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EXECUTIVE SUMMARY

Development Alternatives, Inc. (DAI) under Contract No. 278-0288-00-C-4026-00 with the
United States Agency for International Development (USAID) is performing an Industrial
Wastewater Discharge Prevention Program (IWDPP) in Amman, Jordan. This Program is one
of four components of the Water Quality Improvement and Conservation Project (WQICP)
funded by USAID. This program is being performed by DAI with full coordination between
the Ministry of Water and Irrigation (MWI) and the Amman Chamber of Industry (Chamber).
Harza Consulting Engineers and Scientist (Harza), Chicago, United States (U.S.), was retained
by DAI to lead the IWDPP. The Royal Scientific Society (RSS) of Amman, Jordan was selected
as a local consultant to assist Harza with the IWDPP. This Program includes conducting the
PP/WM audits, feasibility studies, and designing demonstration facilities at selected industrial
facilities.

Based on a ranking methodology, the PP/WM Committee has selected ten industries with
potential needs for PP/WM audits. The purpose of the audits is to assist the industries in the
Amman-Zarqa Basin in assessing pollution problems and developing alternative solutions to
achieve desired levels of PP/WM, water conservation, and wastewater treatment appropriate for
the selected industry. One of these industries is the Brewery Industry. The Harza/RSS team
conducted an audit of Arab Brewery Company, representing the first step of the IWDPP. This
report summarizes the results of the audit.

FACILITY AND PROCESS DESCRIPTIONS

The ABC is located in the old industrial area near Zarqa, along the Zarqa River. The ABC
initially opened in 1964, closed, and then resumed production in 1971. The ABC is an operating
unit of General Investment Co. Ltd. which owns and operates several other breweries and
Distilleries. The ABC produces beer under a license from the German brewery Henninger. The
total beer production capacity is 20 m3/day, but current production rates are only 15-20 percent
of capacity. The brewery, as we understood, produces the Henninger beer to respond to market
jemand which is currently only 10 percent of the total beer consumed in Jordan. Because of
:his low market demand, beer production is relatively low.

fhe ABC facility is located in Zarqa adjacent to the AMSTEL brewery facility, another
)perating unit of General Investment Co. Ltd. The facility includes raw material storage,
lroduction facilities, product storage, and an abandoned wastewater treatment plant. All the
vater needs for ABC are satisfied by groundwater (1,000 to 1,500 nt/month) obtained from an
tn-site groundwater supply well. This water satisfies the production needs for beer, soft drinks
nd non-alcoholic beer.

'he ABC facility operations can be grouped in two general categories:

• Beer Production Operations
• Ancillary Operations

ES-l
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CURRENT ENVIRONMENTAL AND MAINTENANCE PROGRAMS

The environmental and waste recycling programs at ABC include the following:

• Spent malt and husk produced during the brewing process are 100 percent
recovered and sold to farmers.

• Settled yeast from the fermentation tanks is collected and reused. The excess
yeast is reused and recycled at other distilleries owned and operated by ABC.

• All solid wastes generated at the facility are sold or disposed off-site at a
permitted facility.

• The CIP cleaning systems help conserve chemicals and reduce their discharge to
the As Samra Wastewater Treatment Plant.

ENVIRONMENTAL REGULATIONS AND GUIDELINES

Jordan currently has no comprehensive law to control water, air and soil pollution. However.
industrial waste water discharges are regulated by the Jordanian Standard 202, adopted in 181
by the Department of Standards and Specifications and revised in 1990. Standard 202 regulates
industrial wastewater discharges to rivers, wadis, groundwater. the sea, and reuse for irrigation.

Drinking water quality is regulated by Jordanian Standard 286. Moreover, it is a common
practice to use the Food and Agriculture Organization (FAO) guidelines as a reference.

AUDIT

The facility audit was conducted on March 12 and 14, 1995. The audit team, accompanied by
two ABC representatives, toured and inspected the facility. An audit questionnaire was used to
address the specific details of the process used at the ABC facility. To further discuss water use
and process details, an additional site visit was conducted on March 16, 1995.

AUDIT FINDINGS

Water Usage and Balance

Fresh water used as process water in the ABC facility is obtained from groundwater pumped
from an onsite private supply well. Water used for domestic purposes is supplied by the WAJ.
The estimated total water consumption per month at ABC is approximately 1,000 to 1,500 m3

•

The following summarizes typical water use:

• Beer (9 percent);
• Equipment Cleaning (56 percent);

ES-2



• Floor Cleaning (6 percent);
• Boiler Makeup Water (4 percent); and
• Miscellaneous purposes (25 percent).

A schematic detailing the overall water balance for ABC is provided on Figure ES-l and is
summarized in Table ES-1.

Wastewater Sources

The main wastewater sources are:

• Equipment Cleaning (6.2 m3
);

• Pasteurization (0.8 m3
);

• Floor Drainage (0.7 m3
); and

• Regenerant Wastes (0.54 m3
)

Water and wastewater discharges are not routinely monitored for quantity and quality by the
ABC. WAJ, however, routinely monitors AMSTEL brewery effluent and occasionally monitors
ABC effluent. Wastewater sources are summarized in Table ES-2.

Wastewater Discharges

The ABC has an activated sludge biological treatment facility to treat industrial wastewater.
However, the treatment facility is abandoned in place. Therefore, the facility industrial
.vastewater is discharged directly to the sewer and is ultimately sent to the As Samra Wastewater
freatment Plant.

,torm Water

UI storm water is discharged to a nearby Wadi through natural grade.

iolid Waste

olid wastes generated at the ABC include broken glass, paper and cardboard cartons, chemical
:>Ules, plastic bags and domestic solid waste. Most of the solid waste is sold for reuse.
·owever, domestic solid waste is disposed at a local landfill. Additionally, the trub generated
om the process, with its high organic loading, is discharged directly to the sewer.

ir Emissions

h.e anticipated emissions from the beer making process are particulate and volatile organic
Impounds (VOCs). At the ABC facility, the audit team did not observe any emissions.
owever, due to low production, particulate emissions from malt handling, sulfur and nitrogen
~ides exhaust gases from the boiler, and VOCs from vented steam and hot washwater handling

ES-3



are expected to be very minimal.

CONCLUSIONS

Several PP/WM and water conservation opportumtles exist at the ABC facility. By
implementing the following PP/WM measures, total water consumption can be reduce from
11.04 m3 per m3 of beer produced to 6.2 m3 per m3 of beer produced, resulting in a 42 percent
reduction. Figure ES-2 presents the proposed water usage plan and is summarized in Table ES
3. PP/WM and water conservation opportunities exist in the following areas:

• CIP System Operation for Brewing and Fermentation Equipment;
• Fermenting and Lagering Operations;
• Beer Manufacturing Schedules;
• Filter Cleaning Operations;
• Trub Discharge Disposal;
• Floor Washing Procedures; and
• General Process Optimization for Brewing, Fermer ation and Packaging

Operations, Equipment Cleaning, and Ion Exchange Reg ~neration.

Water savings should result from many of the PP/WM measures described. In addition, water
conservation can be achieved through implementation of:

• Insulation of Cooling System Piping and Valves;
• Installation of an Air Cooling System; and
• Filtering and Recycling 100 percent of Pasteurization Water Overt1ow.

Implementation of PP/WM and water conservation measures could reduce the overall pollution
load by 50 percent and the hydraulic load by 42 percent.

Other PP/WM and water conservation opportunities may exist which may require new process
applications or modifications and which may be relatively more difficult to implement.
However, PP/WM and water conservation opportunities not included in this report should not
be eliminated from consideration, as their feasibility can only be determined through more
intensive studies and evaluations.

It is very important to note that as beer production becomes continuous rather than intermittent,
the amount of water required, or wastewater generated per m3 of beer produced continues to
decline. If the market demand increases and if ABC increases its production to meet the higher
demand, the relative water usage and wastewater generation will reduce.

ES-4
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RECOMMENDAnONS

1. Install devices to monitor water use and discharge from all cleaning operations including
equipment and floor cleaning. Generate an accurate measurement and balance of facility
water use.

2. Design and implement a wastewater sampling and monitoring program to cover all
wastewater sources identified in this report. Initially, quarterly sampling frequency
should provide the ABC management a fair idea of pollutant loads in different wastewater
streams.

3. Study and implement a beer production schedule such that maximum number of batches
are produced at each event thereby reducing washing frequency and pollutant discharge.
This will also result in production cost saving.

4. Combine fermentation and lagering Qperations.

5. Optimize CIP systems by lowering washing frequency and using the last rinse water for
the initial rinse of the next cleaning operation.

5. Recycle and reuse pasteurizing wastewater flow after filtering and water softening.

Explore installing an air cooling system to replace the existing wet evaporative cooling
system.

Establish and implement rigorous equipment washdown and floor cleaning procedures to
reduce water consumption.

Improve cleaning methods by carefully studying current procedures, washing time,
solution concentration, water temperature, intensity of application etc. Applying
appropriate combination of these elements to different equipment can reduce water use.
Establish cleaning protocols and procedures for water conservation.

). Optimize the regeneration process and explore the use of alternative technologies and
new resins.

Improve housekeeping and implement a spill prevention control and countermeasures
program. Use dry vacuum techniques instead of washing spills into the drain.

Insulate all cooling pipes to avoid frosting and eliminate the use of water to defrost pipes.

Reactivate the biological treatment facility to treat industrial wastewater prior to
discharge to the city sewer system. Anyon-site pretreatment provided by industries will
assist in reducing organic loads discharged to the As Samra treatment plant thereby

ES-5
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minimizing shock loads, if any, and providing room to accept more domestic wastes.

14. Develop an environmental management program to include:

• Establishing an environmental department with dedicated personnel and sufficient
resources;

• Writing an environmental policy complete with missions, visions, goals, policies
and a future work plan. PP/WM and water conservation goals need to be
established to achieve the PP/WM program, in line with the MWI and Chamber
goals; and

• Developing of training and incentive programs for all the ABC personnel.

15. Consider the following PP/WM items for feasibility level studies:

• Optimize the CIP Systems;
• Combine Fermenting/Lagering Processes;
• Recycle and Reuse Pasteurization Water Overt1ow; and
• Optimize Filter Cleaning Processes.

ES-6

..i. 1M 'W _T ."



Table ES-1
OVERALL WATER BALANCE ACROSS BREWERY'

Arab Brewery Company

I Water In (m3)2 I Water Out (m3? I
Well Water Pumped 11.04 Beer 1.0

Spent Malt 0.2

Trub Discharge 0.1

CIP Discharges
Brewery 1.1
Cooler 0.2
Fermentation 1.4

Regenerant Wastes 0.54

Bottle/Can Wash 1.4

Pasteurization 0.8

Filter Cleaning 0.9
(including steam)

Floor Cleaning 0.7

Equipment Cleaning 1.0

Keg Wash (steam) 0.2

Evaporative Losses
Cooling Water 0.4
Brew Kettle 0.1

Pipe Defrosting 1.0

Total 11.04 11.04

I Domestic water is supplied by WAJ and is discharged to the city sewer system. The
daily water usage is about 2.0 m3

.

2 Water balance is based upon one cubic meter of beer produced.

\



Table ES-2
WASTEWATER SOURCES AND GENERATION RATES 1

Arab Brewery Company

I Wastewater Source I Rate (m3) I
Brewing operations

CIP Cleaning 1.1
Regenerant Wastewater 0.2

Trub Separator Discharge 0.1

FermentationiLagering/Finishing
Wort Cooler CIP Cleaning 0.2
Fermentor CIP Cleaning 1.4

Packaging Operations
Bottle Washing 1.4
Pasteurization 0.8
Keg Washing 0.2
Filter Cleaning 0.2

Water Softening Regenerant
Boiler Feed Water 0.3
Wash Water 0.04

General Housekeeping
Floor Washing 0.7
Equipment/Piping Cleaning 1.7

Pipe Defrosting Water 1.0

TOTAL 9.34

Wastewater generation rates are based upon one cubic meter of beer produced .

• ,•• _ I ••



Table ES-3
PROPOSED WATER REDUCTION/RECYCLE/REUSE

Arab Brewery Company

Water Use (m3
)

Water Consumer
Current Projected Savings

Beer 1.0 1.0 0.0

Spent Malt 0.2 0.2 0.0

Trub Discharge 0.1 0.1 0.0

CIP Water Use
Brewhouse 1.1 0.3 0.8
Fermentation 1.4 0.5 0.9
Wort Cooler 0.2 0.2 0.0

Regenerant Waste 0.54 0.34 0.2

Bottle Wash 1.4 1.25 0.15

Pasteurization 0.8 0.0 0.8

Filter Cleaning 0.9 0.8 0.1

Equipment Cleaning 1.0 0.8 0.2

Floor Cleaning 0.7 0.4 0.3

Keg Wash 0.2 0.2 0.0

Cooling Water 0.4 0.0 0.4

Pipe Defrosting 1.0 0.0 1.0

Brew Kettle Steam 0.1 0.1 0.0
Loss

TOTAL 11.04 6.19 4.85
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1.0 INTRODUCTION

This report presents the findings of an audit for pollution prevention, waste mmuTIIzation
(PP/WM) and water conservation for the brewery industry in Jordan using the Arab Brewery
Company (ABC) as the basis. The report includes project background information and
objectives, brief process and facility descriptions, audit process details, potential for PP/WM and
water conservation, conclusions, recommendations, and follow-up actions.

1.1 Background

Development Alternatives, Inc. (DAI) under Contract No. 278-0288-00-C-4026-00 with the
United States Agency for International Development (USAID) is performing an Industrial
Wastewater Discharge Prevention Program (IWDPP) in Amman, Jordan. This Program is one
of four components of the Water Quality Improvement and Conservation Project (WQICP)
funded by USAID. This program is being performed by DAI with full coordination between
the Ministry of Water and Irrigation (MWI) and the Amman Chamber of Industry (Chamber).
Harza Consulting Engineers and Scientist (Harza). Chicago, United States (U.S.), was retained
by DAI to lead the IWDPP. The Royal Scientific Society (RSS) of Amman, Jordan was selected
as a local consultant to assist Harza with the IWDPP. This Program includes conducting the
PP/WM audits. feasibility studies, and designing demonstration facilities at selected industrial
facilities.

The 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. The purpose of the audits is to assist the industries in the
Amman-Zarqa Basin in assessing pollution problems and developing alternative solutions to
achieve desired levels of PP/WM, water conservation, and wastewater treatment appropriate for
the selected industry. One of these industries is the Brewery Industry. The Harza/RSS team
conducted an audit of the ABC, representing the first step of the IWDPP. This report
summarizes the results of the audit.

1 .2 Objectives

The objective of conducting a PP/WM audit of the ABC facility was to understand the water,
wastewater, and associated waste management practices currently employed at the facility and
to identify opportunity for PP/WM and water conservation that may exist at the facility.

The findings of the audit were used to develop recommendations and follow-up actions to assist
the ABC in assessing the extent of pollution. Suggested practices and process modifications to
achieve additional PP/WM and water conservation are provided.

1
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1.3 The Report

This report contains a description of the brewery process, audit findings, opportumtIes for
PP/WM and water conservation derived from the audit finding. Recommendations and follow
up actions necessary to assess the extent of pollution and to implement PP/WM and water
conservation measures at the ABC facility are also included.

Appendices attached to this report include support information obtained during the audit and
additional information provided by the industry. Appendix A contains the audit questionnaire
used to obtain the necessary information about the facility. Appendix B is a collection of
support documentation provided by ABC. A copy of Harza' s Background Material Report,
including references, is included as Appendix C. Applicable Jordanian regulatory standards for
water quality are included as Appendix D. Success stories for PP/WM and water conservation
at brewery industries are included as Appendix E. Appendix F includes photos taken of the
facility during the audit.

This audit report provides the information required to conduct a PP/WM and water conservation
feasibility study of the brewery industry in Jordan, using ABC as the basis. The findings of the
PP/WM and water conservation audit conducted for the ABC facility are presented herein.
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2.0 PROCESS AND FACILITY DESCRIPTION

2.1 General

The ABC is located in the old industrial area near Zarqa, along the Zarqa River. The ABC
initially opened in 1964, closed, and then resumed production in 1971. The ABC is an operating
unit of General Investment Co. Ltd. which owns and operates several other breweries and
Distilleries. The ABC produces beer under a license from the German brewery Henninger. The
total beer production capacity is 20 m3/day, but current production rates are only 15-20 percent
of capacity. The brewery, as we understood, produces the Henninger beer to respond to market
demand which is currently only 10 percent of the total beer consumed in Jordan. Because of
this low market demand, beer production is relatively low.

2.2 Facility Description

The ABC facility is located in Zarqa adjacent to the AMSTEL brewery facility, another
operating unit of General Investment Co. Ltd. The facility includes raw material storage,
production facilities, product storage, and an abandoned wastewater treatment plant. All the
water needs for ABC are satisfied by groundwater (1,000 to 1,500 m3/month) obtained from an
on-site groundwater supply well. This water satisfies the production needs for beer, soft drinks
and non-alcoholic beer.

The wastewater generated is pumped directly into the city sewage system and ultimately
discharged to the As Samra Wastewater Treatment Plant. Effluent characteristics for the ABC
facility is included in Table 1. Due to the limited nature of ABC brewery effluent data, WAJ
reported AMSTEL Brewery wastewater effluent characteristic data for 1993 are included in
Table 2 for reference purposes. For comparison purposes, the ABC and AMSTEL wastewater
effluent characteristics are included in Table 3. Data for AMSTEL effluent was not used a basis
for recommendations included herein.

The ABC facility operations can be grouped in two general categories:

• Beer Production Operations; and
• Ancillary Operations.

Descriptions for each of these operating areas are provided below.

2.3 Beer Production Operations

Beer production at ABC consists of several unit operations and processes. They include:

• Brewhouse Operations;
• Fermenting and Conditioning Processes; and
• Packaging Operations.
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A schematic illustrating ABC operations is included in Figure 1. Each of these unit operations
and processes are described below:

2.3.1 Brewhouse Operations

Brewing (boiling) is the first step of beer production. Brewing of malt results in the
production of a slightly sweet liquid known as "wort" which, when fermented with yeast,
produces beer. The brewing process consists of the following unit operations:

• Malt Cleaning
• Malt Milling (with addition of water);
• Mashing (at 78°C) with addition of water;
• Filtration (water is added to filtered wort);
• Brewing;
• Trob Separation: and
• Cooling.

Each of these processes are briefly discussed below.

Malt Cleaning. The raw barley is cleaned via sieving and transferred to the milling
machine. Separated husk material is sold to farmers with spent malt.

Malt Milling. Milling reduces the particle size distribution of the malt to a specified
gradation. The malt used is typically harley. About 1.5 tons of barley is used per batch
in the brewing operation.

Mashing. The milled malt is transferred to mash tub where hot and cold brew water
is added systematically to maintain the water temperature within the mash tub at 50°C,
and to maintain the malt to water ratio at I: 3. Brew water is the fresh stock water which
is used to prepare wort and later heer.

This mixture is then transferred to the brew kettle for cooking. About 4 to 5 mJ of brew
water is added in the mash tub per batch. The milled malt is cooked with steam and
converted into a semi-liquid product called mash by enzymes introduced into the malt.
The mashing process converts starchy materials into sugars at 78°C.

Mash Filtration. The mash is transferred to another kettle, called lauter tun, which is
a false bottom vat. The liquid passes through the bottom screens and solids are retained
on the screens.

The filtered liquid is then transferred back to the brew kettle. The solids in the filtration
kettle are sparged with about 5 mJ of hot water to extract as much of the fermentable
sugars as possible. However, the net volume of wort is not allowed to exceed 10 mJ per
brewed batch. Any excess water is allowed to vaporize in the brew kettle.
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Spent malt solids are stored and ultimately sold to farmers as cattle feed.

Brewing. The wort is transported back into the brew kettle where it is heated to boiling
using in direct contact steam. During the boiling process, hop extract is added to impart
the characteristic aroma of beer. The pH of the wort is adjusted at this stage to between
5.0 to 5.5 using sulfuric acid.

Trub Separation. After brewing, the hot wort is injected into a vessel, in which
whirlpool action separates the sediments and solids containing proteins from the wort.
The separated solids are periodically discharged directly to the sewer.

Cooling. The boiled wort is cooled in two stages using fresh stock water (used later for
brewing) and alcohol water. The stock water, while cooling hot wort to 24°C. is heated
in a counter current heat exchanger which recovers otherwise wasted heat.

Alcohol water allows wort to be further cooled to DoC in a closed-loop cooling system.
Alcohol water is continually circulated through chiller units. Fresh alcohol is added to
the system to maintain the desired strength.

The entire brewing process takes approximately 11 hours per batch. The cooled wort
is then fermented as discussed below to produce beer.

2.3.2 Fermenting and Conditioning Processes

Fermenting and conditioning processes include processes to age the wort to produce a
beer product ready for bottling or kegging. These processes include:

• Fermenting (yeast is added);
• Lagering; and
• Filtration and Carbonation.

Fermenting. The cooled wort is mixed with a selected yeast and transferred to closed
fermentation tanks (fermentors). The ABC has six (6) fermentors, each with a 20 mJ

capacity. Each fermentor accepts two batches of 20 mJ wort for fermentation. Heat is
released in the process as fermentation proceeds. The temperature is controlled by
attemperators inserted in the fermentors.

Carbon dioxide (C02) is also produced during the fermentation process. The CO~ rises
to the top of the fermentors, bringing with it foreign substances, which are removed.
The released carbon dioxide is collected and stored under pressure for subsequent use in
the beer carbonation process.

Fermentation is complete after seven to ten days, when the sugar concentration is
reduced to 2 percent. At this point, most of the yeast has settled to the bottom of the
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fermentor by gravity and is stored for reuse in subsequent fermentation batches. The
excess yeast is sent to other distilleries owned by the same management for recycle and
reuse. The fermented liquid is unmatured beer.

Lagering. The beer is allowed to mature, or lager, after fermentation by being cooled
to OOC in storage tanks for 6 to 7 days. The maturation process mellows the beer, that
is, improves its palatability. During storage, the beer is gradually clarified by adding
selected beer stabilizers. The ABC has eight (8) storage tanks, each with 20 m3 storage
capacity.

Filtration and Carbonation. After storage, the beer is filtered and carbonated. In the
filtration process, the beer is pumped through a plate and frame filter and then stored in
three (3) vertical tanks. Carbon dioxide gas at (J'C is then injected into the beer as
necessary for carbonation.

2.3.3 Packaging Operations

Packaging operations include:

• Bottles/Cans Washing;
• Bottle Can Filling;
• Keg Washing and Filling;
• Pasteurization;
• Labeling; and
• Storing.

Each of these operations is described below.

Bottle/Can Washing. The brewery has separate machines for washing and filling of
bottles, cans and kegs, as well as separate quality control and packaging operations. The
labeling for bottles and cans, however, is done using a common machine.

Bottle/can washing requires a large amount of water and creates a significant waste load.
Automatic machines are operated for bottle/can washing which perform the following
operations:

• Feed the bottles/cans to the washing equipment;
• Pre-rinse the bottles/cans;
• Immerse the bottles in a series of alkaline baths (typically water and

caustic soda) for soaking, label removal, washing and sterilization; and
• Post-rinse the bottles.

Cans are not washed with alkaline solutions and therefore do not require post-rinse.
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Bottle/Can Filling. A conveyor line takes the washed bottles/cans to a filling machine.
The bottles/cans are manually inspected to remove any defective containers before an
automatic machine fills and caps the usable bottles.

Keg Washing and Filling. The kegs are washed manually with steam and water, then
filled separately in a unit dedicated for this purpose.

Pasteurizing. Beer is pasteurized to prevent any residual yeast or harmful bacteria
growth in the packaged beer prior to consumption. Pasteurization requires heating beer
to 60°C. Pasteurization is performed after packaging by immersing the bottled/canned
beer in gradually hotter warm-water baths. This gradual heating is required to avoid
cracking the glass bottles. Kegs are pasteurized in a separate water tank.

2.4 Ancillary Operations

Ancillary operations are support operations and activities carried out throughout the hrewery
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 Sterilization. All equipment that comes into contact with the
product must be cleaned and sterilized. At the ABC facility. all equipment is completely
washed, cleaned and sterilized using hot water or steam. caustic soda and disinfectants after each
brewing batch.

The ABC has three mechanical cleaning-in-place (CIP) systems; one dedicated to brewing
equipment, one dedicated to the fermentation equipment and a third dedicated to the wort cooling
system. Caustic soda, phosphate and disinfectants are used in the CIP systems. Chemical
solutions are prepared and circulated within the system and reused continuously. When the
solution strength reduces below the desired strength. additional raw chemicals are added to the
stock solutions. These systems reduce chemical usage and wastewater generation.

However, before and after CIP application, tanks are rinsed with hot water which is discharged
to the sewer. The hot water cleaning also helps sterilize the equipment. The brewhouse
equipment and wort cooling system are washed and rinsed with hot water while fermenting
equipment is washed and rinsed using cold water. All rinse water is discharged directly to the
sewer. The typical equipment cleaning sequence for each CIP system is presented below:

Brewhouse Equipment and Wort Cooling System Cleaning:

• Rinse
• Caustic Wash
• Rinse

7

IIItiialU



As a final step, the brewhouse equipment and wort cooling system are washed by passing
4 m3 of water through the entire system before it is discharged to the sewer.

Fermentation System Cleaning:

• Rinse
• Caustic Wash
• Rinse
• Phosphate Wash
• Rinse
• Hydrogen Peroxide (disinfectant) wash
• Final Rinse

Steam and Hot Water Production. At ABC, hot water is used for mash preparation and
filtration (sparging) operations, brewing, cooling equipment cleaning, and sterilization. Indirect
steam heating is used for heating brew kettle and pasteurization water baths. The ABC facility
operates a package boiler, fired using fuel oil, to produce hot water and steam. The hot brew
water used for mash preparation and sparging is generated during the wort cooling process as
described in Section 2.3.1. Hot water used for equipment cleaning is supplied by the boiler.

The steam used to heat brew kettle and pasteurization water baths is condensed and returned to
the boiler. Boiler makeup water is pre-treated through a water softener unit. Sodium chloride
is used to regenerate the softener. The regenerant waste is discharged to the sewer.

Wastewater Treatment. The ABC has an activated sludge biological treatment facility to treat
industrial wastewater. However, the on-site wastewater treatment facility is abandoned in-place.
Therefore, the industrial wastewater is discharged directly to the sewer and is ultimately sent to
the As Samra Wastewater Treatment Plant.

Technical information on the design, operation and maintenance of the wastewater treatment
plant was not available to the audit team. However, based on the information provided by Mr.
Mukhlais, the wastewater treatment plant consists of a concrete tank (150 m3 capacity) used for
biodegradation and sludge sedimentation processes. There are two air compressors, in a separate
room, which supply air to the bioreactor.

Domestic wastewater is discharged directly to the city sewer system.

Housekeeping. Floors, walls and equipment are cleaned with cold and hot water, as required,
after each brewing batch. All housekeeping wastewater is discharged directly to the sewer.

2.5 Raw Material Usage

The ABC's annual raw material consumption is presented in Table 4. Due to annual low
production levels, the overall chemical usage is minimal.

8

•• 11_ IU .'



2.6 Current Environmental and Maintenance Programs

The environmental and waste recycling programs at ABC include the following:

• Spent malt and husk produced during the brewing process are 100 percent
recovered and sold to farmers.

• Settled yeast from the fermentation tanks is collected and reused. The excess
yeast is reused and recycled at other distilleries owned and operated by ABC
management.

• All solid wastes generated at the facility are sold or disposed off-site at a
permitted facility. These include:

Broken glass
Paper boards/cartons
Chemical bottles
Plastic bags
Domestic solid waste

- Sold for reuse
- Sold for reuse
- Sold for reuse
- Sold for reuse
- To off-site landfill

• As previously discussed. the CIP systems help conserve chemicals and reduce the
overall discharge to the As Samra Wastewater Treatment Plant.

2.7 Environmental Regulations and Guidelines

Jordan currently has no comprehensive law to control water, air and soil pollution. However,
industrial waste water discharges are regulated by the Jordanian Standard 202, adopted in 181
by the Department of Standards and Specifications and revised in 1990. Standard 202 regulates
industrial wastewater discharges to rivers, wadis, groundwater, the sea, and reuse for irrigation.
Drinking water quality is regulated by Jordanian Standard 286. Moreover, it is a common
practice to use the Food and Agriculture Organization (FAO) guidelines as a reference.
Appendix D contains further discussion and summary tables for these regulations and guidelines.

Also included in Appendix D are regulations governing the discharge of industrial and
commercial wastewater connected into the sanitary sewer system.
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3.0 AUDIT PROCESS

The objective of the audit was to identify the potential for PP/WM, wastewater treatment, and
opportunities for water conservation appropriate for ABC. The following subtasks were
undertaken to complete the audit report.

• Audit Coordination;
• PP/WM Background Material Preparation;
• Pre-Inspection Meeting;
• Audit;
• Post-Inspection Meeting; and
• Audit Evaluation Report.

Activities conducted under each of the subtasks are briefly described below.

3.1 Audit Coordination

The Chamber informed ABC about the intent and schedule of the audit. An audit questionnaire
specifically developed for this PP/WM project (Appendix A) was included with the request that
ABC complete the questionnaire prior to the audit. The ABC was also requested to furnish an
overall flow balance and a process description. Available information obtained from ABC
(Appendix B) was furnished to the audit team during the audit and included the following:

• Facility layout; and
• Water usage and discharge from each unit operation.

No process description and water flow balance were provided prior to the audit.

3.2 PPIWM Background Material Preparation

The objective for preparing the Background Material Report was to identify the currently
available techniques and "state-of-the-art" technologies being practiced for PP/WM and water
conservation for breweries in the U.S. and elsewhere in the world. This objective was achieved
by performing a comprehensive literature review.

The literature review included the following sources: PP/WM related articles, conference
proceedings, books on pollution types and control, and journal articles. In addition to the
literature review, in-house technical expertise at Harza contributed to the content of this report.
Based on the facility operation information that was made available to the audit team and the
information gathered through the available literature, Harza prepared the Background Material
Report (Appendix C). This report includes general information on the brewery industry as well
as specific information on the process used by ABC.
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Harza also prepared a report which included appropriate reference material during the literature
search. This report was submitted separately, and contains process and waste managemer!t
practices used in similar facilities, primarily in the U.S.

3.3 Pre-Inspection Meeting

The pre-inspection meeting was held at the ABC offices on March 12, 1995. The intent of this
meeting was to inform ABC staff about the Objective of the audit and also for ABC staff to
present process details as they relate to fresh water utilization, wastewater generation, treatment
and disposal, water recycling and reuse, and overall water management at the facility. The audit
team explained to ABC the purpose of the audit. The ABC staff gave a brief description of the
brewery processes, raw materials, and products.

3.4 Audit

The facility audit was conducted on March 12 and 14, 1995 and again on March 16, 1995. The
initial audit team consisted of the following personnel:

Eng. Rania Abdul Khaleq
Eng. Marwan K. Tal
Dr. Shawn Niaki
Mr. Krishna Mayenkar
Dr. Riyad Musa
Dr. Omar Jabay

Ministry of Water and Irrigation
Water Authority of Jordan
Program Director, DAI (Harza)
Lead American Consultant (Harza)
Local Consultant, RSS
Local Consultant, RSS

Representatives from the ABC facility were:

Mohammad Saleh Ali
Mukhlais Haddad

Brewery Manager
Production Manager

The ABC designated Mr. Mukhlais Haddad to assist the audit team in touring and inspecting the
facility.

On the first day, the audit team toured the entire facility. Mr. Haddad explained all processes
and operations from malt milling to brewing, fermentation, and final packaging. None of the
units except for mashing and brewing were operating. The facility tour, however, provided the
audit team with an overall process description and operational insight.

Upon completion of the facility tour, Mr. Haddad and Mr. Mayenkar continued discussion on
overall water usage and wastewater management practices currently employed. Some of the
specific details, however, remained unanswered.

Dr. Omar Jabay visited the facility again on March 14 and 16, 1995. During both visits, Dr.
Jabay discussed water usage for different operations, the cleaning operation sequence for
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different equipment and also air emissions and solid waste management practices at the facility.
Mr. Haddad provided the requested information, to the extent possible, based on the established
operational practices. Because most of the water usages are not metered or monitored and most
operations are automatic, it was difficult to estimate water consumption for specific operations.

3.5 Post-Inspection Meeting

During the post-inspection meeting, ABC staff and audit team members reviewed the general
facility operations and discussed the preliminary impressions regarding PP/WM and water
conservation opportunities at the brewery. The facility staff were very responsive to the audit
team's requests and agreed to help provide additional data, as necessary.

The information and waste management analyses in the subsequent sections of this report are
based on the knowledge gained through audit activities and support provided by ABC staff.

12



4.0 AUDIT FINDINGS

The information obtained during the facility audit was compiled and thoroughly reviewed.
Personnel interviews and discussions with ABC staff, site observations, and the technical data
supplied by ABC, all led to the following audit findings:

4. 1 Overall Water Usage and Balance

Fresh water used as process water in the ABC facility is obtained from groundwater pumped
from an on-site supply well. Water used for domestic purposes is supplied by the WAJ. The
estimated water consumption per month at ABC is approximately 1,000 to 1,500 m3

, which
represents a rate much lower than capacity due to low market demand.

The facility uses fresh water for two purposes; primarily as a raw material to produce beer and
secondly for equipment and facility cleaning purposes. Other areas which require water are
steam production, product pasteurization, softener regeneration, cooling and pipe defrosting.
The current water usage and water balance at ABC is illustrated on Figure 2 and summarized
in Table 5. Approximately 11.04 m3 of fresh water is used to produce one cubic meter of beer.

The following summarizes typical water use:

• Beer (9 percent);
• Equipment Cleaning (56 percent);
• Floor Cleaning (6 percent);
• Boiler Makeup Water (4 percent); and
• Miscellaneous purposes (25 percent).

Equipment cleaning includes process and process support equipment associated with brewing,
fermentation, filtration and packaging operations. Miscellaneous water uses include softener
regeneration, cooling water makeup, pipe defrosting, and pasteurization.

As one may note from the process description, the total time required to produce beer from the
first step of milling is several days. The wastewater generated from each unit operation or
equipment is, therefore, discharged to the sewer at varying times as particular operations are
completed. For example, after brewing operation, cooled wort is fermented for about 7 days.
However, while all brewing vats and milling equipment are cleaned and sterilized for a new
batch, the processed wort is fermented. Similarly, when the fermented wort (now called beer)
is transferred to storage for about 7 days, the fermentors are cleaned and sanitized. Thus, the
wastewater from equipment cleaning and floor cleaning is generated at a staggered schedule for
each batch of beer. Since the beer production is not continuous, the wastewater is generated
intermittently. Throughout this report, the wastewater generation rate is therefore referred t

per cubic meter of beer produced.

The water use and wastewater sources discussed in this report refer only to the beer production
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process and do not address non-alcoholic beer or soft drink: production. However, we believe
that some of the recommended management techniques could be applicable to other productions.

4.2 Wastewater Sources and Discharges

Wastewater generation at the ABC facility is unique due to the intermittent nature of the
operation. Wastewater is generated after each unit operation due to equipment and floor
cleaning. At the ABC facility, wastewaters are generated from the following operations:

• Brewing;
• FermentationiLagering/Finishing;
• Packaging;
• Water Softening;
• General Housekeeping;
• Domestic Water Use; and
• Other Water Uses.

The volume of wastewater generated from each of these unit operations is illustrated on Figure
2 and is summarized in Table 6. Each wastewater source is discussed in detail below:

4.2.1 Brewing

Wastewater generated from brewing operations results primarily from equipment
cleaning. After each batch of brewing, all equipment including the milling machine,
mash tub, brew kettle, filter vessel, wort cooler and piping, and pumps are thoroughly
cleaned using the CIP sequence previously described in Section 2.0. Approximately 1.1
m3 of wastewater is generated during the brewing operation per m3 of beer produced.

In addition, the water softener used specifically to produce brew water is estimated to
generate about 0.2 m3 of regenerant wastewater per m3 of beer produced. Approximately
0.1 m3 of water is lost as steam escaping through brew kettle and filter vessels.
Occasionally, the steam is intentionally released to control the volume of beer produced
per batch.

In summary, 1.3 m3 of wastewater is generated and 0.1 m3 of steam is exhausted from
brewing operations per m3 of beer produced.

4.2.2 Trub Separator Discharge

Trub is the waste generated from brewing malt, consisting mostly of insoluble proteins.
Trub is separated from wort prior to passing it through the cooler and is discharged
directly to the sewer. It has been reported that beer production results in an average trub
generation of 1.16 kg/m3 of beer produced. We estimated that trub slurry discharged per
m3 of beer would be about 0.1 m3 as a 1.0 percent solution. Although the volume of
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trub discharged is small, the organic load exerted by the trub is extremely high. It is
reported that trub can exert biochemical oxygen demand (BOD5) as high as 50,000 mg/l
and can contain suspended solids as high as 3 percent.

4.2.3 Fermentation/Lagering/Finishing

Fermentors, storage vessels and the filter press are cleaned thoroughly after each use
using the CIP sequence described in Section 2.0. Approximately 2.7 m3 of wastewater
is generated through CIP cleaning operations in the brewhouse (1.1 m3

), wort cooler (0.2
m3

) and fermentation storage (1.4 m3
) per m3 of beer produced. Wastewater from the

brewing equipment and wort cooler cleaning is warm, while fermenting equipment
cleaning wastewater is cold.

4.2.4 Packaging

Large volumes of wastewaters are generated from packaging operations. The major
sources are bottle/can/keg washing, cleaning and pasteurization. During pasteurization.
although the water is heated under controlled conditions using indirect steam heating.
cold water and hot water are frequently added co baths to adjust temperature through
direct mixing. As a resulc, a significant quantity of water is wasted from overtlow.

The amount of wastewater generated from washing and pasteurizing operations is about
2.4 m) per m' of beer produced (1.4 m' for bottle washing. 0.8 m3 for pasteurization and
0.2 m' for keg washing. in the form of steam).

4.2.5 Water Softening

Water obtained from the groundwater supply well is demineralized prior CO irs use for
washing, pasteurization, cooling tower makeup, boiler feed water makeup and brew
water. The ABC operates three demineralization systems: one for brew water. one for
hailer feed water and one for wash water.

Water use associated with the brew water softener is accounted for under brewing
operations. The other two demineralization systems which provide most of the utility
water are considered here. They process about 3.34 m3 of water per m' of beer
produced and generate about 0.34 m3 of regenerant wastewater. These are typical values
for similar units based on Harza' s past experience with these operations. Neither
wastewater volume nor regeneration information was made available to the audit team
during the audit.

4.2.6 General Housekeeping

From a hygienic point of view, brewery floors, and the outside of equipment and piping
are routinely cleaned. We estimate that approximately 0.7 m3 of water is used for floor
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washing and approximately 1.0 m3 of water is used for equipment, piping and other
surface cleaning per m3 of beer produced.

4.2.7 Domestic Water Use

The ABC facility currently has a total staff of about 30 personnel. The total domestic
water consumption is estimated to be approximately 2.0 m3/day. The domestic
wastewater is discharged separately to the city sanitary sewer system. Comparing this
value with the typical industrial domestic water use of 0.06 m3 per capita per day, the
reported water consumption appears to be within a reasonable and acceptable range.

4.2.8 Other Water Uses

Approximately 0.5 m3 of plant water is lost to evaporation through the cooling tower and
brew kettle. Brew kettle steam losses are manually controlled to maintain the wort
volume per batch.

About 1.0 m3 of water is used to defrost cooling system pipes which develops frost on
the surfaces due to moisture condensation.

4.3 Storm Water

All storm water is discharged to a nearby Wadi through natural grade. Since most of the area
is either covered by buildings or paved surfaces, storm water is expected to primarily contain
suspended solids. The audit team did not observe noticeable liquid or solid spills or leaks during
the audit visit.

4.4 Solid Waste

It appears that most solid wastes generated from operations at ABC are recycled and/or reused
as discussed in Section 2.0.

However, trub, with its high organic loading, is discharged to the sewer directly from the trub
separator.

4.5 Air Emissions

The anticipated emissions from the beer making process are particulates and volatile organic
compounds (VOCs). At the ABC facility, the audit team did not observe any emissions.
However, due to low production, particulate emissions from malt handling, sulfur and nitrogen
oxides exhaust gases from the boiler, and VOCs from vented steam and hot washwater handling
are expected to be very minimal.
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4.6 Data Gaps

There are two general areas of data gaps identified during the audit. They are:

• Lack of water and waste quantity infonnation; and
• Lack of water and waste quality infonnation.

This data is basic to developing the most cost-effective waste minimization and water
conservation measures. Specific data gaps noted are as follows:

• Water utilization rates and total water quantities used for all applications and
processes included in Table 5;

• Total effluent quality data and individual wastewater source quality data for
monitoring, controlling and improving operations. Specific composite wastewater
sources that need to be monitored are:

Brewhouse CIP Effluent:
Fermentor CIP Effluent:
Lagering Tanks Cleaning Discharge:
Regenerant Wastewater Effluent;
Filter Cleaning Wastewater; and
ABC Final Effluent.

• Tmb discharge from the trub separator and its quality. The primary pollutants
which need to be monitored are:

pH;
Biochemical Oxygen Demand (BOD5);

Chemical Oxygen Demand (COD):
Total Suspended Solids (TSS); and
Total Dissolved Solids (TDS).
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5.0 Pollution PreventionlWaste Minimization Potential

The terms pollution prevention and waste minimization are sometimes used interchangeably, but
each term has a different meaning. Pollution prevention means to prevent pollution from
occurring in the first place. It costs 10 to 100 times more to treat pollution once it is created
than to avoid generating it. By employing waste minimization techniques, less pollution will be
created, thus reducing the cost of treating such pollution.

5.1 Pollution PreventionlWaste Minimization - Water

There are five distinct areas which contribute to the major organic pollution load in brewery
wastewaters. They are:

• CIP System Wastewater from Brewing;
• CIP System Wastewater from Fermentation/Lagering;
• Filter Washwater;
• Trub Discharge; and
• Floor Drainage.

The regenerant wastes contribute dissolved solids but not organics. Other wastes consisting of
wash waters, pasteurizing water, equipment cleaning etc. contribute hydraulically but they are
weak in organics and dissolved solids. With the above waste classification, it is obvious that
the maximum waste minimization can be attained by controlling waste generated through CIP
cleaning, filter wash, trub discharge, floor drainage and regeneration of demineralizers.

Opportunities for PP/WM at ABC are as follows:

5.1.1 CIP System Wastewater

At present, the brewing equipment, fermentation equipment and wort cooler are cleaned
using CIP systems after each batch of beer production. However, our discussions with
ABC staff revealed that the brewhouse equipment can be used for six successive batches
without elP cleaning. Therefore, the wastewater generated from elP systems could be
reduced by approximately 80 percent in volume and likely 50 percent in organic load,
due to possible build up of organic crust in the equipment if the cleaning frequency is
reduced.

The ABe staff should, therefore, optimize the cleaning and washing requirements without
adversely affecting beer quality. Since hygienic considerations are extremely important,
reduction in the cleaning frequency should be thoroughly evaluated prior to
implementation.

We are assuming that it is possible to reduce the brewhouse pollution load at least by 30
percent by preparing three (3) batches without elP cleaning and not affecting the beer
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quality. In the fermentation process, we understand that ABC is considering combining
lagering and fermentation steps. This process modification would reduce storage vessel
washing and reduce the hydraulic and pollution load generated. We strongly encourage
such process modification to reduce the hydraulic and pollution load discharge from CIP
cleaning operations.

5.1.2 Filter Washing Wastewater

Wash water generated from filter washing can be reduced by optimizing filter washing
operations. Areas for potential PP/WM include:

• Increase the Filtration Cycle; and
• Store and Refilter the Filter Washing Wastewater.

The filtration cycle can be increased by increasing the amount of beer filtered before
washing and cleaning the filter. The filter washing wastewater can be stored and re
filtered before the next batch of beer is processed by removing any yeast and settleable
material collected in the washwater. This involves treating the wastewater using existing
filters to reduce the BOD5 and TSS load before discharge to the sewer. Existing unused
storage tanks can be used to store the filter washwater. Additional sump, pump and
piping will be required.

5.1.3 Trub Discharge

Instead of discharging trub directly to the sewer, it can be stored and mixed with spent
malt and husk and sold to farmers. Although the trub discharge is small in volume, trub
can exert a high BOD5 load to the As Samra Wastewater Treatment Plant.

A modest investment in a storage tank, pump and piping can also result in reducing the
organic load discharge to the As Samra Wastewater Treatment Plant.

5.1.4 Regenerant Wastes

Regenerant waste volumes and loads are directly proportional to the water treated
through demineralizers. By conserving water, as discussed in Section 6.0, and installing
alternative technologies and equipment discussed below, the regenerant wastewater from
packaging and brewing areas can be reduced by more than 40 percent.

The ABC can explore installing new ion exchange resins as well as new technologies and
new regeneration systems described below.

Electrodeionization. The system is a combination of ion-exchange (IX) and
electrodialysis and is often used as a replacement for IX. The system contains an IX
resin with an electric field applied across it to remove ions on a continuous basis and is
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capable of producing high purity water. The system has an advantage over IX by
elimination of the use of regeneration chemicals (sodium hydroxide and hydrochloric
acid). US Filter located in Rockford, Illinois (U.S.) is now marketing a new
electrodeionization process called IONPURE.

New IX Resins and Regenerating Chemicals. A series of ion-exchange resins have been
developed to improve demineralization, improve performance and reduce chemical use
in IX modules. The resins are characterized by excellent physical strength as well as
high capacity and regeneration efficiency. These resins could potentially reduce chemical
usage and TDS loading. With these resins, the current practice of using HCI and NaOH
for regeneration can be substituted with more environmentally friendly chemicals like
acetic acid and ammonium hydroxide. Sybron Chemicals of Birmingham, New Jersey
(U.S.) has developed such resins.

New IX System. New compact IX systems have been introduced into the market which
require less chemicals and generate less regenerant wastewater. ECOTECH,
Schaumburg. Illinois (U. S. ) has developed such a system. The ABC should explore the
feasibility of installing such as a system.

5.1.5 Floor Drainage

Dry malt. yeast. husk. and other organic material can be recovered by sweeping up
floors and using a dry vacuum system where possible before washing floors with water.
In addition, as discussed in Section 6.0, floor drainage can be minimized by good
housekeeping and controlled washing and cleaning operations.

5.1.6 Wastewater Treatment Plant

Although wastewater treatment is considered to be an end-of-pipe treatment and does not,
by definition, fall under the PP/WM category. we recommend that the ABC explore
reactivating the abandoned wastewater treatment plant.

We strongly believe that all industries who have invested in a wastewater treatment plant
should use these facilities to their fullest capacity to reduce the pollution load discharge.

In summary, the following PP/WM measures are recommended for wastewater management:

• Maximize the number of brew and fermentation batches before CIP cleaning (i.e.
reduce CIP cleaning frequency);

• Store and treat filter wash water to recover yeast to reduce organic loading;

• Combine trub discharge with spent malt for cattle feed;
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• Reduce regenerant wastewater by recycling, conservation and installing new
technologies;

• Use a dry vacuum system for floor cleaning and mlmmlze water usage by
improved housekeeping and controlled washing operations; and

• Eliminate the cause of spillage and leaks by planned maintenance and operating
procedures.

5.3 Pollution PreventionlWaste Minimization - Solid Wastes

All process wastes generated at ABC, except filter cake, are recycled and reused. The municipal
solid waste and filter cake are disposed offsite at a local landfill.

We recommend that the tmb slurry, which is currently discharged to the sewer, be combined
with spent malt and husk and sold to farmers.

5.4 Pollution PreventionlWaste Minimization - Air Emissions

At this time, due to very limited and intermittent production, PP/WM opportunities for air
discharges are not being considered.

21



6.0 Water Conservation Potential

In the following discussion, potential water conservation opportunities for ABC are presented.
Comparing 9.34 m3 of wastewater discharged per m3 of beer produced at ABC with an average
reported figure for beer industry of 6.9 m3 per m3 of beer produced, it appears that there is a
room for improvement and water saving and conservation.

The water conservation opportunities that we have identified are as follows:

• Process Optimization;
• Reduce CIP Cleaning Frequency;
• Combine Fermentation and Lagering in the Same Tank;
• Recovery and Reuse Pasteurization Water;
• Change from Water Cooling to Air Cooling;
• Install Equipment/Piping Insulation to Eliminate Defrosting;
• Use Procedural and Controlled Equipment and Floor Cleaning;
• Store and Utilize the Last Rinse Water as a First Rinse for the Subsequent

Cleaning of Brewhouse and Fermentation Equipment;
• Increase the Water Softener Performance using New IX Resins or Technologies.

The anticipated reduction in water usage is 4.85 m3 per cubic meter of beer produced as shown
in Table 7. The projected fresh water use is 6.19 m3 per cubic meter of beer produced (i.e. 42
percent reduction from the current water usage of 11.04 m3 per m3 of beer).

The suggested water conservation opportunities are briefly described below.

6. 1 Process Optimization

We believe that by improving process control and instrumentation, and carefully monitoring the
actual water requirement and actual water usage, water consumption can be reduced. Such
opportunities exist for:

• Bottle/Can Washing;
• Filter Cleaning; and
• Water Softening.

We have assumed 10 percent probable water savings for the above three operations. Process
optimization can be achieved through the following:

• Proper monitoring of process variables including temperature, pressure, feed and
effluent water quality and resins;

• Proper application of optimum operating conditions;
• Process water usage control by installing flow-control valves, and timers;
• Monitoring water flow rates in and out of each process unit to ensure controlled
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water consumption; and
• Monitoring water quality in processes such as ion exchange, in which

regeneration must take place when quality falls below a specified standard. This
can avoid using regeneration water before it is actually required.

In addition to the above, a properly instituted maintenance program encompassing preventative
maintenance can conserve energy and water.

6.2 CIP Cleaning Frequency Reduction

The eIP cleaning frequency can be reduced. Instead of cleaning equipment after each batch,
brewing equipment can be cleaned after every third batch, while maintaining product quality.
In addition, the last rinse water can be stored and used as a first rinse for the subsequent
cleaning operation.

With the combination of these two measures, the anticipated water saving could he as much as
70 percent.

6.3 Fermentation/lagering Operation Modification

Fermenting and maturing beer in the same vessel will reduce the wash water requirements by
about 40 percent. Using the last rinse water for the first rinse for the next cleaning cycle. will
reduce the water requirement by an additional 30 percent.

With the combination of the two measures, the anticipated water savings could be as much as
65 percent.

6.4 Recovery and Reuse of Pasteurizing Water

We recommend that 100 percent of the pasteurizing overt1ow water be collected, and reused
after filtration and softening for bottle/can washing operations. It is clean water unnecessarily
wasted.

6.5 Insulate Piping and Equipment

The bare pipes used to convey chilled alcohol water cause condensation of atmospheric moisture
on the pipe surfaces which subsequently is converted into frost. Fresh water is used to defrost
the pipes.

All pipe and equipment used in the wort cooling system and subjected to defrosting can be
insulated to increase the cooling efficiency as well as to eliminate the necessity for pipe
defrosting and result in a 100 percent reduction in pipe defrosting water use.

23



6.6 Procedural and Controlled Equipment and Floor Cleaning

Cleaning practices, unless properly established, monitored and managed can result in wasting
hundreds and thousands of m3 of water every year due to complete lack of controls, non
awareness of water commodity and no incentives to conserve water. The following water
conservation measures, if taken, could assist ABC in reducing cleaning water volume.

• Sweep up dried materials instead of flushing to the drain;
• Eliminate the causes of oil spillage, such as leaking pipes and accidental loading,

transfer, and storage area spills;
• Use dry vacuum techniques to clean up material spills instead of washing them

down the drain;
• Use timer controlled valves for controlling washwater. This will help reduce the

amount of water used for each washing;
• Utilize water saving equipment as much as possible. Different types of water

saving equipment include:

Flow Regulation Devices. When these devices are inserted into a water line, they
restrict flow to a constant rate.

Flow Shut-off Devices. The most useful devices are finger operated shut-off
valves, or guns, with nozzles on the ends of cleanup hoses. When finger pressure
is released, water flow stops.

Nozzles. Nozzles use less water than drilled pipe sprays. For faster, more
efficient cleaning, a "Vee" type nozzle is preferred.

Overflow Preventors. These devices are employed to prevent overflowing of
containers, tanks, or reservoirs, thus minimizing spills.

• Perform washdowns on an as-needed basis; and
• Improve housekeeping by developing and implementing strict operating protocols.

We believe by establishing procedures and schedules for equipment cleaning and floor washing
and using dry vacuum system the water requirement can be reduced by 20 to 40 percent.

6.7 Replacing Evaporative Cooling with Air Cooling System

The ABC should explore the use of an air cooling system where water is cooled using an
indirect contact heat exchanger and air as a cooling medium. This will eliminate 100 percent
evaporative cooling water loss.
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6.8 Storing and Utilization of the Last Rinse Water

The final rinse water from CIP cleaning operations is currently discharged directly to the sewer.
This water is considered to be relatively clean and can be reused as the initial rinse water for
the next CIP wash. By collecting for reuse the combined discharge from the Brewhouse,
Fermentation and Wort Cooling Systems, water use for CIP cleaning operations may be reduced
by approximately 10 to 20 percent.

6.9 Conceptual Water Balance

PP/WM and water conservation solutions integrated into a single program will offer the greatest
water savings. Using the current estimates for ABC water usage (Figure 2), a proposed
conceptual water management plan was developed (Figure 3). This scenario includes the
following PP/WM and water conservation measures:

• Process Optimization:
• Modify CIP Cleaning System for Brewing Equipment;
• Combine Fermentation and Lagering Operations and Optimize CIP Cleaning

System;
• Insulate Wort Cooling and Chiller Piping:
• Recycle and Reuse Pasteurization Water Overflow;
• Replace Wet Evaporative Cooling System with Air Cooling; and
• Use Water Saving Equipment to Minimize Equipment Washdown, Floor

Cleaning, and Leakage Losses.

A summary of the projected water usage and savings for individual water sources for this
scenario is presented in Table 7. As can be seen from the table, implementing the above
PP/WM and water conservation measures can potentially reduce fresh water requirements to
6.19 m3/m3 of beer produced (42 percent reduction).

This conceptual water balance illustrates a scenario which we believe is feasible. However, it
should be noted that this water balance is not the only possibility. Other PP/WM and water
conservation opportunities may exist which may require new process applications or
modifications and which may be relatively more difficult to implement. However, PP/WM and
water conservation opportunities not included in this scenario should not be eliminated from
consideration, as their feasibility can only be determined through more intensive studies and
evaluations.

It is very important to note that as beer production becomes continuous rather than intermittent,
the amount of water required, or wastewater generated per m3 of beer produced continues to
decline. If the market demand increases and if ABC increases its production to meet the higher
demand, the relative water usage and wastewater generation will reduce.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

Water plays a critical role in the beer making process. A major use of water in this process is
equipment cleaning. Beer consumes only 9 percent of the total process water consumption while
equipment cleaning consumes 56 percent of the total water used in beer making operations.

7.1 Conclusions

Based on the audit findings, the following conclusions are made:

1. The main wastewater sources are:

• Equipment Cleaning (6.2 m3
);

• Pasteurization (0.8 m3
);

• Floor Drainage (0.7 m3
); and

• Regenerant Wastes (0.54 m3
)

2. The reported figures for brewery wastewater generated per m3 of beer produced range
from 5.5 to 8.3 m3 with an average of 6.9 m3

. Since the ABC facility generates 9.34
m3 wastewater per m3 of beer produced, PP/WM opportunities exist in the following
areas:

• CIP System Operation for Brewing and Fermentation Equipment;
• Fermentation and Lagering Operations;
• Beer Manufacturing Schedules;
• Filter Cleaning Operations;
• Trub Discharge Disposal;
• Floor Washing Procedures; and
• General Process Optimization for Brewing, Fermentation and Packaging

Operations, Equipment Cleaning, and Ion Exchange Regeneration.

With PP/WM and water conservation, wastewater generation can be reduced to 6.19 m3

per m3 of beer, which is in a more acceptable range.

3. Water saving should result from many of the PP/WM measures described. In addition.
water conservation can be achieved through implementation of:

• Insulation of Cooling System Piping and Valves;
• Installation of an Air Cooling System; and
• Filtering and Recycling 100 percent of Pasteurization Water Overflow.

4. The ABC recycles most process solid wastes except trub and filter cake. The trub could
alternatively be disposed with the spent malt instead of discharging it to sewer.
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5. Air emissions do not appear to be a problem due to infrequent operations of the facility.

6. Water and wastewater discharges are not monitored.

7. Implementation of PP/WM and conservation measures could reduce the overall pollution
load by 50 percent and the hydraulic load by 42 percent.

7.2 Recommendations

Based upon the above conclusions, the following recommendations are made:

1. Install devices to monitor water use and discharge from all cleaning operations including
equipment and floor cleaning. Generate an accurate measurement and balance of facility
water use.

2. Design and implement a wastewater sampling and monitoring program to cover all
wastewater sources identified in this report. Initially, quarterly sampling frequency
should provide the ABC management a fair idea of pollutant loads in different wastewater
streams.

3. Study and implement a beer production schedule such that maximum number of batches
are produced at each event thereby reducing washing frequency and pollutant discharge.
This will also result in production cost saving.

4. Combine fermentation and lagering operations.

5. Optimize CIP systems by lowering washing frequency and using the last rinse water for
the initial rinse of the next cleaning operation.

6. Recycle and reuse pasteurizing wastewater flow after filtering and water softening.

7. Explore installing an air cooling system to replace the existing wet evaporative cooling
system.

8. Establish and implement rigorous equipment washdown and floor cleaning procedures to
reduce water consumption.

9. Improve cleaning methods by carefully studying current procedures, washing time,
solution concentration, water temperature, intensity of application etc. Applying
appropriate combination of these elements to different equipment can reduce water use.
Establish cleaning protocols and procedures for water conservation.

10. Optimize the regeneration process and explore the use of alternative technologies and
systems.
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11. Improve housekeeping and implement a spill prevention control and countermeasures
program. Use dry vacuum techniques instead of washing spills into the drain.

12. Insulate all cooling pipes to avoid frosting and eliminate the use of water to defrost pipes.

13. Reactivating the biological treatment facility to treat industrial wastewater prior to
discharge to the city sewer system. Anyon-site pretreatment provided by industries will
assist in reducing organic loads discharged to the As Samra treatment plant thereby
minimizing shock loads, if any, and providing room to accept more domestic wastes.

14. Develop an environmental management program to include:

• Establishing an environmental department with dedicated personnel and sufficient
resources;

• Writing an environmental policy complete with missions. visions. goals. policies
and a future work plan. PP/WM and water conservation goals need to be
established to achieve the PP/WM program. in line with the MWI and Chamber
goals: and

• Developing of training and incentive programs for all the ABC personnel.

15. Consider the following PP/WM items for feasibility level studies:

• Optimize the CIP Systems;
• Combine Fermenting/Lagering Processes;
• Recycle and Reuse Pasteurization Water Overflow; and
• Optimize Filter Cleaning Processes.

7.3 Success stories

Both large and small breweries are attempting to implement PP/WM and water conservation
programs. For example, at the largest Coors Brewery located in Colorado (U.S.) reduced
wastewater generation to 3.5 m' per m3 of beer produced while the industry average varied in
the range of 5.5 to 8.3 m3 of wastewater per m' of beer produced. This is an excellent example
to demonstrate that PP/WM programs. if seriously implemented. could result in significant water
and cost savings.

Another PP/WM example is included in Appendix E. The case study presents experience gained
while conducting a PP/WM audit to identify short term process water reduction opportunities
and long term effluent treatment and disposal options. The study concluded that the initial rinse
from the fermentation tanks. storage vessels and yeast recovery tanks accounted for over 90
percent of the COD load in the fermentation area and 10 percent of the entire facility wastewater
discharge originated from the hot liquor tank overflow and lauter turns. It was found that the
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COD discharge could be reduced by at least 75 percent by passing the rinse through a yeast
press. Recommendations were made to reduce the overall facility wastewater pollution lvad by
approximately 20 percent in volume, 30 percent COD load and 15 percent Suspended Solids.
The capital costs to implement the recommended PP/WM measures was found to be relatively
small compared to facility capital expenditure budget.
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8.0 FOLLOW-UP ACTIONS

This section contains our recommendations to ABC concerning follow-up actions required to
meet the PP/WM and water conservation objective. Although PP/WM is generally given
priority over water conservation in most countries, due to the limited water resources in
Jordan, PP/WM and water conservation measures should be given equal importance. With this
philosophy, the following actions are recommended in order of their priority.

I. Develop and implement a plan to monitor all wastewater flows by installing flow
measuring devices and establishing sample collection procedures and protocols. All
flows should be monitored on a quarterly basis. Discharge rates should be recorded
daily.

2. Install flow monitoring devices at all key locations to monitor fresh water use.

3. Study, evaluate and implement options recommended for PP/WM and water
conservation. Set priority to items recommended for feasibility level studies.

4. Utilize water conservation equipment as much as possible, such as flow regulating
devices, automatic shut-off valves, nozzles and overflow preventors.

5. Insulate all cooling piping, valves and equipment and use of water for pipe defrosting.

6. Develop protocols and procedures for equipment and floor washing and strictly adhere
to them.

7. Develop a PP/WM and water conservation policy as part of the ABC management
operating philosophy and distribute it to all personnel.

8. Implement PP/WM and water conservation through established goals and objectives.

9. Train employees top identify PP/WM and water conservation opportunities that relate to
their job.

10. Designate a PP/WM and water conservation coordinator to implement the program.

11. Publicize success stories and reward employees that identify cost effective PP/WM
opportunities.

12. Illustrate management efficiency by implementation of the above actions. Reinforce
PP/WM policy through continued education at work and company functions.

13. Perform periodic assessment of the PP/WM and water conservation program by key
management personnel, the coordinator and independent experts.
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Table 1
REPORTED ABC EFFLUENT CHARACTERISTICS 1

Arab Brewery Company

I Parameter I Concentration (mgll)2 I
Biochemical Oxygen Demand 262.2

Chemical Oxygen Demand 490.3

Total Suspended Solids 95.7

pH (su) 8.5

1 Data obtained from the 1992 COWIIRSS Report.
2 Except as noted.
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Table 2
REPORTED AMSTEL BREWERY EFFLUENT CHARACTERISTICS1

Arab Brewery Company

Effluent Concentrations (mgll)2
Sample Date

Biochemical Total Total Chemical pH
Oxygen Dissolved Suspended Oxygen (su)
Demand Solids Solids Demand

11-01-93 1,000 914 35 2,138 9.4

21-04-93 75 418 165 177 7.7

10-05-93 344 908 72 466 6.5

07-06-93 40 434 17 108 7.2

08-07-93 59 442 32 436 8.2

21-08-93 14 468 20 23 7.3

01-09-93 266 598 100 380 7.2

14-10-93 243 460 46 429 7.8

07-12-93 28 412 122 82 8.3

20-12-93 145 406 162 352 7.7

1 Data obtained from WAJ.
2 Except as noted.
3 Data provided for information purposes only.
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Table 3
COMPARISON OF ABC AND AMSTEL EFFLUENT CHARACTERISTICS

Arab Brewery Company

Concentrations (mg/V
Parameter

ABC2 AMSTEV.4

Biochemical Oxygen Demand 262.6 10 - 17,875

Chemical Oxygen Demand 490.3 16 - 83,679

Total Suspended Solids 95.7 6 - 124,804

pH (su) 8.5 4.2-10.7

1 Except as noted.

2 Data obtained from the 1992 COWIIRSS Report.

3 Data collected between 1990 and 1994 by WAJ.

4 All high concentration and low pH values were obtained on November 7, 1990. It is
possible that there may have been some operational problems on that day.
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Table 4
SUMMARY OF RAW MATERIAL USE l

Arab Brewery Company

I Material I Annual Consumption I
Hops Extract 12 kg

Yeast Slurry 300 liters

Filter Aid 600 kg

Beer Stability Compounds 60 kg

Sulfuric Acid 100 kg

Hydrochloric Acid Not Available

Caustic Soda 3 ton/year

Acid base Phosphate 20 l/year

Disinfectant 25 l/year

Labeling Glue 150g/1000 bottles/cans

1 Based on 400 m3 of beer produced annually.
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Table 5
OVERALL WATER BALANCE ACROSS BREWERyl

Arab Brewery Company

I Water In (m3)2 I Water Out (m3)2 I
Well Water Pumped 11.04 Beer 1.0

Spent Malt 0.2

Trub Discharge 0.1

CIP Discharges
Brewery 1.1
Cooler 0.2
Fermentation 1.4

Regenerant Wastes 0.54

Bottle/Can Wash 1.4

Pasteurization 0.8

Filter Cleaning 0.9
(including steam)

Floor Cleaning 0.7

Equipment Cleaning 1.0

Keg Wash (steam) 0.2

Evaporative Losses
Cooling Water 0.4
Brew Kettle 0.1

Pipe Defrosting 1.0

Total 11.04 11.04

1 Domestic water is supplied by WAJ and is discharged to the city sewer system. The
daily water usage is about 2.0 m3

.

2 Water balance is based on one cubic meter of beer produced.
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Table 6
WASTEWATER SOURCES AND GENERATION RATES 1

Arab Brewery Company

I Wastewater Source I Rate (m3
) I

Brewing operations
CIP Cleaning 1.1
Regenerant Wastewater 0.2

Trub Separator Discharge 0.1

Fennentation/Lagering/Finishing
Wort Cooler CIP Cleaning 0.2
Fennentor CIP Cleaning 1.4

Packaging Operations
Bottle Washing 1.4
Pasteurization 0.8
Keg Washing 0.2
Filter Cleaning 0.2

Water Softening Regenerant
Boiler Feed Water 0.3
Wash Water 0.04

General Housekeeping
Floor Washing 0.7
Equipment/Piping Cleaning 1.7

Pipe Defrosting Water 1.0

TOTAL 9.34

1 Wastewater generation rates are based upon one cubic meter of beer produced.
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Table 7
PROPOSED WATER REDUCTION/RECYCLE/REUSE

Arab Brewery Company

Water Use (m3
)

Water Consumer
ProjectedCurrent Savings

Beer 1.0 1.0 0.0

Spent Malt 0.2 0.2 0.0

Trub Discharge 0.1 0.1 0.0

CIP Water Use
Brewhouse 1.1 0.3 0.8
Fermentation 1.4 0.5 0.9
Wort Cooler 0.2 0.2 0.0

Regenerant Waste 0.54 0.34 0.2

Bottle Wash 1.4 1.25 0.15

Pasteurization 0.8 0.0 0.8

Filter Cleaning 0.9 0.8 0.1

Equipment Cleaning 1.0 0.8 0.2

Floor Cleaning 0.7 0.4 0.3

Keg Wash 0.2 0.2 0.0

Cooling Water 0.4 0.0 0.4

Pipe Defrosting 1.0 0.0 1.0

Brew Kettle Steam 0.1 0.1 0.0
Loss

TOTAL 11.04 6.19 4.85
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The spent hop liquor is predominantly sent t~ the sewer. A few very
l~~e plants mix the liquor with the spent grains to be dried or return

:0 the brewing process as previously discussed.

Trub (mostly insoluble proteins) is sewered by virtually all small
.• breweries and about 40 percent of the large ones. The remaining large breweries

add trub to the spent grain to be used as cattle feed. Beer production
results in an average of 1.16 kilograms of dry trub per cubic meter of

_ beer produced (2).

Yeast is another very important by-product of the brewing industry
that can be used for live5tock feed. It is both settled and filtered

- out of the brewing process after the fermentation. About 1.3 kilograms
of excess yeast are generated per ~3 of beer proouced (2). Most plants sewer
the excess yeast or haul it away ':n a wet form. A few of the larger breweries

- add it to the spent gr~ins to be dried or dry it separately. The yeast makes
an excellent feed supplement with an approximate composition (dry basis)
of (77):

Protein 47%
Carbohydrates 43%
Ash 8%
Fat 2%

The addition of steam killed spent brewers yeast to spent grains in
a 1:6 ratio C3n increase voluntary feed uptake. rate of gain and feed

ficiency (30). Lost beer can be another significant by-product of the
ewing industry. It results mainly from the racking. transferring and

bottling operations. The volume of lost beer is about 6.3 percent of the beer
produced based on a production weighted average (2). The vast majority
of breweries of all sizes dispose of this beer in their sewers, but a
few larger ones are recovering the beer and adding it to the spent grains
to be evaporated.

Table 9 shows how extensive by-product recovery and waste recycling
schemes can significantly reduce a brewery's raw waste load as demonstrated
by Coor's brewery. The by-product recovery consists of utilizing 154,000
kg daily of dried spent grains. spent hops, and the insoluble protein
precipitate (trub) from the cooling of the wort. Presently this is being
combined with the sprouts and roots from the malting facilities and is
pelletized using condensed beer syrup as a binder and 163,000 kg are
sold per day as cattle feed under the name "Coors Malt Pellets. II Coors
is also experimenting with a barley malt protein using materials from
~he brewing operation which produces a product of 50-55 percent protein
and 11 percent fat and is suitable for human consumption. See Tables
10 and 25 for chemical-nutritional analyses of the malt protein and malt
pellets respectively. From the fermenting process, the spent or surplus
yeast is concentrated to 15-25 percent solids and then spray dried and is
sold as an animal feed supplement. By-products in the final stages of
development at Coors are a yeast extract with human food possibilities

-f nd an animal feed using waste activated ~iudge (34).

"
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Wastewater Treatment

TABLE 9. OVERAll PlANT RAW WASTE CHARACTERISTICS (17)

?resently. virtually all breweries discharge their effluent to a
municipal treatment system and this will most likely be the predominant
practice in the future. Only two u.s. breweries own and operate their
wastewater treatment facilities.

aBased on average at Coors for month of June. 1974

blndustrial Waste Survey of the Malt Liquor Industry prepared for EPA,
Aug. 1971, by Associated Water and Air Resources Engineers, Inc.

Brewing Industry
Mean Raw Wasteb

8.3 m3/m3 beer BODS

11.8 kg/m3 beer (1622 mg/l)

4.8 kg/m3 beer (772 mg/l)

Coors
Raw Wastea

3.5 m3/m3 beer

2.90 kg/m3 (825 mg/l)

1.00 kg/m3 (280 mg/l)

Volume

Parameter

BODS

S5

..,,
I
I
I

I

II

-

Several advantages exist for a brewery that can dispose of its
wastewater in a municipal plant. Brewing wastes are readily biodegrad
able; therefore. they can be treated by municipal plants which are
traditionally biological. Also. the mixing with domestic sewage adds
sufficient nutrients that are lacking in straight brewery waste and helps
to temper shock loads or periods of low wastewater production such as
Sunday. In 1971. 80 percent of the U.S. breweries paid a sewer tax and
most charges varied with the load which stimulates the use of the by
pr0duct recovery schemes mentioned in the previous paragraphs.

A survey of the brewing industry ina.cated that the average percen
tage of a municipal plants total flow due to brew~ry waste is 4.2 per:
cent. The corresponding average BODS loadin~ is about 25 percent (2).
Both of these values are averages based on jata with considerable scatter.
The flow percentage varied from less than 1 percent to 12 percent and the
BOO load from less than 1 percent to 70 percent.

A few municipal waste treatment plants receive considerable volumes
of brewery wastes. Table 11 gives ciescriptions and performances of three
of these plants.
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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 (lWDPP) in Amman, Jordan. The IWDPP is one of the four components
of the Water Quality Improvement and Conservation project, funded by the USAID. The
IWDPP is being performed by DAI with full coordination between the Ministry of Water and
Irrigation and the Amman Chamber of Industry. The IWDPP includes conducting audits,
performing feasibility studies, and designing for demonstration activities at selected industrial
facilities.

Pollution prevention and waste minimization (PPIWM) techniques are defmed 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 PPIWM Committee has selected ten industries with
potential needs for PPIWM audits. One of these industries is the "brewery industry." Harza
Consulting Engineers and Scientists (Harza), Chicago/USA, has been retained by OAI to lead
the PPIWM audit for this industry.

The purpose of these audits is to assist the industries in the Arnman-Zarqa Basin to assess
pollution problems and the alternative solutions to achieve desired levels of pollution prevention,
wacer conservation, and wastewater treatment under the following subtasks:

• Subtask 1.1 - Audit Coordination;
• Subtask 1.2 - PPIWM 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 PPIWM in the brewing
industry. The literature review included PPIWM related articles, industry journal articles and
conference proceedings, and books on pollution and controls.

Section 2.0 of this report provides an overview of the brewing industry, including a description
of typical brewing processes and the wastes generated by them. Section 3.0 details the brewing

-- --.,-



processes used at the ABC. Section 4.0 descn"bes areas for potential improvement in regards to
PPIWM and water conservation. Finally, Section 5.0 lists the primary references consulted
during the literature search: copies of the appropriate sections of these references are provided
under a separate cover.

2
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2.0 INDUSTRIAL OVERVIEW

Beer is a beverage of low alcoholic content (2-7%) made by the fermentation of starchy grain
cereals. Beer production is typically a batch process; it begins with the cooking and brewing of
grains in water, continues with fermentation and mabJring 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 unfennented 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 panicle sizes of the grain and malt to a specified
gradation. The grain used is an ungerminated cereal, such as com, oats, or rice.
The malt used is a kilned, germinated cereal; typically barley. Malt is often
purchased by a brewery as a kilned, germinated product; some breweries,
however, produce their own malt in a steeping and germination process that
requires large amounts of water.

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

3



Mashing. After cooking, the grain mixture is introduced into mashing tubs, or
tuns. Thele, 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 grainlmalt mixture
to mash is accomplished by enzymes introduced by the milled malt: the enzymes
convert the starches in the grainlmalt mixture into dextrin and sugars. The tuns
are heated to 750C 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
won; the spent grains have resale value, typically as cattle feed. The efficiency
of the flltration process can be improved by sparging the spent grain with water
at 75°C for complete recovery of all substances in solution.

Brewing. The flltered won is boiled in a brew kettle for approximately three
hours. After the fIrst hour, hops are added to impart beer's characteristic aroma
and bittt lavor (hops are dried flower cones from hop plants). Boiling not only ~T

extracts lHe hops' tannin and aroma, but also concentrates the wort to the desired
strength, sterilizes it, destroys its enzymes, and coagulates its proteins.

After three hours of brewing, the mixture is transferred to a false-bottomed
vessel, called a hop jack, beneath the brew 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 won.

Cooling. The boiled won is passed through cooling vessels for two purposes: to
cool, thus causing the protein and hop solids to precipitate, and to absorb enough
air [0 facilitate the stan 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 flltering and carbonating.

4
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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 fennentors. 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 SoC, but as fermentation proceeds the
temperature rises to IYC. The temperature is controlled by attemperators
inserted in the fennentors.

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.

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

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

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

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

2.1.3 Packaging Processes

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

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

sterilization; the alkaline solution is typically a water and caustic soda or
caustic and sodium gluconate 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 yeast or harmful
bacteria from developing in the packaged beer prior to consumption.
Pasteurization is typically required only for bottled and canned beer: kegged beer
is usually refrigerated and therefore does not require pasteurization.

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

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

2.1.4 Ancillary Operations

As stated previously in Section 2.1, ancillary brewery operations are 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 lOOOC water or steam.

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

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

Cooling. Cooling is required to reduce the temperature of the wort after brewing,
to control the temperature in the ferrnentors, 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, anil :m~illary operations. A
brief description of water usage is provided below for each of thc~e processes.
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2.2.1 Brewhouse Process Water

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

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

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

Cold or unheated water is required for:

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

2.2.2 P3ckaging Water

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

2.2.3 Ancillary Operations

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

2.3 Wastes and Emissions

The following subsections list the wastewaters, solid wastes, and air emissions generated at a
typical brewery, along with their primary sources. Methods of waste treatment and disposal are
discussed in Section 4.0.

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 (m3/m3 beer). The wastewaters typically have very high BOD, COD, 55.
Wastewater is generated primarily in the following processes; typical volumes are given
when known:

• Brewing (1.20 m3/mJ beer);
• Cooling (1.40 m3/m3 beer);
• Fermenting (0.30 mJ/mJ beer);
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• Filtering (0.70 m3/m3 beer);
• Storing (0.40 m3/m3 beer);
• Packaging; and
• Housekeeping (0.70 m3/m3 beer).

Typical wastewater BOD and SS strengths are as follows:

Source BODs (mgll) 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 90,000 4,000

Typical wastewater contaminants are as follows:

Contaminant BODs BODs SS 55
(kg/m3 beer) (%) (kg/m3 beer) (%)

Yeast 3.71 30 2.55 30

Trub 3.21 26 1.24 14

Hops 0.39 3 0.77 9

Grain Filtrate 0.85 7 0.50 6

Drain & Rinse 2.09 17 0.85 10
Effluent

Final Filter 0.50 4 1.58 19
Effluent

Packaging 1.2 10 0.66 8

Miscellaneous 0.42 3 0.35 4

TOTAL 12.4 100 8.50 100
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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 gram 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 (S0:), 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 Zarqa 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 m3/day, though current production rates are only 15-20% of capacity,
or approximately 2.5 m3/day. The working time is eight hours per day, six days a week.

3.1 Brewing Processes

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

Brewhouse Processes

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

Fermenting and Conditioning Processes

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

Packaging Processes

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

3.2 Raw MateriaJs 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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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 is also produced. Although the water consumption is not
metered, it is estimated by ABC as 5,600 m3/year, or 19 mJ/day with a production of
approximately 2.5 m3 beer/day. The water is consumed in the following \vays:

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

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

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

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

3.3 Waste Discharges

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

3.3.1 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 m3/working day. ABC has a
biological wastewater treatment plant which is not used, since the quality of treated water
reportedly complies with the effluent standards in force.

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

Characteristic ABC Typical US Brewery

Average Range

BODs (mg/l) 28 (1,500) 1,718 1,622-1,784

COD (mg/l) 72 not available not available

55 (mg/l) 22 817 723-957

pH 7.9 7.4 6.5-8.0

Temperature (0C) not available 30 28-32

3.3.2 Solid Waste

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

MilJjn~ Preparation
Spent husks are sold to carrIe farms.

Mash Filterin~

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 defmed 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/\VM). PPIWM is the reduction of
volume or concentration of water, ,air, and solid waste discharges from a facility.
PP/WM can be accomplis) ~d by implementing process improvements to actually reduce
the amount of wastes geL ,lted or by developing a beneficial reuse for the waste and
transforming it into a mar .table 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, PPIWM !'eChniques
pertaining to air emissions and solid wastes are given secondary importance in the discussion.
The discussion will include as much information on source reduction, in-process recycling, clean
technologies, raw material substitution, and preventative maintenance as was possible to obtain
through the literature search.

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

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

4.1 Water Conservation

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

4.1.1 Water Reuse

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

Spent Hop Filtrate. The liquid remaining after spent hops are pressed can be recycled.
This high-strength waste is usually discharged to the sewer system or mixed with the
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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 treattnent system for packaging water may prove to be economically feasible.
Biological stabilization and carbon adsorption proved to be the most cost-effective
treattnent 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 ofcaustic cleaning solutions can
reduce water use. Initial rinses contain high levels of SS and BOD, while final rinses are
fairly clean. A significant Ieduction 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 r ovide savings in water use,
since less quantity is required and additionally it can be can. nsed, captured, and reused.

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

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

4.1.2 Water Reduction

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

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

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

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

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

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

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

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

as necessary).

Cleaning Method Improvements. Cleaning effectiveness is a function of washing time,
temperature, concentration of solution, and intensity of application. Applying appropriate
combination of these elemc 's to each type of soil present in different process equipments
can reduce water use. Typ lly, a hot solution is recommended in brewhouse equIpment
because of hop and prate', lTIcrustations. Cold wash water can be applied to clean
fermentation and maturatior. canks. Water can also be saved by cleaning soiled surfaces
immediately after use.

4.2 Pollution PreventionlWaste' 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 PPIWM.

4.2.1 Waste Treatment

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

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

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

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

Actiyated Slud2e. 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 fonn of IT' nane gas.

Two anaerobic processes successfully used to treat brewer 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.

Bioau2mentation. 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 prtlJr to
landfill disposal.
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Air Emissions. Brew kettle vapor ermsslOns can be removed by barometric
condensation, although this method entails high levels of energy consumption. Another
emissions from the brew kettle which may be significant is odor.

NOx can be reduced either by retrofitting the burners to decrease NOx generation, or by
removing NOx from off-gases by selective catalytic reduction or selective non-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 grai (barley, rice and/or com) are recovered by all breweries
large and small. The grai: are removed after the starches have been solubilized and
then converted to sugars. !'. ,st 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/m3 beer.

18

•



Yeast. Yeast is another very important by-product of the brewing industry that can also
be used for livestock feed. It is both settled and filtered out of the brewing process after
fermentation. Excess yeast is produced at a rate of about 1.3 kg/m3 beer. Most plants
sewer the yeast or haul it away in wet form. A few of the larger breweries add it to the
spent grains to be dried or dry it separately. The yeast makes an excellent feed
supplement: the addition of steam-killed brewers yeast to spent grains in a 1:6 ratio can
increase its nutritional value without causing an undesirable tastes that would cause cattle
to reject it.

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

Glass Bottles and Kegs. Glass borries and metal kegs (en can be refilled. Where
refillable borrles and kegs are used, washing becomes a ,ajor operation and requires
large amounts of water and caustic. In a typical plant, wa illlg (bottles and plant clean
up) requires 1.62 kg of caustic per m3 of beer produced Some larger plants recycle
caustic,. rather than dischargmg it w the sewer, and achie\. e significant savings in cost
and resources.
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APPLICABLE REGULATORY CRITERIA

Current Status of Environmental Regulations in Jordan:

In order to assess the Arab Brewery Company (ABC) compliance with
applicable Jordanian standards and regulations, it is of importance at this stage
to present an overview of Jordan's environmental protection control laws,
standards, and regulations. Interestingly, Jordan has no comprehensive law to
control water, air, and soil pollution. However, a Jordanian Environment Act
(lEA) was drafted two years ago to achieve the principle objectives mentioned
in the National Environment ,Strategy (NES) for Jordan. JEA is currently
awaiting approval from the Parliament.

In general, the nature of water pollution standards and regulations in Jordan
vary according to sources. Industrial wastewater discharges are regulated by
the Jordanian Standard Specification number 202 (Table D-1) adopted in 1981
by the Department of Standards and Specifications (DSS) and revised in 1990.
Standard 202 regulates industrial wastewater discharges to rivers, wadis,
groundwater, the sea, and reuse for irrigation. This standard covers 37
pollutant parameters and sets maximum allowable concentration limits of
pollutants in the discharged industrial wastewater effluents. Moreover, the
standard also contains narrative conditions to protect public health, aquatic
life, worker health; and groundwater quality. The standard is not associated
with a permitting mechanism and therefore is self-implementing.

Drinking water quality is regulated by the Jordanian standard number 286.
Tables D-2a - D-2e present quantitative requirements of pertinent
characteristics including physical, chemical, radiation, and health related
issues. With regards to regulations related to the quality of treated domestic
wastewater to be reused in irrigation, Jordan has neither standards nor

D-l
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guidelines. However, it is a common practice to use the Food and Agriculture
Organization (FAO) and World Health Organization (WHO) Guidelines as a
reference.

'T''lbles D-3 through D-5 are related to the quality of treated domestic
.:..stewater effluents to be reused in irrigating agricultural crops. The

remaining Tables D-6 - D-12 present the tolerance and sensitivity of crops to
salinity and other specific ions like Sodium, Boron and Chloride. These are
adapted from the FAO Guidelines (1985). Treated domestic wastewater is
regulated by the Jordanian Standard 893 (Table D-13) adopted in 1994 by
DSS. Regarding air pollution, Jordan does not have any existing standards or
regulations to control air pollution.

Regulations Applicable to the ABC Discharges:

The ABC Facility generates wastewater from brewhouse operations,
fermentation, lagering, finishing, packaging, softener regeneration, floor
equipment. washing and domestic. Industrial wastewater discharged into the
public sewer system is subjected to Jordanian regulations governing discharge
of Industrial and Commercial wastewater into the sanitary sewer system.

0-2
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Table D-I

Summary of requirements of Jordan Standard 20211991 for disposal of industrial effluents.

Maximum Allowable Limit. (mg/l)+

Parameter Disposal To

Wadis & Rivers Sea Groundwater Recharge Reuse for Irrigation ....
5 SaM 50M -

150M 200 150M
1* 5* 1* 1*

3000(1) - 1500 (1) 2000 (2)
50 - 100 (3)

u) 6.5-9.0 5.5-9.0 6.5-9.0 6.5-8,4
. (unit) IS 75 15 -

- 4 - -
5 10 Absent 5

)1 0.002 I 0.002 0.002
S 25 IS
\I 12,41 :2 (.1) ~I)

I
, 12 " ,

r' ~. so
r 15

sao 500 350 (3)

500 sao 400
1.5 1.5

3 - - 500
- 400
- -

- -
- 9

5 0.3 5
0.05 O. I 0.05 OJ

I 1 i IS)
0.1 03 005 OJ..,

0.1 ..,
02- -

1
..,

1 ~-
0.2 0.2 0.2 02
0.2 0.02 0.1 0.2
0.1 0.1 0.1 1
0.02 0.02 0.05 0.02
0.01 0.07 0.02 0.01

15 IS ..,
-

0.1 I 0.1 0.1
0.001 0.001 0.001 0.001

vlPN/lOOml 5000
MPN/IOOml 1000(6) lOOO (6) lOoo (6)

codes <I - <I

units are III mgll except where noled.
nimum value.

=pends upon. type and quantity of crops. irrigation methods.sou type. climate & groundwater in the area concerned.
ktermmed.
onthly average.

S allowable I1mlt IS subject to the TDS concenrralJon In the: Water supply and the water ba"ln affe:ctd.
;Jwable limits of wastewater reuse de:te:rrrune the degree of rcstflcllon Inone. slight to moderate:. or severel.
thod of IITlganon IS deterrmned h~ WasteWater 4uaJIly bclIlg used.
rate concenrrauons allowed are determined by IlS concentrations In the afrected water baSin.
LL1d reach 3 mgll.
;Jmetnc mean.

._ ~ ,. , _ ~ .~., .•'."llll.)i.!ii'. '.*__,-..



Table D -2a

Jordanian Drinking Water Standards
A: Physical characterstics

Parameter Permissible Limit Max. allowable conc. in case

no better source is available

Taste aesthetically acceptable -

.1l!:

Odor aesthetlcallyacceptable -

Color 10 llnllS 15 units

Turbidity 1 unit (lCU) 5 units

pH 6.5 < pH < 9 -

Temperature 8 - 25 c -

---,rT 11_ r ..



Table D -2b

Jordanian Drinking Water Standards

B: Chemical Charecterstics

~

Parameter \-lax. Allowabie Cone.
,

mg/I
Pb 0.05

Se 0.01
As 0.05
Cr 0.05
CN 0.1
Cd 0.005
Hg 0.001
Sb 0.01
Ag 0.01

1III11a I_ --



Table D -2c

Jordanian Drinking Water Standards
C: Health related

Max. allowable conc. in case Effects within max.
Parameter Permissible Limit no better source is avialable allowable limits

mg/I
TDS 500 1500 aesthetic
TH( CaC03) 100 50\* aesthetic
ABS 0.5 l' indicator
Al 0.2

,
0.3 aesthetic

Fe 0.3 I aesthetic
Mn 0.1 0.2 aesthetic
Cu 1 1.5 aesthetic
Zn 5 15 aesthetic
Na 200 400 aesthetic
Ni 0.05 0.1 health
Cl 200 500 aesthetic
F 1 1.5 health
S04 200 500 aesthetic
N03 45 70 health

.' "



Table D -2d

Jordanian Drinking Water Standards
D: Radiation

Parameter :l!." Maximum limit
Bq/I

Alpha-emltters (except for Radon) 0.1

Beta -enlltters I



Table D -2e

Jordanian Drinking Water Standards
E: Organic pollutants*

Parameter Max. Permissible Cone.
. mg!1

A) Chlonnted

Hydrocarbons

Endrin 0.0002
LIndane 0.004

I

\-lethox vchlor 0.1
Tox3phene 0.005

B) Chlorophenoxys

2.4-D 0.1
2,4,5-TP 0.01

fTrichlorophenoxy propionlc aCId)

• Other organic polluwnl5 should not exceed the max. allowable

limn set by WHO.

"""IlTIl.TW...... ....,.·
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Table D-3

Guidelines for interpretations or water quality lor irrigationJI)

Degree of resi.J1etJon on use

t-ione Slight '0 Severe

POEential irrigation problem, Units mod<nl<

Salinity (affects anp """tel

avaihbilily) (2)
EC",(or) dSIm < 0.7 0.7,30 > 3.0

TDS mg/l < 450 450 ' W<Xl > W<Xl

lnfillratJon (aJfecu Infiltration
rate of Wlter uHo the .oil.
Evaluate uSlng (EC", and SAR lDgetllU) (3)

SAR = {}O3 and EC w

= 3-6
= &-12
= 12,20
= 20-40

> 0 7

> 12
> 19
> 2.9
> 50

07 - 02
1.2 ,03
19-05
29, 13
SO - 2.9

< 0.:'

< 0.3
< 0.5
< 1.3
< 2.9

S!'C'CUIC IOn lOJOciry (affecu
SeJUIU"C croP')
SodIum (~al(4)

Suriace: lJTlga1lon

SpnnkJc:r ltTlgaLJon
Ollonde (0) (4)

Swflc.e rnglJ:Kln
Spnnlcler itngllJon

Boron (8) (5)
Traa: elanenu(scc table fA)

SAR
metl

< ] ] - 9

< ] > )

< 4 4 - 10
< ) > )

< 0.7 07 )0

.'1;,
> 9

> 10

:> 3.0

is-8' >85
"':ormal range 6.5 - g 4

Mucell81leous etTr.cu

(>.Ilects susccpuble crops)
S"Jogen (I'03-S) (6)

B .carbona", (Iim3)
(Ovemead spnnl<hng only)

pli

m&!1

mc~

<5

. 5

5 J() > )0

(1) Ad.. pced from LnfVe.nlty of C.lLfomUi Commlliec of CoruUJl~.m.s 19 74
(2) ECw muns eleclJlc.a1 conducll... lty." meuu.re of the ~te: s~lln.ry. reported Ln declSlemero pet metre.: 2.scO (dS/m) or ~n unl15 rrlllllmhos ;x.r ccntJmclcr (mmho!an). Both

Me equlyaleoL TDS means Loud diSsolved sohds, reponed LtI milligrams pet Iller (mg,lL)
('3) SAR means sodium adsorpLJoc. ratio. SAR IS '-Omeurncs reported by the symbol Rt'l. At I given SAR, ::tfiltratJon nue mcre.ue u

Wiler uh111t~ 'ncreaJes. EYlluale lile polUillIJ tnfiltrauon problem by SAR u modified by ECw
(4) For surface Imgltlon. mOll tree crop' and woody planu Ire IUlSluve lo sodium and chlonde; we lhe .... iu.a Iho\4'11. Most a:1t1ua t '"Upl are not IeJUlllVe ~'Ith oyc::rtlead IpnnJdl

lrTlgatlon IJ1d low bumidlty «30 pcrcc.TIlJ. sodium Illd chlonde may
be absorbed J.hroug,h the leaves of SCI\J Illye cror-

(5) For borm lOlcnneu, Ice Tabl.. 16 and 17
(6) ~03-N O'leazu n1Ul.tenlrnJ&cn rcPJned lfl tam. of elc:mcnuli nitrogen (~H4-!, and Org&IUC.S should be ~ciuded when ... u~""'.~:s beU1g l.e$reJ1

\S$Umph005 in the Guid<ljou

The water Q.U~IIl)' guldelUleJ In T.ble I Me \Iltended 10 COVel" lJle Wide range of condllJons Ulcounterc.d Ln lri.g,lled I.gncullute Se ... eni NIIC usumptJons h.ave been wed 10 define thclr
llIlge of usabtllty U the waLu II used under gr~lJ)' d.fferem COnditiOns, the gULoeltne.s may ne.c.d to be adjusted Wide dc"'eliLJom trom lhe auumpllons mlghl re.suilm wroo&JudgemenLJ
)n the usability of Ii partIcular wlter supply, especially If It 1S.iII borderline use Where suffiCient expenence. field In.ls. resurcn or o05ervllions are a\laIJ.able. lhe guldelJnCJ may be

nodlfled lJJ fll IC>C.I.I ~ndluons morc dOlet)

rbt basic ",umpliool in Ibt 'yidtljDU IU'

(lcld J'otcDUll' F\llI producuon upabliuy of all crops..... lthOul the use of special priClICGS. is assumed w!1en the guldehnes Indicate no res:';-lcllons on use. A "restrlClJon on usc"
nchcate.s that there many be a wmution 1ll c.hOlce of crop. or Ipe.cLal manage:mall m.y be needed lO malnUI,,"l fu II producllon C3p.1bl1lty. A "resttlcuon on use" does.Q.QJ indICate th.t \.he

.... tu is unsuitable for we.

;ite Conditions' Solltuu.lf'C rvl&CI from landy.k>am to day·loa.m With good Ulte:mat dUlllagc The c1irn.~ IS semi·an,d to and and ralnfallts low. Rainfall does oot playa .icniCie.atJl
'Ole Ln me.etin, aop water demand or leach IJ1 & requlranuu. (In a monlOon chmatc or areas where prcclpll,llaon LI hlg,h for P-M. or all of thc year, rile guldehne rc.ltT\C1JonJ arc too KVere.
Jocter the higher n.1llIalllltuatioaJ. infih.rated Wiler from nwall is eIfechvelJ1 meeunl all or pan of the iea.chlng requlrcmenL) Dnunage is uswned LO be lood. wlLh no unconlJ'OUed
hallow water table ptaaU wlthio 2 metrel of the sl,l(facx.

--'mosh Nld TjmlD1 of Inilltiqns' Nonnal lurface or sp-inkler 1lTl&aLion methodl arc used. Wlter I Ip~1ed lotrequenLly. u needed. Uld Lhc crop utlhzes a conslderlblc portJon of the

,YAlllble JlDted IOU·watu (SO pe:rc.cnt Of more) belore lhe nut imlauon. At lc.asl LS percent of the. apphc.d w.~ percol.a\CI below the tvol zone (leaching fn.etton (IF] ~ IS pen:crn). The
;uMielincs are too rutriaive for lpeeialized U'TIIlllon me.Lhods. IUc.h as locahzed dnp IfTlllllon. whIch results tn near ~lIy or frequenl ImgatlOns, but arc applac.able for lubcurft~

mgauon if surface applied le.ac:hJn,lahsfles the lc.aehlJ1l ~UlranClHS

.vater Uptake 'DX CroPiL. Different ao,. have dtfferull water uptAk.:. p.lncms. t.ll all u.r.c water from wherevO' IllS most readll~ a\lad~bJe WIthin Lhe rooung depth. On averace .bout 01()

~l 1S assumed to Oe t.U.en from the upper quancr of the roorltlg deplh. 30 percent quartet. 20 pcrc.ent fro~ lhe third quarter. and 10 percem from the lowest qu.at\C:r, Each ImgauOCl
e.Jches the upper mol z.one &nd malnlalns 1I;11.ill rC:~tlYely low nllllll:;. Sahnlly Increases wIU'1 dcplh &rld IS &rulut 10 lJ1e lower put of l1le rOOl zone. The aycragc ullnn)' of the loLl·

"ater 1S three Urnes that of the applied water and lJ reprc.senutl"'e of the avenge rOOl zone sah.mty to whIch tne crop responds.. These condllJons result from ~ leachw& fraa.aOQ of 15.20
JCl'CCnt and lrrl&&lJODS O1at are umed to keep U1e. crop adequately watued at all umc.s

;alu leached from the. upper mot zone lc.cwnuLate 1D some utaH lI'11he lower part: o-,n a ult belance i, achlC'"t'ed as saJts arc moved belo.... the root zone by .ufficlcnlleacb"'... The bicha
.timey U1 !.he Iowa rool zone hccomca leu ampotUnl al adequaLc motsbJre II mamtall'1ed 1n 1bc upp:r. "more IC.!'lte"~ of the :"tXlt zooe and lona-tum lc.achtn& \I -ec:ompti&hed.

!cstoc11QP on Use' The "RcsQ'lClJOn on Use" shown 111 Table 1 "di'olided into three degrees of scyenty: nooe. 'hJ,ht 10 modera:.e. and sc"'crc. The divisions an: lomewbtt utK1J"Vy Imcc
:bange occun InduaUy and then: il no c1e..u-eut bru.iong potnt. A change of 10 to 20 percent .bove or belOw I guKiehne \lalue hu hc.lc Significance if conlldereJ In proper pc:npectlve
"'Ith other rteteR affcetU1& yield. Field studies, research lrlalJ .nC observations have led to these dty'eltons. ~l managemC1H skill of the ..... ater lUet CJn titer Lhan. Values Jhown an:
Ippiicable under DOrmai ficld condilJOns prc\lal~mg U'l mOSllmgalcd IrUS Ul the &lld and lanhll1d regions of i.."'oC W<Jrld. 'f-

--liT III""'" -,



Table D-4

Recommended maximum concentrations of
trace elements in irrigation water (1)

Recommended I
ImaxinlUm

conccntrallon(2)

(mc,l.) I I

Element Remarks

AI (aluminIUm) 50 Can cause non-produclIvlly In aCid solis (pH < 5.5). but more alkalln~ solis at I
I

pH> 7.0 will precipitAte the Ion and eliminate anY tOXICity I

As (arsenic) 0.10 TOXICIlY to plants yalles widely. rangmg from 12 mgIL for Sudan grass to less

Ithan 0.05 mgiL for nce.

Be (beryllium)

I
010 TOXICity to plants yarles wldly. rantn~'ltrom 5 mgiL for kale '0 OS mg,L I

for bush be.ans. i

Cd (c.admnnn) 0.01 ToXIC to be.ans beets and turnips at concentrallons as low as 0.1 mg/L

In nulIlent solutions. Conse.rv3LJve IlmlLS recommended duc to ItS pOLf'.nllal for
I
i Jccumulatlon In plants and soils to concenLIatlons that rna\' he h3nnlul L) hunun~

:
Co (cobalt) 005 TOXIC to tOTllatO plants at 0 I mg./L In nutrient Solullon

Tends to be Inacllyated by neutral and alkaline salls

Cr (chromium) o 10 ."01 generally recognized as an essential gro ...."th element. Conscr .... dtlVe IlmlLs recommended

due to lack of knowledge on ItS LOX IClt, to plants
i

Cu (copper! 020 ToXIC to a number of plants at 0.1-1.0 mgiL in nutrient solutions. I

I

F (nuollde) 1.0 Inacllvated bv neutral and alkaline solis. i

Fe (lion) 50 \Ot tOXIC to pl';:"LS In aerated sods. but can conLIlhutc: to soil aCldlflwttOn

and loss of availability of essentIJI phosphorus and molybdenum

Overhead spllnJcling mav result in unSightly depoSits on plants. equipment and hulldlngs.

LI (lithium) I 25 Tolerated by most crops to 5 mgiL. mobile in soil TOXIC to CIVUS Jl lo\ol,' conc.enLIallons

II (<0.075 mgiL) Acts SlmJiarlv [0 boron

.l.1n (manganeses) o ~o TOXIC to a number of crops al a few-tenths to a few mgjL, hUl usudllv only
I

In ,Kid 500115. I

~o (mOIYbden~ 001 :\ot tOXIC to plants at normal concentraliOns In Slol and water Can be to"c to livestock !
i

I
If forage IS grown in Slols With high concentrations of availahle molvbdcnum

\i (nickel) o~o TOXIC to a number of plants at 0.5-I.OmgiL; reduced LOX,Cltv al neullal or alkaline pH

Pd (Ie.ad) , 50 Can mhlblt plant cell grow"th at yery high concentrallons.

Se (selenIUm) I 002 TOXIC to plants at concentrations as low as 0.025 mgiL and tOXIC LO livestock

if forage is grown in sods With relatively high levels of added selenium.

An essential element to animals bUI m vcr< low concentrations.

Sn (tin)

Ti (titanium) Effectively excluded by plants; speCific tolerance unkno .....n.

W (tungsten)

V (vanaditnn) 0.1 TOXIC to many plants at relalivelY 10..... concentrallons.

Zn (zmc) 20 Tox,c to many plants atwldely yarylng concentrations,

reduced toxicity at pH> 6.0 and in fine textured or orgaOlc soils.

]. Adapted from 1'<atlonal Ac.ademy of SCiences (1972) and Prall (1972)

2- The max,mwn concentrallon IS based on a water applic.atlon rate which IS conSIStent

With good lITIgation practices (10000 m3/ha pcr years). If the water application rate greatly exceeds thiS,

the maximum concentrations should be adjusted downward accordl11gly. :'\0 adjustment should

be made for appl,c.all"" rales le.ase than 10000 m3/ha pcr ye.ar. The values glyen are for water used

on a conLJnUOU5 baSIS at Gne site

Source: FAOGuldelines. R.S. Avers &: D.w Westcot 11985).
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Table D-5

Recolllllll'"dfd lIlicrohiological qualify guidelines for w:l.slewafH use
in agricu Ilure (a)

-- ---_._--- --

Calegory Hl'U\t' I':\/"'\I.'d Inle"i" ..1 FalTal \Vaslewaler

conditions group nelllalodl's (b) lllliforlll' In'al II11'n I n:pt'l:Il'd

(arithmt'lic (/.:I'III1ll'lric II,,'an 10 achinl' fhe

lIlean no, of eggs pl'r no, pl'r required microbiological

lilre (e) ) 100m1) (l') qualily

Irrigation of Worker" <! < IWO(d) 1\ sefles of siahilizalion

crops likely to (. OnSlllTll'f, ponds designed 10 achieve

A be ealen uncooke<l. !'uhllc the microbiological

sporLs fields, qualily indicaled, or

public parks, (d) ~ [C{ju ivalent lreallnenl.
Irrigation of Workers <I No standard Retenlion in

cereal crops, recommended Slahilizalion ponds
Il induslrial crops, for H-) () days or equivalenl

fodder crops, helmirllh and faecal coliforlll

Pasture and trccs (e) rel!1oval
Localized irrigation None NOl NOI Pretreatment as required hy

of crops in catl'gory applicahle appllcahle the irrigation technology,

C fl if ex poslUe of hUI nol less lh;tn primary

workers and lhe puhlic sedimenlalion.
docs nOI occur

- -

(a) III speuflL Cll'\es, 10(31 epldemiulogical, SOlll)t lllllJ1al Jl\d (,1l\IrI'llllH.'Il[<j1 (J(.lors shuuld he lakl'll !fIll) i1UPlIlIl, alld t/le gu/(lcllllCS rno(hficd 3<..:torlhllgly

(b) "HAUlS and TrichUriS speclcs and hookwollo<

(c) During thc irrigalion period.

(d) A more sLIingcll1 guideline « 200 faecal Col,f,,"m per 100 ml) IS approprialc for p"bilc lawnl, sULh .1 ""I(llav.115

With which UI" publiC may come inlo direrl (ollla, I

(c) In the <,;asc 01 fruillIf'..('S, irrigation shoulLJ C('Il<;(' 1\\'0 weeks hd()rc frllli is picked, alld lin frLJl1 <;Ilotlld he pllkrd otr the ground

Sprinklcr ,rrigalion should nollle used.

Source: Scicnliflc group 011 heahh aspects of u<r of I,ealed v.allewalcr fo, agllcullural alld a'luaClllluic. W II () (,cllcva 18·23 Nov 1'187

i
j
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Table D-6

Chloride tolerance of some fruit -crilp cultivars and rootstocks.(a)

Crop

Avocado
(Pcrsea americana)

Citrus
(Citrus spp.)

Rootstock or cultivar

Rootstocks

West Indian
Guatemalan
Mexican

Sunki mandarin, grapefruit
Cleoparra mandarin, Rangpur lime

Maximum permissible
Cl in water

without leaf injury (b),(c)
(mg/L)

180
145
110

600

Sampson tangelo. rough lemon. ~ur orange. 355
Ponkan mandann

Cllrumelo 4475. lTlfolate orange,
Cuban shaddock. Calamondln.
Sweet orange. Savage cltrange.
Rusk cmange. Troyer cmange 250

Grape
(ViliS spp.)

Stone fruit
(Prunus spp.)

Berries
(Rubus spp.)

Grape
(vilis spp.)

Strawberry
(Fragarla spp.)

Sail Creek, 1613-3
Dog ridge

Mananna
Lovell. ShaJiI
YUlman

Cultivars

Boysenberry
Olallie blackberry
lndlan Summer raspberry

Thompson seedless. Perlelle
Cardmal, black rose

Lassen
Shasta

1)60
710

600
250
180

250
250
110

460
250

180
110

(a) Data are adapted from Haas (13)
(b) For some crops. the concenrrations given may exceed the overall salinity tolerance of that crop and cause some yield

reduction before chloride ion toxicities. Values given are for the maximum concentration in the irrIgation water. The
values were derived from saturation extract data (ECe) by the following relationship: saturation extraction
concentration = 1j water concentration.

(c) The maximum permIssible values apply only to surface irrigated crops. Sprinkler IITlgallon may cause excessive
leaf burn at values far below these, (see Tabk: 3-10).

Source: FAG Guidelines, R.S. Ayers & OW. WCSlCOl (1985)
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Table D-7

GUIDLI:\ES FOR I\'TERPRETING LABORATORY DATA ON WATER SL1TABILITY
FOR GRAPES

Degree of Restriction on Use

Potential Irrigation Problem Unita :'\ one Slight to Moderate Severe2

Salinity 3 (affects waler availability to crops)

ECw dS/m < 1 1.0 - 2.7 > 2.7

Toxicity (Specific ions which affect growth of crop)

Sodium CNa+)4

Chloride (Cn4

Boron (B)

Miscellaneous

Bicarbonate (HC03-)5
Nitrate-nitrogen (N03-N)

me!l

me!l
mg;1

mell
mg;1

< 20

<4
< I

< 1.5
< 5

4 - 15
1 - ~

1.5 - 7.5
5 - 30

> 15
> 3

> 7.5
> 30

I. Adapted from Neja et aI. 1978.
2. Special management pracuces and favorable soil conditions are requued for successful production.
3. Assumes that rainfall and extra water applied owing to inefficienCies of normal irngatlon will supply the

crop need plus about 15 percent extra for salinity control.
4, With overhead sprinkler lITigation. sodium or chloride in excess of 3 mel1 under extreme drymg conditions

may result in excessive leaf absorption, leaf ~um and crop damage. If over' ead sprinklers are used for
cooling by frequent on-off cycling, damage may occur even at lower concentrations.

5. Bicarbonate (HC03) In water applied by overhead sprinklers may cause white deposits on fruit and leaves
which reduces market acceptability, but IS nOl toxic to the plant.

Table D-8

PELATIVE SALT TOLERANCE OF VARIOUS CROPS AT GERMINATION 1

Crop----------------------------------------------------SO-percent----------
Emergence reduction

(ECe in dS/m)

BarTe;-------------(Ho;de~~~~~a~e)------------------------16~-24------------

Cotton (Gossypium hirsutum) 15.5
Sugarbeet (Bera vulgaris) 6 - 12.5
Sorghum (Sorghum bicolor) 13
Safflower (Carthomus tincrorius) 12.3
Wheat (Triticum aestivum) 14 - 16
Beet, red (Beta vulgaris) 13.8
Alfalfa (Medicago sativa) 8.2 - 13.4
Tomato (Lycopersicon Lycopersicum) 7.6
Rice (Oryza sativa) 18
Cabbage (Brassica oleracea capitata) 13
Muskmelon (Cucumis melo) lOA
Maize (Zea mays) 21 - 24
Lettuce (Lactuca sativa) 11.4 0\ \,
Onion (Allium cepa) 5.6 - 7.5 .... ,
Bean (Phaseolus vulgans) 8.0

---------------------------------------------------------------------------
1[11 ..,...--- .'



Table D-9

Relative boron tolerance -of agricultural crops (1), (2)

Very Sensitive «0.5 mg/L) Moderately Sensitive (1.0-2.0 mg/L

.'1!; l\1oderalel v Tolerant 12,0·4,0 m\:/U

Lemon
Blackberry

Sensitive (0.5-0,75 me/I.)

Avocado
Grapefruil
Omnge
Apncol
Peach
Cheny
Plum
Persimmon
Fig, KadOla
Grape
Walnul
Pecan
Cowpea
Onion

Cilrus Limon
Rubus spp.

Persea americ(JfJfl
Cilrus X paradisi
Clirus sinensIS
PfWlUS armeruaca
Prunus p.erslca
Prunus avium
Prunus domeslica
Diospyros Kakl
Ficus carica
Vilis vimfera
Jug/ans regw
Carya iiinOlensis
Vigna ungUicuLata
AilLUm cepa

Pepper, red
Pea
CarrOl
Radish
POlaLO
Cucumber

Leuuce
Cabbage
Celery
Turnip
Bluegrass. Kemucky
OaLS
Maize
Artichoke
Tobacco
ivlustard
Clover. sweet
Squash
Muskmelon

Capsicum crucum
Pisum Saliva
Daucus carora
Raphanus salivus
Solanum luberosum
Cucumis SQlivus

Lacruca sallva
BrasSlCQ oleraeea capila/(
Apium graveo/ens
BrasSlw rapa
Poa pralcn.sis
Avena saliva
Zea mays
Cynara scolymus
Nicol/ana tabacwn
Brasslca Juneea
MelilolUS indica
Cucurbiw pepo
CucumlS melo

Tolerant (4,0-6,0 ml:/Ll

Very Tolerant (6,Q·15,0 m giL)

Sensitive (0.75-1.0 ml:/Ll

Garlic
Sweel potaLO

Wheal
Barley
Sunflower
Bean, mung
Sesame
Lupine
Strawberry
Artichoke, Jerusalem
Bean, Kidney
Bean,lima
Groundnut/Peanul

Ailium SQlivum
Ipomoea batalaS
Trilicum easllvum
Hordeum vulgare
Heiiamhus anralUS
Vigna radiata
Sesamum indicum
Lupinus }ulflwegli
Fragaria spp
He/ianlhus luberosus
Phaseo/us vulgaris
Phaseolus lunalus
AracJu"s hypogaea

Sorghum
Tomato
Alfalfa
Vetch, purple
Parsley
Beet. red
Sugarbeel

Colton
Asparagus

Sorghum bicolor
LYCOperSlCOn Lycopersi
Medicago saliva
View benghalensis
PClrose/inum crispwn
Bela vulgaris
Bera vulgaris

Cossypium hirsutum
Asparagus olfieinulis

(1) Data taken from Maas (19R4)
(2) Maximum concentrations toleraled in soil-waler wilhoUl yield or vegetative growlh reduclions. Boron to

vary depending upon climate. soil condilions and crop varielies. MaxImum concentrations in the irrigati<
are approximalely equal to these values or slighlly less.

Source: FAO Guidelines, R.S. Ayers & D.W. Westcot (1985).

__ .••. __ . -1II1.....-1J'IIr-~-.::'"::.: •.•.•••••



Table D -10

Relative tolerance of selected crops to exchangeable sodium (1).

Sensitive (21

Avocado
(Persea ameriCWU1J
Deciduous Fru Its

NuLS
Bean, green
(Phaseo/us vulgansj
Cotton (at germlnalion)
(Gossypium hirSUlum)
Maize
(lea mays)
Peas
IPisum sativumi
Grapefruit
(Cirrus paradlSl)
Orange
(Cirrus SinensIS)
Peach
!Prunus persico!
Tangerine
(Cirrus relieulaw)
Mung
(Phaseo/us aurus)
Mash
(Phaseolus mungo)
Lentil
(Lens eulinarlSJ
Groundnut (peanut)
(Arachis hypogaeui
Cnm
(eicer arieurum)
Cowpeas
(Vigna sinenSIS)

Sem i-toteran ((2)

Carrot
(Doocus carow)
Clover. Ladmo
(Trifolium repens)
Dall isgrass
(Paspalum di/atalUmj
Fescue. tall
(Fesruca arwuiinacea)
Lettuce
fLactuca sariva)

Bath
(Pennrserum ryphOldesi
Sugarc3ne
(Saccharum officirwrulIl!
Bcrseem
iTrifolzunJ ulexandrlnu.m)
Benji
(Meli/olus parvlj70rai
Raya
(Brassica jW1cea)
Oat
(Avena saliva)
Onion
(Allium cepa)
Radish
(Raphanu5 sal/vus)
Rice
10ryza .lain/us)
Rye
(Secale cereaie)
Ryegrass. Italian
(Lolium mulriflorum)
Sorghum
(Sorghum vulgare)
Spinach
(Spinacia olcracca)
Tomato
(Lycopersicon esculenrum)
Vetch
(Vicia sal/va)
Wheat
ITriueum vulgare)

101 eran.t.W

Al f:l Ifa
(Mcdlcago sallllQ)
Barley
(Hordcwn vulgare)
Beet, garden
(Bew vulgans)
Beet. sugar
(Bew vulgaris)
Bermuda grass
(CvMdon daaylon)
Colton
(cossyplum htrSUIumi
Paragrass
(8 rachlcrUl mUllca)
Rhodes grass
(Chlons gayana)
WhC<ltgrdss, cresteD
(Agropyron cnstalUm)
Wheatgrass. fairway
(Agropyron crlstalum)
Whealgrass, faIrway tall
(Agropyron siongalUm)
Karnal grass
IDlplachra fusca)

AdapteD from data of FAO-Unesco (1973); Pearson (1 %0); and Abrol (1982).
Source: FAO Guidelines, R.S. Ayers & D.W, Westcot (1985).

i '\,
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Table D -II

LABORATORY DETER\fINATIONS NEEDED TO EVALUATE COMMON IRRIGAnON

WATER QUALI-TY PROBLEMS

--------------------------------------------------------------------------

\Vater parameter

SALII\'ITY

Salt Content

Symbol Usual range in
irrigation water

Electrical Conductivity

(or I

Total Dissolved Solids

ECw

TDS

dS/m

mgJ1

o - 3

o - 2000

dS/m

mg/1

CalCium
Magnesium
Sodium
Carbonate
Bicarbonate
Chloride
Sulphate

NCTRIENTS 2

Nitrate - Nitrogen
Ammonium - :'\1itrogen
Phosphate - Phosphorus
Potassium

MISCELIANEOCS

Ca++ mc/1 0-20 me/1
Mn++ mc/1 0-5 me/1b

Na+ me/1 0-40 me/1
COr me/1 o - .1 me/1
HC03- me/1 o - 10 me/1
Cl- me/l o - 30 me/1
S04-- me/1 0-20 me/1

:'\103-01 mg/1 o - 10 mg/1
NH4-N mg/l o - 5 mg/l
P04-P mg/l o - 2 mg/l
K+ mg/l o - 2 mg/l

Boron
Acid / Basicity
Sodium Adsorption Ratio3

B
pH
SAR

mg/l
I - 14
(me/1 )1.2

0-:';
6.0 - 8.5
o - 15

mg/l

i ' \i I] (,!

l.

2.

3.

dS/m = desiSiemen/meter in S.l. units (equivalent to I mr.1ho / cm - I millimmho / centimeter)
mg/1 = milligram per litre - parts per million (ppm).
me/1 =milliequivalent per litre (mg/1 + equivalent weight =mell); in SI unilS, I me/1 = I millimol/
litre adjusted for electron charge.
N03-N means the laboratory will analyse for N03 but will repon the N03 In terms of chemically
equivalent nitrogen. Similarly, for NH4-N, the laboratory Will analyse for NH4 but report in terms of
chemically equivalent elemental nlLIogen. The tOlal nnrogen available to the plant will be the sum of
the equlvalen elemenlal nitrogen.
The same reponing method is used for phosphorus.
SAR IS calculated from the Na, Ca and Mg reponed in mc/l.

IIfllItr- .-



Table D -12

Crop tolerence and yield poten tial of selected crops as innuenced by
irrigation water salinity (EC .. ) or soil salinity (Eee)

Yield polenuaJ (2)

100% 90% 75% 50% 0% muimum(3)

ECe ECw ECe ECw ECe ECw ECe ECw ECe ECw

Field crops
Barley (HOUUW71 Vulgare) (4) 80 5 3 10 67 13 87 18 12 28 19
CoUon (Gossypllun h"swW'r.) 77 51 96 6.4 13 8.4 J7 12 27 18
Sugarbcet (Bela vulgarLS) (5) 70 47 87 58 11 7.5 15 10 24 16
Sorghum (Sorghum b,e%r) 68 4.5 7.4 50 8.4 56 99 6.7 13 8.7
Wheat (IrlLicum aeSllvum) (4). (6) 60 4.0 7.4 4.9 9.5 63 13 8.7 20 13
Wheat durum (IriJicurn lurglOlun) 57 38 76 5.0 10 69 15 10 24 16
Soyabe3n (Glycine rruu) 50 33 5.5 3.7 6.3 42 7.5 5.0 10 6.7
Cowpea (V,gna W1gu,culala) 49 3.3 5.7 3.8 7.0 4.7 91 60 13 88
GroWldnutlpeanw) 3.2 2.1 3.5 2.4 4.1 2.7 49 3.3 66 4.4

(Arachis hypogaea)
Rice (paddy) (DTlw saliva; ]0 20 ]8 26 51 • 4 72 48 11 76.~
Sugarcane 1 3 4 23 5.9 '40 10 68 :9 ,-

(Saccharum officmarurn I

Com (malui (Zea mu)'SJ ' - I 2.5- 1.7 3 8 " < 5 9 ] 9 10 67
Flax (Linum ILwallssunum, \ 7 I 25 1.7 38 ~5 5 9 ] 9 10 6.7
Broadbc..3n (l'iC"" fatui I , I 26 1 8 4.2 20 6 8 4 ' !2 80
Bean 'pM..sCOilJS ',",garu) 07 I 5 10 2] [5 ] 6 2 4 0.3 42

Vegetable crops
Squash l.ucehlru ICOl.Ug~tt~! 4 7 3 1 5 8 ]8 7.4 49 10 67 15 10

(CucurbtlJ Depo rrtLlopepol
Beel, red !Bcla,,",gaTLS)(S) 40 ' ~ 51 ].4 6.8 45 96 64 15 10- ,
Squash. scallop ] 2 2 1 ]8 2.6 4.8 ]2 6] 4.2 94 63

(Cucurt"tJ pepo me/opepo)
Broccoli 2 3 I 9 ].9 26 5.5 3.7 82 5 5 14 91

(BrasslCa olcraaa bolryllS;
Tomato 2.5 17 ]5 23 5.0 ].4 76 5 a 1] 8.4

(Lnycopersicon esculenlum,
Cucumber (CUCUntLS sallvus; , < I 7 ] 4.4 29 6 ] , .

10 68
Spmach ISplfuc"" oicruaa; 20 13 5.• ].5 86 15 10
Celery (Apllun gra veo/ens) I S 12 4 ' 0 5.8 3 9 99 NJ 18 12_.J

Cabbage I S I 2 S 19 44 2.9 70 46 12 81
IBrassu::a oIeracca euplJalLl)
PoUto iSo/anum luberosurrt) 1 - I I 25 1 7 38 2.5 5 1) J 1) 10 67
Com, sweet ,malIe} IZea rna.>5; I " 11 25 17 3.8 :2.5 5 9 3 9 10 6./
Sweet poUto ,lmpomoea bQtQIa>1 I 10 24 1.6 3.8 25 60 4 a 11 7.1
Pepper (CapsIcum annuum) I 5 10 1.5 33 ' ~ 5 1 ] 4 8.6 5.8
Lettuce (LnclUJ:a saliva) 13 0.9 2.1 1.4 32 21 5.1 ]4 9.0 60
Radish (RapilanUlS salt vu.<) 12 0.8 2.0 13 3.1 21 50 ]4 89 5.9
Omon (Allium cepa) 1.2 0.8 1.8 1.2 28 1.8 4 3 29 7.4 5.0
CarrOl (DaUJ:l/S caroea) 1.0 0.7 1.7 1.1 2.8 1.9 46 ] 0 8 I 5.4
Bean (Phaseoius vuigarLS) 1.0 0.7 1.5 1.0 2.3 1.5 3.6 2.4 6.3 4.2
Turnip (Phaseoius vulgaru) 0.9 0.6 2.0 1.3 3.7 2.5 65 43 12 8.0
Forage crops
Wheatgrass. u.l.l 7 5 SO 99 66 13 9.0 19 13 31 21
(Agropyron elongalum)
Wheatgrass, faHway crested 7 5 5.0 9.0 60 11 74 15 98 22 15
(Agropyron orlStalurn)
Bennuda grass 69 46 8.5 56 II 7 ' 15 98 2] 15
(CyflOdon dacly/on) (7)
Bartey Ijorage) 60 40 74 49 9.5 64 13 8 7 20 13
(HortUlJm vulgare) (4)
Ryegrass. perennraJ 5.6 3.7 6.9 46 8.9 5.9 12 8.1 19 13
(Lotium perefIJIe)
Trefoil, narrowleaf birdsfOOl (8) 5.0 ]3 6.0 40 7.5 5.0 10 67 15 10
(Lolus cornlcuialus lenulfo/ium)

IT..-.!_ ._



Table D - 12 Continued

Yield pcunuaJ

100% 90% 75'1'0.- 50'10 O%ma:umum (3)

i:Ce ECw ECe EC ...., ECe "fCw ECe ECw Ece ECw

Hardmg gra.ss (Phalans luberosa) 46 31 5,9 3,9 7,9 5,3 II 7,4 18 12
Fe5QJe, LaIJ (Fes/uca ela/ior) 39 2,6 5,5 3,6 7,8 5,2 12 78 20 13
_Wheatgrass, sundard cresled 3,5 2.3 6,0 4,0 98 6.5 16 11 28 19

IAgropyron sibmcum)
Velch, common 3,0 20 39 26 53 3,5 7,6 5.0 12 81

(Vlcwanguslijolia)
Sudan grass (Sorghum sudanense) 28 19 51 34 86 57 14 9,6 26 17
Wildrye, beardless 2,7 1.8 44 29 6,9 4.6 II 7.4 19 13

(Elymus trulcoides)
Cowpea (forage) 2.5 L7 3.4 23 4,8 3,2 7,] 4.8 12 7,8

(Vigna unguiculata)
Trefoil, bIg (Lotus uiiginosus) 23 l.5 2.8 19 36 24 4,9 3,3 76 50
Sesbania (Sesoonlfl e=i/ata) 2,3 l.5 3,7 2,5 5,9 3,9 9.4 6,3 17 II
Sphaerophysa 2,2 l.5 3,6 2.4 58 3,8 9,3 6,2 16 11

(Sphauophysa sals.da)
Alfalfa IMedicago sa/Iva) 20 13 34 2,2 5.4 3,6 88 5,9 16 10
Lovegrass iEragroslLS sp) (9) 20 13 3,2 2 I 50 33 80 5,3 14 93
Com !forage} (matu) (lea mays) I S I 2 3.1 2 I < , 3,5 8,6 5,7 15 10
Oover. berseem I 5 10 3 :2 5 9 ~'1:9 10 6,8 19 13

(Tnfoiu"",. Jfa£U'l.Lirl1'lW7t1

Orchard grass .5 10 3 I :: 1 ~ '" 3 -; J6 64 18 ",-
iDac/ylts glomeruta)
FOXLal!. meadow I 5 10 2,5 4 1 6,7 4,5 12 79
IAlopecurvs pratenlS)
Oover. red n"/ullwn prate rue } I 5 10 2.3 6 J 6 2.4 5,7 3 8 98 fJ6
Clover, 3Islk a 1.5 10 2,3 b 30 2.4 57 3,8 98 66

(Tn/altum hybridwn)
Clover. ladmo (Tn/altum repens) l.5 1.0 23 16 36 24 < ,7 3,8 98 66
Oover, strawberry I 5 1.0 23 1.6 J 6 24 57 3,8 9,8 66
(Tn/ollum /rag,/erum)

Fruit crops (l0)
Dal- p<llm I Phoenu duclyll/era I ~_O 2.7 68 -15 II 7 3 18 12 32 21

G,apefrult (C"rus {XlradL5<) (11 ) I 8 12 2.-1 16 3 4 -19 33 80 5 -1

Orange iCJlrl<S SinensIS) I 7 I 2 3 I 6 3 J ' , -1 8 3.2 80 < '- )

Peach IPrunus persIco) I I ' , I < 29 19 -11 2 7 65 -13

ApncOlI prunl<S arrnenlilCa) (I I) 16 I I 2,0 I ~_D I 8 3 7 2,5 5,8 38
Grape (Vaus sp ) (II) IS 1.0 2.5 1 7 4 I ' ., 6,7 -15 12 7 l)- ,
Almond IPrunus dulcLS) (II) IS 10 20 1 -1 :: S 19 4 I 28 68 -1 "
Plum, prune IPrWl/45 dornesllea) (11) 15 10 2, I -1 29 19 43 29 71 ~ 7

Blackberry (Rub/45 SP-J 1.5 10 2.0 I 3 26 18 J 3 2.5 60 40
Boysenberry (R",b/45 .I.nmus) 1.5 10 2.0 13 2.6 13 33 2.5 6.0 -10
Slrawberry (Fragaria sp) 10 0.7 13 09 I 3 12 25 l.7 40 =.7

(I) Adapted from Maas and HOllman (1977) and Maas (1934). These daLa should only serve as a gUIde to relauve
lolerances among crops. Absolute lolerances vary dependmg upon cumate, soli condllJons and cullural
praclJces. In gypmcrous sods, plan IS will lolerale about 2ds/m lugher SOIl saJmlly (ECe) than IndlCalcd
but ille water salinny (ECw) will remam ille same as shown millis Label.

(2) ECe means average root zone salinny as measurcd by eleclncal conducuvlly of ille SaluratlOn "tracl
of ille soil, reponed 10 declSlemens per meter (dslm) at 25C ECw mC.1ns eleclJcai conducllvllY of Ihe
Imgalion waler m dec I Siemens per meter (ds/m) The relauonshlP between sol! salirulY and waler salIruly
(ECe=15 ECw) assumes a 15·20 leachmg fracllon and a 40-30-20·10% waler use p<lltem for illc upper lO
lower quarters of ille rOOl zone.

(3) The zero Yleld po4:enlial or maxImum ECe indicales the illeorellcal soil S~linJly (ECe) at which crop growlh
ceaSe5.

(4) Barley and wheat ~re less lolerant during gennmauoo and seedlJng suge : ECe should nOl exceed 4 - 5 dS/m
m the upper soil dunng this period.

(5) Beels are more sensitive during germination: ECe should nOl exceed 3 dslm 10 the seedling area for garden
beets and sugar beets,

(6) Seml·dwart. short cultivars may be less lolerant.
(7) Tolerance gIven is an average of several vanetles . Suwannce and CoasLai Bennuda grass are aboul

20% more tolerant. while commoo and Greenfield Bermuda grass are about 20% less LOlcrant.
(8) Broadleaf Birdsfoot Trefoil seems less lolerant illan '\arrowleaf BIIlJ sf001 Trefou
(9) Tolerance given IS an average for hoer, Wilman, Sand and Weepmg l.Alvcgrass , Lehman Lovegrass

seems aboul 500/0 more tolerant.
(10) These dala .re applicable when rootstocks are used illal do nO! accumulatc '\ a- .nd CI' rJpldly or

when illese IonS do nOi predominate m the ,oil,
(II) Tolerance eva]uallon IS based on m:e growth and nol on yetld

Source: FAO Gwdelines, R,S. Ayers & D.W Westcol (1935)
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Table D-13

Summary of requirements of Jordanian

Standard 893/1994 for treated domestic wastewater.

Maximum allowable limit (mg/L)*

Parameter Disposed to wadis, rivers, surface water Reuse for irrigation

bodies, and groundwater recharge

6.5-9 6.5-9

erature change (C) <3 -

31 -

3000 2000 (1)

50(3) / 200(4) 100 (1)

50(3) / 50(4) -

150(3) / 150(4) -

30 -

15 15

6 -

0.5 (5) -

0.5 -

.1PNIlOOmL < 1000 < 1000 (6)

1 nematodes <1 < 1 (6)

: are in mgfL except where noted.

lds on degree of restriction (none, slight to moderate, or severe).

lds on method of irrigation.

~ntional wastewater treatment plants.

stabilization ponds.

; a minimum limit of residual chlorine and it should be linked with total faecal coliform count.

md WHO guidelines and their anlendments should be taken into consideration.

I1lii. I.....



Table D-14

Summary of Jordanian Regulations Governing Discharge of Industrial and Commercial
Wastewater Into the Sanitary Sewer System. *

Parameter Unit Maximum Allowable
Limit

pH Su 5.5-9.5
BOD mg/I 800
COD mg/I 2100
TSS mg/I 1100

P mg/I 50
FOG mg/I 50

MBAS mg/I 26
Phenol mg/I 10
Cr** mg/I 5
Cu** mg/I 4.5
Zn** mg/I 15

Sn mg/I 10
Be mg/I 5

Ni** mg/I 4
Cd** mg/I 1

As mg/I 5
Ba mg/I 10

Pb** mg/I 0.6
Mn mg/I 10

Ag** mg/I 1
B mg/I 5

Hg** mg/I 0.5
Fe mg/I 50

S (as H2S) mg/I 10
Temp °C 65

Chlorinated Solvents mg/I 0

*
**

Published in the Official Gazette, September 17, 1988
The total concentration of all the double asterisked materials should not exceed
10 mg/l

It is not permitted to dispose any liquids or materials which have cyanides in a
concentration which can produce 1 mg/l HCN or more

It is not permitted to dispose any radioactive material without written approval from
WAJ.
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Wastewater Minimisation and Effluent Disposal at a Brewe
By Colin Watson

AaSmACT
'nle CMe Sbadypreteftts e:xpericDce~whllst CllIlduc:ttng I W81l:r and
wutewater aUdit Cor • brewery lit Order to tdeDtify .hort-term optlOlU
for in-pnMlea....~ and to tum the brewery', Ions-term ef·
fluent tllt..mleDt and cIiIpaal~ Semp1lng and Sow monitoring of
the maiDefluent stranqwere Cstriecl out to UCleftllin ennent f1l7Wlt 111ft

poIlUUOD Jc-1s.Dt~ C~m IndMduaI pl"llC.U'I UlUb were salllpiL-d
manuaIlytoaid ldentt&CIIloft of the majortlOllPCCS nfhiJ:h potlutiorlloncla.
W1th1D o.cia unit~.WIIlc:r re'lIIe IIIlC1 WIl..cc troalmC.lIV"..dm.1iCJII
a1terDadYeI wwrw IOoMd If to help formulate a cost efTcetiYe wasl!' milO'

.mcmt ~", UmI"Il'ftn (,nil""'l Il'I'l6lIll<'f11 I1l1el e1"'1"""" "I'll""• ..,.,n'
then coDikfcrecl for the whole bl't"Wt!1)' slIt'. B)' Clllimllling Ifl(~ l'QX'<.11,,1
reduetlonl in efBuent Sow and pollution loam. 00ItI _ e:tlculalOO 10
~ the benefits that _Id be gllined ~. instig.,ling W11ll:r r<:"L"C ilO<I
waste rtductioD measurea.

Teblt 1
Et'fkMnt ContrftMl~". rrom ..., ProductIon ._

1YPJC:I' Okl
III!W!!)' ~

a study to investigate the possible ways of minimising emu
disposal costs. 'l1te audit team coosidenld that the «1St ofemu
disposal at the brewery could be minimised tn t'NO ways:

• reduetlon In volume. COD and/or 5S load of the emul
produced at source; and .

• reduction In the COD and/or 55 load of the dBuellt c
ch~ to sewer by pretreatment.

PREASSESSMENT

Two ASHACT suff ....-ere allocated to CMT)' out the requir
Investigations, assisted as~ by one of the brewery's tee
Ilologish. With the help or the brewery's engineering staIT.
notcf, Wj-;r.\ wert' in~t.lfe<} in mllnhole!' whe~ nil the vuMII.!l I
fluents <.'Ombinetl M> thllt the now cowd be monlto;,
continuously using ultnuonic l~eVftow mcters and assocllAt.
d:tta loggers. F1oW-proportionaJ daily compo$itc samples ~
(.....HN:tNI IIsing nllhnnlltic s,,"Imp!C'r:". The hrewery"~ own .L-tbor
tal')' WlI$ llble to c:arry out the required effiuent analyses,

In order to put the bW\'e1)' operation. in perspeett.'e from
w,£Sle management viewpoint. II preliminary cheCk on cCBuel
and pollution loads discharged per cubic metre o(bcc, produce
was t1\rried out ba.~ on pa.~t r~rds ofwatcr uaage Ind prodw
data together with some limited information on combined em.
ent stl't:ngth. These are shown in Table 1 below, '

1t was concluded that, ttl geDera1. the b~f)'< operated 'Nit
a very low degree of water wutlge with mOft of the useful b-.tproducb or wutC$ already being recycled or re~red for 0

site disposal. These aspects had &en considered It In~ stag
in the design or the ~ry and had clearly paid dMdends I.

7,0 18.0
.. ..5 ".0

2.1
T,'

Effluent Flow (rn'lrrt' beer)
COO Load {k~m' bee!?

BACKGROUND
The modem brewery produocs boer in bottles, kep ,md bulk

tankeI'!. Considerable volumes of emuent conta.inlllg lu~h chern·
lcal oxygen ckmand (COD) and suspended soLds (55) ronoen
tntions are produced as I result of washing of vessels :lnd :1.((0

c'xoo equipment between batches. EfBucnt fl"",,-s ane pollution
Jo:xb have increa..sed sigTlifit:lntlv ..-.'ith production InCTCi.$CS, ~
su~ in oonscnt Itmits fOT dlschnrgc to the pllblJc :'cwcr hl"'l;":
ex cd on • rcgulOir h1L\J~.

The water company ~d rcccnt/y inwCIltCtI tll;!t thc hrew('')'
flaws eouJd continue to be &CC'Cpted to s~'Cr ;l1ld thc normal
trIIde efBuent charging system would be applied whcl"Cby chilrges
YQl"\ed aceording In Vllri:\tions in Row unIT p"lIl1tlOI1 l",uk

The CUrretlt trade effiuentch~ amount to ~vcr:l1 Ilunurc(!:'
?f th~usands of pounds per annum. After considenng the likely
Implicatioas of the Incre:ue in crAuent chvgcs. thc <:ompany de
cided to appoint ASHACT Ltd, a finn of consultants. to carry out

INTRODUCTION
The followtng ease study descTi~ a typical effiucnt audiVre·

duction nudy carried out at a bl"l!Wery by ASHACT Ltd.
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~ efBueDt \'Ohsma and ~ution load.~ Nf:Yo
~.It .... COftSlderecI tb.i there was still scope fOr further
waste avtq JheUUnS to be~ecL

--~ l'aetor III favour or iNs brewery 11 that most of the
. : tnDsPorted In roe.d tankm rather thaD bottles or kegs.
~ .:lwbicft eM rise to more efBuem beIn2 produced.

'!be ItIJdy team atarted off the efBuent auattlwute reduction
p~me by~ Camtliar With aU the variousproduction
.... 'I'1U was done by w.J1clna uwnd tbe plant with the brew
ery tecbno1o;ist and Co1lectiDg reJcYaJrt lnformatiotl from de
~tal recordI.

Schematic Sow diagr.ms were drafted to 11l~ the various
Wlit ~oru tbIt contributed to eOiucnt dbclwgC$. An ex·
ample for the kea:inl baD ilibown iD Figure 1. Onoe all the unit
opetations had 6een identlfled and dciaibed. the audit team
pioceeded to gather data on ......ter usage. eEiluent output and
waste recovay.

QUANTlFICATION OF WATER USAGE AND
EFFLUENT PRODUCED

~ principal process outputs of ooncern were the ef'Ruent
~es arising frem production operations. It wu also noted
that minor domestic sewage contributions discharged to the same
:!rainage network as the brewery pt0eeS4 effluent. The audit team
:hen ptoer:cded to quantify these outputs.

1M total eERueotftow "'OOrded durinJ a two-wcelc monitoring
)eJ'lod a'leraged UOO aNd. It was noted. however. from the flow
»attemsd~ each day that discharges were ertnmely variable

with • _ Row rate or up to 80 m·Jh. On tM bull or tho:
a ftum6er of other amunptioGI. the audit team~
the maximum flow on any one day coWl! teach 1.100 mJ(d.

An esdm.ate of domeatic: "ter~ud beoce domestic
• didwps to the tncle efBuent drainaae '>*Il'I wen
made; this WI.S determ1Deci .. only 5 m*ld (15 employees
lures per head per d.y).

Each el'Ruent SOW'Cle was quantified In terms of YOIWl'M!
pollution load. Tbb tDYOlved sampling aad flow measu.reme
indMduIl discbugeI arowad the brewety. Since the YOIume
composition ofsome ofthue dilc:harges varied CODSldetlbly
the type or beer produced. the MYe)' was undertaken O'o'er
(mI.1 Weeks to allOw a R'a1Lstic: .....ment of the situation tI
made.

The material balance with respect to 0'Y'enIl efJluent gen
tion compared to the sum of tAe pomt lIOUr1:eS .bowed a
marlc:ably good agretmtl2t: the average~ combined pollu
loalh amountill8 to Il'OW\d lOfl aboVe the individualS~
sessed.

On studying the volumetric data collated. and comparing
to the water usage recordJ it appeared that atOUXld 1~ of
water was unaccounted for (after making allowanoeJ for wa~
the product). It was obserYed that no allowance for evaporal
had been included in the water balance and that. ft
ASHACT's ~ous cper!ence or brewery ~rations. eva
ration alone could ac:count for up to 5' of total water usage. 1,
allowance thClC£ore effeeti~ dosed the small differenoe '
~nwater input and output iDdi<:ated.
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Tre,tment cellar
A number of -.vaste saving optioC.t v.oere~ Cor th

area. The principal measurespro~ rclated to the bottling an
kegg!Dg areIS. the possibilltia ofu~ the bot Ii~ tall
ovei&W rorthe~rsuppJy~~beeDblPJiPte
In the brewhouJe teetion abOVe. The audit team ieJt that th
water ROWing out of the pasteuri.~er could be u* as an min
rinse In the Dottle washer. .

The existing bottle WiSher system used 1 m:ll1l fresh (leJOnbe
water. It was proposed that the final sparge pipes Ihould tontin\J

$:-of 6-10. TestS .boWed that If tbe Mid ad GIUSti
weN nm to d.ram teptber. the lleutrllJlln2 e&ct c

the 011 the ca\2Sticwu neglIgible owtnl to the d16"erat YO)
umes, ItreDIda ad bu8'ering capedtia l2rdvecL 1\atber h
1DstaII.1ocaTiJed tdd~ coDtroll)'Stem to Ileutnlile th
predomiftlDt caustic laid, it was enYi.~ that doli,,! up th
system by proviclii/ additional holding tank ClIp&CIty woa1d b
suftIbIe. 'I1ils COU be~ using a sirnJ1ar .......mtftt t,
the 8lliIting cbod C1P aNts in order to .tandardiac on .r
mcnt; It would reduce efBucnt flows to dnaln. naw wa= COlt
and also chemical-deaning costs. .

The load produced by the iDitial rinJe of the EermeDtatiol
tllDb was round to be 198 q COD/d and 120 llJ SSld whicl
could be reduced by at leut 75~ by pusiDg the ri~~ ;
)'CUt press. It wu considered that tM final ClP tiftSe coUld iJM
be reUIed as the lnitia1 rilue, rcducmg efBUeDt &wi 'by JO m¥d
As reCerred to above. acid washes £rom the brewbO'Ule.....beins
diachatzed from the fermentation tanks; on occasions. these de
preslC<fthe pH to 3.. Containment and recircWation ¥ia a De\l

CIP unit Wl:n CODSide~dto be the most suitable aDd pncticablt
o:mtrol measure. .

ne iDitiaI rtue in the sto~ tank ClP sequence was founl
to CODtaln eo leg CODld and 8 kg SSld. It was estimated tha
puslnt thcte rwes throudl • yeast press would reduoe 0IIeI'al
Jo.ds {rom thiJ IOUI'OC to 18 k2 COD/d and i Jrg SSld. Also. J'WtI
or the &nal riNe u the Initial' rinse of the nest tequence woul<
reduce efBuent Sows by:5 m¥d.

.DDcbarges &om yeast recovcrv plant centrifuge e1HDUl~
difficult to~ge at the time of the wute audit and .
in...ugatiOllS.H~. from visual observatioN the lnltlll rinse
cleady contained a signiScant quantity of yeast and so it was rec
ommeDded that such wastes should also be~ to ayeut 1iJt~
preiS. Similarly, recovery of the Baal rinse aDd m.ue u a sub
~nt initial rinse was pmposed. It WlL~ also suuested that th<
Initial rimes from yeast storage~ls should be1i1tered duwgl
• yeast press. 'Ibe brewery had already purcbued a new )'CIS.
press to 61ter yeast liquors v.iuch at the time were stored uoti
p~ capadty became IVIilable. This propoalwu~ tt
reduoe storage requiremew. allowing a smaIl .mount of bee
l'eOOY'eTy (press filtrate) and elimination of the frequeDt.atrng
tank overfiow.
The~rorc. instead of t~ating each of thefennontation ccn.

diJcbarge$ separately which would be uDOCODOlRlc. the audi
team consideied that thep~fUtof'.~ tl\StalJation for th
yeut recovery area should be arranged to Shet the ~tYI rlose
from fermentation tanks. rtorage vecse1s aDd yeast m:'IOI'U
equipment. This would not only prevent the majority of )'Ul
from flowing to dRin but would enable 11$~ £or resale t
a food manUfacturer. Ie addition, any other Ilquor contllnin
yeast that bad to be dumped to drain, such u the initial dro
from the stot.ge tan\cs v.+ien the ~ut sto,.,e 'IeSSds we,. fur
could be fUterCd and the yeast and beer reclOYe*' '1'be cxpecte
increase in Row to the pr0p06cd RIter pn:ss was estimated to b
well within the IInit's design capacity.

13128313999
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;' EVALUATION OF IFFLUENT REDUCnON MEASURES
1D the IIptor. compreheDsM _mlnatioD or the waste~

luc:iDC ..... it 'WU~ to~ the major sources of ft.
flu_lit the 1nweIj. To usIst the IDYeSt:iptioaa into reduction
~...c..e. WII IDIde to awdabIe information (In
CN~)1OUI'CeI••--eJI. ASHACTs own experience
of 1lmiIv~The \'Vious sections of the brew
ery were studIed in tum as fallows.
---~

~8Nwhouae .
~ twg prlzlcipa1~mthe brewbouse wwe the drain

from the 1.autettIms and • hOt liquor tank (7O.8O"C water) oYer·
How.T~ these contrt~ CNer l~ of'the total el'Ruent

~
QWtromthe .

i 1 if , ~ ik;
~ this IhouJd be r=tle without

etrimalt to· brewing Jtanduds. This wwld reduce raw water
costs, eliminate eftluent cbargu pl'eY!ousJy iDCW"l"ed by thls dis
charge. reduoee~ requirements and eliminate existing shock
load.~ rrom this JOUrce which should remove any need
for 6owt1oacfba1aDciDg of the total&lte eftluCIlt low.

Sme. the bot~ tank OYeIfiow was clean aDd bot. continual
reuse was the obYtous possibility. Unfommate!y this proved to
be lJnI;lossib1e owIDg to the lpISlftodic~n or this water.
As tlai tank was very large~r, it was considered that all ill;

inheieat balan~ capadty could be utilisecl if the supply for
reuse was taken !rom the ba.te of the tank nather than from part
way down the taDk.

Reuse of th1s water would be pref.erable in a process that con
~umed hot water at .pproxi~ry the same rate as the hot liquor
HOOuction. The onlY process In the brewery that utilised thu

quantity ofhot water was the puteuri.Mg rnach1ne. However. all
of this ftow was not bot water since a temperature gradient haJ
to be maintained within the pt.neuri.ser to eNure that bottles
were not wumed up or cooled dawn too rapidly.

It was con.sSdered that the bot liquor sbould be injected di
rectly into the pa.mtJriser to~ the beating of cold ~ter to
6O"C. In .&!ition, the bot ~ter could be blended with the suppl:'
of cold water tNt already existed to give the ~uired temptra
ture proBle tbrouDlout the partturher. It Wt.S estimated thllt
JUch a system woUld enable at least half of the e:ttess hot WIIt~r

to be reuted each day. . '

FerrneeltaUOn AzH .'
Themajorlty of emuent produced in this area of the bJ"C'W'ery

originated from the ClP systems, the dlsch~ from which oon
t:ained • high COD loed due principally to the high yeast content.
mth the exoepUOD of the initial rWe from pre.fennentation
mge~ Yeacls. the initial rinses from other tank..~-fcr.

meutatioD t2idcs. ftorage vessels and yeast recovery YC$~ls--all
~ 5,000 mf'l COD and~he, ~nted for oYer 90%
or the COD load prodU<led In the fermentation area. PropoW~
forreducin~ tbese~CJ were deYdopcd as fol1aws.

POSSI"bilit:ies for redUdng the pollution load from the gaugin~
~ CIP effiuent were limileQ as DO yeast was pl"e$Cnt that
could be RJtered out. HOW'eYCr. reuse of the relatiYely clean final
riDR u the~ rinse for the nm CIP wash would reduce Uw
eftluent Bow to drain by a total of 20 m'ld from 6 vessels. It wa$

a1Jo noted that the eaustic wash from the breowhouse which oc
,currcd usuaDr C'4IY ~1c Vo'aS diJc:Iwged to dnin from the5e
gaoM~~r,- -..ckend and that this, together with the
adawish from Wort Kettle cb::ha~ed via a fermentation tank.
had a major effect OD the oontbined wast~er pH giving v-.Juc.<:
frequeoUy outside the allowable pH range for <iUchar'F;e to the
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Tablet
!!urNnery 01~ _ Proposed AHUC*I Waste ConIrIluIionI

W... biting PNcIIoted
De......,on ComposItSOft ~ ~

kg kg q kg
mild COD/d $SId m¥d COD/d $.SId

FNI "'" to tnIn 40 1000 35 Reule 0 0 0
()yerftow 120 S096 rwM • ""'1.10 tot SO 0 0

~un-

Gauging Vessell C1Pwut\ 20 Reule rlftNWlter 0 0 0
F~V-" C1PWUh eo 19a '20 Reuee and)'.at~ 40 50 SO
StonageTlltlks C1Pwut\ 15 60 a ReuMofrl~ 10 18 2

of Inft.. rtnM

yMSt~and ClPwash 2 '5 v.. ...ccMrY 2 2 0
recovery

.Pateur1_ Procea water 75 RNM In botkwuher 0 0 0
Total 332 1273 '504 '12 70 32

to be supplied with dcionlscd water but that the poutcurtscr woller
be used to supply the remainder and also for conlinulllreplcn
ishment of the water in the final rinse tank. Mains water would
be provideJ as a ItaJldby supply in the eYent for any~n that
the pute'f'iSer water oeased.

In the~g IU"eIl, dumping of~ beer to drain \\''a!

QCCUrring penod1cal1y gMDg a very J5.gDiBcant riJe in COD load
during the dumping periods. It was iDdicated to the company
that separate di.sPoS41. pos.\ibility directly to land. ~hollld he ~c
nowly considered as often adopted by other bl"C'Neries.

nary
uble £ sh0w3 the existing and proposed reduced effluent con·

tributions for the unit operations b1ghJ1gbted.
The predicted reducti0n3 on the total diluent discharges were

appronmately 20% volume, 30% COD load and 159"0 SS load,
This indicated a2S~ reduction in t,..de effluent charge1 resulting
from implnnentation of the BO\Vl1oad reduction pro~, Tha
corresponded to reduced average waste quantities per cubic me
tre or~r produoed of 1.6 m', 6.0~ COD and 1.8 kg SS

The audit team app~ted that in additioo to savi0ff\ in tTade
effiuent charge.t, there 'WOuld be other cost bcne6ts whicl. wen.:
difficult to quantify during the time-frame of the project but
which lncluded costs assoc:1ated with raw water, energy and
product.

PRETREATMENT PRIOR TO SEWER DISCHARGE
The stnt~ of reduci.Dg 201lution at IOUroc reduced the de·

sign B0W3 and loads on which to si7.Ie and cost the effiuent pre
treatment facilities, Land for the pretreatment plant was limited
and therefore only com~ processes \\'ere investigated. The
posnble stages con.ridered were:

• Sl:I"CCI\1ng;
• balancing;
• pH control:
• Icttlement OT iotatlon with and without chemIcal addition:
• anlM:l'Obkp~~
• aerobic proccactl iDd.ud.ing adi'vated sludge. trtclcling nltcrs

and submctged biofiltets:
( Gnal settkment; a.,d

comhlnatloN of these. •
'-- ./t"".....'"-, d"""-r"roiI cost estimates were nrwn up foDowing outline design

of eaCh option. These~ based upon budget price quotation.~
from meclwUca1 and e1cc::tnca1 equipment manufactUrers and

111r II_ I_ --.--

supplicrs. Civil engineering costs were Cltimated by app¥ng ac
tual rates for items cun-cmtly being constructed as part c
ASHACf projcctl: other items were estimated by taking of
quantities for major Items, iDclu~ excavation, concrete, rein
rOTCIng stoe1 and fotmwork and appTying published Tates.

An OOOZIomic cvaIuation of~ capital and operating costs c
eech Utanative compared to savings in tnde el'Huent cbaigc
including discounted Cub Bow analy3es was undertaken.1'hc ot:
crnting cosU included aDowanoes for chcmiaW. electricity, was
WIlter. steam. labour and rnaiDtenanc:e.

The evaluation identified the best option for the brewery as a
on-site pretreatment plant based on pH control. balancing an
pure oxygen acti~ted sludge treatment in order to reduce trad
efRuent Charges payable to the water oompany. This process hi
the additionalattraetion of redueed risk of developing 61amet
tous, poorir settling sludp compared with conventicnw air ..
tMted 'luage systems treating brewery. or similar wa.nes, haw
II high soluoJe carbohydrate conteDt.

CONCLUSION
The results of the effiuent audit and reduction studieJ we:

formally presented to the brewery's management in the form
a lechDiCal~ 1M recommencations made were aoeeptl
and plans were then made to implemeDt the reoommeDd.atkn
It was recognised that lOme e:a.t!ital expeIlditure wuuJd be r
quired to implement the ptopOMCl efBuent reduetioD programr
and that this uped was beSt c:osted by their own cDgiZleeri:
staff. However. since the capitallums involved woulcfbe roe.
lively mWl compared to the brewery's capital expendihl
budget for the current )'CU. and related to progressiYe lmprc71
ments in the bl'e'Ne1Y productioll ~ratiol1S, tile breway-WOl.
be likely to accept the efBuent savinp proposab OIl the "basis
the sigDificantly ieduood t:ade efBuent clWp S&Yinp a1cme.

ASHACT MYe subseqoently curied out the detaIled~
design rOT the pretreatment pram. .. ,

Tho audit bid pn:Mded. fOUnd UDderstaJl~ of aD prind:
lIOIlrceI meffluent IJ'isifll within the brewery. FUrtheniK>re.1
brewery technolopt~ to assist the waste'audit teamt
benefited~ from being iDvalYed in thelhlp-~.:
proac:h~ by ASHACT. It was coDlidered that .the elC
nonce pinCd by the~would enAble compaIl)' stat'rto ti
the Jc.a in any future waste audit programme.~
:assessment of the actual. waste reduct10ns ac:bfcYed 'Yow
oommIssioning of the plant rnodiliealions and 8ddltiODI i
po.~ .. '
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