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Preface

Several factors render food processing one of the most important areas of industrial activity in the
ESCWA member countries. The economic importance of the industry’s operations in these countries is
equalled only by the crucial nature of its activities from a social perspective.

The food processing industry (FPI), traditionally conservative in comparison to other branches of
industrial enterprise as regards the selection and rate of implementation of new technology, has been the
target of considerable technological innovation, particularly during the past two decades. Many of these
innovations have targeted the environmental impact of the industry’s operations. Others have been aimed at
enhancing product quality and shelf life, allowing producers in both developed and some of the
industrializing countries to gain a significant edge in wider markets. The end result of both types of
innovation is rejuvenated, leaner, more competitive enterprises and, of greater importance, enterprises that
are more compatible with new global environmental quality standards.

Two issues that come to the forefront in considering FPI technology development in the developing
countries deserve special attention: The first concerns the relatively fragmented nature of FPI operations in
these countries; the second, of special relevance to the ESCWA member countries, is the high volume of
water consumption and wastewater in FPI operations. Both issues require special attention in devising
modalities for the acquisition and wide adoption of the appropriate technology.

The present study is one of three carried out within the work programme of the Sectoral Issues and
Policies Division for the biennium (1998-1999) with a view to examining various aspects of the agro-food
sector in the ESCWA member countries. Of the two other studies conducted within this domain, the first
was devoted to FPI production and quality technology' and the second to FPI competitiveness and
productivity.?

This study is also part of a continuing effort by ESCWA to promote environmentally sound
technologies (EST) in its member countries. The last in this series addressed EST in the tanning industry.’
Previous activities in the same domain addressed cleaner production technology in the oil and gas sector.

The present study consists of four sections. Following a brief introduction, the first section presents
an overview of the food processing industry’s raw materials and principal waste output items. The second
takes a closer look at the status and environmental impact of seven major FPI segments in the ESCWA
member countries and outlines the main features of environmentally sound alternatives.

The third section discusses some of the more notable environmentally sound technologies, with
emphasis on that of relevance to water conservation, recycling and treatment. Other promising technology
to be commercialized is also discussed.

The fourth and final section of the study focuses on policy issues relating to the acquisition,
development and wide adoption of EST inthe ESCWA member countries. The nature and orientation of
strategies for these objectives are considered.

It is hoped that this study will provide the basis for efforts aimed at the assessment and wide
adoption of EST in the ESCWA member countries. Such efforts will, of necessity, need the collaboration
and contribution of the concerned government departments, enterprises and industrial federations, as well as
that of professional associations, to ensure a viable future for the food processing industry.

#- Uy

Hazem El-Beblawi
Executive Secretary of ESCWA

' “Production and quality technologies in the agro-food industry in ESCWA member countries” (E/ESCWA/TECH/1999/6).
2 “Productivity and competitiveness of the agro-food industry in the ESCWA member countries” (E/ESCWA/ID/1999/11).
3 “Environmentally sound technologies in the tanning industry” (E/ESCWA/TECH/ 1997/2).
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I. THE FOOD PROCESSING INDUSTRY RESOURCES
AND ENVIRONMENTAL PROFILE

A. INTRODUCTION

Few aspects of FPI have escaped the sweeping changes it has undergone, particularly during the past
three decades. The transformation witnessed in this industry has affected processes, product design
concepts,4packaging, marketing networks, management methods and even the nature of some of its raw
materials.

The changes that have taken place in this industry have largely been driven by one or more of the
following factors:

(a) Greater concern for public health and safety under pressure from governments and consumer
protection groups.

(b) Competition and the need for wider markets in many of the industry’s sectors, necessitating the
use of more effective sterilization and pasteurization techniques and more effective packaging.

(c) The need for conformity to ever-more stringent regulations governing environmental impact
and product quality.

Changes incorporated into FPI operations during the past few decades originated in a wide variety
of scientific disciplines and fields of technology. Innovations from the fields of biotechnology and
microelectronics have played a major role in radical changes. However, this in no way depreciates the
contribution of the more “traditional” fields of scientific and technological knowledge in chemical,
mechanical and electrical engineering and in the agricultural sciences.

In response to this economic and regulatory pressure referred to above, the incorporation of more
modern scientific and technological inputs into the food industry, particularly in developed countries, has
transformed the industry into a far more knowledge-intensive enterprise than ever before. Furthermore,
inputs designed to serve specific environmental or regulatory obligations have given rise to wider
improvements affecting both technical and managerial aspects of industrial practices. Thus, the
incorporation into FPI operations of new in-line sensors has brought about a wide-ranging capability in
monitoring and control. Similarly, the introduction of computers has resulted in changes in raw materials
procurement and stock management that have transcended firm boundaries and transformed certain
segments of the industry into interdependent networked operations.

The net result of the changes that have affected FPI operations in developed countries is
undoubtedly that of improved productivity and competitiveness, posing even greater challenges to the FPI in
ESCWA and other developing countries.

However, as is often the case in innovation and technological development, challenges are
accompanied by opportunities. This is especially true in the case of FPI operations, where modular design
concepts facilitate the introduction of incremental innovation that may eventually be integrated into a
functioning whole through modern information technology, and where components at the heart of such
innovation are, as a rule, readily accessible.

In essence, the multiple task of achieving continued growth and enhancing profitability and
competitiveness in FPI operations in the ESCWA member countries is increasingly dependent upon
minimizing their effect on the environment. The advent of global standards for regulating environmental

* Thus, the use of genetically-modified crops and ingredients produced by genetically-altered micro-organisms, an idea

that belonged to the realm of science fiction only thirty years ago and is almost routine.



impact in all spheres of industrial activity has already reshaped technology acquisition and technological
development in the developed countries. Should they wish to continue operating, enterprises in the ESCWA
member countries will need to institute similar changes.

In seeking greater compatibility with environmental regulations, an effective criterion of success is
whether the resources and environmental capital have been maintained or upgraded to a level that allows
similar, future development. Such conditions can obviously be met only when resource base exploitation
and environmental degradation is minimized or entirely reversed through material, energetic and
technological inputs. Nowhere is the application of such measures more appropriate, in the ESCWA
member countries than in the case of water resources and their utilization in food production and food
processing.

Although environmentally sound technologies encompasses a complex and heterogeneous group of
production, packaging, testing and distribution methodologies, it is useful, to define three main EST
categories:

(a) Processes developed to neutralize the environmentally harmful effects of a given industrial
operation without modifying the original. Almost all effluent treatment technology falls into this categor%/,
e.g. flue gas desulphurization, catalytic converters for car exhausts, and water treatment and detoxification;

(b) Modification of existing processes, mainly through the introduction of new monitoring and
control techniques as well as changes in the raw materials of intermediates used in the process, with the aim
of eliminating or minimizing negative environmental effects. Examples of such processes include, waste
heat recovery, co-generation technology in energy generation, and the introduction of advanced inline
measurement, control and computerized optimization technology in conventional processes in order to
reduce undesirable by-products and achieve cleaner and more efficient conversion;

(c) Adoption of both new and traditional technology that is inherently sound from an
environmental point of view, for example: solar energy for drying crops and process water pre-heating; and
certain new industrial modifications based on biotechnology.’

In general, EST in the first category has been the subject of greater interest and has tended to evolve
and become absorbed more rapidly than that in the second and third categories. Technology in the first two
categories is, on the other hand, essentially more widespread than that in the third. There are several reasons
for this: Initially, is the fact that, in the first category, the need for redesigning and remodelling entire
production operations is minimized. Technology in the first category in particular is often an addition to
existing plant structures. On the other hand, the introduction of EST of the third category generally requires
radical transformation and therefore risks of being hindered by lack of investment capital and by a variety of
techno-economic considerations.

All three categories of EST are generally applicable in food processing. The fact that food
production processes often have well-defined raw material inputs and even involve standardized processes
with only limited margin for change, have strengthened the tendency for EST in the first category.

It is useful to recall at the outset that environmental soundness is not solely dependent upon the
technology being implemented. Rather, it is a function of a multitude of factors that relate to management
practices, the resource base, social and cultural conditions, and the mode of implementation of the
technology. The fact that the present study is mainly concerned with the technological aspects of FPI

See Bizri, O., Environmentally Sound Technologies for Sustainable Development, Issue 7, ATAS 1991.

6  Clean technology is defined as “manufacturing processes or product designs that produce no noticeable pollution or
waste due to energy-use or material conversion”. Clearly, this is an ideal that is seldom attained, if at all. It is often the case that
environmentally sound technologies is adopted merely as an improvement over that being replaced, rather than to eliminate pollution
or waste.




operations should not be taken as an indication that these other factors are any less important. However, in
the absence of essential technological innovation many of these factors become less effective or cease to
operate.

B. KEY RESOURCES USED IN THE FOOD-PROCESSING INDUSTRY

Resource used in food-processing include a variety of mainly agricultural raw materials of various
grades, water, and energy in a number of forms. In addition, a range of inorganic substances is finding
increasing uses in various branches of the industry as additives, waste treatment and sedimentation aids,
disinfectants and cleansing agents. The following is a summary of some of the issues pertaining to these
inputs and their environmental impact.

1. Raw materials

Agricultural raw materials used by the industry’ directly affect the extent and intensity of the
pollution generated by its operations. This is related to their inherent constitution, the extent and nature of
cleaning needed in the preparative and intermediate stages, and the pesticide residues they have retained, as
well as refuse resulting from spoilage, due, for example, to inadequate transportation arrangements,®
inefficient storage or process failure.

Pollution due to chemical substances used in food processing is often the source of major concern.
Examples include chemicals used for cleansing and sanitizing both the raw materials themselves, as well as
the equipment, working surfaces and shop floors. Chemicals used in the intermediate preservation of
products, in pest eradication and in refrigeration constitutes another group of chemical pollutants.

2. Water

The food processing industry is an avid user of water resources. Abundant and inexpensive water is
a prerequisite for the industry.” Table 1 presents typical rates of water consumption in a number of food
processing sectors.

Water is used in three distinct modes: as an ingredient in numerous unit processes, as a cleaning
medium'® and for conveying raw materials and by-products. Water is thus the primary ingredient in the
beverages and fermentation segment. An example of the extent of the use of water as a cleaning medium is
provided by processing plants in the fruit and vegetable sector in industrialized countries: around fifty per
cent of the water utilized in these plants is for washing and rinsing. Dairy processing plants, likewise,
utilize water, primarily, as a basic cleaning agent for plant and process machinery. Certain branches of the
fruit and vegetable processing industry still use water to convey produce between process units. Similarly,
water is used in poultry processing to transport feathers and other animal parts in water flumes.

Patterns of water use are, therefore, the focus of attempts to limit or eliminate pollution generated by
the industry. Reduction of water consumption in the conveyance of raw materials as well as in plant and
equipment cleaning is the target of attempts at new process design and recycling operations.

7 With the exception, of course, of most branches of the beverage and the specialty foods industry. The former resembles

manufacturing industries in that products are created by combining a number of raw materials, increasingly of non-agricultural
origin. Furthermore, this industry is less polluting than other branches of the food processing industry. Specialty food products on
the other hand, require less water and utilize preprocessed inputs.

¥ Food processing establishments are generally located close to their agricultural sources. This has the effect of generally

reducing spoilage during transportation.

° Indeed, some countries impose minimum requirements for water use in cleaning certain food products during the

various processing stages. Thus, minimum requirements are set by the United States Department of Agriculture (USDA) on the
amount of water needed to clean poultry products.

1% Both for the industry’s raw materials and for equipment and other plant items.



TABLE 1. TYPICAL RATES FOR WATER CONSUMPTION FOR VARIOUS INDUSTRIES

Industry Product Range of flow L/Mt
Fruit and vegetable Green beans 2 500-4 000
Peaches and pears 800-1 100
Other fruit and vegetables 200-1 800
Food and beverage Beer 500-850
Bread 100-200
Meat packing 800-1 100
Milk products 500-4 100

Source: Metcalf and Eddy’s WasteWater Engineering: Treatment, Disposal, and Reuse, 3rd ed., 1991.

3. Energy use

In comparison to other industrial activities such as metal fabrication and pulp and paper production,
the food processing industry is not generally regarded as energy-intensive. Electricity is generally used to
run food-processing machinery. Natural gas and fuel oil are used in boilers and for steam generation in
plants in many developing countries, including those in the ESCWA region.

C. OVERVIEW OF THE ENVIRONMENTAL IMPACT OF THE FOOD PROCESSING INDUSTRY
1. Wastewater

Wastewater produced in food processing is often cited as the primary area of concern in rendering
the industry more compatible with environmental considerations. In general, wastewater produced by this
industry contains few hazardous and persistent substances. Thus, with the exception of certain toxic
cleaning and sanitizing agents, wastewater from food-processing establishments is almost entirely composed
of organic matter that is amenable to conventional biological treatment technology.

Nevertheless, a major problem with wastewater discharge by the food processing industry arises
when production facilities are located in rural areas in which public water resource networks and water
treatment systems, still rare in many ESCWA member countries, are designed to serve small populations.
Even small-sized plants, processing, for example, 20 Mt of fruit and vegetables or canning or frozen
packaging, might use a hundred cubic, or 100,000 litres of clean drinking-quality water. The wastewater
such a factory produces also seriously affects the quality of local water supplies and surface water integrity.

Issues of principal concern in FPI wastewater are biochemical oxygen demand (BOD); the amount
of total suspended solids (TSS); nutrient loading, namely nitrogen and phosphorus compounds; pathogenic
organisms and residual chlorine, as well as pesticide and herbicide levels.

An important indicator of the level of wastewater pollution is provided by the five-day Biochemical
Oxygen Demand (BODs) (box 1). This criterion is used to gauge the level of treatment needed before
effluent may safely be discharged into a receiving water system, such as a river, lake or coastal waters.

Pathogenic organisms are a major source of wastewater contamination, particularly in meat, poultry,
and seafood processing. Wastewater bearing high levels of such organisms has to be disinfected prior to
discharge. Chlorine is often used for this purpose. Recently, however, chlorine use has come under
pressure from a variety of sources.'! As a result, it is being gradually replaced by ozone and ultraviolet
(UV) radiation. Further discussion of disinfection with ozone and ultraviolet radiation is presented in
section IV.

1" Chlorine generates high levels of chlorine-bearing organic chemicals now considered carcinogenic.




Another aspect of wastewater constitution is the acidity or alkalinity of a wastewater stream, as
measured by its pH value.'” This is of paramount 1mportance to the mtegrlty of natural receiving systems
and wastewater treatment plants. In the latter, micro-organisms used in wastewater treatment can function

only within a relatlvely narrow range of pH values. Low pH, indicating high acidity, is particularly
damaging. Values in the range 5-9 are generally acceptable.

Box 1. Definitions of frequent terms pertaining ié;é : nmental pollution
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2. Solid waste

Organic and packaging waste constitute the principal issues of concern in the food processing
industry. Raw material processing residues including, rind, seeds, skin, bones, feathers, etc., are the main
sources of solid organic waste. Other sources of organic waste include paper, cardboard and plastic
sheeting. Inorganic waste includes glass, metal and other mainly packaging items. Phosphates, and other
inorganic chemicals from segregated washing streams, are another possible source of predominantly
inorganic chemicals in FPI wastewater streams.

The food processing industry in the industrial countries has been able to reduce organic waste levels
through resale for reprocessing. Biodegradable and recyclable packaging materials are also gaining ground.
Among the latter, aluminium, glass, and high density polyethylene (HDPE) are increasingly being used.

Solid waste from regular food processing activities is generally rich in both nitrogen and
phosphorus. Many solid waste varieties produced by this industry can be processed into valuable products
including organic fertilizers and animal feed.

Wastewater treatment sludge obtained from sedimentation or filtration operations is an important
source of solid waste in the FPI. Rich in organic material as well as inorganic chemicals, with animal and
plant nutritive properties, it is generally disposed of after further processing as an animal feed supplement,
or, after composting, as a fertilizer additive. Chemical additives for a variety of purposes renders
wastewater sludge unsuitable for animal feed, however. Its particular composition often renders this sludge
unsuitable also for composting into an organic fertilizer. This underscores the need for serious attention in
designing in-process water-use strategies, in-plant wastewater routing and the final treatment processes,
indeed all of the steps involving the use of water in this industry. Solid waste and wastewater sludge laden
with harmful chemicals, the disposal of which as fertilizer or animal feed supplements is prohibited, have to
be disposed of by dumping or incineration.

A growing tendency in industrial countries is the application of the “zero emissions” principle.
However, this requires the establishment of a network of firms that utilize waste streams as raw materials.

3. Air emissions

Air emissions are of major concern in the food processing industry whenever fossil fuels are used in
its operations. Apart from this, most food processing operations emit low levels of air pollutants. Air
emissions from biological treatment processes, in common with present-day breweries, may sometimes be a
source of serious concern, albeit of possibly more limited proportions and consequences, in comparison to
water-borne pollutants.

By virtue of the sheer volume of agricultural and food products transported to and from FPI
facilities by motor vehicle, the industry’s air emissions should also be reduced as a result of developments in
the search for cleaner fuels and automotive engines.




II. ENVIRONMENTALLY SOUND TECHNOLOGIES AND RELATED PRACTICES
IN SELECTED SEGMENTS OF THE FOOD INDUSTRY

The primary objective of food processing is food preservation, enabling its shipment and storage to
distant markets and its perennial consumption. Processing also renders foods more convenient to cook or
serve, a factor that explains the rising popularity of canned and other processed foods in urban and
industrialized settings. This chapter briefly addresses process inputs, as well as environmental hazards
created by FPI operations in the following segments:

Fruit and vegetable processing;

Milk and dairy product processing;
Meat, poultry and seafood processing;
Vegetable oil manufacture;

Grain milling and bakery operations;
Sugar manufacture;

Beverages and fermentation products.

A. FRUIT AND VEGETABLE PROCESSING

The fruit and vegetable processing segment is a competitive international industry, encompassing
fruit and vegetable canning and freezing, extraction of fruit and vegetable Jjuices; and the production of
ketchup and other tomato sauces, preserves, marmalades, jams, and jellies.

Fruit and vegetable processing is an established area of industrial activity in all ESCWA member
countries. During the past two to three decades, considerable expansion has been witnessed in several of
these countries, prompted, no doubt, by increasing populations and changing lifestyles as well as by export
opportunities. Further expansion in the manufacture and consumption of processed fruit and vegetable
products in the ESCWA member countries might be expected, at least in view of the aforementioned.

The goal of the canning and freezing processes is to destroy any micro-organisms in the food and
prevent their re-contamination. Heat is the most common agent used to destroy micro-organisms.

Removal of oxygen can be used in conjunction with other methods to prevent the growth of aerobic
micro-organisms. Freezing on the other hand halts or greatly retards action by all micro-organisms. Despite
the fact that canning and freezing of fruit and vegetables'® involves a number of basic procedures, these vary
greatly from plant to plant. These variations may involve the inclusion of certain operations for some
products and changes in the sequence of steps used in process operations, as well as essential process
parameters.

In general, the differences are greater in operations involving the extraction and processing of fruit
and vegetable juices." This is dictated of course by the types of raw materials, as well as by the
characteristics of the resulting juices, e.g., acidity, aromatic content, susceptibility of the ingredients to
oxidation, etc.

The principal steps in processing fruit and vegetables are set out in box 2. Chart 1 provides a flow
diagram for the canning of fruit, vegetables and fruit juices. A typical canning plant would generally
employ the following process operations:

Cleaning the raw products received from the field;
Inspection (culling, trimming, sorting, grading or sizing);
Peeling, coring or seed removal;

" Typical canned products processed in the ESCWA member countries include carrots, peas, fava beans, chick peas,

beets, tomatoes, apples, peaches, pears and apricots.

' Typical juices processed in the ESCWA member countries include orange, grapefruit and tomato.



Blanching;

Cooling (after blanching);

Canning and heat sterilization or freezing;
Inspection, packaging, casing and storing.

i ;Bjox‘z.» The fprinc_i_pal ’s,téps in processing fruit and vegetables

(a) General glea:ii_ng and dirt r'ehxo‘val;

(b) Removal Qfléafi'es,
(¢) Blanching
(d) Washin

. case of canned foodprOCessmg),

© Packaging
(§ Clean-up.

The blanching operation is the major difference in the processing of the two main groups of
products, i.e., fruit and vegetables: most fruit is merely placed in cans and allowed to cook during the
sterilization process; the majority of vegetables need to be blanched."”

Peeling, coring, halving, pitting, etc., occur prior to blanching in fruit processing. With vegetables,
however, these steps often follow blanching. The three basic peeling methods for both fruit and vegetables
are: mechanical, steam, and lye peeling. The type of fruit or vegetable generally determines the choice of
method.

Fruit and vegetable juice processing is often carried out by means of concentrates in facilities that
do not handle the raw materials. Such facilities generate much less solid waste, of course. On the other
hand, facilities that process raw fruit and vegetables often sell processed or semi-processed by-products such
as peel, pulp, molasses and essential oils to other industries.'®

Both batch and continuous units are utilized for blanching in the canning industry. In continuous
processes cans are fed through an air lock into a retort, rotated through a pressurized heating chamber, then
cooled through a second section using a separate cold-water cooler.

Sterilization of acidic canned fruit and vegetables'” is carried out using static retorts, basically, large
pressure cookers. In some designs, vibration of the cans during sterilization is possible in order to achieve
rapid heat penetration. In the aseptic packaging process, fruit and vegetables are sterilized and cooled
before being put into pre-sterilized containers and sealed in a sterile atmosphere.

15 The fact that vegetables have much lower acidity and contain heat-resistant soil organisms necessitates the more
intensive heat treatment. The more intensive heat treatment for vegetables is also necessary to fully develop their flavour and texture.

16 In citrus fruit processing, peels are collected following fruit pressing, ground, then treated with lime to neutralize
residual acids, after which an essential oil d-limonene can then be extracted for use in other industries. The liquid obtained in the
course of this process is screened to remove large particles and concentrated in an evaporator to produce a syrup which may also find
uses in other industrial processes.

7" With a pH of 4.5 or lower.




Chart 1. Fruit and vegetable processing operations

Receiving unloading,
weighing etc.

Damaged products, dirt, plant
parts

Raw material

Primary grading &
screening

Rejected products

Initial cleansing

wastewater, dirt, detergents &
emulsified matter

Final grading sizing &
inspection

/

Rejected products (mainly out
of specifications range)

Sterilized water mainly
chlorine

( Product preparation:
- final cleaning

- peeling

- destemming & deconing
- slicing or grating; etc.

Waste water solids & liquid
detergents

4 Product processing,
steaming; blanching;
cooking

Ingredients: e.g.
sugar, seasoning, P

preservation

wastewater

Freezing, canning
or further
processing

Semiprocessed or bulk
processed products

Highly processed products

Packaging materials,
transportation means

Packaging, storage &
transoportation

T

Damaged or out of date
products

Source: Adapted from the “Technical pollution prevention guide for the fruit and vegetable processing industry in the
Lower Fraser Basin”, Environment Canada, DOE FRAP 1996-18.

1. Process operations in tomato canning

By way of illustration, the following paragraphs describe steps involved in the canning of whole
tomatoes.

(a) Preparation

Tomatoes are thoroughly washed using high-pressure water spraying or counter-current streams of
water on a moving belt or agitating screens. Grading for size is by means of a series of screens with
different mesh sizes. Classification according to ripeness or shape is carried out manually.



(b) Peeling and coring

Hand peeling was the general practice following scalding. Steam and lye peeling have become more
widely used, however. In the former process tomatoes are exposed to steam to detach the skin, which is then
removed mechanically. A hot lye solution of 10 to 20 per cent alkali is used in the lye peeling. Thorough
washing is needed to remove excess alkali that adheres to the surface of the peeled product.

Coring is effected by means of a device that uses pressurized water.
(c) Filling

Peeled and cored tomatoes are automatically conveyed to a filling point. Cans and glass containers
are cleansed using hot water, steam or pressurized air, prior to being filled with the solid product. A light
purée of tomato juice is often added together with a small amount of sugar and citric acid."®
(d) Exhausting

The next step involves removing air from the container. This helps extend the shelf life of the
product. Reduced pressure is generally obtained by the use of heat. Thus the cans or jars filled with
tomatoes may be preheated before filling, then sealed hot."”

(e) Sealing

This is invariably done by mechanical means. Before the lids are sealed, machines reduce the
pressure in the headspace by a blast of steam or by means of mechanical pumps.

€3] Heat sterilization

Destruction of micro-organisms causing spoilage is effected by heat during processing.
Temperature and exposure times vary from one raw material to another. It is also important to take the
dimensions and the material of the container into account in the design of the sterilization step.

Lower temperatures of around 100°C, are adequate with an acidic product such as the tomato.
Containers may thus be processed in steam or hot-water cookers at atmospheric or slightly increased
pressure. Rotary continuous cookers, operating at 100°C have replaced retorts and open-still cookers for
processing canned tomatoes.

(2) Cooling

Rapid cooling is essential following heat sterilization in order to avoid overcooking. This is
achieved by adding water to the cooker or by conveying the containers into an enclosure equipped with a
cold-water spray.

(h) Labelling and casing

High-speed glueing and labelling machines are generally used. The labelled cans or jars are then
packed into cartons for shipping or temporary on-site storage.

18 Acidification with 0.1 to 0.2 per cent citric acid is used to prolong preservability and improve taste. The addition of 2-
3 per cent sucrose and some salt is purely to improve taste.

19 Cans or jars may also be passed through a steam chamber prior to sealing. This has the combined effect of expelling air
gases as well as raising the temperature. Sealing containers in a vacuum chamber is also possible in cases where further heating of
the contents is undesirable.
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Table 2 provides a list of the m
vegetable processing operations, with possi

2. Fruit and vegetable waste streams and pollution abatement

ajor sources of environmental pollution resulting from fruit and
ble measures that may alleviate or eliminate their adverse impact.

TABLE 2. FRUIT AND VEGETABLE PROCESSING OPERATIONS AND POSSIBILITIES
FOR POLLUTION ABATEMENT

Operation

Objective

Possibilities for waste reduction and pollution abatement

Inputs and inventory

Inventory

Ingredient despatch
and make-up

Product preparation

Various operations
throughout process

Waste treatment and
disposal

Marketing

Improving input raw
material quality

Waste reduction through
management
improvement

Improving process control

Waste reduction

Recycling and reuse

Wastewater reuse

Waste reduction

Work with suppliers to improve quality (e.g., feedstock/product
condition, ripeness, damage, and variety)

Institute computerized reception and intermediate storage systems in
order to apply “just-in-time” concepts

Improve product initial cleansing and conveying systems: use dry
initial cleansing and conveying rather than wet initial cleansing and
conveying

Minimize product contact during cleansing

Re-examine process steps to identify possible redundancies, e.g.,
necessity for peeling certain products, possibilities of incorporating
peel as ingredient in other steps or products

Optimize waste dump frequency and examine possibilities for reuse
of cleansing and ion-exchange washings

Improve peeling, slicing, cutting, grating, evaporation and
sterilizing technology

Install drip trays to catch juice/product on conveyors preparation
and trimming tables

Explore different blanching processes to reduce water usage

Install equipment and re-arrange flows to recirculate product wash
water for non-critical cleaning processes

Install settling tanks and monitoring equipment to treat water from
flumes for in-plant raw material transportation

Install auxiliary equipment to regenerate cooking oils or despatch
for off-site regeneration

Recover usable material from wastewater, e.g., starch, sugar, citrus
oils, etc.

Wash organic residues in order to optimize extraction of valuable
essential oils and other usable products

Install composting or vermiculture facilities for organic waste
material that may not be used as input in other industrial processes
or as animal feed

Remove excess water from organic solid waste by mechanical
means

Develop new products that allow profitable use of off-specification
material and quality trimmings, e.g., in salads, pre-cooked meals,
jams, etc.

Source: “Cleaner Production Fact Sheets; Food Manufacturing Series”,

Production in the Food Industry, University of Queensland, Australia. Published on the Internet.

URL: http://www.Geosp.uq.edu.au/emc/CP/Fact 3.htm

the UNEP Working Group, Centre for Cleaner
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(a) Wastewater and solid waste

Contaminated wastewater and solid processing residues constitute the principal pollution sources
from fruit and vegetable processing. Wastewater from this industry is generally rich in suspended solids,
sugars and starches. Significant amounts of pesticide residues may also exist in the wastewater stream.

Solid waste, on the other hand, includes rind, seeds, and skin from raw materials. It can often be re-
sold as animal feed. Alternatively it can be composted or vermi-composted” into organic fertilizers.

One of the difficulties faced in waste management in the fruit and vegetable processing sector is its
seasonal nature and dependence upon the varieties of fruit and vegetable being processed. The composition
of wastewater and solid waste produced by a given plant will vary, of course, according to the specific raw
material being processed.

In general, solid waste reduction has received little attention. Pre-treatment to reduce raw material
losses is, nevertheless, reflected in the reduction of both solid and water-borne waste.

Most EST advances and research in fruit and vegetable processing have focused on reducing the
volume of wastewater. As to wastewater treatment, most fruit and vegetable processors in the industrial
countries use traditional bio-processes for wastewater treatment. Application of wastewater treatment
methodologies based on improved understanding of chemical degradation routes of pesticides and herbicides
have helped reduce their residues in wastewater discharge in these countries. This may be a useful line to
follow in research aimed at similar results in the ESCWA member countries.

(b) Air emissions

Fruit and vegetable processing involves a number of high-moisture operations. Air emissions may,
therefore, tend to be steam-borne or associated with water vapour. The high moisture content of such
emissions may interfere with the collection or destruction of undesirable constituents. Special consideration
is therefore necessary in the design and operation of equipment dealing with air emissions produced in this
segment.

Wastewater treatment ponds and temporary solid waste dumps may be another source of
malodorous emissions.

Particulate matter (PM) is emitted mainly during handling, trimming, cleaning and drying of solids.
Whereas soil-based dust may constitute the most common PM source emitted during cleaning and trimming,
PM produced during thermal processing operations includes the condensates of vapours. Their sizes may
fall within the low-micrometre or sub-micrometre particle-size ranges.

Volatile organic chemicals (VOCs) are highest in thermal processing operations, such as cooking
and evaporation.

Emission controls available to the canning industry include wet scrubbers, dry adsorbents, and
cyclones. In particular, control of VOCs from gas streams is most commonly carried out using absorption,
adsorption and afterburning. Absorption involves wet scrubbing with aqueous solutions. Mist eliminators
are necessary downstream of the scrubber.

Adsorption of VOCs is most commonly carried out using activated charcoal. This is a relatively
expensive technique and may not be effective in certain situations. Particulate matter is most commonly
dealt with using Venturi scrubbers, dry cyclones, wet or dry electrostatic precipitators (ESPs), or dry filter
systems.

2 yermi-composting is the term used in describing a composting technique in which varieties of earthworms are
deliberately introduced with a view to enhancing the quality of the resulting compost.
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Condensation of vapours emanating from cooking, drying or expression of certain fruit may be
carried out to retrieve essential oils. This also reduces the VOC load in fruit and vegetable processing
emissions.

Condensers may be used in either direct or indirect contact with the vapour. The most frequently
used one is the indirect contact type which is less demanding on construction materials and maintenance.

B. PROCESSING OF MILK AND DAIRY PRODUCTS

The basic function of the milk and dairy products segment is the manufacture of foods based on
milk or milk products, as well as the extraction and processing of other milk components for use in other
industrial or medicinal applications.”’ The dairy sector is often divided into two sub-segments: fluid milk
products, and processed milk products. The fluid milk category includes milk-based chocolate drinks, as
well as yogurt and related products. A list of fluid milk and processed dairy products is presented in table 3.

TABLE 3. FLUID MILK AND PROCESSED DAIRY PRODUCTS

Products of the fluid milk category Processed dairy products

Pasteurized milk Cream dried, powdered Butter

Yogurt Curds Butter oil

Skimmed milk, fluid, processed, fresh Dairy powder blends Cheese

Whole milk, fluid, processed, fresh Dairy powders with fat additives Cheese spreads

Buttermilk Evaporated milk Chip dip (milk base)

Chocolate drink (milk base) Ice-cream Condensed milk

Cream, fluid, processed, fresh Powdered milk Cottage cheese

Cream, fluid, processed, sour Processed cheese Ice milk products

Egg nog Sherbets Lactose
Specialty cheese Malted milk mix
Whey products Milk-shake mix

Paste cheese

In many of the industrialized countries, e.g., the United States and those of the European Union,
production of fluid milk products, with the exception of skimmed milk and butter, has steadily declined
during the past decade. On the other hand, production of specialty items such as yogurt and ice-cream has
increased. A similar trend might be expected in the ESCWA countries in respect of the latter development.
The fact that little large-scale processing of fluid milk products has taken place in the past, coupled with
changing lifestyles and rising standards of living, albeit principally in certain sectors of the population,
should provide the impetus for such future expansion.

Facilities in the fluid milk processing category are for pasteurization, homogenization, vitamin
fortification, bottling and distribution of fluid milk and cream and related products. The principal steps in
processing dairy products are listed in box 3.

Box 3. The principal steps in processing dairy products ‘ '

(a) - Milk clarification or filtration;

(b) - Blending and mixing;

(¢) Pasteurization and homogenization;
(d) Process manufacturing;

(¢) Packaging:

(f) Clean-up.

! Based on the Standard Industrial Classification (SIC) system. This segment’s operations are further sub-categorized as

fluid milk industry - (SIC) codes 1041, and other dairy products - (SIC) codes 1049.
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1. Raw materials
Raw materials utilized in the dairy products processing industry typically include:

(a) Dairy products: milk and milk products including cream, condensed or dried milk and whey,
etc.;

(b) Non-dairy ingredients: sugar, corn syrup, fruit, flavours, nuts, preserves, and fruit juices that are
utilized in certain manufactured products such as ice-cream, flavoured milk, frozen desserts, yogurt, and
others such as food colouring, biscuits and chocolate-solids.

There is a good deal of variation from one processing establishment to another in the raw materials
selected for inclusion in a single dairy product. Chart 2, illustrates the sequence of operations involved in
milk and dairy processing, emphasizing material inputs and waste output.

(a) Process and handling operations

Receiving, storage, transfer, clarification, separation, pasteurization and packaging are common to

most categories of the milk and dairy product segments. Other operations, including churning, flavouring,

culturing and freezing, are carried out in specific segments.

The following sections describe the principal operations in milk and dairy product processing
facilities.

(b) Transportation

The principal raw material, milk, arrives at dairy processing plants in metal, generally stainless
steel, cans or tanker trucks.”? These are usually emptied into receiving tanks upon receipt or after a short
period of storage. Other raw materials, such as sugar, corn syrup and preserves, arrive, suitably packaged, in
either liquid or solid form.

2. Unit operations

The following typical unit operations are employed in the dairy products industry for processing
milk and other non-dairy ingredients into specific dairy products:

(a) Storage of raw materials: storage of raw milk and other ingredients in controlled and
refrigerated storage tanks, the latter primarily for the storage of fruit;

(b) Clarification/separation: straining and separating the various components of the liquid products
by centrifugal devices or mechanical filters;

(c) Pasteurization: heating the milk products in either continuous flow units or batch type units;

(d) Homogenization: breaking up the butterfat particles and keeping them in suspension by the use
of pressure pumps;

(e) Deodorization: removal of the off-odours and flavours in the raw milk by vacuum steam
injection treatment;

22 The practice in the case of factory processing of fluid milk in the ESCWA member countries is to use metal, generally
aluminium cans, or plastic, mainly polyethylene or polypropylene, containers for the transportation of milk from farms or herding
areas to processing locations.
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(f) Evaporation: removal of water in milk, cream and/or whey by heating with steam in a vacuum
chamber;

() Churning: agitating, separating, and gathering of the oily globules for butter;
(h) Cooking: cooking and inoculating the milk products with a culture for cheese production;

(i) Flavouring: blending of the other ingredients such as liquid fruit juice, artificial flavours into
the products (ice-cream);

() Solid injection: addition of nuts and fruit pulp into the products (ice cream);
(k) Storage of processed products: cold storage for the manufactured products;

(I) Bottling and packaging the products for the end users.

Chart 2. Milk and dairy processing operations

Reception, testing,
emptying into tanks

Raw material

Container washing

Wastewater, (ODS),
detergents (from cleansing
operation)

Chilling/refrigeration

Wastwater & high protcih
sludge

Classification & separation

Standardization,
pasteurization &
homogenization

Wastewater loaded with
milk & milk solids

Final product formulation;
incl. flavoured milk &
dairy products e.g. yogurt,
milk shakes, etc.

Wastewater loaded with
milk solids & waste from
additives

Sugar, cocoa, salt, fruit
etc. colouring

Wastewater from CIP
operations

Packaging material Packaging

Damaged packages & out
of date packages

Storage & shipping

Source: Adapted from the “Technical pollution prevention guide for the fruit and vegetable processing industry in the
Lower Fraser Basin”, Environment Canada, DOE FRAP 1996-11.

(a) Effluent in milk and dairy processing
Table 4 presents a list of major sources of pollution generated by fluid milk and dairy product

processing. Objectives targeted by environmentally sound technologies and other measures aimed at
improving waste management are included in the last column of this table.
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TABLE 4

. PRINCIPAL MILK AND DAIRY PROCESSING OPERATIONS AND POSSIBILITIES

FOR POLLUTION ABATEMENT

Operation

Objective

Possible improvements through technology inputs and
work procedures

Raw materials: arrival,
handling and unloading

Ingredient handling

Product preparation

Processing

Product despatch

A variety of operations
throughout

Waste reduction

Waste reduction

Waste reduction
and quality
improvements

Waste segregation
and reduction

Waste reduction

Recycling and by-
product reuse

Reducing waste might require improving herd quality as well as
improved technology inputs in milking, refrigerated transportation and
reception facilities, e.g., intermediate storage under cover

Implement material handling, storage control and transportation
container designs that minimize or eliminate spillage

Introduce modern in-plant ingredient transportation and handling
technology, e.g., pneumatic conveyor systems for dry materials

Introduce systems that minimize foaming
Install seals, valves and pumps that minimize leakage
Inspect lines and connections for leakage

Introduce automatic temperature control systems

Separate drained contents of processing lines, during operation change
over, from general waste stream

Improve separation systems using centrifugal separators or other
controllable mechanical devices

Improve work space cleaning practices by separating solid from liquid
waste at earliest opportunity

Install equipment that allows utilization of whey in products or install
anaerobic digesters to generate methane gas

Install computerized inventory systems to control ingredient use and
avoid waste due to accumulation of out-of-date raw materials, €.g.
nuts, fruit parts, etc.

Install computerized inventory systems to control intermediate storage
and shipping

Install means to allow recovery of entrained products, especially
highly concentrated material as in evaporators and condensed milk
lines

Install means that allow reuse of process water from pasteurizing units
Recover broken or damaged packages and recycle contents, preferably
in-house for animal feed supplements, etc.

Segregate detergent as well as acid and alkali-laden waste for separate
treatment routines

Install screens to separate solids from wastewater streams

Source: Adapted from “Cleaner Production Fact Sheets; Food Manufacturing Series”, URL: http://geosp.uqg.edu.au/emc/op/Fact2. htm

3. Dairy wastewater streams

A considerable wastewater stream is generated in milk and dairy processing during start-up and
shut-down operations performed in high-temperature, short-time (HTST) pasteurization processes. This
waste stream is generally composed of pure milk raw material mixed with water and a limited amount of

cleansing ingredients.

Another dairy segment waste stream is produced from equipment and tank-cleaning

wastewater. Both streams contain waste milk and a variety of sanitary cleaners. An important characteristic
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of milk-processing wastewater is that the milk in the wastewater tends to degrade, giving rise to corrosive
lactic and formic acids. Pollutants and effluent parameters of concern in the dairy industry include:

Biological oxygen demand (BOD:);

Total suspended solids (TSS);

pH (acidity and alkalinity);

Temperature;

Phosphorus, nitrogen and chloride content;
Process wastewater volume;

Oil and grease.

Further information on the above-mentioned pollutants and effluent parameters is presented below.*
(a) Biological oxygen demand (BOD)

Waste material in dairy plant wastewater consists of milk solids and other organic matter. Cleansing
materials, sanitizing solutions and lubricants also tend to be of an organic nature, although some inorganic
substances may be used in cleaning operations. As a result, the BOD; concentration of raw wastewater in
the dairy products processing industry typically falls within the range 1,000-4,000. This is reported to
correspond to an actual waste load of between 16 and 0.4 kg per 1,000 kg of milk equivalent.?**

A positive correlation has been established between BOD:s and the concentration of solids in dairy
wastewater.  The ratio of solids concentration to BODs was found to be around 0.4. Economics dictate that
treatment to remove BOD; in the liquid phase is higher than that designed to remove BOD:; in the solid
phase. Every effort should be made, therefore, to reduce the solid phase BOD; in dairy effluents. Common
physical separation methods such as screens, filters and centrifugation are used to remove the major
proportion of solid BODs sources prior to discharge to the city sewer. Some of the centrifuges are equipped
with the automatic clean in place (CIP) system and collect the sludge as solid waste.

After separating the bulk of the solids in the process effluent, the remaining soluble BOD; in the
wastewater is generally treated on-site using biological treatment systems such as trickling filters or
activated sludge processes.

Organic  components of non-dairy ingredients (e.g., sugar and syrup), cleaners, sanitizers and
lubricants, released from the mechanical conveying systems, are additional sources of BODs in the
wastewater.

(b) Total suspended solids (TSS)

The amount and nature of suspended solids in raw dairy plant waste varies widely among different
processing operations and plants. Up to 2g/l of suspended solids, most of which are organic and derived
from milk, can be recovered from dairy wastewater. Such solids include coagulated milk, particles of cheese
curd as well as solid material, e.g. pieces of fruit and nuts from ice cream processing operations. Suspended
solids loadings range between 0.03 and 2.9 kg of suspended particles for 1,000 kg of milk equivalent.

® This datais based on the United States Environmental Protection Agency, Office of Research and Development, Dairy
Food Plant waste and Waste Treatment Practices, March 1971 (EPA Report 12060).

2 «“Technical pollution prevention guide for dairy processing operations in the Lower Fraser Basin”, Environment
Canada 224, West Esplanade, North Vancouver, B.C., VM 3H7.

» Milk Equivalent (ME) is a unit derived from the correlation that 100 kg of processed milk is equivalent to 1,000 kg of
whole milk received, i.e., approximately 10 per cent by weight.
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(c) Phosphorus, nitrogen, and chloride

As indicated above, a considerable source of phosphorus, nitrogen and chloride pollutants in dairy
wastewater is the use of detergents and sanitizing agents used in routine cleaning and sanitizing operations.
Adoption of Better Management Practices has been found to reduce the need for detergents in several
cleaning procedures. The use of filter separations is a cheap and relatively rapid means of removing or
reducing the concentration of these pollutants.

(d) Phosphorus

Only a small part of the phosphorus in dairy wastewater comes from the milk or milk products that
enter the waste stream. Wastewater containing 1 per cent milk would normally contain about 12 mg/l of
phosphorus, determined as phosphate (POs). The bulk of the phosphorus in this waste originates from the
detergents and cleansing solutions, which typically contain significant amounts of this substance. A wide
range of phosphate concentrations, between 9 and 210 mg/l, with a mean approximate value of 28, reflects a
corresponding variation in the use of detergents and in the recycling of cleaning solutions.

(e) Nitrogen

Typical ammonia nitrogen concentrations in milk processing wastewater range between 1-13.4 mg/I,
with a mean value around 5.5 mg/l. Total nitrogen concentrations fall within the range of 1-115 mg/l, with a
mean value at around 64 mg/l. At a concentration of around 1 per cent in wastewater, milk alone would
contribute about 55 mg/l of nitrogen. Quaternary ammonium compounds and certain other detergents and
sanitizing agents further contribute to nitrogen concentrations in dairy processing wastewater.

® Chloride

Chlorine-based sanitizing agents and brine from cooling and refrigeration equipment are the
principal sources of chloride in the wastewater. Milk and milk products contribute a very small part of the
chloride load. Thus, ata 1 per cent concentration of milk in the wastewater, milk would contribute 10 mg/l
of chloride compared to the normal range of chloride concentrations of between 1.9-0.05g/1 and a mean
value at around 0.5g/1.

(2) Process wastewater volume

The volume of wastewater produced by dairy processing plants covers a wide range, 542-9,000 litres
per 1,000 kg of milk equivalent. The actual amount of water finally rejected may be much less than this in
actual fact. In particular, water recycling could play a major part in reducing water consumption.

(h) Oil and grease

The concentration of oil and grease in wastewater is of special concern for facilities discharging to
surface waters or municipal treatment systems. Discharge limits for oil and grease in some industrialized
countries are around 150 mg/l.

(i) Temperature

Thermal pollution may constitute a problem in situations where discharge is into surface water
systems of limited proportions or into small treatment plants. In general, the temperature of the wastewater
stream is affected primarily by the degree of hot water and steam recycling operations and the temperature
of the cleaning solutions. Higher temperatures can be expected in plants that manufacture dried, evaporated
or condensed milk products. Typical temperature values of raw dairy wastewater range between 8 and 38°C
with a mean value of around 24°C.
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G) Wastewater pH

The pH of raw dairy wastewater varies from 4.0 to 10.8 with a mean value of around 7.8. The main
factor affecting the pH of dairy plant wastewater is the type and amount of cleansing and sanitizing
compounds discharged to waste at the processing facility.

The amount of whey from the cheese manufacturing processes released into the effluent stream also
influences the ultimate pH value of the wastewater. The combined dairy processing waste stream is
generally neutral. Deviation from neutrality may be corrected through the addition of chemicals such as
caustic soda (NaOH) and sulphuric acid (HS0;), used to re-establish the neutral pH of the combined
effluent.

4. Waste management methods in milk and dairy processing

Dairy plant wastewater effluent consists mainly of lost raw materials as well as intermediate and
finished products. Materials used in cleaning and sanitizing containers and processing equipment appear in
process wastewater discharged by the plant. Whey, a by-product of cheese manufacturing operations, is a
significant pollution problem. Waste generating processes of major significance in the dairy products
processing machines are the following:

(a) Washing, cleaning and sanitizing of piping, pumps, processing equipment, tanks and filling
machines;

(b) Start-up, product changeover and shut-down of high temperature and short time (HTST) and
ultra high temperature (UHT) pasteurizers;

(c) Losses in filling operations through equipment jams and broken packages;
(d) Lubrication of casers, stackers and conveyors.

In summary, the focus of EST in the milk and dairy processing industry in the developed countries,
has essentially been on:

(a) Improved energy use through heat recycling and the use of more modern evaporation and heat
exchange systems;

(b) Retrieval of useful by-products from waste streams to the greatest possible extent economically
feasible;

(c) Treatment of wastewater and gaseous effluent in accordance with ever-stricter regulations.

In the latter area, in particular, new fermentation processes that make use of innovative enzyme
systems in special bioreactors may achieve the dual purposes of reducing pollution loads in wastewater and
extracting useful by-products for use in industrial and other applications.

C. MEAT, POULTRY AND SEAFOOD PROCESSING

Meat, poultry, and seafood processing present firms and public treatment facilities with greater
challenges than other FPI segments. Blood, tissue fragments and the products of their degradation produce
waste streams with extremely high BOD values. Pathogenic organisms constitute another important hazard.
It is for this reason that this segment of the food processing industry is closely regulated and monitored by
public health and other government departments. Specialist-inspectors and local health officials maintain an
especially close watch over meat, poultry, and seafood facilities both in the industrialized countries and in
many of the developing countries.
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With minor exceptions, meat, poultry and seafood processing practices in the ESCWA member
countries lack the sophistication of modern plants in the developed countries. The fact that most processing
is carried out by small and micro enterprises hampers adequate waste processing. Improvements have
nevertheless occurred at two levels: In most ESCWA member countries enterprises based on reprocessing
waste from abattoirs and butchers’ shops make daily rounds to collect refuse, mainly bones, excess fat and
other waste for processing into gelatin, glue and assorted fat products; in addition, new meat and poultry
processing plants, particularly in the gulf region, are better equipped than older facilities for waste
collection, handling and further processing. Table 5 presents a list of meat processing operations and their
major waste items. Essential steps in meat and poultry processing are listed in chart 3.

TABLE 5. MEAT PROCESSING OPERATIONS AND THEIR WASTE

Operation Waste items

Transportation and holding Manure, hair, feather, grit, dead animals

Slaughter Blood and other body fluids

Cleaning Manure, hair, feather, grit

Trimming, cutting and evisceration Blood and other animal tissue

Inspection Rejects

Processing into canned and other prepared foods Additives, including spices, sauces, brines, drippings

Qils and fatty material from cooking
Damaged batches and packages, etc.

Cooling and storage Contaminated ice and other cooling aids, damaged
products due to poor warehousing or other defects

Source: “Cleaner Production Fact Sheets; Food Manufacturing Series”, the UNEP Working Group, Centre for Cleaner
Production in the Food Industry, University of Queensland, Australia. Published on the Internet.
URL: http://www.Geosp.ug.edu.au/emc/CP/Fact7.htm

1. Meat and poultry processing waste streams

Waste streams in this segment generally include process wastewater; carcasses and skeletal waste;,
fats, oils, and greases (FOG); feces; blood; and eviscerated organs. Ina number of industrial countries solid
waste from this segment is often used as animal feed additives.

Abattoir solid waste is high in protein and nitrogen. As such they constitute suitable sources for fish
farming feed and canned pet foods. Skeletal remains are converted into bonemeal, a rich source of
phosphates for fertilizers. Fat, oil and grease waste, particularly from fish canning plants, are further
processed to extract raw materials used in several industrial sectors including toiletteries and beauty
products.

2. Water consumption in meat and poultry processing

Water is used in meat and poultry processing facilities primarily for washing carcasses at the end of
each operation. Additional water is used for cleaning machinery and process areas. Little of the water
intake of a meat or poultry processing plant is incorporated in unit output. Thus, the volume of wastewater
constitutes 80-95 per cent of the total freshwater input. It is estimated that between 44 and 60 per cent of
process water is used up in the slaughter, evisceration and boning operations.”® Water consumption rates
range from 6-15 m>/ton.”’

26 Fact sheet 7, an electronic publication of “The UNEP Working Group Centre for Cleaner Production in the Food
Industry”, supported by the University of Queensland, the Queensland Department of State Development, the United Nations
Environment Programme and the Queensland Environmental Protection Agency.

URL: http://www.geosp.uq.edu.au/emc/CP/default. H-TM
27 Calculated on the basis of hot standard carcass weight (HSCW).
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In general, poultry processing is more water-intensive than red meat processing. This is primarily
due to the fact that, in the latter, water is used for scalding prior to de-feathering and for chilling the birds
after cleaning, as well as for transporting feathers, and body parts via water flumes.

Chart 3. Meat and poultry processing operations and major input and output items

-

Reception, initial
inspection & holding

Preparation, slaughter & ),
bleeding

Skinning, deharing &
defeathering

Trimming & cutting

Sterilization or
pasteurization )
Chilling

Grinding, cooking,
formulation, etc.

Canning or packaging
Cold storage
Shipping :

Source: “Cleaner Production Fact Sheets; Food Manufacturing Series”, the UNEP Working Group, Centre for Cleaner
Production in the Food Industry, University of Queensland, Australia. Published on the Internet.

URL: http://www.Geosp.uq.edu.au/emc/CP/Fact7.htm

Rejects, manure & dead
animals

Blood & wastewater

Hides, feathers, hoofs,
heads & wastewater.

Offal/Viscera, paunch
manure & wastewater

Fat, meat trimmings &
wastewater

Bones, bone fragments
& wastewater

‘P{ Wastewater '

Facility cleaning wastes
& wastewater
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Water consumption rates in developed countries are in the range 15-90 m*/1,000 birds processed™®
and vary considerably depending on the type of process used. ‘

The most significant factor in water consumption for cleaning of work space is the total surface area
requiring cleaning. The intended market is an important factor in determining the level and intensity of
cleansing processes.

Fresh water intake has a major impact on the volume and pollutant load of the resulting wastewater.
Meat and poultry processing plants generally produce wastewater with high organic loads, particularly rich
in oils and grease, salt, nitrogen and phosphorus. Rendering operations are a source of considerable
wastewater contamination. Although wastewater from rendering operations represents around 10 per cent of
the total volume of meat and poultry processing wastewater, it contains around 60 per cent of the plant’s
total COD output. Comparison of red meat processing COD output without rendering to that measured for
processing plants incorporating rendering operations reveals that the latter generate around 49 kg COD/ton
HSCW, whereas the former produce only about 13 kg COD/ton HSCW.* Table 6 summarizes the results of
a survey of nine red meat abattoirs in Australia.*!

TABLE 6. SUMMARY OF SURVEY RESULTS ON EMISSIONS FROM RED MEAT ABATTOIRS

IN A DEVELOPED COUNTRY

Resource consumption/waste
generation (per ton HSCW) Average Range Benchmark
Water (m’) 11.8 6-15 12
Energy (MJ) 3 400 1 200-4 800 1700
Wastewater (m’) 10.1 6-13 8
Wastewater load

- Phosphorus (kg) 0.3 0.1-0.5 0.5

- Nitrogen (kg) 1.7 0.9-3.4 1.5

- BOD;s (kg) 30 8-66 15

Source: Fact sheet 7, an electronic publication of “The UNEP Working Group Centre for Cleaner Production in the Food
Industry”, URL: http://www.geosp.uq.edu.au/emc/CP/default HTM.

3. Environmentally sound technologies in meat and poultry processing

In general, environmentally sound technologies in meat and poultry processing is focused on the
following:

(a) Reduction of water consumption;
(b) Effective treatment and re-utilization of wastewater;
(c) Improved preservation of products for direct consumption;

(d) More effective cooking and other processing means for the production of canned and pre-
cooked meals;

28 Eact sheet 7, an electronic publication of “The UNEP Working Group Centre for Cleaner Production in the Food
Industry”, URL: http://www.geosp.ug.edu.au/emc/CP/default HTM. Quoting Hrudey, 1984.

» Plants geared to export and long-term preservation in countries such as Australia, are required to install more rigorous
sterilizing units, in turn, increasing water consumption.

3 Calculated on the basis of hot standard carcass weight (HSCW).

31 A benchmark of 8 m*/ton HSCW for red meat has been established by the Australian Meat Research Corporation. See
URL: http://www.geosp.uq.edu.au/emc/CP/default HTM.
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(¢) Improvements in technology designed to produce higher value-added products from industrial
waste.

Table 7 provides summary information on major waste reduction objectives for specific operations
in meat and poultry processing as well as possible action to achieve those objectives, some of which will
entail acquisition of new technology, with the aim of reducing waste and improving compliance with quality
standards.

Reduction of water consumption is being addressed through dry-cleaning methods as well as
wastewater reuse. However, wastewater treatment technology used in this segment should be capable of
dealing with extremely high BOD; values.

Sterilization and pasteurization processes will benefit from new high-pressure steam cleaning
methods. Irradiation, on the other hand, will help prolong shelf life, thus reducing waste and attendant
pollution and disposal costs.

Conventional cooking methods are still generally in use in this segment. Research and development
on new cooking methods including electric pulse techniques, is in progress.

4. Water conservation and wastewater treatment in the meat and poultry industries

Efficient water use is dictated mostly by cleaning and washing practices rather than by the type of
process or equipment used. Therefore, adoption of methods that enable dry-cleaning by means of spray
nozzles on hoses and reuse of wastewater for cleaning in non-critical operations should result in a markedly
improved environmental impact.

In poultry processing, more water-efficient equipment, the use of pneumatic waste handling systems
instead of water fluming and modern scalding systems prior to de-feathering should also significantly reduce
water consumption.*

A number of relatively simple means can contribute positively to reducing pollution from meat
processing. The following are a few examples:

(a) Efficient segregation and recovery of blood is necessitated by its highly polluting nature:
Instituting means of ensuring such segregation considerably lowers pollution loads, by up to 40 per cent;>*

(b) Installation of screens to recover solids from the wastewater stream;

(c) Use of biodegradable detergents and sanitizing materials;

(d) Collection of manure and intestinal contents without the utilization of water;

(e) Installation of facilities to retain hair and meat trimmings.

Ultimately, biological treatment of wastewater will reduce organic load and to some extent nutrient

levels, allowing safe discharge into surface water systems or even its use for irrigation under controlled
conditions.

32 Fact sheet 7, an electronic publication of “The UNEP Working Group Centre for Cleaner Production in the Food

Industry”, URL: http://www.geosp.uq.edu.auw/emc/CP/default. HTM. Quoting Nielsen, 1989 and Carawan, 1996a.

33

Fact sheet 7, an electronic publication of “The UNEP Working Group Centre for Cleaner Production in the Food
Industry”, supported by the University of Queensland, the Queensland Department of State Development, the United
Nations Environment Programme and the Queensland Environmental Protection Agency.

URL: http://www.geosp.ug.edu.au/emc/CP/default HTM

23



Many of the by-products from meat processing can be processed further into value-added products.
For example, pet food from viscera, gelatin from head pieces, meat meal from hoofs, chicken parts, bone and
horn, glue from hides and blood meal and small goods from blood. Significant cleaner production gains can
be realized by maximizing the utilization of these materials so that they become resources rather than refuse.

An emerging opportunity which may be useful for some of the larger facilities is the recovery of
energy from the anaerobic digestion of wastewater. Biogas is produced from the anaerobic decomposition
of the organic matter contained in the wastewater and can be used to displace natural gas or LPG in a boiler
or to generate electricity.

Using anaerobic generation technology to produce biogas energy from abattoir wastewater isa
viable option for the larger meat processing operations.

5. Seafood processing

Seafood processing is generally construed as including the handling and processing of all marine
plants and animals, as well as by-products such as fish meal, used as an animal feed additive, and fish oil
extraction and refining.

A limited amount of fish processing takes place on an industrial scale in the ESCWA member
countries. Facilities for fish and prawn cleaning and freezing have been set up in Kuwait, for example.
Nevertheless, some of the observations made regarding environmentally sound technologies in fish
processing apply to small-scale fish cleaning and preparation carried out in specific locations in fish markets
around coastal regions.

Fish processing is an avid user of clean water. It is also a prolific producer of high BOD;s effluent.
Two of the most important considerations to address in this respect are:

(a) Wastewater recycling;

(b) Collection of offal, cuttings, trimmings, bones and spoiled materials for appropriate treatment
or for recycling.

Technological inputs applicable in both operations are readily available and may be easily replicated
for use in small fish processing plants as well as in large fish markets. Central units in such facilities would
include de-watering belts, water treatment plant, high-pressure steam cooking of offal for the production of
high value-added foods and inputs to other industries including pet food, fish meal for cattle and poultry
feed supplements, protein hydrolysates, chitin, chitosan, and liquid and solid fertilizers.

TABLE 7. PRINCIPAL ABATTOIR AND MEAT CANNING OPERATIONS AND POSSIBILITIES
FOR IMPROVEMENT OF ENVIRONMENTAL IMPACT

Process operation  Objective Possible action
Animal delivery, Waste reduction - Improve animal induction procedures to reduce stress and mortality

initial inspection - Negotiate with suppliers improvements in feed regimes to reduce manure and
and holding paunch manure

- Introduce IT in inventory management and adopt just-in-time practices to
reduce holding periods

34 SEDA, 1999 as quoted in Fact sheet 7, an electronic publication of “The UNEP Working Group Centre for Cleaner
Production in the Food Industry”, URL: http://www.geosp.ug.edu.au/emc/CP/default HTM. Quoting Niclsen, 1989 and Carawan,
1996a.
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TABLE 7 (continued)

Process operation

Objective

Possible action

Slaughter,
skinning, de-
feathering and
bleeding

Evisceration and
cutting

Carcass and cut
washing
De-boning
grinding and
formulation
Canning and other
preservation
procedures
Rendering

Miscellaneous
solid waste

Water recycling
and reuse

Equipment
cleaning

Filling, packaging
and storage or
shipping

Waste reduction

Waste reduction
By-product reuse and
recycling

Wastewater reduction

Reduce raw material
waste

Waste reduction

Waste reduction

Waste reduction and
higher value-added
products

Reducing

water consumption
and the volume of
wastewater effluent
Reducing amount of
detergent-laden
wastewater

Waste reduction

Refrigerate or otherwise preserve trimmings etc. for use by other industries,
e.g. skins for tanning, other parts for animal feed additives and pet foods
Introduce separate waste streams whenever possible

Process highly perishable parts in situ

Optimize temperature and overflow settings in scalding, de-feathering
equipment

Segregate blood collection systems to reduce amount of blood lost to
effluent stream and improve purity/quality of the blood by-products
Optimize hanging/letting times

Collect and initially treat viscera, paunch manure, etc., for use in other
industries

Use high-pressure steam pasteurization

Use pilot facilities to perfect formulation and reduce waste
Use grinding and kneading equipment with minimal dead space

New canning techniques that reduce waste
Use of irradiation technology to prolong shelf life and reduce waste

Improve the rendering process (e.g., low/high temperature, dry rendering
processes etc.)

Use enzymes to increase the efficiency of rendering, stickwater evaporation
and protein de-watering

Ferment to produce flavouring agents for animal feed

Compost or vermi-compost

Introduce IT methods to optimize by-product storage systems and maximize
pick-up, processing schedules, temperature

Introduce customized as well as general-purpose water treatment plant
Recover rendering and other solids from wastewater

Use polymeric coagulants to increase water treatment efficiency

Reuse treated water in initial cleaning operations

Separate equipment washing waste streams whenever possible

Treat washing waste stream

New packaging methods, e.g., modified atmosphere packaging, reduce
contamination and hence waste

Source: “Cleaner Production Fact Sheets; Food Manufacturing Series”, the UNEP Working Group, Centre for Cleaner

Production in

Food Industry,

University  of

Queensland,  Australia.  Published on the Internet.

URL: http://www.Geosp.uq.edu.au/emc/CP/Fact7.htm

D. VEGETABLE OIL MANUFACTURE

The sequence of operations involved in extracting vegetable oils is presented in chart 4. Succeeding
paragraphs will take a brief look at olive oil manufacture and the role that might be played by new
technology in rendering it more compatible with environmental considerations.

Vegetable oils are extracted from seeds and fruit parts in most ESCWA member countries. A small

number of operations is involved in vegetable oil extraction and processing. Considerable solid waste and
wastewater, as well as volatile organic chemical emissions, are produced by this segment. Residual
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vegetable matter following oil expression and subsequent extraction may constitute 60-70 per cent of the
initial raw materials input.

Chart 4. Process steps, inputs and pollution generated in vegetable oil extraction

Receive raw materials

Leaves, other vegetable
matter, soil, sand ..etc.

Grinding - Waste vegetable matter

Removal of dirt, twigs &
leaves

Oil-laden vegetable
matter

Pressing
(Expression)

Auxiliary
materials incl.
solvents for
secondary oil

extraction

Solvent-laden vegetable
wastes

Additional extraction
with organic solvents

Qil settling, filtration &
refining

Solvent Removal
(evaporation)

Secondary oil
batches

Finished products

Packaging
materials

Filling, packaging &
storage or shipping

Raw material for further
processing, soaps,
detergents, beauty

products

Solid vegetable wastes
seeds, skins & husks

Source: “Cleaner Production Fact Sheets; Food Manufacturing Series”, the UNEP Working Group, Centre for Cleaner
Production in the Food Industry, University of Queensland, Australia. Published on the Internet.
URL: http://www.Geosp.uq.edu.au/emc/CP/Fact3.htm

The practice of using spent oil seeds and other associated vegetable material in animal feed is
universally widespread, including also the countries of the ESCWA region. An important point in this
connection is to provide intermediate storage conditions that ensure protection from infestation, particularly
of toxin-producing fungal growth.”> Apart from obvious health hazards, failure to do so could result in large
amounts of solid waste that can be used only as fuel. Preliminary information from a number of operating
facilities in these countries, however, points to inadequate storage conditions and difficulty in ensuring that
residual seed shells and seed meal following oil expression remain free from contamination by toxic agents
such as aflatoxins. The widespread lack of adequate means of conducting analysis to establish whether the
materials are free of such contamination is also observed.

35 For example, in the case of milk with a high level of mycotoxins.
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The emission of volatile organic chemicals is considerable when vegetable matter is subjected to
extraction by chemical solvents following the initial mechanical expression stage. Due to the importance of
olive oil extraction and processing, succeeding paragraphs deal in greater detail with specific operations in
this area.

1. Olive oil extraction and processing

Olive oil is manufactured from a number of olive varieties in the ESCWA member countries. The
industry is expected to increase in volume and economic importance, particularly in countries such as the
Syrian Arab Republic, due to recent considerable expansion of olive groves.

Several technological innovations will help enhance the environmental profile of the industry, in
general.  The introduction of centrifugal separation, modern water treatment and recycling, and the
development of methods that enable the utilization of spent vegetable matter in value-added industrial
activities. The introduction of optimized and automated operations is another innovation that promises
considerable improvements in terms of environmental impact.

Production methods prevailing in the ESCWA member countries will render the introduction of
automated operations somewhat difficult. However, other innovations present considerable opportunities for
wider adoption. Local entrepreneurs could play an important part in the introduction of new technology
such as water treatment methods based on new membrane technology and further treatment of vegetable
waste.

2. Olive oil processing waste and by-products

Olive processing waste consists of olive solids and pits after pressing, termed “pomace”,*® and
residual vegetable water, or lees, following oil separation by decantation in many of the smaller facilities.
Pomace is often re-processed in larger central facilities using steam and organic solvents to remove further
quantities of oil trapped in the organic matter. The fibrous material left over from secondary extraction may
be composted or burned. It is commercially valued as a fuel for pottery kilns on account of its steady
burning properties and high heat output.’’ It is also used as a fertilizer. Ashes from burnt pomace are mixed
with the “green” material for this purpose. The utilization of pomace as animal feed is also the subject of
experimentation. Olive pits are reported to be a good smoke source for smoking meat.*®

TABLE 8. OIL EXTRACTION OPERATIONS AND POSSIBILITIES FOR IMPROVEMENT
OF THEIR ENVIRONMENTAL IMPACT

Process operation Objective Possible action
Raw material receipt and Waste reduction - Composting refuse and vegetable matter for organic
preparation fertilization or in animal feed
- Use of sun-dried vegetable matter as fuel
Raw material grinding Dust and particulate Use:
emissions - Well-designed mills/grinders
- Air filters and air locks
Expression Waste reduction Process expressed vegetable matter for use in:
by-product use and - Animal feed components
recycling - Further solvent extraction of oil
- Other food-related applications
- Fuel

* Termed “jift” in Arabic.

7 Firms in Jordan are reported as making charcoal from pomace.

*  “Disposal of olive processing by-products”, http://www.oliveoilsource.com/olive waste htm.
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TABLE 8 (continued)

Process operation Objective Possible action
Straining, filtration and settling Waste reduction - Recycle and reuse filter and other auxiliary material
by-product recycling - Use of oil-laden residues in other industries, e.g.,

soap and other detergent manufacture
- Recycle and reuse filter and other auxiliary material

Solvent extraction Reducing VOC emissions - Retrieve and recycle chemical solvents
solvent recycling - Recycle and reuse filter and other auxiliary material
Water recycling and reuse Reducing: - Introduce custom-designed and general-purpose water
water consumption; treatment plant
volume of wastewater - Reuse process water in initial cleaning operations
effluent following settling and other minimal measures
Equipment cleaning Reducing amount of - Separate equipment-washing waste streams whenever
detergent-laden possible
wastewater - Recycle cleansing wastewater following treatment
Filling, packaging and storage or Waste reduction - Automated filling machines may reduce spillage
shipping - Use appropriate packaging material to reduce
breakage and spillage

Vegetable water, termed lees, that remains following oil separation presents disposal problems in
many parts of the world. Legislation in many countries restricts dumping agricultural waste into city sewers
or surface water systems. A certain amount is often sprayed back into olive orchards. Excessive disposal in
this manner may endanger groundwater resources. In small amounts this water contains valuable trace
elements as well as nitrogenous organic residues. Possible uses of olive lees to produce high value-added
goods include extraction of antioxidant constituents for use in health foods.”

The amount of organic pollution, measured by the ratio of biological to chemical oxygen demand
(BOD/COD), coupled with the variable flow rates/load and seasonal nature of effluent is a central problem
for wastewater treatment plants.

Table 9 provides an analysis of olive lees from a Tunisian source.

TABLE 9. CHARACTERISTICS OF OLIVE LEES

PH 4.5-6 BOD:s 65-70 g/l
Water content 83-92% COD 40-400 g/1
Organic and volatile material 7-15% Polyalcohols 1-1.5%
Mineral solids 1-2% Protein 0.5-7.5%
Residual oil 0.3-30% Pectins and Tannins 1-1.5%
Reducing sugars 1-8% Polyphenols 5-17%
Total sugars 2-8% Suspended solids 35-40 g/1

Source: Data for Tunisian olive oil wastewater; From “Disposal of olive processing by-products”. o

3. EST in vegetable oil extraction

Emphasis in EST developments concerning vegetable oil extraction and processing appears to focus
on the following areas:

3 “Disposal of olive processing by-products”, http://www.oliveoilsource.com/olive_waste.htm.

% «Disposal of olive processing by-products”, http://www.oliveoilsource.com/olive_waste.htm.
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(a) More thorough treatment of solid and waterborne waste, with greater possibilities for obtaining
higher value-added products;

(b) Replacement of secondary extraction methods based on traditional chemical solvents by less
harmful methods such as supercritical solvent extraction;

(c) Improvements in materials and machinery continuing to improve extraction efficiency with
subsequent environmental benefits.

E. GRAIN MILLING AND BAKERY OPERATIONS
1. Grain milling

Grain milling is not generally regarded as a particularly polluting process. Nevertheless, if
inadequately managed, significant quantities of water and air pollution may result from milling operations.
Wastewater from equipment and work-space washing operations is generally high in BOD;. Air that is
laden with grain flour poses in-plant health, fire and explosion risks, as well as environmental problems in
the plant’s immediate surroundings. In addition, inadequate storage conditions can often lead to raw
material, and, consequently, end-product contamination. Fungal toxins pose especially serious threats in
grain mills and silos. Furthermore, misapplied rodenticide and pesticide preparations, if undetected, can
lead to serious health problems. Serious economic losses ensue when contamination is allowed to reach
unacceptable levels, since destruction of stocks by incineration is often the only viable solution.

The general sequence of grain milling operations is illustrated in chart 5, with particular reference to
resulting waste products. Table 10 lists measures, including the introduction of technology, that need to be
taken to achieve set pollution reduction objectives in grain milling operations.

Principal trends in modern grain mills appear to target technological changes as follows:
(a) Greater automation in most production steps;

(b) Application of improved analytical techniques for the determination of grain and grain-flour
quality, with particular reference to the detection of possible contamination by agricultural chemicals;

(¢) Incorporation of information technology systems in many aspects of mill operations, in
inventory management, organization of production and maintaining detailed information on production runs;

(d) Emerging new plant designs into which modular design concepts are incorporated allowing
greater flexibility and customized response to clients’ needs;*!

(e) Increased use of new materials, both metallic and polymeric, in the construction of grinding and
auxiliary machinery, with wide-ranging objectives including the production of cleaner products, and reduced
equipment maintenance, lubrication and cleaning.

The technological developments referred to above are in harmony with the current move towards
greater compatibility with environmental standards. Indeed, most were developed with waste reduction and
environmental protection as primary objectives in response to stricter environmental regulations in the
developed countries.

Grain milling, particularly in the non-Gulf, ESCWA member countries, has traditionally been the
domain of the public sector. Most establishments are still using obsolescent technology. Possibilities for

1" The fact that many operators in this segment, particularly in the developed countries, tend to be part of vertically-

integrated enterprises has necessitated the introduction of a large degree of product variability, giving rise to departure from massive
operations and opening the door to the smaller entrepreneurial establishments.
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innovation in this segment are expected to improve as the move towards privatization gains momentum and
further attempts are made to meet greater competition from exports. It is anticipated that the net result of
such moves will be greater compliance with environmental stipulations.

Chart 5. Grain milling operations and the resulting waste products

Receiving,

Ay Spillage and
. weighing, . .
Grain : packaging material
unpackaging, .
residues

inspection, etc.

Spoilt raw material
due to inadequate
storage

Pesticides,

.. Temporary storge
rodenticides, etc. porary g

Rejected vegetable
material, dirt, grit, etc.

Raw material
preparation

Flour dust

High BOD
wastewater

Torn & damaged
packaging material
and contents

Inspection &
packaging

Packaging
material

S su S
Temporary
storage &
shipping

Spoilt product due to
inadequate storage

Pesticides,
rodenticides, etc.

TABLE 10. POLLUTION REDUCTION IN GRAIN MILLING

Operation Objective Possible action

Raw material reception, Process - Improve raw material selection process using modern analytical

testing, weighing and improvement techniques

temporary storage and waste - Link reception area to computerized inventory and operations control
reduction facilities

- Introduce means for collecting soil and other contaminants including
vegetable matter for recycling or inclusion in animal feed supplements

- Use climate control to reduce pest and toxin build-up and hence reduce
waste

- Introduce recycling schemes and associated equipment for dealing with
spent packaging material
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TABLE 10 (continued)

Operation Objective Possible action
Product grading and Optimizing use - Adopt IT-based procedures and introduce computerized aids for
preparation of raw materials inventory management

and waste

- Use improved in-plant conveying means to eliminate product loss

reduction - Introduce means to trap grain dust and other particulate matter, e.g.,
using filter bags in ventilation systems
- Collect overflow and spilt grain and divert to other uses or recycle
- Collect rejected grain and other vegetable matter contaminants, e.g.,
husks, dirty leaves and straw, for recycling, composting or inclusion in
animal feed preparations
- Introduce facilities for recycling water used in grain preparation and
work-site cleansing
Milling or grinding, Rational solid - Introduce dust collection devices
siev‘ing and addition of waste dispf)sal - Use means of collecting overflow and rejected material due to
fortifying agents and other  and reduction of formulation errors and recycle for alternative uses
additives air emissions
Packaging Rational solid - Use automatic loading and packaging devices to reduce waste and
wastewater spillage
disposal
Reuse and Water - Treat and recycle water from CIP and process operations whenever
recycling conservation possible

Source: “Cleaner Production Fact Sheets; Food Manufacturing Series”, the UNEP Working Group, Centre for Cleaner
Production in the Food Industry, University of Queensland, Australia. Published on the Internet.
URL: http://www.Geosp.uq.edu.au/emc/CP/Fact6.htm

2. Bakery processes

Bakeries are not normally considered large polluters or water wasters; however, their sheer number
and proliferation render their water consumption in particular, and the environmental impact of their
operations in general, of special significance.

Bakeries vary in size and produce a wide range of products. Despite the fact that several medium
and large bakeries are known to have been established in several ESCWA member countries, the small
bakery is still very much the norm. As a result, most bakery operations remain manual; and although
kneading and possibly forming may be mechanized, the emphasis is still on human intervention in every
stage.

Bakery products may be classified into three principal categories:
Bread and bread roll products;

Pastry products (pies, pastries, etc.);

Specialty products (cake, biscuits, donuts and specialty breads, etc.).

The first category is, of course, the largest, worldwide, in terms of output volume. Chart 6 presents

a view of the sequence of bread production operations. Processes designed to manufacture products in the
other two categories are only slightly different.
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Chart 6. Process flow diagram for bakery operations

Yeast, sugar, salt,
water, flour, and other
minor additives

f Yeast preparation

Flour, sugar & other
minor ingredients

Dry ingredient preparation

Water, gas or fuel or Dough mixing

ohmic heaters

Fermenting
Boiler Heat
Material wastes due to
Fuel oil, or gas oven Heat spnllage &
manufacturing errors
Washing of crates & Bread wastes,

Water & detergents

working surfaces damaged packaging

e

Automotive fuel Delivery Air emissions

Equipment & site
washing

Water & cleansing
materials

Wastewater

Source: “Cleaner Production Fact Sheets; Food Manufacturing Series”, the UNEP Working Group, Centre for Cleaner
Production in the Food Industry, University of Queensland, Australia. Published on the Internet.
URL: http://www.Geosp.uq.edu.au/emc/CP/Fact6.htm

3. Water use and wastewater in bakeries

About half of the water used in bakery operations is incorporated into its products. The other half,
employed in cleansing and auxiliary tasks, is finally discharged in the effluent stream. This indicates
considerable variability in the timing and extent of daily water discharges.

Bakery wastewater is generated primarily by cleansing operations. It is rich in organic material
including flour, sugar, yeast, and, in the case of pastry and specialty products, also in oils and shortening as
well as cleansing agents and lubricants, principally from kneading and conveying machinery. Table 11
indicates common waste sources in bakery operations.
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TABLE 11. OPERATIONS AND WASTE SOURCES IN BAKERY OPERATIONS

Process Waste source

Ingredient receipt and storage Damage, deterioration, infestation and spills

Ingredient weighing and preparation Incorrect weights and missing ingredients

Mixing Ingredient errors, spills, equipment and utensil cleansing
Fermentation Equipment and utensil cleansing and batch errors

Forming Incorrect weights and cleansing operations

Baking and proving Misformed products and contamination

Cutting and packaging Cutting errors and damaged packages

Despatch and transport Overproduction and damage in transport

Washing plant and equipment Wastewater, organic material, oil and grease from bakery machinery

Flour, sugar, yeast, shortening and oil are the major components of bakery waste. Measurements on
wastewater generated by a bakery in an industrialized country indicated that for every ton of dough
produced, 500 litres of wastewater are generated, containing 1.9 kg COD and 1.0 kg of suspended solids.*

Large, automated bakeries tend to produce low volumes of wastewater per unit product.® In
contrast, pastry, cake and specialty product operations generate larger volumes of wastewater with relatively
low concentrations of COD. This is basically due to the manual nature and small scale of such operations
and the fact that cleansing operations tend to be much less efficient under these conditions.

Food grade oils used to grease baking surfaces in specialty breads and as ingredients in other
specialty bakery products, find their way into the effluent stream.

4. Air emissions from bakery operations

Volatile organic compounds (VOCs) constitute the main ingredients in bakery emissions. Ethanol, a
by-product of the leavening process, features among these chemicals.* Several types of technology are
available for controlling emissions. They include direct flame thermal oxidation, catalytic oxidation,
adsorption on active carbon, scrubbing, condensation, biofiltration and biotrickling.45

5. Solid waste

Waste dough, mainly due to formulation errors or contamination and off-specification products, are

the main sources of solid waste. Some of these products may be retrieved and cooked to produce animal
fodder.

6. Environmentally sound technologies in bakery operations

Table 12 indicates possibilities for improving the environmental impact of bakery operations with
emphasis on technology inputs. The impact of automation and modern IT-assisted inventory control is
apparent in several areas.

2 UNEP Centre for Cleaner Production in the Food Industry, 1997.

“ This may indicate a direction for research and development aimed at reverse engineering and more widespread use of

such equipment in the ESCWA member countries.

“ Studies in the United States estimate that between 0.3 and 7.0 kg of ethanol are emitted for each metric ton of bread

produced, depending on the yeast content, fermentation and proofing time (US EPA, 1992).

4 “Biotrickling reduces bakery ethanol emissions by 85-100 per cent”, Food Engineering, February 1999. An Internet

Publication, URL: http://foodexplorer.com/manu/industrv/FE02927.htm.
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TABLE 12. POSSIBILITIES FOR IMPROVING THE ENVIRONMENTAL IMPACT OF BAKERY OPERATIONS

Operation

Objective

Possible action

Ingredient despatch and
make-up

Product preparation

Reuse and
recycling

Waste treatment
and disposal

Product
improvement

Process improvement and
cutting down waste

Process and control
Improvement as well as
cutting down waste

Cleaning

Lubrication

Product conveyance

Baking

Waste reduction and water
conservation

Energy conservation

Save resources needed in
recycling and waste
disposal

Reduce waste and improve
product

Improve ingredient formulation procedures to reduce
batching errors; for example, introduce automatic
dispensing, training for staff

Use improved technology to eliminate sources of product
loss; for example, use dough pumps to improve mixing
and IT-based inventory and management systems

Install new drainage systems in positions where material
cannot inadvertently enter the waste stream

Change to new alternative lubricants and self-lubricating
materials, such as, water, Teflon/ceramic coatings etc.
Install means of catching oil drips and reuse or recycle
entrained oil

Install conveyor belts that allow reject removal from the
line to avoid unnecessary processing

Introduce multi-pass systems and appropriate insulation
in oven systems to improve energy efficiency

Make use of waste heat generated during oven start-up
and shut-down

Re-circulate water wherever possible

Collect and reuse condensate from the ovens

Reprocess waste dough into saleable products, in animal
feed

Use bioreactors to process high-strength waste streams
into alcohol for fuel or biogas for energy

Segregate concentrated wastewater and treat/dispose
separately

Introduce long shelf-life bread products

Source: “Cleaner Production Fact Sheets; Food Manufacturing Series”, the UNEP Working Group, Centre for Cleaner
Production in the Food Industry, University of Queensland, Australia. Published on the Internet.
URL: http://www.Geosp.ug.edu.au/emc/CP/Fact6.htm

Sugar manufacturing,
industrial activities throughout the E
essentially separate processes: raw sugar
white sugar from sugar cane, in genera
principal sources of sugar. Chart 7 presents a schemati

F. SUGAR MANUFACTURE

4% Around 64 per cent of world producti
Pollution Prevention and Abatement Handbook
URL: http://www.unido.org/ssites/env/sectors/sectors601 html.

from both cane and beet sources, as well as raw sugar refining, are widespread
SCWA member countries. Sugar production46 proceeds through two
extraction and sugar refining. Both processes are needed to obtain
1.7 Table 13 presents a brief comparative analysis of the two
¢ view of sugar manufacturing operations.

on is derived from sugar cane and 36 per cent from sugar beet. See source:
- Part III Sugar Manufacturing, October 1996. See UNIDO web site at

47 For sugar beet, however, the refining process may not be essential if good juice clarification is carried out.
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TABLE 13. COMPOSITION OF SUGAR CANE AND SUGAR BEET
(Percentage values by weight)

Constituent Sugar cane Sugar beet
Sugar 12-14 15-18
Fibre 10-15 -
Water 75 10-12
Ash 0.5 0.5

Source: Pollution Prevention and Abatement Handbook - Part 111 Sugar Manufacturing, October 1996. See UNIDO web
site at URL: http://www.unido.or}z/ssites/cnv/sectors/sectors62ad.htm].

Sugar manufacturing from vegetable sources produces considerable quantities of solid waste. Sugar
cane processing, for instance, produces bagasse, the name given to crushed cane exiting the sugar mill, is
essentially made up of lignin fibers. It is used as follows:

As fuel for boilers and lime kilns;

For the production of paper and paperboard products;

As a component in reconstituted panel board;

For mulching in agriculture;

As raw material for the production of chemicals such as furfural.

Dried filter cake is used as an animal feed supplement, fertilizer, and a source of sugar cane wax.
Molasses and filter cake are also produced. The former, is used to produce blackstrap, which is inedible and
is used primarily as an animal feed supplement. An edible syrup is also produced from molasses. This is
used as an additive in the food industry. Edible molasses syrups are often blended with maple syrup, invert
sugars, or corn syrup. Filter cake, on the other hand, is most commonly used in animal feed.

In sugar refining, one metric ton of raw sugar is required to produce around 934 kg of refined sugar.
This is to say that around 66 kg of impurities are removed from each metric ton of raw sugar in the refining
process.

1. Process description

Sugar cane is essentially a variety of tropical grass. It belongs to the same family as sorghum and
maize. Varieties currently in use for sugar production are complex hybrids of two or more of the five
species of the genus Saccharum.

Three major steps are involved in the production of cane sugar from sugar cane: harvesting, cane
sugar processing, carried out in special facilities or mills, and sugar refinement.

(a) Harvesting

A primary consideration in harvesting is to deliver good quality raw material to the sugar mill. It is
essential to realize at this stage that cane tends to deteriorate rapidly due to enzymatic action as well as to a
variety of chemical and microbial processes following harvesting.*®

Refuse from the sugar cane stalks is removed at the harvesting stage. Cane tops and leaves are
removed since they contain little sucrose and tend to be high in starch and reducing sugars which decrease
sugar yield. Cane leaves are also removed since, due to their high silica content, they tend to increase the
rate of wear in the milling rollers.

“ Thus unlike sugar beet, sugar cane has to be processed within a short time after cutting.
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The practice of removing cane tops and leaves by burning is a cause of unnecessary pollution,
especially if carried out under inadequate conditions and without making use of the energy generated, as is
often the case. Alternatively, removal of cane tops and leaves by hand allows their utilization as fodder or in
composting.

Chart 7. Sugar processing operations, material inputs and waste

Raw material handling,
weighing & temporary
storage

Waste vegetable matter,
soil & packaging

Vegetable matter & waste
water

Initial cleansing &
trimming

Industrial grade
water

Waste matter
(organic solubles)

Grading & final cleansing

Milling & sugar extraction Solid wet vegetable waste

Wet filter cake

Filtration

Filtrate concentration
(evaporation)

Waste heat, VOC's &

stallizati .
Crystallization particulates

Refining

Source: “Sugarcane Processing: Final Report”, United States Environmental Protection Agency, Emission Factor
Documentation for AP-42 Section 9.10.1.1, June 1997.

(b) Cane sugar processing
Processing of cane sugar is an industrial activity that is of immense economic importance in Egypt,
the country with the highest volume of operating sugar production capacity among ESCWA members.

Egypt is also host to the only research institute devoted to R and D in the area of sugar manufacture and
refining.

At the mill, cane is mechanically unloaded and cleaned, usually with high pressure water. Milling
takes part in two steps:

(i) Breaking the hard structure of the cane using revolving knives, shredders, crushers, or a
combination of such tools;
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(i) Grinding or milling crushed cane, commonly using a sequence of roller mills.

Water or cane juice obtained from initial mills is applied to crushed cane to improve sugar
extraction of the juice in later milling. A common procedure is to send the juice from the crushing and the
initial milling to wet the crushed cane before further juice extraction, a process sometimes referred to as
“imbibing”. An alternative process is to treat the crushed or shredded cane with large amounts of water to
extract the juice and to treat the press water as well as the Juice expressed from the crushed or shredded
cane. Large amounts of water are needed in this process.

The next step is to strain the juice to remove the larger suspended particles and then to clarify the
strained solution with heat and lime; small quantities of a soluble phosphate also may be added.*’ The Jjuice
is then heated with steam to about 95°C. The heavy precipitate which then forms is separated from the Jjuice
by a gravitational or a centrifugal process. Following initial heating, by passing it through heat exchangers,
the clarified juice is then despatched to the evaporator stations. Modern evaporators, termed multiple-effect
evaporators, consist of a series of sequential units. Typically, a series of five evaporators is used, each
operating at a lower pressure than the previous one, thus allowing the juice to give off its water at lower
temperatures.

The evaporator sequence produces a syrup with around 65 per cent solids and 35 per cent water.
Further lime clarification is carried out on the syrup. Phosphoric acid, and a polymeric flocculent are added
and the strong sugar solution is aerated then filtered before being moved to the vacuum pans for
crystallization.

Both batch and continuous vacuum evaporation are used in the industry. The former takes around
three pan boilings. The syrup is evaporated till it reaches the super saturation stage and the crystallization
process is initiated by “seeding” or “shocking” the solution.

The mixture of liquor and crystals resulting from the evaporation process, known as “massecuite”, is
discharged to the crystallizer, the function of which is to maximize the removal of sugar crystals from the
mixture. Seeding the vacuum pans is carried out with isopropy! alcohol, ground sugar or sugar crystals.
The next stage consists of separating crystalline sugar from the massecuite using high-speed centrifugal
machines. In these machines molasses moves to the outer shell of the centrifuge and the crystals remain in
an inner basket. Washing with water follows, with further centrifugation.

The molasses from the first centrifugation stage is returned to a vacuum pan and further water
evaporation is carried out to yield a second massecuite. This is termed “B massecuite”, to differentiate it
from the first mixture of mother liquor and crystalline sugar which is sometimes referred to as the “A
massecuite”. B massecuite is treated in the same manner as A massecuite. An important difference between
the two stages is that the molasses from the second boiling, also termed “B molasses”, is much less pure
than the first, A molasses. Nevertheless, further water is removed from this product to yield C massecuite.

Cane sugar from the combined A and B massecuites is dried, cooled and transferred to the packing
area before being shipped or stored on site.

The granulator is the most common piece of equipment used in sugar drying. It consists of two
drums mounted in series. Sugar is heated in the first drum up to a temperature of about 110°C then cooled in
the second. Fluidized bed dryers/coolers have been replacing conventional rotary drum granulators in sugar
drying facilities.

The low-grade cane sugar obtained from the impurity-laden C massecuite is used for “seeding” in
the vacuum pans. The molasses obtained from the C masscuite, referred to as “blackstrap” in the trade, is a
viscous liquid that is used primarily as a cattle feed supplement.

* Lime has the effect of neutralizing the organic acids; the phosphate acts as a flocculant.
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(c) Sugar refining

Cane sugar is first treated to remove the impurities in the film coating the sugar crystals. A warm,
almost saturated syrup is added, followed by a gentle vibration to loosen this film. Centrifugal separation of
the cleaned sugar crystals ensues, followed by washing with pure water or a high-purity sugar solution,
while still in the centrifuge. The syrup from this crystal washing operation is termed “affination syrup”.

The resulting raw sugar is mixed with high-purity sugar solutions from other refinery steps and is
steam heated. Screening removes the particulates, and the screened solution is then put through the
clarification sequence described above before being evaporated to yield the massecuite.

Clarification of sugar syrup in sugar refining is carried out using two types of processes: pressure
filtration and chemical treatment. The former is regarded as labour-intensive, and chemical clarification is
generally preferred, although it yields a much larger amount of solid waste. There are two chemical
methods to choose from: The first is based on the use of phosphoric acid, the second on carbonates. In both
cases lime is used as a raw material. In the first process lime sucrate is produced. A flocculating agent™ is
added to encourage production of a calcium phosphate floc. Air flotation and intermittent skimming separate
the floc from the liquor.

The process, based on the use of carbonates, includes adding lime to the raw liquid and then
bubbling carbon dioxide CO, through the liquid to produce calcium carbonate which readily precipitates.
The source of the carbon dioxide is usually scrubbed and filtered boiler flue gas, which contains about 12
per cent CO, by volume.

Active charcoal, or bone char and related preparations are used as media for decoloration. The
affinity of the carbonaceous structures in the charcoal surface layers for molecules responsible for colouring
and flavouring cane sugar is at the basis of this operation. Both fixed and moving-bed systems may be used.
Sugar liquor is brought into contact with a series of adsorbent materials immobilized on static beds until the
final liquor colour reaches a predetermined level. Excess sugar is retrieved from the adsorbent bed by
flushing with pure water. A moving, adsorbent-bed system operates continuously and is a system where the
adsorbent is allowed to move countercurrent to the flow of the sugar liquor.

It is useful to indicate that charcoal and bone char adsorbents may be regenerated by drying then
heating them in kilns.

Decoloured sugar liquor is treated in much the same way as raw cane sugar, i.e. it is put through a
series of evaporators, vacuum pans, crystallizers and dryers, to yield refined sugar. In particular, dried lime
cakes may be recalcined by first burning off the organic matter at temperatures above 900°C, the calcium
carbonate thus obtained then being converted to calcium oxide at higher temperatures in kilns prior to
slaking.

Several other sugar products, in addition to granulated or crystalline sugar, are made in sugar
refineries. These include powdered and brown sugar, liquid sugar and edible molasses.

2. Environmental impact of sugar extraction and refining

Table 14 provides a list of standards that must be met by the sugar industry.”

50 Proprietary formulations are generally used, most of which are based on polyacrylamide.

51 Standards that must be met in all projects financed by the World Bank. Pollution Prevention and Abatement Handbook
- Part 111, Sugar Manufacturing, October 1996. UNIDO web site http://www.unido.org/ssites/env/sectors/sectors601.html.
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TABLE 14. EMISSION STANDARDS FOR THE SUGAR INDUSTRY

Air emissions Liquid effluent Noise levels
Pollutant Maximum limit Parameter Maximum value Receptor area/Limit in dBA
PH 6-9 Residential
Particulate matter 50 mg/Nm’ BOD:; 50 mg/l Day 55
Sulphur dioxide 50 mg/Nm’ Temp.rise <3 deg°C Night 45
Nitrogen oxide 750-460 mg/Nm’*  COD 250 mg/1 Commercial
TSS 50 mg/l Day 65
FOGs 10 mg/I Night 55
Biocides <0.05 mg/1 Industrial
Day 70
Night 65

Source: Pollution Prevention and Abatement Handbook - Part I Sugar Manufacturing, October 1996. See UNIDO web
site at URL: http://www.unido.org/ssites/env/sectors/sectors601.html.

* For solid and liquid fuels respectively.

3. Waste reduction and material conservation measures in sugar
manufacturing and refining

In essence, a good deal of technological innovation in sugar extraction and refining has focused on
energy and water conservation.

(i) Water conservation

Machines have been designed to remove soil, etc. from sugar cane using mechanical vibration.
Facilities have also been developed to enable the reuse of flume water after screening and settling in sugar
beet processing.

(i) Water and waste treatment

Thorough cleaning of wastewater and clay from residual sugar and vegetable matter has also
received considerable attention.’ In particular, the clarification process results in a high sugar content waste
stream. To avoid losses and reduce the pollution load in wastewater, the stream can be recirculated to the
clarification process. This can also result in energy saving if the clarification process is carried out on a
continuous basis.’*

(iii) Energy conservation

In relation to energy conservation, a multiple-effect system has been installed for the evaporation of
Juice into syrup. Additional energy-saving methods include the circulation of condensates, vapour blending
or their reuse for external purposes.

(iv) Waste recycling

About 30 kg of molasses are produced per ton of cane. This by-product contains: 20 per cent water,
35 per cent sucrose, 20 per cent reducing sugar and 15 per cent sulphated ash, as well as other minor

%2 This is calculated as equivalent to 750 mg/Nm? for solid fuels and 460 mg/Nm? for liquid fuels.

* Mud produced at an average of about 30-35 kg/ton of beet treated contains around 80 per cent water and 1-1.5 per cent

beet sugar. Treatment of this mud by settling is now carried out by beet sugar processing facilities before final disposal.

% Sludge from the clarification stage contains a considerable percentage of lime and organic matter. This composition
constitutes a useful additive for land devoted to sugar beet cultivation.
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constituents adding up to around 10 per cent. Molasses is now increasingly being used as animal food or
transformed into ethanol by fermentation and distillation.

(v) Air emissions

Pollutants emitted by sugar cane processing plants include combustion products, particulate matter
(PM) and volatile organic chemicals (VOC).

Combustion products are determined by the composition of the fuel used to generate heat and
electricity at the plant. They generally include nitrogen oxides (NO,), carbon monoxide (CO), carbon
dioxide (CO,), and sulfur oxides (SOy).

Particulate emission sources in sugar production and refining are numerous. They include
granulators, sugar conveying and packaging equipment, charcoal and char regeneration kilns, lime kilns,”
carbonation tanks, multi-effect evaporators, vacuum boiling pans, etc. Combustion of fuel, whether oil or
bagasse, also generates particulates.

Low levels of VOC emissions are generated in the multi-effect evaporators and vacuum boiling pans
as well as in carbonation operations.

(vi) Removal of particulate emissions

Exhaust from a variety of industrial operations, for example, granulators in sugar manufacturing and
refining is vented to cyclones to remove large particles. Removal of smaller particulates is effected by
means of a wet cyclone system. Fabric filters are sometimes used to control PM emissions from grinding
and drying operations. They are used, for example, in sugar grinding, and in grain milling and handling
operations.

Particulate matter emissions from boilers are usually reduced by the use of cyclones as well as
scrubbers.

Table 15 sets out major environmental improvement objectives in relation to the various sugar
manufacturing operations, together with possible measures to render these operations more compatible with
environmental considerations.

TABLE 15. IMPROVING THE ENVIRONMENTAL IMPACT OF SUGAR MANUFACTURING

AND REFINING OPERATIONS
Operation Objective Possible innovation
Raw material reception, Process improvement and waste - Use modemn analytical techniques to improve raw
testing, weighing and reduction. material selection and grading
temporary storage
Primary washing, grading Optimizing use of raw materials - Adopt IT-based procedures and introduce computerized
and trimming and waste reduction. aids for inventory management

- Use improved in-plant conveying means to eliminate
product loss

- Install means of retaining spilt juices, sugar solutions and
other liquid ingredients for recycling

- Collect and treat spent vegetable matter for other uses, as
fertilizer following composting, as animal feed
ingredients, fuel, etc.

- Use automatic controls to reduce water consumption in
spillage and leakage situations

55 Some facilities purchase, rather than generate lime themselves.
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TABLE 15 (continued)

Operation Objective Possible innovation

Milling and sugar extraction ~ Rational solid waste disposal as - Collect and treat spent vegetable matter for alternate
well as energy and water higher value-added product manufacture
conservation. - Use modern effluent control methods to segregate

wastewater effluent streams to the greatest possible
degree, e.g., CIP wash water from process overflows

- Use waste heat from process steam in evaporation and
crystallization and for process water heating wherever

possible
Filtration, clarification, Reduction of waste and air - Remove and treat filter cake and sediments for re-sale as
evaporation, crystallization emissions animal feed, fertilizer, etc.
and refining - Devise means of reusing, recycling or safely dumping

filtration and clarification residues

- Retain final blackstrap for use as input in other
processing industries

- Condense volatile matter from evaporation pans in order
to reduce air emissions

- Recycle molasses and other by-products or retain for
resale to other process industries

- Regenerate charcoal and other discolouration and flavour
removal aids

Packaging Waste reduction - Utilize automatic rather than manual conveying, loading

and packaging equipment

- Install means of collecting and recycling spillage

Reuse and Energy and water conservation - Introduce wastewater treatment and recycling facilities
recycling whenever possible
- Condense steam to retrieve heat and water whenever
possible

- Use membrane and other less energy-intensive
separations where possible

Source: “Sugar cane processing: final report”, United States Environmental Protection Agency; Emission Factor
Documentation for AP-42 Section 9.10.1.1, June 1997.

G. BEVERAGE AND FERMENTATION PRODUCTS

This segment of the food industry utilizes a more sizeable proportion of water inputs in its products.
The main steps in processing beverages are listed in box 4.

Box 4. The main steps in prégess_ing béverage’s

(a).. Raw material handling and processing;
(b) - Mixing, fermentation, and/or cooking;
(¢) ' Cooling;

(d) . Bottling and packaging;

(e) Clean-up.

Wastewater and solid waste of both vegetable and mineral origin constitutes the principal waste
streams in the beverage and fermentation segment. Solid waste results from spent grain and other vegetable
sources of fermentation stocks. Auxiliary solid materials used in the fermentation process, e.g. for filtration
are also an important item.
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In general, the volume of wastewater in soft drink manufacture is lower than that of other food-
processing segments. On the other hand, fermentation processes are higher in BOD and overall wastewater
volume compared to other food-processing sectors. The following paragraphs take a closer look at two areas
of activity that are gradually increasing in volume in some ESCWA countries, with serious consequences for
water consumption and vegetable waste generation.

1. Beer brewing and wine making

Despite this industry’s long history, particularly in the developed countries, the processes of
brewing and wine-making processes have changed very little over the years. Although notable changes have
been made, particularly regarding the recovery and further processing of by-products, the basic operations in
beer and wine production remain the same.

The main items of waste generated by brewing and wine production are:

Malting (particulates and rootlets);

Grape stalks and particulates;

Wort separation (spent grain);

Filtration (filtrate, e.g., kieselguhr, yeast and pomace);

The packaging area (glass, paper, cardboard, plastic and metal);

Bottle washer (paper pulp);

Ancillary operations (paper, cardboard, oil and grease, paints and thinners, etc.).

The main pollutants generated in these processes include wastewater discharges, air emissions and
solid waste. Chart 8 illustrates the sequence of operations in beer brewing. Table 16 shows the potential
contaminant sources in the brewing process.

Current beer and wine-producing processes generally consist of batch operations, resulting in
intermittent waste discharges. This naturally has a decided influence upon waste treatment methods. The
following paragraphs provide a brief view of beer and wine production operations.

(a) Beer production raw materials

Raw materials used in the brewing industry include water, energy and cereals (barley, corn and
rice). Auxiliary materials such as plant parts or plant extracts used in flavouring,*® kieselguhr for filtration
and caustic soda and detergents are also used. It is estimated that the production of one hectolitre of normal
lager beer requires about 15 kg of auxiliary materials, including malt. Box 5 provides additional information
on auxiliary materials used in beer brewing.

Large amounts of water are consumed in the production of beer and wine. Most of the water used,
between 65 and 70 per cent, is discharged as wastewater after being used in various processes such as:

Cooling;

Cleaning of packaging material (e.g., bottle washing);
Pasteurization;

Rinsing and cleaning of f process equipment;

Steeping, mashing, etc;

Cleaning of floors and equipment;

Soap lubricant on conveyors in the packaging area;
Vacuum pump for filler;

Flushing of filler.

%6 Hops are added to the beer to give it a bitter taste and a pleasing aroma. It can be added in the form of natural hops, or
more commonly, as hop extract or powder.

57 Typically 5 m® of water is used to produce one ton of malted barley.
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Chart 8. Beer brewing process
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Source: Adapted from the “Technical pollution prevention guide for the fruit and vegetable processing industry in the
Lower Fraser Basin”, Environment Canada, DOE FRAP 1996-20.

TABLE 16. SPECIFIC ENVIRONMENTAL CONCERNS IN RELATION TO STAGES
IN BEER AND WINE PRODUCTION

Stage Environmental concerns
Brewhouse - High discharge of organic matter

- High energy consumption

- High water consumption

- Dust

- Caustic waste from cleansing operations
Fermentation/Beer processing - High discharge of organic matter

- High water consumption

- Handling of solid waste

- Caustic waste from cleansing operations
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TABLE 16 (continued)

Stage Environmental concerns
Packaging - High discharge of organic matter

- High energy consumption

- High water consumption

- Handling of solid waste

- Caustic waste from cleansing operation
Ancillary operations - High discharge of organic matter

- High energy consumption

- Handling of solid waste (including special waste)

- Handling of chemicals

- Caustic waste from cleansing operation

Source: Adapted from “Technical Pollution Prevention Guide for Brewery and Winery Operations in the Lower Fraser
Basin”, Environment Canada, DOE FRAP 1997-20.

Box 5. Auxiliary materials used in beer production .

Auxiliary materials used in beer production include a range of additives such-as enzymes, antioxidants, foam stabilizers
and colloid stabilizers (finings, silica, tannic acid, etc.). These are, generally, used in small amounts, however. Kieselguhr is
used for filtering beet:

Amounts in the range 1 and 3 kg/m® are used, depending primarily on initial ciar:ty and yeast cell count; caustic soda is
used for cleaning, together with other detergents and acids.

Caustic soda, in particular is used in amounts ranging between 5 and 10 kg (30 per cent NaOH)/m A good deal of the
caustic soda may be recovered durmg equipment cleaning. Fajlure to do so raises the pH of wastewater produced. The rate of
consumption of the other ¢leansing materials depends on cleaning procedures.

Packaging materials include non-returnable bottles, cans, crown corks, cardboard, plastic stretch and shrink wraps, glue
(used for labels and cardboard boxes) etc.

A variety of factors mﬂuence the rate of water consumption in brewing processes. In general, 4-10
m® of water are used per m’ of beer produced depending on the pasteurization process and the age of the
equlpment The rate of water consumption is also affected by the temperature of the water used for coolmg
in certain parts of the process. Distribution of water consumption in a brewery averaging 6.5 m*/m’ beer
was found, in a 1995 study by UNEP,® to be as indicated below:

Raw material, 1.3 m /m3;
Cleaning, 2.9 m3/m

Cooling water, 0.7 m*/m?;

Other (domestic, losses), 1 6 m/m’.

This study a]so mdlcated that water consumption may amount to two to three times’ the above
figure, i.e., up to 20 m*/m’ beer, where raw water temperatures are high.

Water that is actually consumed in the beer brewing process, i.e., water that appears neither in the
waste stream nor in the product itself, includes evaporated water and water that remains in the spent grain,
yeast and filtering media. Nevertheless, this builds up to the considerable rate of 1. 5m’/m’ beer (UNEP,
1995). A breakdown of water use in sample breweries is presented in table 17.

58 “Technical pollution prevention guide for brewery and winery operations in the Lower Fraser Basin”, Environment

Canada, DOE FRAP 1997-20.
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TABLE 17. WATER USE IN VARIOUS PARTS OF THE BREWERY

Water use (m’/m’ beer)

Processing area Pohlmann, 1980 BPCE, 1986*
Brewhouse 1.8-4.2 1.4-3 (1.75)
Cellars, including filtration 0.8-1.7 1-1.5 (1.15)
Packaging, including pasteurization 0.9-1.9 1.3-1.8 (1.50)
Utilities (engine room, boiler,

cooling and amenities) 1.25-3.3 0.7-1.9 (2.25)
Totals 4.75-11.1 4.4-8.2 (6.65)

Source: Adapted from “Technical pollution prevention guide for brewery and winery operations in the Lower Fraser
Basin”, Environment Canada, DOE FRAP 1997-20.

* Figures in brackets show average values.

Energy is consumed by breweries mostly as heat. It is influenced by process parameters,
pasteurization technique, type of equipment and by-product treatment, as well as by packing methods.

Recovering heat from the wort boiling process enables a substantial reduction of two to three times’
less heat consumption. An efficient brewe?/, i.e. one that is equipped with facilities for heat recovery,
consumes energy at the rate of 1.5-2.0 gJ/ m”. The rate of electricity consumption, also in a modern, well-
equipped brewery, falls within the range 80-120 kWh/m>. Rates twice as high are not uncommon, however.

(b) Process description in beer production

Malting of grain, milling and mashing, wort cooling and fermentation, packaging, and pasteurization
constitute the main operations in the brewing process. Chart 8 depicts the sequence of these operations,
with emphasis on their waste output. The following paragraphs present a brief description of the operations.

(i) Malt preparation

Malt is derived from cereal grain. Barley is the most frequently used raw material. The grain is
germinated for a limited period then dried. During the malting process, starch material in the grain
undergoes changes that ultimately convert it to a form that is more suitable for brewing. Some proteins are
also hydrolysed and a suitable environment is created for enzymatic action in the later fermentation process.

Malt preparation from barley involves the following steps:

Cleaning: to rid the raw material of dust and foreign materials;
b.  Sorting: according to size, the smallest kernels usually being sold as fodder;

c. Steeping: to increase the barley water content to about 45 per cent, up to three water changes
may be required, and aeration of the grain;

d. Germination:* this prepares the grain content for enzymatic action. Steeped grain is placed in
boxes with a base of perforated steel plate and a mechanism for periodic vibration of the
germinating grain. Germination goes on for 120-190 hours, during which time air is blown
through the grain to control its temperature and moisture content;

e. Drying: kiln-drying the germinated grain reduces its moisture content to around 4 per cent.
This has the effect of halting the germination process, developing the required flavour
characteristics and prolonging storage. Sulfur dioxide may be used to bleach the kernels and
lower the pH of the malt during this operation;

Barley grain may start germinating before being moved to the germination boxes following steeping in this process.
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f.  Polishing: rootlets which sprout during germination are removed in this operation;*

g. Storage: dried and polished grain is finally stored in silos for no less than four weeks until the
next operation.

(i) Milling and mashing

Malted barley is ground in a manner that leaves husks intact while the grain interior is converted to
a coarse starch and enzyme-rich powder. Enzymatic action proceeds as soon as the ground malt comes in
contact with water, with the result that starch is degraded to sugar. Sweet wort, as the resulting broth is
termed, contains partially degraded starch, sugars, enzymes, proteins and water. Spent grain is strained to
obtain pure wort. Strained grain is further sprayed with water to extract additional material for
fermentation. These washings are monitored for sucrose content, and extraction is stopped when the sucrose
strength reaches the 1° level on the Plato scale.

Spent grain yields range between 125 and 130 kg of wet product per 100 kg of malt. A typical
composition is 28 per cent protein, 8 per cent fat and 41 per cent nitrogen-free substances. Spent grain is
usually used as animal feed, however some may find its way into the effluent stream. Together with spent
hops and other solid waste produced in the process of malt preparation it is a valuable source of protein for
animal feed.

The temperature of the wort during straining is maintained within the range 75°-78°C.

Hops or hop extracts,” sugars or syrups, and coagulants are added at this stage. Boiling the wort for
about 1.5 hours then follows. This results in:

Halting enzymatic action;
Sterilization and concentration of the mixture;
Precipitation of the proteinaceous material.

The wort is then clarified in a hydro-cyclone to remove further proteinaceous precipitates and other
insolubles.

(iii) Wort cooling and fermentation

The wort is next cooled to about 10°C. Further precipitation of proteins and tannin components
occurs at this stage. Areation of the cooled wort is carried out in preparation for fermentation. The
fermentation process, which takes place in two distinct phases, converts sugar wort into alcohol, though
yeast action may last from 2-16 days. Carbon dioxide, further yeast cells and heat are the main by-products
of this process. Some of the yeast thus produced is drawn off and used to ferment the following batch of
wort. The rest is sold as a by-product. One of the uses of surplus yeast is for animal feed formulations.*

Beer is transferred from the vats in which the primary fermentation phase takes place into storage or
maturation vessels. Further fermentation and precipitation of yeast takes place during storage while the
product matures, stabilizes, and becomes saturated with carbon dioxide (CO,). Preparations based on fish
collagen are added following maturation to promote flocculation of remaining yeast and proteins. Finally,
the mixture is filtered through a slurry of a suitable medium.®® Filter slurry produced in this operation is a
fine, dense material and the source of waste management problems. Beer may be centrifuged and cooled

60 Removed rootlets are sold as animal feed.

' Hops impart the characteristic bitter taste of the beer and some aroma to the final product. They further help coagulate
colloidal proteins.

2 Dry yeast contains 50-60 per cent proteins, 15-35 per cent carbohydrates and 2-12 per cent fats, rendering it a useful
source of protein in animal feed formulations.

8 Kijeselguhr or lucilite.
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down to between -1°C to -1.5°C to remove further dissolved and suspended solid material. Sterile de-aerated
water and CO,, may be added to adjust beer concentration and gaseous content. Stabilizers, colourants,
additional sugar and foam improvement agents may also be added following filtration.

(iv) Sterilization and bottling

Sterilization of the final product is carried out either by passage through a pasteurization tunnel
following bottling or using flash pasteurization prior to bottling.

Bottling involves bottle washing to remove residue from previous usage or factory dust. Large
volumes of water are used during this stage. Care is taken to isolate beer from air during the filling
operation. Main pollutants during bottling are due to spillage, breakages and beer residue in returned
bottles.

(c) Wine-making raw materials

Chart 9 presents a summary view of steps involved in wine production. Grapes containing 15-25
per cent of fruit sugars® constitute the primary raw material in wine production, in addition to sugar, wine
yeast” and a number of additives. Addition of further sugar to the raw materials used in wine making is
essential to increase the final alcohol content in the finished product to the level required to prevent rapid
oxidation to aldehydes and acetic acid.

The pH of grape juice usually falls within the range 3.0-3.6. This helps control the growth of most
deleterious organisms but allows rapid growth of desirable wine yeast varieties. The acidity of the
fermentation medium also promotes extraction of colour from grape skins and helps produce a clearer
product.

The fact that grapes possess a very small amount of nitrogen-containing compounds® which are
essential to yeast nutrition, bacterial stability and flavour, necessitates the addition of nitrogen-containing
substances.”’

Red wine, contains a considerable proportion of tannin, which affect taste, colour, oxidation-
reduction potential and ageing characteristics. The pectin in grapes are a source of difficulty in juice
clarification due to their low alcohol solubility in alcohol-water mixtures.

It is usual to sterilize the crushed grapes prior to addmon of the yeast culture to inhibit or limit
growth of undesirable micro-organisms. Sulfur dioxide (SO,) is used.®®

The overall water intake in wine production is split ayproxnmately evenly between washing and
cooling. Specific water input values ranging from 0.8 to 1.2 m*/m’ wine processed.®’

Increasing up to 30-40 per cent in partially dried grapes.

% Yeast varieties most commonly used include Saccharomyces cerevisiae, S. bayanus or S. oviformis.

Between 0.3-1.0 per cent nitrogen is found in grapes.

7 Common chemical sources of nitrogen used for this purpose include urea and ammonium phosphate.

8 Ata rate exceeding 50 mg/1.

% SRKCE, 1993 and Ontario MOE, 1986.
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Chart 9. Wine production process

Destemming Fermentors

Storage

Pressing

,

Filter cake
wastes

Spent pomace:
- Extraction of useful ingredients
- Composting
- Animal feed

Other industrial
uses or as animal
feed

Crating, storage

and shipping

Source: Adapted from the “Technical pollution prevention guide for the fruit and vegetable processing industry in the
Lower Fraser Basin”, Environment Canada, DOE FRAP 1996-20.

In the bottling stage the extent of water recycling and the age and efficiency of bottling equipment
determine specific water consum(Ption values. Values ranging between 0.3 and 2.1/ bottle with an average
of 1.5/1 bottle have been reported.”

(d) Process description in wine manufacturing

Grapes are mechanically crushed and de-stemmed, by centrifugation, passage through rollers or
both. The resulting mixture of seeds, skins and grape juice, termed “must” is pumped’' into fermentation
tanks.”” These tanks may be equipped with stainless steel coils, for cooling or heating. Alternatively, they
may be partially or wholly jacketed. Modern wine production facilities are equipped with computer-
controlled temperature systems.

Following fermentation, the crude wine is separated from the residue of stems and skins, usually
termed “pomace”. This is carried out using the conventional screw-type basket press or the continuous
press. The latter is the more popular as it tends to be cheaper to operate and produces a higher yield of juice
or crude wine, although often a more cloudy liquid than that produced by the former. Chart 9 presents the
sequence of wine-making operations.

Periodic equipment cleaning produces considerable volumes of wastewater. Solid waste includes
skins, seeds and sediment left in the fermenter. This waste is often treated to recover residual alcohol.

Pulp left following pressing is usually ploughed back into vineyard soil.

0 SRKCE, 1993.

"' The must may sometimes be strained prior to the initial fermentation step.

2 Fermentation tanks may be made of a variety of materials including: wood, concrete, stainless steel, or iron lined with
epoxy resins or a thin layer of stainless steel, the latter being the material of choice in modern wine making. Furthermore, they may
be either open or closed.
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(e) Waste materials in beer making
The following types of brewery waste predominate:

i. Dry and moist solid waste including spent grain and hops, as well as filter cakes containing
organic residues from the process, including surplus yeast, kieselguhr, powdered charcoal and
broken glass;

ii. Liquid waste, including:

a. Water-borne waste, caustic solutions used in cleaning and caustic rinses in the bottling area;

b. Final and intermediate products reaching the effluent stream as a result of leakage and
breakage;

¢. Organic loading in wastewater, including particles originating from spent grain and hops;

iii. Solid waste.

, Table 18 lists the solid waste generated by a rather large brewery with a capacity of 17,000
m /month.

TABLE 18. BREWERY SOLID WASTE

Waste
Solid waste * (per cubic metre of beer produced)
Spent grain (80%) 20 kg
Surplus yeast (90%) 3 kg
Kieselguhr (70%) 6 litres
Ash 17 kg
Malt and grain dust 2.5kg

Source: Adapted from “Technical pollution prevention guide for brewery and winery operations in the Lower Fraser
Basin”, Environment Canada, DOE FRAP 1997-20.

* Percentages were calculated on a mass-by-mass basis.

Spent grain: around 140 kg/m® wort with a water content of 80 per cent, is normally produced in a
well-designed and efficiently-working brewhouse.

Yeast: excess yeast is produced as a result of the fermentation process. Around 20-40 kg of yeast
slurry is produced for each cubic metre of beer. This has a very high BOD value, in the range of 120,000-
140,000 mg/1.

Trub: this is slurry containing wort, hop particles and colloidal proteins coagulated during boiling
prior to fermentation. Typical trub has a dry matter content of 15-20 per cent. Trub has a high BOD:;,
around 110,000 mg/kg wet trub.

® Liquid waste from beer manufacture
Brewing uses up a significant amount of water. It also produces large volumes of wastewater with
high biochemical oxygen demand and total suspended solids content. Brewery effluent streams contain:

maltose, dextrose, wort, trub, spent grain, yeast, filter slurry and intermediate and final fermentation
products. Rinse water represents 45 per cent of the total water use in a brewery. Residual beer lost during
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production stages constitutes 1-5 per cent of total production. Most of it can be collected and reused in the
brewery process.’

The concentration of organic substances in brewery wastewater discharges primarily depends on the
amount of beer and organic auxiliary materials, e.g. hops, yeast, etc., in the effluent stream. For example, if
trub and spent hops are discharged to the wastewater stream, they can contribute up to 20 per cent of the
total daily organic loading.

In general, brewing operations produce a low-flow, neutral pH, concentrated wastewater. The
production of non-alcoholic beer increases the proportion of organic substances in brewing wastewater
when condensed alcohol is added to the waste stream.

Characteristics of wastewater generated from the various brewery operations are presented in table
19. Wastewater from the malting process has a COD of 800-1,200 mg/l. A study carried out in the mid-
1980s estimated that approximately 0.5-1.5 per cent (by weight) of the barley ends up in the wastewater as
organics (e.g., pentose, sucrose, glucose, cellulose, protein and minerals). Inorganic chemicals introduced
into brewery wastewater include potassium and calcium salts as well as silicates, sulfates and phosphates.”

Regeneration of ion exchange units in water treatment plants associated with beer production is also
responsible for further discharges of strong acids and caustic materials. Waste from such operations has a
wide range of pH values, from 2-12. It is essential, therefore, to collect and neutralize regeneration waste.

Effluent from the brew house emanates from the brew kettle and the fermenter, as well as from
cleaning operations. Residues such as trub, spent grain, kieselguhr and yeast are major waste items at this
stage. As a result, wastewater from brewhouse operations may have a COD value in the range 3,000-5,000
mg/1, high suspended solids content, relatively high temperatures and high pH values.”

Rinsing and cleaning of process and bottling equipment, as well as bottle washing, imposes further
waste loading. Bottle washing produces a wastewater with moderate COD values of 2,000-3,000 mg/l and
temperatures of 25°-30°C. A high pH is general, however.

TABLE 19. CHARACTERISTICS OF BREWERY WASTE WATER

COD

Source effluent (in kilograms per cubic metre)
Trub from hot wort 32
Last runnings:

- Fermentation vessel to storage vessel 2.7

- Lauter tun 2.5
Fermentation vessels 1.4
Spent filter slurry 1.4

Source: Adapted from “Technical pollution prevention guide for brewery and winery operations in the Lower Fraser
Basin”, Environment Canada, DOE FRAP 1997-20.

Equipment cleansing produces wastewater with wide variations in pH values, depending upon the
cleansing system and chemicals used. In general, the overall pH of effluent from cleansing operations may
range from pH 7-12.76

3 Reported in “Technical pollution prevention guide for brewery and winery operations in the Lower Fraser Basin”,
Environment Canada, DOE FRAP 1997-2.

™ References quoted in the Canadian study: Huang and Hung, 1987; de Vegt et al., 1992.

7S References quoted in the Canadian study: Ontario MOE, 1986; Huang and Hung, 1987; de Vegt et al., 1992;
UNEP, 1995.

% References from the Canadian study: SEPA, 1991; Cronin, 1996.

50




Inorganic nitrogen and phosphorus compounds present in brewery wastewater have an adverse
environmental impact due to their toxicity to some forms of aquatic life, eutrophication and groundwater
pollution. Inorganic nitrogen emanates from nitric acid used for cleaning and the possible use of ammonium
salts as yeast nutrients.

Inorganic phosphorus, a derivative of the cleansing agents, may be present in brewery wastewater in

concentrations ranging from 30-100 g/m’.”’

(g) Wine production waste

The principal waste items in wine production are pomace, lees, bottle washings, cooling water, and
salt-laden water from ion-exchange processes. Pomace consists of de-watered grape skins, seeds and pulp
and may be used as a source of grapeseed oil.

A small plant producing around 8,000 hectolitres of wine per ton of grapes will produce BOD:s
loadings of around 2.2 kg/m® and suspended solids loadings in the region of 0.5 kg/m"’. The amount of water
used and the waste concentrations vary considerably.

(i) Solid waste

One ton of grapes produces 600-700 litres of wine, and 100-120 kg of solid waste. Pomace makes
up most of the solid waste produced in wine making: around 100 kg per ton of grapes. An elemental
breakdown of this quantity of pomace, with around 50 per cent moisture, includes nine kg of nitrogen, an
equal amount of potassium, measured as potassium carbonate, and around 2 kg of phosphorus.’

(i) Liquid waste

Wastewater generated in wine production amounts to about 70 per cent of water intake. Wine
production wastewater originates from several production processes, including bottle washings, cooling
system, saltwater ion-exchange units, pomace and lees pressing.

Wine production pollution loading typically varies from around 2-7 kg of COD/m’ (table 20). This
is mostly due to washing and cleansing operations. Organic loading follows seasonal peaks related to grape

and pomace pressing and the filtration of newly-fermented wine.

TABLE 20. WASTEWATER CONTAMINATION FROM WINE PRODUCTION

Wastewater produced  Specific effluent volume Specific pollution load
Parameter (m’ per day) m’/m’ kg/COD/m’ kg/TDS/ m®
Range 10 600-28 000 1.47-1.59 2.08-6.85 0.49-3.18
Average 19 000 1.53 4.04 1.10

Source: Adapted from “Technical pollution prevention guide for brewery and winery operations in the Lower Fraser
Basin”, Environment Canada, DOE FRAP 1997-20.

A major source of organic loadings in wine production wastewater is due to the discharge of
sediment” that accumulates during the storage of wine (table 21). Other components with high BOD in
wine production wastewater include: alcohol; sugars, principally glucose and fructose; organic acids,
including acetic, lactic, citric, malic, succinic and tartaric acids and some of their salts; soluble proteins;
peptides and some trace metals.

7 UNIDO 1995 reported in the Canadian study: Ontario MOE, 1986; Huang and Hung, 1987; de Vegt et al., 1992;
UNEP, 1995.

" References quoted in the Canadian study: Ontario MOE, 1986; Huang and Hung, 1987; de Vegt et al., 1992;
UNEP, 1995.

™ Also referred to as “lees” here.
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(h) Beer and wine manufacturing: a summary
(i) Wastewater

Beer brewing and wine-making wastewater is characterized by high BOD and total suspended solids
(TSS) loadings. Wide variations in wastewater flow and contaminant concentrations have been noted,
however. The main environmental concerns associated with beer brewing and wine-making include
wastewater BODs and TSS loadings, pH, nitrogen and phosphorus concentrations, as well as the temperature
of the wastewater itself.

Discharge of untreated wastewater from brewing and wine-making operations leads to depletion of
dissolved oxygen in surface water and generation of noxious odours. Furthermore, nutrients in wastewater
stimulate aquatic plant growth and result in eutrophication.

TABLE 21. ANALYSIS OF SOLID WASTE FROM WINE MAKING

Parameters Lees Conventional Sage Lees stillage Pomace stillage
Total solids (g/1) 186 20 68 13.2-32.0
Volatile solids (%) 95 87.4 86.5 77.0-89.4
Suspended solids (g/1) 152 3.1 59.0 18.7
BOD:s (g/1) 163 11.0 20.0 24
Volatile acids (g/1) 7.8 1.9 2.5 0.4
Total acidity* 3.2 9.9 1.2
pH 4.0 4.7 3.8 6.8-3.7
Total nitrogen (g/1) 9.9 0.37 1.5 03
Total phosphorus (g/1) 1.3 11.2 43 1.3
Total ammonia (mg/l) 56 2.8 45 4

Source: Adapted from “Technical pollution prevention guide for brewery and winery operations in the Lower Fraser
Basin”, Environment Canada, DOE FRAP 1997-20.

* Determined in terms of CaCO;.
(ii) Air emissions

The main air emissions in beer and wine-making include VOCs, greenhouse gases, odours and dust.
A recent study reported by the U.S. Environmental Protection Agency (EPA) and the California Air
Resources Board, indicated that breweries were minor contributors to atmospheric VOCs.

Some greenhouse gases are, however, produced in the beer and wine-making processes. They
include:

Carbon dioxide (from fermentation and combustion processes);so
Nitrous oxide (generated in transportation and energy generation);
Sulphur dioxide (produced during kilning).

Odours from brewing and wine-making activities are a nuisance rather than a health or
environmental hazard. Odours are strongest in the vicinity of the malthouse where sprouted barley is being
dried, and close to operating fermenters.®'

8 Approximately 16 kg of CO, is generated from fossil fuel burning per hectoliter of beer produced. This exceeds by a
factor of more than five the amount of CO, generated during fermentation (UNEP, 1995).

81 References quoted in the Canadian study: Ontario MOE, 1986; Huang and Hung, 1987; de Vegt et al., 1992; UNEP,
1995.
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2. Pollution abatement technology in beer and wine production

The principal focus of environmentally sound technologies in the manufacture of beverage and
fermentation products has been on reducing water and energy consumption, improved extraction of by-
products and more efficient use of waste vegetable matter.

The use of a variety of in-line sensors in integrated measurement systems has enabled improved
energy management. Recirculation of steam and steam condensates following sterilization processes is
another measure being adopted to reduce energy consumption. Alternative packaging methods have been

introduced to reduce or eliminate the need for steam sterilization.

Methods for the biological treatment of waste produced by the beverage and fermentation products
industry have become more common; and they are proving beneficial not only in terms of saleable by-
products but also in cleaner waste that may be disposed of on agricultural land or in compost making.

By way of summary, table 22 includes a list of environmental issues and amelioration objectives
associated with the various operations in beer and wine manufacture. Possible EST inputs are also listed.

TABLE 22. POSSIBILITIES FOR IMPROVING THE ENVIRONMENTAL IMPACT OF BEER
AND WINE-MAKING OPERATIONS

Operation

Objective

Possible innovation

Ingredient despatch and make-up

Product preparation and initial
processing

Fermentation/Beer processing

Filtration and clarification operations

Process improvement and

waste reduction

Optimizing use of raw

materials and waste reduction

Rational solid waste disposal
and water conservation

Rational solid wastewater

disposal

Improve raw material selection process using
modern analytical techniques

Adopt IT-based procedures and introduce
computerized aids for  dispensing and
inventory management

Use improved in-plant conveyance to eliminate
product loss

Install means of catching spilt fruit juices and
other liquid ingredients

Collect and treat spent vegetable matter

Use automatic controls to reduce water
consumption through spillage and leakage

Collect and treat spent vegetable matter and
excess yeast, €.g., to extract grapeseed oil
Separate wastewater effluent streams to the
greatest possible degree, e.g., CIP wash-water
from process overflows

Condense volatile matter in gaseous waste in
order to reduce nuisance air emissions

Remove and treat filter cake and sediment for
re-sale as animal feed, fertilizer, etc.

Separate bottle and can-washing wastewater
from other wastewater streams, with special
attention to segregation of caustic waste used
in cleansing operations from other wastewater
sources
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TABLE 22 (continued)

Operation Objective Possible innovation
Packaging Optimizing wastewater - Investigate the use of alternative packaging to
treatment reduce  sterilization cost and  water
consumption
- Re-circulate process steam, used for
sterilization, for example, and heating water
wherever possible
Reuse and recycling Energy and water - Install or upgrade water treatment and
conservation recycling facilities.

Source: Adapted from the “Technical pollution prevention guide for
Lower Fraser Basin”, Environment Canada, DOE FRAP 1996-20.
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III. NEW ENVIRONMENTALLY SOUND TECHNOLOGIES IN THE
FOOD PROCESSING INDUSTRY

A good deal of the development in new, environmentally sound food processing technology has
come about as a result of dedicated research and development (R and D) on the part of governmental, non-
governmental and industrial laboratories, primarily in response to strengthened environmental protection in
the developed countries. Table 23 presents a list of the types of technology that have, in particular, been the
focus of such endeavours during the past two decades.

TABLE 23. ENVIRONMENTALLY SOUND TECHNOLOGIES OF PRIMARY INTEREST
IN THE FOOD PROCESSING INDUSTRY

Advanced wastewater treatment technology - Use of wastewater technology based on new membrane technology

Innovative sensors and process control - Use of advanced techniques to gain better in-line control-specific processing
operations thus reducing waste, increasing productivity and improving
product quality

Modern packaging materials and techniques Using less packaging material in absolute terms and a move towards more

environmentally-friendly packaging products

Food disinfection and irradiation - Use of radiation rather than chemicals to destroy or limit the propagation of
pathogenic micro-organisms

New materials in FPI operations - The use of new materials in the construction of equipment as well as in the
extraction of vegetable oils, essences and flavours, provides the industry with
superior tools for lowering emissions and improving product quality

Biotechnology applications - Use of new biotechnology in FPI operations and in wastewater treatment

Innovative design and validation methods - Use of advanced computer software and high-speed computing in the design
and modelling of industrial operations, resulting in time and resource savings

Innovative processing methods - Use of pulsed electrical, ultra-high pressure and up-to-date steam
pasteurization techniques may also be reflected in reduced fuel utilization and
longer shelf life

Source: “Food Online” by J. E. Stratton, M.S., Dept. of Food Science and Technology, University of Nebraska-Lincoln.

Of the types of technology listed in table 23, that related to water-use reduction and wastewater
treatment are the focus of attention. Concepts behind the drive for new technology in these areas include
those of zero discharge and zero emission.

A. ZERO DISCHARGE AND ZERO EMISSION CONCEPTS

The “zero discharge” and “zero emission” systems are the centre of attention of firms in many of the
developed countries, particularly in the United States.? Both concepts have been developed around the
need for better effluent water quality and to diminish the adverse impact on the environment.

The zero-discharge or “closed-loop” approach appears to present an increasingly viable option for
many firms in the FPI in industrialized countries. At the core of this approach is the fact that, once part of a
food product is lost to a waste stream, it represents a loss in terms of product utilization and an increase in

82 Several large FPI entrepreneurs in the United States have, for example, declared that they are moving towards such
goals.
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treatment costs. However, sizeable capital investment and customized treatment plant are required for
application of this option.

On the other hand, the zero emissions approach may be significantly more attainable. The “zero
emissions” strategy is based on establishing a network of firms utilizing constituents in each other’s waste
streams. In this approach, waste products do not have to be fully treated in situ. Process residues such as
sludge are still subject to some form of on-site management but are eventually forwarded for off-site
handling and possible ultimate disposal.

A zero discharge or zero emission facility is now the ultimate goal in many industrialized countries.
Zero discharge is still an ideal. Due to regulations and restrictions, however, the food processing industry is
required to devote more time and effort to reducing effluent and contamination to the lowest economically
feasible levels.

An approach based on the zero discharge and zero emissions concepts has become possible as a
result of the availability of technological advances enabling cost-effective water treatment and conservation
in FPI operations. New wastewater treatment technology has been at the centre of these advances.

B. NEW SEPARATION TECHNOLOGY IN FPI OPERATIONS

Separation processes play a central part in all FPI segments. Several recent improvements in food
processing have been specifically aimed at reducing polluting effluent in wastewater streams. FPI
wastewater has to be treated in situ and its level of dissolved solids and biological oxygen demand (BODs)
drastically reduced before it can be directed towards municipal treatment plants or discharged into surface or
coastal water systems. In line with the above concept of zero emissions, it is often possible to reuse
dissolved and suspended solids as recycled input into the same or other industrial activities. Thus, proteins,
sugars, and enzymes may be usefully recovered from wastewater for reuse.

Several new separation methods will affect wastewater constitution through improved handling of
process streams. Thus, reducing the percentage of protein in dairy processing wastewater through their
extraction from whey will ultimately improve the quality of wastewater eventually released into the
surrounding environment. The same is true of many other processes in abattoirs, sugar factories, fermented
beverage production, etc. In general, advanced wastewater processes encompass any treatment methodology
that goes beyond secondary treatment.®®> Advanced wastewater treatment practices may also target specific
effluent components. Pathogens, suspended solids, dissolved solids, nitrogen, and phosphorus compounds
may all be removed in advanced wastewater treatment.

Some of the more promising technology in advanced wastewater treatment is grouped under the
generic term “membrane technology”.®* Wastewater treatment utilizing membrane technology is dependant
upon the availability of new materials and designs. Integrated systems that utilize different membrane types
within the same process are becoming more common. Membranes are also used to effect separation
involving the extraction of specific ingredients from a given stream, e.g., the extraction of proteins from

whey left in cheese making.

8 This is primarily based on biological treatment of wastewater.

% The number of food-processing facilities using advanced treatment has nearly trippled in the past 10 years. This trend is
expected to continue due to increasing federal and State restrictions on wastewater discharge.
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1. Membrane technology

Membrane technology has been used in the food industry for over three decades. Its application has
ranged from the separation of milk-solids and the concentration of whey protein in the dairy industry,
clarification and concentration of fruit juices and the purification of sugar solutions, to water purification
and wastewater management. The application of membrane technology in these areas has produced
beneficial results reflected in enhanced productivity and cost profiles in a variety of operations.

Energy requirements for generating and applying pressure needed for traditional membrane
separations in the past rendered these methods unviable in many other applications, however. In addition,
the fact that available membranes had inadequate mechanical properties added to the cost of water treatment
based on membrane processes. The advent of new polymeric materials, coupled with cheaper energy prices,
has resulted in important changes in this area.

(a) Membrane basics

Modern membrane separation methods are, in general, less energy-intensive than evaporation and
distillation operations and take up less plant space. The technology enables better control of process
effluent and, unlike chemical precipitation, membrane technology does not produce a sludge disposal
problem. It does, however, produce concentrated brine or effluent solutions.

In essence, membrane separation utilizes the chemical and physical properties of particles and
molecules, both dissolved and suspended,” in a given liquid substance, in order to separate or remove
specific components from the material being treated.

Materials used in membrane separation are basically thin sheets with pores of varying sizes,
attached to supports with larger pores. In their basic form they serve merely as sieves, separating suspended
solids or dissolved molecules and ionic species of different sizes from the mother liquors.

Membrane materials used in FPI separations involving substances destined for human food and
fodder must meet a number of strict conditions. They must first be approved for contact with food
materials; they should also be easy to clean and able to withstand process conditions. Clearly, less stringent
conditions may apply in the case of wastewater treatment prior to discharge into surface or municipal water
systems.

Membrane separation may be divided into the following categories on the basis of the size of the
species retained in the process:

Reverse osmosis (RO);
Nanofiltration (NO);
Ultrafiltration (UF);
Microfiltration (MF).

Table 24 presents the principal characteristics of these separation methods. The last two filtration
techniques are more or less straightforward filtration processes. Microfiltration is used for removing
particles from 0.05-2 microns in size, UF will separate particles and suspended solids within the size range
0.005-0.1 microns.

% In principle, all separation processes are dependant upon physical or chemical properties. Centrifugation, for example,

is dependant upon the differential specific gravity of solids suspended in a liquid phase. Ion exchange, on the other hand, utilizes the
electrochemical properties of specific resins to selectively separate or remove specific ionic species from solution.

8  Article in “Food On Line” by Jayne E. Stratton, M.S., Dept. of Food Science and Technology, University of Nebraska-
Lincoln.
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TABLE 24. MEMBRANE SEPARATIONS

Separation method Pore sizes Materials rejected or passed

Particle separation > 5 micrometres Suspended particles

Microfiltration 1 000 Angstroms-10 micrometres Bacteria and yeast

Ultrafiltration 10-1 000 Angstroms Macromolecules and proteins

Nanofiltration 2-70 Angstroms Passes divalent cations and monovalent anions
Reverse osmosis 1-70 Angstroms Sugars, dissociated acids, metal ions

Source: “Food Online” by J. E. Stratton, M.S., Dept. of Food Science and Technology, University of Nebraska-Lincoln.

Reverse osmosis membranes have the smallest pores and can separate constituents of ionic sizes.
RO operations are conducted at pressures ranging up to 1,500 psi. Nanofiltrations, allow a wider range of
ionic species to pass and operate at pressures in the vicinity of 300 psi. Ultrafiltration can separate
molecules such as proteins and other macromolecules at pressures of 10 to 200 psi. Microfiltration
membranes have the largest pore sizes in the above categories and may be used for removing suspended
solids and bacteria. They operate in the range of 1 to 25 psi.

Tangential flow filtration (TFF) is used in membrane separation in the food processing industry. In
this method the feed stream flows at high velocity parallel to the membrane surface. Flow across the surface
of the membrane sweeps the retained substances, or retentate, from the membrane surface to avoid plugging
the pores. Figure I presents a schematic of the basic design in this separation method.

Figure I. Tangential flow filtration

Dilute feed Concentrate

Source: “Food Online” by J. E. Stratton, M.S., Dept. of Food Science and Technology, University of Nebraska-Lincoln.

Traditional through-flow or dead-end filtration, involves an arrangement whereby the flow of the
feed stream is perpendicular to the surface of the membrane. The material separated is then in the form of a
partially- dry cake. TFF methodology is used for both concentration and clarification purposes. In both
cases the fraction that contains the solute and the smaller size constituents passes through the membrane.
This retentate is re-circulated wuntil the desired concentration or degree of clarification is obtained.
Membrane performance is measured by the rate of permeation, referred to as “flux”.

In concentration, the membrane retains the desired product, the retentate becoming increasingly
concentrated as the permeate is removed. In clarification, the desired product goes through the membrane
and is collected as permeate, generally leaving insoluble materials or other undesired components in the

retentate.
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(b) Membrane construction

Reverse osmosis and ultrafiltration membranes were initially cellulose-based. Modern polymers
such as polyacrylonitrile (PAN), polyvinylidene fluoride (PVDF) and blends of polyvinyl chloride (PVC)
with PAN, as well as the more recent polysulfone (PS) or polyethersulfone (PES) polymers, constitute the
basis of present-day membranes.

Food industry applications make use of four filtration module designs:

Spiral wound,

Tubular;

Plate-and-frame systems;
Hollow-fibre.

Spiral-wound systems may be used in more than 60 per cent of food industry applications, e.g. dairy
fluid processing. They are used in most RO and NO applications. Figure Il shows a schematic of the spiral-
wound design.

Figure II. Spiral wound membrane module
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Source: “Food Online” by J. E. Stratton, M.S., Dept. of Food Science and Technology, University of Nebraska-Lincoln.

A difficulty common to all of these membranes is in the handling of viscous material and material
with a high solids content. Tubular systems account for about 10—15 per cent of food industry applications,
(figure III). They consist of a porous outer tube that is coated on the inside with a semi-permeable material.
A typical module is made up of a number of tubes in series, the shell collecting the permeate and the
retentate discharged at the end.

Tubular designs have the following advantages:

Visual inspection is readily carried out;
They are easy to clean;

Can handle liquids with a higher solids content and larger suspended particulates than can other
membrane designs.
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Figure III. Tubular membrane module

Source: “Food Online” by J. E. Stratton, M.S., Dept. of Food Science and Technology, University of Nebraska-Lincoln.

The membrane area is rather small, however. This combination of characteristics renders tubular
designs more suitable for beverage clarification or for reverse osmosis of pulp containing juices.

Plate-and-frame (figure IV) is representative of a sizeable percentage of designs used in food
industry applications. Flat-sheet membranes are attached to both sides of a porous plate and held by a
suitable frame.

Figure IV. Plate-and-frame, flat sheet configuration

Source: “Food Online” by J. E. Stratton, M.S., Dept. of Food Science and Technology, University of Nebraska-Lincoln.

In the plate-and-frame design, several membranes and their supports can be stacked within one
holder to boost the overall membrane surface area. The range of pore sizes used is between 12.5 and 25
micrometres. An obvious advantage of this design is the low cost of membrane replacement. In addition,
the initial capital investment for the hardware allows for the additional use of a variety of membranes. Thus,
both ultrafiltration and microfiltration processes may be carried out using the same unit. Notable
applications of these systems include removal of alcohol from beer, a process that has been put into practice
in both Europe and Australia. Plate-and-frame systems have also been used in high-viscosity applications in
the dairy industry.
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Hollow-fibre membrane systems consist of fibres with inside diameters in the range of 0.5-1.1
micrometres. Flow takes place through the inside of the fibres and permeate collects on the outside. High
packing density is achieved by stacking hundreds of fibres in parallel. Back-washing is possible. A
disadvantage is the low trans-membrane pressure necessary to avoid damaging the fibres. The entire
element has to be discarded if even a single fibre is damaged.

(c) Reverse osmosis

Reverse osmosis merits a close look due to its suitability for a wide range of applications. RO
systems may be used as follows:

To purify process water;

Concentrate cheese whey proteins or milk in the dairy industry;

Concentrate sugar solutions in the cereal processing industry, and in the manufacture of juices;
To treat wastewater in meat and fish processing industries.

In ordinary osmotic processes, the solvent, normally water, passes through a semi-permeable
membrane, separating solutions of different concentrations from the less to the more concentrated. In
reverse 0smosis, approyriate pressure applied to the more concentrated side forces the solvent to flow into
the more dilute solution®’ (figure V).

Figure V. Reverse osmosis process
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Source: “Food Online” by J. E. Stratton, M.S., Dept. of Food Science and Technology, University of Nebraska-Lincoln.

Many food products require the removal of large amounts of water for more economical shipping.
Removing the water by evaporation requires substantial amounts of energy and is inappropriate if the
product is heat sensitive. In such cases implementation of RO technology can provide adequate remedies.
The advantages of using RO technology is illustrated by the case of the corn wet-milling industry in the
United States. This process consumes about 98.8 quadrillion J/year. The energy required for RO is
approximately 110 kJ/kg versus 700 kJ/kg for the most efficient evaporator, resulting in substantial savings.

RO is used for particles, suspended solids, and dissolved solids in the Angstrom range, in effect for
large molecular entities of molecular weights exceeding 200 Angstroms. RO systems consist of semi-
permeable membranes and a means of applying pressure differentials on both sides of the membrane.

7 In natural osmotic processes the move towards equilibrium drives water from the side of the membrane that contains

the less dilute, i.e., less loaded or contaminated stream, to the other containing the more polluted, i.e. more concentrated stream. This
process equalizes “osmotic pressure” on both sides of the membrane and a state of equilibrium is reached. If mechanical pressure is
applied on the more concentrated, contaminated side of the membrane, a reverse process is induced. Pressure is thus applied to
reverse the natural equilibrium between the “purified” water and wastewater streams. Thus, water molecules from the wastewater side
migrate through the membrane to the clean water stream effecting purification of the wastewater stream.
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Basically, the membrane is used in a unit process allowing separate process streams to flow on either of its
two sides: one carrying the contaminants, or the material targeted for extraction, the other consisting of pure,
or less-loaded, water.

Two of the main problems with membrane separation are the biofouling of the membrane and
mechanical failure. These two shortcomings are not unrelated. Toxic synthetic tends to oxidize the surface
of membranes, affecting their resilience and mechanical properties. Advanced membrane materials possess
superior mechanical properties and resistance to a variety of chemical agents. Stainless steel and ceramic
membranes may for instance be used for advanced wastewater treatment in hostile chemical environments.

2. Ion-exchange separation

Cationic and anionic resins are widely used in ion exchange systems to remove charged ions of
concern from wastewater. The ion exchange process replaces the charged ions within the waste stream,
including heavy metal pollutants, with relatively harmless, ionic species detached from the resin. Resins
used in this process need to be replaced or treated with chemicals, in a process termed “regeneration”. This
is generally a simple process carried out in situ, often using straightforward salt, acid and alkali solutions.
More complex resin systems may have to be regenerated at the facilities of the resin manufacturer. This
regeneration process is itself a source of concentrated solutions of brine and, possibly, heavy-metal salts.
Care should be taken, therefore, in disposing of spent resin material.

Ion exchange resins are generally sensitive to certain pollutants which may block their ability to
capture the desired ions from the waste stream. Furthermore, they operate only within set ranges of pH
values, since fluctuation affects the rate of removal of specific ionic contaminants. Thus, removal of
ammonium salts becomes highly inefficient beyond pH values of around 9.3. In addition, the fact that ion
exchange resins tend to be somewhat selective may mean that a number of ion exchange batteries loaded
with different types of resins may have to be used in certain environments in order to achieve adequate
separation.

As with membrane applications, ion exchange does not produce a chemical sludge; and, like
disinfection, it protects the quality of the receiving water system and decreases the nutrient-loading
problems that cause its eutrophication.

3. Separations based on electro-coagulation

A recent addition to the range of separation methods is electro-coagulation. This method is viewed
as economical for the removal of charged particles from wastewater, utlhzmg charge separation. Charge
separatlon 1nvolves separating ionic contammants such as ammonium NH** compounds as well as nitrates
NO*, nitrites NO* and phosphates PO*, from the bulk of the water in the effluent stream. Electro-
coagulatlon is beginning to receive attentlon as a treatment option, and its use in the food processing
industry is expected to increase.

4. Centrifugal and gravitational separations

These are essentially the simpler and more traditional of all separation methods. In particular,
gravitational sedimentation may be applied to variable wastewater influent, regardless of turbidity, solids
loading, etc. Both floatation and sedimentation methods may require the addition of auxiliary materials such
as flocculants and foam-stabilizing chemicals.

(a) Centrifugal methods

Centrifugal separators may be used to remove contaminants whenever a favourable density
differential between the medium and the pollutant in question may be attained. They possess advantages of
speed over gravitational separation methods. In addition, they may also be used with viscous effluent
streams loaded with solids, for which it mlght be impossible to use a stralghtforward sedimentation
treatment. Their chief application in the FPI is in vegetable oil extraction and dairy processing.
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(b) Floatation methods

Floatation methods are fundamentally a special case of gravitational separation. Compressed air is
used in air floatation systems to raise suspended solids to the surface in the wastewater stream. This is
carried out by means of special tanks and usually the use of surfactants that cause floatation of suspended
particles. Skimmers are employed to separate accumulating waste from the surface. Although special
equipment is needed, floatation methods are not generally regarded as capital intensive.

Centrifugal and gravity separation processes are often effected ahead of the above-mentioned more-
advanced membrane operations. This ensures that cleaner, less turbid wastewater reaches the relatively
advanced methods e.g. reverse osmosis and ion exchange, that are dependent for the most part on more
delicate separation materials. Recovered fats, oils and grease (FOG) residues constitute a saleable by-
product. Use of any of these advanced processes improves the final wastewater effluent quality and also
increases the likelihood of recycling a renovated process water.

C. SENSORS AND AUTOMATED PROCESS CONTROL

Automation is increasingly being adopted in FPI operations. In the past, concern about reliability
and high capital expenditure were important factors in slowing the acquisition of automated technology for
use in food processing. Concern about the image of the industry, based on the notion that human care and
expertise were as essential as the wholesomeness of a food item’s ingredients in securing consumer
acceptability, also played an important role in delaying the introduction of automation.

Despite its belated adoption in the food processing industry, automation had for years been in use in
the specialty, beverage and dairy segments in developed countries. Until recently, however, it had not been
used to a great extent in the fruit, vegetable, and meat-processing sectors.

Improved technology and cost reduction have now made analytical sensors, PC interfaces, and
closed-loop control systems more attractive. These types of automated devices allow the user to improve
efficiency, control the process of raw material inputs and the amount of waste generated. In particular, in-
line sensors can be used to control process temperature, humidity, pH, flow rates and the level of a variety of
contaminants.

New sensors are capable of characterizing the physical properties of processing materials.
Subjective properties, such as appearance, taste, aroma and texture, as well as physical properties such as
size, shape, texture, and colour, are all possibilities for automated assessment.

The use of process automation further reduces the possibility of human error in manufacturing
processes. It improves speed and accuracy in measuring process variables and also reduces labour costs.
Automated equipment frees workers for other more pressing aspects of production. In addition, it makes
real-time data available to planning personnel without interrupting the production run.

The scope for expansion in the acquisition of automated FPI facilities is considerable. Numerous
FPI establishments, even in developed countries, are still using equipment that requires constant human
monitoring and intervention. Massive conversion to automation will take place as industry realizes the
economic benefits. For the present, new waves of cost-effective automated process equipment continue to
become available. The best time to implement this type of technology is, however, when new facilities are
being set up; bottle necks and other problems are less likely to occur at that stage. In addition, management
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