane Dl'ocess
e<::EV 10 ooerate
and mal'1taln and
aeoW'; !Of fast
automated
response to any P<Jtenlid problems to hslse
bng -term svsrem stabllty.

# 1 Biothone systems come In VOfious shapes and
sizes. This compact concrete structure located at
The""J:M.SmuckerCompony is compartmented to
contoln 0 f:i:JJ mJ digester vessel. 0 200 m'
conditioning teric. 0 sma" suPlus sludge vessel. and
the eqLJipmeot <rod control buldlng pictured
towards the front right The common wol
ConstructIOn Is ocOOOfT\lCal and procllcal tar system
L.refS WIth hQ'1 was1ewater flow and relatively low­
strength Ofgooic load The Biothone locilty at The
J.M Smucker plant is desjgned to treof 0 COOIood
of~ Kg/d ContOlned In a flow of O~ MGO.

#2 The gIeaTrog sliver structure to the Ie" at the
pICture IS a 200 mJ Blolhone package plant hstoled
fa treat wastewater from frozen yOQI.If prodJctton
at Colombo. he. Thls package clgester concept II
1dea110f system l.lSM wtlo hove organic Ioods of
less than tnXJ KO Id COO. The smoI equipment ond
control buttdhg Is located to !he rIglt of the
digester. and the It>efglass domed roof of the
UDSlTeam condtlorYlQ tor* Is visible In the
bocl<grOl..l'1d. The system at Colombo is desiQned to
treat 2lXXJ Kg/d ot COD con toned n a now 0101
MGD

13 The tw1n 2~m' d>gesters at Eagle yeast eoch
treat 26CXXJ KQ/d 01 COD contained in a IIow at 03
MGD This New Jersev focility utiliZes the generated
blogas to~ a ma/Only of the enElfgy requited
In the rncn.J1octumg 01 rts baker syeast product
The system has been In ooeratl()() SInCe 1985 and
routhely OC~I/esa Q(]% BOD removal efficiency

. The concept 01 parallel dlQ9Sfer ooerotiOrl
- ntrodoced so successtlkv' at Eogie yeast has been

l.J5ed subseQuenlty in severa/large BIolhone
treatment Installations

#4 The Blothale process offers signitlcont enefgy
sovlngsc~ to oeroblc treatmef'lt systems.
The generotton 0( combustbIe bIogos rich n
methcroe GO"' be utlred by the production foclity.
and the ~.IPOce~tf\clent.proceS\hydr~
and controls teQlke~ horsepoweI" to ooerate
and con be sldd-motIlted
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the sett1ers...the innovation
that makes the difference
The specially designed patented internol senter ;
sections form the heart of the Biothone digester.
Based on fluid mechcr"llcs principles. the settlers
funct10n to degassify the biomasS and impart a
downward impetus to the sludge granules. lhe •
Biofflone pl'ocess thereby enjoys the pronolXlCed
advantage of long biomass retention trnes coupled

with very short hydraulic retention times.
'-' ".. ,-.'
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BREWERY WASTE WATER:
ECONOMICAL AND TECHNOLOGICAL

EFFECTIVE TREATMENT

BIOPAQ
ANAEROBIC TREATMENT

EFFICIENT, RELIABLE, BIOLOGICAL

PAQlJES
fNVIRON~HNrAl HCHNOlOGY
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BIOPAQ, THE TECHNOLOGY OF ANAEROBIC TREATMENT ­
PROVEN RELIABLE IN BREWERIES TOO, ALL ACROSS THE
WORLD!
Breweries are more and more being affected
by legislation requiring the improved treat­
ment of waste water. The standards set for ef­
nuent are becoming increasingly stringent.
Preconditions applying to such matters as the
limitation of sludge production, energy con­
sumption and space consumption are playing
an important role. The reclamation of energy
has also been demanding increasing attention.
PartJy IS a result of practical experience in
breweries. the Biopaq process has developed
In I relatively short time Into the world's most
widety applied method of anaerobic treatment.

WHAT IS BEHIND THIS SUCCESS?

Through fundamental and applied research. the fo~

lOWing hypothesIs was confirmed: as a result of
carefully controlled processing conditions. anaero­
biC bacteria can effectively break down organiC Im­
purities In brewery waste water. BlOpaq technolo­
gy offers the right processing conditions.

BIOPAQ: THE ANAEROBIC TREATMENT OF
BREWERY WASTE WATER WITH THE BIOPAQ­
UASB SYSTEM

Brewery waste water IS charactemed by a high
BOD/COD ratio (O.6·0.71 and a Widely fluctuating
compOSition. Treatment WIth the aid of the Blopaq
system has proven to be extremely eHectlve and
reliable. AnaerobiC bacteria are distingUished by a
substantial capacity for removmg COD. In the heart
of the Blopaq Installation. they reduce the fatty
aCids In the waste water to energY-rich methane
(70-80%1. carbon diOXide (20-30%) and a small
amount of cell matenal (\-5%), In spite of the fre­
quent Influent peaks. water treated In thiS way has
an extremely uniform quality. An Important aspect!

Waste water, sludge, the production of
methane gas and treated water:
the principle of the UASB reactor

Granulation

Ageregation of anaerobic bacteria in UASB
granular sludge

BREWERY EXPERIENCE LEADS TO SIOPAQ
INTEGRATED TECHNOLOGY

Since the early eighties. a tremendous amount of
experience has been developed worldwIde WIth the
BiopaQ process. By virtue of Its ability to eHecti­
vely handle the variations in COD In the waste water
supplied. the BiopaQ system produces an effluent of
stable Quality. This makes possible an exact Sizing
of any form of post·treatment. Moreover. the
objective combination of the benefits of various
systems is an important opbon of BiopaQ Integrated
technology.
Aerobic? Anaerobic? Usually both - since brewery
waste water is relatIVely easy to decompose. The
anaerobic reactors can achieve high yields. a ca­
pacity which makes subsequent aerobic treatment



relatIvely easy and Inexpensrve. Moreover. It IS well
known that anaerobiC preliminary treatment
substantially eliminates the familiar bulking sludge
problem. This simplifies the aerobiC post-treatment
of the eHluent.

Bavaria brewery

A PRACTICAL EXAMPLE

At a brewery With a productIOn capacity of 1 million
hi/year the COD load IS about 6 tons per day
TraditIOnal treatment of waste water reqUIres 275
kW of DOwer for aeralion. The amount of sludge pro
duced by thiS traditional treatment IS ~ery high
2000 kg of dry material per day. corresponding to
J volume of some 200 m3 and after mechanical
thlckenmg. to about 100 m3 (thus 6000 kg of well
dissolved and reaOlly degradable material IS con·
verted to 100 m3 of dIHlcult·to-dlspose-<lf sludge).

AnaerobiC treatment. combined With aerobiC post·
treatment results In substantially better values:
· a total of only 40 kW of power IS needed for

aeration:
· a methane gas production results In about 150 kW

of power or some 18 tons of steam per day;
· the residual sludge (from the anaerobiC reactor) IS

reduced by 90%. to about 200 kg/d.

A SPECIFIC KNOWLEDGE OF THE BREWING
PROCESS PROVIDES THE BASIS OF THE COR­
RECT TREATMENT CONFIGURATION

BUilt Into every B,opaQ system are the years of ex·
perlence In a broad range of breweries. No two
breweries In lact operate under exactly the same
conditIons. A specifiC knowledge of brewing pro·
cesses combined WIth a specifiC knowledge of
treatment technology results in opllmum systems.
PAQUES has bUilt up so much experience In the bre­
wing world that pilot research IS not usually
necessary. But since brewing processes can be
considerably speclahzed, and waste water can vary
substantially in compOSition, pilot studies are of
course regularly conducted at many breweries. The
chOice of on-the-spot pilot studies and/or research
only In the laboratOries IS Important.

The fact that PAQUES provides a whole range of
treatment technologies assures that the highest
degree of oblectrvlty IS used to develop the recom­
mendations resuillng from the pilot studies. In thiS
way, a PAQUES analySIS report becomes a
management tool of the first order.

THE WORLD'S TOP COMPANIES USE BIOPAQ
TREATMENT but small producers of special
beers have also learned to profit from this
PAQUES technology.

In mld-1992. more than 30 brewery concerns had
BiopaQ treatment systems. Well-known Quahty
brands set the trend while smaller speclahst
breweries likeWise recogOlzed the possibilities and
advantages. Example: for the productIOn of about
60 million hI/year PAQUES has realized more than
35,000 m3 of reactor volume. With a combined
capacity of 6000 m3/hr.

Polar brewery· Caracas, Venezuela

Pipe lines at Francaile de Brasserie

'W11I'1f_ i"
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BIOPAQ INSTALLATIONS FOR BREWERIES:
MODULAR SYSTEMS WITlf OPERATIONAl RE­
LIABILITY

Of course, success does not depend only on the
process, but also on the way that process IS applied
In practice. The flow diagram of the anaerobic
Blopaq Installation IS adjusted to this. This approach
ensures optimum operallonal management and at
the same time leads to lower running expenses.

Modular system - B/OPAQ-UASB reactors

The modular system guarantees a maximum
flexibility of construction. In other words. for
every production capacity. Blopaq technology
oHers the right treatment capacIty.

The flow diagram below IS a universal model.
Conditions dlHer at every brewery, but three
elements are always present.

1. Solids
Blopaq anaerobic treatment IS eHectlve In removing
COO. A preliminary treatment, however. IS some·
times necessary to remove excessive amounts of
solids. A careful analySIS of the treatment of
solids at the brewery (yeast. trub. spent grains)
determines the preliminary treatment needed to
avoId unnecessary primary sludge formation.
An Integral applicallon of blotechnologyl

2. Pre-treatment
Part of the organic compounds must be converted
to fatty aCIds In advance. An analYSIS of factors
such as beer losses. the cleaning agents used and
pH fluctuations IS essential for determining the cor­
rect pre-treatment retenllon times.

3. Methane Formation
The pracllce-based development of the 8;opaq pro­
cess In brewerres has shown that our procedure for
the treatment of diluted waste water (low COD:
1000-1500 mg/lln a temperature range of 18­
25""C) also achieves good eHlclences.
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Flow dla,ram. the principle of II Biopaq System. CI6IIrly shown ;s the UAS8 rellctor.
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Monthly averaged COD concentrations In the UASB reactor Influent and effluent for the
period January 1989 - March 1992

Specific brewery indicators for the anaerobic treat·
ment of wastewater with Blopaq.

orcanic load 1.S-2.0 k& COO/hl
~Ice needed 15().250 m2/milrlOfl hi

energy production IS-25 Mj,t1ll

sludCe production 1().15"It of aerobic treatment

MerCYc~ 1().15"1t of aerobic treatment
number of ructor modules

per milion hi g-II modules/miJRon hi.

CONVERSION OF EXISTING SYSTEMS

The rate at which breweries are being compelled to
modify or completely replace their old treatment
systems continues to accelerate. We regularly
convert other eXisting anaerobiC systems or replace
them With a BlopaQ Installation.
(Note, a malor reason for thiS IS the fact that the
BlopaQ-UASB reactor IS not subJect to corroSlOnl

SERVICE AND BIOPAQ

BreWing processes demand a high degree of rella,
blhty at all levels, hence In the waste water treat·
ment phase as well. ThiS IS why our customers are
glad to know that they can count on the excellent
service provided by PAQUES and its licensees. At
all limes. everywhere. worldWide. Buyers of a
BlopaQ system are making an investment In the se­
CUrity of a rehable system and a rehable suppher.

THE UFE SPAN OF A BIOPAQ SYSTEM

BiopaQ systems derive their economic value from
their COD reduction capacIty and working hfe.
Thus. the life span of our UASB reactors exceeds
that of traditIonal steel reactors many times over!

.. __--~·-ID

Practical experience has resulted In the BlopaQ
system being constructed primarily of synthetiC
matenals whIch are virtually unaffected by anaero­
biC conditions.

[.

L,~__ ~"_""
Corrosion·free long-lasting seal for BIOPAQ
reactors

Biopaq • visible quality on the outside too
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PAQUES - THE PEOPLE BEHIND BIOPAQ

PAQUES occupies an important place in the
world of environmental technology and engi­
neering. Underlying this leading position is a
clear philosophy,

.'

The environment in focus

All our dealings are based on the following
mission statement: 'PAQUES aims at serving
its customers and the environment through
the development and realization of profitable
and high·grade treatment engineering',

In achieVing thiS obJective. the company has been
successful on an International scale A coheSive
network of licensees· the people we see as our
partners· has been bUilt up and PAQUES engineers
can regularly be found on location. There IS an on·
gOing program of training pro,ects for licensees and
their employees
A relatively large number of our personnel has a
univerSity or comparable education. ThiS top level
training. combined With our realistic approach IS

highly regarded by our customers.

Waste water treatment at Heineken Brewery
's Hertogenbosch IBIOPAQ-IC installation)

Turnkey Experience
The turnkey projects that PAQUES has
designed and implemented, particularfy in the
Benelux and France. have provided a wealth of
valuable know-how.

To thiS end, of course, PAQUES has Invested
conSiderable sums In research and development.
ThiS too contributes to the success of B,opaQ.

PAQUES BV is engaged In the further development
and marketing of Environmental Technology and
Enwonmental Systems. We maintain close contacts
With various Universities and research institutes.
Indeed, teamwork In the broadest sense of the word
IS the key to achieVing our goals,
, .

Bavaria brewery; waste water treatment
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Mr. Omar Godoy Paolini, corporate manager of special projects, Polar brewery, Caracas, Venezuela

"The Polar brewery was obliged to select a technology that not only was capable of efficiently
treating It'S wastewater, but could also be erected In a Iimrted area located In metropolitan
Caracas. Several technologies were evaluated and only after extenSNe research and travel to
Europe and the USA Paques B.v. was selected to participate In the proJect.

PaQues engineers and blotechnologlsts collaborated with the Polar technical department In
an harmonious and ethical manner to develop a sUitable waste treatment concept. The tech­
nical support supphed after start-up was Instrumental In resolving problems and assunng the
stable operation of the waste water treatment plant.

Taking Into account several factors associated with UASB
reactors such as the low operating costs. small area reqUi­
rement and minimal sludge producllon. we consider that the
combination of UASB pretreatment and aerobiC post-treat·
ment of brewery wastewater offers many economic and
operational benefits. For these reasons we are recommen·
ding thiS treatment combination for the expanSion of our
eXisting aerobic treatment faclht,es at our other three
breweries.

In conclusion we affirm that the Polar brewery In Caracas IS
very proud to display as an example to the Industrial com·
mUnity and the EnVironmental authorities an Industnal waste­
water treatment plant that succesfully complies not only with
the technical expectations but also presents a clean and
neat appearance without bad odors or excessive nOise.·

Caracas 18-08-'92

M. Gerstner, brewery director, Francaise de Brasserie, Mons en Baroeul, France

'Our wastewater treatment plant was started up In the spnng
of 1992.

The brewery of Francalse de Brassene IS situated In the
urbanized area of Lille (France) and our process water con­
tains relatively much sulphate (250 mg;1l. For these reasons
we reqUired an odourless Installation. and anaerobiC effluent
without sulphide to aVOid nUisance when discharged.

The combination of a BIOPAQ anaerobiC UASB-reactor with
PAQUES' sulphide technology enabled us to treat our waste­
water on site and discharge the effluent on the muniCipal
sewer system.·

".11_ r.. T
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The plant IS highly automated and operallon IS

controlled by the brewery PLC. uSIng monrtors WIth
light·pen. SItuated at vanous ronts In the brewery.

The two reactors are anllcloatlng future
expanSion of the breWing caoaCity

The little area available was used effioently by
plaCing (off·) gas· handling eaulollJcnt. rotating Sieve
and fiare on top of the preacldificalion- tank. The compact
set·up used lust 825 m2 for treatment of 6100 m3/d.
SpeCial care was taken for treatment of off·gasses to
aVOid any nUisance by the olant

The successtull coooeration between Polar and
PAOUES resuned In aUniQue conclUSIOn to the prolect.
Polar carned out amator part of the construction of the
plant themselves. aSSl~ed by PAOUES' technloans
PAOUES was responSIble for deSIgn. englneenng and
lechndoglcal asoects. and tor aelivery of the malor
Important rtems 01 the plant

1_..--

UASB REACTOR ..

UASB REACTOR

BUFFER TANK

..._-.~-----------------------

AIR TAEA TMENT

l1:-"
INFLUENT SCREEN CHEMICALS ~II J .------,-----r---<§~"~ ~

~

One of the lour Polar brewenes was founded In
~ 951. In the area of Los Cortljos. Caracas. Venezuela

Today thiS brewery IS SItuated In the middle of a
r,ghly urbanized area. capable of produang over two
f'1lllion hliyr of Venezuelas most popular beer Due to
:~e lack of area available the brewery swastewater (6
~I;hl beer bottled) was not yet being treated
:leroblcaily. unlike the other three Polar brewenes In the
:ountry

in troe develooment of anaerobiC technology for
:w concentrated wastewaters bv anlan rate process
::olar saw asolution to change tne eX~Sling Situation.
:Inc aeCided In 1986 to use thiS new teennology In
•eneZLe!a

Tr.e wastewater was discharged from the
:rewery Into amain sewer. wnlcn !OIned anver croSSing
::-e City

"roe BiOPAO! orocess enabled the brewery 10
:~e'ireat tnetr wastewater removing the bulk 01 organiC
-alenallnstead of dlscnarglng It Into lne enVIronment

Design
Wastewater
COD load kg/day 17.690
COD concentratIOn mgll 2.900
Flow mJld 6.100
UASB reactors 2
Volume mJ 1118+950
Loading rate kg COO/mJ day 8,6
COD reduction anaeroblc % 80
HRT hrs 8.4
Temperature °C 30-35

Gas
Production mJ/d 5.800
ComposrtJon %CH4 85
v. __ .: . __ '" .,._ ."'::'''i

.... :Ji.j~- .....,.
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2.050
1.500

25-35

Design

SLUOOE STORAGE

kg/day
mgil

~i
_0

kg COD/m3 day

~
.,..., GASFLARE

Waste-water

GAS8UFFER

COD-load
COD-concentration

Volume

Flow---------=-----_.....:..::..:..:
UASB reactor

end of 1986 Although baSIC and detailed englneenng
began Immediately. actual production could only start In
August 1987. because 01 delays by local government
procedures

Upon completion of the construction. the plant was
started-up and commiSSioned dunng the summer of 1988.

The rectangular BiopaQ modules are used in thiS
plant Together with the rectangular shaped pre-acidifica­
tion tank. sludge buffer tank and service building they form
aneat -bungalow' treatment plant. hOUSing alilhe relevant
parts

As an eXisting voluminous sewer was used as a
buffer to cope with hydraulic and COD shock-loads. only a
200 mJ mixed pre-acldificallon tank was required. The 300
mJ B,ooaq anaerobic reactor with arectangular BiopaQ
modules has avolumetnc loading rate of 7kg CODfm3 d.
The Incoming COD load of 2.050 kg can be biodegraded
with at least 75 per cent effiCiency

The 100 mJ surplus sludge tank IS equipped so that
future pollullon Increases of up to 35 per cent could easily
be handled by Installing two Blopaq modules to convert It to
areactor

Temoerature 'C

Loading rate
COD-reduction
,- ~-- - -~--------~ ---,--~------ .._----~ ------

HRT

UAse REACTOfl

Gas

._-----
~--=---:~~~

'NFlUE'lT,1;FFlUENT SUMP

_ PRE AClD,nCATIQN
TANI<

I • -•.--- '---1

I 'I----<,-.--~~

J;,

In 1615 the gUild master Peter Cuypers founded the
anginal Grolsch Brewery Today. Grolsch has prOduction
facIlities In Groenlo and Enschede and IS among the
best-known major beerproducers In the NetherlandS

The comoanys annual production of uo to
1.750.000 hi of beer Includes about 750.000 hi from the
Groenlo operallOn

For every hi of beer produced. some 3-4 hi of
wastewater IS produced which results In atolal pollution
load eoulvalent of apopulation of 12.000 people

The wastewater of Grolsch Groenlo was treated In
the muniCipal treatment facilities but the levies were hloh In
particular the sudden modification of the Dutch Model
regUlation on Pollution Levy January 1986. caused asteep
Increase In the company swastewater costs

Because quality IS agUiding pnnclple at Grolsch.
the comoany was determined to hnd the bp.st poSSible
solution 10 their wastewater problem Initial contacts
between Grolsch and Paques had been made In 1984
FollOWing the levy Increase. Grolsch deCided to Install a
Paoues 3mJ reactor pilot plant. This SIX month tnal showed
that the wastewater from the brewery (Grolsch has no
sohdnnk production and no malting facIlities) was very well
anaerobically biodegradable Based on thiS result ahnal
deSign for the full-scale plant was made

The p,anl was ordered for completion towards the

360
CompoSItion %CH4 80
Year of realization 1988

llii Ii_ i"~' ,..-- -..........----
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Brewing
ference LJein~ that the small-container
pasteurized during packaging. . 7

Beer brewing consists of four major
First, kilned germinated grain <called m
well as a nongerminated cereal prod
treated with hot water. This dissolve!:
and allows enzymes, introduced by the
convert the starches to dextrins and malt

The resulting solution, called wort, is'
with hops, which impart beer's chara
flavor and aroma. Then, the boiled wort is
combined with yeast, and allowed to ferme
ing fermentation, the yeast converts t~

sugnrs to alcohol and carbon dioxide.
Finally the beer goes to storage for I .

or maturing. It is carbonated either d '
after storage, and then packaged.

Here are the specifics of how Schaef
des out this operation at Brooklyn.· .
~ Making Wort-Typical of U. S. brewing .

jr.,
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~;>. ·.:What's Doing in Beer
• of ..• r ....

· Z~·:·':j. Graiu products, hops alld urater CU11IUillC
~~.~ .•~; c':" iu this gleamiug brewery to yield a popular,

n" ....
. • .~i::<:- :" lou~.lJollo,.ed thirst ({ttcucher.

·~~_:->. N.·P. ('HOPEY, AuuLant Editor

~~:'i-'2'··Though often not thought of os such, beer urew­
~~:~: '~l Ing is a genuine, full-fledged branch of the chemi­
.!:~~::/:,~"cal process industries.
.~~:/. . One successful representative of this field is
~~(:.< 'the F. 1\1. Schaefer Brewing Co., Brooklyn, N. Y.
~:::'.',>.' Long. a marketer on the Atlantic Coast, the com­
..:.:~',"';. pany has recently extended Its coverage by start-

~::-~:'\: ing to market in Ohio as well. 0, •

~: :..~ . .: . Annual output.· of Schaefer s brewery In

. ~~·'<o!.-· Brooklyn is close to 2.7 million bbl./yr. (83.7
~~:0.:~;~·mil1ion gal.!yr.). 'M?st of this is sold in bottles
~~.::.<.~.: 0 or cans, the rest in kegs; the only process di!-
~.~.t........ ~ .

~¢.::?\? •.-------V f Id-----....il~:.!.~~~.; . .. JI 0 )-
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Ikl~'1\ plant processe3 harley malt. This
ds to ;t roll mill similar to a flour mill and
x roll,;, Particle distribution of the milled
uch that lor;, is retained by a 14-mesh
ld 30 '0 by a 30-mesh screen, the rest
)()th screens.
Itch of milled malt mixes with 130 F.
Id the mixture drops into a horizontal
Ii ves,'iel known as a mash tub or tun.
lwhile, wet-milled cornstarch, called
)rewers' grits," feeds to a similar cooker'
'ere it combines with 130 F. water and
lund malt; purpose of the latter is to
he mixture from becoming too viscous.
~raton; introduce live steam, and the
boils for about 10 min. to dissolve the
tesulting solution enters the mash tub.
, a helical, ribbon-type mixer agitates
ure. Then the latter rests for about
~ar 160 F., allowing the enzyme-induced
.1 to occur and produce wort.
t Wort-After this conversion, the mash
ate-and-frame filter presses that separate
.solver! grain constituents.

, '

The brewery has four of these presses, each of strainer vesseh
containing 58 chambers. Many brewers carry out which contain an
this filtration in false-bottomed vats called lauter talns spent. hops
tubs. Schaefer uses the filters because of plant Strained wort the
space limitations, but also believes that the filters .. Fermentation...;...·
achieve better separation and higher yield. Though ,wort.· is line-ble'ric
they incur' greater manpower costs at present, ,through:a ,:shell-'
the situation will be alleviated next year when cools the' solution
the brewery automates the filtering operation~', ' '12%dfssolved,e'Xt

, The spent grain is sparged with ,water; then ; line-blends',with';::
the wort goes to'one of six orew',:kettles, having: goes;to on';~o{i-f

-an average capacity of 18,600 gal.,- .that contain· :·' ..·.:··These eac"{ll.
steam coils and also a steam-heated percolator.' 'tain' the mixture

To brew a batch, operators' first introduce' mentation to star
water to the kettle and apply heat through the' fermenters, leavin
coils. Then the wort Is gradually added and the. proteins. and hop'
percolator turned on. Hops also feed to the kettle, ' ,-, The ;~c1osed __
and the mixture brews for about 5 hr. at roughly about 85,0'00 gal.,' :
212 F. and a pH of 5.8. ' -::' ';"..' 'controL' Ferments

This brewing sterilizes the' solution, inacti~"to six"daY8, its'p
vates the enzymes, extracts flavor from the hops,', beer's -'speclfic eTa'
and completes the_ reactions of. the malt sugars ,~. Carbon dioxie
and malt proteins. ' .' to apurification ar

Hot wort next passes through one of a pair': is 'now modernizL

. ,.. ._..': ..- ~ . ~.
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f strainer vessels, about 8 ft. din. X 12 ft. high.
'hieh contain an inner. perforated wall that re­
ains spent hops but allows the wort to pass.
trained wort then goes to a surge tank.
Fermentation-Upon leaving this tank, the

'art is line-blended with sterile air,' then sent ~.)~... ' (':~:~>'.-; : .;-.:<~~~ \~
~roll~h a shelJ-and-tube heat exchanger that Schaef~r Is ~n~"otthe'f~w iar~e' b'~~~~r"ieB;iri~
Jol3 the solution to about 50 F. Containing some the U. S. to carbonate its beer '''naturally':. during 'L

2~.;. rli~solved extract at this point, the wort next stora~e. This. ~roc~'ss;; c~I!~:~raeusenlng~1~5a_et~~
ne-blends with yeast slurry, and the 'mixture .comphshed .bY.lntrod,:,cfng~~··small 'portlon;~und*:r~~'

oes to one of a series of open "starting tanks." 20?'o, ;~o~ .new..~,' ~:~r.7:,~I~·~c~!~ \"fiotn; ,the.. ·. s_tarti_nli~·~.
These each hold about 50,000 gal. They con': tanks;' as .the new. beer fennents·m the stor"get.::(.:.

lin the mixture for up to 18 hr., allowing fer~' .tanks: .it carbonate~,~.th.e b.atch.~~ Batc~. t~~pe:~~~'!t!·
lentntil.n to start. Then the beer goes to closed ,ture'In storage starts'.'around-4S F., then··rllies"t.-'J­
~l'mentl'rs, leaving behind a residue of coagulated ,during' the' fermentation .. For the laBt"portlojf'of
rote ins and hop petals, called trub. ' .. .. 8torage, It Is lowered to about 82 F.. ':.;."~""

I . • " .'

The closed fermenters, typically'i holding~ .: . The beer is finished for packaging' bY,:.~oo
'out 35,000 gal., have brine coils for temperature: to 29 F., then being passed. successlveJY..t.tlii
ntrol. Fermentation takes place in theql- for uP'" it .leaf filter, a tank and.a 'cotton-pulp~filt

I six days, its progress being "indicated .by.·the~~·,-!:;;,: Schaefer's brew~kettl~larecof.~p

~er's specific .gT~vity and temperature:"]l .. ','::~ :.:.: )he Iin~J6t:handli~i~~n-:p~~~~i';' .
Carbon dIOXide comes off overhead and goe8~'~and-frame~wortcftlterB~r~ica8t'lron.

I a purification and liquefaction system.'·Schaefer:: :plant' equlpinerit~·lnclualhg;Ihe:ftrtI8hid~D~t:.I ~
now modernizing this operation," ins~lIing a'" "are's~ai~less :.st~ei.~:;:·~13.~tr~~;.::'r'~·~~{;,~r:.~~~~ •

. , . ~.d· t·· ~ ~•. ~
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SECTION III

S.I.C. 2082 MALT LIQUOR

Industry Description

The malt liquor industry in the United States is the world's largest
with total sales of 17.4 million m3 in 1973 worth $4.3 billion. Per
capita consumption was 112 l/yr in 1973. The brewing industry i~ a very
heavy user of water with about 100 facilities discharging in excess of
230 million m3 of wastewater/yr (67).

Breweries are scattered through the United State~ with most large
facilities located in or near large urban areas. In recent years, the
southern states as a geographical area have shown the greatest percentage
increase in production but the north central states still account for
45 percent of the total U.S. brewing capacity. Table 1 gives geographic
distribution of U.S. breweries.

TABLE I. GEOGRAPHIC DIST~IBUTION OF BREwERIES AND CAPACITY, 1974 (39)

Pl alit Total Year Llpaci~y

Region Numbers Percent 106 m3 (106 bb1) Percent

~~orthe~s t 30 30 3.67 (~1. 3) 20

North Central 30 30 8.34 (71.1) 45

South 25 25 4.69 (40.0) 25

West 15 15 2.03 (17.3) 10

TOTALS 100 100 18.70 (159.7) 100

In recent years, the trend has been toward more production with
fewer faci1ities. In 1967, 185 breweries produced about 12.7 million
m3 of beer and by 1973 129 breweries produced 17.4 million m3. This
trend will likely continue. As a whole, the industry is projected to
grow at a rate of 6.7% per year making shipments worth $7.3 billion by
1980 (67). This growth will result from an increased number of people in
the 18-44 age group.

5
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Production Methods and Wastewater Sources

The basic processes and raw materials used t~ make beer are quite
standard throughout the industry. A general outline of these procedures
and the resulting wastes is given below. A proce~s diagram is shown in
Figure 1.

Th~ brewing of beer is a batch process. First. the cereal grains
(rice or corn) are cooked to solubilize the starches. Then. the grains
are mixed with malt to allow the malt enzymes to convert the starches to
sugars. This mixture of malt and grains is referred to as the "mash."
The mash is sent to the mash filter press to remove the spent grain which
is a val~ab1e by-product. The remaining clear liquor (wort) is sent to
the brewrkett1e where hops are added for flavor. The mixture is boiled
to coagulate the undesirable protein (trub). Th~n. the hops are strained
out in the hop jack and the wort is pumped to the wort cooler where the
trub is removed as a sludge-like sediment. Frequently. the cooled wort
is filtered with diatomaceous earth to remove any residual trub. The clear
wort is sent to the fermentor where yeast is added to convert the sugars
to alcohol and carbon dioxide. After the fermentation is complete. the
exce~s yeast is removed and the beer is cooled and placed in primary storage.
After sufficient aging in primat'y storage, the beer is filtered, carbonated.
~p.d placed in se:ondary storage to aWJit packaging. The filters remove
the residual yeast. The beer may be filtered again just prior to packaging.
The product is sold in bottles, cans. or barrels.

Figure 2 gives a summary of the raw materi~ls used to make a cubic
meter of beer and Table 2 give; a breakdown of ~ater usage within the
brewt:ry.

TABLE 2. WATER USAGE WITHIN A BREWERY (2)

Process Water Usage (m)/m3 beer)

C001ing Water
Process Water
Bottle Washing
Mi sc.

Wastewater Characteristics

1. 42
3.6
2.9
3. 1-

....:-~ ...

Although there may be large temporal variations in production, most
breweries operate throughout the year. Generally, breweries combine all
the individual waste streams except cooling water into a single stream.
Brewing p.ff1uents are high in soluble organics, low in nutrients and
high in temperature. Table 3 lists so~~ of the characteristics of a
brewery's total effluent and Table 4 shows the differences in effluent

6
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Figure I. Process dioQrom for
molt liquor production. LANDFILL
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FIQure 2. Brewery lnfJut-output characteristics (2 ).



characteristics for diff~rent classes of breweries. Discrepancies in
flaw and wastewater characteristics are due to different sources of
information.

A breakdown of individual process effluents is given in T~b1es 5-8. ~~
Spent yeast and trub are major sources of pollutants accounting for f~

about 56~ of the tot?l BOOS and 44% of the SS assuming no recovery (30).

TABLE 3. BREWERY TOTAL EFFLUENT CHARACTERISTICS (2, 37, 72, 58)

Characteristic A'/erage Range

BODS (mg/l ~ 1718 1622-1784
(kg/m beer) 10.4 9.43-11.8 ~~

SS (m g/ 11 817 723-957
(kg/m beer) 4.18 3.83-4.79

pH 7.4 6.5-8.0

Temp. (OC) 30 28-32

Process Eff1~ent

beer) 6.9 5.5-8.3Volume (m 1m3

TABLE 4. EFFLUENT CHARACTERISTICS FOR DIFFERENT CLASSES OF BREWERIES (58)

Brewery Classification
New Large Old Large Effl. Limited Other

Std. Std. Std. Std.
Characteristic Mean Dev. ~:ean Dev. Mean Dev. Mean Dev.

BOD5 (kg/m 3 beer) 10.5 3.01 18.8 2. 13 1. 74 8.47 7.46

SS (kg/m3 beer) 3.86 1. 58 7.34 2.51 1.08 3.63 3.75

Process E~f1~ent
5.41 11.03 1. 62 7.71Volume (m 1m beer)

9
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TABLE 5. SOURCES OF POLLUTANTS FROM A BREWERY (30)

BODS BODS SS 55
Source (kg/m3 bee r ) i!L. (kg/mJ beer) 1!L
Yeast 3.71 30 2.55 30

Trub 3.21 26 1.24 14

Hops 0.39 3 0.77 9

Pressed Grain
Liquor 0.85 7 0.50 6

Drain &Rinse 2.09 17 0.85 10

Filter
Effluent 0.50 4 1.58 19

Bottling 1. 20 10 0.66 8

Misc. 0.42 3 0.35 4

TOTAL 12.4 100 8.50 100

TABLE 6. PRItlCIPAL WASTE STREAMS FROM THE BREWING PROCESS (4)

Source

Washings from kettles,
cookers and grain
separa tors

Screen anu press liquor
Trub
Yeast

Clarification precipitates

Spent filter aid
Beer
Cleaning solutions

lltr •• In·-·

~ (mg/1)

200-7,000

15,000
50,000

150,000

60,000

90,000
1, 000

10

SS (mgt i)

10~-2,000

20,000
28,000

800

100

4,000
100



TABLE 7. RAW ~~STE CONTRIBUTIONS FROM IN-PLANT SOURCES (2)

Source of Raw Waste

Cool ing water
House c1eanir.g
Aging
F; 1tration
Fennenta t ion
Brewing
Me! lting
Other

TOTAL

Brewery Industry Mean
Raw Waste Volume

(m3/m3 beer)

1.40
0.70
0.40
0.70
0.30
1. 20

3.60

8.30

TABLE 8. TYPICAL CONCENTRATIONS OF WAST~S DISCHARGED FROM SPECIFIC
BREWERY OPERATIONS (36)

Brewing Operation SS (mgjl) ~ (mg/l)

Cereal cooker 300 700
Ma sh tun 300 2,000
Lauter tun 3,000 10,000
Spent grain tank (or press) 10,000 15,000
Brew kettle 10O 300
Hot wort tank (inc. trub) 5,000 10,000
Wort cooler 20 30
Fennentation tanks 2,000 5,000
Ruh chiller 30 700
Ruh tanks (primary aging) 20,000 30,000
Primary filtration 30,000 40,000
Aging tanks 600 10,000
Fi n"A 1 fi ltration 500 100
Finished beer tanks 200 50

NON-RETURNABLES
Rinser 3 20
Pasteurizer 50

RETURNABLES
Prerinse 200 500
Final rinse 10 10
Pasteurizer 20 30

11
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TABLE 8. TYPICAL CONCENTRATIONS OF WASTES DISCHARGED FROM SPECIFIC
BREWERY OPERATIONS (36) [Continued]

Br~ing Operation

KEGS
Prerinse

MISCELLANEOUS WASTES
Settle and can filler drip
Conveyor lube drip
Spray tunnel drip
Floor hosedow.l

SS (mg/1)

100

1,000
40

BODS (mg/1)

1,000

50,000
5,000
3,000

Wastewater Management

The nature of the brewing industry and the resulting wastewater
present some special management problems. As previously described, the
wastewater is characteristically high in organics, solids, and volume
(a large brewery may discharge in excess of 4 million m3/yr. The combina­
tion of these factors makes disposal in natural watercourses llnacceptable;
therefore, most brewing wastes are sent to municipal treatment systems.
Here, due to the strength, the brewery waste may be only 4 percent or
l percent of the total influent but 25 percent of the total BOD loading.
dzcause brewery wastewaters are quite variable as to flow and strength,
a municipal system can experience severe shock loads.

Host beer is produced in large metropolitan areas so a high capacity
municipal system ~: available for wastewater disposal. Recently, there
has been a tendency to build new breweries in smaller cities and towns.
This situation will require brewery-owned treatment plants or expansion
of the existi~g municipal facilities.

Recy:ling

In-plant recycling of potential waste streams is practiced on a
limited basis. The glass bottle is the most important container used
for retail sales and the major portion of these bottles are ~he refillable
type. In fact, a Senate committee has considered a bill to make all
beer and soft drink bottles refillable as is the case in Oregon (56).
Washing of refillable bottles is a major operation in a brewery and is
likely to remain so. The large metal containers (half-barrels, quarter­
barrels, etc.) are also recycled and must be washed. This container
wa~hing plus plant clean-up requires an average of about 1.62 kg of caystic
Rer m3 of beer produced (2). Most breweries put the cleaning caustic
diqrect!y into the sew~r, however, 10 percent o~ the v~_1~1e Broduction
brewenes do r~ct5_1 e 1 t. For a brewery produc 1 ng huncrr=eos 0 t ousanas
or even ml1lions otoa;:-rels per year the cost savings and waste reduction
;ould be very significant. ----

12
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The ligu~d remalnlng after the spent hops are pressed .can also be
recycfed. Customari1j, this high strength waste is put in the sewer or,
in a few large facilities, it is mixed with the spent grair.s. However,
a few breweries (abour 10 percent) ~-ncYfJJ!__tbe~pe.nL.hop-JiCW5d __~~~k _into
the brewing process; usually right a ter the wort leaves the brew kettle
121. One particular article (36) in the literature discusses several
alternatives open to ~ brewery facing increasing sewer surcharges including:
no changes, implement a rigid water-conservation program, treat and reuse
the packaging wastewaters and treat all brewing and packaging wastewaters
by secondary biological stabilization and carbon adsorption. Of these
alternatives the authors suggest that treating the packaging wastewater
using carbon adsorption is the most economical with increasing surcharges
as more municipal plants incorporate secondary treatment. Using this
system only the weak packaging wastewaters which are about 50-75 percent
more voluminous than the process effluents will be treated and reused
within the brewery. This will reduce sewer charges and water costs which
can be very large for a brewery.

By-Product Recovery

Recovery of waste solids from different process streams is practiced
extensively in the brewing industry and it appears to be the best method
of reducing waste loads both technically and economically. Grajns. hops,
trub, yeast, and lost beer are all currently being recovered1141.

Spent grains (bar1ey~ rice and/or corn) are recovered by virtually
all breweries large and small. The grains are removed from the brewing
process after the starches have been solubilized and then converted to
sugars. Most smaller brewers and about half of the larger ones utilize
the lauter tun filter, which is a gravity filtration device, to separate
the grains from the mash. A disadvantage is that it requires a large amount
of water to sluice out the spent grain. Some larger plants employ a plate
and frame filter which is showing increased use. The grains are screened
and pressed to reduce the moisture content. The press liquor is frequently
put in the sewer~ however, it has been recycled back into the process cr
filtered, centrifuged, evaporated and added to the spent grains (17).

Following recovery, most small breweries haul the 5pent grains away
wet for use as cattle feed. Large facilities dry the grains before ship­
ment to cut down on transportation costs. In either case the spent grains
make an excellent and very valuable cattle feed. A recent study of live­
stock feeding of wet brewery by-products indicated that an optimum moisture
content is between 75 percent and 80 percent and that adequate protein
is availa~le in grain-yeast mixtures so no supplements are needed (30).

Spent hops are separated from the brewing process by a hop jack
filter after the wort leaves the brewing kettle. The smallest breweries
usually haul wet spent hops away and the largest add them to the spent
grains to be dried. A study (30) has demonstrated that up to 10 percent
wet spent hops can be added to the spent grains with no deleterious effect
on voluntary uptake by cattle. The use of hop extratt in the brewing
process, which eliminates the hop disposal problem at the brewery, has
been on the increase with 17 percent of the plants employing it in 1971 (2).

13
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Table 10. COORS BARLEY MALT PROTEIN (18)

Percent

-

Protein

Fat

Fiber

Nitrogen Free Extract

Carbohydrates

Ash

Moisture

Amino Acids

Lysine

Histidine

Arrmon i a

Arginine
Asportic Acid

Threonine

Seri ne

Glutamic Aicd

Proline

Gy1cine

Alanine

Ha If Cys tine

Valine

Methionine

Isoleucine

Leucine

Tyrosine

Phenylalanine

16

50

10

2

29

31

3

6

3.25

1. 74
3.06

5.60
5.62

4.10

3.98

24.56

11 .56

3.62

5.38

0.99

4.63

1. 88

2.44

7.05

4.05
6.45

100.00
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TABLE 11. LOADING AND EFFICIENCY OF CITY TREATMENT PLANTS CONTAINING
BREWERY WASTES (4)

Treatment
Plant

~ of Flow Influent
Flow Contributed Strength Efficiency

illi: (m3/day) by Brewery (mg/l) (t;)

Merrimac. NH 12.000 100 B005: 1200-5000 90
(Design 18,925) ss: 200-400

Frankenmuth. MI 2271-2650 50 BOOS: 1400-1500 BOD5: 90-95
SS: 50-85

Be11evi 11e, IL 25,170 20 BOOS: 400-500 94
SS: 275-350

Two U.S. breweries own and operate their waste treatment facilities:
Pabst Brewery in Perry, Georgia. and Coors in Golden. CJlorado. In 1970,
the Pabst Brewery at Perry. Georgia went on line in a rural area about
6 miles from Perry where no municipal treatment facilities were available.
The brewery was designated for an initial production capacity of 1.76 mil­
lion m3/yr. Thcreceivinq streamwasunpolluted and had a minimum flow of
about 1000 11sec which dictated an efficient treatment system to maintain
the water quality.

Preceeding the treatment plant is an extensive in-plant by-product
recovery and waste collection system. The brewery recovers the spent
grains. spent hops. trub and yeast using techniques similar to those
described in the previous section. Several separate waste collection sys­
tems exist at the brewery. All uncontaminated cooling water is collected
and put in the storm sewer. Cooling tower and boiler b1owdown containing
corrosion inhibitors and biocides ~re discharged directly to the polishing
1a~00n. Sanitary sewage is collected and treated separately in a packaged
extended aeration unit which eliminates the need for chlorinating the
brewery's entire effluent. The diatomite filter backwash is decanted to
remove solids and then added to the process sewer. The high strength
process wast~ is collected separately, put in holding tanks and metered
into the trea!~ent system. The sper.t caustic cleaning solutions are
treated similarly which helps control the pH of the influent.

Figure 3 is a flow diagram for the Pabst treatment facilities anc
Table 12 gives the design unit loadin9s. A complete description of the
system is given in the literature (37). Table 13 is a surrmary of the
treatment plant's performance.

~- WI., if_ r..~.
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Figure 3. Flow diagram for Pabst waste treatment facility (37).
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The Adolph Coors brewery produces 1.23 million m3 of beer per year.
1~11ution control efforts began in 1951 with an inp1ant water conservation
)gra~ and construction of a waste treatment facility. An extensive

.f-product recovery program is used to recover the spent grains. hOps,

.rub and yeast. A plate and frame filter is used to filter out the spent
Irains because it uses subsequently less water than the conventional
auter tub. The spent grain liquor is centrifuged to remove solids and
~hen recycled back into the process. The trub is handled like the spent
iquor. The benefits of the water conservation program are shown in

"able 9. The treatment scheme as shown 1n Figure 4, utilizes a high rate
Ict1vated sludge system. Flow equa1izat1on and pH aJjustment are used
;0 provide for optimum performance.

Table 14 gives a summary of performance. A complete discussion of
:he Coors facility is given in the literature (17).

"ABLE 12. TREATMENT PLANT DESIGN LOADINGS FOR PABST BREWERY. PERRY,
GEORGIA (37)

rrea tment Metric English

)rimary Clarifier
27 . 1 m31m2 day 665 gpd/ft 2Surface loading

Weir loading 72.2 m3/m day 5820 gpd/ft
Detention 1.9 hours 1.9 hours

rrickling Filters
4.8 kg/m3 ft 3BODS loading 300 1b/1000

Hydraulic loading
including recirculation

.68 l/sec m2
2

2Mir.imum 1 gpm/ft2Maximum 1.36 l/sec m 2 gpm/ft

ktivated Sludge
1.60 kg/m3 100 1b/1 000 ft 3BODS loading

Aeration capacity 1.5 kg O2/ kg BODS 1.5 lb 02/1b BODS
Return sludge ratio 50% 50%
BOOS/MLSS ra t i 0 0.38 0.38
MLSS concentration

Co nta ct ba sin 4.9 hours 4.9 hours
Reaeration basin 14.5 hours 14.5 hours

~inal Clarifier
20.7 m~/m2 day 2Surface 1oadi ng 509 gpd ft

Weir loading 73.9 m 1m day 5950 gpd/ft
Detention 3.7 hours 3.7 hours

19
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TABLE 12. TREATMENT PLANT DESIGN LOADINGS FOR PABST BREWERY, PERRY,
GEORGIA (37) [Continued]

Treatment

Polishing Lagoon
BODS loading
Detenti on

Aerobic Digestion
Solids retention
MLSS concentration

Sludge Spray Disposal
Liquid loading
Solids loading
Application interval

Metric

60.5 kg/day/ha
15 days

10 days
15,000 mg/l

2.54 em depth/appl.
0.5 kg/m2/appl.
1 to 7 weeks

English

.
50 lbs/day/acre
15 days

10 days
15 tOOO mg/1

1 in depth/application
0.1 lb/ft2/application
1 to 7 weeks

TABLE 13. PERFORMANCE OF PABST BREWERY TREATMENT PLANT (39)

Percent
Characteristic Un its Raw Waste Effluent Reduction

Flow m3/day 48.45
(MGD) (1. 28 )

3 3 5.48m /m beer
(gal/bbl) (1. 70)

BODS kg/day 88405 252 97
(lb/day) (18530) (556) 97

mg/l 1740 58 )7

3 9.55 .27kg/m beer 97
(lb/bbl beer) (2.47) ( . 07) 97

S5 kg/day 3470 208 94
(lb/day) (7650) (459) 94

mg/1 716 40 94
3 3.94kg/m beer 0.23 94

(lb/bbl beer) (1 .02 ) (0.06) 94

20
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ure 4. Flow diagram for Coor's waste treatment facility 07 ).
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TABLE 14. COORS RAW WASTE AND EFFLUENT PARAMETERS !17)

Parameter

Flow

BODS

Suspended Solids (SS)

Raw Waste

12490 m3/day
(3.3 MGO)

825 mg/1

280 mg/l

22

Treated Eff1uent

34 mg/1

29 mg/l

Percent
Removal

96

90

I
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SOUND ENVIRONMENTAL
BREWING PRACTICES, PART 3

15.Chapter

Liquid Waste
In determining the necessary approach to liquid wastes, the

primary considerations are:
• the brewery's emuent quantities and profik,
• the community's acceptable standards-<>ftcn determined

by statutes.
Individual brewery operations and their consequential envi­

ronmental impacts differ, and the various community altitudes
and restrictions for those impacts differ as well. A lechnical un.
derstanding of both areas is often critical for establishing a work.

V IRTUALLY ALL BREWERIES in the United States
are located in cities and discharge their liquid wastes
into municipal trcalment systems. Air emissions, both in

gaseous and vapor form, are discharged into the almosphere and
directly impact the surrounding area. Solid waste can become a
foul and wretched mess. It is as incumbent on the brewer to ad­
dress and competently manage the brewery's impact on the envi­
ronment as it is to make professional-quality beer.
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ing solution.
Any discharge to nuvigdhle waters (a federal definition

which in essence includes all liquid effluents) has to confonn to
quality standards that arc specific. applied nationally, and en­
forceable by the U.S. [)cparunenl of Justice. Sewage plants that
ultimately discharge crOuenl have 10 comply wilh those Slan­
dards. How Lhis is done depends on Lhe community and the treat­
ment scheme used. Each treatment plant has a panicular capacity
with differing operational techniques. A small plant might be
able to accept a more concentraled discharge Lhan thai of a much
larger plant, or a plant might not pennit treatment of brewery
waste without pretreatment to an acceptable quality.

1l is essential to work with the necessary governmental or
private agencies (not all treatment plants arc governmentally
owned) in dealing with brewery sewage waste. Before a brewery
or brewpub opens, it is logical to assume that everyone wiLh a ju­
risdictional stake in its operation has been notified; if not, the
less infonned will quickly be enlightened. For many in our popu­
lation, the term "brewery" conjures up images of huge. industrial
plants bellowing out smoke. Additionally, there can be political
and social groups opposed to anything having to do with (lny

brewery. If individuals with jurisdictional interests have no idea
of what is involved in a brewery, they will naturall y take the
most conservative or negative approach. Brewers should take an
informed approach in order to allay fears and assist treatment op­
erators.

The quality and quantity of allowable induslrial w~te dis­
charges are determined by the treatment facility's system capa­
bilities. For example, the most recent Dcpanment of Public
Works restrictions for the city of San Francisco include the fol­
lowing paramcters:



OLher restrictions are also in effect for grease and oils. ar­
senic. heavy metals. zinc. phenol. and cyanide. Most of thesc ar­
eas are not pertinent for brewery operations.

The main sources of concern for brewerics are the following:
• Biological or biochemical oxygen demand (BOD). The loss

of oxygen in SOlution ovcr a five-day period from a closed
sample held at 65 degrees F (18.3 degrees C).

• Chemical oxygen demand (COD). Measures the dissolved
organic material by boiling with potassium dichromate and con­
centratcd sulfuric acid. Thc cxcess remaining dichromatc is neu­
tralized wiLh fcrrous ammonium sulfate using as indicator fer­
rous 1. 10-phenanthrolinc; COD: BOD is 1.65 - 1.eX): I

• Suspended solids (SS). The wcight difference of a pre­
weighed glass fiber filtcr before and after a known volume of fil­
trate.

• Total flow. Total wastewater treated. Based on a metered
amount or factored from water supplicd.

Rcpresent.ative municipal trcatment costs are as follows:
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Obviously. there cm be a great disparity among treatment
plants wiLh regard to speci lit.: costs. One thing for certain is that
costs will continue to rise.

Waste cfnuent from breweries ranges from a minimum of \
four harrels of waste per harrel of beer produced hy large hrew­
eries with sophisticated means of water treatment and reuse to 'l

greater than ten hands of eflluent per harrel of bcer produced.
Before 1970. it was common to use more than ten harrels of wa- .
ter per barrel of beer produced. With extre~e waste (especially
for cooling). up to sixty harrels of waste were produced for every
!larrel of heer. With a ~eneral regard towards conservation­
even with no treatment in place. a 10 to 1 estimate is reaso l1,!hk.
--'The average urban sewage llow is estimated at 120 to 180

gallons per capita per day. On !he low end. one can expec! for
the 120 gallons (I,(XXl pounds) figure. 0.2 pounds of BOD 12(X)
pans per million (ppm>1 and 0.23 pounds SS (230 ppm). In com­
parison. production of 1.000 barrels of beer per year (producing
10.000 barrels of cfnuent) yields the equivalent now of seven
people per day. 3.200 pounds of BOD (equivalent to forty-four
people per day), and 2,2(X) pounds of SS (equivalent to twenty­
five people per day).

A brewery of 3(l,(XX) barrels production per year yields the
BOD equivalent of 1,320 people daily. A regional brewcry such
as Rainier or Genesee (at 2.nOO.Ooo barrels per year) is the
equivalent for 88.CXX) people. and Coors Brewing Company in
Golden. Colorado. potentially yields the equivalent of 880.0eX)
people. Because of this potential. Co<?~ g~Hc;JilsI;LYl!a.s the mas!.
extensiven;u~e and trealment operations wilhin !he industry LO­

~ it is more sop~listicated than most municipal treatmenl fa­
cilities.- Brewery effluenl contributions from the dilTerenL sources arc
as follows:

SSIIb

$0.2467
$0.0462
$0011

Limit

60 min; 9.5 max
05 mglliler max (0 5~m)
125 degrees F (52 degrees C)
50 mglliler max (5 0~m)

CODllb

$0.0494
$0.1024(800)
$0.00475

Flow/1000 gal

$5.413
$0.7071
$0.083

Pollutant/pollutant property

pH
Dissolved sullides
Temperalure
Chromium (Total)

LocaUon

San Francisco
Frankenmuth, Mich.
LA Calif. (1973)

f
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The strongest and most troublesome proJuct is spent yeast. It
continues to grow and use oxygen in its life process. The impact
of yeast in brewery cffluents tends to make that eft1uent twenty
to fony times stronger in SS and tcn to scventy-live times stron­
ger in BOD than municipal wastc. The impact of hrewery dllu­
em is significam considering normal domestic sewage evaluation
is as follows (in ppm):

l
Finishing tanks 3,400 unknown

Keg washing 1.120 100

Primary agll1g 30.(0) 20.000

Finished beer 90,(0) unknown

Waste yeasl 130.(0) unknown
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Weak

100
100

Wit L KEMI'lR 1~'J

300
200

Medium

500
300

StrongConsUluent

55,tolal

BOD (5 day)

Approximately 2X pncent of tile UOD in brewery wastewa. \
ter is accounted for in brcwhouse operations. 60 percent from of

cellars and fermentation processes. and the remaining 12 percent
from packaging. It is apparent that these percentages vary from
brewery to brewery depending on the di fferent operational
schemes used. Combining trub and yeast and other solids with
spent grains dramatically reduces BOD and SS levels. but the fa­
cility has to consider storage. bacteria, and space problems as
well. As a final thought, one hallie of beer spilled on the 1100r
would require sixty gallons or water to dilute it 10 tIlL BOD level
or municipal waste.

Solid Waste
Solid waste is virtually all a result or spent grains and the

portions added thercto. Good housekeeping and punctual re­
moval of grains are required as wet grains quickly mold and l!,Im
r~ncid. For brewpubs. plastic, fifty-rive gallon drums with lids­
filled three-quarters full-{;an conveniently be handled. Dump­
ing wet gr.lins with other garbage can create problems as those
comainers cannot gcnerally be adequately llushed. II" a small
brewery is lucky enough to find farmers to take iL'i grains. quick
and timely removal is necessary. A worse-case scenario would
!ln~ mycotoxins adversely affecting the stock that had eaten the
spc!!.~ grains. Mycotoxins are secondary metabolites produced by
fungus under stress conditions and have harmful biological ef-
fecls in man and animals. .

Beer, mlSC solids

Beer. miSC Solids

Comments

Beer. protein &
yeast

Beer. tine organiC
lrub

Wort &prOletn
residue

Worl residue

Mash residue

100

3.(0)

28.(0)

unknown

SS(ppm)

42.(0)

66.(0)

10.(0)

Waste From BOD (ppm)

Kenle 300

Fermenters

Lauter tub

Hoi wort lank

(trub)

~
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Air Pollution
Steam venting l!'QlJlt~.£.brewke~tle is. lhe major discharge

lhat breweries make into lhe air. If ~f!l0vaJ is necessary.L. conden­
sation is'ij1~ onlY_re;lIistic .9Qtion. Because much energy is asso­
ciated with a phase change (gas or vapor 10 liquid), a high pro­
portion of condensing capability (by refrigeration power or cool­
ing water supply) is necessary.

Within the Chemical Process Industries a barometric con­
~ has been used for a century as lhe most efficient means to
condense steam. It is based on water as lhe condensing medium
for steam. Close to 100 percent steam condensation can occur
with the resulting condensate stream five to ten degrees below
boiling temperatures. The key aspect is venting the non­
condensables. A draft is created from a boiling kettle whereby
non-condensables are carried wilh lhe steam and tend to create a
back pressure for many condensation systems.

Assume lhat a ten-barrel brewlenglh evaporates 7 percent of
ilS volume in ninety minutes and uses water at 70 degrees F (21
degrees C) for condensation. If lhe exiting condensate has to
confonn to lhe discharge temperature imposed by the treatment
facility-for example. 125 degrees F (51.5 degrees C)-a massl
energy balance will show that 421 gallons of water will be
needed. For every gallon of steam condensed, approximately
twenty gallons of cooling water will be used.

In the Future
Water and waste treatment prices wilI likely double by the

year 2000. Besides inflation lhere will be more demands upon
lhe treatment systems, and replacement for many systems is be­
coming necessary. Breweries will be required to continue to look
for and use schemes to reduce discharge levels both in quantity
of total discharge and concentration of pollutanlS. Effluent stan-

WILL KEMPER 767

dards will become more strict and pre-treatmenl-besides be­
coming more economically justified-may become a require­
ment. If breweries don't conform to established standards, au­
thorities have aJl the necessary jurisdiction to stop production at
those non-compliant facilities.

Will Kemper. of Lansdowne. Pennsylvania. has been in­
volved with microbrewing and pubbrewing operations full time
since 1984. Previously, he was a consultant for the federal Envi­
ronmental Protection Agency, working in inspection and emer­
gency response. He is a member of the MBAA and the Institute of
Brewing in London. lie holds a degree in chemical engineering
from the University ofColorado in Boulder, Colorado.
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s.. a serie~ (If modem :\n:ler"bk bio~chnolojTei-of higher efficIency have ~en j'l\'ente<.l. One o( .hem j,
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~a hi,h IlrCnllh "r':lnlC wa.,tew:ller Up 10 now. AFB h:u been ~ucee~((uJly empll'yed 1(llrUIIl ~lIIiery

th llJen,th Nr:lnk w;t~leW:lter, on lab/pilot !IC:lle, bUI I'oly • few full .t;eale AFB reactors were in
tion abrn;lCJ. 4I1d few ~tud;et :lboUI it were in China Bec3u~ the AFB ~y(tem it ~liII I' :In evly a:l.ge of
:lpment., e(peci:lJly .n Chin:!.. more re(e.:ul:h dTon i~ nuded 10 ,ain beller in~jihr inlo !he complell
, (If rhe ~y'tem andltl develop 3 mllre rJU,'n3/ llesi~n :Inti conl/tll procedure. The (lbjeclive of this ~Iud)'

) a..\'~(.< the feDtiblhty flf u~inl Ihe AFB re,ldClr for the trealment of brewery wi1$lewllter and WI1.~te

r recuvery. (rom which (Cllle:lble s"lid, h:lve been remO\'ed by a primJry clarifier. II IImblcnl
nlurt~. Th., paper repClrl.< lind dl"-Cu~'C< Ihe re~ull' (1(. labflAII'1)' inve~ti'3Ulln.
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fringe benefits. Othcrcosts such as advenising and taxes are added,
and our total controllable expenses are roughly $26,000.

Noncontrollable costs include rem at $200 a month for 200
square-feet (included as a brewery cost even though we own the
space the brewery occupies, a mongage on our brewing equi pmem,
and a 6 percent administrative fee. These bring our total noncon­
trollable costs to S8,100. In six: months' operation, charging sev­
enty dollars a keg, we have made a profit of S1,1 00 in the brewery.

I hope thal I have helped you by giving you a look al some of
McGuire's figures. I wam to reiterJlc that the bar and restaurJnl
business is highly competilive and demands professional manage­
ment skills and long hours. But with dedication, I believe that you
can succeed.

McGuire Martin, Pensacola, Florida, opened his McGuire's
Irish Pub in 1977 and moved it to its present location in Pensacola
in 1982. He has a long history in the food business, including
managing thefood service operations ofSaga Food Service. which
provides food for college cafeterias.

Chapter 9.

PRACTICAL BREWERY
SANITATION

Dr. Michael Lewis
Univcrsity of California, Davis

Sanitation is one of the esscntial basics of brewing and the
brewer's an. I call it the "brewer's lifeline." If you are wearing a
"Iifc linc" of sanitation, thcn you have a good chancc of being
successful in the enterprise on which you have set sail, that is, the
manufacturc of good beer. For making good beer, I advocate a
"quality trianglc": quality materials, consistent processing, and rig­
orous sanitation. If you pay ;.1llention to that triangular relationship,
you won't go far wrong in making good beer. Sanitation helps to
assure becr quality, minimize complaints about poor beer, and
prevent legal penalties for spoilcd beer. Curiously enough, when
we talk about brewing, we rJrely mention the laws at the federal,
state, and local levels that govern the sanitary production of food.
Your brewery is, in fact, a food company, and you must obey the
food laws or you will feci the pcnalities of the law.

Sanitation procedures fall into two general pans: the linit I call
protectability, and the second is clcanability. A brewer must make
beer in a place that is protected from the environment, a place where
he may safely do business. Second, a brewer must have equipment
that is cleanable. If he has cleanable equipment in a protectable
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place, then he has something that makes sense. We call it a brewery.
Let's talk first about the protectability of the brewery. I think of

a brewery as being a fortress because a fortress offers very limited
access. The drawbridge is up, and the gate is down. A moat
surrounds it. There are cannons on the rampart to discourage
anyone who would violate this protected territory. TIle brewer's
flag is flying at full staff at the top of the operation, and a sign says
"buzz off'to insects and other pests. But through mismanagement,
the protectability of the brewery and the brewing process can be
hadly compromised, and orten is, especially in a brewpub setting.
When the defenses break down, we are, in effect, pUlling out a si1,'TI
that says, "Welcome alt." We provide windows and doors where
people and other pests can enter, and by insanitation, we may
encourage flies, mice, and even rats. This creates an unsafe place
for brewing. When you look at your brewery, please think of it as
a fonress, and therefore as a place where only authorized personnel
may go perform authorized duties, to the exclusion of everyone
elsc. This will allow you to protect your brewing process in the way

O/(.M/O/AfL UWIS 8/

it should be protected. A brewery is a professional workplace, and
you must make sure that it has those qualities.

Location of the equipment has sanitary implicatiolls. Avoid
pUlling vessels where the process can be compromised. Avoid
cross contamination. For example, don't put open fermenters
beside the malt mill. In one brewery I visited, the open whirlpool
was under a cold water pipe. After the wort cooled down, you could
look into it and see your face reflected in the won; then the
reflection was shattered by water dripping into it from the cold
water pipe upon which the steam was condensing. This washed
spider eggs, dust, and worse down into the wort. It was an intoler­
able situation.

The b.rewery operations should be physically divided into atI
least four parts so that there is a very real division between raw
~ate~~I~_handling, the .!?~wing operation, fermentation a.nd ,:C?n­
ditioning, and finally Qot~ing or kegging. Without this order, a
brewery is a cross-contamination problem waiting to happen. Be
sure that you have control over the flow of people, dust, air, heat,
and moisture between these very different kinds ofoperations in the
brewery. Furthermore your access to the oUL'iide world should be
carefully located among these divisions. Proper plant layout is the
basis of a successful operation and must be addressed in the
planning stages with special regard for access and cross contami­
nation. If an operation is poorly laid out and the process stream is
poorly planned, then you will not succeed in establishing the kind
of protectable environment you need and want for your process.

The ability to clean - whether it is a manual cleaning process
with a bucket and a brush or a ~~hanical_s~aning:in·place (CIP)
system - must be built into the brewing equipment. Before you
reach the manufacturing stage, while you are still in the design
process, you must think about how you are going to clean your
equipment. Don't be fooled into thinking that jusl because you
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spend a good deal of money on a CIP system you can forget about
cleaning. A manual cleaning process or a CIP system both need to
be managed and maintained. and you must provide that manage­
ment even though you have paid for expensive equipmcnt.

A CIP system should contain a sanitary loop. This is a conncc­
tion of pipes and hoses that circulate hot water. hot cleaning
solution. and hot sanitizer around the loop by means of sanitary
connections that deliver it back to the tank where it originated. The
product usually travels in only part of this loop. The loop should be
able to be disassembled for inspection. and should drain ade­
quately. To clean properly. a piping system must have adequate
pumping power. You must have enough pumping energy to push
the liquid through the piping system. and even uphill if need be,
while maintaining adequate velocity.

A CIP system is conceptually a simple process whereby thc
cleaning solution enters the tank at the top by means of a fixed spray
ball or a rotating gun; the solution is circulated for some time and
then discharged. The problem is that tanks always have cleaning
shadows. for example an area underneath the temperJture probe or
especially underneath the manhole door. that cannot be cleaned by
the spray ball. These areas must be cleaned manually before the full
CIP cleaning process is started. There are many cleaning areas of
a brewing system that are non-CIPable and that must be cleaned by
hand.

Cleaning technology is always "clean first~nd then sanitize."
That is a practice you should not alter unle~s youtla~~ 'il n:;-ason.
Why should you always clean first? Because in the process of
cleaning. you remove both soil and bacteria. ~~~!ng first gr:e~tly

.re~~~e~ the microbial population. and therefore also reduces the
population that wilT havelo' be" killed by the sanitizer. In cleaning.
we also remove the soil that harbors and protects the bacteria from
the sanitizer. If soil is present during the sanitizing process. it will

DR. MICHAEL LEWIS 83

react with the sanitizcr and reduce its effectiveness. But if soil is
removed first. the sanitizer will work at its maximum efficiency.

Soi I is not held by magic to the surface ofequipment. Soil is held
to a surface energelically (by energy), and the strength of the
attraction depends on the nature of the soil itself and the nature of
the surface. The removal of soilthcrcfore always requires energy
input. When you clean, you must think of it as applying energy in
one (or more)ofthrec ways: physical energy such as scrubbing with
a brush; heat energy using hot water; or chemical energy such as
using cleaning agents. All three of these modes of appl ying energy
are often used at once. They function very well to Ii ft the soil off the
surface and suspend it so it can be washed away.

In the brewery, you don 'I have to clean everything with the same
intensi ty. You can rei ate the intensity of cleaning to the amount and
kind of soil present. For example, bottk washing is very differenl
from cleaning a bright beer slorage lank. which is different from a
kettle where won and hops have boiled. which is different from a
fermenter that has conlained yeast and fermenting won. If you arc I

going to use the same cleaner to wash all of these items, you will ,
want to make astronger solution (3 to 4 percent) to clean the bottles.
a somewhat less strong solution to clean brewhouse equipment and
fermenters (1 to 2 percent), and a mild solution to clean wet beer
tanks or serving tanks (0.5 percent). You may similarly choose a
level of physical energy and heal suitable to the cleaning task at \
hand. Gauge the amounl of soil on a surface and don'l hit every­
thing with the same very powerful cleaning solution. Cleaning
chemicals and procedures can and sometimes do damage equip­
ment.

Clean a soiled surface immediately after use. Don't wait two or
three days to clean a vessel or pipe system. but clean it immediately
after use so thal the soil doesn't become more closely associated
with the surface. Don'l let the soil dry out. Oeaning technology

:"
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always follows the same process whether you are cleaning lhe egg
off your plate in the morning or cleaning a brewing tank at work.
Always rinse first to get rid of the bulk of the soil. then clean wilh
the cleaner, and then rinse away the cleaning material.
~ine~~tergency is the backbone of cleaning in the food.

dairy. and brewing i!l.E~stries. The most common and che~st

Source of what' we call "active" alkalinity. is sodium hydrQ(lide
.{NaOH). Big breweries uSc lhis as a cleaner, but I do not recom­
mena-flfor small breweries. It is too dangerous. It is soda, or lye,
and ifit splashes on your face, it will take yournose off in a moment.
Highly alkaline cleansers are excellent dissolvers of soil; they are
also excellent dissolvers of people.

Instead. choose a"built" detergent. A "built" detergent contains
strong alkalinity. a wetting agent. dispersing agent. rinsing agent.
and possibly a sequestering agent. These are mixed by the manu­
facturer for special purposes. which is why lhese products cost
more than sodium hydroxide. But they are well worth it. Sources of
alkalinity may include sodium metasilicate or chlorinated uiso­
dium phosphate. The dispersing or rinsing agents may be pol­
yphosphates or wetting agents. Control for "stone" (a mineral
deposit on surfaces) may be EDTA or sodium gluconate. I urge you
to establish a relationship wilh a local representative of a major
corporation involved in cleaning technology and draw on their
expertise. Buy few products and learn to use them well.

After cleaning comes sanitizing. The purpose of sanitizing is to
killthc bacteria remaining on a piece of equipment after cleaning
it. Sanitizing is always done on a previously cleaned surfacc. i.e.,
after the bulk of lhe microbes has already been removed by
washing. The important lhing to remember is this: do not automJti­
cally sanitize your equipment immediately after you have cleaned
it Sanitize it immediately before you are ready to use it; the interval
between cleaning and sanitizing may be a few hours or a few days.

DR. MICHAEL LEWIS 8S

Clean, and thcn before usc, just sanitize.
Sanitizing agenL<; often contain~~: It is effective, cheap.

and when diluted. it is safe. Alternatives are quats, iodophors
(which are popular), and acid-anionics (which are not). My prefer­
ence is chlorine as a household bleach. The effective fonn of
chlori~e is hypochlorous acid 0IC10). which is most bactericidal
between pH 4 and O. Most brewers. however, prefer to use HOO
at pH H. It is less efkctive at that pH, but it is much safer to use
because in an acid environment, chlorine becomes corrosive to
stainless steel; chlorine on lhe alkaline side is lhe beller choice.
Because domestic chlorine bleach is an alkaline solution, it is
convenient to use.

Chlorine as bleach contains approximately a 5 percent solution
of sodium hypochlorite. or about 50,CXX> parts per million (ppm or
mg/L) of chlorine. 13U( about 50 ppm chlorine is su(fi£i2nl in~
bn:":Very setting, on a surface L1n1l has been previou~ly cleaned. To
make a dilution. think of it lhis way: 500 ppm is a 1: J(X) dilution.
or a liter of hleach in a hcctolitcr. or about a <.Juan of bleach in a
barrel. One-tcnth of this conccntration, or three to four ounces in a
barrcl of water, is sufficient to sanitizc a clean surface.

Brewers prefer to sanitizc with wet heat, i.e., hot wateror Sleam. 'I

Wet hcat is a very useful sanitizing agent because it is so safe for ; ~-_. - . I

t,!le P"9_duct , but it is expensive. For wet heat to be effective. you
must raise the temperature of the surface you arc sanitizing to 180
degrees Farhenheil. This does not meaning spmying 180-degree
watcr into a big, cold stainless stccllank for a few minutcs! If you
were 10 try to heat the surface that way, you would havc to spray il
for a long time with 210-degree watcr, which would be cxpensive
and impractical in most microbreweries. If you use hot water to
raise lhe Icmperature of a surface. you must allow sufficient lime
of circulation to achieve the required temperature. When using
stcam as a sanitizer. you must also allow enough time to heat the
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Economics of
Water Reuse in a Brewery

By J. E. McKee and
A. B. Pincince

ABS'1'JtAcr
It ~ prudeDt for NCh m.w.ry to mab ...2."0" UMet 01

itl total coa.. for both wUu aupply &lid wutewatn cliipOMl
with the 1D~Dt of minim!';", wc:.h codIL

Thia ptlper d.liD.dte. the ....t.r requirement. aDd ......te­
vater charac:teriJtd (YOlWH ud quality) ol • typical, but
lYJ)OthetJuI. brew.ry. It demo_ra_ the .vuap cc.ta of
. \, _rvioes UDder CODYeDtional methodJ ol operaiicn.

Jt u.amines thAt economIc fN&ibiUt)" 01. reductioD of
.' demaDd. aDd wastewater lIowa and.~ by !D.

!ma1 bouMk~p~ lDetbocIalocy; plus .dvanced. t ...atmltDt
I varioe.u tyP" 01 dSuenti aDd the~ of treated
rat.n for ftUU in otrtaln bnwery operatiODL With such
tuM. the savinp in "'at.r billa.~t.r sun:baJ',... and
proportionate 8hare of coDatnadion COIti miP\ justify."
tntially COII1p1.~ rK'}'din&' in UrtaiD loc:aUtin.

INTRODUCTION
Most breweries in the United States &Ie locsled in

,tie8 and di&charae their liquid wule8 to public AWeI"J,.

"nti! recently, 1his~t was lenerally satWa~

If)' unJesa the brew'd'Y wutIes CONtitul2d too J.arre •
:'Oportion of the o:mJbined municipal .....t8. wc:h that
.. pubW:.-ware tr.tment plant .... OYerloeded or Jm­
I1aDced .,th respect to c:arboa-nitrogc ratio&. Brew:
.. haw tradftlon.elly paid for m\midpal8eW'ef"rrice
.rwsh ad IJG1Dnm taxes mat.d to tM ..uued va.lut
the brewery property and/or throuDl......., eervic:e

.I.I'Ia pnera11y bued on the quantity ol--.ller used 01'

I8te dIsc:barpd.
Now the aituation Is~ u a result of Public
,W' 92-500, entitled tIM "Feclenl Water PoUu&n Con·
II Act AmeDdmen~ol1972... 'IbIa act and IUbMqueat
propriaUons eIl.aNt tM federal IOWmment to 000·

bu~ up to 76'" of the CODStnIction ClCft 01 expansIom
~ fmprov-mMIlts 10 municipal wute..ter treatment

. McK_ U CI DWctor CI7WI D,..p~ iJI a Vi«
~ of CDM 1M.•p~ CtzIi/tJmi4. a.uhsidi·
, of C4mpD~ .. NeK«.E1W~E",i.
n. Boston., Nil#.

SIHTESlS
Es prudente hacer lID beJ~ para C*b ce~ria de

au. COItoi total., pen ",mi1listroe eLI acva y desecbo de
I.f\l&I d. nGduo COD .. objeto • miDimiur dJche. eoRa

EJt. tra'-jo dfl1DM Ie. NquriaLiellce. de -.ua y 1u
caraeteriJtkaa del qua d. d-..eho (volWMtl y ca11dad) d.
\lila etrneeN tfpica pef'O hi~tJCLDemustra let ee.toII
promed.lo de dlchoe ..rvid~ bajo m6t0d~ convene:icm.Ift
d. ~,..o6n. I)eepQ. exam.iJs.a I. 1ec:i1Jdac1 econ6adca de
r.du.cir lu demend. d. qua y I~ Suje. y poceDeia del
~ de dtMdlo por mttodoIoPa eaHra in~ma: adema. de
trwtami.nto a'ltJlUdo lie YUi~ tipoe d. dueDe. y el ~
cldado de qua trwt8da para .,~ ell ci..-t... operadoDd
ot~ras. Coil dicho reu.eo. I~ ahom- _ 101 CllIIt.cM d.
.,ua. rec:aJP en~ d. clelecho y taDa euota proporeioe­
Ida d. lei COtto. d. CIODftlUc:d6a &.berin justiAcar ",n·
ei.Im,Dte el ftCidado COtDpleto ell ciertu loctiidad-.

plant.. ttu.n.k in~n:eptinl ..wel'l, and eSJuent d1Jcbarle
facilities. Some .taee. add to~ 1arI'eae suc:h that the
total tinAneinr from fedtral and state 1Ource8 can reacb
90%.

Btfote apProvinlrranta for any project lor any treat­
ment worb. the Admlniatratoc of the EnyironmentaJ
Protection Adm.inistration (EPA) must fim haWt de­
t1ermined that tiM applicant sewerqe f!!Rtity

(a) "has adopted or will adopt a systan 0( charles 10
ucure that I.ch recipj~tof wast. treatment seniClN
witbJn the appUcant'1 jurisdlctiob. as determined by
tM AdmiDistra~.wiU~ its proportionate abue of
the co&ta of opHatioll and malnteaMe (inc1ucUnr J'e4

placement) of &l\Y wute trutmeDt ..me::. J)!'OYicIecl
by the applic:ant;" and (b) ''has made provilloD fM
the payment to such applicant by the industrial users
of the tr.atment W'OI'b. of that poriJon of the coR of
ooo.tb'uetioa of aucD bMcmct works (as cIetermintd
by the Aclminlftrak>r) which it aDoc:8ble to the trMt.
ment of tum indUltrial~ to the exteat attri!Nt­
able to the Federal share of the oc* ofconstN~
see Section 204 (b) (1).

'Ilf II_ I •• '
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en:r rKYeUnc effort, ooe IINIt a1Io ~dec avtap in
the~ 0( pun:bued or locally pamped water supplies•

It is the~ of this ~per iD lDwriip.flt the feu!­
bility at tnlIltinr. rK)'diq. aDd nutnlzinr all or put
of the~terdluent lrom a typical, but hypotheti­
cal. ODe million bbl·per-yeu brewery (Brewery X) In
ord~10 eliminate or at Jeut minlml.. the~ lor
operatioo aDd maiDfeNnee, eM..enrrent lor the con·
atruetioD coct lor N<Xlbd.uy trMtment, and the cost of
...tar auppl.Y. Coac:eivably under Cltrtaln circumleanc­
the c:oet of oonst:n&ctiD£ amortidDI. and operatinl a
"'bottled-up"~ would be .. than the dw,. and.urcha.r,. rMUltiD, from PL 92-'00.

'The CIOQeept of treatment. recydlnl, and nuIe of in­
dustrial wutewataera is DOt new. It wu utiUzecl.ucc el.
fully by the com...tarc:b.~ industry in the 1920'&(1)

The KaiIer Steel pWlt at Foolana, California, has
trated. recyded. and reuMd ttl wutewaten(1) and at
the Lever Blw. plant in x..o. Anples County, ,...te;wa.
tera ladeD with fatty addt from 1M cleanup 01 tanks
UMd In tdible-oil prodUc:tfOil &1"1 proeened throuIb col.
loidaJ..u ISotaUon unite.(I) Many other exampl.. 01
tree.tment.~, and reuM ClOCI1d be cited.

QUAlITY AND QUAHTITY 0' BRSWriRY WASTES
Se....ra1 Lnvatipto~ ha.... reporte<l on the quaJity and

quantity of the total .....tewaller ealuent from brewoeria.
but data on the wutee e:tlsc:ba.rpd from varioua opera­
tioDl Jns;ic» breweries ate I.. abunda.nl The Inlorma·
tfOQ avaiIa.bJe em ciisc:bs.r.,. from various operations is
~ limited to analytes that determine ~))8.
rameters of poUuUon, e.,.• suspeDded solids. BOD, COD,
etc. Data OD the yohUDeS or rates of flow from specl1ic:
prooeaes are scarce Indeed.

Tw.bl. I chows typical values for analytical data from
the waste~ lrom individual brewery units.

lUll I
Ty,1uf C.DCHInllt. tf W.eu

Ditebrp. Ire. s,edIc Imrtty Ol'"2t".

Moreovv, Sotct::iClcl310(b) (1) (8)~.. that by 1
•.Uy, 1977, pubUdy owned treatment work must comply

th ealuent Umftations bued em eeoondary treAtment,
....,., over 85% I'U'Oval 01 biocbem1cal oxypa demand
(BOD). 'I'lW proviaiOll meens that municipal p1anta
presently provid1n& oa1,y primary treatment (sedimenta­
tioa) must be ll,PI"raded to bioloClcal trutmeDt by trick­
~4l~ or tlw activated..ludp procea, or by eocne
other mMna provid.inl equivalent treatmml To be eUIi­
ble fw 75 to~~t rrants for lUeb uprradinI,
publicly owned plant. must meet the proviaioDa reJatlld
to industrial wut.. u described above. Rare iDdMd
will be the public ..,...~ that wilJlO 10 ......".,ta,.,.
treatment without a bup aovemmmt pant.

'I'M Ac:bninistrator of EPA has iMued ruidell.n. to
local apnae. relative to the payment 01 industrial waste
tz-.tment coets, iDclud.in1 model ')'Items and rates 01
user c:barIes- Many municl~tieIand othtr Ioc:alsew.
ezap acencies have already promulpt.d industzial
wutt usurcharga" that aUlJ2MD.t the couventiODAl ad
&JGlorem. property taxes tor operation &bd mamteaanc:e
OOftl..

An example of this annual aurc:harre is the formula
UJed by the Sanitation Districts of Lo. Anple. County
(SDLAC) in "An Ortlinanc:e JW,ulatinc Sewer Con­
Itz'uc:tion., ~r Ute and Induatria.l Wuwwatllr Dis­
ehart-." 1 Apri11973, ou
Surc:ba.rp I:: aM + b(COD) + c(SS) + dM(P) - TAX
when:

;\lrchArle = Net annual industriaJ ...ut.cwllt.er treatmeDt
surcharc- in dollars. No refund will N made
if a DepUve n\tlDbe r r.NltL

V = Total annual YOl\UDe of !Io.... ill DWliona 01
pJJODS.

COD :I Total annual di.eharce 01 clMm.ic:a1 OSYIWD
dema.n.d, in thousand 1t:..

SS == Total annual~ of NlJ"Dded eolidl.
in tbo\aQnd Ib&.

P :I Peak d.i.leharp rates 0 ... r a 3O-m!n. period..
ocx:urrin.rbe~n th. bow: 0( 8:00 a.m. and
10:00 p.m. a.od chtenaJ.n.d by ave,..i~ a
muim\lm of 10 nlbetantiat.ed peale !low rate
measwements of the aecrual yur in ratl
min.

M = A urultiply~ lactor ac:couJlWl.r for inc~
District.' ec:cta from hirh ratioe of indu.Itrlal
d1IehazJ'e r peak. to.a.,.,..,. Gow rat.s (P I A) •
nlc.h that M e 2.50 I~,,(P/AL

Lb.e&d = Unit eMr&'e rate. adopt.d aJ\1\uaUy by the
Distrieta bM.d upon the projected annual
total C'OIts for .........tar colJ.mOIl, tA'at.
DWDt, and cUspoeal. per Wlil
In 1973:-

• = $83.25/millioD pl.
\) -= S4.7611,000 Ib&. COD
c _ 811.0011.00 Ib&. S.s.
d = S22.00/lPm

TAX • T2w aDllWlI tld.l.IGlo,~",tu. paid to the Dis-
trieta on tJM land or Property utJ1.iftd for
,eaeratioD of iDdUltriaJ ..........r.

This fonnula will be used later in this paper u an
uample of an operatinland maJntena:Dat~ for
a hypothetical brewery. To thia IUJ'Cbarre. haft...,
must be added the chaz'IN u.eRed to iDclustr)' for the
ODIl*truc:tion coets lor MOOndazy trMtmeal Finallr, ill

BREWINt: OPElUnOftS

c.'UI coo"'r
WWI tun
l.avter~
$Hflt crain bM (or prrla)
art. k.ttt,
Hot wort tank One. tNb)
Wort coo:,r
F.rment.tlon Unks
Ilu" chlll,r
Itutl tanb (prim.~ 'cine)
P,lma7T f1ltr1tfon
Aline t.nks
F1I11'"t'1tioft
Finish.d bttr t.1Ib

HC'ft-lETuRNA8LB
Rlnrtr
Patel/,It"

IlETUItHA!LES
Prt~jlll'
Rill' ,I_
""tevrtftrKEGS
Pt"inn

M'Sca.uIt£OUS WASTU
Botti CIft lilltf *ip
CoM,.. *I,
SPfIY tvMIt drtp
Floor hoM.4A

SvsoendH Solidi (milD

300
300

lOOO
10.000

100
5.000

20
%,000

30
20.000
30.000

600
500
200

3

200
10
20

100

1.000
40

700
1.000

10.000
15.000

300
10,000

30
s.oOO

700
30.000
40.000
10,000

100
50

ZO
50

SOO
10
3D

1.000

50.000
5.000
3.000
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Brewery X Mpe.ratM Il*It P'&inI and exceu yeut for
d.1apoIal or ..., but d..iIcb&rps the &t.r~ wa·
~~~~.M~~~~~~~
mow grain and,-.,t from the wutewatllr, but cI.iIcbure
of bu:kwub watler to the ......r .. by DO mMAI UDiver-.l.

BOD Yah.- are~ in Tabla I and In bec:au.
molt pub1JaltlDas pnMIlt the rwule. 01 th1I~ rather
than thcee of the COD tltIt. COD ~U8I lor bmrin,was_.,. approdmatel,y 1.66 to 2.0~ the BOD
vaJu..tUI 'The cban.deriatlCll 01 the wastes from. indi­
vidual operatioDs may c:WI.r ocm.iderablY from tbeIe
rati~ but, for .tmplicity a.nd. fa eocn1z,ance of tM ap­
proximatiDaa iDheNnt in Tabl. III, a ratio of 2:1 for
COD to BOD iI UMd in thlI paper.

The muimum nat. of wute ptoduction OQCWS wb11e
paclralinl operationa are bem, conducted. An estimate
of about 1.5 to on. for the ratio of peak ftow to .wrap
ftow, .. obta1ned from data pneented by Armitt, Dar·
ruseh. and Healy,m is UIed. In this ~per.

OPTIONS OR ALTERNATtV"
IN WASTEWATER MANAGEMiNT

AYume that BJ"e'l"ltry X is Joc:ated in Los Angela
County and it~ to .ewen 01 the SDLAC. M,.
aume, IDOreowr-. that Jt~n. spent JT&ins and~
yeASt lor dispcal or aaJ., but it c:fJscharIes filter back­
wash watera to the ......,... Let the total m&sI .miaion
ra6M for SS and BOD conform to Table m and let the
COD rata be twiot thoee of BOD. On tha t buiI, the
quantities involved .... as follows:

Product = 101 btlI/yr =31dOlcal/yr = 117x101 U~,..I
yr.

Wut.wa~r J: &.9 It product _ mdO' pJ/yr _ 0.756
mrd (avr)

Pnk ......,~rdow = 1..5 It 525 Cl'DI = 788 rPIII
SS = 7152 mcl1 X 117dO" I/)'r = &3hlO' mc/yr -l3h

101 q/yr I: 1.880xlO' Ib/yr _ 6160 Ibla/day (~)
BOD ~ U:r.ZSIqI1It 117dO' I/)'r = 137$xlO' rq/yr =

U751t101 q/yr _ ao76xlOl ""yr = 8420 lb/day (av,)
COO =2 x BOD • 6150 x 100'''/)'f.

Brewery X may wish ~ consider the foJlowin( optioN
or alternatives 10 m.fnImJu it. total Cl»t of waste man·
agement:

A. Continue it. present clJ&cba.rps to the sewer, i.e.,
do nothm,ex~monitor its wasterwaten and pay .the
SDLAC surc:harJe.

B. EItabUIh. n,id proft'AUl of internal economies to
,.duci die =quAntities of water u:ted lOr tiiii Clan-up
--"-'_.c'ipWUliJii'· iiid'--raT~.
~~WouldiDd~·~~Dt \De aDd
~_~f ca~.s:l~ _lOlutioas. reeyc~ of weak
rii. waten. iDc:re&Md UseCil"i&am 1nstted of water.

~- ~uctiOD 01 bJowOWW!i "iiib!#~ toWers, aDd
• p.neral pfOll'a.Dl of"!e!_~.

C. Treat by carbao adIOrptioa aDd reua~~­
in6 was........ma-~01 b Weak riiiJe
watelS_~~ L ~_~ but ClODtbNe to &ClhalP
coneentrabld Ixwwinr ..". to the .....r.

U
0.2
0.2
0.2
U

0.30
114

6.94

0.35
2...57

9.26

U 6,900 11.500
4.0 200 200

U S2 2&- -7.152 n.ns

800
(melD

5,000
50

10

Bre~e 1.5
FtrmtnUtion '00l1I 0.4
Clrbonltilll room 01
Storlre cellar 0.2
8ottlWlol' 4.00l
Olliees tnd mis·

te IlIneous aru
PO"tt r hollS.

3.000
50

20

TlIU III
.... EJliuioa bUs r., SS ... '01) r,... 1 r,,Ki1 a,.",ry

TlIll II
'"h~ltCUln,blul Ois($trti...IU,lId llllltllt"

11~l/~lIllltt"

:-. values W'8rw taken from the literature and from
~ reporta on the treatmmt 01 bAwinr .........

4 I a1Io Iboq that the brewinI operatioN (wbk:h.
XU'POR:t of !his paper iftdude fermentation. SJtra·
. and qinr) produce mc* of the hIIh«reftlth
lU, wtu1e the ,...t,n from pac:k.arinJ renetallr are
~Jl If!U Con.c:entratlll<L 1'hia fact iI a,i,niBcant
\UN it allO" for a conYen.lent way of -"..ptine
:es. for tn&tmenl Further .ep-epdon 01 ...-.
'Cll!lI could be attained. _pecia1ly for brwweries under
sn. but in aistI.D&' planta the~ division into
~ catelOries miJht be more reuonabl..
7bi.le data on 60ws from Individual operations are
ee, Bow data cl.istri.buted accordinr to ,meralloca­
. have been prae:nted by LeSeeUew·(6) and are re­
iuced herein as Table II. This table JhOWI that about
.quaz1er of the wutes by volume are produced In
.m, and tha ~ pac:kqinl produces about one-half of
wastewaters. The nmainder of the ~terl re­
to cIomectie and coolinJ lUeS. In terma of Jltrenrtb.

tel born brewinr predominate. Typical averqee for
win« waste .trenJtha are in the n.~hborboodof 3.000
'1 for su.spended.lOlids and 5,000 mcI1 for BOD. On
other hand, PQcbJinI wutlM haTe strenttb In the
er of 50 0\111 for BOD and CUIpftlded solids.
:'able m lum.mari.cee theM tlndinp usm. values in
>le n for t:M estimates or 8ows. These vaJu. are also
ended in Table m to show total 80w and mase em.is­
1 ratu of BOD and IUlpended solids in me per Hiler
,reduct. The values shown do not apply to any one

ticu1ar brewery, but they are within the ran... abo"'O
~ liter1ltu.re. The contents of Table m should be
LSidered as illustrative only, and ~ preeented to
ve as an example. In·plant swveYI would baye to be
Aducted at any specific bl"V1'9ry where Jt mieht be
'irable to apply the con~pta in this paper.

etiOll

11'".,

:o\lls
rom Reference It)

:a1ion

urine
~Il",

'liftl
8lowdown

T~I aJ

'.'
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BJ"nU'ryPr~
X

O.75e 0.00.
6.150 O.OO2SIS
8.420 0.006aI

5DLAC

MeaD da11y eo-. mid 400
Su~ -.wh.l.t:./qy 1,750.000
BOO. lbI/c:la7 1,230.000

-.ne. <.. b. c, II d) mthe IW'Cbup formula: kt if ibe
yearly OIM for SDLAC iDc::r'MMe from $3.2 million to
$20.0 million, the azmual~. to Bl'9Wel'Y X micbt
~ inc:reue by a factor 018.25. It wouJcl1ben Imount to
$80,600 x 6.26 = SSOO,OOO lela $10,000.

In additioa,~, ..c:b 1Ddustria1 diIcbarrer will
b. ftqUired to pe.y Ie. poroportionate INa of the yearly
amortizaboG 01 new OOnltz'UdicG 0*1, totaUiDr $28..5
mi11ioc per~ in Table IV. n. pn»pori:iona~Ihanw
bued 011 mean da.llY Sow, suspended eolidl, aDd BOD
1P'O\I.ld be as foUOft:

Total _ sso,soo
Le. estimated SDLAC ad Yalorem tax _ 10.000

c:lD.~~~~~~(butbwiltiluiloI1 UQlUDUC ....,.p iiid OOo..m,·eow.r ow-
)WIl) and wbject tIw bIcDd to MCClGcWy bfoloric:al
abi1iz.atioD foUOW9d byad~ trMtmmt UIJinI ac>
vated<al'bon~ oolwnar.. Reu:te lOch hIIhlY
.ted watera for aU~ exe.pt tboee that~
)rate water in the product (Le. we for brewbouIe
eua-up, packqin,ropera~and coolina-towvmab­
it).
Let us consider MdJ. 0( tbae altematives in tum.
Option A. Coatimle to~ tJ» prtMDt surcba.rre &Dd

rture mere.- theftol. In~ wberw industries ha......
ud fOl" munidpe.ltewer 8tfVicle thIoush ad valorfm
~withoutan induatrial waste surc:harp. or with~
nnmiNI s.urcbarte. br.....-e2_ have smerally not ,.

tsed. their operatinr~ to cie<nue U- dis-
~ wa.Ite.(1lM~ praent prooedUl'M wouJd
!D8l'&11y increase 1aboc and equipment opera=- ccata;
eDOe breweries ha.,. UIWllly found It 10 be IesI apen­
Ye eo purc:ha.se more ..tar and to pray a nomiDalllW'­
1&l'J't! than to attempt to ooneet'9'e water. The imposi­
Oft 01 aiuble IIUI'Char1a and portiorw of the oonatnle­
on c:octa lor mUDidpti MCOftdary treatment under PL
z.ax>, howe'Yer, mQ' il1~ t.M monetary burden
J1!iciently that many ~ries abould investipte wa­
ll' cooservatioo., tna.tmeDt. rec:rdinI. and reuse.
In Los Angela County in 1973, the SDLAC IU.rd1arp

)r Bre~ X is calcula~ as foUOWI:
'olume == S83.2S/mil pi K 276 m.ll. pl1n =$23.000
OD = U.75/1000 the x 6.150 = 29,200
S • = $11.0011000 It. :II: 1.880 _ 20.7'00
.-JcinI' - S22.00/epm II 788 nrm II 2.510'11 (1..5) == '1.600

MMD 0.003U

In lieu of a futUN ClOC'O,PIete analYSis and ••• 'nent by
SDLAC, let us we the mean of the loteCOU1l tabulatiOl1.
On this basis the annual ClOG io Brewery X would be
S23.5 million x 0.00188 = $91,300. Coup&.d with the
O&M aurc:harJe of U90,OOO, the aDnual .AI I ileat to
Brewery X would be $581,300, a ttanerinc a.mounl In
the opinion 01 the authors of this paper, however, the
eotJt estimates in Table IV may be ucea.ively qh aDd
tinal cx.ta milbt well be 50 to 75 percent of thoee IbDwn.
E\'M then. U SDLAC~ to IeClOndary biolorica1 treat­
ment, It will certainly behoove Brewery X to CIOD8ider
other options of wubewater m&naremeDlaU. B. Impleme.nt a n,id water-comervatioo pro­
rram. Table U s.bowa wbat could b. considered .. typi.
cal ranees lor \V&StIt production from various locatioas
in a brewery. !At us &.U\II:M that, by institutint a pro­
(ram to reduce the volume ot wateT wed. waste J)r'Odue-.

Net =170.500 tioo could be reduClld from the hiIb ranre in 'hbM n to
Under PL 92-500 and tb~ 1972 ocean diJcharIe re- the low ra.Dle. Such a pror;ram could reduce the waler

uirementa of the Star. 01 California, however, SDLAC usap aDd waste production., uclucUnr domestic: ......
rill bavv to construct a JeCOftdasy biololica1 tre8tment from 8.9 to 6.6 bbL per bbl. of beer. This reduction and
,lant a.nd. De- a1~ handlin.l faci1itfM.. In a rwcent the .mwar reduetioa in~ rate would reduclt the
!Chnic:al report, (tl SDLAC bas estimated the cost of SDLAC su.rcbarre by Je. than $2.000 per year at 11M
onatnlctlon, a.mortization. and yearly operaUoo and CUl'Teot SDLAC IW'Cbarre rata. On Che other band. the
3&intleDanoe (O&M) as.bown in Table IV. It Is not water tn'll. at SO.20 per 1,000 pI. would be reduClld by
nown yet how these expeDditures 1IriU modHy the con- .bout S14,OOO per year.

TABU IV
SuIbGe. DIdrlets If Lea bliJes Cant,· J.JIt Wltlr h!'lltle, CtIt1tI ,*t erst SI..-yl

0IJIIn .f Dinan)

134)0
15.0

2".0

6.0

CSZ70.cn

YtatltOlM

3.'
1l.0

$20.0

11.,/7
Amortlutlon"

SO.,
1J

21.1

0.5

S2'.1

54.0

387.0

21J

SS06.5
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'" not dear if aw:h a reduction would~ b in·
.d labor and equipment~ aaociated with a

:ram to mace ...... It appears, neYettbel-. that
poea.aDWt;y of -rinc about S16,000 per yeer m. the
!r bW ADd in th4t iodutriaJ wute IUl'Ch.arp merits
ftip.tioo., conclw:;ted OIl~te at a brewery.

ption C. Treat~_~the ~cJcalinl~ten.
remova.fOl mldual aJ«pended eoJida, COD7&na

) from ........r edluenta aln&dy quite low in Ncb
utanQ hu been demoosUatecl by En,i.iah d. aL.ne)
by other operatiq instaI1atioa. u tilirm. ac:l8orp4:ioo.
n.nular activated c:arboa. Sadl treatment Ie c:apa.bJ.e
roeiuc:in~ a pol.il:bed eew.nt with lea thaD 10 mrl1
D. 1.0 m«/l 88. 3 units of color. aDd 1.0 unit of tuf­
ty. Such eatuent is '!'itJble (os:mQt~e~
,er rLiSiiIi, rutwrizinl. and othu_~~~mJbe
KiiiDi pJant:""1~diefnlC:alSan-aaded dUl'iq wute­
er treatmertf;but the mineralealta from c:eustic aDd
!rprtts in the rinIinI open.t:ions willaocumulate~·
avel)" in the recycled wat.r anJess about 20 percem
be t:reated water q bled off at eec:b c;yde.

.csume, .. per Table m. that Brewery X~ 4.0
or water per bbl of product in the packinc plant and

t this plant opcratd 250 clays per ynr. "I1Mm the
Ul ......~r use is 496.000 rpd or 3451'J)m. and the total
;ua] flow 11124 mil.. pl Based on summaries of I!W1Y
ua published by tM Ad\o'lJ1e8d Waste TrMtment
'!4J"Ch Laboratory of the Environmental Protection
:ley In Cincinnati, the total costt for amortization.

ration. and maintensnce of an ac:tJvated-earboo. tt'Mt-­
It plant of • mMD Ql~dty of 496,000 rpd wW be
ul $0.4011.000 pl Hene. for Brewery X the~ per
r would be 549,600.

low mum could be saved by IUch an installation? By
prteent SDLAC surc:harre ratl!l. the savinp based

80%~Ir and 20 pelWnt bleed-ofr would be:

Volume __ • 8.250
COD 4tIO
SS 568
PMIcmc (aetot 2.660

Total '11,948

3re1qry X would alto sa'" in its purchue of dty
1ftat $0.20 per 1.000 pI. This annual ..vinp loe 80%
l24 mD. gal. would be 119.800. Henct the total.vinp
IW"Cbarge 1ft and water bill would be 131.748, wbJdt
... than the annual cost lor aetivated-e:arbon Q'eat­
nt.

~f SDLAC toes to eec:ondary bioloric:al trMtment.
...vv. the pendulum wDl swinJ the other way. Tbe
:diarp mid:Jt we1I lna.lle by a fadOr of 6.25 and
d1 the ...~ in~ fee aJooe would &mDUDt
$7..600 per nar. When th.Ia uvlnr u added to the
Juction of the water bill ($19.800) and a proportfOft­
,.a.a.r. of the amortiutioft of the SDLAC bfololics1
.nt. the overaJI aaviDp will be morv thaD twka the
Dual ezpeme of activated c:uboa Cnlatmtnl

It can be oonclucW tbd trMt:l"Mnt, recydinr. aDd
11M of s-cbrm. wute...t1t1"l at B~ry X 11 not

eoooomieeJIy feuaQ at preeent, but may become .,
when SDLAC WtaDt M"UMtuy treatment.

Opu- D. Tno.ollSlM~~·
tara b KQO"dizyJiJa1JtLfoby

~':':~~&iFJ
make-up. Human walt.. ahouJd be excluded from this
system for IUJOIU of public bealtb and cooUnr-iower
blow~OW1lmould be aduct.d becaUM of toxic ~dit.no.
that would upeet bioloP:aJ treetmenL

Based on Table m, web. trMtlMnt plant IbouJd. be
desfJnecl to haftdle a mean Sow of 180.000 IPd (543
(pm), • peak fto" 01 1.170.000 IPd (813 IPID), aSS
loe.dinI of 6,150 lbe/cky, and a BOD Joad..inl of 8.400
b/d.Iy. The pJaDt would prob&bly comptOmise primary
MdimenCation. preliminary biolocic:aJ treatment by
hilh-rate tridtUnc SJtrat:lon, ...conduy bioJo,iea1 trat-­
meat by acti~ tJudp with ~ble adjustment of
the carboa-nitrocen ratio by addition of ammonia, final
sedimentation. aDd act.orpt:icm of rwidual orpniCIJ in
aetivated-earbon wlUZZ1N. We estimate that the con·
.uuction ooet for the~ blo1otiea1 trHt:meftt
plant (exclusive of c:a.rboD COJUIDIW) will be $4,200.000
and tbe amortization (20,..,.. 0 8%) will be $428.000
per year. Operation andmain~co&ta are .timatlld
at $300.000 per year, brln,m, the total annual~
to $728.000 for the blolorical tl'eatment plant. ActfvaW·
carbon adsorptfOllIl e.timaLed at SO.as per 1,000 pis.
for operation, ma.lntenance. and amortization, or $100.·
000 per year (365 ~). The total annual cwt 101'
bioloricaJ ttutment aad carbon poUshinl It then
$828,000.

As noted under Option A .~. the future total ..•
secsment to Brewery X for an O&M attdwp and a
proportion of the SDUC a.mot'tU:at:ioe tor Ile<lOGdary
biolocicaJ treatment is DOt likely to exceed $581,000 and
mirbt ....nbe $0 to 75% ol lb. amount. On that bail.
OptIon A .It preJ'Hable to Opdoa D. and indMCl the al­
moet bottled·up brewery (Optioa D) does not appear to
be economJc:aDy leuible.

SUMMARY AND CONCLUSIONS

In QOmpUance with PL 92-l5OO. public sewerinJ qea.
d .. an .doptiq IUl"Charpe for iDdustrfal wuflrwaten
d.lscharpd to JUc:b .yAea:w.. For brewery w... tbeIe
SUlChar,. 8I'e already ,ub.t.antial aDd are bound to in·
c:reue mazbd1y as publie apDCieI an forced to iDstaJl
MCOndary biolo,icaJ ~tment.A hypot;betic:al Brewwy
X at one m.ll1loa barreJ per Ydt eas-dty In t.c. ADp1eI
County would have to pey a IW'Cbarp of about $10,000
under una ClDDdJtJonI. Thia ...mmt mir,ht well ..
cal.ate to oYer $500,00 per yeu if and when LA. CouD~
iDstall,~ treatment.

UDder preMDt con.c:Utiobs. a,.......,.. x can red1Ul8 Ita
IW'Cbarp~t by~I'cm- .
rec:ycl.Inf 01 weU riDIe watenb~...
Iii4 "CIIW Pi'Oifiiiii or wa.~IUdl
JMU\lftI will Muce the IW'ChuIe and the WIler bilL
it u not clear wbe&ber 01' DDt the «* 01 introdueiq aDd
maintaiDinr them will exceed the apparent saYinp.

-~fi. ill
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~,:Iboro~two4~_biol~~~of aU ~.
inlaid i*ka,m., wutewat.rs for~ Xf IOIIOWWd
~UIorption of~wilorpnb OIl~

\ eolw:zms. and the nUN ollUCb hirblY polished waten ill
Ibrew-bouM e1e.n-up, ~cb,m., cd coo&r-tlower

.. make-up--in ethct an a1moet bottJed~~
!not appear to be~_~~"eYeDif the L.A.i05wiEY all ! 7TMIlt ...latea to SOOO,OOOlyeu.
L-- It may be feasible. in the future, however, for~

X to~ Its peebJin, .........1'1 b7 activa1lecl-<arbca
adIorption and to reuJe~ ollOCh poliIbed water In
the packaging operation. Azmual ..Yinp will.ecru. DOt
only from • reduet:km in the IIUrd:Jarp but a1Io &om •
dec:reue in the annual oc* of pw-cbued eity watw. TbiJ
opUon does not appear to be ec:cac:mically .feuibl. in
1978, but it will become attraeti... U and _ben LA
County c:onsbucta IIeOOndary bioJDrical tr.tmeDt.

It behoves every bre-Ary that c!iscbarPI W'&Itewat4tn
to public: .wers to ma.ke an ec:onomie feuibWty Jtudy
of altemati~ optiona for minimizinr incluatriaJ·.....
S\llChar1ft impoeed ... nsult of PL 92~.
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~...•
FERMENTATION I

Joseph A. Mullaney, Jr., P.E. ....
.f.-

Fermentation as an industrial process is currently employed,
pnmanly in the manufacture of beer. alcoholic spirits...,
\lilne. and fuel-grade ethanol (ethyl alcohol). Minor appli~'
[IOns Include a wide vanety of food (including enzyme and~
ammo aCid). pharmaceutical. and industrial processes. 1.0..
the. past. fermentation processes were used to produce at
vanety of chemicals that are currently derived from pe~
leum ieedstocks. Future petroleum prices or availabilities-!
may spur renewed interest in these processes. Additional1y;~'

the potenllal of biotechnology may result in both iJn."
provements to current processes and totaJly new processes l
and products from industrial fermentations. '.t

With respect to characterizing the air emissions from'!:
distilleries. breweries. and wineries. a distinction is~
sary between a distillery that produces concentrated volatile .
organic streams (e.g .. ethanol and fusel oil) similar to the .­
fuel-grade ethanol facility described below and breweriel4:
and wineries where the volatile compounds are a1w,~
present in solution or associated with water vapor. WbiJe~:
ethanol is the major VO<:. there are many other v(')C£

present. such as isoamyl alcohol. ethyl acetate. isopropyl
alcohol. and n-propyl alcohol. that contribute to beverq8

528 Food and Agncultural Industry

I. G. LaFlam. Documtnrallon for AP-42 [minIOn FaClOrs:
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tection Agency. Washington. DC. 1980. p. oW
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merce. Wastungton. DC. 1990. P 200-7
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Eng,"tUlnrt and COSI Srlltn·. EPA-l50·/3· 7)·003a. L' S. En·
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1973. p 112.

6. Ibid .. pp 203-269

7. Reference 4. pp 1-216.

8. IbId .. pp 36-37.
9. Reference. 5 p 159.
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14. Ibid .. P 143.
15. Ibid .. P 151.
16. Ibid .. P 16.
17. Reference I. 19 pp.
18. U.S. Environmental Protection Allency. Compllauo" o( AI'
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6.4-15,
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U. S. Environmental Protection Agency. Research Triantl1e
Park. NC. 1974.

20. Reference 2. pp 56-77.
21. N. Williams. A. Sleoulas. and N. Merriman. "Exposure to

ertight enclosure. Accumulation of dust and mOIsture inside
me control panel can cause shon circuIts 10 the solenoId
valves for the pulse jet system. ultimately leading to s~stem

failure. To avoid such problems. general baghouse opera­
tion and maintenance practices should be routinely applied
at grain handling and processing facilities.

GeneraJly. emIssIons from multiple operations at grain
handling and processlOg facilities are controlled by a Single
air pollution control system. If the ventilation system that
connects these sources is not properly designed and op­
erated. excess fugitive emiSSIons are generated Jt the
source. References 35 and 36 proVide excellent information
on designing. operating. and maintaining balanced ventila­
tion systems.

..



~uet and taste but constitute only I% or less of the
IIIJOUnt of ethanol. Emissions of beverage alcohol are pn­
lIIIfily from spillage and breakage in packaging operations
_ secondarily from processing operations. A typical

'~wery will lose 3% of liquid volume after fermenution
.here the VOCs are formed) as proceSSIng and packaging

iosses that primanJy run to sewers. but also panially leave
!be premises as evaporate.

In 1989. approxImately 800 million gallons of fuel-grade
emanol were produced. as well as 200 million barrels of
beer (200 million gallons ethanol>. 1200 million tax gallons
of distilled spirits (600 million gallons ethanol!. and "75
ailllion gallons of still wines 150 million gallons ethanol). I

~ PROCESS DESCRIPTION

~ The base case alcohol fermentation plant is deSigned to
, produce 50 million gallons per year of 99.5 vol C( (199
; proof) fuel-grade ethanol from com. In addition. it will
~ produce 177 .111 tons per year of Distillers' Dark Grain
• (also known as Distillers' Dried Grain wllh Solubles or

DOGS>. a commercIal animal feed. The plant IS assumed to
7 be located in cenrral illinOIS. close to a source of lIlinol~

No.6 coal. which is used as fuel.
The alcohol plant. deSigned b~' Raphael Kalzen

i ASSOClales. ~ Cinclnnall. Ohio. generally uses e'ustmg pro­
cess technology cUlTently employed In gram alcohol plants

Grain-based ethanol facUtty

r t:1I I IttllIA1UOn :Jt:.';1

A drawing of the facility is ~nted in Figure I. The plant
operates as a continuous-flow process. except for the
fermentation and fungal amylase sections. which are op­
erated in a continuous batch mode. 1be distillation system
employs a two-pressure concepc CUJTe11t1y utilized in in­
dustnal and beverage alcohol productioo and in other chem­
ical processing fields. The process also utilizes several heat
economy measures that result in a total steam usage of
31. 7 Ib/gal of ethanol. The distillation system uses 21.4
Ib/gal of steam. of which 2.8 Ib/gal is obtained as flash
vapors from mash cooking. Feedstock to the plant will
consist of shelled com at a rate of 58.900 bushels per day.
;-.Jo distress com le.g .. com contaminated with aflatoxins.
pesticides. etc.) is contemplated for use in this facility; No.
2 shelled com (less than 15.5% moisture content) will be
used.

All the utility requirements. with the exception of
electncity. are produced within the boundaries of the plant.
Water is obtained from a well field located close to the
plant. The boiler bums relatively low<ost. high-sulfur coal.
The plant is designed effectively to utilize most of the waste
streams. with final disposal in an environmentally accept­

able manner. Rue gas from the boiler is used to dry the
~tillage residue to yield Distillers' Dark Grain as a by­
product. Wastewater is treated in a two-stage. activated
sludge treatment facility. The resultant sludge is dewatered
and fed to the bOIler. Cooling water from the various con-

Feed water treatment
and chemICal Stot1lge

Truck scale and loading Gram ,Ioreg.

fIGURE I. Plan or 50-Million-Gallon-per- Yea! Grain-Based Elhanol Facility

L ~---------
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FIGURE 2. GraUl-Based Ethanol Fermenlauon FaCility Process Flowchart
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densers is recycled through a tW<Kell cooling tower. A flue
ps scrubbing system employmg ammonia is utilized to
~ve particulates and sulfur dioxide emissions. produc­
ing anunonium sulfate. The laner could be uulized as a

"Ttilizer.

AIR EMISSIONS CHAAACTERIZATION

Air emissions from an ethanol plant arise princIpally from
tf1ree sources:

• Combustion of conventional and unconventional fuels
• Feedstock preparation and by-product processing op­

erations
• Overall process schemes employed. such as the dis­

tillation/dehydration systems. flash coolers. e \' aporalOrs.
and cooling towers,

Figure 23 presents the process flowchart for the facility
and should be reviewed In conjunction With Table I.; v..hlch
provides data on the resources used and products produced.

Table 2. j also to be reviewed in conjunction with Figure 2.
presents the facility's annual releases of air and water pol­
lutants and solid wastes.

Most of the plant air emissions are associaJed with the
combustion process used to supply steam and electricity to
the plant. The type of fuel used and the degree of combus­
lion will dictate the nature of these emissions. For example.
uncontrolled emissions from coal~ or biomass-rued bollers
will be greater than those from facilities using IWUraJ gas or
residual oil. The degree of local impact of emissions from
facilities using solar energy or process waste. such as ba­
gasse. would be considerably different from that of a con­
venllonal fucl source. These air emissions. therefore. arc
nol Inherently coupled to the biomass-to-ethanol process.

Particulate emissions. sulfur oxide (SO,) emissions.
and. to a lesser extent. nitrogen oxide (NO,) emissions
aSSOCiated WIth coal combustion are liKely to constitute the
pnmary atr-related environmental problems for most facHi­
lies. Polycyclic organic maner (POM) emissions from some
01 these sources are also slgmficant. In a test perfonned by

TABLE 1. Resources l'sed and Products Shipped

Code :"0 •

I ~

II a

Re50urce

F~ malenah

Cum

Fuel

Coal

Water

Proce~5 ",ater

Rav.. ... aler nukeup

Coohn~ lower makeup

Proce5~m~ malenal~

-\If mpUi to amvl~ production

Yea-\!
llldme 5Ienh1,", 50lutlon

Hvdrocartlon '>O"'enl

Denaluranl

-\ If mpul to df' er

\nh\droU5 ammonia

.-\ If mput to bOiler

\\ aler m:almcnl cherruca15

SodIum chlonde

LmlC
Slud~e pol'mer

l..lJld
Pcnonncl

O~nuon

5-W x 10-' Ions

97.9 x 10-' Ions

330 x 10" ~allons

83 I x 10" gallons

~80 x 10" gallons

::3 x I0-' Ions

396 Ions

7 92 x I0-' gallons

Q03 x I0-' ~allons

1.00 x 10" gallons

652 x 10-' Ions

3 ()4 x 10-' Ions

1 10 x 10" tons

396 tons

792 tons

7 9 Ions

50.0 atnS

159 worten

Produci

Pnrn.an
Elh.anol t 199 proal)

By-products
DlSullel'5' Dart GraJns

Drv ammontum 5ultlle
Fusel OIls'

Annual Production

50 x 10" ~allOllS

177 x 10-' Ions

10J .. 10' tons
760 Ions

'S« Fi~ 2.
•....umes I 90 pcruol capac"" lactor
'FUKI otis an: WU&ll~ mu.cd ""m the p-wt tll\anol product pn« 10 blaldm, w1dt '&sOliae,

-
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TABLE 2. AnDuaJ Relnsa or Air and Walff Pollutants ud Solid Wuaes

.-0:

Code No.·

Ic

Zd
3b
-Ie

5b

lOb

lib
I~b

Ilc

I~b

13b
I~c

Ie

I ~c
I~e

Environmental

Residuals

Air PolluWlu

PaI1ICUllles from ~ram c1eanln~

Emiulons from surch convemon

Emlnlons from enzyme produet1on

Emissions from fermentation:

E'hanol
Waler vapor

Carbon diOXide
D,stlllal.Ol\idetl\'dr.llIon pollu'anu:

Carbon diOXide
\Va,er vapor

Emlmons from product handhn~

EmnslOns from ra.... chemIcal ~lora~e

Scrubber cm,sslom.

Sulfur dioxide

P:utlCulales

Snrol!en OXIdes
Waler vapor

bhausl from DOGS handlin~

Fuynlve dusl from coal handhn~

Coohn~ 'ower etaporallve dntt losl,fs

Water pollu'an's
Waler runotf from coal slora~e

BOiler blowdo.... n
Wastewater elllueni 10 nver

Coohn[l lov.-er blo .... do'"'n

Solid .... ules
Gram cleanlO~ re.,eCls
Botler bOllom ;ash

Boiler llv ash

Annual Quanuues
Released

163 Ions

Nf1li lible

NelliJible

1.80 x I(}' 'ons
2.48 x I(}' Ions
170 )( I(}' Ions

2.. 81 x I(}' 'OllS
41.2 'ons

Nel!lig.ble
Negligible

947 'ons
104 ,ons

726 Ions
120 x 10J Ions

5.31 Ions
~9.0 tons

242 x 10" gallons

~(J( quantifiable

7 92 x 10" I!allons
363 x 10" gallons

38 x I0" gallons

54.4 'ons
3 x I(}' 'ons

4.75 x I(}' 'ons

, .

..
"

TRW Environmental Englneenng Division (Redondo
Beach. Calif.), the POM emission factors for coal and.
especially. for wood were found to be extremely high.
approximately 13.8 mg/kg and 484 mgJkg respectlvely.~ In
the study. dibenzl a.h jamhracene. a carcinogen. was Identi­
fied. and the presence of other carcinogens. such as ben­
zol a )pyrene and benzol g.h.i ]perylene. was also Indicated.
For this reason. paniculate emiSSIOns. especially respirable
paniculates. and aSSOCIated POMs from wood and wood
residue combustion are of concern.'

Slack emissions from burning com stalks or bagasse are
primarily in the form of particulates and NO, since there is
very little sulfur present. Little analysis of the chemical
composition of these emIssions has been done. On the basis
of experience with burning bagasse in the sugar industry.
the paniculates can be expected to be lightweight :md high
in unburned carbon content. II The moisture content of these
residues will determine the feasibility of their use as fuel
sources. At 50% moisture content. most of the agncultural
residues are good fuel sources. At higher percentages.
however. the moisture causes some problems. limiting
combustion.

Several types of trace clements also will be prescot in the
boiler nue gas from conventional coal and oil combustiOD.
Besides chlorine. the elements of greatest concern appear
10 be alummum. barium. beryllium. chromium. lithium.
nickel. phosphorus. and silicon. 3 Again. the amount of
these errussions will depend largely on the type and grade of
fuel and on the type of boiler and stack emission coottols.

Other sources of emissions are the fermentation and
enzyme-producing and distillation and dehydration sec­
tions. as well as ethanol denaturing. storage. and handlin,
operations. The principal pollutants of concern from these
operations are VOC emissions. Vents from the fermentatioa
vats. nash coolers. enzyme-producing reactors. and distilla­
tion and dehydration columns produce the highest levels of ­
VOCs. The VOC emissions generated during chemical stor­
age are relatively small.

Fermentation facilities generally produce large amounlJ
of carbon dioxide (CO:!). For example. in the ethanol facil-
ity reviewed above. for each molecule of sugar fermented. -!
two molecules of ethanol and two molecules of CO2 are ~

produced. Carbon dioxide from annually renewable feed- ;
stocks is no< generally considered a net conuibutor to at-. it.'.~.

-



..,spheric CO2, The CO2 is often recovered and sold as
liquified CO2 where the local martet conditions are favor­

Ible.

AIR POLLUTION CONTROL MEASURES

r
1be emissions most likely to require controls are SO, and
particulates. Control of NO. is possible with boiler design
IIId operating parameters; where NO, emissions are not
n:gulated. no control is likely [0 be employed. Generally.

Jibe controlled emissions of air pollutants from fuel combus­
~ bon are eltpected to be within regulated limits in most
~ states. 7

~ Grain-handling or feedstock-preparation operalJons
I wtlhin an ethanol plant generate emissions similar in

amount and characteristics to [hose from other graln­
handling operations. such as grain elevators and milling
ICtivities. PaI1iculate emissions are the main pollutant from
pin-processing facilities; they are generated in an ethanol
plant by grain receiving and unloading. c1eamng. and con­
veying. as well as by storage and milling operalJons. The
majority of these emissions arise principally from cleaning
and milling operations. Stillage f reSidual mash remaIning
after dlsullation) drymg or by-product processing \\111 also
,enerate paI1iculates: their amounts may be greater than
!bose from gram-milling operalJons. Although these emis­
sions are fugitive. conlfol by convenuonal techniques IS

bod1 possible and feasible.
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FISH, MEAT, AND POULTRY
PROCESSING

William H. Prokop, P. E.

This chapter discusses the application of odor control tech­
nology to various agricultural operations which consist of
[he production and processing of fish. meat and poulb}'. For
a comprehenstve discussion of odor sensory measurement
and a brief discussion of odor control methods. refer to
Chapler 5 on odors.

This chapter is divided into four sections. These subjects
are of sufficient importance to merit individual discussions
of Ihe pollution problems and the control technology associ­
ated with these agricultural activities.

LIVESTOCK PRODUCTION AND
MEAT PROCESSING

Livestock production is a major activity in the United
States. The raising of cattle. hogs. and sheep for meat

production is an important food source. Feedlots for beef
cattle and hog production have become major operations
where large herds of animals are concentrated in a single
location. For example. more than half of the beef cattJe
raised in the United States an: localed in feedlots containing
more than 10.000 head. As a result. the collection. storage.
transport. treatment. and disposal of manure has resulted in
major odor problems. These emissions and their control are
discussed in detail later in this chapter.

Cattle and hog slaughter operations an: becoming mot'e

concentrated into fewer and larger companies. witb only
three major companies currently accounting for more than
60% of the annualtotaJ beef slaughter. estimated at approx­
imately 35 million head. Less than five years ago, six or
seven companies accounted for the same percentage of tbe
total.

A typical beef slaughter operation includes receiving
cattle in holding pens, stunning the animals and draining
their blood at the kill noor. removing their hides. and
evisceration and trimming. Each animal's carcass is sepa­
rated into edible parts for human consumption and inedible
by-products. which an: processed in rendering plants.
Choice fatty parts from the cutting operations are processed
into edible fats by a special rendering process. Manure is
collected from the holding pens and paunch manure is

111/118 1ft

(,



fourth edition

CHEMICAL
PROCESS
INDUSTRIES

R. NORRIS SHREYE
IAI. ,.,../._ £.-iI.. III a..ioal £....-.~
,."".... (".....nUy

JOSEPH A. BRINK. JR.
CMu..,~ a.•..u.I £ ..6'....,
,.,../ .-I 0...1.-.. -/ a...;.." £~""n-.

..-..4J .s.... ("";_nl'"

~~GR.".. ·HILL BOOK CO!\tPA."iY

,_ r... So" L-M S-,..-.. A~ ..,-

_,."" I·... .... , ~ ... • ....
II..',....' \ .. o.w ,...... "'..u s.N r....
SIa,....... ~ T_ T..-



to...,.. JIJ

Ifill-

800
30.

150...
200-"

°19

1972

599.000
lO.WO

110.907
1-lJ.000

197.257

6.358
92.923

108.0IS

A-1O~r-W---:;;:;-~~':'-10 20 30 40
Wot~r

Ii,. J/.3 T~r"an d
Lalnm 0( thr 'eqUid h""" .81"..1

n"'yl Alcohol
C

t ~E~~,O ECO'\jO~IICS .-\5 Table 31.3
~ are manufactured in th~ tniled 5
IIl('rel5mp d/' tiles ~.

'" rap. \. m recent '·ears.
RA" 'itA TERIA . .

~ . l.§ Gram. and (ruits IU
'lle \'anetv of..,.,,' d f .

I
L. . ",._ms In rulls ~mploved is W'L

o ""tMlDe R 'r ......
of the m~' ussla ,erme",s potatoes and ~. di
~re ~v 111 MeXICO .vi~lds pulqut-; bul ~ ,

abo com. barlt\" Ind ri~. Ind a
MAkING OF' BEER- D__ d@7~·

m.deb, ~r an aU~ Prvcfl
,. br.... ing \'anou. c~reals with h

t»ntro/ th ~, ops. lUual
e ermentlllon that foUo""....... _.

~ e"~ . • ne ~n:.".
·~·'"es and the desind fIa

UIed ,n ~ vor. U weU U n
'man,'. and ric~ and mill~t in rt..,...runa.

T~BU 31.3
LS, "'-IMdio.. _/ Alc./wi' .......

_~::__F:_U<lOl_'_1_"-:-"':-"'~':..:96.S~:,:-,:/,:980=~(I::'~~L~::_~".:.~I-"",
s,.,..ra~~ /965

The ...ater in 95'k alcohol IS rem. 'ral methods: (1) De.
.,vdrallon b\ dU/lilalwfI "'lIh a Ihud co ...."" lorms I mlmmum constlnt.boilin~muture

in the svstem. boilin~ II I lower lemperature than the 95~ alcohol (78.15°CI or the .. ater, Here

(a) the minunum is I binlI'" one, of .. hich "'lter~th\'1 ether is In example.24 or (b) the minimum IS

a ternan- one. of "'hich alcohol ... ater·benzene IS an example. In such insllnCM anh\'drous alcohol is
oblained al the bottom of the dl~tll\inll column. becau~ it~ vapor prMsure IS relati'eh lo.. er than Ihal

of the consllnt·boilr~milture remonn!! the .. aler. (2) Deh\·dTlltion bv coufllelt'urrertJ er:/rcu:IWn.~

~uaU\ also in I continuous column .. llh I thIrd component .. hich depre5~ Ihe 'apor pre5!ourt' of

water more than It deprM~ the vapor pressure of alcohol. e.g .. gh'Cerol. elh\lene glvcol. !/Ivcerol or

gl~col with dissolved ~Its. and a molten eutecllC mlll:lure of sodium and poll55lum acetltM. An·

h\'drcus alcohol comM out al the lOp of the extraction column,~6

The basic principle of the process us In!! benzene as a ..;thdra ... in!! If!ent is ilIustraledz: in

Fi¥. 31.3. There are three blnarv mlI1lmUm constant.boili"f! mIXtures in the s\'Stem. t...o homo­

geneous onM and one hetero!!eneous one t~tween "'Iter and benzene). and a ternarv minimum

conslant.boillnlZ mixture .. hich IS Ihe lo .. e5t.boilln!! composition In Ihe svSlem. boilin!! at M.85°(
In Fi2, 31,3 the ('om~llIon of the Irrnar- minimum constanl.boilinlZ mlxtun' IS rt'pre~nted b'
point F. In order that the remo\'al of the conslanl· boilinfl muture from the startm!! mixture ma\

leave anhvdrous alcohol in Ihe SIIII. the ~Iartln!! compos.tlon must Ire on the stratght lme CF. If the

sllrtln!! muture 15 to be made up b, addmll benzene to 95'7r Ilcohol. the slarting composition must

also lIe on the Ime [B, Therefore the lnlersecllon G repre~nu the starting composillon, If enou!!h

benzene IS added 10 95~ alcohol to bnn!! Ihe lotal composition 10 POint G. ('ontmuou.< distillallon

gives the leman (,on5lant·bo,hn\! ml\IUre tbp &~8.)oCl at the top of the column and absolule alcohol

tbp 78.3°1:1 al the bottom of thr .olumn In a Simple dlsllllallon.

\n Imp()rtant~' f..alure of thr pro' r5' " '''parallon of the ",,"den~le Inlo 1"0 liquid la\'er~.

reprM<C"nted In F '!Z. 31.3 b, points .If and \' The ratIo of Ihe lop la\er S to the bottom laver .\f 15

~ to .IfF/ FS. or 8-t: 10. The comp05ll1on~ In'ohed are sho.. n In Fig. 31.~... hich abo illustrate-!!

ho.. thiS process funcllons. Th~e me pnnnpies of dlslillallon In muhicomponenl s\Stems. IO\'Oh·

ing constant.boilin!! mUlture~, are u d for deh, drallnll other or!!amc liquids. such as prop' I alcohol.

dnd for remonn!! the .. aler fonned 10 sulfonatlons tbenzenesulfomc acidl and esterificallon5 (eth.!

aceta leI.~ The fundamenlals of dl5llUatlon are pre~ented here because of the elle",1\ e data on

akohol Ihal are a, adable.

8EER~. WI'iES. \'iD I.H)lORS

The malelO\! of ferm.-n,ed be'.-ra!!..' "a~ rhs('o'ered b, pnmltl\e humans. and has been practiced ~

an ar1 for Ihous.1nd~ of 'ear' \\ Ilh,n Ihe pa'i centon and a half II has e'ohed Inlo a hlllhh dr·

'rlopt'd "lPnl~ \ br .."rr ha' 10 l,.- dn rn!!,nr .. r. a chemls\. and a baclenolo!!ISI In rommon ",Ih

olher f",.l IndU'lnes. Ihe fallors ta"r. I.Jor aod, almos\. IOd" ,dual preferenn e\ISI. 10 forr~ Ih,

manulal'lurrr 10 .. \tr! Ihr 2rtaieSI ,kill and "rrnrnee 10 produlln\! palalabl .. b.. 'era2e' of I1T'JI

,arl.. 11 In ,h.. IJ" anal-" •. Ih .. Inl .. rlon 01 .!Udltl, "llh all Ih .. rrhnrmenlS of modern s<'I .. n". ,tJI

II"~ 10 Ih.. human ,"nson DrlZanS of IJ<le. 'm .. lI. and S1!!hl

Hl),lj Lhllti rnmponf"nlll:l (f'1"'Q'Uf'n,h ...all~. blt"drOfl'" rtf' III,M'Olllf\l 4.11"1\.1 or tlmr" In I"l'llrCJI,.,-r ~ [t•. :d td­
~u. ::. N' HI'J.K.:lV. 1(-'tl.~ !fr-h"f'nn"" 'nd T.'\!fl I,.d I f.'IfA'"'''' 'nd """'"1''' ().'IIIIIIII'" "l.~ JQ:-~

1"4 t1hmr, a.nrl Urn'''nr1h. "bolol"" 'kohnl. 1~ tv ('v", 32. }.>HA-I j')j 11<l-I-fh UI"1"f' Ihl' ••tr, II rnn'O"rd O"f'1'~

b" f"'thrf. Ih,. ""'I'm b-"Inr undn J( • .l \b nl PM"Uurt"

:~"hml'" .nd Tf1J~r, Rf"'fO\f''T\ 01 'rrtnn .. and lIt"n,,1 tn 'nl,,.nl f It'I ... llnn. T,tI". ~/CIIL 37. :)rr~l')IQ d°.l)'
~,. u'"" 04 • ~ df"h"drl'Jnr a6f'nl. ~\Kh as !7UKkumr Of ....~num 'Uti'lf" m.\ br lof*f'd upon U U'I rtlJTmf' cue" 01 tJ\ ...

mrthod. \houatI u,uaJh run In I dltt"'OtlhnuOUJ tn&tInt'r b"·(.lu1If' 01 Lht tohd ,n,ohf"ld
71, tomr"'l"h.tl InNW prtJC'edlU"'f • t.tw f'dtn P"'''."UrT I,... u'm of Olhmrr and U rn,.onh. op rlJ'

%SCUlno• ."d C1&r~. ,~....,.,.".o< o.."lIa'_ III Indu''''. r,.", HCA[ILond""" 16. Isq Cl9381
:te.onlAlh PrfT"ll. we. 13. on ddldLIhon. for I r~, and fundarm-n,aJ Irealrm-nl 01 u.. vnporunt Ulut Of"f'rauon
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11um con.tanl.bolllOF! ml~tur~

:a.15°Cl or th.... al .. r. H..r..
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n.tanct"!! anh,·drou. alcohol IS

r .. i.. r~lal" ~h In .... r than lhat

\" counurrurrt'nl atracilon. Z~

Prl'''~ th .. ,apor pr....ur.. of

,I. .. Ih, I~",' I!hcol. lll-cNol or

and pola.~lum a('~lal"" An·

"In!! 3J!.. nl l5 tllustrat ..d z; In
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C

T \811.31.3 I.,' IJroJurho" of "'rollo'l(, If~r~",.,.•."i..ra( ) "OM I'M.;- ,QIlO 11ft ,IrlOlUdl'WiJ,

I ~ES ~"'o E[O",O'llI<:5 .\5 Tabl .. 31.3 Ind,cal ..5. man, millions of b.Hrei. of akoholic b.-v..r·

.l>!'" Jr~ m.1nula, lur~d In th .. L01'''.1 Sial.....a,·h '''ar. Th.. amount of ",n.. production ha~ b.-en

In. rr'J"'In!! rJpltJh In rt:"l't'nl \ ,-ar'5.

R'" 'II'TERIAL.'i Crain. and frul15 .upplnn!! carboh,dral"~ ar.. th.. ba.ic raw materials.

Th~ '3n..I' of !!T'alns and fruIt ...mplo.v ..d 15 .. ,d... chan~m~ from countn 10 countrv or from b.-vef3!Ee

tll ~\ r<32". RU551a f.. rm.. nl. potat~. and b\ d,sldlallon obtains \(xlka: SImilar Irealm..nt or 1he sap

"I Ih,· m~ .. ' In \le~ll'o ,"1,.lds pulqu.. : bUI Ih.... orld·s ."hld ra" mal .. roals for f.. rmentation. ar.. th..

,'·r~JI, .• om. barl .. ,. and nc and pap.-'.

'" ,"1'\1(; or 8E£R" B r and alll..d products ar" b.-, ..r~ ..~ of 10" alcoholIc conl ..nt (2 to i% I

01'.1.. b, br.... lng 'anou. c.. r..ab wllh hop•. u.uall, added 10 Impar1 a more·or·I.... bill ..r wle and 10

•"nlrol the ferm.. nlallon lhal follo .. s. The c.. reab emplov..d ar.. barl..,. malted to develop the nKes­

<oJf" ~nl' mM and th.. d ..sorrd flavor. a. "'el1 as malt adJunc15: flaked ric... ~!Ils. and corn: wheal i5
us",J In LrrmaO\. and nc .. and millet on China. Brewon~ su!!ar5 and .oru~ (corn .ugar. or gluc05eI

'.. n..... l.. Inln I"''' 11'1U1d la'~r •.

.r .\ to th,' botlom Ia' .. r .\f l5

"2 :\1 1. "h" h .11<0 IlluSlr3IM

Jltlt"omponrnl C\<I"m •. 10'0".
"luld •. -u' h a- prop' I akohol.

). "Ii and ~-I.·fll... al,,)()' kth,\

lU'!'f"' ..I I hr' t" 1,'n"l\ P dalJ Hn

ans. and has bP.. n prarllc..d a.5

has ~,n" ..d 1010 a hll!hh d.. ·

11·lf"rlnl'I~I ... 1 In I IIrnmon ~llh

prrlrrt-nl t' r'\I"1. 'II lorn' 1h,.

Z p..tlJ.lJhl.o b,·\.·rJC'· ... 01 2Tf'.l1

·m..nls Ilt lT1Ud~rn •• "·n.· ... stul

r SImply In ,f\lrOI"U ~ [CT. 2-d ed .•

IIluHon. 'L'" 147.:!
.Ql. Hn't" thf' _11t"'~ r~mo",t"d o\'"~

T,o", .HnE. 3~. :;'17 ·bl'l II~II

\ooIr.eod upon., In ."t:ltfOmt" CLW' of lh..

JY,,,'ar~ 'Qf)j IQ~l

,,~I _in,. raJ 197.2S7 SQ'l.OOO
~PlrklJ"~ __ In,. III b.J58 ZQ.UlO

R",'lhM. prool pi '12.913 110907
(1,.., bbl \080IS U3.000

.......".... L:::' Trl"uun. Inlro,"&1 R~~"\H' ~rt"t("f'

~ Mllm.lrd \0'" 1 bbl ('onl.,nt J 1 ,..1

/<,1&/'

800.000

30.000

150000

200.000

'1<lllO

'''or1h. op (II

16. Ill'l llQ.181
of that ,",pone" I un 11 '¥rahon

~h,unn and 11~t\l1fo,. Brrwln,./,.J fJ\l C~".. U. 12'62IIQ5H hn&l" UN'lknl ptelun''S. tabw-s. and d~t; ECT.
2d ood •• 01 J. p :n7. 1'l64
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nuh a dark ~r. In th~ pressure coolr:
th~ !lOlubl. malt "'arch inlO dextrin aDd r

tho resl of Ihe mall in the mash run. rai5lin

u'Ort. 3Z nus is carrinl oul in th~ IIUI5h I

from the br~",·in@: lNlerials. thr entirfo ma

,tram,"!! rub. ",here the wort is ~I.

bollom and run inlO the copper wOr1 ("00.

spra\ of d~arbonalnl ",·aler al 165-r ~

Th~ "'ort ~ cooked for approximalr.

p~ of boilinlt is 10 concentrale t.hr "
.tro,· all the enznnes. 10 c~le c:eruil

extract the hop re!lill!' lannin and aronu ;
AI the end of the 3 h the spenl hops are ~

bonom In the hop jack or Slrtiner uDden

01 WOr1 ~r 100 Ib or hops. the~· sbouId
Th~ coolinlt slep is not only to red

enough air 10 faci1ital~ the start of fenn

Clpltlted. The hoI wort finl may be cool
~rtaln of the resif15 precipiUte. 'Jbr ",or

or the open Baudelot cooler or lh~ •
plac~. Sl~hl concentration. due to evapo

tXlndll,on. 10 prevent conumination b~·

l"m- cooled wort is mixed with wl~

i Ind I lb of V~aJlt bei~ used per barrel

bul. as Ihe fermentalion proce-eda. t.hr tel

thaI ~ convenion or the allllu 10 cart
~enerate!l 280 Blu/lb or mallose COD~rr

"Th.. _Ott to til. bqv'" .-.It,,,~ from 1Iw~
9;011 """'poo,loon ...... '"- 17 10 24~ .......
.. "'" 'PU'1'< wa'... .

13a. O>opn. "f'. aL

960'1:,

40'\

WOI.,

oAou.ou'
alCohol

'B~'I:,

741'1:,

74'1:,

SI.am:::::±=::J

¢-Z°---'"
C

I
Sroom • 0 )

.8~'I'"

74.1'1:,

74'1:,

1 I SEF'ARATOR B

"~-l ',0'

! ~--

I
'B.n1on.
; "'nO.'UD

I

i t
SItom-L, :

---J I
I'---l.r- 'oO'r., Cl~'O~

and "·a~1 compl~l~ lh~ ra'" nul~nal. For h<-.-r th~ InO"t Ilnl'0runt ar~al 15 barlev. ",hich I~ con·

\~rted Inlo malt b\ partial !!ermlnlllOn J1

Th~ barl~\ l! 'Iee~ In cold ",aler and ~pr~ad out on tloor~ or In '~C1a1 compartmenl3 Ind

rel!Uurl> rurned over for from 5 to 8 da\5. th~ la\en ~In!! graduaU\" Ihlnned as the germlnallon

pr~~5 At th~ pro~r lime. ",h~n lhe ~nl\m~, ar~ fonned. gro"'th 15 arTe!lted b\ heal. Dun~
cro",lh. ",,/!"n ". ab~orb~d. carbon dlO"d~ 1< /!,\f·n ofT. and th~ ~nl\m~ d'OHOU i. fonn..d. Tht'
IJ~'·m~ntlUn~d I~ th~ b",lotliol ,·aul>" thai rhanRe. th~ ,11'<ohrd <larch Inlo lh. dl ...cchand~ rna""'"

"'hlfh. aft~r Inn,formatlOn Into lh. mono"'ccharul~ !!IUfO<r b\ ,"olla..f~. I. dtr~("th f~rm~ntlbl.
b\ \~.a.51.

The Ao"'chart for b<-~r manufacture In Ft£ 315 ma\ ~ <1" Id..,i Into lhr~e group~ of procedures:

III br~""nc of th~ ma.h lhroul!h '0 Ihe ("ooleihop~d "'ort. 121 fnm~ntlllon. and 131.lorage. finL5!l·
.... I malt

Inl!. and pacb~nl! for markel .\f(J.jh"l~ 15 tho ~'lractlOn of th~ \aluabl~ con.lltuenl3 of ma I.
• 0 • IVVl Ib oi

adJunn•. and ~ul!lr. b\ mac~ratlng lh~ ~ound mat~rlah "'lIh ~ .:; 109 bbl of ",aler ~r l.vvv

malenal~ 115led I~ Fig. 31.5 and lreallng "'Ith "'at~r 10 pre\~nl 100 high a pH. ",hlch ,",ould I~nd '0

W-.I.l."ConI"'''''''' B,...~.., ~o. '0 Spa>n. C/o, .. f"" 1\ I I. ; ~II QI 156 II %71. ef ECT. 2d ed .•ol ~. pp
~. '11\1,. Do<n~ '" ~, B,..WU1~·. C/o, .. f., 1.\ ) I. 691131. W d%21 Ip,ocnt fIo~eh&T1 _"II plC'U'''''

960'1'"

40'1:,

SEF'ARATO'! EQUILIBRIUM

Too lay" Bollom lay"
••,n.od 84.0 16.0

ComooS1flons
14 ~'I:, 530'-
84 ~ 110

10 360

fl. J,." h..f\'dnlk")n of <Jf')C'f I"thl1'lol to ~IUlf' aJn....~ b' ur-ol'~'" d~ldlitlOn _'lh bfona.rnr If 111m Qt>co;. .kahnl I- f,.d
In,o ""um"." Tn,. 1f""U" .I.U'Ot~ ... 1.IIi."" o"f'rh,...d In IhLt ("olumn .•nd ..b"OIUIf' allohol 1.1 ob..,"~ as I boltom. "rn:Jue l

T'lY "\t'mrad "DOn &l"l" rm,d"nW'd Ind p....W"d 10 .....p..UI(H· ,dl""f"lnu",. R In _hl<h '_("I Ilqutd 1.1\,," fonn Th,. UPF"'" UHf

ndl '" MnJrnr. IS rrlurnf'd 10 column ..4 u "'~u .... and thf' lo .. "r La,rr l.- trod 10 ('olumn L .hKh produ("ft thr trrn.~ Ab"'OCfTIPI"

~ tnt O'¥f'",~ produci .nd btnarnrfn"t IqUf"OlJl akono~ .u thr bonom" product T"hu lInC'r produn ~ f~ to ('oluma D

.hKh p.rod\K'O b\ Ordlnlf'\ ddlllUlton an OOorrh,.ad produn (tf 06'; alronol Ind I bolloml produC"' of n,..,.h pUN' _,In Tlw
o'f"fh~d from rolumn D IJ rt"(H"tfOd to column i for rrm(',aJ of thf' .... lrr Thf' ~nU"nf' L1 1"'f:'('"\C"k-d tonhnuouth U1 um f'~t"'tft
'M 11 tI nf"f"'t'tU.1" onh '0 m.U.f' up Ihf' ~nltDt 10U0f"'II from Ihf' "Uf'm ThL. tIIllhdra_ln, ",,""1 It uJA"'d 0"'" .nd o\tr UaJn .1't.

• I~ thaI ",OUJ<l no< ne..-d 0 5·~ cl lilt ",lumt of lht ",h,d""" aleonal produc..cl IP'"'. P IJ 41. C~.. f"" 1\ ) I

671101. In 11%01 I
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(31 oaf.) of beer

i I
I :
j I

L~
! . ~1I01.r

"nun,. II I .11m '....~ aJ, ,>hn~ G Ird

,.,! '" obUln..-d .u I bf,n'lm1 Pf'Ol1.U(l

u:ulli u'rF"' Itltm p.. .. urrrr 1.1 .. "
,hMh prf-.1u. ~ !tv H.. P'..,.... .ur.:'IIt"'l)r

lallI" P,...tUI t " l,.,t In ,OIUenn 0
tH...iun nl nrllt. pur" .1'''' l1v

,f"'O ,,, ..... , .00nllnU'·u'lol\ ,n tl'h..\ o"'''"m

''''"I '-~ u-.J .",., 11"1.1 ·n .. , 'Alln •• If'l

),.,..,.." P I '1_' fA,,,,, i:. "\.I l') I

n 5~Clal compar1mcont5 and

thlOnl'd a~ Ihco ~~rTntnal,on

~ arTMtcod b, h~.t. ()unn~

mco d,aHaJCO t~ (ormf'd. Thco

Inlo thco dl!-acchandco malt~

'Iasl'. 15 du~t" (l'rml'ntable

to thr~ pOUp5 o{ procedur~:

!.ation. and (31 5tol'age. finW!·

.ble con5lttuent5 o( malt. m.11t
) bbl o( water ~r 1.000 l!> o(

lh • pll ... hlch would Irnd to

I [CT. 2<1 ed. vol. 2. pp 384-~13.

M Rowch&l1 .".h plChtra)

makco a dark beer. In the pre55ure cookl'r thco in50lublco 5tarch 15 con,col1l'd ,nto Iiquefil'd 5tarch. and

thco 501uble malt starch onto dcoxrrin and malt 5u/lan. The r~uhi"!! boWn!! cookcor mash. mixed with

the re5t o( the malt in the ma!h tun. railling the lem~rature to 168°f. is u~ to prepare lite bn!wen'

uOr1J~ This LS canted out on lite ma!h tun. After all lite required inp-edient5 have been di!!olved

from the brewing matenals. lite entue ma!h ill run {rom thco ma!h tun to tilter prco5~ or lite lauter or

~traI1lon!Z tub. where the "'011 ill ~parated from the In50Iubie 5penl grain5 thro~h a 510tted fal5e

boHom and run Into thr copper wol1 cookcor for complete r~o,con of all sub5tanc~ in !IOlution. a

'pra' of denrbonaled ",atn al 165°F is raml'd throujZh the ~on5. This ill caUed Jp(J~iryt.

Thr .. ort L' cooked (or approximate" 3 h. dunn/! Iwo of "hlch it IS In contacl "illt hops. The

rurp<J5r 01 bOlI,n/! I. 10 ('on('rntralCO thco wort to thco dl"sued 5trl"n~h. to 'Ienhze II (15 mm' and de·

mo' ul the I"nnmes. to roa~late arta,n protem5 b, hcoat l180o n. to modlf, it5 maltv odor and 10

r,trut Ihl" hop res,ns' 13nn,n and aroma from Ihe hops. ":'Ich arco added dunnlt Ihco cookin~ process.

\1 Ihr rnd of thr 3 h thr 'prnt hop. ar .. ~parattd from Ihe bolhn~ wort 'cor. qUlcklv throu!!h a (al~

bottom In the hop ,.,.~ or 5traonl"r und .. rneath the cop~r cook cor. SU1CCO thco s~nl hops retain 3 bbl

of ""lfl per 100 Ib of hOp5. thco' 5hould al50 be sparl/ed. The "ort '5 thcon read. to be cooled.

The coolin!! SII"P IS nOI on" 10 rf'duce the tcomperaturco. but al50 10 a110'" Ihe wol1 to absorb

I"no\1£h air to faciJllatl" thco start of fermcontalton. In addilJon. !hco protein and hop rl"5ins are pn!'

C1pllated The hot wort fint rna. be cooled 10 about 150 to 160°F in a large. 5haUow cooler. when!

r~rtaln of thco rCOSln5 preClp,tate. The wort IS then run ovcor thco horizontal. brine·cooled copper tu~5

o( thl" open Baudelot cooll"r or throu/lh a shcoU and tube heat exchan~er.JJ where aeratton al.!!O takes

plaCI". ~h!tht concl"ntrallon. duco to co'·aporallon. occUr!. This opention i5 ~rformed under controUed

condlllon5 to prnent contamlnallon bv utld ,'ea51S, f requconth. 5lcorilized air is u~d.

~ cooled "ort 15 m,xed wllh ~Iected vea!l! In the linco leading to the s!.al1ing rubs. between

land 1 l!> of 'l"a51 beln~ u~ ~r barrd of ~r. Thco inilialfu"'t'nIGlion tem~rature is 40 to 4Jof

but. as the fcormcontatlon proceeds. the temperaturco rises 10 58°f. This is ea!il~' explained b~ the fact

thai the con"corsion of thco 5u~ar 10 carbon dioxide and ellt,·1 alcohol b~' the enzvml"5 of lite ~eut

!!conerates 280 Btu/l!> of maltose con'corted. The temperatun! is partly controUed b~' anemperaton

~ W liquid h"', 1.- the maoIl , p_. ,.... lb.n1~ and oolubd...", ol the malt ud .... ..tj.........
"- """1".." ., .... r I; 1024'\ ..lid. b ht I.... tht ,,", w"" 10 .1'1'"'.......1. t~ .olld. I.... the ... ....., mIIOI'OId
b. Uw-~ _.Ift

"U. ~. op. oL

"ifltlf. ru
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Gin still
Ii/f. J 1.6 no.chan for ,h. procllK"II0n '" d......

CistPrn
room

Mill

dialomlceous earth. rnA\' be u5ed for clea,

An IIlJlOluble pret'ipital~ with the tannin

"inr rarked and fillered lhrou~ diatoD\.l(

la commercial slandards ~. blendinl! it •

tannins. It is slandard procedure to chill

acid tanrate. "'hich constitute the commer

menl aL"" gi\'~ a more stable finished win.

SWeel Wille in 4 months. These methods

lip:h\. orone. at:italion. and aeration. 11le"
and a srnaU amounl of ox~gen gas bubbled

in Ihr usual man~r. 11le wine trade is I

DISTILLED SPIRITS Various fel'1llt

liquon, Figure 31.6 sho,,'s the Aowchart

Brand, is distilled from wine or from the Ill.

a ~,.J9 from a ~in mixlUre contain~ al

whisb-. Similarh'. n'e w'hiskv mll8t start ".,

insp«'tlng the A~w('iwt in Fi@. 31.6 in the
panYinp: thrm. the procedures in rig. 31.6 f

the equipment. 4O up 10 Ihe slilli. ia of'lteel.

or f'Ve "hisb- of claimed ~e mll8t lake pla
gal. Th~ are kept in bonded warehou.es

1ngr-tdients:I- -'f\-Jt--......Jr-
juniper,
CI71CrdH'.

Neutral
splrtts
storoge

in~ned in th~ f~nn~nlon. Th~ mixlure is slummed 10 r~moye In" IU''''!'" .ubslanc~ th~ eyoh'ed

carbon dioxide brinp 10 Ihe lOp. Thus il is qull~ e\idenl thai a slead\ e\Olulion of~ is nec~' 10

c1e1n~ the ~r pro~r1~. Th~ carbon dioxide Hoh'ed is colk<-Ied by using c1~ f~rm~nlon and

slored under 250 Ih of pr~§ur~ for subse-quenl U5~ 10 carbonaung ~r,

Th~ vea.sl ~duaU\ ~Itles 1o th~ bollom of Ihe tub. 50 that at th~ end of 7 to 10 dan th~ f~r·

mented be~r is read\' 10 be \alt~d, Th~ liquid is \'en opalescenl in ap~aranc~. under a co\'~r of

foam, As the beer I~av-~ th~ f~rm~nlln!! c~lIar. it rontalns in suspensIOn hop resins. in50lubl~ ni·

trOfZ~nous subSlanr~. and a faIT amounl of \'~&51. Th~ ~r is cooled to 32°r and slored in the ceUar

for 3 10 0 ...... ks al Ihis lemperatur~ Dunn!! thiS period. clarificalion. ~parallOn. and pr~ClpilatlOn

of hard resins and Impro\em~nl In palalabilll\ Imello"In!!' occur. Haze on coolin!! rna\ be reduced

(chiUproofi"¥t b\ Ih~ addiuon of poh"nvlp\TTolodone. 34 At the end of th~ period th~ ~r is car·

bonat~dJ5 and pumped throu!Zh a pulp filt~r "Ilh or .. ilhoul such a non.last~.imparlin!! filter aid as

asbeslos fiber, In Ih~ L'nil~d Slal~. publir d~mand fa\on a brilliant beve r1l{!e. :\s I result. Ih~ ~er

15 som~Umes refiltered throu!Zh cotton pulp. keeping carbon dioxide on Ihe ~ntire S\"51em...\boul 97
bbl of be~r L' produred per 100 bbl of "or! In the slarllng tubs, After boll lin!!. the beer IS pasteur.

tzrd al I·W'F
:'ome bffr I' nol pa~Ieuflzed bUI 11Iol,,!!,calh punfied b\ m~mbran~ filtralion ...hich remO\M

r~ldual \ea~1 fell. and harmful bartena, This ultrahltratlon, and se\'eral olher ne" procedurM

Includln!! the addlllOn of antlmlcrob,als. produce 5O·called boltled draft beer. Beer WIth the car,

bolndnle ronlenl reduced from the usual ~'7c 10 near zuo. "hich reduces the food contenl from 160

calon~s 10 100 calon~s per 12'Ol botll~ is also availabl~.

\l "'''',(; Of 'lrl'\[ Wln~ has been mad~ for se\ ~ral Ihousand vean b\ fermentallon of the

JUice of the I!T3pe Like olher fermenlatlons. man\ pnmlti\'e procedures h3\e ~n supplanted b\

Lmpro\'ed CI'lence and en!!,neenn!Z 10 reduce co~t~ and to make more uniform products, BUI no". a~

aJ"a". Ihe rJUa"l' oi the product I. lar!!el\ relaled 10 [!Tape. WI!. and sun. resultil\f! In a \anation

,n tla\l,r, h"urJUel. and aroma TI,e (olor dep"nrl. lar!!eh upon the nature of the [!Tapes and "hether

the sk,m are pre••ed out before fermenlallon \\ ines are c1a5!lfied as natural (alcohol 7 10 1-t<;; I.
fonlh""j falcohol l-l 10 10', I, ."eet or dr\ .•1111 or sparklonfZ, Forllfied wines hl\'e akohol or brand\

add""j In Ihe <" ~el "'ne< <ome of the .u!!ar rema'ns.

For the manulacture of dn red "lne, red or black pape~ arc nec~san, The [!Tapes are run

throUl!h a cru~her. "hlch marerales them bUI dOf"~ not crush the ~s, and also remo\'~ pan of Ihe

.Ierm The re.ullln!! pulp. or mIL"... pumped Inlo 3.(X)()· to IO.()()().!!al tanks. 36 "here sulfurous

arid): I' added I" r h.... k Ihe Itrn"th of ",Id 'east -\n a('(l\e culture of selected and cultl\3led \e3!ll

""l'llilo ,j I" ,)"; of Ihe ",Iume of JUlfe 1< add""j [lurlnE fermentallon, Ihe Irmperature fI.es. so thll

t'I)oltnf to'" arc n....e.<.1f\ 10 malOUln a lemp..,alur" ....10" as'F'. The rarbon dio~ide e'ohed

CIITle- th. <I~m< and .....d~ to the lOp. "h,ch LC parth pre,enled b, a !!Tatln!! Roaled In the ,al. Th~

aUo,,< e\lrartLon "llh. coior ann the lanOln from the .k105 and seed. ""'hen Ihe fermenlallon slo"!

up. Ihr lUll ~ l' I'ump..d oul ,i Ihe oollnm of Ihe 'at and back Inn the lOp. Thr" lOr I~ hnalh run

Inlo, j" ..... j \Jnk< Ln the ""ralte, ellar, ",h.. r•. dunnE a pefl.><J of ~ or 3 "eeks. Ihe ,ea.1 fermen~ thr

remalOcj,'r 01 Ih. <ufar Th.. " Ine I~ £1\ en a cellar treatment 10 (lear II. Impro, e the I<I5Ie. and dr,

r,.,.a,.. Ih. I,m~ 01 a!!lOC ['uflnc IhL' treatmenl ,h .. "lOe ,. hr'll allo"t"fl III rema,n 'lulet for 6 "eek~

In r"mm~ [\In 01 lh. mailer Ln 'u'pemLon. and thrn rar k..d for r1aflhratlonJ~ Benlonlte. or othrr

'.,q"",., fIlS .7.'),~; I)Q721

,.~,. ...&~ !i.'ttd' \hnuld b-- .... pi I,,..,. frnm Ilf ... h..,..h ""ould In,,.rlf""'" .,,'" th.,. ''''~hILI\ and qualtl\ oIlh,. br-t-r Th,.,.,·
pumr-:1 In ' .. _ to· _i:~ f Lnd .Imnun, .. III l"",h_n U ,\6 and It l..;": of thf" .,..,i" .. i Ih,. ~,

\"11" m...... m·.I"~'" 'm p
", In "'In"',,_ Ih_, 'Inll.- 1/" f","n l.rlf'r ,flei at .. M.n'""\,, If''d of ('nn""''''f

t"P"I&t'tIl.H'" .., ... wilum mrlatH.• ul",,. Ind. Of .ndlum tu.ultllf' m.\ aiaoo two u~
}Il(~n"r ,h", a.nd lh,. fol~n'lnr p"'nnd thf' M __1nt urMtf'fYOIM I comph("ltrd ... ,.,.... n,( ' ctMJn'. ,"uhln!l tn Ihl' "m~aJ 01

und,...,,.,.., ,·on"',luf"nL' .nd tl,..\,..I"flm"n, oIlhf' '~a.. bou'l""t. Ind I..,,, (htdltlOn uk-I'" plaC'" rU U p"""'pllal.on of pl"'(t4f'1r'1f

."d 'fY'l,l' a.nti _''''nhclhttl1 nI thf' Iud. b, alrohob lAoru," mnd,f1utlOn, ollhd pror"" .". p,....,.nled '" fltt"rnxal Ttchnokf'
~M 10 f\rtll'" 'Q, ,n". f.'\'", £"1 \ ..... ,. Juh 2. IQ;'3. pi". tl'Irmdr"" (onCT"'"'" on !.hI' Cnpe. CAt-till E¥ .\,...t. Jurtf',,;.:)
Ill73 P 16
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Chapter 6.

l
I

1

George O. Wornson,
Miller Brewing Company

,'W E HAVE A challenge."
How many times a wcek do we hear that

statcment? Yct the very real challenge we're ad­
dressing today is how to expand our recycling efforts.

Recycling is chal1enging. It's shaping up to be one of the
critical issue of the Nineties. It's ccrtainly one of the most visible
of all the environmental issues. Recycling is becoming the cen­
terpiece of society's interest in the environment.

Why is recycling a challenge? We have this one little planet
in our vast solar system that is our one and only home-at least
at this point in time. We need to protect it In fact, we need to do
more to prOlect it For example, Brazil has discontinued its sup­
port for ethanol fuel as being too costly. The resuh is more air
pollution. Also in Brazil, rain forests are being harvested at an
alanning rate over in the Amazon region. The resull is fewer
trees to replenish our oxygen supply. Further, we're learning that
a throw-away society increasingly taxes the world's resources.
Our efforts to deal with mushrooming volumes of wastes is re­
vealing new recycling options. Yet one key problem is that

67
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present landfill sites are closing. and it is tough to get a permit
for new sites. Protestors shout, "NIMBY." NO( in my backyard!

The business world can help meet this challenge. We as
businessmen and women can find business opportunities for
waste products. In so doing, we must not look at them merely as
wastes, but as secondary resources. Recycling and reuse is a
practical solution to our environmental challenges, and breweries
can easily become models for me reuse and recycling of second­
ary resources.

In the beer industry we have a wealth of secondary re­
sources. We at Miller Brewing Company (MBC) are developing
these and that's part of what I'm going to describe here. These
secondary resources represent a great business opportunity for
Miller.

One key problem we continually face is the question of per­
ception. First, let's not call recyclable items waste products!
They are, in fact, secondary resources, and as such they provide
a great opportunity. Communicating to society and potential cus­
tomers that distinction is a major challenge we face everyday.
Yet, we must continue the effon, for there is an old truism, "Per­
ception is reality."

My position at Miller involves working with eight breweries
and various support manufacturing facilities in the US. Anyone
of these breweries puts out lots of quality packaged beer-and
also tons of byproducts. The list of opportunities for recycling at
MBC is long:

• wet and dry brewers grains,
• liquid brewers yeast,
• food grade carbon dioxide,
• recycled aluminum cans and cullet (recycled glass),
• corrugated materials,

• residuals (which we call biomass) from washing out tanks
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and brewkettles treated in our wastewater treaunent plants,
• plastic strapping.
Each of these items represents a real opponunity.
How great is the opponunity7 Miller's profit from bypro­

ducts over the past five to six years has increased more than 50
percent What we're trying to do is cam a fair and equitable
profit in all of our operations. This ccnainly includes our beer
and also our byproducts.

Specific Byproducts
Let's take a look at specific byproducts we produce at MBC

and see what we're doing to capitalize on the opponunities they
presenL

• Br~tr' s grains. These are the substances that remain from
the malt after the simple carbohydrates have been removed in the
mashing process. These brewer's grains have cenain excellent
nutrient qualities that provide a wide variety of secondary uses.
'!bey~ aftually a concentrated form of high-quality bartey malt
with only the simple carbohydrates extracted. They therefore
have concentrated protein, dietary fiber (a big subject for con­
sumers these days), complex carbohydrates, valuable trace min-
~~als, plus a concenuiti,?n of barley oil. . -

Historically, brewer;s· grains have been marketed as a high­
quality ingredient in dairy feed. This application is now common
to the brewing industry. Miller, for example, has been selling its
grains for feed pu~~ for years.

In recent years, we've been working to find new uses for
brewer's grains and maximize the beneficial use of this resource.
For example, working through our breweries, we've been able to
contract directly with local customers who can provide better
service and improved marketing expertise. We've also increased
the number of contract customers for our grains six-fold-from

•
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just one customer in 1982 to six at the present time.
What has this meant to MiUer1 That becau3e the breweries

are directly involved, both service and profits have improved.
A further step into the food area is being explored as we

market brewer's grains as our Barley's Best product. MBC has
worked very hard and long to bring this product to reality. This
i~ea is not ~ew, but timing in the marketplace now seems v~ry 1®
nght. Amencan consumers have recently become preoccupied .
with cholesterol reduction and !.study compl.!=!.C~~tTexas A&M
shows Barlers Best barley bran is about twice as successful in
iOw~rin2-ch()l~~~~-as oat bran..~les·-areexpected 'to.contfi"-ue
to increase.

• 8r~u's yeast. Yeast is another prevalent brewery bypro­
duct we've been addressing from day one. Great strides have
been made in ~ming this byproduct into a very profitable side
business, one with many food applications. We have done this
wilhout necessitating a capital expenditure for major processing
equipment. We had two paying customers in 1982, and now we
have more than ten customers contracted to buy our yeast by­
product.

We have also found that injecti~~~t int~_wet brewer's

~ins makes a. very e.nhanccd f<KN product.
We continually strive to maintain a-high level of service to

our direct brewers yeast customers. nus open line of communi­
cation is appreciated by our soup and food processors customers.
We have also cultivated pharmaceutical and other speciality cus­
tomers in order to foster steady sales or brewer's yeast slurry.

• FooA.grade carbon dioxide. One of our biggest success sto­
ries has been the recovery and reuse of our excess carbon dioxide
gas (COl)' which is produced during the fermentation process.
Today six of our breweries have succeeded in using their COl
more efficiently and have even generated surplus for outside
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sales.
This is a perfect example of how to use our resources suc­

ccssfuUy. We discovered that we were able to capture the C02
and create a market for il At the same time. we found o~~vi­
~~~t~ly co~j~~s manufac~u~~ho were able to_~s
B!.sJ..n.Jhcir rcfriicraticn....amL!~~ling opcra~~mi TIlrough lhis
procedure. we haye ~rcatly reduced C02 escaping into the alJT1O­
SQbc:rc

Other manufacturers who use the gas to provide refrigera­
tion. can strive to eliminate their use oC Creon. which can damage
the ozone layer. By not only looking at our manuCacturing needs
but also the needs of others. we have successfully created the
kind of chain reaction that environmentally conscientious indi­
viduals and companies are seeking.

• Alwni1UU1l cans and cullet. Miller was quick to develop an
aluminum can recycling program. Alwninum is one of the most
recyclable materials on the martet today. In each of our facilities
we recycle all of our scrap aluminum cans.

CuJlet. or broken glass reclamation. is another growing area.
We have found that we can get more for the material if we re­
move the impurities. and if lhe glass is color separated.

• CorrugaKd car~. Cardboard is another byproduct that
is receiving more anention. Paper and paper products require a
lot of space in landfills. We at Miller. like most manufacturing
concerns. bale and recycle all oC our corrugated.

Key to the successful recycling is the creation of martl:Ls and
we've shown our commilJT1ent by buying as much recycled pa­
perboard as is available. For example. on the West coast. all of
our trays. boUle cartons. and basket carriers are made out of 100
percent recycled materials. We will continue to identify other
suppliers who can provide to us the same quality so we can
maximize the use of recycled board nationwide. It may cost a

r.
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little more. but the long-tenn positive effect is well worth the
cost.

Miller has also found that reusing materials saves landfill
space. We have staned a program to reuse box,Ss. whereby our
canons are shipped in from our suppliers. 1llese boxes are set up
to make four trip!.~fo~b<:ini recycled. During 1990. more lhan
750.000 pounds of boxes were reused. and throughout 1991.
more than 2.5 million pounds were reused. To make this system
wort. the boxes 'L1'"!;.in~ctcd and reworked at handicapped cen­
ters. thereby providing employment opponunities within the
community. Fees paid to organizations for the handicapped in
1991 exceeded $170.CXX>.

We also have a successful paper. corrugated cardboard. and
aluminum can recycling program at our corporate offices. Rev­
enues from this program are generally slated for local charities.

• Residuals from tanJc and brewUllle washing. Next is a by­
product called FARM a.N. (fanning with organic nitrogen).
which is a soil condit!~ing and liming ag~~~ made from ~ or­
ganic residual collected after flushing out tanks and .brewke~~.£s

proces~~ through OUf ':!fi!.I plants. Miller completed initial
land application fenilizer trials through Cornell University. Re­
sults were very positive. d~~~nstra.tin..8...liR!ing and fenili~tlQ.n

value. It's becoming more and morc popular with fanners.
I have been involved in legislative action in North Carolina

to adopt a secondary nutrient law. New regulations for this are
now passed. and it clearly identifies the cjJstinct difference of
food plant nutrients and regular industrial biomass products.
This is a very positive step in the right direction.

Making Recycling Work
We now have individual byproduct groups at most of our

breweries. Such groups are having a positive impact on recy-



7. SHNlE THE EXPfIlIENCE GEOilGE O. WOIlNSON IS

n
~
~

,I:J,
l:I.g
o
o
:r:

-;

0]l

cling. Oearly the success of our secondary resource program can
be directly auributed to the dedicated employees at Miller. Their
voluntary panicipation and ilUlOvative ideas have made a posi­
tive impact on our envirorunent.

In addition, it takes the panicipation and cooperation of
many various depanments. For example, we had the specs of our
plastic strapping changed so that any that comes into the brewery
is identical, thus paving the way for easy recycling. Another ex­
unple is the box for our crowns. Two vendors used a glued box,
while another used staples that made it unsuitable for reuse.
Now our corporate specifications say that ~t1 Of our crown. ooxes
shou!d be glued.

In August 1990, the LandfiU Minimization Task Force was
officially established. This group was formed per the recommen­
dation of our senior Vice President of Operations. Our goal is to
eliminate the usc of landfills except where severe tectmological
or economic restrictions are present. Our initial assigned mea­
surement was to reduce landfiU tonnage by 25 percent per year
for the next three years.

As shown in Figure I, there are four basic ways items enter a
plant:

• as bulk substances,
• as semi-bulk substances,
• as simple substances,
• as unitized substances.
The usc of these individual items result, to a varying degree,

in bypl'OduClS,

Let's look at figure 2 at some results of specific brewery
landfill minimization. We see that from 1989 to 1992, the total
volwne of brewery landfiU was reduced almost 69 percent. Fig­
uring this volume was not necessarily a pretty job, I had a con-
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tainer plant actually weigh and itemize all items discarded into a
compactor for a two-week period. They then produced a Pareto
analysis of the wasted materials, and projected the results into
annual numbers. I would advise that if you are serious about a
waste reduction program, implement a general audit.

Conclusion
In summary, turning waste into saleable byproducts and pro­

tecting the cnvirorunent is a challenging endeavor. Whether it be
Ilrewer's yeast to food or phannaceutical applications, brewer's
grains to Barley's Best high-fiber flour, or FARM a.N. for crop
application, it all relates to protecting the environment and main­
taining a clean and profitable workplace. We all must continue
looking for a beneficial use for everything. The Nineties will see
an acceleration in environmental awareness in this country. We
at Miller Brewing Company plan to continue to be part of that
since we consider ourselves to be an "envirorunentally conscious
brewery."

I would like to leave you with this one final thought. The
challenge we face is being able to stretch our engineering and
technical expcnisc so that we can communicate adequately about
the issues. 11le success of so much of what we do depends upon
the opinions and perceptions of others-the government, media,
and the public. Remember, "perception is reality," and by com­
municating the facts about recycling, we have an opportunity to
influence people's perceptions for the beller. This wiu do a lotIO
smooth the way and help our secondary resources 10 be utilized
to their true value, in hannony with our environment.

Gtorgt O. Wornson jointd Miller Brewing Company, Mil­
wauku. Wisconsin. in /982. His assignmeni is Stcondary Re­
sourctS Corporate Managtr. His position involvts working with



CLEANING AND SANITATION
IN A BREWPUB
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the eight Miller breweries and some support facilities to maxi­
mize their best use of tMir secondary resources. From /974 to
1982, he was manager of allied products with Coors Brewery in
Gouun, Colorado.

Chapter 7.
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Wolfram Koehle~

Crescent City Brewhouse

H OW DO CLEANING and disinfecting the brewhouse
impact the production of bcer1 After the w~nl};l~.~n

boiled and sterili~~, it becomes the taJlet olit variety_.._--~ ..

~E!.icl'Q9rganisms that change or highly aller-if nol alto&tl.l1er
spoil-<>ur beer. This leads to only one possible conclusion about
Cleaning and slCrilizing the brewhouse: cleanliness is one of the
moSl crucial tasks performed in a brewery-large or small. In or­
der to do this in an efficient and effective way. we must identify
problem areas in our breweries and make plans to deal with them
on a constant, defined level.

Small Brewery vs. Brewina Factory
I have heard the argument that the small brewer docs not

have the means to apply science and lcchnology, as the big brew­
eries do, for lack of funds or necessary machinery, but I don't
believe this is the problem. Brewers in breweries of any size face
basically the same problems. At this point, their cleaning and
sanitizing effons have come to a point where their hours spent
with a brush and a broom have been reduced to a sensible appli-

79
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Operation Conditions for Anaerobic Treatment of Wastewater
from a Beer Brewery

KOUHEI TANEMURA,lf KENJI KIDAr KIMIKAZU IWASAKI,' AND YORIKAZU SONODAI

Hitachi ZaN" Co., I-J-11 Sakuraj/ma, Konohana-ku, Osaktl JJ4, I and Deportment of Applied Chemistry, Faculty
of En,inemft', Kumamoto University, 2-J9-J Kurokam/. Kumamoto City, Kumamoto 860. 1Japlllt

R~lvtd 13 OClober 1990/Aeeqlled 2S DKember I99J

An .nltroblc ftuidllrd-bfd rHetor (AFBR) wu used 10 Crut w..tew.'er froID. beer brewery (total ora.ale
nrbon (TOe), .bODt J,100 milt; BOD, about Z,800 mill), Tile Toe coaceltRelon In taillenC ·.mttd by I
rla,I.-AfBR process "'u 70 mell (eorrespolldiae to I BOD of 107 mil/) .t I byd....ulle retentlOI t1mt (HRT)
or 25 h, while the TOC In el!luenttrelted by a double-AFSR process CODDKttd ta .erlel wu 3. milt It a HRT
of 19.5 h. Howe\o'tr the-w Toe ~.Iur. were Dot below the 14 milt (comlpondla, to I 1100 of 10 mill) w"lch
I. IfD"aOy rtquJred for dIKh....e htto rlnn. We therefore eaJtullted the HRT n~ary to lin In.t,d
emuent with a TOC or IH' thaD 14 mill In bOlh prOetl'fI, ullnl a kinetic formuJa for Ih, TOC remoTl1 nt'
derlnd Irom the resulll of treltmeatln the .tnlle-AfaR prom•. T"e HRI. lor the sinde- IDd dOllbl~AfBR

protease. were 4O.J and 11.1 h respectively, and It "'u found Ihilihe double-AFBR proce•• WlllDore .d"ln­
t.ltoU. la obtalnlnl treated emaeDt which coald be dlstba'1ed lalo riven.

,
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Waslewlter from beer breweries with I BOD concentra­
tion of 2,000-3,000 mill Is treated by the activated slud,e
procen which Is designed 10 optrale at a HRT of 24-30
h and has a power consumption or 1-2lcWh/kg BOD.
Wastewater lenerally appears to be discharged at a mini­
mum now rate of 3.000 mJ/d, though this varies depending
on the season and production capacity. Thus, the activated
sludge process for trutinl wastew.ter from beer brewerie.
nee<tLuarle around area and consumes an enormous
amountoI power, In \'iew of this s!luation, there is a need
for the development of technology capable of treating
efficiently the Incr~~inl volume. of wlSlewater from brew·
eries. We have been studying ways to Improve the effi­
ciency of anatrobic treatment and how to make it a .en­
eral process for the rrutmem or many kinds of waslewater
(1-3: Kida. K. tt al., Ab.lr. Annu. M«t. Soc. Ferment.
Techno!., Jap.n, p. 129, 1989). Comparing the pcrfonn·
an~s of four kInds of rcaclors useo in the anaerobic treat·
ment of low-stren,th synthetic wa5tewater, we found
(hat the AFBR gave the best quality of effluent within a
cl:lmp.ratively low temperature ran,e below 20·C (3).
In the present work, we investigated a mesophilic high·
rate AFBR for the Htalment of brewery wastewaler. and
sludicd the organic lo.ding rales in a single·AFBR and
double-AFBR conn«:ted in series. The HRT necessary to
oblain treated efflUfnt able 10 be discharged into rivers
could be calculated through studies of org.nic loading
rates. Comparing alkali consumption between the single·
:md double·AFBR proces.esin terms of running COSI~, we
also report on some other factors which need to he can·
sidered in obtaining desirable operation conditions.

Brewery waslfw.trr Drewery wastewater from a eer·
l:lin hrewery WII dcc.nted lind its supernalanl was used in
31l experrmenlS. A Iypical example of the composillon is as
lollows (mg/l): BOD, 2,774; TOe. 1,156; clhanol. 1,3S3;

. <.'orrespondinl Aulhor.
t I"rtWnl "C1drel~: Ueplrlmrnl 01 Oi()(n,in~rin., Y;llIulhiro

~:lIlon.J COlltlt III Itchl'kJlO.y. Hirayama Shln·ma..:hi 2627.
VallUlhiro 866. Japan.
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acelic acid, 229; propionic acid, S13; protein, 110: sUlar,
Dot detected; pH, ~.~. .

seedlnl sludae Mesophilic slUdge from a certain sew-
aae worlcs In Osaka was acclimated in synthetic WIS1ewater
by the draw-and·flJl method (after setlJing and drawing cul­
ture: broth, the same volume of new synthetic wastewater
was put in a reactor) in our laboratory, and used as seed1nJ
sludge.

Support medlulD CrlstobaJite (0.1-0.3 mm~l prod-
uct of Nlttetsu Mlnina Co. Ltd., Tokyo) wa. used II the
support medium for microbial adhesion In the AFBR (4).

Sinele anaerobic ftuldlud-bed rt.ctor proctll
Figure I shows a schematic dialrarn of the singJe-AFBR
process. The AFBR (internal diameter. ~O mm: total
heigln, 4lOmm; worJclna volume, II) had a settling zone
at the top. The temperature durinl all experiments wu
kept at 37·C by circulation of water through a wlter
jacket, and the pH in the AFBR wa. kept at 7.0 by a pH
controller. The innuent wastewater was kept in I refrige­
rator at 4e C. After 100 ml of lhe seedlnglludge and 200.
of the support medium were put into the reactor, ana.rob­
icaJly mated synthetic wastewater was Idded to the 10/
level. The liquid in the AFBR was circulated overniaht at
nee at a flow rate of 14 IIh by • roller pump P-2 to ftui­
diu the suppOrt medium. A schematic diaaram of the
sinlle-AFBR Is shown In Ref. no. 4.

Double anaerobic ftuidlzed-bed ructor procen The
double·AFBR system WI' comprised of two seta of r.
acton connected in series. Each relctor had I Slructure
geometrically similar to the sin,Je-AFBR, except th.t the
working volume and circulation rate of each were 0.4.5 I
(inlernal diameter of ftuidization pan, 30 mm) and 7,6/1h,
respectively. After the experiment with the sillJle-AFBR
was completed, the support medium was divided into each
reactor of lhe double-AFBR process. In this proc:as. the
effluent from the tint reaClor flowed into the bottom of the
second retctor by ,r.vlty, and the treated etlluent over­
flowed at the top of the second reactor,

J::free. of t"e volum.trle ofla..le loadlnl nt. Maeda
tt al. (S) reported thll the slud,e concentration Idhlriq
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of the volumetric TOe loading rale on performance. From
the TOe concentrations of the influent So (mill) and
the effluCflt S (mg/l), the TOC removal rate u (mll/·h)
can be calculaled as follows:

(2)

o
•

optrimcntestimate

u=F{So-S)IV

o 4
.. ~ 0 o 2 , •

Volumetric lOld'"" ,.'e of TOC ('/I·d)

FlG. 1, Effect of yolumetric Toe 10ldin, rale on the qualily of
lIelted emuenl in anaerobic: treatmenl In the mqle· and dOllble­
AFBR 1Y51tms. Symbols: 0, ll, sln,lc-Af'BR; .,., doublc·AFBR.

100

where. F= feedin, rale of the brewery wutewater. Ilh;
V= working volume of the rUClor, I.

Substitution of experimental dati F. So and S into Eq. 2
led to the result that the Toe removal rate ploned against
the TOC concentration in the effluent showed a saturation
curve (data not shown), which was given by lineweaver.
Burk plot (Fig. 3), as follows:

v:=:9S.'·SI(S4.8+S) (3)

:: 1100...r1000

I ~
.s ~

I 100

i H'

~
I 1D 'I 10

Hydr1luflc retention time (h)

FIG. 2. R.e1ationship bet"'"" the quality or lIealed emuent and
hydraulic retention times In the unlle· and double·AfBR processes.
TOC conuntrltlon or WUlCWater (mill): 0, •• 1.1(10-1,110; 0·,
I,JSO, ••, 890.

'91

t medium became constanl afler more than Ont
aerobic trUlment by the fixed bed process wilh
Iran nets. An experimem to ellamine the effecl of
.-tric: TOe loading rate on the performance "a~

• Toe volumetric 10ldln, rate o( 1.1 III, d aft~r

'12 to 3 g TOCII·d (or aboulthree momhs to
I conc~t1lralion o( sludlC adherinllto lhe sup·

..m. The sludle concentration In the reactor was
Jfed during the acclimation. As shown in FiS. I,
:oncentralion in the effluent increa~ with the in·
volumetric TOC loadinc rolle. The TOC concen­
the effluenl rose (rom 100 to 180m,11 (Ihe TOC

!fficlency decreased from 91 to 84%,) when the
c TOC loadin8 rllte was increased from 1.1
.5 h) to 2.1 gll.d (HRT, 12.8 h). funhcrmore.
removal emdency decreased (about 33%) at the
,metric TOC loading rate o( 6.5 all·d (HRT,
,wever, the TOC concentration was stably main­
about 770 mgll during '·d operation at the !arne

Nn in Fig. I, the TOC removal efficiency in the
FBR decreased with the increase in volumetric
Iina rate, in the same manner a\ in the sinJle­
he TOC removaJ efficiencies in both the sinlle­
le-AFBRs detreased to 35% at the high TOe
Ite of about 6 gll·d. However. the TOe removal
s in the double-AFBR were 95.7% and 93.4%' at
oe loading rates of 1.0 (HRT, 19.'h) and 1.6
~T, 17.0 h) respectively, and resulted in higher
1ce than in the sinale-AFBR. This agreed with
usidtl obtained in the anaerobic treatment of
orud by Jeris (6), in which a double AFBR
hijlTer eOD removal efficiency than the siosle

rl.on of prrformance between the sln&le aud day·
• processes The relationship between BOD

ncentrations in the effluent i~ ~hown in the fol-
.ation. with a correlalion coefficienl of 0.94

:om the analytical data during the: anaerobic
, Equation I can be applied (or a BOD of 30
1/.

JO-1.9·TOC-25.9 (I)

I. the TOC concentration to enable dischar,e
was estimated 8S 24 mgll. which corresponds to

'ncenuation of lOrna/I.
llion~ltip between HRT and TOC concentration
Llent is shown in Fig, 2, bued on Ihe results in
, is evident (rom this !laure, neither procen can
'OC concentration of 24 mall required (or dis·
o rivers at any HRT exam.Jned.
'e tried to derive a kinetic formula for the TOe
ate (rom the experimental results in Ihe lingle­
o~ss In order to calculate the HRT necessary
a dischargable level of TOe, aslumin, that the

,mpletely mixed the liquid, and the sludge con-
adherina to the support medium became con­

! former aslumptlon wu based on the fael that
linle difference in the TOe concentrations o( the
lken from the top and bottom of the reactor;
lie. 770 and 775 mill ror each sample at a volu·
tC loadina rate of 6,511/.d. The latter assump­
:d on the fact that the ,ludIC concentration adher­
IUppOrt medium wil supposed to have reached
. level as a result of the preUminary loadinl ope-
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TABU! I. Alkali coniumpi ion to eonuot th. pH iD tIM
rtlclon II'

HRT (II) AI. III conlulllpIJon (mol/lll' -.Allnr'lef)

Sln,/,
Double

Sln"'e Double
1114III

2-4.1 0
/9.6 19.6 0 0 0
12.6 11.1 0 ).0 0
9.' 9.2 0 7.2 0

7.0 16.$ 0
•. 3 •.7 8.9 20.$ 0

-, Not eum.ined under Ihe.. condlUoM.

From Eq. 2 and Eq. 3, Ihe Toe concemralion in Ihe
effluent, S, can be represented by HRT and So u follows:

S-=

~li~T-=~ ...8- SJL=-,~nHR:r - S(j=-SO)1+TxRTS;
2

o0 0.001 0.010 0.011 0.020 Q..02f

lIS «mg/O')

FlO. 3. liDe....ea~er·Burk ploU for TOC removal.

(4)

The solid line (-) in Fig. 2 shows the relalionshlp between
the TOe concenlralion in Ihe effluent and the HRT in Ihe
cue of So- J,200 m,11 in Eq. 4. Except for Ihe quality of
Ihe effluent (0'" oblaintd In the treatment of wastewater
wilh a Toe concentralion of I,BO mgll al a HRT o(
9.4 h, lhe eltperimenlal dala (0) alreed wilh the calculated
resulls, so [he \lalue of 24 WlU substituted for S 10 estimate
the HRT necessary 10 give a di,charlable level of TOe.
The calculation give I HRT of 40.3 h, which is much
longer Ihan Ihe HRT (24-30 h) In Ihe activated sludge
procen.

NUl, Ihe HRT needed to live a dischargable level of
TOe in the double-AfBR was eSlimaled by applying Eq. 3
to the double·AFBR process. The mass balance for the sub­
strate in the first and Ihe second reaclors at steady Slate can
be described II follows:

lults showed that the double-AFBR process had advan­
tages over the activated .Iudle process witb re.pect to a
~duction of both the HRT and the power consumption
needed for aeration. and Jt can be re,arded It an alterna·
tive proce". Moreover, from me vlewpolnr of exca.
slud,e production too, anaerobic treatment hit an advan,
tage over aerobic treatment. For example, the production
yields of exeeu .Iudge were found to be 8.2 and 118".
respectively, (or anaerobic (2) and aerobic (7) treatment or
distillery waslewater (rom shochu making.

In ,orne prefecture. in Japan It II permil5lble tor treated
emuent with a BOD or less than 600 mall to be dlsc:har,td
Into the sewers at a chargt. In such ases, It is neceuary
10 select a suiuble proceSJ. The BOD concentration or
600 mill corresponds to • TOe concentration ot 330
mgll, as calculated (rom EQ. I. The HRTs necesfary to
allain a Toe concenlralion of 330 mill in the effluent
for the sin.le· and double·AFBRs are 10.6 and 10.2 b
respectively, which means Ihat the single-AFBR is more
advantageous here due 10 the lower financial investment
needed for construction. As shown in Table J, alkali con­
sumplion to control the pH in the reactor at 7.0 increased
with the dtcrease of HRT, both in the sin,le- and double­
AFBR processes. In particular, a large amount of alkaU so­
lution is consumed In the firsl reacror of the double-AfBR
process because the HRT of 10.2 h in the double-AfBR
mean. a HRT of .5.1 h in the first r~actor. From these view­
points. the sinale·AFBR has some economic advantl,e.
over the double one.

In conclusion, it was found lhat a HRT of about 21 h
in a double·AFBR would produce effluent wilh a BOD
concentration of 20 mall In Ihe anaerobic treatment of
wastewater from a beer brewery. However, as .explained
above, It Is necemry to consider locaJ re,ulatlon. u well
u kinetics before the process and design bue are chosea
for a particular brewery.

(5)

(6)

'1, -.0950 - S,)I VI

'II=F(S,-S/)IV:

' ...
~~

:~
t:
'j

'.

(7)

where subscripts I and 2 denote the flrsl and Ihe second
reactors, respectively. Substitutlnl V, = Vz iolO Eqs. ~ and
6. lhe relation betwun the HRT And TOe concentrations
in Ihe firsl and Ihe second rUCIors can be derived from Eq.
3 as follows:

HRT=~= - ?_JSo.~~.
F 95 ..~.Sl.+1-.5:2,Sl

511."+S, S8.4+S}

rhe dOlled line ( , to Fla. 2 shows the relation bel ween
HRT and S: in the case of So:: 1.200 mill and VI =0.4~ I.
and it seemed to be :tpplicable 10 (he uperimelllol results.
Sub$tillllion of 24 fnr S. in Eq. 7 !ta\le a HRT of 21.1 h.
which \Va~ about half rhl\t III rhe ,illlle·AfBR. These reo
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