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1.0 INTRODUCTION

This document presents the materials collected as background information 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 Development (USAID) is performing an Industrial Wastewater Discharge
Prevention Program (IWDPP) in Amman, Jordan. The IWDPP is one of the four components
of the Water Quality Improvement and Conservation project. funded by the USAID. The
IWDPP is being performed bv DAI with full coordination between the Minstry of Water and
[rrigation and the Amman Chamber of Industrv. 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
treatment, storage, or disposal of the waste.

Based on a ranking methodology, the PP/WM Committee has selected ten industries with
potential needs for PP/WM audits. One of these industries is the "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 treatment under the following subtasks:

Subtask 1.1 - Audit Coordination;

Subtask 1.2 - PP/WM Background Materials Preparation;
Subtask 1.3 - Pre-Investigation Meeting;

Subtask 1.4 - Audit;

Subtask 1.5 - Post-Inspection Meeting; and

Subtask 1.6 - Audit Evaluation Report.

1.2 Objectives

In this document, background information has been assembled by performing a comprehensive
literature review. The purpose of the literature review was to identify the available techniques
and clean technologies being practiced for water conservation and PP/WM in the brewing
industry. The literature review included PP/WM 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
of typical brewing processes and the wastes generated by them. Section 3.0 details the brewing



processes used at the ABC. Section 4.0 describes areas for potential improvement in regards to
PP/WM and water conservation. Finally, Section 5.0 lists the primary references counsulted

during the literature search: copies of the appropriate sections of these references are provided
under a separate cover.



2.0 INDUSTRIAL OVERVIEW

Beer is a beverage of low alcoholic content (2-7%) made by the fermentation of starchy grain
cereals. Beer production is typically a batch process; 1t 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 (SS). 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 corn, 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.
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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 better 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 filtration process can be improved by sparging the spent grain with water
at 75°C for complete recovery of all substances in solution.

Brewing. The filtered wort is boiled in a brew kettle 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 ailso 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 kettle; 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: 10
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 cattle 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 liquified 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 0°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 0°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
filling, 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.



Bottle Washing. Bottle washing requires a large amount of water and creates a
significant waste load. Automatic machines are available for bottle washing: the
machines typically perform the following operations:

Feed the bottles to the washing equipment;
Pre-rinse the bottles;

e 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 mixture; 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 veast 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 1s 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 support 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,
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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 100°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, 1t 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 fermentors, and to cool the beer prior to storage.
A typical cooling system consists of a water circuit including heat exchangers,
cooling towers, 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 treatment systems can be used.

Municipal treatment systems typically employ conventional biological processes,
such as activated sludge. On-site treatment 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.



2.3

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.

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 4.0.

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 (m’/m’ beer). The wastewaters typically have very high BOD, COD, SS.
Wastewater is generated primarily in the following processes; typical volumes are given
when known:

* Brewing (1.20 m*/m’ beer);

Cooling (1.40 m*/m’ beer);
e Fermenting (0.30 m*/m’ beer);
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Packaging; and

Filtering (0.70 m’/m? beer);
Storing (0.40 m*/m’ beer):

Housekeeping (0.70 m*/m’® beer).

Typical wastewater BOD and SS strengths are as follows:

Source BOD; (mg/l) SS (mg/l)
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 50.000 4.000
Typical wastewater contaminants are as follows:

Contaminant BOD;, BOD; SS SS
L (kg/m3 beer) (%) (kg/m3 beer) (%) i

Yeast 3.71 30 2.55 30 T

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

Fina] 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
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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 filter cake from the trub filter;
Excess yeast from the fermentor;

Yeast filter 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 wort 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 (NO,), carbon monoxide (CO), trace sulfur dioxide (SO.,), and
particulate matter.
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3.0 THE BREWING INDUSTRY IN JORDAN

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

The ABC produces beer under a license from the German brewery Henninger. The total beer
production capacity is 15 m*/day, though current production rates are only 15-20% of capacity,
or approximately 2.5 m’/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);
e Filtration (water is added to filtered wort): and
¢ Boiling.
E . | Conditioning P
Fermenting (yeast is added);
Lagering; and
¢ Filtering.
~ Packaging Processes
¢ 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:
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3.3

Material Yearly Usage

Caustic 3 tons
(Sodium Hydroxide)

Detergents 1 ton
Disinfectants 50 kg
Fuel Oil 108.000 tons

3.2.2 Water

Water for ABC is supplied from a private well. Some water is deionized in an on-site
ion exchanger; some soft water 1s also produced. Although the water consumption is not
metered, it is estimated by ABC as 5,600 m*/year, or 19 m’/day with a production of
approximately 2.5 m® beer/day. The water is consumed in the following ways:

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

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

e 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 m*’/day and the beer production rate of 2.5
m?/day, water consumption is 7.6 m*/m* 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.

Waste Discharges

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

3.3.1 Wastewater

All ABC wastewater is collected in a tank and pumped to the municipal sewer system,
without pretreatment. The flow is estimated to be 66 m’/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 BOD; 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 JI
BOD; (mg/1) 28 (1,500) 1,718 1.622-1,784 B
COD (mg/1) 72 not available not available
SS (mg/1) 22 817 723-957
pH 7.9 7.4 6.5-8.0
Temperature (°C) not available 30 28-32

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:

Milling P ,

Spent husks are sold to cattle farms.

Mash Filteri

Spent grains are sold to cattle farms.

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

Packaging

Broken glass is recycled at a glass factory.
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4.0 AREAS FOR POTENTIAL IMPROVEMENT

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 (PP/WM). 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 PP/WM 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
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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 treatment system for packaging water may prove to be economically feasible.
Biological stabilization and carbon adsorption proved to be the most cost-effective
treatment for packaging wastewater, in a study for a U.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 final 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 steam 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:

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

* Install flow-control valves and timers on pipes and other equipment to better
control process water usage; and
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e 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:

e Use a closed loop cooling system, rather than wasting heated water;

e Use an alternate heat transfer liquid, such as propylene glycol and/or a water
mix; and

e 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 ¢: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 Prevention/Waste 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 t0 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,

16



including activated sludge, anaerobic processes, sequential batch reactors, and
bioaugmentation.

Activated Sludge, 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 Upflow 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.

Bicaugmentation. 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.

NO, can be reduced either by retrofitting the burners to decrease NO, generation, or by
removing NO, from off-gases by selective catalytic reduction or selective non-catalytic
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 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, 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/m’ 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/m? 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 m’ 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

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

The Clean Water Act (CWA) of 1977 (PL 95-217) and the
Wastewater Treatment Construction Grant Amendment of 1981
(PL 97-117) include provisions that encourage the use of ben-
eficial innovative and alternative (I/A) wastewater treatment
sechnologies. Benefits of I/A technologies can include operations
and maintenance (O & M) and capital cost reduction, and energy
conservation or recovery. Other benefits may be improvement
of operational refiability. toxics control. improvement in envi-

roamental benefits achieved, reclamation and reuse of water, .

recycling of wasiewster constituents, elimination of surface dis-
charge, and improved joint municipalfindustrial trestment. The
U.SlEnvimmnl Protection Agency (EPAY), in fulfilling its
mandate under the CWA, developed regulations and criteria for
funding projects nationwide that use an I/A technology. The
endertying concept of these regulations is the provision of &
besic monetary incentive: a grant increase from 75 10 85% for
the design and construction of municipal treatmeat technology
that represents an advancement of the current state-of-the-art
echnology with respect to meeting the stated objectives.

Since the passage of the CWA, several municipal treatment
plants have recerved additional funding under the I/A technology
program. As expected, not all plants achieved the full range of

Thas study reports the results of & post-construction evaluation
of one 1/A technology. seqouencing batch reaciors (SBR). used
o scveral plants in the U. S. This information was collected to
tnable benefits of 1/A technologies be realized im designing future
facilities. Furthur, it is important that limitations and constraints,
fany. of the /A processes also be reported so that these can be
tppropriately considered during planning and design phases of
\ project.

SBR TECHNOLOGY

The SBR is a fill-and-draw activated sludge system. Each tank
a the SBR system is filled with wastewater during 8 discrete
reriod of time and then operated in a batch treatment mode.
\Rer trestment, the mixed liquor is allowed to settle for a pre-
ietermined smount of time and then the clarified supernatant
i withdrawn from the tank. During treatment, sedimentation,
nd withdrawal the wastewater flow is cither directed to another
BR unk in the system, as in a multiple tank configuration, or
> & storage tank in a single SBR tank configuration where it is
2w for treatment after the supernatant withdrawal has been
mpleted.

One modification of the SBR process, the interrnittent cycle
xtended aeration system (ICEAS), operates on the principle of
ntinuous feed 23 in 2 continuous-Bow activated sludge system,

\ugust 1985

NGTICE: This Msterios
Ay be protected by copyrighs
law (Tite 17 US, Codey

but with intermitient withdrawal as in the SBR system. With
the exception. thercfore, of the ICEAS, an SBR system is com-
prised of cither a storage tank and an SBR tank or 8 minimum
of two SBR 1anks lo accommodate & continuous inflow of
wastewater 1o the treatment plsnt.

A lack of widely accepted design standards is the major
obstacie to bringiag SBR techaology from the research
stage to broader practical application.

Each system accomplishes treatment, seimentation of mixed
liquor solids, and withdrawal of supernatant in the same tank.
Therefore, such systemrs do not need separate final clsrifiers and
return activated sludge pumps (Figure 1). Tanks in most SBR
sysiems receive wastewaier flow and discharpe supernatant in-
termittently: this discussion, unjess otherwise indicsted, desis
with such intermittent feed and withdrawal systems.

A cycle for a typicsl SBR i divided into the following five
discrete periods (Figure 2): Al react, settle, draw, and idle.! The
purpose of cach period, with the exception of idle, is evident.
Idie is necessary in a multiple tank system when one tank is not
yeu full, perhaps at low flow, and is filling while the second tank
has completed draw and is thus in idle mode.

Figure 2 shows a single tank in each of the five periods of one
compiete cycle. The figure also shows the percent of the maxi-
mum biguid volume and total cycle time that is typical for each
period and the purpose of acration during each period. ICEAS
has continuous 6L, 30 it has no separate fifl and no idle periods.
The tanks in an ICEAS always have a prereaction companment
at the influent end terminating in a baflle that permits wasiewster
10 enter on a continuous basis without causing a significant dis-
turbance during settle and draw. Other SBR systems may not
have this separate prereaction compartment

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

HISTORICAL PERSPECTIVE

SBR technology is not new. In fact, it preceded the use of
continvous flow activated slodge technology. There are many
cxamples of betch processes in the history of municipal waste-
water treatment. Sidwick and Murray? outlined the evolution
of batch processes into continuous-flow processes in England.
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Figure { —Camparison between SBR and & conventional activated shedge
plant.

Irvine' and Barth? traced the history of SBR technology to the
modemn era of conlinuous-fiow activated sludge.

The precursor to the various. now familiar, continuous-flow
acivated sludge processes was actually a filland-draw system
operated in a batch process. 1n 1914 Ardern and Lockett* were
among the 6rst 10 show the benefit of retaining substraie-adapted
organisms for efficient treatroent Working with 2.3-L fiasks
containing raw wasicwater for Manchester, England, they showed
that the batch serstion period needed 10 achieve nitrification
could be reduced from 5 weeks 10 9 hoars if the sludge that
accumulsted from each batch were retained in the flask afler
decanting the nitribed liquid. They coined the term activated
shudge 10 describe the resultant biological mass. However, many
diffifultics were smocisted with operating these fil-and-deaw
systems, most resulting from the process valving required to
switch Bow from one tank (0 the other and operator attention
required in initiating different periods required in these baich
rystems. As a result of this, batch systems never became poputar
in larpe-scale municipal trestment plants. By 1920, when larger
(acilities were being construcied, batch sysiems were no longer
sonsidered viable. The birth and widespread use of continvous-
low systems resulied primarily from operastional considerstions
ind not from any process-related wezknesses of the batch sys-
ems.

Times have changed. New hardware devices, such as motor-
red valves, poeumatically actusted valves. solenoid valves, level
ensors, fowmeters, automatic timers, and microprocestors or
rocess controllers have been developed and are routinely avail-
ble. It is imponant. therefore, that the application of SBR tech-
ology, abandoned because of the unavailability of these devices,
e recvaluased. A series of articdes™'! published recently provided

broad overview of SBR systems and their use. In the earty
980s EPA attempted 10 revive interest in this technology and
»ent considerable sums of money evaluating the process on a
\lscale basis'? This research exsmined & full-scale demon-
ration of 2 two-tank SBR activated sludge treatment plant over
20-month period in Culver, Ind. Results of this project led to
e use of SBR technology at several other municipal facitities.

DVANTAGES OF SBR

Proponeats of the continuous-low activited sludge systems
¢ fexibility as one of the main reasons this process is preferred
er the trickling filter process. This flexibility comes from several
urces: ability to vary the retumn activated sludge (RAS) nate
d resultantly the food-to-microorganism ratio (F/M), dissolved
ygen (DO) concentration in the resctor by changing the ser-
on rate, and the shudge age. Such flexibility in the trickling

filter process it minimal, and has been frequently compared with
that of SBR systems in literature.'>'* Among the salient points
are

e An SBR tank serves as an equalization basin during fill and
therefore can easily tolerate peak flows and shock loads of bio-
chemical oxygen demand (BOD) without degradation in efftuent
quality. In facL. the performance of several small continuous-
flow activated siudge systems. which were noi consistently pro-
ducing good effluent as a result of excessive diurnal varistions.
significantly improved afler conversion 1o SBR operation. ™

e Bocause efffuent discharge is periodic. within limits, eflluent
may be held until it mects specified requirements.

» During the carly design life. when flow is significantly lower
than design capecity. liquid Jevel sensors can be set at a lower
jevel, 50 that a fraction of the SBR unk capacity is used. In this
way. the kngth of trcatment cycles can be kept the same as
design without wasling power unnecessanily by over-seration.

* Mixed liquor solids cannot be washed out by hydraulic
surges, because they can be held in the tank as jong as necessary.

¢ No RAS pumping is required, because the mixed liquor is
slways in the reactor.

« Solid-liquid separation occurs under nearty ideal quiescent
conditions. Short circuiting is nonexistent during the settle pe-

o Beczuse the DO concentration is 2e10 or pear zero during
anoxic AL, it provides for a gresier oxygen driving gradient during
the react period. This could achieve somewhat higher overall
oxygen transfer efficiency with the same aeration equipment.

¢ Filamentous growth can be casily controtied by varying the
operating strategies during AL Chiesa and Irvine!” reported the
results of a study in which studge volume index (SVI) values
were redoced from about 600 10 50 mL/g in a series of batch
reactors subjected 10 varying. but controlled. opersting strate-
gies—percent of aerated fill time decreased successively from
100% for a SVI of 600 mlL/g 10 0% for a SVI of about SO
ml/g Irvine and coworkers reported that the best opersting
sirategy in an SBR is {0 have a2 major portion of il unmixed
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Figwre 2—Typical SBR sperntion for ens cycle.
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mainder of AIL sbout iS5 10 30 minutes. An SBR can easily be
designed to accommodate these operating strategics.

o An SBR can be operated 1o achieve nitrification. denitrii-
ction, or phosphorus removal without chemical addition. Ni-
tribcation can be achieved by increasing the duration of react
or by increasing the duration of the mixed/acrated portion of
fill. while denitrification can be achieved by increasing the length
of settle and draw or both, 30 that near zero DO conditions are
achieved during these peniods. Phosphorus removal can similarly
be accomplished successfully by selecting a control sirategy that
diminates oxidized nitrogen and DO during fill (anaerobic con-
ditions rather than anoxic conditions or aerobic conditions) and
allows for seration during the react period.'® This strategy has
been successfully used at Culver to reduce phosphorus 10 less
than | mg/L during the tast year, These variations in operating
sirategies are unique to the SBR systems and can be easily
achieved by simple adjustments in the miTOProcessor settings.

o It has been reported by Irvinc'® that the ribonucieic acid
(RNA) content of the microorganisms in the SBR is three 1o
four times greater than would be expected from a conventional
continvous-flow system. Because the growth rate of microor-
ganisms depends on the RNA content of the cells. the higher
content of this intraceitular machinery in the SBR cuhure &
capable of processing a greater quantity of substrate at a greater

. rme than is possible in & conventional continuous-flow system.

EVALUATION OF SBR FACILITIES

This study involved identifying operating SBR facilities by
talking with [/A coordinators of each state, equipment manu-
facturers, and representatives of Canadisn provincial govern-
ments. The consulting engineers responsible for designing
these facilities were aiso identified. The engineers were contacted
1o obtain important design information—design flow. BOD, and
Nstional Pollutant Discharge Elimination System (NPDES) re-
quirements. Based on a preliminary analysis of the information
obtajned and discussions with the EPA, all four SBR facilities
operating in the U. S. were selected for post-construction eval-
uation. Two facilities in Canada and two facilities in Australia
were also selected.

This Jist of sclected facilities covered a range of conditions,
conventional SBR and ICEAS plants. retrofits and brand new
facilities, different acration systems. and different flow capacities
(Table 1). Owners of these facilities. consulting engineering firms.
and regulatory agencies were coatacted 1o establish schedules
for site visits. In addition. they were requested to forward copies
of the design documents, including facilities plans. NPDES per-
mits, plans and specifications, and O & M manusls. Atlempts
were made 1o review these documents before site visits so that
the visits could be effectively used to obtain supplemental oc
missing information.

Site visits were made with the plant operators and represen-
tatives of the consulting engineering firms on established dates.
A comprehensive 30-page questionnaire was used 10 record the
information collected during field visits. This was followed by
a thorough review of the information collected. Follow-up phone
calls were made to the plant operating staff to obtain additional
information if it was considered necessary to complete the eval-
uation.
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DISCUSSION

The information amassed through a review of design docu-
ments and field trips was carefully analyzed. Table 2 lists im-~
portant information for each of the eight plants visited. Several
comparisons and conclusions were drawn from the information
in Tables | and 2:

o Operating staff at each of these plants indicated that the
SBR process was more simple (o operate compared 10 the coo-
ventional continuous-flow processes. activaled sludge. and
trickling filters that they had previously operated.

o All plants were meeting effluent requirements with the ex-
ception of Grundy Center Wastewaler Treatment Facility. The
problem at Grundy Center was alleged 10 be the result of an
unsatisfactory decanter design. which permitied the MLSS to
enter the decanter piping sysiem during fill react. and setle
periods: these solids are suhsequently discharged with the de-
canted efMuent. The city is in the process of replacing the de-
canter.

o None of the ptanis. with the exception of Culver and Yamba,
has primary treatment in its flow scheme. Culver and Yamba
had cxisting primary clanfiers which they continued 10 use in
the SBR process scheme.

¢ Even though the water quality objectives at the eight plants
visited were essentially the same, the design critenia and the re-
actor sizes and power usages were not. For exampile, the theo-
revical detention time (V/AQ) varied from 7.6 hours at Rivercrest
10 49 hours at Glenlea. The differences ia the values of F/M
ratio were also of the same order of magnitude as the detention
time. 0.18 day™' at Rivercrest and 0.032 day™' at Glenlea.

e The approach used by the design engineers in designing
these plants varied from an entirely empirical approach involving
sizing of the SBR reactor(s) based on somewhat arbitrarily se-
lected detention limes to an approach where sizing of the ie-
actor(s) and acration equipment was based on the valves of or-
ganic loading. F/M matio, sludge concentration at the end of the
decant period. and durations of different periods comprising the
overall cycie. Both approaches produced relatively conservative
designs.

* Partial 10 nearly full nitrification was achieved in almost
all facilities visited, although it was mandated at only two
(Grundy Center and Eldora). Operators did not believe the im-
plementation of a nitrification control strategy was difficult. One
of the facilities, Culver. Ind.. is currently removing phosphorus
biologically to levels less than | mg/L without any chemical
addition. This is being accomplished by adjusting the operating
stralegy %0 that an anaerobic (no oxypen and no nitrates) 68
period is followed by an serobic react peniod.

o The operating cycles (fill. react. settle) used at the facilities
were also significantly different. For example, the react period
varied from 22 hours in Glenlea 1o about 1.5 hours in Rivercrest.

o The operating strategy used by some operators (Rivercrest,
Gilenlea. and Choctaw) involved aeration during the entire fill
period which. although contrary to the recommendations of
Chiesa and Irvine.!” did not necessarily encourage the growth
of flaments to any significant degree.

o Because of the differences in the operating strategies, power
usage st these plants was significantly different: (rom as low as
0.8 kWh/kg BOD applied to 22.9 kWh/kg BOD applied.

* Several types of decanter mechanisms are used at these fa-
clities. They range from an extremely simple system that consists
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- Table 1—Faciiies selected for post construction svalustion.

Oweign Typo of Type of Qravity o
asversge Mede ot Rotvrelt or asretien decanter pumped Date when sparation
Name of tnciity Owner fow (L/d) oparation brand Anow systam syshm docsmt ocemmenced
Fiverceet Sewage Municipelity of 90 720 SBR Septic tank retrol Dwused ar Fined single Punp Auguel/Seplembaer 198
Trestmant Plant West St. pont wth
Pad, Mend rawel
oba
Giertes Sowsge Treat- Universlly of 7 %80 SBA Arogest Smah & Ditused o Finad, single Pump 1978
rrd Plant Mariicbe Lovelsss Pack. post with-
age Part Ret- Orowal
roft
Choctew Wasiewadet City of Choc: 180 % 1¢° SBR Brend new Flosling Fhmd, rmudhpie CGravity Since August 1953 with
Tremment Faciies ww, Okin- asrsiors pot grid rendtiple point withcrawal
homa now single i Fabruary 1984 wan
pownd) sngie point withdrewal
Gnundy Cenitr Wesle- Cay of 34 x g BA Brand new Jot seration Rostng. multple Geanly Sinoe June 1963 with ane
weler Treatment Grundy pord with- ok, anct Fetruary 1004
Facly Center, drewsl with both lanks
Dwa
City of Exitea Weate Cay of Exora, 531 800 Contirasous inflow Srarct new Jot sasation Fowd, mullipis Gemlty Aprd 25, 1984
wate Treatment bwe on day of viek; poind with-
Part ieter changed drowel
o S8R
Town of Quiver City of Cuiver 1.3 x 10* 9BR Ratroft of an over Jut aeration Floatng mupie Purp From May 1980 io dels.
Wastowater Treat- .ndene . oaded ecy- poid with- Ceervelions cover ¢ 20-
mant Faclity R vated shudhe ] monih Pesod CoNvRenc.
plart Ing In May 1980 (12)
Wesichis Sewage Tamwonh 2.02 x10* ICEAS Brand new Jot aerstion Flosting. muigle Gravay June 1983
Tremsment Works Oty Coun- port with-
b, New rawel
South
Wales
Yambe Sewerage Shire of Ma 956 240 ICEAS Brand new Jol perstion Floskng MuApie Cravty June 1983
Trestmant Warks clean, New poOs wth-
South aews)
Weles
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of one fixed verucal open-ended submerped pipe 10 a floating
decanter. All facitities in the U. S. experienced some difficulties
operating their decanter mechanisms. because these permitted
st one time of anather. the MLSS 10 enter the decanter mech-
anism piping duning fll. react. and setue. These solids were dis-
charped during decant. and affccted the effluent quality. These
problems have becn corrected at some facilitics and are being
corrected at others. At Culver. this problem was solved by re-
turning the cfMucnt during the frst | or 2 minuics of the decant
penod 10 the acration hasin through an automatic three-way
vaive. alter which time the decanted effluent was diverted (o the
chionine contact tank.

e Five of the cight plants used jet aeration in the SBR anks,
two used diffuscd air acration. and one used floating acrators.
There scemad to be a preference for jet aeration because it pro-
vides the flexibility 1o have unmixed and unaerated fil. mixed
only fill. mixed and acrated fll. or any combination of these.

¢ Al Choctaw | mg/L of a catiomic polymer is added manually
once 2 day: no chemicals arc usod 10 assist in scttling st any
other plant. Setticability of the mixed liquor at this plant seemed
noticeahly hetier than that at some of the other plants.

Decanter mechanism im use. As indicated carlier, decanter
mechanisms of varying complexities have been used at these
facilitics and with varicd success. These range from a fixed open-
ended submerped pipe (Rivercrest and Glenlea) w & floating

- decanter (Grundy Center, Culver, Tamworth. and Yamba). The
‘Choctaw plant has a fixed submerged pipe grid with closely

spaced inlet nipples. which was later changed 10 a single-point
withdrawal sysiem because the original design permitied 8 sig-

" nificant quantity of MLSS 10 enter this piping grid dusing fill,

react. and settle. Eldora’s SBR facility is also equipped with a
fixed decanter. but of & different design.

A deuiled description of the different types of decanters. to-
griber with their pros and cons. is presented elsewhere.'*

AREAS OF CONCERN

One area of concern is clear: there are no widely accepted or
widely known standards (or the design of SBR systems. As a
resuit every consulting engineer approached the design differ-
ently and obtained 8 different answer. The result in one case
was a smail reactor (detention time of less than 8 hours) and in
another case was a large reactor with a detention time that was
&ix times longer. Similar differences in other design parameters.
such as F/M ratio. solids retention time (SRT). and cycle du-
rations were also noted at these facilities.

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

Differences in the operating steategies are just as significant.
For exampile, Gleniea uses a 22-hour react period in a 24-hour
overal]l cycle, while Rivercrest uses sbout 1.5 hours in a 3-bour
cycle. These differences not only affect the size of the acration
equipment, as a specified amount of BOD must be satisfied dur-
ing the react period, but also the operating costs of 8 facility.

All these variables and varistions are significant in & cost-
effectiveness analyris. Thus, there is a need for standardizstion
of design and operating procedures. Standardization is also im-
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portant from another point of view; it will bring technology
from the research reaim 10 the practical arena, where it would
bhe considered a viable option by a practicing engineer designing
facilities. Unless this is done most practicing engineers may con-
tinue 10 believe that the technology is in the developmental stages
with associated uncenainties of success and that their clients
may be risking their investments in using SBR for proposed
projects. This would be far from the truth. because the sechnology
is not only proven. but can aiso be cost-effective in several ap-
plications. Communities such as Rivercrest, Glenlea, Eldora,
Tamworth. and Yamba built SBR (acitities entirely out of their
own funds hecause they belicved no undue risks were associsted

with this technology.

SUGGESTED DESIGN APPROACH

The literaturc is full of methods and approaches for designing
continuous-flow activated sludge systems. However, no standard
and casy procedurcs have been developed for designing an SBR
system. The following illustrates one step-by-step rationsl ap-
proach that can he used to design an SBR. A numerical exampie
with practical assumptions. 1ogether with reasons for such as-
sumptions. is presented elsewhere. '

1. Calculate daily BOD loading (F).

2. Asume a suitable F/M ratio consistent with the water
quality objectives and calculate M.

1. Assume a suitable value of MLSS concentration expected
at the end of the docant period and caiculate volume occupied
by the settied mixed hiquor solids (M) based on the assumed
concentration.

4. Select the number of SBR tanks to be used and determine
the volume occupied per tank by the mixed liquor solids cal-
culated in Step 3.

$S. Decide the number of operating cycles per day and calculate
the volume of liquid 10 be handied per decant per SBR tank.

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

7. Assume a suitable SBR tank depth and calculate area re-
quired per tank: decide length and width.

8. Based on the calculated tank ares, check the depth of the
decanted liquid necessary to accommodate the liquid volume
caiculated in Step 5. Make sure that it is reasonable (1 w0 1.5
m). If not. repeat the previous steps (for example, increase the
area to reduce depth) until reasonable values of length, widih,
depth. and decant depth are obtained.

9. Based ont the final value of the 1ank area, detetmine the
depth of the sludge blanket netessary 10 accommodste the vol-
ume of sludge caiculated in Step 3. Make sure it is reasonable
(about half the depth of the tank).

10. Determine the daily oxygen requirement based on water
quality objectives.

1. Size seration equipment based on the calculated oxygen
requirement 10 be satisfied during aerated fill plus react time
provided ia the total number of operating cycles per day decided
in Step 5. This can aiso be done based on satisfying the expected
oxypen uptake rate of the mixed liquor.

11 Size decant mechanism and piping 10 handie decant vol-
ume (Step 3) during the selected decant period.

These steps illustrate only a simplified approach. Ip a real sit-
uation. many iterative calculations may be necessary to accom-
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Table 2—Plants evaluation summary.

Caneda

Unhted Statee Austrelia
Tamworth, Yombe
Rivercrest Glandea, Choctaw, Grundy Kidors, Culver, New South New South
Parameter Manhobe® Mankobe” Oktshoma Conter, lowe tows indiena® Wales Weles
Date of frst vistt 5/16/84 6/16/84 5/30/84 6/11/84 8/12/84 6/14/84 7/10/84 71184
Oesign average 80 720 7 560 1.89 x 1¢* 314 x10 83 600 133 x 10 202 x 10 958 340
fow (L/d)
Design loading
800, mgAL 236° 251 260 J68° 200 250 120¢ 170~ 260 260
SS, mgAL 200° 152 260 30* - — 1504 —_ -
NHy. mgA. ar 55° 19 15 % 20~ 35 1o 40 —
Current average 226 800 4 400 758 000 IR x 10° 831 800 137 x 10* 2.02 x 10* -
fow, (L/d) 107 x 10* 400 680
(equiveient) (oqusva-
len)
Desired offlusnt
quaity
800, mgA. TOC40 30 20 30 o} 10 0 0
SS, mgL 0 0 20 i) 30 10 0 0
NH,. mgAL - —_ 15 8 (sumnmer), 8 (summar),
11 (wirter) 10 (winter)
Actual effluent
Quality
800. mgL n ] 8 Not being met Dets was nol 10 651010 6w 10
S8, mgA. 15 6 18 because of available 5 5% 10 1010 15
NHy, mgAL 10 2 - decanier Efuert 10 22 1.0
probleme appeared
© be sat-
lactory
Mode of opera
ton ot de-
#ign flow
FB tme 90 minutes 22 hours 18 hours 40 minues 150 mirutes® 180 minutes contiruous continuous
React ime 45 minutes 1 howr 3 hours {without air/ 80 minutes 42 minutes 120 to 150 min- 150 mwwtes
Sate time 20 lo 60 1 howr I hours pumps) 50 mindes 42 mnuies utes 180 miruies
Draw time minules —_ - 120 mirass 45 mirutes 42 minules 45 minutes 45 minvies
de time - (with air/ 00 minuies 45 mimnes
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Important de-
N pe-

Power usage
kWh/kg BOO

Traah rack
Mech. screens

G removel
Equililzation

Reasons for
providing his

78

01g

4

08

Capital cost
avings
and sim-

pb opera-

49

0.0

18 10 80*

29

Capital cont
savings snd
simple oper-

0.007
o.028*

twice in 10

29

Yes (bypass)

Yes

1

Yo
Yeos

Holding pond
and land

8.4% savings
In lie cycle
costs

204
0078

o087
25900

08113

Yes (bypass)

Yes
Yo, sarated

Yo

Yoa
holding and
shudge beds

19% capitel
cost sevings
In secondary

process or

n ovensd
plant cost

0.06

Siudge not

st 2

22

168

00810018

1510 45°

21

Yo
or Yes
Yes

Yes
Yos
Yes

agevers
snd shudge

Ful scale

funded by
EPA

0.04

19

Yes
or Yas

Yeos
Potishing tagoon
Shudge lagoon

0.05

15

Yes

Yes

Yeos

Polishing lagoon
Aarcbic lagoon

* Rivercrest and Glaniea dala obtained from reference.*

* Cutver data obtained from relerenca.’

 Ackusl oparsiing deta.

* Raw wastowater.
¢ Jat molive pumps on af the time, but arr on end off lor 40 snd 10 Mits, respectively repesied Bves times during the 150 minutes B and react periods.
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7500. 10 000, for example). different number of operating cycies
day (4, 5. or 6), diurnal Bow variations, and different decant
heights (1, 1.5, and 2 m). As a minimum, it would be desirable
to check if some of the morc common coatingencies can be
accommodated during operation.

SUGGESTED MODES OF OPERATION

The SBR technoldogy has the ability to schieve BOD removal.
nitrification, denitrification, and removal of phosphocus with or
without chemical addition by changing the operating strategies.
A review of information contained in Table 2 indicates that no
two of the plants evaluated used the same operaling sirategy
cven though their objectives were simpile (removal of BOD and
suspended solids) and identical. If the objectives are expanded
10 nitrify. denitrify, or remove phosphorus, the number of pos-
sible operaling cycles will be (urther increased.

Nitribcation can be achieved by providing a sufficiently long
SRT (S 0 10 days or more) 10 ensure the growth of aitrifying
organisms and a sufficient acrated basin volume st DO concen-
tratioa adequate for nitrification (2 mg/L). For denitrification
1p occur, oa the other hand, an anoxic basin or anaxic persod
in an SBR is necessary (presence of nitrates, but absence of DO).
if these conditions are achicved sequentially in an SBR, nitini-
fication will accur first and be followed by dewitificstion.

Phosphorus can be remmoved in an SBR by coagulant sddition
and precipitation'? or biologically without chemical addition (as
is done st Culver). Biological removal first requires an anacrobic
peniod (the absence of DO and oxidized nitrogen), during which
exogenous clectron donors (the substrxte) are present. This period
shouid be followed by an aerobic period (DO present) which
promotes luxury uptake of phosphorus by the studge mass. This
principie is the basis for implementing an appropriste coalrol
strategy in an SBR to remove phosphorus without sdding chem-
xals ®

These principies can be used 10 develop different operating
strategies for different water quality objectives. One suggested
strategy for cach of the several common water quality objectives
is shown in Figure 3. Bear in mind that

® Ina given plant, fill time is a function of the plant flow rate
over which the operator has no control. Fill time will be less at
high fiow and vice versa.

¢ To incresse react time, oversil length of the opersting cycle
does not necessarily have to be incressed correspondingly. Looger
react time required for nitrification or for the treatment of high
strength waste, can ofien be schicved by running the aeration
equipment for a portion of the All period (fill, mixed, and ser-
ated).

¢ Operating sirategies for nitrification and denitrification may
not necessarily be different: recognizing that nitrification mrust
precede denitrification, identical operating strategies can be ex-
pected if the DO is reduced to Jess than 0.5 mg/L during setile.
decant. and idle periods. Many plants are removing nitrogen to
some degree even though it is not their treatment objective (Cul-
ver, Rivercrest, Glenlea).

o Because phosphorus removal requires an amaesobic period
(zero DO and zero oxidized nitrogen) followed by an anerobic
period (high DO). 8 denitrifying system is easily adaptable to
phosphorus removal.

The integration of these concepts for meeting different water
quality objectives into a successful operating sirstegy at aa SBR
trestment plant is not 1a exact science. But, this is not unique
10 an SBR. Continuous-8ow systems face the ame shortcomings.
The ability of the operator 10 integrate these concepts into a
successful strategy scems as good in an SBR plamt as in s coB- |
tinuous-flow activated sludge sysiem. In most cases, continuous-
flow systems can only provide significant nitrogea and phos-
phorus reductions by major expenditures of mooey required for
constructing additional advanced waste trestment facilities, while

SBR plants can accomplish the same objectives by approprizie . 2

changes in the operating strategy.

CONCLUSIONS

o All the plants visited as a part of this study are producing
effluent of acceptable quality with the exceptios of Grundy Cen-
ter, lowa, which is experiencing problems with the decanter
mechanism.

* There are no widely asccepted or widely known standards
for SBR design. Consequently, there was a wide range in the
design parameters, such as detention time, F/M ratio, and op-
crating strategies at the facilities evaluated.

o Different water quality objectives (carbon, aitrogen, and
phosphorus removals) are frequently achieved in an SBR by
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o SBR sysiems have several advantages over continuous-Sow
sysiems. These advanuages inciode equalization, ideal settling.
simple operation. compact layoul, and perhaps cost savings
(capital and O & M)

o All the SBR plant operators repocted that these (acilities

are easier 10 operale than Lhe conventional continuous-flow sys-
tems. :
o All U. S. plants experienced some problems with their de-
canter mechanisms. These problems, which stem from MLSS
entering the decanter piping during Bil. react, and settle penods,
have been corrected or are being corrected. Until s good decanier
design has been developed and tested over a long pesiod of time,
it may be desirable to return the decanted cffiuent to the inlet
end of the seration basin during the first few minutes as done
at Culver, It will be most desirable if development of different
types of decanters is encouraged. because this device is crucial
to the successful SBR operation.

¢ The Boating decanter of the type used at Tamworth and
Yamba in Australia seems 10 have a long proven history st plants
in that country; however, it has not been used anywhere in the
U. S. Two U. S. plants locaied st Tullaboma and Union City

. in Tennessee, currently under design or construction. plas w
- use this decanser. It will be valuable to moaitor the performance
* . of this device in the U. S,
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the biothane advantage -

PROVEN RELIABILITY

More than one hundred
industrial-scale plants now in
operation throughout the world.

MAJOR REDUCTION IN BOD
Over 90% in most applications.
Significantly lowers municipal
surcharges and improves
operating efficiency of on-site

sacondary freatment systems: remain domant during foctory
' ‘downtime” without affecting
PRODUCTION OF USABLE future performance.
ENERGY
Generatesmethane at COMPACT SIZE
approximately 0.35 cubic meter  Needs only a small fraction of
per Kg COD converted. Helps - equivalent aerobic space
offsetfoctory energy costs. requirements. An area less than
1/3 acre can accommodate a
RAPID HYDRAUUIC THROUGHPUT  Biothane system treating 50.000
Hydraufic retentiontime canbe  Kg of COD per day.
measured in hours. Permnits
responsive control of system ECONOMICAL OPERATION
operations. .Aufomofedbsgtem fggnh;;l _
provides reliable, efficien
< HIGH LOADING CAPABILTY operation without intensive kabor
.ochieves 10-18KgCOD  costs. Digester s easy to maintain
per cubic meter of digester because it has no moving parts.
+ volume per day. Higher
loodlngs possible as blomass LONG UFE
adapts to specific wastewater.  Attention to qucﬂf?ycontrol and
AR the use of state-of-the-ort
. GUACK SYSTEM START-UP _ materiaks of construction assures
Fl]ﬂpedmecmbe . oWoperoﬂmnefmfm
achleved in less thon efghf \ systgm
weeks with noculo‘ﬂong{ . R
gronularbiomass. il mdmm!mmmh odo
% » AN EN rs.
LOW SUUDGE PRODUCTION fsammmmmmos
Prodmesoriyone—fetm\os wfR T Bk
'r;\uch siudge as oetf% swie{tjs:;ge VBlSAIlﬂY INAPPLKIAIDN
Dromaticatly reduces dtsposd .- anaeroblc rqodble canbé eosﬂy
problems. o :' ln'rerfocedw#he)dsﬂng .

" HIGHLY SETTLEABLE SLUDGE
™ Developsremarkable sludge

granules which are characteristic
of the Biothane process. Grecmy
facilitates biomass handling.

STABLE OPERATION

Resists upset from variety of
wastewaterpH. temperature and
COD lood conditions. System can

wastewcter treqtment systems

= A-‘._prodeétvoctuoﬂy )utng P nto
oagov

neoftset energy
wastewater rreoiment

are solyed,.:
. ' AN

the economics make sense

BIOGAS RECOVERY

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

thermms). This conreglize savings
of 620,000 gations of fuel oilin a
320-day operating year witha
value of $500,000.

REDUCED SEWAGE

An industry paying $70 per |

Ibbs BOD discharged with the
aforementioned wastewater
characteristics con save as
much as $700,000 per 320-day
operating year. Even larger
potentid savings can be accrued
wﬂhrigmer-loodedwcste\Mem .

OPERATIONAL SAVINGS
Very Iow energy

comnpﬂon
sinpﬂclfyn(operoﬂonond
q and the low

reiative to treatment of waste-

R
St -

' wcterbyon—sneoerobicbvslerm

(coverphoto) thecompoct . -
Blothane system consisfing of four
covered digesters (left center)
instaled ot Anheuser-Busch’s
Baldwinsville, New York brewery
rermoves more than 90% of the
orgonic polufants contained In the
waostewater prior to

. finol polishing In the lorge cerobic
basins ond cloriflers...the inset graph
highliights the excellent reatment

[ .efficiency by providing influent and

" ‘sttuent SCOD data through the
anaerobic digesters for three
_months folowing start up of the
boﬂmsysfem

= Blothane process is fast
payback ... two fo three
ymformmycpplcafm

-
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State-of-the -art
MICIOEX OCEessor
monitonng and
control mokes he
Biothone process
eqsy to coerate
and montain ond
ofows for fast
outormated
response to any potential problems to insure
oNg -term system stabity.

¢ Biothane systems come in various shopes ond
szes. This compact concrete structure located at
The J.M.Smucker Company i compartmented to
contain 0 600 m* digester vessel, a 200 m?
condifioning fork, a smoll surplus sludge vessel, ond -
the equipment ond control building pictured
towards the front ight. The common waot
construchon s economical and practical for system
users with high wastewater fliow and refativety low-
strength orgonic load. The Blothane facifty at The
JM Smucker piant s designed to treat a COD lood
ot 5000 Kg/d contained in @ flow of 0.4 MGD.

#2 The gleoming siver siructure to the left of the
picture s 0 200 Y Biothane packoge plont installed
to treat wastewater from frozen yogurt production
at Colombo. Inc. This pockage dgester concept s
ideal for system users who have organic loods of
less than 6000 KQ/d COD. The smaolk equipment and
control bulding & located to the rAght of the
digester. and the fbergikass domed roof of the
upstreom conditioning tank is visible in the
background. The system at Colombo is designed to
treat 2000 Kg/d of COD contomed in a flow of 0.1
MGD

#3 The twin 2500 ' digesters at Eogle Yeast eoch
treat 26.000Kg/d ot COD contaned in o flow of 0.3
MGD. This New Jersev facility utilizes the generated
blogas to supply o maonty of the energy requred
in the manutoctunngg of ts baker s yeast product.
Tha system has been i cperahon smce 1985 and
routinety achieves o 90% BOD removal efficiency

" The concept of paraiiel digester operation
Infroduced so successtulty at Eagle Yeast has been
used subsequently N several karge Biothane
regtment Instalicartions.

#4 The Biothane proceass offers significont energy
sovings compared 1o aerobic treatment systerms.
The generation of combustible biogas ich in
methane gon be utlized by the production faciity,
ond the simple, space -efficient. process hydraulics
ond controls require MINIMal horsepower 1o operate
ond con be sdd-mounted

#5 The space compocines of the Blothone system
& Bustrated by the treatment of wastewater from
Stone Container, a recydie paper qnll. The entire
system 7500 Kg/d COO contained in o flow
-ofQIMGO. & on a sie of less than 7000

fogthm }\ o
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the settlers...the innovation
that makes the difference

The specially designed patented intemal settier
\ sections form the heart of the Biothane digester.
Based on fluid mechanics principles, the settlers
function to degassify the biomass and impart a
downward impetus fo the sudge granules. The  *
Biothane process thereby enjoys the pronounced
advantage of long blomass retention tifnes coupled
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BREWERY WASTE WATER:
=CONOMICAL AND TECHNOLOGICAL
EFFECTIVE TREATMENT

BIOPAQ

ANAEROBIC TREATMENT
EFFICIENT, RELIABLE, BIOLOGICAL

PAQUES
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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-
fluent 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.
Partly as a resuit of practical experience in
breweries, the Biopaq process has developed
in a relatively short time into the world's most
widely applied method of anaerobic treatment.

WHAT IS BEHIND THIS SUCCESS?

Through fundamental and applied research, the fot
lowing hypothesis was confirmed: as a result of
carefully controlled processing conditions. anaero-
bic bactenia can effectively break down organic im-
punties in brewery waste waler. Biopag technolo-
gy offers the night processing conditions.

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

Brewery waste waler 1s characterized by a high
BOD/COD ratio (0.6-0.7) and a widely fluctuating
compaosition. Treatment with the aid of the Biopag
system has proven to be extremely effective and
rehable. Anaerobic bacteria are distinguished by a
substantial capactty for removing COD. In the heart
of the Biopaq installation, they reduce the fatty
acids in the waste water to energy-nch methane
{70-80%). carbon dioxide (20-30%) and a small
amount of cell matenat (1-5%). In spite of the fre-
quent influent peaks. water treated in this way has
an extremely uniform qualty. An mportant aspect!

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

TTTEWrYECTEN _

Granulation

Aggregation of anaerobic bacteria in UASB
granular sludge

BREWERY EXPERIENCE LEADS TO BIOPAQ
INTEGRATED TECHNOLOGY

Since the earty eighties, a tremendous amount of
experience has been developed worldwide with the
Biopaq process. By virtue of its ability to effecti-
vely handle the variations m COD in the waste water
supplied, the Biopaq system produces an effiuent of
stable quality. This makes possible an exact sizing
of any form of posttreatment. Moreover, the
objective combination of the benefits of various
systems is an important opton of Biopaq integrated
technology.

Aeraobic? 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 inexpensive. Moreover, it 1s well
known that anaerobic preliminary treatment
substantially ehminates the famihiar bulking sludge
problem . This simplifies the aerobic posttreatment
of the effluent.

Bavaria brewery

A PRACTICAL EXAMPLE

At a brewery with a production capacity of 1 million
hizyear the COD load 1s about 6 tons per day.
Traditional treatment of waste water requires 275
kW of power for aeration. The amount of sludge pro-
duced by this traditional treatment 15 very high:
2000 kg of dry material per day. corresponding to
a volume of some 200 m3 and after mechanical
thickening, to about 100 m3 (thus 6000 kg of well
dissolved and reaaily degradable maternial is con-
verted to 100 m3 of difficultto-dispose-of siudge).

Anaerobic treatment. combined with aerobic post-

treatment results in substantially better values:

- 3 total of only 40 kW of power 15 needed for
aeration;

- a methane gas production results in about 150 kW
of power or some 18 tons of steam per day;

- the residuatl sludge (from the anaerobic reactor) 1s
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 Biopaq system are the years of ex-
perience in a broad range of breweries. No two
breweries m fact operate under exactly the same
conditions. A specific knowledge of brewing pro-
cesses combimed with 3 specific knowledge of
treatment technology results in optimum systems.
PAQUES has built up so much experience in the bre-
wing world that pilot research 15 not usually
necessary. But since brewing processes can be
considerably specialized, and waste water can vary
substantially in composition, pilot studies are of
course regularly conducted at many brewenes. 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 objectvity 15 used to develop the recom-
mendations resulting from the prot 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 mid-1992, more than 30 brewery concerns had
Biopag treatment systems. Wellknown quahty
brands set the trend while smailer speciahst
breweries likewise recognmized the possibiities and
advantages. Example: for the production of about
60 milion ht/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 Francaise de Brasserie




BIOPAQ INSTALLATIONS FOR BREWERIES:
MODULAR SYSTEMS WITH OPERATIONAL RE-
LIABILITY

Of course, success does not depend only on the
process, but also on the way that process ts applied
in practice. The flow diagram of the anaerobic
Biopaq installation 1s adjusted to this. This approach

The modular system guarantees a maximum
flexibility of construction. In other words, for
every production capacity, Biopag technology
offers the nght treatment capacity.

The flow diagram below i1s a universal model.
Conditrons differ at every brewery, but three
elements are always present.

ensures optimum operational management and at

the same time leads to lower running expenses. 1. Solids
Biopag anaerobic treatment s effective in removing

COD. A preliminary treatment, however, 1s 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 prelminary treatment needed to
avoid unnecessary primary sludge formation.

An integral application of biotechnology'

Modular system - BIOPAQ-UASB reactors

2. Pre-treatment

Part of the orgamic compounds must be converted
to fatty acids in advance. An analysis of factors
such as beer losses, the cleaning agents used and
pH fluctuations 1s essential for determining the cor-
rect pre-treatment retention times.

3. Methane Formation

The practice-based development of the B.opaq pro-
cess in breweries has shown that our procedure for
the treatment of diluted waste water {low COD:
1000-1500 mgA/ in a temperature range of 18
25-<C) also achieves good efficiences.

|
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Flow diagram, the principle of a Biopaq System. Clearly shown is the UASB reactor.
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Monthily averaged COD concentrations in the UASB reactor influent and effluent for the

Jan-91  Jul-91 Jan-92

Specific brewery indicators for the anaerobic treat- |

ment of wastewater with Biopaq.

organic load 1.5-2.0 kg COD/N
srface needed 150-250 m2/milfion hi
energy production 15-25 Mj/hl

sludge production 10-15% of aerobic treatment
energy consumption  10-15% of aerobic treatment
number of reactor modules

per milion N 9-11 modules/million M.

|

CONVERSION OF EXISTING SYSTEMS

The rate at which breweries are being compelied to
modiy or completely replace their gld treatment
systems continues to accelerate. We regularly
convert other existing anaerobic systems or replace
them with 3 Biopag installation.

(Note - a major reason for this 1s the fact that the
Biopaq-JASB reactor 15 not subject to corrosion).

SERVICE AND BIOPAQ

Brewing processes demand a high degree of relia-
bility at all levels - hence in the waste water treat-
ment phase as well. This 1s why our customers are
glad to know that they can count on the excellent
service provided by PAQUES and its kcensees. At
all times. everywhere, worldwide. Buyers of a
Biopaq system are making an investment in the se-
cunty of a rehable system and a reliable supplier.

THE LIFE SPAN OF A BIOPAQ SYSTEM

Biopag systems derve their economic value from
ther COD reduction capacity and working life.
Thus, the life span of our UASB reactors exceeds
that of tradrtional steel reactors many times gver!

Practical experience has resulted in the Biopaq
system being constructed pnmarily of synthetic
matenals which are virtually unaffected by anaero-
bic conditions.

Corrosion-free Iong-lasiing seal for BIOPAQ
reactors

Biopaq - visible quality on the outside too




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
successtul on an international scale. A cohesive
network of hicensees - the people we see as our
partners - has been buit up and PAQUES engineers
can regularly be tound on location. There 1s an on-
going program of training projects for icensees and
therr employees.

A relatively large number of our personnel has a
unwversity or comparable education. This top level
traning. combined with our realistic approach s
highly regarded by our customers.

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

Turnkey Experience

The turnkey projects that PAQUES has
designed and implemented, particularly 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 Biopag.

PAQUES BV is engaged in the further development
and marketing of Environmental Technology and
Environmental Systems. We maintain close contacts
with vanous Universities and research institutes.
Indeed. teamwork 1n the broadest sense of the word
15 the key to achieving our goals.

'

Bavaria brewery; waste water treatment




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 capabte of efficiently
treating it's wastewater, but could also be erected in a hmited area located n metropolitan
Caracas. Several technologies were evaluated and only after extensve research and travel to

Europe and the USA Paques B V. was selected to participate in the project.

’ Paques engineers and biotechnologists collaborated with the Polar technical department in
an harmonious and ethical manner to develop a suitable waste treatment concept. The tech

mcal support supphed after start-up was instrumental in resolving problems and assuring the
H 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 reque
rement and minimal sludge production. we consider that the
combination of UASB pretreatment and aerobic post-treat-
ment of brewery wastewater offers many economic and
operational benehts. For these reasons we are recommen-
ding this treatment combination for the expansion of our
existing aerobic treatment facihes at our other three
breweries.

In conclusion we affirm that the Polar brewery in Caracas 1s
very proud {o display as an example to the Industrial com-
munity and the Environmental authorities an industrial waste-
water treatment plant that succesfully comples not only with
the technical expectations but alsa presents a clean and
neat appearance without bad odors or excessive noise.”

Caracas 180892

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

"Our wastewater treatment plant was started up in the spring
of 1992.

The brewery of Francaise de Brasserie is situated in the
urbamzed area of Lille (France) and our process water con-
tains retatively much sulphate {250 mg/). For these reasons
we required an odourless nstallation. 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 effiuent on the municipal
sewer system.”

M
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POLAR BREWERY, CARACAS (1

One of the four Polar brewenes was founded in
*951. 1n the area of Los Cortipos, Caracas. Venezuela.

Today. this brewery is situated in the miadle of a
righly urbanized area. capable of producing over two
rilion htiyr of Venezuela's most popular beer Due 1o
ne lack of area avallable the brewery s wastewater (6
rihl beer bottled) was not yet being treated
aerobically. unitke the other three Polar brewenes in the
zountry

Tre waslewaler was aischarged from the
crewery 110 @ Main Sewer. wiCh joineg a fver Crossing
e ity

In the develooment of anaerobic technology for
Sw concentraled wastewalers Dy a nign rate process.
“clar saw a solution to change the existing situation.
anc geciced in 1986 to use tis new technology In
venezue'a

“ne BIOPAQ! process enabied the brewery 10
cre-ireat their waslewater. removing the buik of organic
~atenal instead of discharging it into the environment.

The successfull cooperation between Polar and
PAQUES resutted n @ umigue conclusion to the project.
Polar carned out a major part of the construction of the
plant themselves. assisted by PAQUES' techmicians.
PAQUES was responsible for design. engineering and
technological aspects. and for celivery of the major
important tems of the plant.

The plant 1s highly automated and operation 1S
controlled by the brewery PLC. using mondors with
light-pen. situated at vanous paints in the brewery.

The two reactors are anticioating future
expansion of the brewing capacity.

The Iitle area available was used efficiently by
placing (off-) gas- handling equipregnt. rotating sieve
and flare on 1op of the preacidificationtank. The compact
sel-up used Just 825 m2 for treatment of 6.100 m3/d.
Special care was laken for treatment of off-gasses to
avoid any nuisance by the plant

AIR TREATMENT
=N

ey
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-~ e L ime—| FLARE GASBUFFER
UASE REACTOR : LJ A
3~ HpH :
BUFFER TANK 5 . . SLUDGE]BUFFER
. . R EFFL‘JENT
UASB REACTOR —j . I
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Design
Wastewater
COD load kg/day 17.690
COD concentration mg/ 2.900
Flow miid 6,100
UASB reactors 2
Volume m3 11184950
Loading rate kg CODIm?. day 8.6
COD reduction anaerobic % 80
HRT hrs 84
Temperature °C 3035
Gas
Production m3ld 5,800
Compostion % CH4 85
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GROLSCH BREWERY, GROENLD (THE NFTHERLANDS|

In 1615 the quild master Peter Cuypers founded the
onginal Grolsch Brewery. Today, Grolsch has production
facilities in Groenio and Enschede and 1s among the
best-known major beerproducers in the Nethertands

The company's annual production of up to
1.750.000 hi of beer includes about 750.000 hi from the
Groenlo operation.

For every hl of beer produced, some 3-4 hl of
wastewater 1s produced which results in a total pollution
load equivalent of a poputation of 12,000 people.

‘The wastewater of Grolsch Groenlo was treated in
the municipal treatment facilities but the levies were high. In
particular. the sudden modification of the Dutch Model
requiation on Pollution Levy January 1986. caused a steep
increase in the company s wastewater costs.

Because quality is a guiding principle at Grolsch.,
the company was determined to find the best possible
sofution 1o their wastewaler problem. Initial contacts
between Grotsch and Paques had been made in 1984
Followng the levy increase. Grolsch decided toinstall a
Paques 3m" reactor pilot plant This six month trial showed
that the wastewater from the brewery (Grolsch has no
softdnnk production and no malting faciiities) was very well
anaerobically biodegradable Based on this result a final
design for the full-scale piant was made

The plant was ordered for completion towards the

end of 1386. Although basic and detailed engineernng
began immediately. actual production could only start in
August 1987. because of delays by local government
procedures.

Upon completion of the construction. the plant was
started-up and commissioned during the summer of 1988.

The rectangular Biopag 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 all the relevant
parts.

As an existing voluminous sewer was used as a
buffer to cope with hydraulic ana COD shock-loads. only a
200 m° mixed pre-acidification tank was required. The 300
m° Biopaq anaerobic reactor with a rectangular Biopag
modules has a volumetric foading rate of 7 kg COD/m* d.
The incoming COD load of 2,050 kg can be biodegraded
with at least 75 per cent efficiency.

The 100m® surplus sludge tank is equipped sothat
future pollution increases of up 1o 35 per cent could easily
be handled by installing two Biopaq modules to convert it to
areactor.
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Design
Waste-water
COD-load kg/day 2.050
COD-concentration mg/! 1.500
Fiow m’/d 1350
UASB reactor
Volume m’ 300
Loading rate kg COD/m’ day 7
COD-reduction KT 77
HR.T r 53
Temperature C 25-35
Gas
Production m¥/d 360
Composition %CH, 80
Year of realization 1988
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meet a NOXx limit - - [
of 30 ppm this year |

- BURNER RETROFI

[

TR
L A
il it
. E? Ejggggaa|g?§
E?Ea&? r¥3k §§§§&§§

1
i

:

to operats with 10%
air, hance more efficently.

REDUCE BREWERY
EMISSONS

Mansgement Distriet in California

(SCAQMD) tightened its grip on in-
dustrial emissions of nitrogen oxid
(NOx). The pew statute, Rule 1146, man-
dates a T6% reduction in NOx emissions
over a five-year period ending this July.

Anheuser-Busch Inc's second-largest
brewery in Van Nuys fell under the new
law’s jurisdiction. The plant’s six naty-
ral-gas-fired boilers, which produce
460,000 Ib/h of steam for the brewing
process, were the first to get attention.
Three unita, installed in 1953, have ca-
pacities of 50,000 b/h. One, installed in
1964, produces up to 60,000 Ib/h, and the
m.a”lb/hmch.

Undar the new law, the maximam
allowsble NOx amission must be re-
duced from 120 to S0 ppm for the two
largest boilers. There were two alterna-
tives: either prevent its formation tnside
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via selective catalytic recuction
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in mare heat than the others do, so
they have
Migher NOx emissionn—7odd Com-

bustion, Inc, Stamord, Conn. siam
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CUE long honored thirst quencher.

- N .P. CHOPEY Assistant Editor
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¥77 “cal process industries.

_‘75_' »7 ing to market in Ohlo as well.
~7 . . Annual

"',' ~.million gal./yr.)..

Brooklyn is close to 2.7 million bbl/yr.
‘Most of this is sold in bottles

‘:'.qr,_.cans,_ the rest in kegs; the only process dif-

What’s Doing in Beer Brewing

i Grain products, hops and water combine
. ‘f,"} in this glecaming brewery to yield a popular,

i "~ "Though often not thought of as such, beer brew-
e j‘ ing is a genuine, full-fledged branch of the chemi-

g '. . One successful representalive of this field is
i .the F. M. Schaefer Brewing Co Brookl)n N. Y.

output - of Schaefer's. brewery in

(83.7

>
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ference being that the small-container be§
pasteurized during packaging.

Beer brewing consists of four ma;ur §
First, kilned germinated grain (called mak§
well as a nongerminated cereal produc}
treated with hot water. This dissolves.s
and allows enzymes, introduced by the ms§
convert the starches to dextrins and malt

The resulting solution, called wort, is §
with hops, which impart beer’s characlg
flavor and aroma. Then, the boiled wort isa
combined with yeast, and allowed to fermenf]
ing fermentation, the yeast converts th
sugars to alcohol and carbon dioxide. :

Finally the beer goes to storage for lag
or maturing. It is carbonated either dun
after storage, and then packaged. .

Here are the specifics of how Schaef#
ries out this operation at Brooklyn. . *
» Making Wort—Typical of U. S. brewing |,
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hops and wort together.
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kv plant processes barley malt. This
ds to a roll mill similar to a flour mill and
x rolls. Particle distribution of the milled
uch that 10% is retained by a 14-mesh
1d 30 by a 30-mesh screen, the rest
oth screens.

itch of milled malt mixes with 130 F.
1d the mixture drops into a horizontal
i1l vessel known as a mash tub or tun.
iwhile, wet-milled cornstarch, called
yrewers’ grits,’
‘ere it combines with 130 F. water and
wund malt; purpose of the latter is to
he mixture from becoming too viscous.
arators introduce live steam, and the
boils for about 10 min, to dissoclve the
tesulting solution enters the mash tub.
, a helical, ribbon-type mixer agitates
ure. Then the latter rests for about
ear 160 F., allowing the enzyme- mduced
a to occur and produce wort.

z Wort—After this conversion, the mash
ate-and-frame filter presses that separate
:3olved grain constituents.

' feeds to a similar cooker
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The brewery has four of these presses, each
containing 58 chambers. Many brewers carry out
this filtration in false-bottomed vats called lauter
tubs. Schaefer uses the filters because of plant
space limitations, but also believes that the filters
achieve better separation and higher yield. Though
they incur greater manpower costs at present,
the situation will be alleviated next year when
the brewery automates the fliltering operation::

- The spent grain is sparged with water; then

“the wort goes to one of six brew “kettles, having .
"an average capacity of 18,600 gal

.that contain-
steam coils and also a steam-heatéd percolator. -

To brew a batch, operators first introduce’

water to the kettle and apply heat through the

coils. Then the wort is gradually added and the .

percolator turned on. Hops also feed to the kettle,
and the mixture brews for about § hr. at roughly
212 F. and a pH of 65.8.. .

This brewing sterilizes the‘solutlon, mactl-;
vates the enzymes, extracts flavor from the hops, i

and completes the.reactions of the malt sugars -
and malt proteins. . .

of stramer vessel‘
which contain an
tains spent hops
Strained wort the
» Fermentation—.
.wort -is line-blenc
-through ‘a - shell-
cools the solution

> 12% dissolved ext

:line-blends with
goes. to one.of e
S These each’ h«

" tain the mixture
mentation to star

- fermenters, leavin

proteins and hop’

. =" The :closed..

about 85,000 gal., .

- control.’ Fermenta

to six.days, its' p

beer B8 speciﬁc gra

Carbon dioxi¢
to a purification ar

Hot wort next passes through one of A pair‘ ls now modemizi
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R water': scrubbmgwo]umm
TN ‘"spray mjector'- tanks.-’The carbon ’ dxonde»ehas =1
¥ | ‘many uses'around the brewery because: it} pro-«"
¥ vides a valuable inert atmosphere as well—as 8-
¥ . means for final adjustment of carbonation. 'z a':p st

.. . After fermentation is compieted, the beer 18
decanted from the yeast and sent to storage,;The ;
" yeast stream comes off the bottom. Fermentation "‘s‘

.’Storage——The beer is mellowed by storage for
. 8-5 wks., in cylindrical glass-lined steel -tanks,
- or in rectangular concrete ones that are lined with;
“microwax. The tanks have an average capacxty of
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f strainer vessels, about 8 ft. dia. x 12 ft. high, z
AN o

i
thich contain an inner, perforated wall that re- “
ains spent hops but allows the wort to pass. \7
trained wort then goes to a surge tank. ’
Fermentation—Upon leaving this tank, the
rort is line-blended with sterile air, then sent . . faen &
nrough a shell-and-tube heat exchanger that = - " Schaefer is one of thevfew large breweries: in 35
sols the solution to about 50 F. Containing some the U.S. to carbonate its beer: “natura]]y durl’"gt
2¢¢ dissolved extract at this point, the wort next storage. This process, called- Kraeusening,Hatac-
ne-blends with yeast slurry, and the ‘mixture ‘complished by xntroducfng a-small portlon, under X
oes to one of a series of open ‘“starting tanks.” 20%,. of néw. beerfdirectlyrfrom the starting
These each hold about 50,000 gal. They con- tanks;®as the new . beei férments in the storage i P
iin the mixture for up to 18 hr., allowing fer- -tanks, -it carbonates!the batch.’: Batch. tempera-f-» A
ientation to start. Then the beer goes to closed ture'in storage starts’’around- 43 F., then' rifest’
rrmenters, leaving behind a residue of coagulated .dunng the fermentation.: For the Iaat portloﬁ""f ¥
roteins and hop petals, called trub, ! .- . storage, it i3 lowered to about 82 F, . ..
The closed fermenters, typically ‘holdmg,' "¢ The beer is finished for packaging by coo
out 35,000 gal., have brine coils for temperature. {o 29 F., then being passed. successively,‘_thr
ntrol. Fermentation takes place in them for up". a leaf ﬁlter, a tank and a cotton-pulp"iﬁlt
) six days, its progress being- mdlcated by the £ Schaefer’s brew: kettl tare %£.7¢o) pe ASERL
ser’s specific gravity and temperature!. > B the lines: for handlmg in-proces “beer ., eFpIATA
Carbon dioxide comes off overhead and goea and frame wort. filters¥ar "éaat iron. VG i{ SN
) a purification and liquefaction system. Schaefer plant equipment‘inclﬁalng,_ he-finish ed-beel; i eq
now modernizing this operatlon installing a are stamless steel ?'} LR
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Industry Description

The malt Tiquor 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 1/yr in 1973. The brewing industry is 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 States 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 1. GEOGRAPHIC DISTRIBUTION OF BREWERIES AND CAPACITY, 1974 (39)

Plant Total Year Lapacity
Region Numbers Percent 106 m3 (106 bbl) Percent
Northeast 30 30 3.67 (21.3) 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 facilities. 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.



Production Methods and Wastewater Sources

The basic processes and raw materials used to make beer are quite
standard throughout the industry. A general outline gf these procedures
and the resulting wastes is given below. A process diagram is shown in

Figure 1.

The 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 valyable by-product. The remaining clear liquor (wort) is sent to
the brew kettle where hops are added for flavor. The mixture is boiled
to coaqulate the undesirable protein (trub). Then, 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. Freguently, 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
excecs yeast is removed and the beer is cooled and placed in primary storage.
After sufficient aging in primary storage, the beer is filtered, carbonated,
and placed in secondary storage to await 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 materizls used to make a cubic
meter of beer and Table 2 gives a breakdown of water usage within the
brewery.

TABLE 2. WATER USAGE WITHIN A BREWERY (2)

Process Water Usage (m3/m3 beer)
Cooling Water 1.42 12

Process Water 3.6 1t

Bottle Washing 2.9 vl

Misc. 3.1 -

Wastewater Characteristics

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 effluents are high in soluble organics, low in nutrients and
high in temperature. Tatle 3 lists som2 of the characteristics of a
brewery's total effluent and Table 4 shows the differences in effluent
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Figure 2. Brewery innut-output characteristics (2 ).




characteristics for diffarent classes of breweries.

Discrepancies in

flow and wastewater characteristics are due to different sources of
information.

A breakdown of individual process effluents is given in Tables 5-8.
Spent yeast and trub are major sources of pollutants accounting for
about 56% of the totel BODg5 and 44% of the SS assuming no recovery (30).

£

TABLE 3. BREWERY TOTAL EFFLUENT CHARACTERISTICS (2, 37, 72, 58)
Characteristic Average Range
800g (mg/lg 1718 1622-1784
(kg/m> beer) 10.4 9.43-11.8 .

SS (mg/l% 817 723-957

{(kg/m3 beer) 4,18 3.83-4.79
pH 7.4 6.5-8.0
Temp. (°C) 30 28-32
Process Efflyent

Volume (m3/m3 beer) 6.9 5.5-8.3

TABLE 4. EFFLUENT CHARACTERISTICS FOR DIFFERENT CLASSES OF BREWERIES (58)
Brewery Classification
New Large 0ld Large Effl. Limited Other
Std. Std. Std. Std.
Characteristic Mean Dev. Mean Dev. Mean Dev. Mean Dev.
BOD; (kg/m’ beer) 10.5 3.01  18.8 2.13  1.74 .-  8.47 7.46
ss (kg/m® beer) 3.86 1.58  7.34 2.5] 1.08  --  3.63 3.75
Process nglgent
Volume (m”/m” beer) 5.41 11.03 -- 1.62 -- 7.7 --




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

BODg B0Dg
Source (kg/m3 beer) (%)
Yeast 3.7 30
Trub 3.21 . 26
Hops 0.39 3
Pressed Grain
Liquor 0.85 7
Drain & Rinse 2.09 17
Filter
Effluent 0.50 4
Bottling 1.20 10
Misc. 0.42 3
TOTAL 12.4 100

$S $S
(kg/m3 beer) (%)
2.55 30
1.24 14
0.77 9
0.50 6
0.85 10
1.58 19
0.66 8
0.35 4
8.50 100

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

Source BOD. (mg/)

Washings from kettles,
cookers and grain

separators 200-7,000
Screen anu press liquor 15,000
Trub 50,000
Yeast 150,000
Clarification precipitates 60,000
Spent filter aid --

Beer 90,000
Cleaning solutions 1,000

SS gmg[i!

100-2,000
20,000
28,000

800
100
4,000
100

10
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TABLE 7. RAW WASTE CONTRIBUTIONS FROM IN-PLANT SOURCES (2)

Source of Raw Waste

Cooling water
House cleaning
Aging
Filtration
Fermentation
Brewing
Malting

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

Cereal cooker

Mash tun

Lauter tun

Spent grain tank (or press)
Brew kettle

Hot wort tank (inc. trub)
Wort cooler

Fermentation tanks

Ruh chiller

Ruh tanks (primary aging)
Primary filtration

Aging tanks

Finul filtration

Finished beer tanks

NON-RETURNABLES
Rinser
Pasteurizer

RETURNABLES
Prerinse

Final rinse
Pasteurizer

SS (m

300
300
3,000
10,000
100
5,000
20
2,000
30
20,000
30,000
600
500
200

200
10
20

11

BOD5 (mg/1)

2,
10,
15,

10,
5,
30,

40,
10,

700
000
000
000
300
000

30
000
700
000
000
000
100

50

20
50

500
10
30
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TABLE 8. TYPICAL CONCENTRATIONS OF WASTES DISCHARGED FROM SPECIFIC
BREWERY OPERATIONS (36) [Continued]

Brewing Operation 55 (mg/1) BODs5_(mg/1)

KEGS

Prerinse 100 1,000
MISCELLANEQUS WASTES

Bcttle and can filler drip -- 50,000
Conveyor lube drip 1,000 5,C00
Spray tunnel drip 40 3,000

Floor hosedowa -

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 unacceptable;
therefore, most brewing wastes are sent to municipal treatment systems.
Here, due to the strength, the brewery waste may be only 4 percent or
3 percent of the total influent but 25 percent of the total BOD loading.
d2cause brewery wastewaters are quite variable as to flow and strength,

a municipal system can experience severe shock loads.

Most beer is produced in large metropolitan areas so a high capacity
municipal system i- 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 existing municipal facilities.

Recyzling

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 the 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
washing plus plant clean-up requires an average of about 1.62 kg of ¢aystic
per m3 of beer produced (2). Most breweries put the cleaning caustic
directly into the sewer, however, 10 percent of the ver 1ar§e Eroduction
breweries do recycle it. For a brewery producing hundreds of thousands’
or even millions of barrels per year the cost savings and waste reduction l

could be very significant.

12



The liquid remaining after the spent hops are pressed can also be
recycled. Customarily, this high strength waste is put in the sewer or,

in a few large facilities, it is mixed with the spent grains. However,

a few breweries (abour 10 percent) recycle the spent hop_liquid back into
the brewing process; usually right ang? the wort leaves the brew kettTe
72). One particular article (36) in the literature discusses several
alternatives open to z brewery facing increasing sewer surcharges including:
no changes, impliement 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. Grains, hops,
trub, yeast, and lost beer are all currently being recovered (14).

Spent grains (barley. 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 spent 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 available 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 extract 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




Table 10. COORS BARLEY MALT PROTEIN (18)

Percent

Protein 50
Fat 10
Fiber 2
Nitrogen Free Extract 29
Carhohydrates 31
Ash
Moisture
Amino Acids
Lysine 3.25
Histidine 1.74
Ammonia 3.06
Arginine 5.60
Asportic Acid 5.62
Threonine 4.10
Serine 3.98
Glutamic Aicd 24.56
Proline 11.56
Gylcine 3.62
Alanine 5.38
Half Cystine 0.99
Valine 4.63
Methionine 1.88
Isoleucine 2.44
Leucine 7.05
Tyrosine 4.05
Phenylalanine 6.45

100.00

16
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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
City (m3/day) by Brewery (mg/1) (%)
Merrimac, NH 12,000 100 BODs: 1200-5000 90
(Design 18,925) SS: 200-400
Frankenmuth, MI  2271-2650 50 BODs: 1400-1500 BODg: 90-95
SS: 50-85
Belleville, IL 25,170 20 BODs: 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, Colorado. 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 m¥/yr. The receiving streamwasunpolluted and had a minimum flow of
about 1000 1/sec 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. A1l uncontaminated cooling water is collected
and put in the storm sewer. Cooling tower and boiler blowdown containing
corresion inhibitors and biocides aire discharged directly to the polishing
lanoon. 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 waste is collected separately, put in holding tanks and metered
into the treatment system. The spent caustic cleaning solutions are
treated similarly which helps control the pt of the influent.

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

17
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The Adolph Coors brewery produces 1.23 million m3 of beer per year.

'n1lution control efforts began in 1951 with an inplant water conservation
ygram and construction of a waste treatment facility. An extensive

y-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 in Figure 4, utilizes a high rate
ictivated sludge system. Flow equalization and pH adjustment 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, PCRRY,
GEORGIA (37)

reatment Metric English
'rimary Clarifier 3.2 2
Surface loading 27.1 m/m" day 665 gpd/ft

Weir loading 72.2 m3/m day 5820 gpd/ft

Detention 1.9 hours 1.9 hours
lrickling Filters 3 3
BODg loading 4.8 kg/m 300 1b/1000 ft
Hydraulic loading
including recirculation ’ 2
Mirimum .68 1/sec m ) ] gpm/ft2
Maximum 1.36 1/sec m 2 gpm/ft

Activated Sludge

BODg loading
Aeration capacity

1.60 kg/m>

1.5 kg 0,/kg BOD

100 1b/1000 ft°

1.5 1b 0,/1b BOD5

Return sludge ratio 50% 50%
BODg/MLSS ratio 0.38 0.38
MLSS concentration
Contact basin 4.9 hours 4.9 hours
Reaeration basin 14.5 hours 14.5 hours
Final Clarifier 3 2 2
Surface loading 20.7 my/m" day 509 gpd ft
Weir loading 73.9 m“/m day 5950 gpd/ft
Detention 3.7 hours 3.7 hours
19



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

Treatment

Polishing Lagoon
BODg loading
Detention

Aerobic Digestion
Solids retention
MLSS concentration

Sludge Spray Disposal
Liquid loading
Solids loading
Application interv

al

Metric

60.5 kg/day/ha
15 days

10 days
15,000 mg/1

2.54 cm depth/appl.
0.5 kg/mZ/appl.
1 to 7 weeks

English

50 1bs/day/acre
15 days

10 days ‘
15,000 mg/1

1 in depth/application
0.1 1b/ftl/application
1 to 7 weeks

TABLE 13.

PERFORMANCE OF PABST BREWERY TREATMENT PLANT (39)

Characteristic

Flow

BOD;

SS

Percent
Units Raw Waste Effluent Reduction
m3/day 48,45
(MGD) (1.28)
m3/m3 beer 5.48
(gal/bbl) (1.70)
kg/day 88405 252 97
(1b/day) (18530) (556) 97
mg/ 1 1740 58 37
kg/m> beer 9.55 27 97
(1b/bbl beer) (2.47) (.07) 97
kg/day 3470 208 94
(1b/day) (7650) (459) 94
mg/1 716 40 94
kg/m3 beer 3.94 0.23 94
(1b/bb1 beer) (1.02) (0.06) 94
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TABLE 14. COORS RAW WASTE AND EFFLUENT PARAMETERS (17)

Percent
Parameter Raw Waste Treated Effluent Removal
Flow 12490 m3/day -- -
(3.3 MGD) '
BOD5 825 mg/1 34 mg/1 96
Suspended Solids (SS) 280 mg/1 29 mg/1 90
22
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Chapter 15.

e .

SOUND ENVIRONMENTAL
BREWING PRACTICES, PART 3

Will Kemper,
Lansdowne, Pennsylvania

‘ ’ IRTUALLY ALL BREWERIES in the United States
arc located in citics and discharge their liquid wastes
into municipal treatment systems. Air emissions, both in

gascous and vapor form, arc discharged into the atmosphere and
dirccdy impact the surrounding arca. Solid waste can become a
foul and wretched mess. It is as incumbent on the brewer 10 ad-

dress and competently manage the brewery's impact on the envi-
ronment as it is 0 make professional-quality beer.

Liquid Waste

In determining the nccessary approach to liquid wastes, the
primary considerations are:

« the brewery's effluerit quantitics and profile,

+ the community's acceptable standards—often determined
by statutcs.

Individual brewery operations and their conscquential envi-
ronmental impacts differ, and the various community attitudes
and restrictions for those impacts differ as well. A technical un-
derstanding of both arcas is often critical for establishing a work-
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ing solution.

Any discharge 1o navigable waters (a federal definition
which in essence includes all liquid effluents) has 10 conform to
quality standards that are specific, applicd nationally, and en-
forccable by the U.S. Department of Justice. Sewage plants that
ultimately discharge cffluent have to comply with those stan-
dards. How this is done depends on the community and the treat-
ment scheme uscd. Each treatment plant has a particular capacity
with differing operational techniques. A small plant might be
ablic to accept a more concentrated discharge than that of a much
larger plant, or a plant might not permit treatment of brewery
waste without pretreatment to an acceptable quality.

It is essential 1o work with the necessary govemmental or
privatc agencics (not all treatment plants arec governmentally
owned) in dealing with brewery sewage waste. Before a brewery
or brewpub opens, it is logical to assume that everyone with a ju-
risdictional stake in its operation has been notified; if not, the
less informed 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 opposcd (0 anything having to do with any
brewery. If individuals with jurisdictional interests have no idea
of what is involved in a brewery, they will naturally take the
most conservative or ncgative approach. Brewers should take an
informed approach in order 10 allay fears and assist treatment op-
erators.

The quality and quantity of allowable industrial waste dis-
charges are determined by the treatment facility’s system capa-
bilities. For example, the most recent Department of Public
Works restrictions for the city of San Francisco include the fol-
lowing parameters:
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Pollutantpollutant property Limit
gi Ived sulfid 6 0min_; 9.5 max
1$Soived sulfides 0.5 masi
Temperature @/iter max (0 5 ppm)

125 degrees F (52 degrees C)

Chromium (Tolal) 5 0 mg/iter max {50 ppm)

‘OLher restrictions are also in effect for grease and oils, ar-
senic, heavy metals, zinc, phenol, and Cyanide. Most of these ar-
¢as arc not pertinent for brewery operations.

The main sources of concern for brewerics arc the following:

* Biological or biochemical oxygen demand (BOD). The loss
of oxygen in solution over a five-day period from a closed
sample held at 65 degrees F (18.3 degrees C).

* Chemical oxygen demand (COD). Mcasurcs the dissolved
organic material by boiling with potassium dichromate and con-
cen.tralcd sulfuric acid. The excess remaining dichromale is ncu-
tralized with ferrous ammonium sulfate using as indicator fer-
rous 1, 10-phenanthroline; COD: BOD is 1.65 - 1.00: 1

* Suspended solids (SS). The weight difference of a pre-

weighed glass fiber filter before and afier a known volume of fil
Lrate.

* Toual flow. Total wastewater treated. Based on a metered
amount or factored from water supplied.

Represenuative municipal treatment costs are as follows:

/
< Location Flow/1000 gal CODMb SSab
San Francisco $5.413 $0.0494 30
' . . .2467
Frankeqmum, Mich.  $0.7071 $0.1024(BOD)  $0.0462
L.A. Calif. (1973) $0.083 $0.00475 $0011
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Obviously, there can be a great disparity among lreatment
plants with regard 10 specific costs. One thing for certain is that
costs will continuc o rise.

Waste effluent from brewerics ranges from a minimum of
four barrels of waste per barrel of beer produced by large brew-
crics with sophisticated means of water treatment and reuse to
greater than ten barrels of ¢ffluent per barrel of beer produced.
Before 1970, it was common to use more than ten barrels of wa-
ter per barrel of beer produced. With extreme waste (especially
for cooling), up 10 sixty barrels of waste were produced for every
barrel of beer. With a gencral regard 1owards conscrvation—
cven with no treatment in place, a 10 1o 1 estimale is reasonable.

" The average urban sewage flow is estimated at 120 to 180
gallons per capita per day. On the low end, onc can expect for
the 120 gallons (1,000 pounds) figure, 0.2 pounds of BOD [200
parts per million (ppm)] and 0.23 pounds SS (230 ppm). In com-
parison, production of 1,0{X} barrels of beer per year (producing
10,000 barrels of effluent) yiclds the equivalent flow of seven
people per day, 3,200 pounds of BOD (cquivalent to fony-four
people per day), and 2,200 pounds of SS (cquivalent 1o twenty-
five people per day).

A brewery of 30,000 barrcls production per year yiclds the
BOD equivalent of 1,320 people daily. A regional brewery such
as Rainicr or Genesee (at 2,000,000 barrels per year) is the
cquivalent for 88,000 people, and Coors Brewing Company in
Golden, Colorado, potentially yiclds the cquivalent of 880,000
people. Becausce of this potential, Coors quite likely bas the maost
cxtensive rcuse and treatment operations within the industry 1o-
day; it is more sophisticated than most municipal treatment fa-
cilitics.

Brewery cfflucnt contributions from the different sources are
as follows:
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Waste From  BOD (ppm) SS (ppm) Comments

Kettle 300 100 Wort residue

Lauter lub 10,000 3.000 Mash residue

Hot wort tank

{Irub) 42,000 28,000 Wor & proten

residue

Fermenters 66,000 unknown Beer. protein &
yeast

Finishing tanks 3,400 unknown Beer, tine organic
lrud

Keg washing 1,120 100 Beer, mSc solds

Primary aging 30,000 20,000 Beer, misc schds

Finished beer 50,000 unknown

Waste yeas! 130,000 unknown

The strongest and most troublesome product is spent yeast. l
continues to grow and usc oxygen in its life process. The impact
of ycast in brewery effluents tends to make that cffluent twenty
to forty times stronger in SS and ten (o seventy-five times stron-
ger in BOD than municipal waste. The impact of brewery cf(lu-
ent is significant considering normal domestic sewage evaluation
is as follows (in ppm):
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Constituent Strong Medium Weak
SS, total 500 300 100
BOD (5 day) 300 200 100

Approximately 28 percent of the BOD in brewery wastewa-
ter is accounted for in brewhouse operations, 60 percent from
cellars and fermentation processes, and the remaining 12 percent
from packaging. It is apparent that these pereentages vary from
brewery to brewery depending on the different 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 bottle of beer spilied on the floor

would require sixty gallons of water (o dilute it 1o the BOD level
of municipal wasic.

Solid Waste

Solid waste is virtually all a result of spent grains and the
portions added thereto. Good housckeeping and punctual re-
moval of grains are required as wel grains quickly mold and tum
rancid. For brewpubs, plastic, fifty-five gallon drums with lids—
filled three-quarters full—can conveniently be handled. Dump-
ing wet grains with other garbage can create problems as those
containers cannot gencrally be adcquately lushed. It a smalt
brewery is lucky enough to find farmers to take its grains, quick
and timely removal s necessary. A worse-case scenanio would
find mycotoxins adversely affecting the stock that had caten the
spent grains. Mycotoxins are secondary metobolites produced by

fungus under stress conditions and have harmful biological cf-
fects in man and animais.
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Air Pollution

Steam_venting from the brewkettle is the major discharge
that breweries make into the air. If rgr_r;oval'is necessary, conden-
sation is the only realistic optjon. Because much cnergy is asso-
ciated with a phase change (gas or vapor to liquid), a high pro-
portion of condensing capability (by refrigeration power or cool-
ing water supply) is necessary.

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

Assume that a ten-barrel brewlength evaporates 7 percent of
its volume in nincty minutes and uses water at 70 degrees F (21
degrees C) for condensation. If the exiting condensate has to
conform to the discharge temperature imposed by the treatment
facility—for example, 125 degrees F (51.5 degrees C)—a mass/
energy balance will show that 421 gallons of water will be
nceded. For every gallon of stcam condensed, approximately
twenty gallons of cooling water will be used.

In the Future
Water and waste treatment prices will likely double by the
year 2000. Besides inflation there will be more demands upon
the treatment systems, and rcplacement for many systems is be-
coming necessary. Breweries will be required to continue to look
for and use schemes o reduce discharge levels both in quantity
of total discharge and concentration of pollutants. Effluent stan-
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dards will become¢ more strict and pre-treatment—besides be-
coming morc economically justifiecd—may become a require-
ment. If brewerics don’t conform 1o established standards, au-
thoritics have all the necessary jurisdiction (o stop production at
thosc non-compliant facilitics.

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 amember of the MBAA and the Institute of
Brewing in London. He holds a degree in chemical engineering
from the University of Colorado in Boulder, Colorado.
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RESEARCH ON THE CHARACTERISTICS
OF START UP AND OPERATION OF
TREATING BREWERY WASTEWATER
WITH AN AFB REACTOR AT AMBIENT
TEMPERATURES

Liang Yongming, Qian Yi and Hu Jicui

Depariment of Environmenial Engineenng. Tsinghua Universiny, Beijing, China

ABSTRACT

The pumpose of this study was 1o evaluate tbe eMciency and feasibllity of yeaung hrewery wasiewaicr with
an Anscrobrc Pluidred Bed(AFB) reacior st ambicnl temperatures of about 25°C. Resulus from nearly une
year of L3t bave demnonsurated Ut the reacir Biax 8 volumeinc toadings rate of 27-30kgCOD/m .8 with 2 §
b of hydraulic retenion ume (HRTY. The COO removal rate can reach 3% or more under suable operaiing
condluons. The average producuon rate of blogas was 0.45m>AgCOD remosed. of which the CH, coment
war 72%_ In addition. the fonnation mechaniun of te bicfllm was analyred, the incasures of mpid sun up
of the £eacior was invesupaed The operavonal chancxerisuct of the AFB reactor were also discussed.

KEYWORDS

r wastewater; wastewater treatment. ambient temperature; anaerobic fluidized ded; biofilm

INTRODUCTION ,

: the rapid development of industry, a lot of high strength organic wastewater, such as brewery waste, is
g unceasingly gencrated. At the same time. the problem of a world wide lack of energy becomes more
us. Thus, the canventional aerobic processes in the field of wastewater purification cannot meet the
tive pecd because of their higher energy cansumption and lower efficiency. Therefore, it is necessary to
lop some new types of biotechnulogy with lower energy consumption and higher efficiency. Since the
8. a series of modem anacrobic biotechnologies of higher efficiency have been invented, One of them is
wnaernbic Fluidized Bed (AFB) process. AFB wax initially used to treat organic wastewater with the
ning of denitnfication by Jens and Owenx in 1974, Since then, it has been found 10 be well suitable fon
ng high strength organic wastewater. Up to now, AFB has been successfully emplayed to treat a vasiety
th swength organic wasiewaters on lab/pilot scale, but only a few full scale AFB resclors were in
tion abroad. and few studies about it were in Chinu Because the AFB system i« still at an early stage of
spment, especially 1n China. more recearch effort is needed 1o gain betier insight into the complex
: of the system und to develop a mure rutienal design and cantrol procedure. The objective of this study
» peeexs the feasibibty of uding the AFB reactor for the treatment of brewery wastewater and waste
y recovery, from which seuleable solids have been removed by a primay clarifier, at ambient
ratures. This paper reports and discusses the results of a laboratory investigavon.
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MATEFRIALS AND METHOD!

Experimental system of AFB rencior

F gure | shows the expeiimental sys'em for the AFB recctor The ier 0 o ey o :"l' v B
reactor with o conical bottom used in this investigation wa: 130 cer v ¢ ol mee f o noon
the fuidized zone. The AFB reactor has a toral working rolure 5 1§ w2 vb o aclic e aged

secuon nstalled at the top to facllitate the sepasation of ligsid anc > 43 et Sev " R pIip 0. were
irstalle along the column length to obtain bed sarnples. Th- wastew s v sit >¢s @ al br 0y ol the
¢ lumn in 8 downward and then upward faghion to ensur unifo11  re el foyopat ¢ T aFB
re )ctor was maintained ot approximate’y 23°C during the exoerimes ¢ .er 4
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“he AFB reactor was fed with the brewery wastewater, doth stcc 13 ng 2 v oling, frone Beijing ”

Erewery. This wastewater exented 3 COD of 2000-3000mg1. No 11 el nen wus 3 ‘dec. Nitrngen and
hesphorus were added according to COD N:P of 200:5:1 n order t mer the e ¢ need W bacterial
£v vth. Total alkalinity was over 60Umg/ as CoCOy by mears of Nayl o »o oifded rew s

(1o wth suppon marenal ’

-

But) pulyvinyl chioride (PVC) and ceramsile with a mean ciameer 0 U6 am arge wm 1)1 -0.7] mm)
wer: selected 10 be growth <upporters Their dens<ity was 110 and 57 pfoe 3 respectively and thelr
ponocity was 41 7% and 48 5% respectively. Because of the differciw >l veet the twd matesrial surface
charges and other factors, such as a coarse surface, the adherence test v he b ofil » forned ¢n the suppones
sas.ed that PVC was an invabd camer of AFB reactor during the 10 cty <t ap deriod. [n contrast
LeraMaie was 3 vahd carner on which biofilm formed quickly in 38 iy a umbent terperatures. Finally,
ceramate instead of PYC was adupted as the carrier tor the AIB reac:cr 1th . expenimen

x¢h aludes

T e seed wur flocculent sludge chiained from a sJudge digester of a Mma ol wastew ater treatment plant
Rl methanogemu activity und setileability were puouor. The tatio of V335 10 39 vas only 058 The sludge
“11oame gdherent properties. Since the sludge inctuded some odds ane ands, it vas nevexsary to flier it
vhasieve of 2SS mmox 125 mm before it was added i the reactor ton weeding purposes
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2Jy have demonstrated thet the AFH reactet 1ctcaabic and highhy etiicene wer 1
; wastewater and nnuxig wasiewulcr feom o brewery af ambient temperatines,
‘eactor at flable operation v vigmificantly hetter than that s far achseved i eth.
ents with similar conditions

wmance and relatively high elhcency of the AFN res tor are ensircd oy o
‘ntration combined with the recvele. which means higb pummog costs The tush.
e muxed degree iv The optimum value can bescduced 14 7-5 1 this eapenme,
vidence that phase separation had cecuned. and the hed expansion of 28 Mt v
J uplow and biegas overflow . Mareover, the restant of (he reacet atter i shon
- very quich, the Joading rates upplied betore the shut-down couklt boresima

jopment of biotlim can be divided im0 four steps. Amang them. sub-biofila
and primary bivlayer fummatian is slso impontam

furing the period of stable operation of the AFB reactor is within the range of 0.k
s guod methanogenic activity. The constant biofilm thickness can be mainturncd
ogas flow In the reactor.

'r i very suitable for the wreatment of medium strength wastewater (COD = 20(10)-
rewery_waste in thic investigation. It i< on attractive treatment tystem due 10 the
ih rate of digestion. methane produced. and high reustance to shiacks éic. Bawed un

study, it appears that AFB technology can indeed fulfil the promised advantages
ste technologies Therefore, 1t seems reasonable 10 expect that the AFB 1echnalogy
idespread technalogy in a possible short time.
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fringe benefits. Other costs such as advertising and taxes are added,
and our total controllable expenses are roughly $26,000.
Noncontrollable costs include rent at $200 a month for 200
square-feet (included as a brewery cost even though we own the
space the brewery occupics, a morigage onour brewing equipment,
and a 6 percent administrative fee, These bring our total noncon-
trollable costs to $8,100. In six months' opecration, charging sev-
enty dollars akeg, we have made a profitof $1,100 in the brewery.
I hope that I have helped you by giving you a look at some of
McGuire’s figures. [ want 10 reiterate that the bar and restaurant
business is highly competitive 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 10 its present location in Pensacola
in 1982. He has a long history in the food business, including
managing the food service operations of Saga Food Service, which
provides food for college cafeterias.

Chapter 9.

PRACTICAL BREWERY
SANITATION

Dr. Michael Lewis
University of California, Davis

Sanitation is one of the essential basics of brewing and the
brewer’s ant. [ call it the “brewer’s lifceline.” If you are wearing a
“lifc linc” of sanitation, then you have a good chance of being
successful in the enterprise on which you have set sail, that is, the
manufacture of good beer. For making good beer, | adeClll(? a
“quality triangle™: quality materials, consistent processing, and ng-
orous sanitation. If you pay attention to that triangular relationship,
you won’t go far wrong in making good beer. Sanitation helps to
assurc beer quality, minimize complaints about poor beer, and
prevent legal penaltics for spoiled beer. Curiously enough, when
we talk about brewing, we rarcly 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 feel the penalities of the law.

Sanitation procedures fall into two general pants: the first I cail
protectability, and the second is cleanability. A brewer must make
beerinaplace that is protected from the environment, a placc. 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 somcething that makes sense. We call it abrewery.
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 gatc is down. A moat
surrounds it. Therc arc cannons on the rampart to discourage
anyonc who would violate this protected termitory. The brewer's
flag is flying at full staff at the top of the operation, and a sign says
“buzz off” (o insects and other pests. But through mismanagement,
the protectability of the brewery and the brewing process can be
badly compromiscd, and oficn is, cspecially in a brewpub sctting.
When the defenses break down, we are, in cffect, putting out a sign
that says, “Welcome all.” We provide windows and doors where
peopic and other pests can enter, and by insanitation, we may
cncourage flics, mice, and cven rats. This creates an unsafe place
for brewing. When you look at your brewery, please think of it as
a fortress, and therefore as a place where only authorized personnel
may go perform authorized dutics, to the exclusion of everyone
else. This will allow you to protcct your brewing process in the way
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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 implications. Avoid
putting vessels where the process can be compromised. Avoid
cross contamination. For cxample, don't pul open fermenters
beside the malt mill. In one brewery 1 visited, the open whirlpool
was undera cold water pipe. After the wort cooled down, you could
look into it and sce 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 brewery operautons should be physically divided into at
icast four parts so that there is a very real division between raw
matcrials handling, the brewing operation, fermentation and gQ_n—-
al_i_oﬁﬁg. and finally botding or kegging. Without this order, a
ﬁvcw 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 differentkinds of operations in the
brewery. Furthermore your aceess 10 the outside world should be
carcfully located among these divisions. Proper plant tayout is the
basis of a successful operaton and must be addressed in the
planning stages with special regard for access and cross contami-
nation. If an opcration 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 clcan — whether it is a manual cleaning process
with a bucket and a brush or a mechanical cleaning-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 just 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 ¢ven though you have paid for expensive cquipment.

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 mcans of sanitary
connections that deliver it back to the tank where itoriginated. 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 systcm must have adequate
pumping power. You must have enough pumping cnergy to push
the liquid through the piping system, and even uphill if necd be,
while maintaining adequate velocity.

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

Cleaning technology is always “clean first and then sanitize.”
That is a practice you should not alter unless you have a reason.
Why should you always clean first? Becausc in the process of
cleaning, you remove both soil and bacteria. Cleaning first greatly
reduces the microbial population, and thercfore also reduces the
population that will have to 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
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rcact with the sanitizer and reduce its effectiveness. But if soil is
removed first, the sanitizer will work at its maximum efficiency.

Soil is not held by magic to the surface of equipment. Soil is held
to a surface energetically (by cnergy), and the strength of the
attraction depends on the nature of the soil itself and the nature of
the surface. The removal of soil therefore always requires energy
input. When you clcan, you must think of it as applying cnergy in
onc (or more) of three ways: physical energy such as scrubbing with
a brush; heat energy using hot water; or chemical encrgy such as
using cleaning agents. All threc of these modes of applying cnergy
arc often used atonce. They function very well to lift the soil off the
surface and suspend it so it can be washed away.

In the brewery, you don’t have to clean everything with the same
intensity. You can relate the intensity of cleaning to the amount and
kind of soil present. For example, bottle washing is very different
from cleaning a bright beer storage tank, which is different from a
kettle where wont and hops have boiled, which is different from a
fermenter that has contained yeast and fermenting wort. If you are
going 1o usc the same cleaner to wash all of these items, you will
want to make astronger solution (3 104 percent) to clean the bottles,
a somewhat less strong solution to clean brewhouse equipment and
fermenters (1 1o 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 heau suitable to the cleaning task at
hand. Gauge the amount of soil on a surface and don’t hit every-
thing with the same very powerful cleaning solution. Cleaning
chemicals and procedures can and sometimes do damage cquip-
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 that the soil doesn't become more closely associated
with the surface. Don't let the soil dry out. Cleaning technology
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always follows the same process whether you are cleaning the cgg
off your plate in the moming or clcaning a brewing tank at work.
Always rinse first to get rid of the bulk of the soil, then clean with
the cleaner, and then rinsc away the cleaning matenial.

Alkaline detergency is the backbone of cleaning in the food,
dairy, and brewing industrics. The most common and cheapest
source of what we call “active” alkalinity, is sodium hydrqxide

“{NaOH). Big breweries use this as a cleancr, but I do not recom-

mend it for small brewerics. It is too dangerous. It is soda, or lye,
and if it splashes on your face, it will take your nosc off inamoment.
Highly alkaline cleansers arc cxcellent 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 arc mixed by the manu-
facturer for special purposcs, which is why these products cost
more than sodium hydroxide. But they are well worth it. Sources of
alkalinity may include sodium metasilicate or chlorinated tnso-
dium phosphate. The dispersing or rinsing agents may be pol-
yphosphates or wetting agents. Control for “sione” (a mineral
deposit on surfaces) may be EDTA orsodium gluconate. urge you
to establish a relationship with a local representative of a major
corporation involved in cleaning technology and draw on their
expertisc. Buy few products and leam to use them well.

After cleaning comes sanitizing. The purpose of sanitizing is to
kill the bacteria remaining on a picce of cquipment after cleaning
it. Sanitizing is always done on a previously cleaned surface, i.c.,
after the bulk of the microbes has alrcady been removed by
washing. The important thing to remember is this: do not automati-
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.
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Clcan, and then before use, just sanitize.

Sanitizing agents often contain chlonne. It is effective, cheap
and‘whcn diluted, it is safe. Altenatives are quats, iodophor;
(whncb arc popular), and acid-anionics (which are not). My prcfcr‘-
cnce is chlorine as a houschold bleach. The cffective form of
chlorine is hypochlorous acid (HCIO), which is most bactericidal
between pH 4 and 6. Most brewers, however, prefer to use HCIO
at pH 8. .lt is less effective at that pH, but it is much safer 1o use
bcgausc In an acid environment, chiorine becomes corrosive ‘10
stainless steel; chlorine on the alkaline side is the better choice
Bccausg domestic chlorinc blcach is an alkaline solution it ls
convenient to use, '

Chlprinc as bleach contains approximately a S percent solution
of sodium hypochlorite, or about 50.000 parts per million (ppm or
mg/L) of chlorine. But about 50 ppm chlorine is sufficient in a
brewery §cui_ng. on a surface tmt has been previougly élancd To
makc'a dilution, think of it this way: 500 ppm isa 1:100 dilution
or a liter of bleach in a hectoliter, or about a quart of bleach in a
barrel. Cne-tenth of this concentration, or three to four ounces in a
barrel of water, is sufficicht 1o sanitize a clean surface.

_Brf:wcljs preferto sanitize with wet heat, i.e., hot wateror stcam
Wet heat is a very useful sanitizing agent because it is so safc for‘
the Q_rp_c_iuct, but it is expensive. For wet heat to be effective you
must raisc the temperature of the surface you are sanitizing l(; 180
dcgrcgs Farhenheit. This does not meaning spraying 180-degree
water into a big, cold stainless steel tank for a few minutes! If you
were Lo try 1o heat the surface that way, you would have 1o spray it
for a long lirpc with 210-degree water, which would be cxpensive
an.d impractical in most microbrewerics. If you usc hot water 1o
rzusc? the iemperature of a surface, you must allow sufficient time
of circulation to achieve the required temperature. When using
stcam as a sanitizer, you must also allow enough time to heat the

1
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Economics of
Water Reuse in a Brewery

ABRSTRACT

It is prudent for each brewery to make a balance abeet of
its total costs for both water supply and wastewanter disposal
~ith the intent of minimizing such costx.

This paper delineates the water requirements and waste-
vater characteristics (volume and quality) of a typical, but
wpothetical, brewery, It demonstrates the average costs of
- %\ services under conventional methods of operation

it examines the economic feasibility of reduction of
. dernands and wastewster fiows and strengths by In-
ernal housekeeping methodalogy; plus advanced treatment
f various typee of efluents and the recycling of treated
raters for reusa in certaln brewery operations. With such
ruse, the savings in water bills, wastewater surcharges, and
proportionate ahare of construction costs might justify es-
rntially complete recycling in certain localities.

INTRODUCTION

Most breweries in the United States are located in
ties and discharge their liquid wastes to public sewers.
ntl recently, this arrangement was generally satisfac
ity unless the brewery wastes constituted too large a
oportion of the combined municipal wastes, such that
» public sewage treatment plant was overloaded or im-
lanced with respect to carbon-nitrogen ratios. Brew-
ies bave traditionally paid for municipal sewer service
rough ad vaiorem taxes related to the assecsed value
the brewery property and/or through sewer service
arges generally based on the quantity of water used or
wste discharged.

Now the situation Is changing as & result of Public
w 92-500, entitled the ‘Federsl Water Pollution Con-
J Act Amendments of 1972." This act and subsequent
propriations enable the federal government to con-
bute up to 76% of the construction cost of expansions
1 improvements to municipal wastewater treatment

. McKee is a Director and Dr. Pincince is a Vice
nident of CDM Inc., Pasadena, California, a subsidi-
» of Camp Dresser & McKee, Environmental Engi.
'rs, Boston, Mass.

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

SINTESIS

Et prudente hacer un belance para csda cervecaria de
sus costos totsles para suministros de agua y desecho de
aguss de residuo con el objeto de minimizar dichos costos.

Este trabsjo delinea los requerimientos de agua y las
caracteristicas del agua de desecho (volumen y calidad) de
una cerveceris tipica pero hipotética. Demuestra los costos
promedio de dichos servicios bajo métodos convencionales
de operscién. Después examina la facilildad econémica de
reducir las demandas de sgua y los fiujos y potencia del
agua de desecho por metodologia casers interna; ademis de
tratamiento avanzado de varics tipos de efluentes y o re-
ciclado de agus tratads para ol reuso en ciertas operaciones
cerveceras. Con dicho reuso, log shorros en los costos de
agua. recargos en agus de desecho y una cucta proporcion.
ads de los costos de construccién deberfin justificar esen.
cialmente ol reciciado completo en ciertss localidades.

plants, trunk intercepting sewers, and efluent discharge
facilities. Some states add to this largesse such that the
total financing from federal and state sources can reach

90%.

Before approving grants for any project for any treat-
ment works, the Administrator of the Environmental
Protection Administration (EPA) must first have de-
termined that the applicant sewerage entity

(a) “has adopted or will adopt a system of charges to
ascure that each recipient of waste treatment services
within the applicant’s jurisdiction, as determined by
the Administrator, will pay its proportionate share of
the costs of operation and maintenance (including re-
placement) of any waste treatment services provided
by the applicant;” and (b) “has made provision for
the payment to such applieant by the industrial users
of the treatment works, of that portion of the ocost of
construction of such treatment works (as determined
by the Administrator) which is allocable to the treat.
ment of such industrial wastes to the extent attribut.
able to the Federal share of the ocost of construction;”
see Section 204 (b) (1),
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Moreover, Section 310(b) (1) (B) specifies that by 1
“ly, 1977, publicly owned trsatment work must comply

th efluent limitations based on secondary treatment,
+.g., over 85% removal of biochemical oxygen demand
(BOD). This provision mesans that municipal plants
presently providing only primary treatment (sedimenta-
tion) must be upgraded to biological treatment by trick-
ling filters or the activated-sludge process, or by some
other means providing equivalent treatment. To be eligi-
ble for 75 to 90% government grants {or such upgrading,
publicly owned plants must meet the provisions related
to industrial wastes, as described above. Rare indeed
will be the public sewer agency that will gu to secondary
treatment without a huge government grant.

The Administrator of EPA has issued guidelines to
loczl agencies relative to the payment of Industrial waste
treatment coets, including model systems and rates of
user charges. Many municipalities and other local sew.
erage agencies have aiready promulgated industrial
waste “surcharges” that augment the conventional ad
valorem property taxes for operation and maintenance
costs.

An example of this annual surcharge is the formula
used by the Sanitation Districts of Los Angeles County
(SDLAC) in “An Ordinance Regulating Sewer Con-
struction, Sewer Use and Industrial Wastewater Dis-
charges,” 1 April 1973, viz
Surcharge = a(V) + (COD) + o(SS) + AM(P) - TAX
where:
jurcherge = Net annusl industrial wastewater treatment

surcharge in dollars. No refund will be made
if a negative number results.

v = Total annual volume of flow, in millions of
gallons,

(o{e) o] =3 Total annual discharge of chemical oxygen
demand, in thousand ibs.

U = Total annual discharge of suspended solids,
in thousand lbs.

P = Peak discharge rates over a 30-min period,

occurring between the hour of 8:00 am. and
10:00 p.m. and determined by averaging a
maximum of 10 substantiated peak flow rate
measurements of the sccrual yeer in gal./
min.
M = A multiplying factor accounting for increased
Districts’ costs from high ratics of industrial
discharger peak-to-average low rates (P/A),
such that M = 2.50 log,s (P/A).
ab,okd = Unit charge rates adopted annually by the
Districts based upon the projected annual
total custs for wastewatsr collection, treat.
ment, and disposal, per unit.
In 1973;—
a = $83.25/million gal.
b = $4.75/1,000 Tbe. COD
c = §11.00/1,00 [be. §.S,
d == $22.00/gpm
TAX 3= The annual ad valorem taxes paid to the Dis-
tricts on the land or property utilired for
generation of industrial wastewater.

This formula will be used later in this paper as an
example of an operating and maintenance surcharge for
a hypothetical brewery. To this surcharge, however,
must be added the charges assessed to industry for the
oconstruction costs for secondary treatment. Finally, in

any recycling effoct, one must also consider savings in
the costs of purchased or locally pumped water supplies.

It is the purpoes of this paper to investigate the feasi-
bility of treating, recycling, and reutilizing all or part
of the wastewater efffuent from a typiaal, but hypotheti-
cal, one mildon bbl-per-year brewery (Brewery X) in
order 1o eliminate or at least mintmize the surcharge for
operation and maintenance, the assessment for the con-
struction cost for secondary treatment, and the cost of
water supply. Conceivably under certain circumstances
the cost of constructing, amortising, and operating a
“bottled-up” system would be lecs than the chazges and
surcharges resulting from PL 92-800,

The concept of treatment, recycling, and reuse of in-
dustrial wastewaters is not new, It was utilized success-
fully by the corn-starch-process industry in the 1920%s.(1?
The Kaiser Steel plant at Fontana, California, has
treated, recycled, and reused its wustewsters® and at
the Lever Bros. plant in Los Angeles County, wastewa-
ters laden with fatty acids from the cleanup of tanks
used In edible-oil production are processed through ovl-
loidsl-air Sotation units.® Many other examples of
trea tment, recydling, and reuse coald be cited.

QUALITY AND QUANTITY OF BREWERY WASTES

Several Investigators have reported on the quality and
quantity of the total wastewater efluent from breweries,
but data on the wastes discharged from various opera-
tions inside breweries are less sbundant. The informa-
tion available on discharges from various operations is
generally limited to analyses that determine gross pa-
rameters of pollution, e.g., suspended solids, BOD, COD,
etc. Data on the volumes or rates of floww from specifie
processes are scarce indeed.

Tuable I shows typical values for analytical data from
the waste discharged from individual brewery units.

TAMLE |
Tyvicai Coocentrativns of Wastes
Discharged trem Specific Brewery Operations
BREWING OPERATIONS
Suspended Solids (mg/ D 800 (mg/n
Ceren! cooker 300 700
Magh tun 300 2.000
Lauter tuwd 3.000 10.000
Soent grain tank (or press) 10,000 15.000
Braw kettle 100 300
Hot wort tank (Inc. trubd) 5,000 10,000
Wort cooler 20 30
Fermentation tanks 2,000 5.000
Ruh chilier 3 700
Ruh tankg (prima-y sging 20,000 30,000
Ptin-'{ filtration 30,000 40,000
ing tanks 600 10,000
ingl fiitration $00 100
Finished beer tanks 200 50
NON-RETURNABLES
Rinse: 3 20
Pastey‘izer - 50
RETURNABLES
Precinae 20 500
Final rinse 10 10
Pesteurizer 20 30
KEGS
Pretinse 100 1.000
MISCELLANEDUS WASTES
Bottle and can Kiler drip — $0.000
i 29 g e
pray o
Floor hosedown -— —

———— -
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Yo8e values were taken from tbe literature and from
sering reports on the treatment of brewing wastes.
¢ I also shows that the brewing operations (which
aurposes of this paper include fermentation, fltra-
, and aging) produce most of the high-strength
s, while the wastes from packaging generally are
tantislly Jess concentrated. This fact is significant
mse it allows for a convenient way of segregating
ies for treatment. Further segregation of waste
ves could be attained. especially for breweries under
gn, but in existing plants the simple division into
major categories might be more reasonable.
hile data on fiows from Individual operations are
ce, flow data distributed according to genersl loca-
. have been presented by LeSeelleur®’ and are re-
{uced herein as Table IL This table shows that about
quarter of the wastes by volume are produced in
wing and tha® packaging produces about one-half of
wastewaters. The remainder of the wastewaters re-
to domestic and cooling uses. In terms of strength,
tes from brewing predominate, Typical averages for
wving waste strengths are in the neighborhood of 3,000
1 for suspended solids and 5,000 mg/1 for BOD. On
other hand, packaging wastes bave strength in the
er of 50 mg/1 for BOD and suspendad solids.
“able III summarites these findings using values in
sle IT for the estimates of flows. Thess values are aiso
ended in Table IIX to show total flow and mass emis-
1 rates of BOD and suspended solids in mg per liter
roduct. The values shown do not apply to any one
ticular brewery, but they are within the ranges shown
the literature. The contents of Table III should be
sidered as illustrative only, and are presented to
ve as an example. In-plant surveys would bave to be
ducted at any specific brewery where it might be
iirable to apply the concepts in this paper.

TABLE 11
Prodabie Seographical Distribation of Liquid Effixent’
(BOL/UL beerd

ction Location High Low
win Brewhouse 15 12
nenting Fermentation room 04 02
rring Carbonating room 0.2 02
ng Stocape cellar 0.2 02
xaging Bottleshop 404 36
nestic Offices and mis.

callaneous area 0.5 030
Ning Power house 257 1.24
‘otals 926 6.94
rom Relerence (§

TABLE t
Masz Emission Rates [or SS oad BOD From A Typical Brewery

Mass Emission Rates

suw.nded Flow (ﬂ\'” mucﬁ
Solids 80D (watenr  Suspended

zation (mg/D (mg/0)  poduch)®  Solids 800
wring 3.000 5.000 23 6.900 11,500
-J‘:_ulu 50 50 40 200 200
Hiny

Olo:down 20 10 6 52 r{]
Total 89 2152 11,726

p.g.. bbis westewater per bbi beer produced.

B2 | 54 | o N '

Brewery X separates spent graine and excess yeast for

disposal or ssle, but discharges the filtsr backwath wa.-

ters to the sewer. Most modem breweries do indeed re-

move grain and yeast from the wastewater, but discharge
of backwash water to the sewer is by no means universal.

BOD values are shown in Tables I and ITI because

most publications present the results of this test rather

than thoss of the COD test. COD values for brewing

wastes are approximately 1.66 to 2.0 times the BOD

valuea. (38! The charucteristics of the wastes from indi.

vidual operations may differ considerably from these

ratios, but, for simplicity and in cognizance of the ap-
proximations inherent in Table III, a ratio of 2:1 for
COD to BOD is used in this paper.

The maximum rate of waste production occurs while
packaging operations ure being conducted. An estimate
of about 1.5 to one for the ratio of peak flow to average
fiow, as obtained from data presented by Armitt, Dar-
gusch, and Healy, "’ is used in this paper.

OPTIONS OR ALTERNATIVES
IN WASTEWATER MANAGEMENT

Assume that Brewery X is located in Los Angeles
County and it discharges to sewers of the SDLAC. As-
sume, moreover, that it recovers spent grains and excess
yeast for disposal or sale, but it discharges filter back-
wash waters to the sewers. Let the total mass emission
rates for SS and BOD conform to Table III and let the
COD mates be twice those of BOD. On that basis, the
quantities involved are as follows:

Product = 108 bbl/yr = 31x10% gal/yr — 117x10° liters/

yr.
Wastewnter = 89 x product = 276x10* gal/yr a= 0.758

mgd (avg) .
Peek wastewater flow — 1.5 x 525 gpm = 788 ¢gpm

SS = 7152 mg/1 x 117x10% 1/yr = 839x10% mg/yr = §39x
10% kg/yr = 1,880%10% [b/yr = 65150 lbe/day (avg)

BOD = 11,726 mg/1 x 117x100 1/yr = 1375x10% mg/yr —
1875x10% kg/yr m S0T6x10% Ib/yr = 8420 ib/day (avg)

COD = 2 x BOD = 6150 x 108 lb/yr.

Brewery X may wish to consider the following options
or alternatives to minimire its total cost of waste man.
agement:

A. Continue its present discharges to the sewer, ie,,
do nothing except monitor its wasterwaters and pay the
SDLAC surcharge. :

B. Establish a rigid program of internal economies to
reducs the quantites of waer used for WDk clean-up
Such a program would include counter-cutrent use and
reuse of caustic clesning solutions, recycling of weak

rinse waters, increased use instead of water,
~ reduction of blow m_cooling towers, and

a general program of water sconomy.

C. Treat by carbon adsorption and reuse the packag-
ing wastewaters and possibly some of the wesk rinse
walers from the brewhouse, but continue to discharge
concentrated brewing wastes to the sewer.

':»'—-*
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D. Blend all brewing and wastes (but with
clusion of domestic sewage 21« coélmtmr blow-
»wn) and subject the blend to secondary biological
abilization followed by advanced treatment using ac
vated-carbon adsorption columns. Reuse such highly
eated waters for all purposes except those that incor-
srate water in the product (Le. use for brewhouse
ean-up, packaging operations, and cooling tower make-
.

Let us conzider sach of these alternatives in tumn.
Option A. Continue to pay the present surcharge and
rture increases thereol In areas where industries have
aid for mumnicipsl sewer yervice through od wvalorem
wes without an industrial waste surcharge, or with only
nominal surcharge, breweries have generslly not re-
ised their operating procedures to decresse the dis-
wrged waste. (V) Modilying present procedures would
sperally increase labor and equipment operating costs;
snce breweries have usually found it to be Jess expen-
ve to purchase move water and to pay & nominal sur-
sarge than to attempt to conserve water. The imposi-

on of sizable surcharges and portions of the construc-

on cos!s for municipal secondary treatment under PL
2-500, however, may incresse the monetfary burden
ificiently that many breweries should investigate wa-
' conservation, treatment, recycling, and reuse.

In Los Angeles County in 1978, the SDLAC surcharge
r Brewery X is calculated as follows:

olume = $83.25/mil gal £ 2776 mil. gal/yr = $23.000
OD = $4.75/1000 1bs x 6,150 = 29,200
S = $11.00/1000 1bs x 1.880 = 20,700
seking m $22.00/¢gpm x 788 gpm x 2.5 log;e (1.5) = 7.600
Total == $80,500

Lew estimated SDLAC ad valorem tax = 10,000

Net = $70.500

Under PL 92-500 snd the 1972 ocean discharge re-
uirements of the State of California, however, SDLAC
rill have to construct a secondary biological treatment
lant and new sludge handling faciliies. In a recont
achnical report,® SDLAC bas estimated the cost of
onstruction, amortization, and yearly operation and
saintenance (O&M) as shown in Table IV. It is not
nown yet how these expenditures will modify the con-

stants (a, b, ¢, & d) in the smucharge formula; but if the
yearly O&kM for SDLAC increases from $3.2 million ¢t
$20.0 million, the annual surcharge to Brewery X might
well increase by a factor of §.25. It would then amount to
$80,500 x 6.26 = $500,000 less $10,000.

In addition, however, sach industrial discharger will
be required to pay its proportionate share of the yearly
amoctization of new construction costs, totalling $23.5
million per year in Table IV. The proportionate shares
based on mean daily flow, suspended solids, and BOD
would be a3 follows:

SDLAC Brc‘n’vrcry Proportion
Mean daily fiow, mgd 400 0.758 0.00189

Su solids, lbe/day 1,750,000 5,150 0.00293
BOD, 1be/day 1,230,000 8,420 0.00683
Mean 0.00388

In lisu of a future cotaplete analysis and assessrnent by
SDLAC, let us use the mean of the foregoing tabulation.
On this basis the annual cost to Brewery X would be
$23.5 million x 0.00388 = $91,300. Coupled with the
O&M surcharge of $490,000, the annual gssessment to
Brewery X would be $581,300, a staggering amount. In
the opinion of the suthors of this paper, however, the
cost estimates in Table IV may be excessively high and
final costs might well be 50 to 75 percent of those shown.
Even then, if SDLAC goes to secondary biological treat-
ment, it will certainly behoove Brewery X to consider
other options of wastewater management,

L , Implernent a rigid water-conservation pro-
grarm. Table Il shows what could be considered as typi-
cal ranges for wasts production from various locations
in a brewery, Let us assume that, by instituting a pro-
gram to reduce the volurae ol water used, waste produe.
tion could be reduced from the high range in Table I to
the low range. Such a program could reduce the waber
usage and waste production, excluding domestic wastes
[rom 8.9 to 6.6 bbl. per bbl. of beer. This reduction and
the similar reduction in peaking rate would reduce the
SDLAC surcharge by less than $2,000 per year at the
current SDLAC surcharge rates. On the other hand, the
water bill, at 30.20 per 1,000 gal. would be reduced by

about $14,000 per year.

TASLE IV
Saxitation Districts of Los Aageles Connty” jolut Watar Peliwties Contrel Plant Cost Symmary!
(dTBien ¢f Dellars)

Capita! Yoarly
Expenditure Yearly O8M Amortization? Present Worth*
Exating Plant § U $ 32 $ 085 $ Q37
m erts Schedule for
n by 1978 15.0 k¥ ) 13 540
Treatment Blological
sdemec ':dld;l'ftic 21.0 120 .7 387.0
w3
Oisposat® 6.0 14 0.5 218
(Seco Treatrent plus
Soldis Frocessing $270.00
TOTALS $20.0 3243 $506.5

VAR costs in January, 1973 dollers
:mtmmx Wywars

Toullmuvmmﬂmm ao”omiy 1973
eatment Systems, and Solids Processing Facilities

oa k”ll dol‘egnm 9. with modifications to show yearly amortization inatead of totsl snnual

3 Grit Cfumbmsmt Di i

. e mm Cleaning Tr
* Based
cost (amortizstion plus
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‘s not clear if such & reduction would offcet the in-
A labor and equipment costs associated with a
Tam to reduce wastes. It appears, nevertheless, that
poeaibility of saving about $16,000 per year in the
ot bill and in the industrial waste surcharge merits
stigation, conducted on-ite at a brewery.

ption C. Treat and reuse the packaging wastewaters.
removal of residual suspended solids, COD, and
J from wastewater effuents already quite Jow in such
utants has been demounstrated by English ef. al 3’
by other operating installstions utilizing adsorption
ranular activated carbon. Such treatment is capable
roducing a polished effulent with less than 10 mg/1
D, 1.0 mg/1 SS, 3 units of color, and 1.0 unit of tur-
ty Such effluent is suitable for reuse in bottle or can
, oasteurizing, and other processes in the
mm&m«r&ﬁﬁ during waste-
srtreatoenit; but the mineral salts from caustic and
rgents in the rinsing operations will accumulate ex-
ively in the recycled water unless about 20 percent
be treated water is bled off at each cydle.

ssume, as per Table ITI, that Brewery X uses 4.0
of water per bbl of product in the packing plant and
¢ this plant operates 250 days per year. Then the
i water use is 496,000 gpd or 345 gpm, and the total
aal flow is 124 mil. gal. Based on summaries of many
ats publiched by the Advanced Waste Treatment
sarch Laboratory of the Environments! Protection
acy in Cincinnati, the total costs for amortization,
ration, and maintenance of an activated-carbon treat-
1t plant of a mean capecity of 496,000 gpd will be
ut $0.40/1,000 gal. Hence for Brewery X the cost per
r would be $49,600.

Jfow much could be saved by such an installation? By

present SDLAC surcharge rates, the savings based
80% recycling and 20 peroent bleed-off would be:

Volume . 3 8250
CcOoD 480
SS 568
Peaking factor . 26850

Total $11,948

3rewery X would also save in its purchase of city
ber at $O.20 per 1,000 gal. This annual savings for 80%,
(24 mil. gal. would be $19,800. Hence the total savings
surcharge fee and water bill would be $31,748, which
ecs than the annual cost for activated-carbon treat-

nt

{{ SDLAC goes to secondary biological treatment,
wever, the pendulum will swing the other way. The
xbarge might well increase by a factor of 6.25 and
m the savings in surcharge fee alone would amount
§$74.600 per year. When this caving is added to the
luction of the water bill ($19,800) and a proportion-
' share of the amortization of the SDLAC blological
nt, the overall savings will be more than twice the
nual expense of activated carbon treatment.

It can be concluded tbat treatroent, recycling, and
use of packaging wastewaters at Brewery X is not

feasible at present, but may become so

economically
when SDLAC installs secondary treatment.

Opu'onD Treat all and vuww:,

b e e
2 e

mabo-up Human wastes should be excl
system for ressons of public bealth and cooling-tower
blow-down should be exciuded because of toxic additives
that would upset biologicul treatment.

Based on Table ITI, such a treatment plant should be
designed to handle a mean flow of 780,000 gpd (543
fpm), a peak flow of 1,170,000 gpd (818 gpm), a 88
loading of 5,150 1be/day, and & BOD loading of 8,400
Ibe/day. The plant would probebly compromise primary
sedimentation, preliminary biological treatment by
high-rats trickling filtration, secondary biological treat-
ment by activated sludge with probable adjustment of
the carbon-nitrogen ratio by addition of ammonis, final

' sedimentation, and adsorption of residual organics in

activated-carbon columnns. We estimate that the con-
struction cost for the secondary biclogical trestment
plant (exclusive of carbon columns) will be $4,200,000
and the amortization (20 years O 8%,) will be $428,000
per year, Operution and maintenance costs are estirnated
at $300,000 per year, bringing the total annual expense
to $728,000 for the biological treatment plant. Activated-
carbon adsorption is estimated at $0.35 per 1,000 gals
for operation, maintenxnce, and amortization, or $100,-
000 per year (365 days). The total annual cost for
biological trestment and carbon polishing is then
$828,000.

As noted under Option A above, the future total as.
sessment to Brewery X for an O&M surcharge and a
proportion of the SDLAC amoctizabion for secondary
biological treatment is not likely to exceed $581,000 and
might well be 850 to 75% of this amount. On that busis,
Option A is preferable to Option D, and indeed the al.
most bottled-up brewery (Option D) does not appear to
be economically feasible.

SUMMARY AND CONCLUSIONS

In compliance with PL 92-500, public sewering agen-
cles are adopting surcharges for industria]l wastewaters
discharged to such systems. For brewery wastes, these
surcharges are already substantial and are bound to in-
crease markedly as public agencies are foroed to install
secondary biological treatment. A hypothetical Brewery
X of one million barre] per year capacity in Los Angeles
County would have to pay a surcharge of about $70,000
under 1973 conditions. This assesscnent might well es-
calate to over $500,00 per year if and when L.A. County
installs secondary treatment.

Under present conditions, Brewery X can reduce its
surcharge somewhat by Wm
recycling of weak rinse waters by counter-gurrent g,

ol waler economy. While such

dotRT profians
measures will reduce the surcharge and the water bill,

it is not clear whether or not the cost of introdueng and
maintaining them will exceed the apparent savings.

s W v L -
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WATER REUSE IN A BREWERY

uﬂ—&—p‘mon

| columns, and the reuse of such highly polished waters in
[blvv-haue clean-up, packaging, and cooling-tower
' make-up—in effect an almost bottled-up brewery—does
lrmgppenrwbcmnuﬂell;ym'.mﬂhu
| Conity assessment escuiates to $500,000/year.

i— It may be fessible, in the future, however, for Brewery
X to treat its packaging wastewaters by activated-carbon
adsorption and to reuse 80% of such polished water in
the packaging operation. Annual savings will accrue not
caly from a reduction in the surcharge but also from a
decrease in the annual cost of purchased city water. This
option does not appear to be economically feasible in
1978, but it will become attractive if and when LA,
County constructs secondary biological treatment.

It beboves every brewery that discharges wastewaters
to public sewers to make an economic feasibility study
of alternative options for minimiring industrial-wastes
surcharges imposed as a result of PL 92-500.

QUESTIONS AND ANSWERS
Q.Dothorﬁ:um!upwbdumsonindn&mor

wastage
A. The figures in Tabls III for operations do not
lndudoboﬂlcandmﬂnudﬂp. item is shown
under “Miscellanecus Wastes”™ mTtHoI.vﬂ.h.BOD

Q Would it benefit a brewer to only consider secondary
treatment, without polishing by activated earbon adsorp-
tion and without extensive reutilization?

A. The answer depends on the location of the brewey and
the final disposition of the efluent. If the brewery dis-
charges to a river or large lake, Public Law 92-500 will
require that the equivalent of secondary treatment be
provided and that stringent efuent guidelines be met.
On the other hand, if the brewery discharges to the Los
AncduCoun!y-mrmhm.thnmdquaonDtbc
total annual expense {or secondary treatment is calcu
lated to be $728,000. TbenwﬂdldllbonSDLACm
charge based on the total valume and pealdng; but with
reduced charges for COD and suspended solids. More-
over, without reutilization of a polished efuent, there
would be no ravings in the coet of purchased city water,
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ertight enclosure. Accumulation of dust and moisture inside
the control panel can cause short circuits in the solenowd
valves for the pulse jet system, ultimately leading to system
failure. To avoid such problems. general baghouse opera-
tion and maintenance pracuces should be routinely applied
at grain handhing and processing facilities.

Generally, emissions from multiple operations at grain

handling and processing facilities are conuolled by a single
air pollution control system. If the ventilation system that
connects these sources is not properly designed and op-
crated, excess fupitive emussions are generated at the
source. References 35 and 36 provide excellent information
on designing. operating, and maintaining balanced ventla-
tion systems.
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FERMENTATION
Joseph A. Mulloney, Jr., P.E. .45

Fermentation as an industrnal process is currently employed?
pnmaniy in the manufacture of beer, alcoholic spirits, &y
wine. and fuel-grade ethanol (ethyl alcohol). Minor apphca-b
tions include a wide variety of food (including enzyme and &
amino acid). pharmaceuncal. and industrial processes. In#}
the past. fermentation processes were used to produce ng
variety of chemicais that are currently derived from petro-es
leun feedstocks. Future petroleum prices or availabilin'a{.
may spur rencwed interest in these processes. Additionally, &
the potenual of biotechnology may result in both un-‘.
provements to current processes and totaily new processes
and products from industrial fermentations. ';
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 breweriesd.
and wineries where the volatile compounds are alwa
present in solution or associated with water vapor. While
ethanol is the major VOC, there are many other VOCS™
present. such as isoamyl alcohol. ethyl acetate, isoptopyi g
alcohol. and n-propyl alcohol, that contribute to beverage %




pouquet and taste but constitute only 1% or less of the
at of ethanol. Emissions of beverage aicohol are pn-
manly from spillage and breakage in packaging operations
sod secondarily from processing operations. A typical
“wewery will lose 3% of liquid volume after fermentation
‘where the VOCs are formed) as processing and packaging
Josses that pnimanly run to sewers, but also partially leave
the premises as evaporate.

In 1989, approximately 800 million gallons of fuel-grade
cthanol 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 475
million gallons of still wines (50 million gallons ethanol).'

; PROCESS DESCRIPTION

:L‘n;e base case alcohol fermentation plant is designed to

uce 50 mullion gallons per vear of 99.5 vol % (199

; proof) fuel-grade ethanol from com. [n addition, it will

. produce 177.111 tons per vear of Distillers’ Dark Grain

. (also known as Dastiliers” Dried Grain with Solubles or

DDGS). a commercial amimal feed. The plant 1s assumed to

* be located in central lllinois. close to a source of [llinos
* No. 6 coal, which is used as fuel.

The alcohot plant. designed by Raphael Katzen

{ Associates.” Cincinnau. Ohio. generally uses existing pro-

cess technology currently employed in grain alcohol plants.

Grain-based ethanol facitity

Farm operations

Compressor \

o &:“%".’» —_
~ R - —— A‘ -
Aicohol bulk \>\‘:; =

slorage tanks —————

Truck scale and loading

Source: Solar Energy Assserch nsttiae (Golden, Colo |
FIGURE 1.

istiltation
Dist lanks

renhignduon oLy

A drawing of the facility is presented in Figure |. 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. The distillation system
employs a two-pressure concept currently utilized in in-
dustnal and beverage alcohol production 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 lb/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 corn at a rate of 58.900 bushels per day.
No distress com (e.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 bumns relatively low-cost. high-sulfur coal.
The plant is designed effectively to utilize most of the waste
streams. with final disposal in an environmentally accept-
able manner. Flue gas from the boiler is used to dry the
stillage residue to yield Distillers” Dark Grain as a by-
product. Wastewater is treated in a two-stage, activated
sludge treatment tacility. The resultant sludge is dewatered
and fed to the boiler. Cooling water from the various con-

Feed water treatment
and chemical storage

Heat exchange

and absormption
Sulfate Coal Aesration and
storage ;d."a #ge seltiing tanks

L.
i Fermenters -- - -
Grain storage - Fe 1S - Aministraton o

- .

Plan of 50-Million-Gallon-per-Year Grain-Based Ethanol Facility
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PROCESS FLOW
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densers is recycled through a two-cell cooling tower. A flue

scrubbing system employing ammonia is utilized to
remove particulates and sulfur dioxide emissions. produc-
ing ammonium sulfate. The latter could be uulized as a

ttilizer.

AIR EMISSIONS CHARACTERIZATION

Air emissions from an ethanol plant arise principally from
three sources:

« Combustion of convenuonal and unconvenuonal fueis

s Feedstock preparation and by-product processing op-
erations

+ Overall process schemes emploved. such as the dis-
tillation/dehydration systems. flash coolers. evaporators.
and cooling towers.

Figure 2* presents the process flowchart for the facility
and should be reviewed in conjuncuon with Table |.* which
provides data on the resources used and products produced.

Table 2.’ 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 erissions are associated with the
combustion process used to supply steam and electricity to
the plant. The type of fuel used and the degree of combus-
tion will dictate the nature of these emissions. For example,
uncontrolled emissions from coal- or biomass-fired boilers
will be greater than those from facilities using natural 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-
venuonal fuel source. These air emissions, therefore, are
not 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 air-related environmental problems for most facili-
ties. Polvevelic organic matter (POM) emissions from some
ol these sources are also significant. In a test performed by

TABLE 1. Resources Used and Products Shipped
Code No * Resource Annual Usage®
Feed matenals
la Cormn S4 x 10’ tons
Fuei
1ia Coal 97.9 x 10° wons
Water
2a Process water 330 x 10® galions
13b Raw water makeup 83.1 x 10® gallons
‘2 Cooling tower makeup 280 x 10® gallons
Processing matenals
‘a Ay 1nput to amvlase production 223 x 10’ tons
da Yeast 396 tons
ludine stenhuzing solution 792 x 10° gallons
Se Hvdrocarbon solvent 9.03 x 10’ gallons
ba Denaturant 1.00 x 10® gallons
3a A input to drver 652 x 10" tons
9 Anhvdrous ammonia 104 x 10’ tons
122 Au input to borer 1.10 x 10® tons
142 Water ueatment chemicals
Sodium chionde 396 tons
Lime 792 tons
Sludge polymer 79 tons
Land 30.0 acres
Personnel
Operauon 159 workers
Product Annual Production
Pnmary
Ethanol {199 proon S0 x 10° gallons
By-products
Disullers’ Dark Grains 177 x 10 tons
Drv ammomum sultate 104 = 10’ tons
Fusel oils* 760 tons
'See Figure 2.

*Assumes o 90 percent capaciry (actor
“Fusel ouls are usually mied with the gran ethanol product pnor 1o bleading with gasoline.
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Anpual Releases of Alr and Water Pollutants and Solid Wastes

TABLE 2. .
Environmental Annual Quantiies t
Code No.* Residuals Released 1
i
Air Pollutants EH
te Paruculates from grain cleaning 163 tons 3
d Emissions from starch conversion Negligibie ~
3b Emssrons from enzyme production Negligible ’
LS Emissions (rom fermentation: =
Ethanol 1.80 x 10’ tons
Water vapor 2.48 x 10 tons
Carbon dioxide 170 x 10 tons y
Sb Distillation.dehvdration poliutants: :
Carbon dioxide 2,81 x 10° tons
Water vapor 41.2 tons
6b Emussions from product handhing Negligible A
3 Emussions from raw chemical storage Negligible ..
9 Scrubber emissions: toe
Suifur dioxide 947 tons
Particulates 104 tons
Nitrogen ouides 726 tons
Water vapor 120 x 10’ tons
10b Exhaust from DDGS handling $.31 tons
Iib Furitive dust trom coal handhing 49.0 tons
15b Cooling tower evaporative dnft losses 242 x 10° gations
Water pollutants
lle Water runotf from coal storage Not quantifiable
12b Botler blowdown 7.92 x 10° gallons
i b Wastewater ettluent to nver 363 x 10° gallons
15¢ Cooling tower blowdown 38 x 10° gailons
Solid wastes
le mmmg rejects 54.4 tons
12 Boiler bottom ash 3 x 10 tons
12 Boiler tlv ash 475 x 10’ ons
*See Figure 1.

TRW Environmental Engineening Division (Redondo
Beach, Calif.), the POM emssion factors for coal and.
especially, for wood were found to be extremely high.
approximately 13.8 mg/kg and 484 mg/kg respecuvely.® In
the study. dibenz{a.h |anthracene. a carcinogen. was 1dent-
fied. and the presence of other carcinogens. such as ben-
zo[ aJpyrene and benzo( g.h.i |perviene. was also indicated.
For this reason. particulate emissions. especially respirable
particulates, and associated POMs from wood and wood
residue combustion are of concemn.’

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

Several types of trace elements also will be present in the
boiler flue gas from conventional coal and oil combustion.
Besides chlorine. the elements of greatest concern appear
1o be aluminum, barium, beryliium. chromium, lithium,
nickel. phosphorus. and silicon.> Again, the amount of
these ermussions will depend largely on the type and grade of
fuel and on the type of boiler and stack emission controls.

Other sources of emissions are the fermentation and
enzyme-producing and distillaion and dehydration sec-
tions. as well as ethanol denaturing, storage, and handling
operauons. The principal pollutants of concemn from these
operations are VOC emissions. Vents from the fermentation
vats. flash 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 reiatively small. 2

Fermentation facilities generally produce large amounts
of carbon dioxide (COs). For example. in the ethanol facil-
ity reviewed above, for each molecule of sugar fermented, . :
two molecules of ethanol and two molecules of CO, are
produced. Carbon dioxide from annually renewable feed- -
stocks is not generally considered a net contributor to l!-_} .




mospheric CO,. The CO, is often recovered and sold as
ﬁquiﬁcd CO; where the local market conditions are favor-

sble.

AIR POLLUTION CONTROL MEASURES

The emissions most likely to require controls are SO, and
Pm'culales. Control of NO, is possible with boiler design
and operating parameters: where NO, emissions are not
regulated. no control is likely to be employed. Generally,
R the conuolled emissions of air pollutants from fuel combus-
¥ tion are expected to be within regulated limits in most

E gates.”
3 Grain-handling or feedstock-preparation operations
! within an ethanol plant generate emissions similar in
_amount and characteristics to those from other grain-
bandling operations. such as grain elevators and milling
activities. Particulate emissions are the main pollutant from
grain-processing facilities: they are generated in an ethanol

plant by grain receiving and unloading. cleaning. and con-

!

" veying, as well as by storage and milling operations. The -

majority of these emissions arise principally from cleaning
and milling operations. Stillage (residual mash remaining
after disuliation) drying or by-product processing wiil also
generate particulates: their amounts mayv be greater than
those from grain-milling operanons. Although these emis-
sions are fugitive, control by convenuional techniques 1s
both 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
the production and processing of fish, meat and poultry. For
a comprehensive discussion of odor sensory measurement
and a bnef discussion of odor control methods, refer to
Chapter 5 on odors.

This chapter is divided into four sections. These subjects
are of sutficient importance to ment individual discussions
of the poliution 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. Feediots for beef
cartle 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 cattle
raised in the United States are located 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 are becoming more
concentrated into fewer and larger companies, with only
three major companies currently accounting for more than
60% of the annual total beef slaughter, estimated at approx-
imately 35 million head. Less than five years ago, six or
seven companies accounted for the same percentage of the
total.

A tvpical beef slaughter operation includes receiving
cattie in holding pens. stunning the animals and draining
their blood at the kill floor, 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 are 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
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.2l methods: (1} De.

-wsc 1 1OFMS 2 MiNimum constant-boiling mixture

The water in 95% alcohol 1s rem.
avdrauon by disnillation with a third co
in the svstem. boiling at a lower lemperature than the 95% alcohol {78.15°C) or the water. Here
(a) the minimum is a binarv one. of which water—ethvl ether is an cumple.“ or (b} the minimum 1s
a ternary one. of which alcohol-water-benzene is an example. In such instances anhvdrous alcohol is
obtained at the bottom of the disulling column. because its vapor pressure is relativels lower than that
of the constant-boiling mixture removing the water. (2) Dehvdration by countercurrent extraction.®®
usually also in a continuous column with a third component which depresses the vapor pressure of
water more than it depresses the vapor pressure of alcohol, e.g.. glvcerol. ethvlene glvcol. glvcerol or
glveol with dissolved salts. and a molten eutectic mixture of sodium and potassium acetates. An-
hvdrous aicohol comes out at the top of the extraction column.?®

The basic principle of the process using benzene as a withdrawing agent is illustrated®” in
Fig. 31.3. There are three binars minimum constant-boiling mixtures in the svstem. two homo-
geneous ones and one heterogeneous one (between water and benzene). and a ternarv minimum
constant-boiling mixture which 13 the lowest-boding composition 1n the svstem. boiling at 64.85°C.
In Fig. 31.3 the composition of the ternarv minimum constant-boiling mixture 1s represented by
point £, In order that the removal of the constant-boiling mixture from the starting mixture mav
leave anhvdrous alcohol in the sull. the starting composition must lie on the straght line CF. 1f the
starting muxture 1s to be made up by adding benzene 10 95% alcohol. the starting composition must
also lie on the line EB. Therefore the intersection G represents the starting composition. 1l enough
benzene 15 added to 95% alcohol to bring the total composition to point G. continuous distillation
gives the terman constant-bothing minture 1bp 64.85°C) at the top of the column and absolute alcohol
(bp 78.3°C) at the bottom of the column 1n a simple distillation.

An important™ feature of the process i ceparation of the condensate into two liquid lavers,
represented in Fig. 31.3 by points M and Y. The rano of the top laver .V to the bottom laver 3 1
equal to MF/FN. or 84:16. The composition: involved are shown in Fig. 31.4. which also illustrates
how this process functions. These same principles of distillation 1n multicomponent ssstems. involv-
ing constant-boiing mixtures. are used for dehvdrating other organic hquids. such as prop+1 alcohol.
and for removing the water formed 1n sulfonations (benzenesulfonic acid) and esterifications (ethi
acetate). ™ The fundamentals of distillation are presented here because of the extensne data on

alcohol that are available.

BEERS. WINES, AND LIQUORS

The making of fermented beverages was discavered by primitive humans, and has been practiced as
an an for thousands of vears Within the past century and a half 11 has evolved into 2 highhs de-
veloped science A brewer nas to be an enginerr. a chemist. and a bacteriologist. In common wuith
other food indusinies. the factors taste. wdor and. almost. individual preference eist. 1o force the
manulacturer 1o exert the greatest <hill and experience 1n producing palatable beverages of great
vaniety  |n the last analveis. the criterion of quabity. with all the rebaements of modern scrence. =il

lies 1n the human senson organs of 1aste. smell. and sight

3 Thas thurd component o frequenths called s deAvdraning o wihdrawine azens or smph an rasroiner See ECT. 2d od-
sol 2 pp HIY.HS0 1064 irelerencest and Taswo ted 1 Batratne and Arrotrepe Distillation ALS 1972

Mnhmet and Renteonh Absolute Acohol. fnd Eng (hem 32, 15HR-1393 (190401 Here the water 15 removed overnesd
by ether, the svatem bring under 100 1 of presaure

Mubmer and Trueger Revovers of Aretone and Eihanal by Solient Fatrscton. Trans 4JCAE. 37, 387-619 (104D

TThe use of 3 sobd dehvdrating agent. such as quickme o calcrum sulfate mas be lonked Upon as an exteme case of the
method. though usualls run in s ducontinuous manner becaus of the sabd nvohed

T4 somewhatl mmulnr procedure w the ether pressure svatern of Othmer and Rentworth, op ru

BGuinot and Qurk. Amotopse Dutdlanon 1n Industn. Trans {/CAE (London). 16, 189 (1938)

Consult Perrv. sec. 13. on dotdiston. for s rigorous and fundamental treatment of the wmportant unit operation
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USES AND ECONOMICS  As Table 31.3 indicates. many millions of barrels of alcohalic bever.
e~ are manulactured in the Unied States each vear. The amount of wine productivn has been
i red=ing rapudly in recent vears.

Re% MATERIALS  Grains and fruits supplving carbohvdrates are the basic raw materials.
The vanets of grains and {rurts emploved s wide. changing from countrs 1o countrv or from beverage
to beverage. Russia ferments potatoes and by distllation obtains vodka: similar treatment of the sap
ot the magues 1n Mexico vields pulque: but the worid’s chief raw materials for fermentations are the
cereales corn, barles. and nce. and grapes.

MARING OF BEER™ Beer and allied products are beverages of low alcoholic content (2 to 7%)
made by brewing vanous cereals with hops. usualls added to \mpart 2 more-or-less bitter taste and to
vontrol the fermentation that follows. The cereals emploved are barley. malied to develop the neces-
san enzvmes and the desired flavor. as well as mait adjuncts: flaked rice. olits. and corn: wheat is
used in Cermany. and rice and millet in China. Brewing sugars and sirups (corn sugar. or glucose)

TABLL 31.3 t N Production of dlcoholic Rererages.
Fiseal Years 1985 1980 iin 1housands)

Rrerage 1065 ter2 1980°
sl wine guf . 197257 399.000 800.000
fplrkhn!, wine gai ; 6.358 20.400 30.000
Rectined. prool pal ¢ 92923 120907 150.000
Beer bbl 108015 143.000 200.000

~ume U S Treasun. Internal Revenue Service * 1980
o ~timated Yote | bbl contans 31 gl

YShearon and W ewsler. Brewing. Jad Eng Chem . 43, 1262 (1951) imans excellent prctures. tables. and disgrams); ECT.
2w ol 3p 297, 1964
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Fig. 31.4  Dehidranon of 9% ethanot 10 absolute alcohol by wzeotropr dutidlation wih benzene at 1 atm 965 alcohol « fed
into column 4 The ternars asrotrope 1 taken overhead in Ihs column, and absoiute shiohol u obuained a3 a bottoms product
The overhesd vapor are rondensed and passed 1o o separstor (decantert B in which tno liquid laverns form  The upper ser
nch 1n benzene. u returned 1o column 4 s reflux, and the lomer laver 1 ted 10 column (. which produces the ternar azrotrepe
a8 the overhead product and benrene free squeous akcohol as the bottoms product This ltter product s fed to columo D
which produces by ordinar dunllaton an overhead product of 9% akcohol and a1 bottoms product of nearly pure water The
merhead from column D 18 recacled to column 4 for removal of the water  The benzene 8 rechcled continvousls i thes ssiem
and 1 6 necesaans onh 10 make up the benrene losse from the suatem  This withdrawing agent 13 used over and over agun =ik
s loas that snould not exceed 0 3% of the volume of the wnhvdrous aicohol produced |[Per. p 1342 Chem Eng (M)}

63101, 129 11960y |

and veast complete the raw matenals. For beer the most important cereal 1s barlev, which 1s con
verted into malt by partial germination 3!

The barles 15 steeped in cold water and spread out on Hoors or 1n special compartments and
regularly turned over for from 3 to B davs. the lavers being graduallv thinned as the germination
proceeds. At the proper tme. when the enzymes are formed. growth is arrested by heat. Dunng
growth. oxvigen 1 absorbed. carbon dioxide 1s given off. and the enzvme diastase is formed. The
last:-mentioned 1s the biological catabvst that changes the dis<olved starch into the disaccharnide maliose
which. after transformation into the monosacchanide glucuse by maliase, 1s duecth fermentable
by veast.

The flowchart for beer manufacture in Fig 31.5 mas be divided wnto three groups of proct‘du"'"'
(1) brewing of the mash through to the cooled hopped wort. (2} fermentation. and (3) storage. fimish-
ing. and packaging for market. Mashing 1s the extraction of the 1aluable constituents of malt. malt
adjuncts. and sugars by macerating the ground materials with 735 to 9 bbl of water per 1.000 ib of
matenals listed in Fig. 31.5 and treating with water 10 present 100 high a pH. which would tend to

MConunuous Brewen Opens in Spuin. Chem Ene (VY1 740100 156 (1967). of ECT. 2d ed. vol 2. pp 3as- 413
Chopev. Rhats Downg un Beer Brewing'. CAem Eng (N ) 1. 690131 93 11962y jprocess fowchart with pictures)
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Fig. 31.5 Flowchart for the manulacture of beer

make a dark beer. In the pressure cooker the insoluble starch s converted into liquefied starch, and
the soluble malt starch into dextrin and malt sugars. The resulting boiling cooker mash. mixed with
the rest of the malt in the mash tun. raising the temperature to 168°F. is used to prepare the brewers’
wort.3® This 1s carried out in the mash tun. After all the required ingredients have been dissoived
from the brewing materials. the entire mash is run from the mash tun to filter presses or the lauter or
straiming tub. where the wort s separated from the insoluble spent grains through a slotted false
botiom and run into the copper wort cooker. For complete recovery of all substances in solution, a
«prav of decarbonated water at 165°F is rained through the grains. This is called sparging.

The wort 1s cooked for approuimatels 3 h. during two of which it is in contact with hops. The
purpose of boiling 1s 10 concentrate the wort to the desired strength. 10 steriluze 1t (15 min) and de-
strov all the enzvmes. 10 coagulate certain proteins by heat (180°F), 10 modify its maltv odor and to
extract the hop resins’ tannin and aroma from the hops. wlich are added dunng the cooking process.
At the end of the 3 h the spent hops are separated from the boihng wort verv quickly through a false
bottom in the hop jack or strainer underneath the copper cooker. Since the spent hops retain 3 bbl
of wort per 100 Ib of hops. they should also be sparged. The wort is then readv to be cooled.

The cooling step 1s not onlv to reduce the temperature. but also to allow the wort to absorb
enough air to faciitate the start of fermentauon. In addition, the protein and hop resins are pre-
cipitated. The hot wort first mav be cooled to about 150 to 160°F in a large. shallow cooler. where
certain of the resins precipitate. The wort 1s then run over the horizontal. brine-cooled copper tubes
of the open Baudelot cooler or through a shell and tube heat exchanger.® where aeration also takes
place. Shght concentration. due 10 evaporation. occurs. This operation is performed under controlled
conditions to prevent contamination by wild veasts. Frequenth. sterilized air is used.

The cooled wort 1s mixed with selected veasts in the line leading to the starting tubs, between
1and 1 b of veast being used per barrel of beer. The initial fermentation temperature is 40 to 43°F
but. as the fermentation proceeds. the temperature rises to 58°F. This is easily explained by the fact
that the conversion of the sugar to carbon dioxide and ethvl alcohol by the enzvmes of the veast
generates 280 Bru/(b of maltose converted. The temperature is partlv controlled by attemperators

The wort u the bquid resubting (rom the mashing procese. 1.¢.. the eriracting and solubilmng of the malt snd makt adjuncts.
X'ort compmition varws (rom 17 10 24% wlds by weght for the frst wort 10 sppronumstely 1% soluds for the last wort removed
bv the sparge water

V. Chopey. op. i
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inserted in the fermentors. The mixture is skimmed to remove tne 1wi1cigu substances the evolved
carbon dioxide brings to the top. Thus it is quite evident that a stesdy evolution of gas is necessary to
cleanse the beer properiv. The carbon dioxide evolved is collected by using closed fermentors and
stored under 230 lb of pressure for subsequent use in carbonating beer.

The veast gradually settles to the bottom of the tub. so that at the end of 7 1o 10 davs the fer-
mented beer is readv 10 be vatted. The liquid is very opalescent in appearance. under a cover of
foam. As the beer leaves the fermenting cellar. it contains in suspension hop resins, insoluble ni-
trogenous substances. and a fair amount of veast. The beer is cooled 10 32°F and stored in the cellar
for 3 10 6 weeks ai this temperature. During this peniod. clarification. separanion. and precipitation
of hard resins and improvement in palatabdits tmelowing) occur. Haze on cooling mas be reduced
{chillproohing) b+ the addition of pol\“nvlp)nohdone.'" At the end of the period the beer is car-
bonated®® and pumped through a pulp filter with or without such a non-taste-imparting filier aid as
asbestos fiber. In the United States. public demand [avors a brilliant beverage. As a result. the beer
15 sometimes refiltered through cotton pulp. keeping carbon dioxide on the entire svstem. About 97
bbl of beer 1= produced per 100 bbl of wort in the starting tubs. After bottling. the beer is pasteur.
uzed at 140°F

Some beer 15 not pasteurized but biologicalls purified by membrane filtration. which removes
residual veast cells and harmful bactena. This ultrafltranon, and several other new procedures
including the addinon of antuimicrobrals. produce so-called botted draft beer. Beer with the car-
bohvdrate content reduced from the usual 4% to near zero. which reduces the food content from 160
calones to 100 calones per 12-0z bottle is also available. .

MAKING OF WINE Wine has been made for several thousand vears by fermentation of the
juice of the grape. Like other fermentanons. many primuitive procedures have been supplanted by
improved science and engineering to reduce costs and to make more uniform products. But now. as
ajware, the quabty of the product is largels related to grape. soil. and sun. resulting in a vanation
in Havor. bouquet. and aroma. The color depends largely upon the nature of the grapes and whether
the skins are pressed out before fermentation. Wines are classified as natural (alcohol T 10 14%).
fortihed talcohol 1410 30F2). sweet or dry. sl or sparkling. Fortified wines have alcohol or brands
added In the tweet wines <ome of the sugar remains.

For the manutacture of drv red wine. red or black grapes are necessarv. The grapes are run
through a crusher. which macerates them but does not crush the seeds. and also removes part of the
stems  The resulting pulp. or must. 1« pumped into 3.000- to 10.000-gal tanks.3® where sulfurous
3c1d37 1< added 10 check the gromth of wild veast  An active culture of selecied and cultivated veast
~qual to 3 10 57 of the volume of juice 11 added. During fermentanon. the temperature rises. so that
cooling cols are necessary to maintain a temperature below 83°F. The carbon dioxide esohed
carnies the <tvms and seeds to the top. which i¢ parth prevented by a graung floated in the vat. This
allow« extracuion of the coior and the tannin from the skins and seeds  When the fermentation slows
up. the juice 1« pumped out of the botiom of the vat and back over the top. The wine 1s finally run
into < fowmd tanke in the cturage cellar. where, during a period of 2 or 3 weeks. the veast ferments the
remainder of the cugar  The wine s given a cellar treatment to dlear i1, improve the taste, and de-
crease the nme of aming During this treatment the wine 1s hrst allowed to remain quiet for 6 weehs
o remove part ot the matter in <uspension. and then racked for clarthcation.3® Bentonite. or other

MBeew e 4T THA19T

YThe rarbon dwtir should be kept [tre from s which would interfers wath the subibns and qualits of the brer  The gar ¥
pumped 10 cume e 30°F and amounts 1o betwren O 36 and (0 857 of the weight oi the beer

" man. moaterr Am-rican wineries thess tanks are esen larger and are ronsruried of concrere

UPaasoum o wdium metabusuinte and. or sadium bisulbie mas aiso be used

*Dunng the and the (olawing pennd the new wine undergoes 1 complicated seres of reachions. resulting in the rem
undrurst condiuenws snd develnpment of the sroma bouquet. and taste Oudation tkes place. as well as precipianon of proie™?
and sreuls and mtenhcation of the scuds by alcohols  Uertan modihcanons of this proress are presented 1 Chemcal Technolaf®-

Kev 1o Better Raunes, Chem Eng Sews. Jubs 2. 1973, p 14, Chemustn Concentrites on the Grape. Chem Eng News. June >
1973 p 16
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Fig. 31.6 Flowchant for the production of denll~

distomaceous earth, mav be used for cles:
An insoluble precipitate with the tannin
wine racked and filtered through diatomac
12 commercial standards by blending it -
tannins. i is standard procedure 10 chill
acid wrtrate. which constitute the commer
ment also gives a more stable finished win-
sweet wine in 4 months. These methods
light. ozone. agitation. and aeration. The w
and a small amount of oxvgen gas bubbled
in the usual manner. The wine trade is |
DISTILLED SPIRITS  Various ferm
lquors. Figure 31.6 shows the Aowchart
Brandy is distilled from wine or from the m.
3 beer? from a grain mixture containing a1
whisky. Similarlv, rve whisky must start w
inspecting the Aowchart in Fig. 31.6 in the
Panving them. the procedures in Fig. 31.6 1
the equipment.*© up to the stills, is of steel.
of rve whiskv of claimed age must take pla
gal. These are kept in bonded warehouses .

*The veast m this fermentation s grows in the
Vﬂﬂﬂ.vodlbepmdud(-ihky). '
Owen. Modern Distillery Deaign, Sager, 3703
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Chapter 6.

SECONDARY RESOURCES
UTILIZATION

George O. Wornson,
Miller Brewing Company

¢ ¢ E HAVE A challenge.”
How many times a week do we hear that
statement? Yet the very real challenge we're ad-

dressing today is how 10 expand our recycling efforts.

Recycling is challenging. It's shaping up 10 be one of the
critical issuc of the Nincties. 1t's certainly one of the most visible
of all the environmental issucs. Recycling is becoming the cen-
terpicce of society's interest in the environment.

Why is recycling a chalienge? We have this one little planct
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 protect it. For example, Brazil has discontinucd its sup-
port for ethanol fuel as being 100 costly. The result is more air
pollution. Also in Brazil, rain forests are being harvested at an
alarming rate over in the Amazon region. The result is fewer
trees to replenish our oxygen supply. Further, we're lcaming that
a throw-away socicty increasingly taxes the world's resources.
Our cfforts to deal with mushrooming volumes of wastes is re-
vealing new recycling options. Yet one key problem is that
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present landfill sites are closing, and it is tough to get a permit
for new sites. Protestors shout, “NIMBY.” Not 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 sccondary resources. Recycling and reuse is a
practical solution to our ¢nvironmental challenges, and breweries
can casily beccome models for the 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
sccondary 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 rccyclable items waste products!
They are, in fact, secondary resources, and as such they provide
a great opportunity. Communicating to socicty and potential cus-
tomers that distinction is a major challenge we face everyday.
Yet, we must continuc the effort, 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. Any one
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 brewketles treated in our wastewater treatment plants,

« plastic strapping.

Each of these items represents a rcal opportunity.

How great is the opportunity? Miller's profit from bypro-
ducts over the past five to six ycars has increased more than 50
percent. What we're trying to do is cam a fair and cquitable
profit in all of our operations. This centainly includes our beer
and also our byproducts.

Specific Byproducts

Let’s take a look at specific byproducts we produce at MBC
and sce what we're doing (o capitalize on the opportunities they
present.

® Brewer'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 centain excellent
nutrient qualitics that provide a wide varicty of secondary uses.
They are actually a concentrated form of high-quality barley malt
with only the simple carbohydrates extracted. They therefore
have concentrated protein, dictary fiber (a big subject for con-
sumers these days), compiex carbohydralcs, valuable trace min-
crals, plus a concemrauon of barley oil.

Historically, brewer's grains have becn marketed as a high-
quality ingredient in dairy fced. This application is now common
to the brewing industry. Miller, for example, has been selling its
grains for feed pu rposes for years.

In recent years, we've been working 1o find new uses for
brewer’s grains and maximize the bencficial use of this resource.
For example, working through our brewerics, we've been able 1o
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 Miller? That because the breweries
arc directly involved, both service and profits have improved.

A further step into the food area is being explorcd 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
idca is not new, but timing in the marketplace now seems very
righl Amecrican consumers havc recently become preoccupied

shows Barley's Best barley bran is about twncc as succcssful in
—’-"—*

lowering cholesterol as oat bran,. Sales are cxpcctcd 10 continue
lo increase.

e Brewer's yeast. Yeast is another prevalent brewery bypro-
duct we've been addressing from day one. Great strides have
becn made in tumning this byproduct into a very profitable side
business, one with many food applications. We have done this
without necessitating a capital expenditure for major processing
equipment. We had two paying customers in 1982, and now we
have more than ten customers contracted o buy our yeast by-
product.

We have also found that injecling yeast into wet brewer’s
grains makes a very enhanced food product.

We continually strive to maintain a high level of service to
our direct brewers yeast customers. This 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 w foster steady sales of brewer’s yeast slurry.

» Food grade carbon dioxide. One of our biggest success sto-
ries has been the recovery and rcuse of our excess carbon dioxide
gas (CO,), which is produced during the fermentation process.
Today six of our brewerics have succeeded in using their CO,
more cfficiently and have cven generated surplus for outside
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sales.

This is a perfect example of how (0 use our resources suc-
cessfully. We discovered that we were able to capture the COz
and create a market for it. At the same time, we found other envi-
ronmentally conscious manufacturcrs who were able to usc this

gas in their refrigeration and freezing operations, Through this

rocedu ty reduced CO7 escaping into the atmo-
sphere,

Other manufacturers who use the gas to provide refrigera-
tion, can strive to climinate their use of freon, which can damage
the ozone layer. By not only looking at our manufacturing needs
but also the nceds of others, we have successfully created the
kind of chain reaction that environmentally conscientious indi-
viduals and companies are sceking.

® Aluminum cans and cufler. Miller was quick to develop an
aluminum can recycling program. Aluminum is one of the most
recyclable materials on the market today. In each of our facilities
we recycle all of our scrap aluminum cans.

Cullet, or broken glass reclamation, is another growing arca.
We have found that we can get more for the material if we re-
move the impurities, and if the glass is color scparated.

* Corrugaied cardboard. Cardboard is another byproduct that
is rcceiving more attention. Paper and paper products require a
lot of space in landfills. We at Miller, like most manufacturing
concems, bale and recycle all of our corrugated.

Key to the successful recycling is the creation of markets and
we've shown our commitment by buying as much recycled pa-
perboard as is available. For cxample, on the West coast, all of
our trays, bottle cartons, and basket carricrs are made out of 100
percent recycled matcrials. We will continue to identily other
suppliers who can provide to us the same quality so we can
maximize the use of recycled board nationwide. It may cost a

CEORGE O. WORNSON 73

litde more, but the long-term positive effect is well worth the
cost.

Miller has also found that reusing materials saves landfill
space. We have started a program to reuse boxgs, whereby our
cartons are shipped in from our suppliers. These boxes are sct up
to make four trips before being recycled. During 1990, more than
750,000 pounds of boxes were reused, and throughout 1991,
more than 2.5 million pounds were reused. To make this system
work, the boxes are inspected and reworked at handicapped cen-
ters, thereby providing employment opportunities within the
community. Fees paid to organizations for the handicapped in
1991 exceeded $170.000.

We also have a successful paper, corrugated cardboard, and
aluminum can recycling program at our corporate offices. Rev-
enues from this program arc generally slated for local charities.

* Residuals from tank and brewkettle washing. Next is a by-
product called FARM O.N. (farming with organic nitrogen),
which is a soil conditioning and liming agent made from the or-
ganic residual collected aftcr flushing out tanks and brewkettces
processed through our WWT plants. Miller complcted initial
land application fentilizer trials through Comell University. Re-
sults werc very positive, demonstrating liming and fenilization
value. It's becoming more and more popular with farmers.

I have been involved in legislative action in North Carolina
to adopt a sccondary nutrient law. New regulations for this are
now passcd, and it clearly identifics the distinct difference of

food plant nutricnts and rcgular 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
brewcrics. Such groups are having a positive impact on recy-
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cling. Clearly the success of our secondary resource program can
be directly attributed to the dedicated employees at Miller. Their
voluntary participation and innovative ideas have made a posi-
tive impact on our environment.

In addition, it takes the participation and cooperation of
many various departments. 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-
ample 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 all of our crown boxes
should be glued.

In August 1990, the Landfill Minimization Task Force was
officially established. This group was formed per the recommen-
dation of our senior Vice President of Operations. Our goal is (o
climinate the use of landfills except where severe technological
or economic restrictions are present. Our initial assigned mea-
surement was to reduce landfill tonnage by 25 percent per year
for the next three years. T
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As shown in Figure 1, there arc four basic ways ilcms enter a
plant:

« as bulk substances,

» as semi-bulk substances, »
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* as unitized substances.

The use of these individual items result, to a varying degree,
in byproducts.
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Let's look at figure 2 at some rcsults of specific brewery
landfill minimization. We sce that from 1989 to 1992, the total
volume of brewery landfill was reduced almost 69 percent. Fig-
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ainer plant actually weigh and itemize all items discarded into a
compactor for a two-week period. They then produced a Parcto
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, tuming waste into saleable byproducts and pro-
tecting the environment is a challenging endeavor. Whether it be
brewer’s yeast 1o food or pharmaceutical applications, brewer's
grains to Barley's Best high-fiber flour, or FARM O.N. for crop
application, it all relates to protecting the environment and main-
wining 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 (o continue to be part of that
since we consider ourselves 10 be an “environmentally 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 expertise so that we can communicate adequately about
the issues. The 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 o
influcnce people’s perceptions for the better. This will do a lot to
smooth the way and help our secondary resources to be utilized
to their true value, in harmony with our environment.

George O. Wornson joined Miller Brewing Company, Mil-
waukee, Wisconsin, in 1982. His assignment is Secondary Re-
sources Corporate Manager. His position involves working with
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the eight Miller breweries and some support facilities to maxi-
mize their best use of their secondary resources. From 1974 1o
1982, he was manager of allied products with Coors Brewery in
Golden, Colorado.

Chapter 7.

CLEANING AND SANITATION
IN A BREWPUB

Wolfram Koehler,
Crescent City Brewhouse

impact the production of beer? After the wort has been

boiled and sterilized, it becomes the target of a variety
of microorganisms that change or highly alter—if not altogether
spoil—our beer. This leads to only one possible conclusion about
cleaning and sterilizing the brewhousc: cleanliness is one of the
most crucial tasks perfformed in a brewery—large or small. In or-
der 1o do this in an efficient and effective way, we must identify
problem arcas in our brewerics and make plans to deal with them
on a constant, dcfined level.

l l OW DO CLEANING and disinfecting the brewhouse

Small Brewery vs. Brewing Factory

I have heard the argument that the small brewer docs not
have thc means 10 apply scicnce and technology, as the big brew-
crics 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 clcaning and
sanitizing cfforts have come to a point where their hours spent
with a brush and a broom have been reduced to a sensible appli-
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from a Beer Brewery
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An anserobic fiuidized-bed reactor (AFBR) was used lo (rest wastewater from a beer brewery (total organle
carbon (TOC), aboot 1,200 mg/f; BOD, sbout 2,800 mg/l}. The TOC concentrstion in effluent treated by s
single-AFBR process was 70 mg// (corresponding to s BOD of 107 mg/D at a hydraulic retention time (HRT)
of 25 h, while the TOC In effluent treated by a double-AFBR process connected In series was 38 mg// at 2 HRT
of 19.S h. However these TOC values were not below the 24 mg/{ (corresponding to s BOD of 20 mg/)) which
{s generally required for discharge loto rivers. We therefore caleulsted the HRT necessary fo give treated
¢Bluent with » TOC of less thao 24 mg// in both processes, using a kinetlc formula foc the TOC removs! rate
derived from the resul(s of (reatment in the single-AFBR process. The HRTs for the single- sod double-AFBR
processes were 40.3 nod 21.1 N respectively, and it was found (hat the double-AFBR process was more advan.
tageous In obtaining treated eMuent which could be discharged Into rivers,

Wastewater from beer breweries with a BOD concentra-
tion of 2,000-3,000 mg// is treated by the activated sludge
process which is designed to operate at a HRT of 24-30
h and has a power consumption of 1-2kWh/kg BOD,
Wastewater generally appears to be discharged at a mini-
mum flow rate of 3,000 m?/d, though this varies depending
on the season and production capacity. Thus, the activated
sludge process for treating wastewater from beer breweries
needs a large ground area and consumes an enormous
amount of power. In view of this situation, there is a need
for the development of technology capable of treating
efficiently the Increasing volumes of wasiewater from brew-
eries. We have been studying ways to improve the effi-
ciency of anaerobic treatment and how to make it a gen-
eral process for the ireatment of many kinds of wastewater
(1-3; Kida, K. er al., Abstr. Annu. Meet. Soc. Ferment.
Technol., Japan, p. 129, 1989). Comparing the perform-
ances of four kinds of reactors used in the anaerobic treat-
ment of low-strength synthetic wastewater, we found
that the AFBR gave the best quality of efluent within a
comparatively low temperature range below 20°C (3).
In the present work, we investigated a mesophilic high-
rate AFBR for the treatment of brewery wastewater, and
studied the organic loading rates in a single-AFBR and
double-AFBR connected in series. The HRT necessary to
obtain treated effluent able 10 be discharged into rivers
could be calculated through studies of organic loading
rates. Comparing alkali consumption between the single-
and double-AFBR processesin terms of running costs, we
also report on some other factors which need to be con-
sidered in obtaining desirable operation conditions.

Brewery wastewafer Drewery wastewater from a cer-
1ain brewery was decanted and its supernatant was used in
all experiments. A tvpical example of the composition is as
follows (mg/f): BOD, 2,774; TOC, 1,156, ethanol, 1,353;

' Corresponding author.

t Present Addresc: Department ot Bioengineering, Yaitsushiro
National College oI lechnology, Hirayama Shin-machi 2627,
Yatsushiro 866, japan.

i

acetic acid, 229; propionic acid, 513; protein, 110; sugar,
oot detected; pH, 3.5.

Seeding sludge Mesophilic sludge from a certain sew-
age works in Osaka was acclimated in synthetic wastewater
by the draw-and-fill method (after settling and drawing cul-
ture broth, the same volume of new synthetic wastewater
was put in areactor) in our laboratory, and used as seeding
sludge.

Support medium Cristobalite (0.1-0.3 mm¢, prod-
uct of Nittetsu Mining Co. Ltd., Tokyo) was used as the
support medium for microbial adhesion in the AFBR (4).

Single anserobic fluldized-bed reactor process
Figure 1 shows a schematic diagram of the single-AFBR
process. The AFBR (internal diameter, 50 mm; total
height, 410 mm; working volume, 1 /) had a settling zone
at the top. The temperature during all experiments was
kept at 37°C by circulation of water through a water
jacket, and the pH in the AFBR was kept at 7.0 by a pH
controller. The influent wastewater was kept in a refrige-
rator at 4*C. After 100 ml of the seeding sludge and 200 g
of the support medium were put into the reactor, anaerob-
ically treated synthetic wastewater was added to the 14
level. The liquid in the AFBR was circulated overnight at
37°C at a flow rate of 14//h by a roller pump P-2 to flui-
dize the support medium. A schematic diagram of the
single-AFBR Is shown in Ref. no. 4.

Double anaeroblc fluidized-bed reactor process The
double-AFBR system was comprised of two sets of re-
actors connecled in series. Each reactor had a structure
geometrically simiiar 1o the single-AFBR, except that the
working volume and circulation rate of each were 0.45/
(internal diameter of fluidization part, 30 mm) and 7.6 {/h,
respectively. After the experiment with the single-AFBR
was completed, the support medium was divided into each
reactor of the double-AFBR process. In this process, the
efMucnt from the first reactor flowed into the bottom of the
second reactor by gravity, and the treated effluent over-
flowed at the 10p of the second reactor.

Effect of the volumetric organic loading rate  Maeda
el al. (5) reported that the sludge concentration adhering
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1 medium became constant afier tnore than one
aerobic treatment by the fixed bed process with
aran nets. An experiment to examine the effect of
ietric TOC loading rate on the performance way
= TOC volumetric loading rate of 1.1 g//.4 after

‘1210 3g TOC/!I.d for about three months to

t concentration of sludge adhering to the sup-
um. The sludge concentration in the reactor was
sred during the acclimation. As shown in Fig. I,
:oncentration in the efluent increased with the in-
volumetric TOC loading rate. The TOC concen-
the efftuent rose from 100 10 180 mg/! {the TOC
fficiency decreased from 91 to 849%¢) when the
¢ TOC loading rate was increased from 1{.]
Sh) to 2.1g//-d (HRT, 12.8 h). Furthermore,
removal efficiency decreased (about 33%) at the
metric TOC loading rate of 6.5g//-d (HRT,
wwever, the TOC concentration was stably main-
about 770 mg/! during 7-d operation at the same

~n in Fig. 1, the TOC removal efficiency in the
FBR decreased with the increase in volumetric
fing rate, in the same manner as in the single-
he TOC removal efficiencies in both the single-
le-AFBRs decreased to 35% at the high TOC
ite of about 6 g//-d. However, the TOC removal
s in the double-AFBR were 95.7% and 93.4% at
OC loading rates of 1.0 (HRT, 19.3h) and 1.6
T, 17.0h) respectively, and resulted in higher
nce than in the single-AFBR. This agreed with
usich obteined in the anaerobic treatment of
orted by Jeris (6), in which a double AFBR
higher COD removal efficiency than the single

rison of performance between the single and dou-
' processes The relationship between BOD

ncentrations in the effluent is shown in the fol-
.ation, with a correlation coefficient of 0.94
rom the anslytical data during the anaerobic
. Equation | can be applied for a BOD of 10
/1.

D=1.9.TOC-25.9 )

I, the TOC concentration (o enable discharge
was estimated as 24 mg//, which corresponds to
ncentration of 20 mg/1.
wionship between HRT and TOC concentration
uent is shown in Fig. 2, based on the results {n
. is evident from this figure, neither process can
‘OC concentration of 24 mg// required for dis-
o rivers at any HRT examined.
re tried to derive a kinetic formula for the TOC
ate from the experimental results in the single-
ocess |n order to calculate the HRT necessary
a dischargable level of TOC, assuming that the
smpletely mixed the liquid, and the sludge con-
. adhering to the support medium became con-
: former assumption was based on the fact that
little difference in the TOC concentrations of the
tken from the top and bottom of the reactor;
e, 770 and 775 mg/! for each sample at & volu.
'C loading rate of 6.5 g//-d. The latter assump-
=d on the fact that the sludge concentration adher-
support medium was supposed 1o have reached
. level as a result of the preliminary loading ope-
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FIG. 1. Effect of volumetric TOC loading rate on the qusiity of
reated effluent in anaerobic treatment in the single- and double-
AFBR systems. Symbols: O, 4, single-AFBR; @, 4, double-AFBR.

of the volumetric TOC loading rate on performance. From
the TOC concentrations of the influent S, (mg/)) and
the efluent S (mg/l), the TOC removal rate v (mg/!-h)
can be calculated as follows:

v=RSe—S)/V 0}
where, F=feeding rate of the brewery wastewater, //h;

V=working volume of the reactor, /.
Substitution of experimental data F, S, and S into Eq. 2
Jed to the result that the TOC removal rate plotted against
the TOC concentration in the efluent showed a saturation
curve (data not shown), which was given by Lineweaver.
Burk plot (Fig. 1), as follows:

v=95.7-5/(34.8+5) 3)

HWE

§

400 |

200 |

TOC concentretion in eflluent (mg /1)
T

Adaa b s ax d o a1 dg s it

0 s 10 18 20 2 30
Hydraulic rewgntion timae (h)

FIG. 2. Relationship between the quality of treated effluent and
hydraulic retention times in the single- and doubdle-AFBR processes.
TOC concentration of wastewater (mg/): O, @, 1,100-1,170; O°,
1,350, @ *, 890.
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FI1Q. 3. Lineweaver-Burk plots for TOC removal.

From Eq. 2 and Eq. 3, the TOC concentration in the
¢fluent, §, can be represented by HRT and S, as follows:

S=
(95.7 HRT +54.8-5)~ +(95.7T HRT - S4.8-§, 1 +4x 348 S,

2
@)

The solid line (— ) in Fig. 2 shows the relationship between
the TOC concentration in the efluent and the HRT in the
case of S,=1,200mg// in Eq. 4. Except for the quality of
the efluent (O *) obtained in the treatment of wastewater
with a TOC concentration of 1,350 mg// at a HRT of
9.4 h, the experimental data (O) agreed with the calculated
results, so the value of 24 was substituted for S to estimate
the HRT necessary to give a dischargable level of TOC.
The calculation gave a HRT of 40.3 h, which is much
longer than the HRT (24-30h) in the activated sludge
process.

Next, the HRT needed to give a dischargable level of
TOC in the double-AFBR was estimated by applying Eq. 3
to the double-AFBR process. The mass balance for the sub-
strate in the first and the second reactors at steady state can
be described as follows:

n=FS—8)/V, )
'I]=F(S‘—S,)/V_~ (6)

where subscripts | and 2 denote the first and the second
reactors, respectively. Substituting ¥, = V, into Eqs. 5 and
6, the relation between the HRT and TOC concentrations
in the first and the second reactors can be derived from Eq.
3 as follows:

1V 2.(Sy~5y)
=271 - A o ..

HRT="F77 95775, 9s.3.5, ™
RA+S, T 3Ba+S,

Fhe dotted line (-~ - ) 1n Fig. 2 shows the relation between
HRT and S, in the case of $,:2 1,200 mg// and V,=0.45/,
and it scemed 10 be applicable (o the experimental results.
Substitnion of 24 for S.in Eq. 7 gave &8 HRT of 21.1 h,
which was about haif that in the single-AFBR. These re-

1. Fsausnt, Bloawo.

TABLE . Alkali consumption to control the pH in the

reactors at 7
HRT (M) Alkall consumption (mol/m’ wastewater)

Si Double Sing! Double

nele Y ne'e It nd
U8 —_ 0 — -

19.6 19.6 0 0 0

12.6 1.8 0 30 0

9.4 9.2 0 7.2 0

-— 7.0 -— 16.5 0

4.3 4“7 8.9 20.5 0

=, Not examined under these conditions.

sults showed that the double-AFBR process had advan-
tages over the activated sludge dprooess with respect to a
reduction of both the HRT and the power consumption
needed for aeration, and jt can be regarded as an alterna-
tive process. Moreover, from the viewpolnt of excess
sludge production too, anaerobic treatment has an advan-
tage over aerobic treatment. For example, the production
yields of excess sludge were found to be 8.2 and 1185¢,
respectively, for anaerobic (2) and aerobic (7) treatment of
distillery wastewater from shochu making.

In some prefectures in Japan it is permissible for treated
¢Muent with a BOD of less than 600 mg// to be discharged
into the sewers at & charge. In such cases, it is necessary
to sclect a suitable process. The BOD concentration of
600 mg/l corresponds to a TOC concentration of 330
mg/l, as calculated from Eq. 1. The HRTs necessary {0
attain a TOC concentration of 330mg/! in the effluent
for the single- and double-AFBRs are 10.6 and 10.2h
respectively, which means that the single-AFBR is more
advantageous here due to the lower financial investiment
needed for construction. As shown in Table |, alkali con-
sumption to control the pH in the reactor at 7.0 increased
with the decrease of HRT, both in the single- and double-
AFBR processes. In particular, a large amount of alkali so-
lution is consumed in the first reactor of the double-AFBR
process because the HRT of 10.2h in the double-AFBR
means a HRT of 5.1 hin the first reactor. From these view-
points, the single-AFBR has some economic advantages
over the double one.

In conclusion, it was found that a HRT of about 21 h
in a double-AFBR would produce effluent with a BOD
concentration of 20 mg// in the anaerobic treatment of
wastewater from a beer brewery. However, as explained
above, It Is necessary (o consider local regulations as well
as kinetics before the process and design base are chosen
for a particular brewery,
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